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New York Supreme Court 
Appellate-Division – Second Department 

In the Matter of the Application of 

DEBORAH KOPALD 
Petitioner-Appellant 

For a Judgment pursuant to Article 78 

-against-

THE TOWN OF HIGHLANDS, NEW YORK  
THE NEW YORK POWER AUTHORITY, 

Respondents-Respondents

ORANGE AND ROCKLAND UTILITIES, INC., 
Respondent

Statement Pursuant to CPLR section § 5531 

1. The index number of this case in the court below is EF004088-2020.  The Docket number of

this case is 2021-01543

2. The full names of the original parties to this special proceeding are set forth in the caption

above.  There has been no change.

3. This special proceeding was commenced in Supreme Court, Orange County.

4. This special proceeding was initiated by the filing of a Petition and Notice of Petition on July

31, 2020.  Respondents-Respondents, THE TOWN OF HIGHLANDS, NEW YORK and

ORANGE answered around September 29, 2020 AND THE NEW YORK POWER

AUTHORITY answered on or about October 2, 2020.  ORANGE AND ROCKLAND

UTILITIES, INC. never answered the petition.

5. This special proceeding was filed to overturn a Type II designation for the purchase of light

fixtures.  The decision and order denying same was entered on or about January 26, 2021

6. This appeal is made on a full record.
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SUPREME COURT OF THE STATE OF NEW YORK
ORANGE COUNTY Index No: EF004088-2020

-----------------------------------------------------------X

In the Matter of the Application of Deborah Kopald,

Petitioner

For a Judgment pursuant to CPLR Article 78 NOTICE OF APPEAL

-against- ..

The Town of Highlands New York,

Orange and Rockland Utilities, Inc., .

The New York Power Authority

Respondents
---------------------------------------------- X

PLEASE TAKE NOTICE, that the Petitioner Deborah Kopald hereby appeals to the Appellate

Division of the Supreme Court of the State of New York, Second Department, at the Courthouse

thereof located at 45 Monroe Place, Brooklyn, NY, 11201, from each and every part of the

attached Decision and Order of the Honorable Maria S. Vazquez-Doles, J.S.C., of the Supreme

Court of the State of New York, Orange County dated January 22, 2021 and entered in the

Orange County Clerk's Ofñce via NYSCEF on January 26, 2021.

Dated: February 26, 2020

Fort Montgomery, NY

Yours,

Deborah Kopald, 1)etitioner .

P.O. Box 998

Fort Montgomery, NY 10922

To:

Michael Matsler Justin Driscoll/Eileen Flynn Grace Su

Counsel for the Town Counsel for The New York Counsel for Orange and

Of Highlands Power Authority Rockland Utilities, Inc. .

Rider, Weiner, Frankel NYPA c/o Consolidated Edison Corp.

655 Little Britain Rd. 123 Main Street 4 Irving Place

New Windsor, NY 12553 White Plains, NY 10601 New York, NY10003

..

0 01:10:50 PM $65.00 Bk: 5141 Pg: 1089 Index: # EF004088-20201 of 13
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f upreme Enurt af fly fEtate af Nem §arlt

Appellate Binistan: Second Jubicial Bepartment

Informational Statement (Pursuant to 22 NYCRR 1250.3 [a]) - Civil

For Court of Original Instance

In the Matter of the Application of Deborah Kopald, Petitioner

For a Judgment Pursuant to CPLR Article 78

Date Notice of Appeal Filed
- against- ----

The Town of Highlands, New York,
Orange and Rockland UtHities, Inc.

or Appellate Division

The New York Power Authority

O Civil Action å CPLRarticle 78 Proceeding Appeal O Transferred Pmceding

O CPLR article 75 ArbitratiGr. O Special Proceeding Other O Original P=ceedings O CPLR Article 78

Action Comrnenced under CPLR 214-g O Habeas Corpus Proceeding O CPLR Article 7g O Executive Law § 298

O Eminent Domain U CPLR 5704 Review

O Labor Law 220 or 220-b

O Public Officers Law § 36

O Real PropertyTax Law § 1278

Nature of Suit: L heck up w ihree of the following categories which best re deci the nature e f t he case.

liil Admin stative Review | O Busine= Relatinn£hips O Cemanial O Contracts

O Declaratory Judgment | O Domestic RelMions O Election Law O Estate Matters

O Family Court ] O Mortgage Foreclosure O Misce!!aneous O Prisoner Discipline & Parole

O Real Property O Statutory . O Taxation O Torts

L (other than foreclosure) ___. -.

info-tinnal C'±smê=' - Civil

2 of 13
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Paper Appealed From (Check one only): If an appeal has been taken from more than one order or

judgment by the filing of this notice of appeal, please

indicate the below information for each such order or

. .. . . . . judgment appealed from on a separate sheet of paper.

O Amended Decree O Determination O Order O Resettled Order

O Amended judgcment O Finding O Order & Judgment O Ruling

O Amended Order O Intericcutcry Decree O Partial Decree Other (spécify): })
O Decision O Interlocutory Judgment O RegeMled Decree

O Decree O Judgment O Resettled judgrñéñt

Court:

Dated: 01/22/2021 Entered: "-) 7

[ Judge (name in full): Maria S. Vazquez-Doles Index No.: EF004088-2020

Stage: O interlocutory a Final O Post-Final Trial: O Yes E No If Yes: O Jury O Non-Jury
Prior Unperfected Appeal and Related Case !afermation

Are any appeals arising in the same action or prnraading currently pending in the court? O Yes R No

if Yes, please set forth the Appallate Division Case Number assigned to each such appeal

Where appropriate, Mdicate whether there is any related action or precsed!ng now in any court of this or any other

jurisdiction, and if so, the status of the case:

Statute authorizing commê c meat of proceeding in the Appe!!ate Division:

Proceedir g 'ransferred Parsuant to CPLR 7804(g)

Court: Choose Court I County: Choose County

Judge (name in full): Order of Transfer Date:

Court: Choose Court | County: Choose County

Judge (name in full): Dated:

Descriptice. if an appeal, briefly describe the paper appealed from. If the appealis from an order, specify the relief

requested and whether the motion was granted or denied. If an original precêêding commenced in this court or transferred

pursuant to CPLR 7804(g), briefly describe the object of proceeding. If an app"eties under CPLR5704, briefly describe the

nature of the ex parte order to be reviewed.

This is one "Decision and
Order"

that disposed of two different motions (the Order to Show Cause and a

Discavery Motion as well as the Petition.)

rJò=nêUcnal Statement - Civil
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issues: Specify the issues proposed to be raised on the appeal, procêédiñg, or app!!cat!en for CPLR 5704 review, the grounds

for reversal, or rnodification to be advanced and the specific relief sought on appeal.

The Court was wrong that I did not have standing and the harm was speculative; I explaiGGd how I was affected bemüse I walk
at night on illuminated and LED lights are irritating while the lights they are replacing are safe and not |.Waung. I clearly
articulated the harm with scientific studies and statements by doctors.

Fürtherrasts, the Court rñisapprehended a contract that had been previously signed; the Town of Highlands New York never had
voted to approve LED lights previsü5 to the contract I sought to overtum; they only voted to sign a contract to have NYPA
engage in a non-binding consulting a-Eñg5m5ñt to provide them a list of lighting options. Even NYPA admitted that the contract
was not a contract to purchass any specific lighting scheme and the minutes supported both mine and NYPA's centent!en _

At no point did any of the ac===:ts preferrad show that the O&R contract I sought to overtum was somsthing that the Town of
High!ands had pisvisualy voted to approve or that NYPA had offered this option in its consulting arrangement to the Town (even
if they had shown it to the Town it was not voted on at any time before my Statute of Limitatüñs to bring this action expired).

Instructions: Fill in the name of each party to the action or procaading, one name per line. if this form is to be filed for an

appeal, indicata the status of the party in the court of originalinstance and his, her, or Its status in this court, if any. If this

form is to be filed for a proceeding commenced in this court, fill in only the party's name and his, her, or its status in this

court.

Party Name Original Status Appellate Division Status

1 | Deborah Kopald Pentanar Appellant

2 The Town of Highlands New York Respondent Respondent

3 | Orange and Rockland Utilities, Inc. Respondent |None
4 Ï The New York Power Authority Respondent l Respondent

5

6 _ _
7 ___
8

9

10

11

12

13

14

15

16

.. ..17

18

19

Informational Statement - Civil
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iñstructicñs: Fill in the names of the attorneys or firms for the respective parties. If this form is to be filed with the

notice of petition or order to show cause by which a special proceeding is to be commenced in the Appellate Division,

only the name of the attorney for the petiticñer need be provided. In the event that a litigant represêñts herself or

himself, the box marked "Pro
Se"

must be checked and the appropriate information for that litigant must be supplied

in the spaces provided.

Attorney/Firm Name: Deborah Kopald

Address: PO Box 998

City: Fort Montgomery State: New York Zip: 10922 Telephone No: 845 446 9531

E-mail Address: Deborah_Kopald@ymail.com or Deborah upumgpost.harvard.edu

Attorney Type: O Retained O Assigned O GGveramañt liii Pro Se O Pro Hac Vice

Party or Parties Represented (set forth party sumbar(s) from table above)1

Attorney/Firm Name: Michael Matsler, Rider, Weiner, Frankel

ÄÒÒ Ess:655 Little Britain Road

City: New Windsor State: New York Zip: 12553 | Tê|êphGñê No: 12553

E-mail Address: mmatsier@riderweiner-com

Attorney Type: a Retained O Assigned O Güverñmeñt O Pro Se O Pro Hac Vice

Party or Parties Represented (set forth party number(s) from table above):2

Attorney/Firm Name: Justin Driscoll/Eileen Flynn, New York Power Authority

Address: 123 Main Street

City: White Plains State: New Ÿork | Zip: 10601 | Telephone No: (914) 681-6200

E-mail Address: justin.drisen!!@nype _gov

Attorney Type: O Retained liil Assigned O Goverñmeñt O Pro Se O Pro Hac Vice

Party or Parties Represented (set forth party number(s) from table abave)

Attorney/Firm Name: Grace Su, Orange and Rockland Utilides, Inc.

Äddress irvi g Place

City: New York State: NY | Zip: 10003 Tê|êphcñê No:

E-mail Address:

Attorney Type: O Retained B Assigned O Govemméñt O Pro Se O Pro Hac Vice

Party or Parties Represented (set forth party number(s) from table above):3

Attorney/Firm Name:

Address

City: | State: Zip: [ Telephone No:

E-mail Address:

Attorney Type: O Retained O Assigned O Gavernment O Pro Se O Pro Hac Vice

Party or Parties Represented (set forth party ñumbar(3) from table above):

Attorney/Firm Name:

Address:

City: State: Zip: | TelephGñê No:

E-mail Address:

AttGrñêy Type: O Retained O Assigned O Government O Pro Se O Pro Hac Vice

Party or Parties Represented (set forth party number(s) from table above):

n st::al Statamant - Civil
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DO C. NO . 128

At a term of the IAS Part of the Supreme Court of the State of New York,
held in and for the County of Orange, at 285 Main Street,
Goshen, New York 10924 on the 22day of January, 2021.

SUPREME COURT OF THE STATE OF NEW YORK To commence the statutory time

COUNTY OF ORANGE for appeals as of right(CPLR 55 13

[a]), you are advised to serve a copy
--X of this order, with notice of entry,

In the Matter of the Application of: upon all parties.

DEBORAH KOPALD,

Petitioner,

DECISION AND ORDER
For a Judgment Pursuant to Article 78 Index No.: EF004088/2020

of the Civil Practice Law and Rules Motion Date: 11/03/20

Sequence No. 1&2
-against-

THE TOWN OF HIGHLANDS NEW YORK,
ORANGE AND ROCKLAND UTILITIES, INC.,

and THE NEW YORK POWER AUTHORITY,

Respondents.

X

VAZQUEZ-DOLES, J.

The following papers numbered 1 to 16 were read on the application (Seq. #1) by pro-se

petitioner, Deborah Kopald, brought by Notice ofPetition/Order to Show Cause and Petition

seeking a judgmcñt: 1) to annul the Town of Highlands New York's ("the Town") contract to

purchase existing street lighting fixtures from Orange and Rockland Utilities, Inc. ("O&R") and

annul the Town Resolution of April 27, 2020 authorizing the purchase, 2) to overturn the Town's

contract with the New York Power Authority ("NYPA") executed on September 24, 2019, to

design and implcmcñt the Town's conversion of its street lighting to LED lighting, and 3) for a

Temporary Restraining Order enjoining the defendants from taking any action in furtherance of

the street-lighting project:

Page 1 of 7
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Pro Se Notice of Petition/Order to Show Cause (Seq. #1)/ Verified Petition/

Exhibits 1-17/ Memo of Law.. . . . . . . . . . ............................ . . . . . . . . . . . . 1 - 5

Verified Answer (Town of Highlands)/Exhibits A-E. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 - 7

Affinnation in Opposition (Matsler)/Supporting Affidavits. . . . . . . . . . . . . . . . . . . . . . . . . . . 8 - 9

Verified Answer (NYPA)/Exhibits A-F. . . . . . . . . . . ................. . . . . . . . . . . . . 10 - 11

Affinnation in Opposition (Flynn)/Supporting Affidavits/Memo of Law.. . . . . . . . . . . . . . 12 - 14

Reply Affidavit (Pro-se Petitioner)/Exhibits 18-23.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 - 16

Pro-se petitioner, Deborah Kopald, commenced this Article 78 to challenge the April 27,

2020 Resolution and the O&R Agreement of June 15, 2020 on the ground that the Town purportedly

violated SEQRA in declaring the purchase of existing light fixtures to be a Type II action and

therefore exempt from enviromñental review under SEQRA. Petitioner is also challenging the

Town's decision to covert the street lighting to LED lamps, made on September 24, 2019. Both the

Town ofHighland and NYPA challenge Petitioner's standing to bring this Article 78 proceeding on

the ground that she did not adequately allege and demonstrate a single injury-in-fact different in kind

or degree from that which would inure to the public at large. Here, petitioner has failed to

demonstrate that she has suffered an injury-in-fact distinct from the public at large (see Tilcon New

York Inc. v Town of New Windsor, 172 AD3 942, 945 [2d Dept 2019]).

"Standing requirements 'are not mere pleading requirements but rather an indispensable part

of the plaintiff s
case'

and therefore "each element must be supported in the same way as any other

matter on which the plaintiff bears the burden of
proof'"

(Matter of Save the Pine Bush, Inc. v

Common Council of City of Albany, 13 NY3d 297, 306 [2009], quoting Lujan v Defenders of

Wildlife, 504 US 555, 561 [1992] ; see Society of Plastics Indus. v County of Suffolk, 77 NY2d 761,

769 [1991]). Thus, "a court can act only when the rights of the party requesting relief are
affected"

and that party has "an actual legal stake in the matter being
adjudicated"

(Society ofPlastics Indus.

v County of Suffolk, 77 NY2d at 772 ; see Matter of Save the Pine Bush, Inc. v Common Council of
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City ofAlbany, 13 NY3d at 304-305 ; New York State Assn. ofNurse Anesthetists v Novello, 2 NY3d

207, 211 [2004]).

Generally, to establish wan An g to challenge goverññ1ental action, a party must show that it

will "suffer direct harm, injury that is in some way different from that of the public at
large"

(Society

of Plastics Indus. v County of Suffolk, 77 NY2d at 774), and that "the in-fact injury of which it

complains . . . falls within the 'zone of
interests,'

or concerns, sought to be promoted or protected

by the statutory provision under which the agency has
acted"

(Id. at 773, quoting Lujan v National

Wildlife Federation, 497 US 871, 883 [1990]; see Matter of Colella v Board of Assessors of County

ofNassau, 95 NY2d 401, 409-410 [2000]; Matter ofMobil Oil Corp. v Syracuse Indus. Dev. Agency,

76 NY2d 428, 433 [1990]; Matter of Sun-Brite Car Wash v Board of Zoning & Appeals of Town of

N. Hempstead, 69 NY2d 406, 413 [1987]). "Thus, a private citizen who does not show any special

rights or interests in the matter in controversy, other than those common to all taxpayers and citizens,

has no standing to
sue."

(Diederich v Rockland County Police
Chiefs'

Assn., 33 AD3d 653, 654 [2d

Dept 2006]) Indeed, even the fact that "an issue may be one of vital public concern does not entitle

a party to
standing."

(Society of Plastics Indus. v County of Suffolk, 77 NY2d at 769 [internal

quotation marks omitted])

In her Petition, the petitioner argues that the health of both humans and animals will be

effected by continued exposure to blue light including increased cañcer risk, üñpleasant glare and

intensity, and damaging effects on the eye's retina, sleep quality, hormones and the well-being of

wildlife. Being in the habit of taking walks at night or having an electromagnetic sensitivity is not

enough to establish standin g. Furthermore, the
petitioners'

alleged envirownientally related injuries

are too speculative and conjectural to demonstrate an actual and specific injury-in-fact (see Matter
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of Kindred v Monroe County, 119 AD3d 1347, 1348
[4th D 2010

The basis of petitioner's complaint is
respondents'

noncompliance with SEQRA, and

accordingly, the four-month Statute of Limitations applicable to allegations of SEQRA violations

applies (Matter of Save the Pine Bush v City ofAbany, 70 NY2d 193, 202-203 [1987]; CPLR 217).

To determiñê when the statute was triggered, the Court must ascertain what actions petitioner seeks

to review (see, Matter of Monteiro v Town of Colonie, 158 AD2d 246, 249 [3d Dept 1990]). Here,

petitioner contends in their petition that the Town of Highlands violated SEQRA twice--when it

entered into a contract with NYPA as of September 24, 2019 to install LED lights without any

SEQRA review, and again when it resolved to enter into an Agreement with O&R to purchase street

lighting facilities. The petitioner demands nullification of the separate actions taken by the Town on

September 24, 2019 and April 27, 2020.

Clearly, petitioner is attacking the Town's decision to install LED lights which was made on

Septeiiiber 24, 2019 when the Town and NYPA signed the contract which was ten months before

she filed this Article 78 Petition. The Town's April 27, 2020 Resolution specifically allows the

Town to enter into a contract with O&R to purchase street lighting facilities and nothing to do with

LED lighting. Petitioner also seeks to challenge the propriety of NYPA's bid for the streetlight

fixtures themselves in her fifth and sixth causes of action. As NYPA issued a Request of Proposal

for the Furnishing and Delivering of Street light material for its Smart Street Lighting Program in

2017 and executed a contract in March and April 2018, petitioner's application is untimely.

The Petition also alleges that the
respondents'

determination ofthe project as a Type II action

was arbitrary and capricious. Judicial review of an agency's determi=†inn is limited to ascertaining

whether the action was illegal, arbitrary and capricious, or an abuse of discretion (see CPLR7803[3];
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Birch Tree Partners, LLC v Town of East Hampton, 78 AD3d 693 [2d Dept 2010]; Matter of

Brancato v. Zoning Bd. of Appeals of City of Yonkers, N.Y., 30 A.D.3d 515, 515 [2d Dept 2006];

Matter of 1215 N. Blvd., LLC v. Board of Zoning Appeals of Town of N. Hempstead, 63 A.D.3d

1071, 1072 [2d Dept 2009]; Matter of Conti v. Zoning Bd. of Appeals of Vil. of Ardsley, 53 A.D.3d

545, 547 [2d Dept 2008]). "In applying the arbitrary and capricious standard, a court inquires

whether the determiñation under review had a rational basis. Under this standard, a dctcrmiñation

should not be disturbed unless the record shows that the agency's action was arbitrary, unreasonable,

irrational or indicative of bad
faith"

(Matter of Halperin v. City of New Rochelle, 24 A.D.3d 768,

770 [2d Dept 2010] [internal quotation marks omitted] ). Here, petitioner seeks to challenge the

determiñation that the Town of Highland's Street Lighting Replacement Project and the purchase

of existing light fixtures from O&R to be a Type II action exempt from environmental review under

SEQRA.

The NYS Department of Envir0ameiital Conservation ("DEC") has specifically listed Type

II actions in 6 NYCRR §617.5(c) and provides in pertinent part that replacement of a structure or

facility, in kind, on the same site, including upgrading buildin gs to meet buildin g, energy or fire

codes or the purchase or sale of furnishin gs, equipment or supplies, including surplus goveranient

property, other than the following: land, radioactive material, pesticides herbicides or other

hazardous material is not subject to environniental review (see 6 NYCRR §617.5 [c][1][2] & [31]).

In their opposition, NYPA submits the affidavit of Charles Hermann, Lead Project Eñgiñccr.

Mr. Hermann oversees and manages NYPA's individual projects under its Smart Street Lighting

Program which seeks to replace at least 500,000 streetlights with energy-efficient LED techn ology

by 2025. The project is consisteñt with NYPA's thirty-year history in the replacement of inefficient

Page 5 of 7

5 of 7

FILED: ORANGE COUNTY CLERK 02/26/2021 01:10 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 138 RECEIVED NYSCEF: 02/26/2021

10 of 13

0011



F ILED : ORANGE COUNTY CLERK 01/26/2021 12:45 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 128 RECEIVED NYSCEF: 01/26/2021

light fixtures first with fluorescent lights and now, as technology has evolved, with LED lights. He

states thatNYPAhas replaced inefficient streetlights under this Program with LED lights throughout

New York State with no deleterious health effects.

The Town submits the affidavit of Supervisor, Mervin Livsey, who explains that the Board

has a duty to the residents to explore ways to reduce energy consumption and to control, if not

reduce, the costs of providing services including ways to reduce the cost of providing adequate road

illumination with energy efficient and cost-effective LED lighting. To that end, the Town Board

adopted the resolution referred to in the Petition to allow the Town to enter into a purchase

agreement with O&R for 168 existing street lighting fixtures and equipment which is a Type II action

pü1süãñt to 6 NYCRR 617.5(c)(31)not subject to SEQRA review. The physical work for the project

will consist of replacing existing fixtures and hardware and addin g new pieces of equipment such

as control boxes, wiring and LED lights. The conversion to LED lighting is an energy and cost-

saving measure for the benefit of the public. Consequently, the determination that this project is a

Type II action was not arbitrary and capricious.

To be entitled to a preliminary injunction, a movant must establish (1) a likelihood of success

on the merits, (2) irreparable injury absent granting the preliminary injunction, and (3) a balancing

of the equities in the movant's favor (see 306 Rutledge, LLC v. City of New York, 90 A.D.3d 1026,

1028 [2d Dept 2011]). The purpose of a preliminary injunction is to maintain the status quo and

prevent the dissipation of property that could render a judgment ineffectual (see Board of Mgrs. of

the Britton Condominium v. C.H.P.Y. Realty Assoc., 101 A.D.3d 917, 918 [2d Dept 2012]; Dixon

v. Malouf 61 A.D.3d 630 [2d Dept 2009]). A movant must satisfy each requirement with "clear and

convincing
evidence"

(Apa Sec., Inc. v. Apa, 37 A.D.3d 502, 503 [2d Dept 2007]). "The decision
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to grant or deny a prelhilinary injunction lies within the sound discretion of the Supreme
Court"

(Arcamone-Makinano v. Britton Prop., Inc., 83 A.D.3d 623, 625 [2d Dept 2011]; County of Suffolk

v Givens, 106 AD3d 943 [2d Dept 2013]).

Here, petitioner has failed to meet the high burden to warrant a preliminary iñjüñction. As

determined above, petitioner lacks standing, some of her claims are time-barred and the

determinations she challenges were neither arbitrary nor capricious. Further, petitioner has not

proven that she will suffer irreparable injury if the injunctive relief is withheld. Any further delay

could result in a substañtial cost increase for the Town.

In light of the above it is hereby,

ORDERED that the temporary restraining order (Mot. Seq. #1) dated August 24, 2020 is

vacated; and it is further

ORDERED that the petition is dismicced; and it is further

ORDERED that in light of this decision, petitioner's discovery motion (Mot. Seq. #2) is

denied as moot.

This decision constitutes the order of the Court.

E N T E R

Dated: January22nd , 2021

Goshen, New York

HON. MARIA S. VAZQ OLES, J.S.C.

TO: Counsel of Record via NYSCEF
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AFFIDAVIT OF SERVICE
TATR OF NEW TORIC ) .

COUNTY OF ORANOB )

I, Deboráh Kopäld. being duly swoth, deposes and states

L Igmover thR age of dghteett years

2, That on the 26th day onebruary 2021,1.caused to be served by emai5 coyles off the

Notice of Appeali with Mfngnatigme Statçmcñ:and the Dedsion gad Order of theIIon.Maria S,

Va2quez DolesÃSA catcred po January 26, 2021 (kdøx.Number EF004085-2020)

TO:

Grace Su, Attorney for Orang andRockland Utilines,1ue.

surdrecedice

John Cat†ey, Attempy for Orange and Roddend: Utilties, b
Cadeý@coned.cum

Justin Rider and Michael Mitskr, Attomeys forthe Town ofHighlands, New York

mmatder@ridenveinetcom

Mder@riderwetper,com

Justiti Ddsc011, Effeen51y6ñ, nud Mklmel McCarthy, Attoutcys for the Newh& PUwer

Authçrity
duS _Ddtis

WsitanMss@Awases

Sworn to before ge this
264

day offebmary 2021

No . Public

nora le o Y9rk
No. 02BA50348S$ . .

Qualifted in Suffolk County
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SUPREME COURT OF THE STATE OF NEW YORK
ORANGE COUNTY Index No:
---------------------------- -- X
In the Matter of the Application of Deborah Kopald,

Petitioner

For a Judgment pursuant to CPLR Article 78 NOTICE OF PETITION

-against-

Return Date: October 27, 2020

The Town of Highlands New York,

Orange and Rockland Utilities, Inc.,

The New York Power Authority
Respondents

-------- ------------ ------------X

PLEASE TAKE NOTICE that this is an action and proceeding comñieñced pursuant to Article

78 and Article 30 of the Civil Practice Law and Rules (CPLR) and upon the annexed Petition,

verified on the 276
day of July, 2020 an application will be made to the Supreme Court of the

State of New York, County of Orange, at the County Courthouse located at 285 Main Street,

Goshen NY 10924 on the
27*

day of October 2020 at 9:15 in the forenoon or as soon thereafter

as the parties can be heard for a judgment pursuant to CPLR §§ 7803(1), 7803(2), CPLR §§

7803(3), CPLR §§ 7805 and CPLR §§ 7806 to annul, vacate and void

• A resolution ("the Resolution") dated April 27, 2020 of the Town of

Highlands "to authorize the Town of Highlands to Enter into an

Agreement for Purchase and Sale of Street Lighting Facilities with O&R
• The assertion by the Town of Highlands in the Resolution that the Street

Lighting Agreement with Orange and Rockland Utilities, Inc. ("O&R")
constihites "a legislative action pertaining to routine or continuing agency
administration and management, not including new programs or major

reordering of priorities that may affect the environment, and accordingly is

a Type II Action under the State Environmental Quality Review Act";

(that is to say I am asking the Court to declare that the project authorized

by the Resolution does not constitute a so-called "Type
II"

action.

• Any contract related to the Resolution that was signed by the Town of

Highlands and O&R since December 9, 2019 or whatever date is deemed

four months ago plus the tolling from the Governor's Executive Orders

("the control date").

• Any contract and/or agreement that was signed between the Town of

Highlands and the New York Power Authority ("NYPA") since the

Filed in Orange County 07/31/2020 :35:55 PM $45.00 Bk: 5141 Pg: 1089 Clerk: DK1 of 2
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control date related to and/or pertaining to the project described in the

Resolution that operationalizes this project, that is to say, has to do with

the financing of the project and/or the maintenance of the project

• Any contract and/or agreement related to the project described in the

Resolution that was signed between NYPA and O&R since the control

date.

• Any contract and/or agreement related to the Resolution that was signed

by NYPA, O&R and the Town of Highlands") since the control date.

and to order

• the New York Power Authority to put out any future project from the

Town of Highlands to competitive bidding that includes not just price

considerations, but the color-temperature of the lights, specifically
yellow-

orange color temperature lights.

.• Any other relief that the Honorable Court deems just and proper.

PLEASE TAKE FURTHER NOTICE that pursuant to CPLR §7804(c), Respondentw answer and

supporting affidavits, if any, shall be served upon the Petitioner at least five (5) days prior to the

return date of this matter.

Dated: July 27, 2020

Fort Montgomery, NY

Deborah Kopald

P.O. Box 998

Fort Montgomery, NY 10922

(845) 446-3768

Town of Highlands Orange and Rocklan-d Utilities New York Power Authority

Town Hall c/o Consolidated Edison Corp. 123 Main Street Mail Stop 10B

254 Main Street 4 Irving Place, Corporate Communications

Highland Falls, NY 10928 New York, NY 10003 White Plains, NY 10601-3170

2
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SUPREME COURT OF THE STATE OF NEW YORK
ORANGE COUNTY Index No:

--------------X

In the Matter of the Application of Deborah Kopald,
Petitioner

For a Judgment pursuant to CPLR Article 78 PETITION

-against-

The Town of Highlands New York,

Orange and Rockland Utilities, Inc.,

The New York Power Authority
Respondents

---X

I, Deborah Kopald, the Petitioner, respectfully alleges to be true upon my own knowledge

or upon information and belief as demonstrated by my verification and exhibits submitted with

my Order to Show Cause affidavit herewith as follows:

PRELIMINARY STATEMENT

1. This is a petition for a special proceeding in Orange County Supreme Court pursuant

to Article 78 of the Civil Practice Law and Rules (CPLR) to annul, vacate and void

• A resolution ("the Resolution") dated April 27, 2020 of the Town of

Highlãüds "to authorize the Town of Highlands to Enter into an

Agreement for Purchase and Sale of Street Lighting Facilities with O&R
• The assertion by the Town of Highlands in the Resolution that the Street

Lighting Agreement with Orange and Rockland Utilities, Inc. ("O&R")
constitutes "a legislative action pertaining to routine or continuing agency
administration and management, not including new programs or major

reordering of priorities that may affect the environmcñt, and accordingly is

a Type II Action under the State Environmental Quality Review Act";

(that is to say I am asking the Court to declare that the project authorized

by the Resolution does not constitute a so-called "Type
II"

action.

• Any contract related to the Resolution that was signed by the Town of

Highlands and O&R since December 9, 2019 or whatever date is deemed

four months ago plus the tolling from the Governor's Executive Orders

("the control date").

• Any contract and/or agreement that was signed between the Town of

Highlands and the New York Power Authority ("NYPA") since the

control date related to and/or pertaining to the project described in the

Filed in Orange County 07/31/2020 08:35:55 PM $0.00 Bk: 5141 Pg: 1089 Index: # EF004088-2020 Clerk: DK

INDEX NO. EF004088-2020 

RECEIVED NYSCEF: 07/31/2020

1 of 18

0017

Verified Petition July 27, 2020
 (17-34)



Resolution that operationalizes this project, that is to say, has to do with

the financing of the project and/or the mainteñakee of the project

• Any contract and/or agreement related to the project described in the

Resolution that was signed between NYPA and O&R since the control

date.

• Any contract and/or agreemeñt related to the Resolution that was signed

by NYPA, O&R and the Town of Highlands") since the control date.

In addition, I am asking for the following relief

• That the New York Power Authority be ordered to put out any future

project from the Town of Highlands to competitive bidding that includes

not just price considerations, but the color-temperature of the lights,

specifically yellow-orange color temperature lights.

THE PARTIES

2. I, Deborah Kopald, am a taxpayer and resident of Fort Montgomery, N.Y. in the

Town of Highlands who is challenging the Resolution and related contracts in this special

proceeding. I am an independent environmental consultant with an undergraduate degree from

Harvard College and a Master of Business Administration from the MIT Sloan School of

Manageñ1eñt. I circulated a petition for a few weeks in the summer of 2019 when the Town was

discussing putting LED lights in the portion of the Town that comprises the census-designated

place ("CDE") of Fort Montgomery, NY. (On information and belief there are 890 other

registered voters in this CDE). Virtually everyone I approached signed my petition that requested

the maintenance of Sodium Vapor/Mercury Vapor Lighting and if a switch to LED's was

contemplated, to use an Orange color-temperature LED streetlight (such as is in use in Flagstaff

AZ, as well as parts of
Florida¹

and Yellowstone National Park), as opposed to the Blue-White

color temperature LED lights that were then under consideration and effectively already decided

upon as a fait accompli as evidenced by emails produced in response to Freedom of Information

Law ("FOIL") requests. After I collected 110 petition signatures, I was effectively forced out of

1 Florida has strict crd: ces protecting nesting turtles with some jurisdictions mandating red color-temperature

lights to protect these animals from light pollution so they are able to repredüce.

2
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my home by a construction project that I assert was illegal and is the subject of another Article

78 in which the Town of Highlands was a Respondent2. This made it impossible for me to do

any more work informing people of what is going on. My life was upended by the ongoing

illegal project that is the subject of litigation in the Appellate Division, Second Department.

From past experience, I know that people generally do not go to Town Board meetings, do not

read the paper and do not know what is going on; they find out from the post office or when

someone circulates a petition. This is a tiny Town that has a combination of people scraping by

to make ends meet including people who live in the multiple trailer parks in the Town, many

blue collar workers, many people with administrative jobs at West Point, people who commute

to other Counties like Westchester as well as New Jersey and New York City who get home long

after Town Board meetings, who could be described as "professionals", and one Fortune 500

family who spend some weekends in the Town.

3. The first Respondent, the Town ofHighlands, is the municipality in question

2 The noise and diesel exhaust fumes from this project forced me out of my home. When I started to complain, I

assert the Town started to retaliate against me in various ways resulting in a letter by noted civil rights attorney
Michael H. Sussman on my behalf, an appearance by Mr. Sussman at a hearing and at a private meeting with Town

officials and in a subsequent phone conversation with the Town Attorney. The Town note-ably retaliated by

extending the time for construction by the other respondents in that special proceeding to 9 p.m. at night (the

police used to enforce the building department recammendation of 6 p.m.). Noise is presumed to be harmful and

there is no jurisdiction that allows construction noise in a residential area at night; this ordinance is likely to be
overturned on a declaratory judgment. The point is I was snh octod to a taking. Furthermare, given some personal

environmental sensitivities, I can't work in most indoor envirenments, was MP dent upon my home and had

nowhere to go work. That said, I put all parties on notice in late May and early June that they proceeded at their

own peril (Exhibit 13). This was after I received FOIL response documents from the Town showing how far this
project had proceeded.

The point, is between the noise, the reta![ation and harassment by the Respondents in that case, I have been made

virtually heme|éss and office-less since last summer and had to stop collacting petition signatures. Virtually no one

I had approached with my petition was aware that the Town was even contemplating a project; very few people go

to Town Board meetings or apparent|y read the newspaper. Iassert it is therefore relevant that I was able to get

150 signatures or 17% of the registered voters in Fort Montgomery for the few days in July 2019 before I was

forced to stop collecting signatures.

It is open and notorious to at least two of the parties, the Town of Highlands and O&R that I allege electromagnetic
sensitivities- so the imnlications of being forced out of my home/office for upwards of 14 hours a day was a
pm iiu|ar problem because I could not find another place to work during the day that did not have Wi-Fi,

something I must avoid due to this electromagnetic sensitivity. The noise problem is vusvius.

3
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that passed the Resolution on April 27, 2020 to install Light Emitting Diode ("LED") Streetlights

that appear to also have a wireless transmissibility component and declared the project to be a

Type II action. The Town of Highlands Supervisor is Mervin Livsey, a/k/a Bob Livsey. The

Streetlighting Project has been shepherded by Town Councilman Richard Sullivan, who on

information and belief is a member of the Operating Engineer's Union and acknowledged in

correspondence that he was employed by the third Respondent, NYPA while pushing the Street

lighting project. (This correspondence was provided in an appeal of a Freedom of Information

Law ("FOIL") request I made to NYPA. It was not provided by the Town of Highlands in

response to substantially the same FOIL request. Mr. Sullivan's failure to provide me this

information in response to FOIL was willful and done to cover up impropriety.

4. The second Respondent, Orange and Rockland Utilities, Inc. ("O&R") is the utility

serving the Town of Highlands referenced in the Resolution which has, on information and

belief, negotiated a contract with the Town of Highlands pursuant to the Resolution.

5. The third Respondent, the New York Power Authority ("NYPA") had previously

signed agrcéñiciits with the Town of Highlands to research LED light projects to present to the

Town of Highlands for its consideration. On December 9, 2020, they emailed the Town of

Highlands, NY that they were engaging in a kick-off of the project to discuss specifications.

JURISDICTION

6. The Court has subject matter jurisdiction over this matter and may exercise personal

jurisdiction over the respondents. Pursuant to CPLR 506(b), venue is proper because the

challenged determinations were made in Orange County. O&R has offices therein and the Town

of Highlands is located therein. NYPA serves the entire state. The Resolution in Question was

made on April 27, 2020. In addition, the statute of limitations was tolled on March 20, 2020

until July 6, 2020 by the Governor of the State of New York. Pursuant to the Governor's
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Executive Orders and NY GEN CONSTR § 25-a, I assert that this application is timely made to

cover all claims.

STATEMENT OF FACTS

7. Exhibit 5 includes correspondence to the News of the Highlands (local paper) and

articles mentioning LED lights from 2015-2019 that I could find. Initially, the Village of

Highland Falls which lies within the Town of Highlands and has a separate government, had

diseüssed Light-Emitting Diode
"LED"

street lighting for a number of years before the Town

did. Some of the earlier plans involved dimmable LED's lights and public Wi-Fi systems. The

earlier correspondence regarding same speaks to these problematic aspects (including
high-

fieqüency transients which create line pollution and degrade power quality) as well as the

inherent problems with the LED lights themselves3. The Town eventually discussed putting in

LED streetlights.. My and other
residents'

letters, including Dr. Janet Wilkie, and Steven

Walker, a new resident from Brooklyn are included in Exhibit 5. These letters include

discussion of studies demonstrating disruption to sleep and circadian rhythms from the lights via

depleted melatonin, which is also linked to breast cancer development, people complaining their

neighborhood was lit up like a run-way by these too-bright, sharp, irritating lights, evidence of

retinal toxicity, the hazmat situation created when the lights break, the fact that Davis, CA had to

remove them after residents complained- having spent $350,000 to install them, (as well as the

lights bleaching out the works of the great Masters in museums).

8. I gave a presentation in to the Town Board on June 24, 2019 (See Exhibit 2 for

briefing book). In it I discussed some of the aforementioned topics as well as the issue of color-

temperature. The current non-LED lights are either yellow color tcraperature sodium vapor

3 It is not clear that the Town is pursuing these types of options, although I note that page 105 of Exhibit 11, which

is a document presented at the December 9th "kick-off"
meeting, "Smart Streetlighting

NY"
suggests they might be

doing something IIke this.

5
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lights or orange color-temperature mercury vapor lights. People often confuse the issue of color-

temperature with brightness (which is measured in lumens); they are two different things. Lower

color temperature lights block out more of the blue-white daylight frequencies which people are

not naturally exposed to at night, and which are linked with the aforementioned sleep problems,

melatonin depletion and cancer increases. I explained how Flagstaff, AZ, had opted for an

orange color-temperature LED streetlights as well as the Federal Government in Yellowstone

Park and showed examples of same (see photos at bottom of page 13 of the Briefing Book in

Exhibit 5) as well as a particularly extreme blue-white light that had been installed in Eagle

Valley Road in Highland Falls. (See discussion on pages 1-4 in the Briefing Book in Exhibit 5).

In fact, it was Supervisor Bob Livsey's son, Mervin, who emailed me the photo, which can be

seen on page 12 of the briefing book.

9. On pages 5 and 6 of the Briefing Book, I discussed the toxic substances in the

LED lights; the Agency for Toxic Substances and Disease Registry ("ATSDR") speaks to the

toxicity of nickel and copper that are present in high amounts in these lights, which create a

hazmat situation when they break. I also cited to the French Agency for Food, Environmental,

and Occupational Health and Safety ("ANSES") Reports on LED lights. With regard to the

April 5, 2019 report, I wrote:

The report cites the scientific evidence on the "phototoxic
effects"

of short-term

exposures to high-intensity blue light, as well as an increased risk of age-related macular

degeneration after chronic exposure. Age related macular degeneration causes vision loss

in those over 50 by damaging a spot in the center of the retina.

The press release for the report states:

.....the expert appraisal showed that even very low levels of exposure to blue light

in the evening or at night disrupt biological rhythms and therefore sleep. ANSES

stresses that the screens of computers, smartphones and tablets are major sources

of blue-rich light, and children and adolescents, whose eyes do not fully filter blue

light, are a particularly susceptible population.

The Agency confirms the toxicity of blue light on the retina and highlights the biological

6
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rhythm and sleep disruption associated with exposure to blue light in the evening or at

night, particularly via screens and especially for children. The Agency therefore

recommends limiting the use of LED devices with the highest blue-light content,

especially for children, and reducing light pollution as much as possible to preserve the

environment.

Their previous report on the topic was issued in 2010 and called "Lighting systems using
light emitting diodes (LEDs): health issues to be considered"1It stated:

The issues of most concern identified by the Agency concern the eye due to the

toxic effect of blue light and the risk of glare... Blue light is...recognized as being
harmful and dangerous for the retina, as a result of cellular oxidative stress

adding that the blue light necessary to obtain white LEDs causes "toxic
stress"

to the

retina. Blue light causes a photochemical risk to the eye, says the report, the level of

which depends on the accumulated dose of blue light to which the person has been

exposed, which is generally the result of low-intensity exposure repeated over long
periods. In other words, cumulative effect as well as intensity matter.

The report also indicated that three groups are particularly at risk; children, populations

which are already light sensitive and workers likely to be exposed to high-intensity
lighting. The report cited glare and pointed out that because the emission surfaces of

LEDs are highly concentrated point sources, the luminance of each individual source can

be 1000 times higher than the discomfort level. In particular, the report refers to the glare

risk and says that previous lighting standards should not be adapted to systems using

LEDs. Any systems should have optics and diffusers to avoid glare and are more

appropriate for industrial settings, not residential ones.

(Footnotes omitted herein; See report for footnotes)

On page 8, I showed differences in plasma melatonin in the blood from night time versus day

time and artificial night light.

10. On pages 9 and 10, I went on to cite other studies showing harm:

According to a 2015 Harvard Medical School ("HMS") advisory, night shift work and

exposure to light at night are related to several types of cancer, diabetes, heart disease and

obesity. The updated advisory it was based upon goes on to state the following:

...while any kind of light can suppress the secretion of melatonin, blue light does

so more powerfully

Even dim light can interfere with a person's circadian rhythm and melatonin

secretion. A mere eight lux-a level of brightness exceeded by most table lamps

and about twice that of a night light-has an effect, notes Stephen Lockley, a

Harvard sleep researcher.

7
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While light of any kind can suppress the secretion of melatonin, blue light at night

does so more powerfully. Harvard researchers and their colleagues conducted an

experiment comparing the effects of 6.5 hours of exposure to blue light to

exposure to green light of comparable brightness. The blue light suppressed

melatonin for about twice as long as the green light and shifted circadian rhythms

by twice as much (3 hours vs. 1.5 hours)

A 2017 study, "Outdoor Light at Night and Breast Cancer Incidence in the
Nurses'

Health Study
II"

conducted by researchers at the Harvard School of Public Health found

that

exposure to residential outdoor light at night may contribute to invasive breast

cancer risk.

The Harvard nurses study came to the same type of conclusion as a 2009 study done in

Israel which stated:

...the analysis yielded an estimated 73% higher breast cancer incidence in the

highest LAN [Iight at night] exposed communities compared to the lowest LAN
exposed communities.

Another study, "Melatonh1, environmental light and breast
cancer"

dating to that time

from an international team of researchers including a doctor at Columbia University in

New York, NY came to the same conclusion in regard to female shift workers who were

exposed to light at night.

In addition to cancer risk, there is the risk of retinal toxicity. One recent study published

in Spain in 2012 found that blue LED light can irreparably damage the cells in the eye's

retina specifically the retinal pigment epithelial cells. The study comes to the disturbing
cóñclusion that once damaged, the retina cannot be regenerated and thus LED light

exposure can cause blindness.

In 2018, a group from the University of Toledo, Ohio found, as ANSES reported, that

that LED light exposure can lead to macular degeneration. The authors recommend not

using cell phones in the dark because LED blue light dilates pupils and causes the

harmful blue light to enter the eyes, triggering the production of a toxic chemical that

interacts with oxygen to kill photoreceptor cells.

Finally, a 2016 article, "Effects of blue light on the circadian system and eye
physiology"

speaks to the disruption to sleep and blue-light induced damage to the retina. The graph

in this paper makes the point that lights can appear similar intensity to a person, but the

LED will have much more of the dangerous blue-spectrum light in it....

(Footnotes omitted herein; See report in Exhbiit 5 for

footnotes)
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The referenced graph on the subsequent page (11) show that the blue-white LED lights have

proportionately more of the dangerous wavelengths of the light spectrum than fluorescents and

incandescents, which most mimic natural light. The next graph shows that circadian sensitivity

(sensitivity of sleep rhythms) is most pronounced at these blue-white wavelengths.

11. In addition to findings by the American Medical Association (glare, sleep

problems and other biological effects) and the International Agency for Research on Cancer

(shift-work disrupts circadian rhythms, and such shifts, which are also accompanied by light

during normal sleeping hours lead to an increase in cancer), I included letters written by New

York practicing doctors on the topic of the dangers of blue-white light: one from an

otolaryngologist, Joshua Rosenthal, MD and an optometrist, Joel N. Kestenbaum, OD, who

directed his letter to the Nassau County legislature. Dr. Rosenbaüm shows graphs of increased

stress levels from exposure to artificial blue-white light. Dr. Kestenbaum writes:

It is very important to note that although a lower color temperature (3000K and below)

(see figure below) is better for glare, all LED street lamps emit a certain amount of HEV
light. Most municipalities who have already installed LED street lamps have installed the

higher color temperature Tighting, a cheaper alternative but more glare producing and

higher HEV exposing bluewhite light. Residents in these areas are up in arms. After

public outcry, the city of Davis, CA spent hundreds of thousands of dollars installing
warmer LED fixtures just a month after installing white LED lamps. Phoenix residents

are also complaining and they are also considering retrofitting to a lower color

temperature light. Locally, LED street lamp installations in NYC and Brooklyn are being
seen as a disaster by residents. They feel as if there is a film crew outside their windows

and the light is spilling into their homes, disrupting their lives. Most don't even realize

that they are being exposed to additional HEV light that has potential to lead to health

issues.

..... Based on current research and best practices for reducing light pollution, it

is just a matter of time that lawsuits are filed for either installing the wrong LED lamps or

improperly shielding them in public areas. Technology is wonderful but can also be

dangerous. There needs to be a balance between public benefits, health concerns, and cost

savings. With what I have learned in the past few years about health issues and LED

exposure and from the complaints that patients reveal in my eye care practice, my vote is

for public safety.

9
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He also references a number of articles including "Are LED streetlights: disrupting your sleep",

"LED streetlights may contribute to serious health conditions, says AMA, prompting cities to re-

evaluate"
and "AMA report affirms human health impacts from

LEDs."
(See exhibits 2w, 2x

and 2y).

12. As stated in the Parties section under my description of myself, I circulated a

petition fewer than half a dozen times (see Exhibit 3) that was signed by 110 people (only 890

live in Fort Montgomery, where these lights were slated to go (the Town does not have

jurisdiction over the lighting in the Village of Highland Falls, only in the CDE of Fort

Montgomery). This petition reads:

TOWN OF HIGHLANDS STREETLIGHT PETITION

Blue-white LED streetlights will not save very much money. Compared to the cost to

health, and well-being they may wind up costing money. Humans and animals are not

designed to be exposed to daylight frequencies at night.

The town's lighting choices should be based on existing and emerging science about the

negative effects of blue light on human health and the environment. This includes

increased cancer risk, unpleasant glare and intensity, and damaging effects on the eye's

retina, sleep quality, hormones and the well-being of wildlife.

The town should maintain our yellow sodium lights and replace brokeñ mercury lights

with them as the town did before. The yellow sodium lights provide clear visibility in all

weather without being too bright and cohtain no harmful daylight frequencies.

Right now, when a light breaks, O&R replaces it with a blue-white LED light. Individuals

should have the right to tell O&R they want the same yellow light if their streetlight

breaks.

Meanwhile, the Town should commit to investigating the less harmful orange-amber

LED lights (less harmful than blue-white LED lights) as this technology improves over

time. Then we can consider whether they are a better solution than the existing yellow

sodium vapor lights.

As explained in the Parties Section, it was not possible for me to circulate any more petitions due

to the noise nuisance from what I assert has been an ongoing illegal construction project that the

Town allowed to go on (the Town also allowed the illegal constructors to work until 9 p.m. at

10
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night, soiiiethilig which is not allowed in any other jurisdiction, and appears to be retaliation for

suing the Town for this project). But for these realities, I would have been continuing to get

petition signatures. While my Zoning Board of Appeals ("ZBA") attorney, Rick Golden has

assisted me with the ZBA, I do all of the litigation. Even with that time commitment, the noise

has largely been the problem flushing me out of my home. The point is that when I was able to,

and I explained what was going on to people, they overwhelmiñgly supported my petition; most

had not known what was being proposed or about the color-temperature light issues. People

approached me with comments such as "I can't stand the LED headlights on cars nowadays, they

are too bright and irritate me at
night"

and "I work in New York City and the lights in Brooklyn

and on the highways are like an airport
runway"

and "my across-the-way ñêighbor has an LED

floodlight, and when forget to turn it off before they go to bed, it shines right into our bedroom

and is really, really
annoying"

and "I have one of the O&R replacement lights outside my

window and it is horrible".

13. Along the way, this project has been shepherded and evangelized by Town Board

member Richard Sullivan who has stubbornly ignored people saying they do not want these

lights. Going back to Exhibit 5, The article in the November 30, 2018 News of the Highlands

states,

Supervisor Bob Livsey added that he's not even completely sure that people in Fort

Montgomery want the bright LED lights....they are significantly brighter than traditional

street lights. "Maybe we like our "country
roads"

the way they are", the supervisor said.

Exhibit 6 shows email correspondence from July 22, 2019 from Town Attorney Justin Rider with

a copy of an agreement that did not bind the Town to the a deal with the New York Power

Authority, but that enabled them to look into purchasing options for the Town:

Deborah, attached is the Master Agreement. It does not contain the particulars for moving
forward on LED

M. Justin Rider, Esq.

11
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Exhibit 12 documents the Town's subsequent deception. When I filed a Freedom of Information

Request to see if the Town had signed any contracts or was planning on voting on any at the

September 23, 2019 meeting, I was told on September 18* that no such document existed. When

I got the agenda on Friday September
20*

at 4:45 p.m, nothing about the LED streetlighting

scheme was listed. Shortly before the meeting on Monday September 23"1, an amended agenda

was produced, and the Town voted to sign this contract which did not bind the Town to any

purchase of lights. I can be heard at the beginning of the meeting asking during public comment

(I was sitting in the back of the room off camera) trying to determine why the Town had

committed a penal code violation (NY Penal Law section 10) by not honestly fulfilling my FOIL,

and the Town attorney can be seen covering for the Supervisor-
saying there had been some kind

of error or misunderstanding: httos://www.voutube.com/watch?v=lJJWVF-T2J0&t-660s. In

fact, the correspondence from September 10* on the last page of Exhibit 15 showed that the

Supervisor knew full well he was going to be voting on September 23"l on a document that

would allow NYPA to look for LED solutions for the Town and intended to put it on the agenda.

However, he gave the Clerk an agenda to give me the previous Friday without it and when I

inquired 15 minutes before the Monday meeting if there were any changes to the agenda, the

Deputy Clerk told me that there were changes and in fact the contract was added to the agenda.

14. Richard Sullivan, the board member shepherding this project had been plowing

full steam ahead; later when I FOIL'ed more emails, he neglected to give me ones that the New

York Power Authority ("NYPA") subsequently produced (and only after an Appeal by me to

NYPA). (See Exhibit 11). Note-ably is one from Mr. Sullivan to Jeffrey Laino (of NYPA)

stating the following:

From: Richard Sullivan Sent: Friday, September 6, 2019 5:57 AM
To: Laino, Jeffrey

12
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Subject: Re: [EXTERNAL]Town of Highleads_ES_MCRA_2019 between New York

Power Authority , mERVIN R. LIVSEY and John Canale is Signed and Filed!

Hi Jeff I'm swamped at work, a NYPA project in Yonkers actually, I'll call today and get

things worked out. thanks for patience, Richie Sent from my iPhone

(Emphasis added)
On Sep 4, 2019, at 4:15 PM, Laino, Jeffrey wrote:

Hey Richie, I hope all is well, any news on getting the authorization to proceed signed?

Regards, Jeff

(See page 306 of Exhibit 11). So, in other words, the Town was fully intêñdiñg to proceed with

sigñiñg an agreements to have NYPA look into the streetlighting. Also of note is the fact that

Mr. Sullivan, who is, on information and belief, a member of the Operator's Eñgiñécr Union,

was actually working for NYPA at the time. I assert that he has a conflict of iñterest pursuant to

NY Gen Muni § 801. Even if he were to claim he does not financially benefit from the

underlying contract, he is entitled to no exception, because he isn't merely voting on it, but had

been actively evangelizing it, negotisting, preparing, authorizing, etc. as can be seen in the email

chain in Exhibit 11 (again, page 306).

15. Meanwhile, in correspondence, NYPA told me that they only had a few options

they were upselling to various Towns in the Hudson Valley and that they did not have an orange

color-temperature light option (or any non-blue-white color temperature light). See Exhibit 4.

During the fall, I sent more emails to the Town. See Exhibits 7, 8 and 9. Exhibit 7 included a

new study published in Experimëñtal Neurology, that LED lighting leads to neuroinflammation

in people who have recently had a heart incident and increases the potential for mortality. One

of the study's authors, Dr. Laura Fonken weighed in by email stating:

I absolutely agree with you that blue-white LED lights are not the optimal design

for streetlights.
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Exhibit 8 includes an email about and abstracts from papers given at a conference in San Jose,

CA: "Predicting Sound and Light levels at Large Spatial Scales"; "Going Global: Individual to

Community-Level Responses to Noise and
Light"

and "Social Science and Citizen Science to

Inform Sound and Light Mañagemeñt. The gist of these abstracts was that communities should

work closely with the citizens to mitigate these impacts and protect the environment. That is not

what was going on in the Town of Highlands. Exhibit 15 show emails from Richard Sullivan

that showed up in response to a FOIL request referring to me as "the dissenter", treating Mr.

Laino of NYPA to lunch, and wamiñg Town Board members that Steven Walker and I "would

be watching". He also talks about populated cities that bear no resemblance to the Town of

Highlands as being good examples of LED lights. In an April
56

email, he states,

I am working in Mt. Pleasant on water improvements, and on my commute going through

New Castle (Chappaqua), I see LED going on, and called New Castle, Nyack, Kingston,
Rhonebeck and Clarkstown for real time input on satisfaction with the respective upgrades

they are implementing, all seem content, and with no dispute, many localities are pursuing
these upgrades.

Exhibit 9 was an article in the November 22, 2019 edition of The Daily Mail entitled, "Light

pollution is driving the insect apocalypse, scientists claim - from luring moths to their deaths to

making bugs more visible to predators". The bullet points under the title read:

- Experts reviewed over 200 studies into the iñrpacts of artificial light on bugs
- Light pollution has diverse impacts on insects that can shake entire food webs
- It is feared that 40 per cent of creepy-crawlies could go extinct within decades
- Researchers encourage people to reduce their use of artificial light at night

Articles on the perils of light pollution continue to crop up; CNN had one on July 8, 2020

(Exhibit 10a) titled: "Light pollution ruins teen sleep and may contribute to mental disorders,

study says. Exhibit 10b is the study itself, entitled, "Association of Outdoor Artificial Light at

Night with Mental Disorders and Sleep Patterns Among U.S.
Adolescents"

published in JAMA

Psychiatry. The literature and the testimonials continue not to support taking a safe color-
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temperature light and swapping it out for something less safe- to say nothing of doing it in a

Town nestled in a State Park with a Historic Revolutionary War Battle Site, nestled up against

the Hudson River.

16. During the Pandemic when ilieetiiigs were not physically attended by the public,

the Town voted on a resolution dated April 27, 2020, declaring the LED lighting scheme a Type

II Action and voting to sign contracts. They don't explain how they arrived at the decision that

the LED streetlights are a Type II action given the controversy, the health and enviroñniciital

concerns. Exhibit 14 includes the documents released in June to me by FOIL. It appears the

Town will buy lights from O&R and have NYPA service them.

FIRST CAUSE OF ACTION

The Town of Highlands failed to perform a duty enjoined upon it by law in violation

of CPLR §7803(1) by failing to have a proper SEQR review and by incorrectly issuing a

negative declaration without going through the SEQR review process before passing a resolution

authorizing contracts for the LED streetlighting scheme.

SECOND CAUSE OF ACTION

NYPA failed to perform a duty enjoined upon it by law in violation of CPLR

§7803(1) by failing to have a SEQR review process for the LED lights and/ or by improperly

declaring them to be a Type II action.

THIRD CAUSE OF ACTION

The Town of Highlands proceeded in excess of jurisdiction in violation of §7803(2) by

issuing a resolution allowing for the signing of contracts for LED lights without having a proper

SEQR review.

FOURTH CAUSE OF ACTION

The Town of Highlands Type II designation of the LED streetlighting scheme as well as

its Resolution authorizing contracting for same were in violation of lawful procedure, arbitrary
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and capricious and an abuse of discretion in violation of §7803(3).

FIFTH CAUSE OF ACTION

NYPA proceeded in excess of jurisdiction in violation of §7803(2) by putting lights out

to bid without engaging in a SEQR review process or by improperly declaring the lights to be a

Type II action.

SIXTH CAUSE OF ACTION

NYPA acted arbitrarily and capriciously and in an abuse of discretion and in violation of

lawful procedure in violation of §7803(3) by refusing to put out bids for non blue-white LED

lights or by doing so without engaging in a SEQR review process or by improperly declaring the

lights to be a Type II action.

WHEREFORE, I as Petitioner respectfully request that this Court enter judgment against

Respondents pursuant to CPLR §§ 7803 (1), 7803(2), CPLR 7803(3), CPLR 7805 and CPLR

7806 as follows to annul, vacate and void

• A resolution ("the Resolution") dated April 27, 2020 of the Town of

Highlands "to authorize the Town of Highlands to Enter into an

Agreement for Purchase and Sale of Street Lighting Facilities with O&R
• The assertion by the Town of Highlands in the Resolution that the Street

Lighting Agreement with Orange and Rockland Utilities, Inc. ("O&R")

constitutes "a legislative action pertaining to routine or conthuhg agency
administration and management, not including new programs or major

reordering of priorities that may affect the environment, and accordingly is

a Type II Action under the State Environmental Quality Review Act";
(that is to say I am asking the Court to declare that the project authorized

by the Resolution does not constitute a so-called "Type
II"

action.

• Any contract related to the Resolution that was signed by the Town of

Highlands and O&R since December 9, 2019 or whatever date is deemed

four months ago plus the tolling from the Governor's Executive Orders

("the control date").

• Any contract and/or agreement that was signed between the Town of

Highlands and the New York Power Authority ("NYPA") since the

control date related to and/or pertaining to the project described in the

Resolution that operationalizes this project, that is to say, has to do with

the financing of the project and/or the maintenance of the project

• Any contract and/or agreement related to the project described in the

Resolution that was signed between NYPA and O&R since the control

date.

• Any contract and/or agreement related to the Resolution that was signed

by NYPA, O&R and the Town of Highlands") since the control date.
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and to order

• the New York Power Authority to put out any future project from the

Town of Highlands to competitive bidding that includes not just price

considerations, but the color-temperature of the lights, specifically yellow-

orange color temperature lights.

• Any other relief that the Honorable Court deems just and proper.

Dated: July 27, 2020

Respectfully submitted,

Deborah Kopald, Petitioner pro se

P.O. Box 998

Fort Montgomery, NY 10922

(845) 446-9531
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SLPREME COURT OF l HE STATE OF NEW YORK

ORANGE COI'NTY index No:
-------.------ ---------.--------------------------X

In the Matter of the Application of Deborah Kopald.

Petinoner

For a.iudgment pursuant to CPI,R Article 78 VER1HCATION

-against-

The Tewn of 1lighlands New York.

Orange and Rockland I'tilities. Inc..

The .New York Power Authority

Respondents
-------------------------- ------------------X

S13 I1. OF NEW YORK )

) SS:

COLN i Y 01 ORANGE

i. Deborah Kopald. being duly sworn deposes and states that I am the

Petitioner in this Special Proceeding. and that I dmfted. read and signed the foregoing Petition

and the allegations contained therein are true to my inowledge. except as to matters therein

stated to be on information and belief. and as to those matters. I believe them to he true.

Detmrah Kopaid

P.O. Bm 998

Fort Montgomerv- NY 10922
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Sodium vapor lights do NOT emit any blue light, which is implicated with disturbed circadian 
rhythms, breast cancer and retinal toxicity.  ALL LED lights, even so-called amber (orange) 
LEDs, also emit this blue light that is of concern. This is true even if the amber bulb 
theoretically has a lower color temperature than a sodium vapor bulb.  

Amber lights are comparable in efficiency to sodium vapor; both are less efficient than LED 
white/blue lights.  Sodium vapor produce a pure yellow light, more akin to candlelight.  They 
also distribute the light more evenly and are the best option in mist and fog. 

No LED light by definition can be as safe as what it is replacing and safe for all residents.  On 
information and belief, nobody in town has expressed that they suffer an irritation from existing 
Sodium Vapor and/or Mercury Vapor Lights which emit a light in the yellow-orange range only. 

---------------------------------------------------------------------------------------------------------- 
Typical high pressure sodium bulb1, yellow color, best to cut through mist and fog 
50 watts, 4,000 lumen, color-temperature- 1900-2200 Kelvin yellow light only 
80 lumens/watt efficiency (higher wattage can go up to 106 lumens/watt efficiency) 

 
Some LED blue lights used in Eastern MA1 
13-15 Watts, 1,600 lumen 3000 Kelvin, contains blue light (2,700 is lowest blue light) 
110 lumens/watt energy efficiency 
These blue lights may look brighter for many than the sodium bulb, even w/ lower lumen. 
Other LED blue lights2 
25-40 Watts, 2770-3650 lumen (color temperature can vary 2,700-5,000 and above). 
90-110 lumens/watt efficiency- up to and past 120 
(they can get past 120 lumens/watt efficiency and are several-fold brighter due to blue)  
Lowest color-temperature LED light 
20 Watts, 2,800 lumen- 2200 Kelvin, Lumican-small chassis3 
140 lumen/watts (dimmable- not a desirable feature) 

 
Amber/orange LED lights  
16-42 Watts, 1150-3300 lumen2, 2200 Kelvin, still contain blue light 
40-80 lumens/watt efficiency (on par with sodium vapor lights in terms of efficiency) 
Even if lower lumens, still may appear brighter because of residual blue light. 
30-228 Watts, 2500-10,000 lumens- 1750 Kelvin Osram4  
43-77 lumens/watt 1750K 
---------------------------------------------------------------------------------------------------------- 
Incandescent bulb (not an option for streetlights) 
7.25-14 lumens/watt efficiency       2700 Kelvin 
Candlelight (not an option for streetlights), yellow light-ideal for humans 

                      1800Kelvin 

1 Data from J. Kelly Beatty, Sky and Telescope Magazine 
2 This Data from National Optical Astronomy Observatory (Kitt Peak National Observatory): 
https://www.noao.edu/education/QLTkit/ACTIVITY_Documents/Energy/TypesofLights.pdf 
3 http://lumican.com/wp-content/uploads/2018/10/Lumicana-Cobrahead-Small-Chassis-V14.pdf 
4 https://www.osram.com/ls/news/amber/index.jsp 
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Correlated Color Temperature: indicates a light’s overall color or hue: 
  
 

 

 

 

 

 

 

 

 

 

 

 

 

Effects on brightness include (1) existence of any blue light, (2) relative color temperature (3) 
lumens.  (Lower color-temperature will not appear less bright if there is any blue in it and 
possibly, but not definitely if it emits more lumens).  Humans have used orange lights at night 
with no blue for years- candlelight and fire.  They also used incandescents indoors- which are 
more white. 

All bulbs have a wattage (power) and intensity measured in lumens (these numbers are related to 
each other and together (lumens/watt) represent energy efficiency); color-temperature in Kelvin 
as well as a glare rating- lower glare makes a smaller puddle of light. Yellow is the best color for 
mist and fog because white and blue light reflect off of water molecules more and visibility is 
lessened.  LED also has residual flicker while sodium vapor does not and also creates high 
frequency transients.  High pressure Sodium vapor is effectively as efficient as an LED bulb of 
the same color-temperature (amber).   (Some amber lights may be more efficient, but this needs 
to be investigated further.) LED’s can create too bright pools of light with more blackness in 
between the areas as opposed to a more distributed, natural yellow light that is less of an irritant.   

Individuals have different reactions to such light and no LED lights can be guaranteed not to 
irritate peoples’ eyes and cause the other aforementioned reactions with cumulative exposure.  
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To date, at least three people have communicated that they are irritated by LED’s- including 
LED lights on a computer.  Dr. Janet Wilkie wrote  letter to the News of the Highlands printed 
on June 7th, I have expressed same, and Merv Livsey has provided a picture of an irritating LED 
light on Eagle Valley Road.  A fourth resident, Jason Taylor has expressed that there are too 
many streetlights in existence now that create too much light pollution.  (These are the only 
people I surveyed; a demonstration would give a fuller picture). 

The American Medical Association (“AMA”) states,  

It is estimated that a “white” LED lamp is at least 5 times more powerful in influencing 
circadian physiology than a high pressure sodium light based on melatonin suppression”5.   

They go on to state the following: 

Many early designs of white LED lighting generated a color spectrum with excessive 
blue wavelength. This feature further contributes to disability glare, i.e., visual 
impairment due to stray light, as blue wavelengths are associated with more scattering in 
the human eye, and sufficiently intense blue spectrum damages retinas67. The excessive 
blue spectrum also is environmentally disruptive for many nocturnal species. 
Accordingly, significant human and environmental concerns are associated with short 
wavelength (blue) LED emission. 

Backlit LED technologies, room lights affect sleep.  The AMA reports: 

A number of controlled laboratory studies have shown delays in the normal transition to 
nighttime physiology from evening exposure to tablet computer screens, backlit e-
readers, and room light typical of residential settings.8910 These effects are wavelength 
and intensity dependent, implicating bright, short wavelength (blue) electric light sources 
as disrupting transition. These effects are not seen with dimmer, longer wavelength light 
(as from wood fires or low wattage  incandescent bulbs). In human studies, a short-term 

5 Falchi F, Cinzano P, Elvidge CD, Keith DM, Haim A. Limiting the impact of light pollution on human 
health, environment and stellar visibility. J Environ Manage. 2011;92:2714-22.,  
also reported in the Report of the Council on Science and Public Health, “Human and Environmental Effects 
of Light Emitting Diode (LED) Community Lighting” http://darksky.org/wp-content/uploads/bsk-pdf-
manager/AMA_Report_2016_60.pdf (Report to the American Medical Association (“AMA”)) 
6 Shang YM, Wang GS, Sliney D, Yang CH, Lee LL. White light–emitting diodes (LEDs) at domestic lighting 
levels and retinal injury in a rat model. Environ Health Perspect. 2014:122(3):269-76. 
7 Lougheed T. Hidden blue hazard? LED lighting and retinal damage in rats, Environ Health Perspect. 
2014;122(3):A81. 
8 Cajochen C, Frey S, Anders D, et al. Evening exposure to a light-emitting diodes (LED)- backlit computer 
screen affects circadian physiology and cognitive performance. J Appl Physiol. 2011;110:1432-8. 
9 Chang AM, Aeschbach D, Duffy JF, Czeisler CA. Evening use of light-emitting eReaders negatively affects 
sleep, circadian timing, and next-morning alertness. Proc Natl Acad Sci USA. 2015;112:1232-7. 
10 Gooley JJ, Chamberlain K, Smith KA, et al. Exposure to room light before bedtime suppresses melatonin 
onset and shortens melatonin duration in humans. J Clin Endocrinol Metab. 2011;96:E463-72. 
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detriment in sleep quality has been observed after exposure to short wavelength light 
before bedtime. Although data are still emerging, some evidence supports a long-term 
increase in the risk for cancer, diabetes, cardiovascular disease and obesity from chronic 
sleep disruption or shiftwork and associated with exposure to brighter light sources in the 
evening or night.1112 

No change in technology should be considered at all in the absence of putting up a few next to 
each other in one location in a demonstration project (not a permanent fixed pilot project) so that 
people can look at them and report their experiences and compare and contrast.  Again, the 
irritation of the light is one issue- the long term ramifications of blue-light exposure are another.  
Companies hawking these lights are not able to and not interested in proving safety (this is not 
the only industry that rolls out things ubiquitously that are unsafe or not yet proven safe 
(violation of the precautionary principle)- this includes drugs, an assortment of chemicals,  
products emitting wireless radiation, nanotechnology, synthetic biology, artificial intelligence. 

It is up to elected officials to make conservative decisions that do not roll things out ubiquitously 
that can have adverse effects and to way the potential costs versus the so-called benefits.   A 
solution for a Long Island town may not be appropriate for the Hudson Valley, especially for a 
town nestled in a state park. The cost savings on a yearly basis are not that great and this should 
not be entertained lightly given the possibility for the need to remove them.  As Merv Livsey 
mentioned to me, many of us choose to live here and not New York City for a reason, and New 
York City is increasingly being lit up like a runway.  There are other ways to save more 
meaningful amounts of money and/or reduce global warming if that is a goal (for example, 
offices could be made to comply with recycling rules that residents must comply with). 

Ultimately, anyone who does not want such a light should have the option of opting out within 
view of their home if new lights were installed (and having O&R re-install a sodium-vapor light 
or at least some narrow band amber light selected by the Town).  Sodium vapor emit no blue, are 
best for mist and fog, which are conditions we have; we are not a city and don’t need blue to 
illuminate colors of car you are seeing, and anything with any blue will affect humans and 
animals to varying degrees.  Amber LED  lights have the least amount of blue light and are at 
least comparable in energy efficiency to sodium vapor lights. 

 

 

 

11 . Council on Science and Public Health Report 4. Light pollution. Adverse effects of nighttime lighting. 
American Medical Association, Annual Meeting, Chicago, IL. 2012. 
12 Koo YS, Song JY, Joo EY, et al. Outdoor artificial light at night, obesity, and sleep health: Cross-sectional 
analysis in the KoGES study. Chronobiol Int. 2016;33(3):301-14. 
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Breakage of LED diodes  

A 2012 Scientific American article, “The Dark Side of LED lightbulbs13 refers to release of 
copper and nickel due to LED bulbs breaking on the concrete, absorbed through air, water and 
soil In the Common House, the bulbs would fall on a concrete floor where children and adults 
congregate. This article and another article on metal toxicity health dangers follow:  

The U.S. CDC Agency for Toxic Substances and Disease Registry defines nickel and copper as 
toxic substances and the potential for adverse health effects is dose dependent. Twenty percent of 
the population is allergic to nickel and would have a stronger reaction to a nickel spill from a 
broken LED bulb.  

Nickel: http://www.atsdr.cdc.gov/toxfaqs/tf.asp?id=244&tid=44 
Copper: http://www.atsdr.cdc.gov/toxfaqs/tf.asp?id=205&tid=37 

The French Agency for Food, Environmental and Occupational Health and Safety (“ANSES”) 
Reports 

On April 5, 2019, the French Agency for Food, Environmental, and Occupational Health and 
Safety, ANSES, put out its latest “Opinion on the effects of human health and the environment 
(fauna and flora) of systems using light-emitting diodes”:  The report cites the scientific evidence 
on the "phototoxic effects" of short-term exposures to high-intensity blue light, as well as an 
increased risk of age-related macular degeneration after chronic exposure.  Age related macular 
degeneration causes vision loss in those over 50 by damaging a spot in the center of the retina.  
The press release14 for the report15 states: 

…..the expert appraisal showed that even very low levels of exposure to blue light in the 
evening or at night disrupt biological rhythms and therefore sleep. ANSES stresses that 
the screens of computers, smartphones and tablets are major sources of blue-rich light, 
and children and adolescents, whose eyes do not fully filter blue light, are a particularly 
susceptible population. 

13 The Dark Side of LED Lightbulbs, Scientific American, 
2012:https://webcache.googleusercontent.com/search?q=cache:59DGs7rBqVoJ:https://www.scientifica
merican.com/article/led-lightbulb-concerns/+&cd=1&hl=en&ct=clnk&gl=us 

http://www.globalhealingcenter.com/natural-health/metal-toxicity-health-dangersnickel/ 

 
14 French Agency for Food, Environmental, and Occupational Health and Safety .  Recommendations for 
limiting exposure to blue light.  https://www.anses.fr/en/content/leds-anses%E2%80%99s-recommendations-
limiting-exposure-blue-light 
15 French Agency for Food, Environmental, and Occupational Health and Safety.  Opinion on the effects of 
human health and the environment (fauna and flora) of systems using light-emitting diodes. April 5, 2019  
https://www.anses.fr/en/system/files/AP2014SA0253EN.pdf 
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The Agency confirms the toxicity of blue light on the retina and highlights the biological 
rhythm and sleep disruption associated with exposure to blue light in the evening or at 
night, particularly via screens and especially for children. The Agency therefore 
recommends limiting the use of LED devices with the highest blue-light content, 
especially for children, and reducing light pollution as much as possible to preserve the 
environment. 
 

Their previous report on the topic was issued in 2010 and called “Lighting systems using light 
emitting diodes (LEDs): health issues to be considered”16  It stated: 

The issues of most concern identified by the Agency concern the eye due to the toxic 
effect of blue light and the risk of glare… Blue light is…recognized as being harmful and 
dangerous for the retina, as a result of cellular oxidative stress 

adding that the blue light necessary to obtain white LEDs causes "toxic stress" to the retina. Blue 
light causes a photochemical risk to the eye, says the report, the level of which depends on the 
accumulated dose of blue light to which the person has been exposed, which is generally the 
result of low-intensity exposure repeated over long periods.  In other words, cumulative effect as 
well as intensity matter.   

The report also indicated that three groups are particularly at risk; children, populations which 
are already light sensitive and workers likely to be exposed to high-intensity lighting.  The report 
cited glare and pointed out that because the emission surfaces of LEDs are highly concentrated 
point sources, the luminance of each individual source can be 1000 times higher than the 
discomfort level.  In particular, the report refers to the glare risk and says that previous lighting 
standards should not be adapted to systems using LEDs.  Any systems should have optics and 
diffusers to avoid glare and are more appropriate for industrial settings, not residential ones. 

Dirty Electricity Involves High frequency voltage transients 

LED diodes jack up sine wave- create high frequency transients (also known as “dirty 
electricity” on the wiring, which are understood to be electrical pollutants.  These should not be 
added into the grid and most sodium vapor lamps do not create them.  The nation’s expert on this 
topic is David Stetzer and Stetzer Electric in Wisconsin.  His 2013 study, “Dirty Electricity, 
chronic stress, neurotransmitters and disease17” states the following: 

Dirty electricity, also called electrical pollution, is high-frequency voltage transients 
riding along the 50 or 60 Hz electricity provided by the electric utilities. It is generated by 
arcing, by sparking and by any device that interrupts current flow, especially switching 

16 French Agency for Food, Environmental, and Occupational Health and Safety.  Lighting systems using light 
emitting diodes (LEDs): health issues to be considered, October 19, 2010. 
https://www.anses.fr/fr/system/files/AP2008sa0408EN.pdf 
17  Stetzer D, Milham S. Dirty Electricity, chronic stress, neurotransmitters and disease.  Electromagn Biol 
Med. 2013 Dec; 32(4):500-7. 
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power supplies. It has been associated with cancer, diabetes and attention deficit 
hyperactivity disorder in humans.  

Stetzer also presented a paper with toxicologist Magda Havas in 2004 at a World Health 
Organization workshop in which they stated: 

Deteriorating power quality is becoming increasingly common in developed countries. 
Poor power quality, also known as dirty electricity, refers primarily to a combination of 
harmonics and transients generated primarily by electronic devices and by non-linear 
loads. We have assumed, until recently, that this form of energy is not biologically 
active….. These results are dramatic and warrant further investigation. If they are 
representative of what is happening worldwide, then dirty electricity is adversely 
affecting the lives of millions of people.18 

Dimmable LED lights create even greater line pollution and are to be avoided. The below 
graphical depiction shows the irregular wave forms created upon dimming: 

 

Stetzer and Havas’ report ends by stating the following: 

….the body recognizes EMF as a foreign invader and mounts an acute stress response to it. 
With chronic exposure and stress, neuroendocrine and immune system dysregulation results 
in a wide spectrum of human morbidity and mortality. Our work shows that lowering of dirty 

18 Stetzer D, Havas M. World Health Organization Workshop on Electrical Hypersensitivity, 25-26 October, 
2004, Prague, Czech Republic. 1 Dirty Electricity and Electrical Hypersensitivity: Five Case Studies  

0044



electricity in an office environment results in increased urinary levels of dopamine and PEA 
in exposed persons. This is evidence that dirty electricity and probably other types of EMF 
exposure act as chronic stressors, causing neurotransmitter changes and disease. 
Neurotransmitters may be biomarkers of dirty electricity and EMF exposures. 

Negative Effects of Blue Light 

Getting back to the issue of hormone suppression, the artificial blue light from LEDs creates 
these effects as well as the high frequency transients: 

Human Blood Plasma Melatonin Levels (courtesy of the International Dark Sky Association): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Blue light suppresses the production of melatonin, which is the hormone that the sleep-wake 
cycle. Melatonin has also been shown to be closely related to the development and promotion of 
breast and prostate cancer. Breast cancer is well known to be caused by high estrogen levels, and 
melatonin happens to be an aromatase inhibitor, which means it lowers estrogen.  
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Chronic exposure to blue light, which reaches deep into the eye, is also associated with retinal 
cell damage and age-related macular degeneration (AMD). According to a 2015 Harvard 
Medical School (“HMS”) advisory19, night shift work and exposure to light at night are related to 
several types of cancer, diabetes, heart disease and obesity. The updated advisory it was based 
upon20 goes on to state the following: 

…while any kind of light can suppress the secretion of melatonin, blue light does so more 
powerfully 

Even dim light can interfere with a person's circadian rhythm and melatonin secretion. A 
mere eight lux—a level of brightness exceeded by most table lamps and about twice that 
of a night light—has an effect, notes Stephen Lockley, a Harvard sleep researcher. 

While light of any kind can suppress the secretion of melatonin, blue light at night does 
so more powerfully. Harvard researchers and their colleagues conducted an experiment 
comparing the effects of 6.5 hours of exposure to blue light to exposure to green light of 
comparable brightness. The blue light suppressed melatonin for about twice as long as the 
green light and shifted circadian rhythms by twice as much (3 hours vs. 1.5 hours). 

A 2017 study, “Outdoor Light at Night and Breast Cancer Incidence in the Nurses’ Health Study 
II” conducted by researchers at the Harvard School of Public Health21 found that  

exposure to residential outdoor light at night may contribute to invasive breast cancer risk.  

The Harvard nurses study came to the same type of conclusion as a 2009 study done in Israel22 
which stated: 

…the analysis yielded an estimated 73% higher breast cancer incidence in the highest 
LAN [light at night] exposed communities compared to the lowest LAN exposed 
communities. 

Another study, “Melatonin, environmental light and breast cancer” dating to that time from an 
international team of researchers including a doctor at Columbia University in New York, NY 

19 “Using these lights at night may harm your health”. Harvard Medical School Advisory 2015.  
https://www.health.harvard.edu/healthbeat/using-these-lights-at-night-may-harm-your-health 
20 “Blue light has a dark side”. Harvard Medical School Advisory May 2012, updated, August 13, 2018 
https://www.health.harvard.edu/staying-healthy/blue-light-has-a-dark-side 
21 Bertrand K.  James P. et al. Environmental Health Perspectives Outdoor Light at Night and Breast Cancer 
Incidence in the Nurses’ Health Study II.  2017: 0817 
22 Kloog I, Haim A, Stevens RG, Barchana M, Portnov BA.   Light at Night Co-Distributes with Incident Brast 
but not Lung Cancer in the Female Population in Israel.  The Journal of Biological and Medical Rhythm 
Research.  2008: Vol 25: Issue 1. 
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came to the same conclusion in regard to female shift workers who were exposed to light at 
night23. 

In addition to cancer risk, there is the risk of retinal toxicity.  One recent study published in 
Spain in 201224 found that blue LED light can irreparably damage the cells in the eye’s retina- 
specifically the retinal pigment epithelial cells.  The study comes to the disturbing conclusion 
that once damaged, the retina cannot be regenerated and thus LED light exposure can cause 
blindness.   

In 2018, a group from the University of Toledo, Ohio found, as ANSES reported, that that LED 
light exposure can lead to macular degeneration25.  The authors recommend not using cell 
phones in the dark because LED blue light dilates pupils and causes the harmful blue light to 
enter the eyes, triggering the production of a toxic chemical that interacts with oxygen to kill 
photoreceptor cells. 

LED lights are also inadvertently having a bleaching effect on the works of Van Gogh and 
Cezanne in art galleries according to Professor Koen Janssens at the University of Antwerp26. 

Finally, a 2016 article, “Effects of blue light on the circadian system and eye physiology”27 
speaks to the disruption to sleep and blue-light induced damage to the retina  The graph in this 
paper makes the point that lights can appear similar intensity to a person, but the LED will have 
much more of the dangerous blue-spectrum light in it: 

23 Srinivasan V, Spence DW, Pandi-Perumal et al.  Melatonin, environmental light and breast cancer.  Breast 
Cancer Res. Treat 2008: 108: 339-350 
24 Tejedor JV, Marchena M, Ramirez L, Garica-Ayuso D, Gomez-Vicente V, Sanchez-Ramos C, dela Villa P, 
Germain F.  Removal of the blue component of light significantly decreases retinal damage after high-intensity 
exposure.  PLOS One, 2018:0315. 
25 Ratnayake, K. Payton JL, Lakmal OH, Karunarathne A. Blue light excited retinal intercepts cellular 
signaling.  Scientific reports. 2019: July 5. 
26Smith L. Will we have to look at Sunflowers in the dark? Scientists discover museum lights are damaging 
valuable masterpieces by Van Gogh and Cezanne.  Daily Mail January 7, 2013 
https://www.dailymail.co.uk/sciencetech/article-2258344/Scientists-discover-LED-lights-damaging-valuable-
masterpieces-artists-including-Van-Gogh-C-zanne.html 
27 Tosini G, Ferguson I, Tsubota K.  Effects of blue light on the circadian system and eye physiology.  
Molecular Vision Biology and Genetics in Vision Research.  Mol Vis. 2016; 22: 61–72. 
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A graph from the International Dark Sky Association shows how the excess blue light emitted by 
LED’s corresponds with peak sensitivity of sleep (circadian) rhythms: 
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An LED light on Eagle Valley Road, Highland Falls, NY 
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An LED light courtesy of the International Dark Sky Association: 

Yosemite National Park: 
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American Medical Association (June 2012): 
 “Pervasive use of nighttime lighting 
 disrupts various biological processes,

 creating potentially harmful health effects 

related to disability glare and sleep   disturbance.”

International Agency for Research on Cancer (May 2007): 
 “Shiftwork that involves circadian disruption is

 probably carcinogenic to humans.”
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Joshua Rosenthal, M.D., FACS 
Innovative Otolaryngology, P.C. 

775 Park Avenue, Suite 225 
Huntington, NY 11743 

Tel. 631.923.1900 
Fax. 631.923.1899 

 
 
Tuesday, March 21, 2017 
 
To Whom It May Concern: 
 
This letter is in support of preventing conversion to LED street lamps.  As a physician board 
certified in sleep medicine, I am very able to state that blue light is one of the biggest threats to 
the human circadian rhythm and health.  For patients with sleep issues (and quite frankly nearly 
everyone), proper avoidance of blue light is necessary to maintain physiologic melatonin 
production and appropriate circadian rhythms.  Circadian biologic disruption has been linked to 
disease across the board including but not limited to diabetes and metabolic disorders , 
neurodegenerative disorders, mental illness, and likely many forms of cancer.   Unfortunately, 
the emitted spectrum of LED lighting is high in the most disruptive frequency for melatonin 
secretion.   
 
The blue light hazard is not 
complex and is well studied 
with scientific rigor, despite 
arguments to the contrary.  In 
fact, I would say the scientific 
literature is packed with such 
support; however, the general 
medical community and 
public awareness of this fact 
is poor, likely due to the 
inconvenient truth.  Whilst 
most artificial lighting is 
damaging in such regard, 
homeowners have a personal 
choice for the lighting 
environment they allow in their home, and take ownership of the health consequences.  
However, street lighting is especially important, since it is on all night and is unchangeable.  
Such a choice will not only open up liability for the town, but also limit revenues as the 
community and public at large come to realize the impact of such lighting on human physiology 
and thus will stay home at night. 
 
Color temperature is not enough of a measure to determine the safety of artificial lighting, 
although it would suggest that lower color temperature is less damaging than higher color 
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temperature.   With that being said, it has been shown that at 3500 Kelvin cool white artificial 
light increased stress hormone release during illumination.  During the day the sun's color 
temperature changes from 1,800 Kelvin at sunrise to 16,000 Kelvin at sun down.  It does so with 
a relatively flat frequency response and much closer ratios of red and blue in the spectrum.    
The main problem with LED lighting is the paucity of purple and red visible spectrum as well as 
the heavy blue spike as compared to the spectrum of the very natural sun we evolved under. 

Stating that the research on melatonin suppression by blue light is not sufficient is not accurate. 
Very clear suppression of melatonin has been found, and this finding has been upheld by 
research studies.  What has been controversial is the physiologic mechanism in the eye 
responsible for it.  The lighting industry's response of lack of research on the “temporal-spatial-
spectral distribution of optical radiation” seems like a semantic diversion to me as I've seen no 
clinical data on such measures.  In fact, searching for these terms on pubmed did not reveal any 
medical/clinical research, instead revealing articles on "benchtop" optical and biochemical 
research.  Melanopsin is the photopigment responsible for the circadian rhythm in the 
intrinsically photosensitive retinal ganglion cells (ipRGC) and responds to blue light from ~430-
465nm in wavelength.  This is the retinal controller of our circadian rhythm.  It is well known 
that when melanopsin is excited by such blue light, it suppresses melatonin secretion.   There 
should be no doubt in anyone’s mind that light stimulating the eye with this frequency at night 
is deleterious to the circadian rhythm and melatonin expression. 
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To say the causal relationship between melatonin suppression and circadian disruption is not 
proven is inaccurate.  Melatonin is the gatekeeper hormonal conductor of sleep.  Without it 
your sleep quality suffers.  It is also an anticancer hormone.  Studies have already 
demonstrated melatonin to suppress tumor growth, and the lack of melatonin's estrogen 
suppression may be one of the possible causes to its link to breast cancer.  Regardless of the 
actual pathophysiology, the link is clear and reproducible.  Further research is needed on the 
pathophysiology to reveal possible new treatments, not to further the already clear relationship 
in the literature.  This situation is not "stimulation" of the circadian system.  Creating a 
hormonal imbalance changes the functioning of the whole human adversely.  Ask any woman 
who has low thyroid levels before discovered upon laboratory testing how her body felt and 
you will understand more clearly how this works. Based on the current state of research, it is 
clear that the stimulus (artificial light of which LED is included) creates a clear response 
(melatonin suppression) which is responsible for downstream effects (many already described 
but likely many more to be elucidated) which create disease. 
 
Additionally, the heavy amounts of blue light in LED fixtures have been shown to cause 
photochemical damage to the retina.  Research has shown photochemical, photomechanical 
and photothermal damage of retinal cells caused by light. In rod dominant mammals, blue light 
has been shown to cause apoptosis and necrosis of photoreceptors and retinal pigment 
epithelium.  While human studies are lacking, one thing is clear:  the incidence of retinal 
diseases is rising.  While a clear answer has not been identified, our increased usage of blue 
heavy lighting is likely to blame.   
 

 
I acquiesce that unfortunately the subclass of "street lamp LED" has not been studied.  While 
unfortunate, this should not preclude our common sense judgment that there is an effect.  
Also, the study of such effect would be difficult based on the possibility of so many different 
exposures based on location of the lamps.  It should be noted that residents may all have 
different lifestyles that would create differing exposures to such lamp light.  It is obvious that 
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this would make such research difficult, and further study is going on in clinical areas that may 
create more therapeutic options.  I can't currently see much need for any such study with the 
current evidence in the literature.  

 The AMA's warning on these lights should be heard.  I can see the difficulty for the AMA to 
advise completely against this money-saving change to LED lights, when there doesn't appear 
to be a clear option to recommend in its stead.  A lack of a better option should not influence a 
decision for planning which will adversely affect the public's health.  Even GE has acknowledged 
these issues in their own position paper on light and sleep from 2014.  The industry's lack of 
immediate response should not encourage our use of already made products that have ill 
effects on the human condition. 

 I strongly urge public health be considered in this decision making.  The cost savings of LED 
lamps may be surpassed by health costs and legal bills in the near future. 

Sincerely, 

Joshua Rosenthal, MD 
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431 S Oyster Bay Rd, Plainview, NY 11803 
Tel: 516.931.6330 | Fax: 516.931.6352 | www.optixeyecare.com 

Your Vision, Your Look, Our Focus 

October 17, 2016 

Dear Nassau County Government Leaders, 

I am writing to inform you of the hazards imposed by the installation of LED (light emitting diode) street 
lamps in our towns.  The potential devastating effect on public health should be further explored before 
moving forward and finalizing these plans.  Most people do not realize how LED lights affect health, both 
short and long term.  This letter should provide a good basic understanding of this very important issue.  
Along with many of my colleagues, the American Medical Association, and researchers and health 
scientists, it is my opinion that installing LED lighting in street lamps represents a threat to public health. 

The typical visible spectrum encompasses wavelengths between 390 to 700nm. Blue light, including 
violet, encompasses light wavelengths between 390 and 500nm.  Scientific studies worldwide are 
pointing to the fact that the shorter wavelengths or high energy visible (HEV) “blue light” are harmful to 
human health. These shorter wavelengths are between 390 and 450nm.  Another short wavelength and 
higher energy emitter than blue is UV (ultraviolet light).  UV is invisible to the human eye.  We all know 
that UV light is harmful to our skin and our eyes.  We have developed ways to protect ourselves, reducing 
damaging effects from UV wavelengths, with sunscreen and sunglasses.  Do we need to wait for 100 
percent public awareness to protect ourselves from HEV?   

To put it simply, overexposure to blue light presents a major health issue to which the public is unaware.  
Years ago, the only exposure we had to HEV light was the sun.  I would consider this short-term 
exposure.  Outdoors we were exposed, indoors we were not.  Today we are also exposed to HEV via 
LED bulbs, smart phones, tablets, television screens, computer screens and CFL (compact fluorescent) 
bulbs.  This creates issues for long term exposure.  Studies have shown that it is the cumulative or total 
exposure to HEV light over time that causes both short and long term medical problems.  The high cost of 
medical care is also highly associated with our exposure to blue light as will be explained below. 

The public should know that HEV light is not all bad and a certain amount of HEV light exposure is 
needed to enhance vitamin D production in our body. Vitamin D is responsible for strong bones and 
protects in a host of other health problems.  Photo-therapeutic benefits or blue light have also been 
demonstrated to help with jaundice and SAD (seasonal affective disorder).  That being said, anyone who 
reads the newspapers or watches the news has read or heard about increases in obesity, cardiovascular 
disease, cancer, and ADHD (attention deficit hyperactivity disorder), just to name a few medical issues 
affecting this country and others.  Many of these issues are directly linked to sleep disruption; one of the 
major causative factors being overexposure to HEV light.  In order for our bodies to get ready for sleep, 
our brain secretes the hormone melatonin.  Melatonin production is suppressed when we are exposed to 
HEV light (smart phone/tablets/computer screens/TV/LED and CFL bulbs in our home).  If we cannot 
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sleep, we tend to eat, increasing our risk for diabetes, and heart disease.  Our children cannot 
concentrate in school and sometimes are falsely labeled with ADHD.  And to top it off, schools are 
installing LED lights in the classroom, further exposing our children to HEV light.  Everyone should also 
know that certain cancers have been directly linked to HEV exposure. 

Short term and long term effects on vision and eye health have also been well documented by 
optometrists, ophthalmologists and researchers.  In my vision care practice, my associates and I have 
seen the short term effects include glare, eye strain, headaches, red eyes, dry and burning eyes, 
irritability, and reduced workplace productivity.  The long term effects of HEV exposure that we see are 
more devastating.  People are getting cataracts at an earlier age.  Adult onset macular degeneration 
(AMD) has historically been considered to be a disease of people over age sixty-five.  Based on today’s 
overexposure to HEV, scientists are concluding that AMD will soon be a disease of people in their forties.  
AMD, for those who are not familiar, causes a loss of central vision, severely diminishing a person’s ability 
to read, perceive colors, and walk without bumping into objects or tripping off a curb.  Reduced mobility is 
one of the major causes of falls and injury in the elderly.  We are very fortunate that eyeglass lens 
companies have developed and are constantly improving lens products that block much of the HEV 
wavelengths to which we are exposed.  Some of these lenses have a champagne color, softening the 
visible “blue” in HEV blue lights.  Your eye doctor must be consulted before wearing these lenses or any 
other tinted lens at night.  

Let me recap why we are overexposed?  LED or CFL lights in our home and workplace, flat screen 
computer monitors used by 90% of the public, smart phones and tablets used at 
least 4-5 hours per day or more, and then another 3 to 4 hours or more of watching 
our flat screen TVs.  There is no getting away from HEV exposure.   

Choosing to save money on energy, businesses and government offices like those in 
Nassau County are installing LED lighting in many of their offices and parking lots, 
exposing their employees to HEV light.  Locally, public works projects in Great Neck 
and other municipalities are proposing to install LED street lamps adding to our 
exposure.  Indeed, LED lights are less expensive to maintain, but are they worth 

negatively affecting public health?  It is very important to note that although a lower color temperature 
(3000K and below) (see figure below) is better for glare, all LED street lamps emit a certain amount of 
HEV light.  Most municipalities who have already installed LED street lamps have installed the higher 
color temperature lighting, a cheaper alternative but more glare producing and higher HEV exposing blue-
white light.  Residents in these areas are up in arms.  After public outcry, the city of Davis, CA spent 
hundreds of thousands of dollars installing warmer LED fixtures just a month after installing white LED 
lamps.  Phoenix residents are also complaining and they are also considering retrofitting to a lower color 
temperature light.  Locally, LED street lamp installations in NYC and Brooklyn are being seen as a 
disaster by residents.  They feel as if there is a film crew outside their windows and the light is spilling into 
their homes, disrupting their lives.  Most don’t even realize that they are being exposed to additional HEV 
light that has potential to lead to health issues. 

In June, 2016, the American Medical Association declared that LED lights are a public health risk.  The 
AMA states, “As a result of a potential risk to public health from excess blue light exposure, the AMA 
report encourages attention to optimal design and engineering features when converting from existing 
lighting technologies to LED. These include requiring properly shielded outdoor lighting, considering 
adaptive controls that can dim or extinguish light at night, and limiting the correlated color temperature 
(CCT) of outdoor lighting to 3000 Kelvin (K) or lower. Color temperature is a measure of the spectral 
content of light, and higher CCT values indicate a greater amount of blue light that a fixture emits.”    
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It is my opinion that a municipality should be 100 percent certain that the installation of LED lights is in the 
best interest of the residents.  Based on current research and best practices for reducing light pollution, it 
is just a matter of time that lawsuits are filed for either installing the wrong LED lamps or improperly 
shielding them in public areas.  Technology is wonderful but can also be dangerous.  There needs to be a 
balance between public benefits, health concerns, and cost savings.   With what I have learned in the 
past few years about health issues and LED exposure and from the complaints that patients reveal in my 
eye care practice, my vote is for public safety.   

Feel free to contact me with any questions. 

Sincerely,    

Joel N. Kestenbaum, OD 
drkestenbaum@optixeyecare.com 

References: 

http://www.govtech.com/health/Are-LED-Streetlights-Disrupting-Your-Sleep.html 

http://archinect.com/news/article/149970641/led-streetlights-may-contribute-to-serious-health-
conditions-says-ama-prompting-cities-to-re-evaluate 

http://darksky.org/ama-report-affirms-human-health-impacts-from-leds/ 

http://www.longislandeyedoctor.com/2016/09/re-hitting-the-laptops-published-in-newsday-on-page-
a2-8312016/ 

http://www.bluelightexposed.com/#bluelightexposed 
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Dear Mary Jane

Many people'have said that LED

lights are energy efficient. The prob-

lem is, they are not PeoPle effi-
cient.

A cheap light that causes eye dam-

&Be, disruPts PeoPle's sleeP P&t-

terns, contributes to rising rates of
breast cancer (because it stimulates

too much estrogen Production), and

is damaging to the health of PeoPle

in our town who are sensitive to it,

is not cheap, and is not efficient

For myself, even looking at the

little LED lights in electronic equip-

ment feels like suddenlY being

stabbed in the eYe with a laser.

I do not understand why, in this

time of economic stress for so many

people, we need to sPend all this

money on the latest thing, when the

lights we have now work very well,

and do not cause PeoPle health

problems.
Consider that Montsanto was just

successfully sued for billions of dol'1

lars for their product (Glyphosate)

that caused cancer. Do we want

lawsuits here from the women who

live here who suddenly find that the

town has an increased rate of breast

cancer?

A lot of new technology ideas are

terrific. LED lights are a new tech-

nology thatlooks good uP front, ffid
is terribly costlY to our eyes' our

bodies and our lives. It's a high

price to paY for a few kilowatts of
electricity. And the resulting medi-

cal costs will be brutally expensive.

Furtheffnore, it is absurd to think

that the equivalent intensityltem'
perature of an LED streetlight is

similar to the existing light, some

people wiil still be afflected by the

LED's unnatural effects on the

human eye and body' 
Janet wilkie
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This fact sheet answers the most frequently asked health questions about copper. For
more information, you may call the ATSDR Information Center at 1-888-422-8737. This
fact sheet is one in a series of summaries about hazardous substances and their health
effects. This information is important because this substance may harm you. The effects
of exposure to any hazardous substance depend on the dose, the duration, how you are
exposed, personal traits and habits, and whether other chemicals are present.

Highlights
Copper is a metal that occurs naturally in the environment, and also in plants and animals. Low levels of
copper are essential for maintaining good health. High levels can cause harmful effects such as irritation
of the nose, mouth and eyes, vomiting, diarrhea, stomach cramps, nausea, and even death. Copper has
been found in at least 906 of the 1,647 National Priority Sites identified by the Environmental Protection
Agency (EPA).

What is copper?
Copper is a metal that occurs naturally throughout the environment, in rocks, soil, water, and air.
Copper is an essential element in plants and animals (including humans), which means it is necessary
for us to live. Therefore, plants and animals must absorb some copper from eating, drinking, and
breathing.

Copper is used to make many different kinds of products like wire, plumbing pipes, and sheet metal. U.S.
pennies made before 1982 are made of copper, while those made after 1982 are only coated with copper.
Copper is also combined with other metals to make brass and bronze pipes and faucets.

Copper compounds are commonly used in agriculture to treat plant diseases like mildew, for water
treatment and, as preservatives for wood, leather, and fabrics.

What happens to copper when it enters the environment?

Copper is released into the environment by mining, farming, and manufacturing operations and
through waste water releases into rivers and lakes. Copper is also released from natural sources, like
volcanoes, windblown dusts, decaying vegetation, and forest fires.
Copper released into the environment usually attaches to particles made of organic matter, clay,
soil, or sand.
Copper does not break down in the environment. Copper compounds can break down and release
free copper into the air, water, and foods.

How might I be exposed to copper?
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You may be exposed to copper from breathing air, drinking water, eating foods, or having skin
contact with copper, particulates attached to copper, or copper-containing compounds.
Drinking water may have high levels of copper if your house has copper pipes and acidic water.
Lakes and rivers that have been treated with copper compounds to control algae, or that receive
cooling water from power plants, can have high levels of copper. Soils can also contain high levels of
copper, especially if they are near copper smelting plants.
You may be exposed to copper by ingesting copper-containing fungicides, or if you live near a
copper mine or where copper is processed into bronze or brass.
You may be exposed to copper if you work in copper mines or if you grind metals containing copper.

How can copper affect my health?
Everyone must absorb small amounts of copper every day because copper is essential for good health.
High levels of copper can be harmful. Breathing high levels of copper can cause irritation of your nose
and throat. Ingesting high levels of copper can cause nausea, vomiting, and diarrhea. Very-high doses of
copper can cause damage to your liver and kidneys, and can even cause death.

How likely is copper to cause cancer?
We do not know whether copper can cause cancer in humans. The EPA has determined that copper is
not classifiable as to human carcinogenicity.

How can copper affect children?
Exposure to high levels of copper will result in the same type of effects in children and adults. We do not
know if these effects would occur at the same dose level in children and adults. Studies in animals
suggest that the young children may have more severe effects than adults, but we don't know if this
would also be true in humans. There is a very small percentage of infants and children who are unusually
sensitive to copper.

We do not know if copper can cause birth defects or other developmental effects in humans. Studies in
animals suggest that high levels of copper may cause a decrease in fetal growth.

How can families reduce the risk of exposure to copper?
The most likely place to be exposed to copper is through drinking water, especially if your water is
corrosive and you have copper pipes in your house. The best way to lower the level of copper in your
drinking water is to let the water run for at least 15 seconds first thing in the morning before drinking or
using it. This reduces the levels of copper in tap water dramatically.

If you work with copper, wear the necessary protective clothing and equipment, and always follow safety
procedures. Shower and change your clothes before going home each day.

Is there a medical test to show whether I've been exposed to Copper?
Copper is found throughout the body; in hair, nails, blood, urine, and other tissues. High levels of copper
in these samples can show that you have been exposed to higher- than normal levels of copper. These
tests cannot tell whether you will experience harmful effects. Tests to measure copper levels in the body
are not usually available at a doctor's office because they require special equipment, but the doctor can
send samples to a specialty laboratory.

Has the federal government made recommendations to protect human
health?

0061



7/27/2020 ATSDR - ToxFAQs™: Copper

https://www.atsdr.cdc.gov/toxfaqs/tf.asp?id=205&tid=37 3/3

Agency for Toxic Substances and Disease Registry, 4770 Buford Hwy NE, Atlanta, GA
30341
Contact CDC: 800-232-4636 / TTY: 888-232-6348

The EPA requires that levels of copper in drinking water be less than 1.3 mg of copper per one liter of
drinking water (1.3 mg/L).

The U.S. Department of Agriculture has set the recommended daily allowance for copper at 900
micrograms of copper per day (ìg/day) for people older than eight years old.

The Occupational Safety and Health Administration (OSHA) requires that levels of copper in the air in
workplaces not exceed 0.1 mg of copper fumes per cubic meter of air (0.1 mg/m3) and 1.0 mg/m  for
copper dusts.

References
Agency for Toxic Substances and Disease Registry (ATSDR). 2004. Toxicological Profile for Copper
(/toxprofiles/TP.asp?id=206&tid=37) . Atlanta, GA: U.S. Department of Health and Human Services, Public
Health Service.

Where can I get more information?
If you have questions or concerns, please contact your community or state health or environmental
quality department or:

For more information, contact: 
Agency for Toxic Substances and Disease Registry
Division of Toxicology and Human Health Sciences
1600 Clifton Road NE, Mailstop S102-1
Atlanta, GA 30333 
Phone: 1-800-CDC-INFO · 888-232-6348 (TTY)
Email: Contact CDC-INFO (http://www.cdc.gov/cdc-info/requestform.html)

ATSDR can also tell you the location of occupational and environmental health clinics. These clinics
specialize in recognizing, evaluating, and treating illnesses resulting from exposure to hazardous
substances.

Page last reviewed: March 3, 2011

Page last updated: October 24, 2011

Content source: Agency for Toxic Substances and Disease Registry (http://www.atsdr.cdc.gov/)
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This fact sheet answers the most frequently asked health questions about nickel. For
more information, you may call the ATSDR Information Center at 1-800-232-4636. This
fact sheet is one in a series of summaries about hazardous substances and their health
effects. This information is important because this substance may harm you. The effects
of exposure to any hazardous substance depend on the dose, the duration, how you are
exposed, personal traits and habits, and whether other chemicals are present.

Highlights
Nickel is a naturally occurring element. Pure nickel is a hard, silvery-white metal used to make stainless
steel and other metal alloys. Skin effects are the most common effects in people who are sensitive to
nickel. Workers who breathed very large amounts of nickel compounds developed chronic bronchitis
and lung and nasal sinus cancers. Nickel has been found in at least 882 of the 1,662 National Priority
List sites identified by the Environmental Protection Agency (EPA).

What is nickel?
Nickel is a very abundant natural element. Pure nickel is a hard, silvery-white metal. Nickel can be
combined with other metals, such as iron, copper, chromium, and zinc, to form alloys. These alloys are
used to make coins, jewelry, and items such as valves and heat exchangers. Most nickel is used to make
stainless steel.

Nickel can combine with other elements such as chlorine, sulfur, and oxygen to form nickel compounds.
Many nickel compounds dissolve fairly easy in water and have a green color. Nickel compounds are used
for nickel plating, to color ceramics, to make some batteries, and as substances known as catalysts that
increase the rate of chemical reactions.

Nickel is found in all soil and is emitted from volcanoes. Nickel is also found in meteorites and on the
ocean floor. Nickel and its compounds have no characteristic odor or taste.

What happens to nickel when it enters the environment?

Nickel is released into the atmosphere by industries that make or use nickel, nickel alloys, or nickel
compounds. It is also released into the atmosphere by oil-burning power plants, coal-burning power
plants, and trash incinerators.
In the air, it attaches to small particles of dust that settle to the ground or are taken out of the air in
rain or snow; this usually takes many days.
Nickel released in industrial waste-water ends up in soil or sediment where it strongly attaches to
particles containing iron or manganese.
Nickel does not appear to accumulate in fish or in other animals used as food.

TM
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How might I be exposed to nickel?

By eating food containing nickel, which is the major source of exposure for most people.
By skin contact with soil, bath or shower water, or metals containing nickel, as well as by handling
coins or touching jewelry containing nickel.
By drinking water that contains small amounts of nickel.
By breathing air or smoking tobacco containing nickel.
Higher exposure may occur if you work in industries that process or use nickel.

How can nickel affect my health?
The most common harmful health effect of nickel in humans is an allergic reaction. Approximately 10-
20% of the population is sensitive to nickel. People can become sensitive to nickel when jewelry or other
things containing it are in direct contact with the skin for a long time. Once a person is sensitized to
nickel, further contact with the metal may produce a reaction. The most common reaction is a skin rash
at the site of contact. The skin rash may also occur at a site away from the site of contact. Less frequently,
some people who are sensitive to nickel have asthma attacks following exposure to nickel. Some
sensitized people react when they consume food or water containing nickel or breathe dust containing it.

People working in nickel refineries or nickel-processing plants have experienced chronic bronchitis and
reduced lung function. These persons breathed amounts of nickel much higher than levels found
normally in the environment. Workers who drank water containing high amounts of nickel had stomach
ache and suffered adverse effects to their blood and kidneys.

Damage to the lung and nasal cavity has been observed in rats and mice breathing nickel compounds.
Eating or drinking large amounts of nickel has caused lung disease in dogs and rats and has affected the
stomach, blood, liver, kidneys, and immune system in rats and mice, as well as their reproduction and
development.

How likely is nickel to cause cancer?
Cancers of the lung and nasal sinus have resulted when workers breathed dust containing high levels of
nickel compounds while working in nickel refineries or nickel processing plants. The Department of
Health and Human Services (DHHS) has determined that nickel metal may reasonably be anticipated to
be a carcinogen and that nickel compounds are known human carcinogens. The International Agency for
Research on Cancer (IARC) has determined that some nickel compounds are carcinogenic to humans
and that metallic nickel may possibly be carcinogenic to humans. The EPA has determined that nickel
refinery dust and nickel subsulfide are human carcinogens.

How can nickel affect children?
It is likely that the health effects seen in children exposed to nickel will be similar to those seen in adults.
We do not know whether children differ from adults in their susceptibility to nickel. Human studies that
examined whether nickel can harm the fetus are inconclusive. Animal studies have found increases in
newborn deaths and decreased newborn weight after ingesting very high amounts of nickel. Nickel can
be transferred from the mother to an infant in breast milk and can cross the placenta.

How can families reduce the risks of exposure to nickel?

Avoiding jewelry containing nickel will eliminate risks of exposure to this source of the metal.
Exposures of the general population from other sources, such as foods and drinking water, are
almost always too low to be of concern.
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Agency for Toxic Substances and Disease Registry, 4770 Buford Hwy NE, Atlanta, GA
30341
Contact CDC: 800-232-4636 / TTY: 888-232-6348

Is there a medical test to show whether I've been exposed to nickel?
There are tests available to measure nickel in your blood, feces, and urine. More nickel was measured in
the urine of workers who were exposed to nickel compounds that dissolve easily in water than in the
urine of workers exposed to nickel compounds that are hard to dissolve. This means that it is easier to
tell if you have been exposed to soluble nickel compounds than less-soluble compounds. The nickel
measurements do not accurately predict potential health effects from exposure to nickel.

Has the federal government made recommendations to protect human
health?
The EPA recommends that drinking water should contain no more than 0.1 milligrams of nickel per liter
of water (0.1 mg/L).

To protect workers, the Occupational Safety and Health Administration (OSHA) has set a limit of 1 mg of
nickel per cubic meter of air (1 mg/m ) for metallic nickel and nickel compounds in workplace air during
an 8-hour workday, 40-hour workweek

References
Agency for Toxic Substances and Disease Registry (ATSDR). 2005. Toxicological Profile for Nickel
(/ToxProfiles/TP.asp?id=245&tid=44) (Update). Atlanta, GA: U.S. Department of Public Health and Human
Services, Public Health Service.

Where can I get more information?
If you have questions or concerns, please contact your community or state health or environmental
quality department or:

For more information, contact: 
Agency for Toxic Substances and Disease Registry
Division of Toxicology and Human Health Sciences
1600 Clifton Road NE, Mailstop S102-1
Atlanta, GA 30333 
Phone: 1-800-CDC-INFO · 888-232-6348 (TTY)
Email: Contact CDC-INFO (http://www.cdc.gov/cdc-info/requestform.html)

ATSDR can also tell you the location of occupational and environmental health clinics. These clinics
specialize in recognizing, evaluating, and treating illnesses resulting from exposure to hazardous
substances.

Page last reviewed: March 3, 2011

Page last updated: March 25, 2014

Content source: Agency for Toxic Substances and Disease Registry (http://www.atsdr.cdc.gov/)
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1 

Types of Lights 

Energy conservation is becoming more and more of a concern. One solution is to use more 
energy efficient bulbs at home, schools, businesses and public places. This document will 
introduce key terms to use when talking about lighting as well as types of light bulbs in use.  

Key Terms: 

• Watt (abbreviated W) is the unit corresponding to the rate of energy consumption (or power)
in an electric circuit needed in this case to light a light bulb.

• Lumens are the unit describing the amount of light (energy) as seen by the human eye that is
given off by the light bulb.

• Lux is defined as being equivalent to one lumen spread over an area of one square meter. To
put it another way, a measurement of lux (light intensity) tells you how many lumens are
needed for the area being illuminated.

• Efficiency is the amount of light that comes out of a light bulb compared to the electrical
energy that goes into it. Energy efficient bulbs waste less energy in producing light than less
efficient bulbs. Efficiency is an output over an input.

• Efficacy is related to the efficiency of the light bulb. It is also an output over an input. The
output is the lumens of light and the input in power in watts. So, the expression we use to
describe the efficacy of our light is  “Lumens Per Watt” or lumens divided by watts. Keep in
mind, the bigger the efficacy, the more efficient the bulb.

• Some bulbs make things they are illuminating look a different color than they really are. This
property is called Color Rendition. Generally, bulbs with good color rendition are used.
Color rendition can be measured by the Color Rendering Index1 (CRI), which is a scale
ranging from 0 (very poor color rendition) to 100 (nearly perfect color rendition). In cases of
extremely poor color rendition, that bulb’s CRI value can be negative. Incandescent bulbs are
defined to have perfect color rendition.

1 http://www.nature.com/lsa/journal/v3/n2/fig_tab/lsa201422t1.html#figure-title 
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Types of Lights 
 

Indoor Lighting 
Some of the most common indoor light bulbs are incandescent bulbs, which look like a 
traditional light bulb. Generally, the input for these bulbs is either 40W or 60W. But there are 
other kinds of indoor light bulbs as well, such as CFLs and LEDs. Keep in mind that the 
wattages listed for the CFLs and LEDs correspond to the 40W and 60W incandescent bulbs. This 
means that for a lamp that takes a 40W incandescent, you could also use a 9W CFL or a 6W 
LED. This will allow you to easily compare the bulbs to one another.  

Incandescent Bulbs:  

The incandescent light bulb has had the same design for over 100 
years since Thomas Edison invented it! It produces light when a 
thin wire called a tungsten filament is heated by electricity 
running through it making it so hot that it starts to glow brightly. 
This releases a lot of heat and the bulbs get hot to the touch, 
meaning this bulb is very inefficient. Many countries, including 
the United States, are currently passing legislation banning the 
sale of these light bulbs because they are so inefficient.  

CRI: 100 

Wattage 40 60 
Lumens 290 840 

 

Compact Fluorescent Light Bulbs (CFL): 

These spiraled light bulbs are far more efficient than the standard 
incandescent bulb. Compact Fluorescent Light bulbs (CFLs) work 
by running electricity through gas inside the coils, exciting that 
gas, and producing light. There is a coating on the spirals, which 
makes this light white. These bulbs do not get nearly as hot as the 
incandescent bulbs. 

CRI: 50-80 

Wattage 9 13 
Lumens 550 810 

0067



	  

	   3 

Types of Lights 
 

Light Emitting Diode (LED): 

Unlike incandescent and CFL bulbs, LED bulbs have 
moved into the technological age. LEDs that produce white 
light work in a rather complicated way, and their invention 
won a Nobel Prize in Physics in 2014! While these are the 
most efficient bulbs to date, they are not without problems. 
Although the light they produce looks white, remember 
that white light contains all the colors of the rainbow. 
LEDs contain a lot of blue light, too much of which can 
have negative effects on human health and wildlife.  

CRI: 80-98 

Wattage 6 9.5 
Lumens 450 800 

 

Outdoor Lighting 
Outdoor lights are usually different from those bulbs used indoors because they need to be much 
brighter and last longer. There are many different kinds of light bulbs used outdoors, and they 
each have pros and cons.  

Halogen Bulbs:    

  Halogen bulbs are often found in homes as spotlights or 
floodlights, in cars as headlights, or at sports fields as 
stadium lights. These bulbs work in a similar way to an 
incandescent bulb by running electricity through a 
tungsten filament. Unlike the incandescent, there is 
halogen gas inside the bulb. When the tungsten burns off 
the filament, the gas re-deposits it back onto the filament 
to be reused. Halogen bulbs last much longer than 
incandescent, but these bulbs are much brighter and burn 
much hotter than traditional incandescent bulbs. 

CRI: 100 

Wattage 53 72 75 
Lumens 940 1350 1500 
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Types of Lights 
 

Metal Halide: 

Metal halide lamps are commonly used in streetlights, parking 
lot lights, and stadium lights. They are very bright and contribute 
to a lot of light pollution. They are fairly efficient. They produce 
very white light and have good color rendition, meaning that 
objects under these lights look their true color. 

CRI: 85-94 

Wattage 250 400 1000 
Lumens 22,000 36,000 110,000 
 

 

 

 

High Pressure Sodium (HPS): 

The high pressure sodium lamp (HPS) is the most 
commonly used street light throughout the world. 
It produces light by running electricity through a 
mixture of gases, which produces light. The lamp 
itself is preferred because it requires little 
maintenance. These lamps are fairly efficient. 
They take a while to turn on completely and 
produce a yellow-orange glow. 

CRI: 20-24 

Wattage 150 250 400 
Lumens 16,000 24,000 50,000 
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Types of Lights 
 

Low Pressure Sodium (LPS): 

The low pressure sodium (LPS) lamp works similarly to 
the HPS light. Instead of producing white light (all the 
colors of the rainbow), LPS lamps produce almost 
exclusively yellow light. While this light is fairly efficient, 
it takes several minutes for the bulb to turn on. The light is 
very yellow-orange. This yellow light makes objects it is 
illuminating look a different color or gray. 

CRI: -44 

Wattage 18 35 55 
Lumens 1800 4550 7800 
 

 

 

LED Street Lamps: 

LED technologies have developed rapidly in 
recent years and these bulbs are now being 
integrated into outdoor lighting solutions. While 
the energy savings are significant, LEDs produce 
a lot of blue light, too much of which can have 
negative effects on human health and wildlife.  

CRI: 80-98 

Wattage 25 42 146 202 
Lumens 2772 3648 12,642 13,620 
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Types of Lights 
 

Phosphor-Converted Amber (PCA) LED Street Lamps:  

PCALEDs have only been on the market for 
the past few years. They use very little 
energy and have good color rendition, but 
are still rather expensive. Some cities have 
already installed these lights on their streets. 

CRI: >80 

Wattage 0.9 1.8 
Lumens 140 77 
 

 

Narrow-Band Amber (NBA) LED Street Lamps: 

Narrow-band amber (NBA) LED street 
lights are a brand new technology. 
Rather than emitting all the colors of the 
rainbow and a lot of blue light, they emit 
mostly in the yellow. They still have 
good color rendition, meaning that they 
do not make things look grey like LPS 
lamps do. Because this technology is so 
new, these bulbs are not widely available 
and as such, are still expensive. They are 
very efficient. 

CRI: 67 

 Wattage 16.4 20.6 42.3 
Lumens 1147 1460 3311 
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Abstract

Light pollution is one of the most rapidly increasing types of environmental degradation. Its levels
have been growing exponentially over the natural nocturnal lighting levels provided by starlight and
moonlight. To limit this pollution several effective practices have been defined: the use of shielding on
lighting fixture to prevent direct upward light, particularly at low angles above the horizon; no over
lighting, i.e. avoid using higher lighting levels than strictly needed for the task, constraining
illumination to the area where it is needed and the time it will be used. Nevertheless, even after the
best control of the light distribution is reached and when the proper quantity of light is used, some
upward light emission remains, due to reflections from the lit surfaces and atmospheric scatter. The
environmental impact of this "residual light pollution", cannot be neglected and should be limited
too. Here we propose a new way to limit the effects of this residual light pollution on wildlife, human
health and stellar visibility. We performed analysis of the spectra of common types of lamps for
external use, including the new LEDs. We evaluated their emissions relative to the spectral response
functions of human eye photoreceptors, in the photopic, scotopic and the 'meltopic' melatonin
suppressing bands. We found that the amount of pollution is strongly dependent on the spectral
characteristics of the lamps, with the more environmentally friendly lamps being low pressure sodium,
followed by high pressure sodium. Most polluting are the lamps with a strong blue emission, like
Metal Halide and white LEDs. Migration from the now widely used sodium lamps to white lamps (MH
and LEDs) would produce an increase of pollution in the scotopic and melatonin suppression bands of
more than five times the present levels, supposing the same photopic installed flux. This increase will
exacerbate known and possible unknown effects of light pollution on human health, environment and
on visual perception of the Universe by humans. We present quantitative criteria to evaluate the
lamps based on their spectral emissions and we suggest regulatory limits for future lighting.
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INTRODUCTION 1 
2 

With the advent of highly efficient and bright light emitting diode (LED) lighting, strong economic 3 
arguments exist to overhaul the street lighting of U.S. roadways.1-3 Valid and compelling reasons 4 
driving the conversion from conventional lighting include the inherent energy efficiency and longer 5 
lamp life of LED lighting, leading to savings in energy use and reduced operating costs, including 6 
taxes and maintenance, as well as lower air pollution burden from reduced reliance on fossil-based 7 
carbon fuels. 8 

9 
Not all LED light is optimal, however, when used as street lighting. Improper design of the lighting 10 
fixture can result in glare, creating a road hazard condition.4,5 LED lighting also is available in 11 
various color correlated temperatures. Many early designs of white LED lighting generated a color 12 
spectrum with excessive blue wavelength. This feature further contributes to disability glare, i.e., 13 
visual impairment due to stray light, as blue wavelengths are associated with more scattering in the 14 
human eye, and sufficiently intense blue spectrum damages retinas.6,7 The excessive blue spectrum 15 
also is environmentally disruptive for many nocturnal species. Accordingly, significant human and 16 
environmental concerns are associated with short wavelength (blue) LED emission. Currently, 17 
approximately 10% of existing U.S. street lighting has been converted to solid state LED 18 
technology, with efforts underway to accelerate this conversion. The Council is undertaking this 19 
report to assist in advising communities on selecting among LED lighting options in order to 20 
minimize potentially harmful human health and environmental effects. 21 

22 
METHODS 23 

24 
English language reports published between 2005 and 2016 were selected from a search of the 25 
PubMed and Google Scholar databases using the MeSH terms  “light,” “lighting methods,” 26 
“color,” “photic stimulation,” and “adverse effects,” in combination with “circadian 27 
rhythm/physiology/radiation effects,” “radiation dosage/effects,” “sleep/physiology,” “ecosystem,” 28 
“environment,” and “environmental monitoring.” Additional searches using the text terms “LED” 29 
and “community,” “street,” and “roadway lighting” were conducted. Additional information and 30 
perspective were supplied by recognized experts in the field. 31 

32 
ADVANTAGES AND DISADVANTAGES OF LED STREET LIGHTS 33 

34 
The main reason for converting to LED street lighting is energy efficiency; LED lighting can 35 
reduce energy consumption by up to 50% compared with conventional high pressure sodium (HPS) 36 

0074

Exhb 2e Footnote 5 (second) Report of the Council of Science and Public Health, AMA 
(74-82)



lighting.  LED lighting has no warm up requirement with a rapid “turn on and off” at full intensity. 1 
In the event of a power outage, LED lights can turn on instantly when power is restored, as 2 
opposed to sodium-based lighting requiring prolonged warm up periods. LED lighting also has the 3 
inherent capability to be dimmed or tuned, so that during off peak usage times (e.g., 1 to 5 AM), 4 
further energy savings can be achieved by reducing illumination levels. LED lighting also has a 5 
much longer lifetime (15 to 20 years, or 50,000 hours), reducing maintenance costs by decreasing 6 
the frequency of fixture or bulb replacement. That lifespan exceeds that of conventional HPS 7 
lighting by 2-4 times. Also, LED lighting has no mercury or lead, and does not release any toxic 8 
substances if damaged, unlike mercury or HPS lighting. The light output is very consistent across 9 
cold or warm temperature gradients. LED lights also do not require any internal reflectors or glass 10 
covers, allowing higher efficiency as well, if designed properly.8,9 11 
 12 
Despite the benefits of LED lighting, some potential disadvantages are apparent. The initial cost is 13 
higher than conventional lighting; several years of energy savings may be required to recoup that 14 
initial expense.10 The spectral characteristics of LED lighting also can be problematic. LED 15 
lighting is inherently narrow bandwidth, with "white" being obtained by adding phosphor coating 16 
layers to a high energy (such as blue) LED. These phosphor layers can wear with time leading to a 17 
higher spectral response than was designed or intended. Manufacturers address this problem with 18 
more resistant coatings, blocking filters, or use of lower color temperature LEDs. With proper 19 
design, higher spectral responses can be minimized. LED lighting does not tend to abruptly “burn 20 
out,” rather it dims slowly over many years. An LED fixture generally needs to be replaced after it 21 
has dimmed by 30% from initial specifications, usually after about 15 to 20 years.1,11 22 
 23 
Depending on the design, a large amount blue light is emitted from some LEDs that appear white 24 
to the naked eye. The excess blue and green emissions from some LEDs lead to increased light 25 
pollution, as these wavelengths scatter more within the eye and have detrimental environmental 26 
and glare effects. LED’s light emissions are characterized by their correlated color temperature 27 
(CCT) index.12,13 The first generation of LED outdoor lighting and units that are still widely being 28 
installed are “4000K” LED units. This nomenclature (Kelvin scale) reflects the equivalent color of 29 
a heated metal object to that temperature. The LEDs are cool to the touch and the nomenclature has 30 
nothing to do with the operating temperature of the LED itself. By comparison, the CCT associated 31 
with daylight light levels is equivalent to 6500K, and high pressure sodium lighting (the current 32 
standard) has a CCT of 2100K. Twenty-nine percent of the spectrum of 4000K LED lighting is 33 
emitted as blue light, which the human eye perceives as a harsh white color. Due to the point-34 
source nature of LED lighting, studies have shown that this intense blue point source leads to 35 
discomfort and disability glare.14  36 
 37 
More recently engineered LED lighting is now available at 3000K or lower. At 3000K, the human 38 
eye still perceives the light as “white,” but it is slightly warmer in tone, and has about 21% of its 39 
emission in the blue-appearing part of the spectrum. This emission is still very blue for the 40 
nighttime environment, but is a significant improvement over the 4000K lighting because it 41 
reduces discomfort and disability glare. Because of different coatings, the energy efficiency of 42 
3000K lighting is only 3% less than 4000K, but the light is more pleasing to humans and has less 43 
of an impact on wildlife. 44 
 45 
Glare  46 
 47 
Disability glare is defined by the Department of Transportation (DOT) as the following:  48 
 49 

“Disability glare occurs when the introduction of stray light into the eye reduces the ability to 50 
resolve spatial detail. It is an objective impairment in visual performance.”  51 
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Classic models of this type of glare attribute the deleterious effects to intraocular light scatter in the 1 
eye. Scattering produces a veiling luminance over the retina, which effectively reduces the contrast 2 
of stimulus images formed on the retina. The disabling effect of the veiling luminance has serious 3 
implications for nighttime driving visibility.15 4 

5 
Although LED lighting is cost efficient and inherently directional, it paradoxically can lead to 6 
worse glare than conventional lighting. This glare can be greatly minimized by proper lighting 7 
design and engineering. Glare can be magnified by improper color temperature of the LED, such as 8 
blue-rich LED lighting. LEDs are very intense point sources that cause vision discomfort when 9 
viewed by the human eye, especially by older drivers. This effect is magnified by higher color 10 
temperature LEDs, because blue light scatters more within the human eye, leading to increased 11 
disability glare.16 12 

13 
In addition to disability glare and its impact on drivers, many residents are unhappy with bright 14 
LED lights. In many localities where 4000K and higher lighting has been installed, community 15 
complaints of glare and a “prison atmosphere” by the high intensity blue-rich lighting are common. 16 
Residents in Seattle, WA have demanded shielding, complaining they need heavy drapes to be 17 
comfortable in their own homes at night.17 Residents in Davis, CA demanded and succeeded in 18 
getting a complete replacement of the originally installed 4000K LED lights with the 3000K 19 
version throughout the town at great expense.18 In Cambridge, MA, 4000K lighting with dimming 20 
controls was installed to mitigate the harsh blue-rich lighting late at night. Even in places with a 21 
high level of ambient nighttime lighting, such as Queens in New York City, many complaints were 22 
made about the harshness and glare from 4000K lighting.19 In contrast, 3000K lighting has been 23 
much better received by citizens in general. 24 

25 
Unshielded LED Lighting 26 

27 
Unshielded LED lighting causes significant discomfort from glare. A French government report 28 
published in 2013 stated that due to the point source nature of LED lighting, the luminance level of 29 
unshielded LED lighting is sufficiently high to cause visual discomfort regardless of the position, 30 
as long as it is in the field of vision. As the emission surfaces of LEDs are highly concentrated 31 
point sources, the luminance of each individual source easily exceeds the level of visual 32 
discomfort, in some cases by a factor of 1000.17  33 

34 
Discomfort and disability glare can decrease visual acuity, decreasing safety and creating a road 35 
hazard. Various testing measures have been devised to determine and quantify the level of glare 36 
and vision impairment by poorly designed LED lighting.20 Lighting installations are typically 37 
tested by measuring foot-candles per square meter on the ground. This is useful for determining the 38 
efficiency and evenness of lighting installations. This method, however, does not take into account 39 
the human biological response to the point source. It is well known that unshielded light sources 40 
cause pupillary constriction, leading to worse nighttime vision between lighting fixtures and 41 
causing a “veil of illuminance” beyond the lighting fixture. This leads to worse vision than if the 42 
light never existed at all, defeating the purpose of the lighting fixture. Ideally LED lighting 43 
installations should be tested in real life scenarios with effects on visual acuity evaluated in order to 44 
ascertain the best designs for public safety.  45 

46 
Proper Shielding 47 

48 
With any LED lighting, proper attention should be paid to the design and engineering features. 49 
LED lighting is inherently a bright point source and can cause eye fatigue and disability glare if it 50 
is allowed to directly shine into human eyes from roadway lighting. This is mitigated by proper 51 
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design, shielding and installation ensuring that no light shines above 80 degrees from the 1 
horizontal. Proper shielding also should be used to prevent light trespass into homes alongside the 2 
road, a common cause of citizen complaints. Unlike current HPS street lighting, LEDs have the 3 
ability to be controlled electronically and dimmed from a central location. Providing this additional 4 
control increases the installation cost, but may be worthwhile because it increases long term energy 5 
savings and minimizes detrimental human and environmental lighting effects. In environmentally 6 
sensitive or rural areas where wildlife can be especially affected (e.g., near national parks or bio-7 
rich zones where nocturnal animals need such protection), strong consideration should be made for 8 
lower emission LEDs (e.g., 3000K or lower lighting with effective shielding). Strong consideration 9 
also should be given to the use of filters to block blue wavelengths (as used in Hawaii), or to the 10 
use of inherent amber LEDs, such as those deployed in Quebec. Blue light scatters more widely 11 
(the reason the daytime sky is “blue”), and unshielded blue-rich lighting that travels along the 12 
horizontal plane increases glare and dramatically increases the nighttime sky glow caused by 13 
excessive light pollution. 14 
 15 
POTENTIAL HEALTH EFFECTS OF “WHITE” LED STREET LIGHTING 16 
 17 
Much has been learned over the past decade about the potential adverse health effects of electric 18 
light exposure, particularly at night.21-25 The core concern is disruption of circadian rhythmicity. 19 
With waning ambient light, and in the absence of electric lighting, humans begin the transition to 20 
nighttime physiology at about dusk; melatonin blood concentrations rise, body temperature drops, 21 
sleepiness grows, and hunger abates, along with several other responses.   22 
 23 
A number of controlled laboratory studies have shown delays in the normal transition to nighttime 24 
physiology from evening exposure to tablet computer screens, backlit e-readers, and room light 25 
typical of residential settings.26-28 These effects are wavelength and intensity dependent, 26 
implicating bright, short wavelength (blue) electric light sources as disrupting transition. These 27 
effects are not seen with dimmer, longer wavelength light (as from wood fires or low wattage 28 
incandescent bulbs). In human studies, a short-term detriment in sleep quality has been observed 29 
after exposure to short wavelength light before bedtime. Although data are still emerging, some 30 
evidence supports a long-term increase in the risk for cancer, diabetes, cardiovascular disease and 31 
obesity from chronic sleep disruption or shiftwork and associated with exposure to brighter light 32 
sources in the evening or night.25,29   33 
 34 
Electric lights differ in terms of their circadian impact.30 Understanding the neuroscience of 35 
circadian light perception can help optimize the design of electric lighting to minimize circadian 36 
disruption and improve visual effectiveness. White LED streetlights are currently being marketed 37 
to cities and towns throughout the country in the name of energy efficiency and long term cost 38 
savings, but such lights have a spectrum containing a strong spike at the wavelength that most 39 
effectively suppresses melatonin during the night. It is estimated that a “white” LED lamp is at 40 
least 5 times more powerful in influencing circadian physiology than a high pressure sodium light 41 
based on melatonin suppression.31 Recent large surveys found that brighter residential nighttime 42 
lighting is associated with reduced sleep time, dissatisfaction with sleep quality, nighttime 43 
awakenings, excessive sleepiness, impaired daytime functioning, and obesity.29,32 Thus, white LED 44 
street lighting patterns also could contribute to the risk of chronic disease in the populations of 45 
cities in which they have been installed. Measurements at street level from white LED street lamps 46 
are needed to more accurately assess the potential circadian impact of evening/nighttime exposure 47 
to these lights. 48 
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ENVIRONMENTAL EFFECTS OF LED LIGHTING 1 
 2 
The detrimental effects of inefficient lighting are not limited to humans; 60% of animals are 3 
nocturnal and are potentially adversely affected by exposure to nighttime electrical lighting. Many 4 
birds navigate by the moon and star reflections at night; excessive nighttime lighting can lead to 5 
reflections on glass high rise towers and other objects, leading to confusion, collisions and 6 
death.33 Many insects need a dark environment to procreate, the most obvious example being 7 
lightning bugs that cannot “see” each other when light pollution is pronounced. Other 8 
environmentally beneficial insects are attracted to blue-rich lighting, circling under them until they 9 
are exhausted and die.34,35 Unshielded lighting on beach areas has led to a massive drop in turtle 10 
populations as hatchlings are disoriented by electrical light and sky glow, preventing them from 11 
reaching the water safely.35-37 Excessive outdoor lighting diverts the hatchlings inland to their 12 
demise. Even bridge lighting that is “too blue” has been shown to inhibit upstream migration of 13 
certain fish species such as salmon returning to spawn. One such overly lit bridge in Washington 14 
State now is shut off during salmon spawning season.  15 
 16 
Recognizing the detrimental effects of light pollution on nocturnal species, U.S. national parks 17 
have adopted best lighting practices and now require minimal and shielded lighting. Light pollution 18 
along the borders of national parks leads to detrimental effects on the local bio-environment. For 19 
example, the glow of Miami, FL extends throughout the Everglades National Park. Proper 20 
shielding and proper color temperature of the lighting installations can greatly minimize these types 21 
of harmful effects on our environment. 22 
 23 
CONCLUSION 24 
 25 
Current AMA Policy supports efforts to reduce light pollution. Specific to street lighting, Policy H-26 
135.932 supports the implementation of technologies to reduce glare from roadway lighting. Thus, 27 
the Council recommends that communities considering conversion to energy efficient LED street 28 
lighting use lower CCT lights that will minimize potential health and environmental effects. The 29 
Council previously reviewed the adverse health effects of nighttime lighting, and concluded that 30 
pervasive use of nighttime lighting disrupts various biological processes, creating potentially 31 
harmful health effects related to disability glare and sleep disturbance.25 32 
 33 
RECOMMENDATIONS 34 
 35 
The Council on Science and Public Health recommends that the following statements be adopted, 36 
and the remainder of the report filed. 37 
 38 
1. That our American Medical Association (AMA) support the proper conversion to community-39 

based Light Emitting Diode (LED) lighting, which reduces energy consumption and decreases 40 
the use of fossil fuels. (New HOD Policy) 41 

 42 
2. That our AMA encourage minimizing and controlling blue-rich environmental lighting by 43 

using the lowest emission of blue light possible to reduce glare. (New HOD Policy) 44 
 45 

3. That our AMA encourage the use of 3000K or lower lighting for outdoor installations such as 46 
roadways. All LED lighting should be properly shielded to minimize glare and detrimental 47 
human and environmental effects, and consideration should be given to utilize the ability of 48 
LED lighting to be dimmed for off-peak time periods. (New HOD Policy) 49 

Fiscal Note:  Less than $500 
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Abstract

Background: Light-emitting diodes (LEDs) deliver higher levels of blue light to the retina than do
conventional domestic light sources. Chronic exposure to high-intensity light (2,000–10,000 lux) has
previously been found to result in light-induced retinal injury, but chronic exposure to relatively low-
intensity (750 lux) light has not been previously assessed with LEDs in a rodent model.

Objective: We examined LED-induced retinal neuronal cell damage in the Sprague-Dawley rat using
functional, histological, and biochemical measurements.

Methods: We used blue LEDs (460 nm) and full-spectrum white LEDs, coupled with matching
compact fluorescent lights, for exposures. Pathological examinations included electroretinogram,
hematoxylin and eosin (H&E) staining, immunohistochemistry (IHC), and transmission electron
microscopy (TEM). We also measured free radical production in the retina to determine the oxidative
stress level.
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Results: H&E staining and TEM revealed apoptosis and necrosis of photoreceptors, which indicated
blue-light induced photochemical injury of the retina. Free radical production in the retina was
increased in LED-exposed groups. IHC staining demonstrated that oxidative stress was associated with
retinal injury. Although we found serious retinal light injury in LED groups, the compact fluorescent
lamp (CFL) groups showed moderate to mild injury.

Conclusion: Our results raise questions about adverse effects on the retina from chronic exposure to
LED light compared with other light sources that have less blue light. Thus, we suggest a precautionary
approach with regard to the use of blue-rich “white” LEDs for general lighting.

Citation: Shang YM, Wang GS, Sliney D, Yang CH, Lee LL. 2014. White light–emitting diodes
(LEDs) at domestic lighting levels and retinal injury in a rat model. Environ Health Perspect 122:269–
276; http://dx.doi.org/10.1289/ehp.1307294

Introduction

Artificial lighting is a basic element in modern society; however, the potential health risks caused by
light pollution have increased with the development of more sophisticated lighting technology
(Chepesiuk 2009). Among the wide variety of artificial lighting selections, light-emitting diodes
(LEDs) emit higher levels of blue light than conventional light sources. These LEDs provide humans
with their first exposure to such extensive blue light (Behar-Cohen et al. 2011). From an environmental
health perspective, retinal light injury and the potential risks for chronic exposure from using LEDs as
a domestic light source require assessment before further development of this important, energy-saving
technology.

LED (or solid-state) lighting sources are designed to emit all energy within the wavelength range of
human vision, making LEDs the most energy-efficient commercially manufactured light. However,
many current “white-light” LED designs emit much more blue light than conventional lamps, which
has a number of health implications, including disruption of circadian rhythms (Holzman 2010). The
most popular LED lighting product, a phosphor-conversion (PC) LED, is an LED chip that emits blue
light, which passes through a yellow phosphor-coating layer to generate the ultimate white light
(Spivey 2011). Although the white light generated from LEDs appears normal to human vision, a
strong peak of blue light ranging from 460 to 500 nm is also emitted within the white light spectrum;
this blue light corresponds to a known spectrum for retinal hazards (Behar-Cohen et al. 2011). Some
epidemiological studies have suggested that short-wavelength light exposure is a predisposing cause
for age-related macular degeneration (AMD) (Wu et al. 2006). Animal models have also been used to
determine that excessive exposure to blue light is a critical factor in photochemical retinal injury
targeting photoreceptors and the retinal pigment epithelium (RPE) (Hafezi et al. 1997).

Photochemical retinal injury resulting from a cumulative effect is caused by free radicals generated
from retinal tissue through continuous light exposure (Dong et al. 2006). When exposure surpasses the
protective capability, unfavorable free radicals and reactive oxygen species may form (Wu et al. 2006).
This enhances the oxygenated products and provides conditions favorable for photodynamic damage of
photoreceptors and other retinal tissues (Beatty et al. 2000). However, the wavelength-dependent effect
and its influences on white LED light-induced retinal degenerations remain unknown.

Retinal light injury was studied intensively after Noell et al. (1966) first described retinal damage
caused by environmental exposure to fluorescent light, and numerous studies have reported that high-
intensity blue light causes acute retinal injury (Ham et al. 1976). However, few studies have focused on
retinal injury caused by exposure to relatively low-intensity blue light under chronic exposure
conditions (Peng et al. 2012). The composition of the white-light spectrum differs among LED
products, and their light qualities change over time. Although it is robust in the beginning, a PC LED
progressively releases more short-wavelengths (blue light) when LED lumen depreciation occurs

0083

http://dx.doi.org/10.1289/ehp.1307294
http://dx.doi.org/10.1289/ehp.1307294


7/27/2020 White Light–Emitting Diodes (LEDs) at Domestic Lighting Levels and Retinal Injury in a Rat Model

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3948037/ 3/18

because of phosphor degradation. The quality of the light deteriorates after the lights pass the 70%
lumen maintenance level (U.S. Department of Energy 2009). These characteristics suggest that a white
LED can cause more blue light exposure than other domestic lighting sources. Cumulative exposure to
blue light has been argued to accelerate aging of the retina and possibly play an etiological role in
AMD (Behar-Cohen et al. 2011); thus, further study is needed to determine the potential retinal effects
of domestic lighting with high blue light.

We hypothesized that chronic LED exposure may induce retinal photochemical injury. This study was
performed in a rat model and the retinal neuronal cell damage caused by oxidative stress was
examined. Functional, histological, and biochemical measurements were applied to identify the
biomarkers for retinal light injury.

Materials and Methods

Animals and rearing conditions. We purchased a total of 120 adult (8-week-old) male Sprague-Dawley
rats from BioLasco Taiwan Co. Ltd. (Taipei, Taiwan). Animals were housed in a dark environment for
14 days to clear the effect of light exposure from their previous rearing environment. Unexposed rats
(remained in darkness) served as controls (n = 3 for each time point); the other 108 rats were separated
into groups and received programmed light exposure from one of four light sources (n = 8 per exposure
per time point) (Figure 1). All animals received food and water ad libitum. The use of rats in this study
conformed to the Statement for the Use of Animals in Ophthalmic and Vision Research (ARVO 2013).
The animals were treated humanely and with regard for alleviation of suffering. See Supplemental
Material, p. 2 and Figure S1, for additional details.
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Figure 1

Timeline and experimental design. Abbreviations: CFL, compact fluorescent lamp; ERG,
electroretinography; H&E, hematoxylin and eosin staining; IHC, immunohistochemistry; ROS, reactive
oxygen species; TEM, transmission electron microscopy; TUNEL, terminal deoxynucleotidyl transferase
dUTP nick end labeling. After 14 days of dark maintenance, the rats were divided into four groups and
exposed to different light sources (blue LED, white LED, white CFL, or yellow CFL). Specific analytical
techniques were performed at the end of exposure periods.

Light sources. Single-wavelength blue LEDs (460 ± 10 nm) and PC white LEDs were custom made for
the exposure experiments (BlueDog Technology Corporation Ltd., Taipei, Taiwan). The PC LED had a
correlated color temperature (CCT) of 6,500 K. The CCT of the white compact fluorescent lamps
(CFLs) (ESE27D-EX; Chuan Shih Industrial Corporation Ltd., Chuang-Hua, Taiwan) was also 6,500
K; whereas the CCT of the yellow CFLs (ESE27L-EX; Chuan Shih Industrial Corporation Ltd.) was
3,000 K. Each light source was programed for 40 measurements in an integrating sphere. The spectrum
power distributions (SPDs) and total intensities for all light sources were tested by the Industrial
Technology Research Institute (Hsinchu, Taiwan), a Certification Body Testing Laboratory, and are
shown in Figure 2.
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Figure 2

Light source SPD curves for (A) blue LED, (B) white LED, (C) white CFL, and (D) yellow CFL. The
single-wavelength blue LED light (A) peaked at 460 nm (power of near 0.1 W/nm). White LED light
(B) exhibited a CCT of 6,500 K. The first peak, which appeared at 460 nm with power of 0.028 W/nm,
shows blue content; the bell shape of the second peak indicates higher yellow content. The SPD curve of
white CFL light (C), with a CCT of 6,500 K, shows several sharp peaks across the spectrum; the blue peak
is relatively shorter than the yellow or red peaks, and the full width at half maximum (FWHM) is smaller
than that in (A) or (B). The SPD curve of yellow CFL light (D) is similar to that of white CFL (C), but with
a CCT of 3,000 K; the highest peak represents yellow light. Although all of the light sources tested contain
blue light peaks, the area under the curve variation leads to a difference in total intensity. Note the different
scales for each light source.

Light exposure. For light exposure, the animals were divided into four groups. Each rat was housed in
an individual transparent cage (45 cm × 25 cm × 20 cm), and each cage was placed in the center of a
rack shelf (75 cm × 45 cm × 35 cm). The light sources were set on the top of each shelf and were
measured 20 cm away from each source to acquire the common domestic luminance level of 750 lux.
After 14 days of dark maintenance, the light exposure started at 1800 hours on day 15, with total
exposure duration of 3, 9, or 28 days under 12-hr dark/12-hr light cyclic routines. The animals were
sacrificed at the end of light exposure, except for 32 animals (8 from each exposure group) that were
exposed to light for 28 days and then returned to a dark environment for 14 days of recovery (28+14
group) to allow for possible removal of necrotic photoreceptor cell debris.

Electroretinography (ERG). ERG was performed as described previously by Schatz et al. (2012) with
some modification. Briefly, retinal electrical responses were recorded immediately before exposure
began and after light exposure (allowing 18-hr dark adaptation for each rat before each ERG
measurement) using ERG (RETIport ERG/VEP and RETIport software, version 4.7.2.8; Acrivet,
Hennigsdorf, Germany). Alcaine (0.5%) (proxymetacaine hydrochloride; Alcon Pharmaceuticals Ltd.,
Puurs, Belgium) was applied for local anesthesia. Each 20-msec flash was provided by a 4 W LED (1

2
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mV), and the illumination was set at 2.5 log cd sec/m  (candela-seconds per meter squared) for
Scotopic ERG response. The final detection values presented are the weighted average of 10
stimulations as computed by the software program. See Supplemental Material, pp. 4–5, for additional
details.

Tissue collection. Immediately after the ERG scans, animals were sacrificed with pentobarbital sodium
(> 60 mg/kg, intraperitoneal) and eyes were enucleated. For hematoxylin and eosin (H&E) staining and
terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL), eyes were immersion-fixed
overnight in 4% paraformaldehyde in 0.1 M phosphate-buffered saline (PBS), pH 7.4, and then
embedded in paraffin. For immunohistochemical (IHC) staining, eyes were frozen immediately in
liquid nitrogen; 4-μm cryosections were placed on glass slides and maintained at –80°C until analysis.
For the reactive oxygen species (ROS) assay, enucleated eyes were frozen immediately in liquid
nitrogen; each eye was homogenized in 500 μL saline for extraction. For transmission electron
microscopy (TEM) analysis, eyeballs were immersion-fixed in 2.5% glutaraldehyde in PBS for 2 hr
before processing.

Hematoxylin and eosin (H&E) staining. Briefly, tissues embedded in paraffin were cut in 5-μm sections
and placed on glass slides; after deparaffinization, tissues were stained with H&E. Retinal histology
was performed for the 9-, 28-, and 28+14-day light-exposure groups as described previously by Collier
et al. (2011), with some modifications. We examined the midsuperior aspect of the retina for all
histological analyses. We quantifid the outer nuclear layer (ONL) and examined alterations in retina
morphology using a light microscope.

TUNEL assay. To detect apoptotic cells in eyes after 9 days of light exposure, the TUNEL assay was
performed using a FragEL™ DNA fragmentation detection kit (Calbiochem, Darmstadt, Germany)
following the manufacturer’s protocol for paraffin sections, with some modifications. Tissues were
counterstained with DAPI (4´,6-diamidino-2-phenylindole). We used FITC (fluorescein
isothiocyanate)-avidin D to label DNA strand breaks. Sections (the entire retina excluding the RPE
layer) were visualized on a fluorescent microscope (Nikon Instruments Inc., Melville, NY, USA). The
number of TUNEL-positive cells for each section was counted by Image-Pro Plus software (version
6.0; Media Cybernetics Inc., Rockville, MD, USA). See Supplemental Material, pp. 5–6, for additional
details.

IHC. IHC was performed on eye tissue from the 9-day light-exposure group, as described previously
(Collier et al. 2011; Fang et al. 2013). Briefly, cryosections of the retina samples were incubated
overnight at 48°C with one of three primary antibodies: anti-8-hydroxy-2´-deoxyguanosine [8-OHdG;
1:50; JaICA (Japan Institute for the Control of Aging), Shizuoka, Japan] to detect DNA; anti-acrolein
(1:200; Advanced Targeting Systems, San Diego, CA, USA) to detect lipids; and anti-nitrotyrosine
(1:200; Abcam, Cambridge, MA, USA) to detect proteins. We used biotinylated anti-rabbit IgG as the
secondary antibody, and FITC-avidin D to amplify the signal. The number of positive cells in each
section was counted using Image-Pro Plus software.

Transmission electron microscopy (TEM) analysis. TEM of retinal tissues from the 9-day light-
exposure group was performed at the Electron Microscopy Facility at the Department of Pathology at
National Taiwan University Hospital, as described previously (Hafezi et al. 1997). Briefly, 1-mm retina
slices were processed for TEM (for details, see Supplemental Material, pp. 6–7), and sections were
examined using a high-resolution TEM instrument (JEM-1400; JEOL, Tokyo, Japan) at 80 kV.

Free radical assay (ROS). ROS were measured after 3 or 9 days of light exposure, as described
previously (Fang et al. 2013). Briefly, ROS in retinas were quantified in the 3-day and 9-day light-
exposure groups after adding the enhancer, lucigenin (bis-N-methylacridiniumnitrate), to the
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chemiluminescence analyzer (CLA-FS1; Tohoku, Tokyo, Japan). The stimulated superoxide anion
(O ) and total oxidative products were captured every 10 sec and computed for 7 min after 1 min of
baseline detection. See Supplemental Material, p. 7, for additional details.

Statistical analysis. Data are presented as the mean ± SD unless otherwise stated. Data were evaluated
using analysis of variance (ANOVA), with Tukey post hoc tests to show differences between the
groups. A p-value < 0.05 was considered to be statistically significant.

Results

Electrophysiological response (ERG). Representative ERG response curves of rats are shown in 
Figure 3A. After 14, 23, or 42 days of dark maintenance, the control retina showed a high b-wave peak,
but the retinas from LED- and CFL-exposed animals had a low b-wave peak, indicating cell function
loss. As shown in Figure 3B, the two LED groups and the white CFL group all demonstrated a
significant decrease of b-wave amplitude at days 9 and 28 of light exposure (p < 0.001, by ANOVA
followed by Tukey post hoc test). The b-wave amplitude of the yellow CFL group was not significantly
decreased at day 9; however, it had decreased 21% at day 28. The data from each of the four exposure
groups was not statistically different at 28+14 days compared with 28 days of exposure; this trend was
also present in the H&E staining results (data not shown). Because we found no significant
development after 3 days of light exposure, these data are not shown.

2
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Open in a separate window
Figure 3

Representative ERG responses (A) and ERG b‑wave amplitude (B) in unexposed (control) rats or rats
exposed to blue LED, white LED, white CFL, or yellow CFL at 0 (baseline), 9, or 28 days of light
exposure. Values shown in (B) are mean ± SD (for each time point, n = 3 controls and 8 for each light-
exposure group at each time point. **p < 0.01, and p < 0.001, compared with the control group by
ANOVA and Tukey post hoc test.

Retinal histology. Exposure to white LED light exposure can lead to morphologic alterations in the rat
retina. Compared with the control group (Figure 4A), the white LED group exposed to 750 lux white
LED light for 28 days (Figure 4B) exhibited pyknotic photoreceptor nuclei, swelling of the inner
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segment, and a disorganized outer segment. ONL thickness was significantly decreased at day 9 and
day 28 in the white and blue LED groups (Figure 4C,D) (p < 0.01, by ANOVA followed by Tukey post
hoc test; Figure 4G), whereas we observed no significant change in ONL thickness in the white and
yellow CFL groups at day 9 (Figure 4E,F,G).

0090

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3948037/figure/f4/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3948037/figure/f4/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3948037/figure/f4/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3948037/figure/f4/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3948037/figure/f4/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3948037/figure/f4/


7/27/2020 White Light–Emitting Diodes (LEDs) at Domestic Lighting Levels and Retinal Injury in a Rat Model

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3948037/ 10/18

Open in a separate window
Figure 4

H&E staining of representative retinal tissue sections from control rats (A) and from rats exposed to white
LED for 28 days (B) or to blue LED (C), white LED (D), white CFL (E), or yellow CFL (F) for 9 days.
(G) ONL thickness (mean ± SD) measured in retinas (n = 3 controls, n = 8 for each light-exposure group at
either time point). Abbreviations: GCL, ganglion cell layer; INL, inner nuclear layer; IS, inner segment;
ONL, outer nuclear layer; OS, outer segment; RPE, retinal pigment epithelium (usually next to the OS
layer but is detached and cannot be found within this scope). (A) Control tissue shows normal retinal
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layers. (B) After exposure to white LED for 28 days, retinal injury included pyknotic photo receptor nuclei
(arrow), swelling of the inner segment (arrow head), a dis organized outer segment with no visable RPE
[asterisk (*)], and INL degeneration. Photoreceptors were not present in retinals from rats exposed to blue
LED (C) or white LED (D) light; the white CFL group (E) exhibited distortion of the OS and ONL, and
the yellow CFL group (F) exhibited less movement in each layer. In (A–F), bar = 50 μm. (G) ONL
thickness was significantly decreased in the LED groups at days 9 and 28, whereas the ONL thickness in
white and yellow CFL groups was not significantly altered at day 9. **p < 0.01, compared with the control
group by ANOVA and the Tukey post hoc test.

Apoptosis detected by TUNEL staining. Light exposure induced significant retinal cell apoptosis in all
light-exposed groups (Figure 5A,B). However, more apoptotic cells were observed in the retina of the
LED-exposed groups than in that of CFL-exposed groups after 9 days of exposure (p < 0.001 for LED
groups and p < 0.01 for CFL groups, by ANOVA followed by the Tukey post hoc test) (Figure 5B).
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Figure 5

Retinal cell apoptosis detected by TUNEL labeling (damaged retinal cells show positive labeling).
(A) Representative images of retinal cell apoptosis in control rats and in rats exposed to blue LED, white
LED, white CFL, or yellow CFL for 9 days (bar = 50 μm); more apoptotic cells (arrows) appear in the
retina of LED-exposed groups than that of CFL-exposed groups. Abbreviations: GCL, ganglion cell layer;
INL, inner nuclear layer; ONL, outer nuclear layer; RPE, retinal pigment epithelium. (B) Fluorescence
intensity of apoptosis in light exposure groups shown as the mean ± SD fold of the control value (n = 3
controls and 8 for each exposure group). The LED-exposed groups exhibit higher fluorescence intensity
than that of CFL-exposed groups. **p < 0.01, and p < 0.001, compared with the control group by
ANOVA and the Tukey post hoc test.

TEM analysis. Figure 6 shows nucleolar damage of photoreceptors in control tissue and in samples
collected after 9 days of exposure to white LED light. Nucleolar damage of photoreceptors that
occurred after exposure include an early stage of nucleolar condensation (Figure 6B), karyolysis (
Figure 6C), pyknosis (Figure 6D–E), and karyorrhexis (Figure 6F). We also observed disruption of the
inner and outer segments (Figure 6G–L).
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Figure 6

Representative TEM photomicrographs showing retinal cellular injury of the ONL nucleolus (A–F) and
photo receptors (G–L) in control rats (A,G) and those exposed to white LED light (B–F, H–L) at day 9.
Abbreviations: INL, inner nuclear layer; IS, inner segment; ONL, outer nuclear layer; OS, outer segment;
RPE, retinal pigment epithelium. ONL nuclear deformations (arrows) were observed in (A) control ONL
nucleus and as (B) nucleolus condensation, (C) karyolysis, (D,E) pyknosis, and (F) karyorrhexis. (G–
L) Normal photo receptor, IS, and OS from a control rat (G); photo receptor deformations showing minor
disruption (H,I); and IS disappearance followed by OS shrinkage and the formation of several small round
shapes (J,K,L). For (A–F) and (I,J,L), bar = 1 μm; for (G,H,K), bar = 2 μm. Each photomicrograph is from
a different sample.

Immunohistochemistry. Oxidative damage results in adducts on macromolecules that can be detected by
immunohistochemistry. We used three antibodies to detect cell conditions in retinas of rats at the 9-day
time point: acrolein for lipid recognition (Figure 7A), 8-OHdG for DNA detection (Figure 7B), and
nitrotyrosine for protein identification (Figure 7C). LED-exposed groups exhibited higher fluorescence
intensity with acrolein, 8-OHdG, and nitrotyrosine in ONL and CFL induced lower fluorescence
intensity of these three proteins in ONL.
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Open in a separate window
Figure 7

Retinal light injury shown by IHC staining for acrolein to detect lipid adducts on macro molecules (A), 8-
OHdG to detect DNA adducts (B), and nitro tyrosine to recognize protein adducts (C) in the retina of
unxexposed rats or rats exposed to blue LED, white LED, white CFL, or yellow CFL for 9 days.
Abbreviations: B, blue; W, white; Y, yellow. Left, representative photo micrographs (bar = 50 μm). Right,
mean ± SD fluorescence of protein-positive cells relative to the control group (n = 3 controls, n = 8 for
each light-exposure group). LED-exposed groups exhibited higher fluorescence intensity on ONL, and the
CFL groups had lower fluorescence intensity. *p < 0.05, **p < 0.01, and p < 0.001, compared with the
control group by ANOVA and the Tukey post hoc test.

Oxidative stress. As shown in Figure 8A, lucigenin-stimulated superoxide anion (O ) and total
oxidative products were computed for all groups. After 3 days of exposure to blue LED light, retinal
O  measured 8 min after stimulation exceeded 60,000; the white-LED group exhibited a high total
count close to 40,000, and the CFL groups accumulated smaller total counts, from 20,000 to 30,000.
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However, the plot exhibited an opposite trend when the exposure duration was increased to 9 days (
Figure 8B). This result suggests that retinal oxidative stress may be induced by light exposure in the
early stage of exposure.

Figure 8

ROS assay performed in control rats and rats exposed to blue LED, white LED, white CFL, or yellow CFL
for 3 days (A) or 9 days (B). Values are presented as mean ± SD chemiluminescence (CL) intensity.
Abbreviations: B, blue; W, white; Y, yellow. (A) After 3 days of exposure to blue LED light, lucigenin-
stimulated O  exceeded 60,000 in total count, the white LED group had a high total count near 40,000,
and the CFL groups had total counts of 20,000–30,000; At this time point, control rats exhibited a count of
approximately 1,000. n = 3 controls, and n = 3 for each exposure group. (B) After 9 days of exposure, the
O  total count for the blue LED light group decreased to 8,000, that for the white LED light group
decreased to 18,000, and that for both fluorescent light groups remained at the same level. n = 3 controls,
and n = 8 for each exposure group. **p < 0.01, and p < 0.001, compared with the control group by
ANOVA and the Tukey post hoc test.

Discussion

Retinal light damage depends on the duration of exposure and the light level reaching the retina (retinal
irradiance). The pathological process is also wavelength dependent (Organisciak and Vaughan 2010).
The results of the present study indicate that exposure to LED light in this albino rat model can induce
retinal damage as evidenced by the functional ERG study, IHC, TUNEL, and TEM examinations. Our
results also suggest that this retinal damage could be related to blue light–induced oxidative stress
within the retinal tissues, as evidenced by the ROS generated in the retina after LED light exposure.

The ERG results show functional loss in the retina after LED light exposure. The white and blue LED
groups demonstrated a significant decrease in the b-wave amplitude at days 9 and 28 after light
exposure. The morphological results show that exposure to cyclic white LED light may induce outer
retinal damage within 9 days and may be responsible for further deterioration when the exposure
duration is extended. The ONL, which is usually 12–14 rows of nuclei in unexposed Sprague-Dawley
rats at 2–3 month of age, was reduced to approximately 4–5 rows. OS and IS were absent, and the RPE
appeared to be damaged or missing. However, we observed less damage within the photoreceptor after
exposure to yellow CFL, as shown in Figure 4F. Our functional and morphological results indicate that
the wavelength and the SPD, rather than total light irradiance, are crucial risk factors that contribute to
photochemical retinal injury. The results also suggest that LED light–induced cell death may occur
through the intrinsic apoptotic pathway under oxidative stress. Sliney (1984) calculated that for the
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same lamp brightness, the retinal irradiance in the rat eye would be at least 60% greater than
experienced in the human retina. The light exposure in the present study began at 1800 hours to match
the nocturnal activity pattern, but this exposure time may also enhance susceptibility to light damage in
rats. Therefore, the careful development of an action spectrum for LED light damage remains an
important research goal.

The retina has one of the highest oxygen consumption levels of tissues in the body, and it is sensitive to
oxidative stress (Yu and Cringle 2005). Oxidative stress is the crucial risk factor for photoreceptor
degeneration, which is caused by the generation of toxic ROS within retinal tissue. The retina contains
enzymes involved in detoxification or synthesis, particularly in the OS or RPE (Newsome et al. 1990).
In the present study, we compared the phototoxicity of CFLs with that of typical white LEDs. The
white LED lights carry higher energy that exceeds the threshold of the enzymes that serve as a stress-
induced protection mechanism (Behar-Cohen et al. 2011); thus, exposure to these white LEDs may
result in severe damage to the outer retina. To prevent or decrease this potential retinal damage, some
companies are increasing the market segments of lower color-temperature LEDs for domestic lighting
(U.S. Department of Energy 2012).

Photochemical damage is the major cause of low-intensity chronic exposure light-induced injury. Noell
(1980) indicated that the direct action of light on photoreactive molecules within the damaged cell
causes primary damage. Secondary damage, which follows the primary event, can either continue the
damaging process in the same cell or expand to other cells (Noell 1980). The main concern is that light
damage involves oxidative events (Lohr et al. 2006). In the present study, we used several exposure
durations to analyze cause and effect in a temporal manner (Figure 1). We found that LED lights carry
energy that is strong enough to generate oxidative stress (Figure 8). Our results are consistent with the
observation by Noell (1980); that is, retinal neuronal cell DNA levels are correlated with ERG b-wave
estimates of photoreceptor cell loss in light-exposed retinals of rats. Oxidative stress is responsible for
pathogenesis of light injury, especially when light is sufficient to damage > 80% of photoreceptor cells
detected by nonrecoverable ERG b-waves. Furthermore, our histological analysis showed that most cell
death does not occur immediately after light exposure; the damaged retinal neuronal cells may lose
function but are still present on the retinal layers with oxidative modified lipids, nucleic acids, and
proteins.

Conclusions

LEDs are expected to become the primary domestic light sources in the near future. Certain amounts of
LED light exposure may induce retinal damage, and this animal model provides comparative measures
of damage from different commercial light sources. Albino rats are commonly used for retinal light
injury experiments (Collier et al. 2011). Retinas from rats maintained in the dark for 14 days are more
susceptible to light-induced damage than normal pigmented retinas (Organisciak and Vaughan 2010).
Our results show that the SPDs of bluish-white (high CCT) LEDs contain a major fraction of short-
wavelength light that causes irreversible retinal neuronal cell death in rats. Furthermore, this model
shows that the SPD of white LEDs now being introduced for domestic lighting pose a theoretical risk
compared to CFLs (or incandescent lamps that have little blue light). When analyzing blue-light
hazards, we cannot exclude the risk of chronic effects from daily exposure because photochemical
damage may not induce an acute syndrome; instead, blue light exposure may cumulatively induce
photoreceptor loss.

Regardless of whether the initial damage is caused by a photochemical effect, LED light damage is
dependent on wavelength and duration. The entire retinal neuronal cell is affected, regardless of
whether the injury is localized in the outer segment, mitochondria, or other subcellular organelles.
Because illuminance levels of LED domestic light sources may induce retinal degeneration in
experimental albino rats, the exact risks for the pigmented human retina require further investigation.
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The Canadian government greeted 2014 with the first tier of its new energy-efficiency standards for
light bulbs,1 which will effectively ban incandescent light bulbs by next year.2 But efficient lighting
can have its own drawbacks. For instance, although devoid of the mercury used in compact fluorescent
lamps (CFLs), some white light-emitting diodes (LEDs) emit a wavelength of light associated with
adverse human health effects. In this issue of EHP, researchers study retinal changes in rats exposed to
white LEDs like those sometimes used in household lighting.3

Among the most popular household LEDs are products that employ a chip emitting blue light, which is
surrounded by a yellow phosphor coating. Although the resulting light looks white to the naked eye, it
can feature a spike in the blue end of the spectrum, at wavelengths of 460–500 nm.

Light of this wavelength has been shown to have unique physiological effects, some positive, some
negative.4 5 6 White LEDs, as a new source of exposure to blue light, initially prompted concerns
about potential changes in melatonin production and disruption of human sleep cycles.7 More recent
research considers the direct effect of this light on the eye, including the risk of ongoing damage to
retinal cells.8

In the current study, the researchers wanted to accurately simulate exposure to indoor lighting, says
corresponding author Chang-Ho Yang, a professor and ophthalmologist at National Taiwan
University’s College of Medicine. He points out that earlier work shone light directly into the eyes of
experimental animals, which may induce damage but hardly corresponds to the indirect way in which
most people are exposed to artificial lighting.

“We created an exposure environment where rats could run freely in a cage with the light source set on
the rack ceiling twenty centimeters above the cage roof,” Yang explains. “This mimics the ‘domestic
lighting’ condition as much as possible, which should greatly reduce the injury—theoretically.”
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White light can be achieved with LEDs in three ways

Source: Office of Energy Efficiency & Renewable Energy, U.S. Department of Energy;
https://www1.eere.energy.gov/buildings/ssl/sslbasics_ledbasics.html

However, the retinas of rats exposed to either blue or cool white9 LED light showed evidence of retinal
damage and cell death after 9 days of exposure. Although rats exposed to cool or warm white10 CFL
lights also showed some evidence of damage relative to unexposed controls, in general differences
were much less pronounced than those observed in the LED-exposed rats. The authors suggest the
observed injuries may have been a consequence of oxidative stress from reactive oxygen species that
were generated in retinal tissue.3

The rats used in these experiments were albino, and their unpigmented eyes were more sensitive to all
effects of light. But even in typically pigmented eyes, Yang says, neuronal cells are incapable of
repairing themselves or regenerating after damage. This makes it important to pin down mechanisms of
injury and link them with clinical studies matching the conditions under which people will ultimately
be using LED lighting. Future studies may suggest a spectrum threshold that could help the lighting
industry optimize eye-friendly products, he notes.

Blue light is not without its virtues, says Seang Mei Saw, a professor of epidemiology and
ophthalmology at the National University of Singapore, whose work deals with the onset of myopia in
children. Time outdoors has shown a strong protective effect against myopia,11 and although the
reasons are still undetermined, it’s possible blue light may play a role, Saw says—a hypothesis
supported by evidence from animal studies.12 “Outdoor sunlight has more blue light that may protect
for myopia,” she explains, “and indoor lighting, with relatively less blue light, may be detrimental for
myopia.”
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Abstract

Context:

Millions of individuals habitually expose themselves to room light in the hours before bedtime, yet the
effects of this behavior on melatonin signaling are not well recognized.

Objective:

We tested the hypothesis that exposure to room light in the late evening suppresses the onset of
melatonin synthesis and shortens the duration of melatonin production.

Design:

In a retrospective analysis, we compared daily melatonin profiles in individuals living in room light
(<200 lux) vs. dim light (<3 lux).

Patients:

Healthy volunteers (n = 116, 18–30 yr) were recruited from the general population to participate in one
of two studies.

Setting:

Participants lived in a General Clinical Research Center for at least five consecutive days.

Intervention:
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Individuals were exposed to room light or dim light in the 8 h preceding bedtime.

Outcome Measures:

Melatonin duration, onset and offset, suppression, and phase angle of entrainment were determined.

Results:

Compared with dim light, exposure to room light before bedtime suppressed melatonin, resulting in a
later melatonin onset in 99.0% of individuals and shortening melatonin duration by about 90 min. Also,
exposure to room light during the usual hours of sleep suppressed melatonin by greater than 50% in
most (85%) trials.

Conclusions:

These findings indicate that room light exerts a profound suppressive effect on melatonin levels and
shortens the body's internal representation of night duration. Hence, chronically exposing oneself to
electrical lighting in the late evening disrupts melatonin signaling and could therefore potentially
impact sleep, thermoregulation, blood pressure, and glucose homeostasis.

The pineal gland hormone melatonin is released during the biological night and provides the body's
internal biological signal of darkness. Exposure to light both resets the circadian rhythm of melatonin
and acutely inhibits melatonin synthesis (1, 2). In some mammals, light regulation of melatonin gives
rise to photoperiodic responses including patterns of seasonal breeding and changes in pelage (3, 4).
The duration of nocturnal melatonin secretion in humans is likewise dependent on photoperiod (5), but
effects on the reproductive system remain controversial. Several groups have shown seasonality in
births, but few studies have examined the potential link between melatonin duration and reproductive
hormones that determine the likelihood of conception (6,–8).

Because the onset of melatonin secretion is associated with an increase in sleep propensity, and
exogenous administration of melatonin can facilitate sleep (9,–12), melatonin has long been
hypothesized as a sleep-promoting factor in humans. Melatonin treatment reduces sleep onset latency
when endogenous levels of melatonin are low during the biological daytime (12). Melatonin receptors
are located on circadian clock neurons in the suprachiasmatic nucleus in the anterior hypothalamus
(13), suggesting that feedback regulation by melatonin signaling may contribute to circadian
regulation, including the timing of sleep. Consistent with this hypothesis, daily ingestion of melatonin
has been shown to synchronize circadian rhythms of behavior and physiology in blind individuals (14,
15). In addition to its hypnotic and circadian phase resetting effects, exogenous melatonin has been
shown to lower blood pressure and body temperature (16, 17), and recent genome-wide association
studies have established a putative link between signaling at the melatonin 1B receptor and risk for
type 2 diabetes (18,–20). With melatonin receptors located in several sites of the central nervous
system and in peripheral tissues including the heart, kidney, pancreatic islets, adrenal glands, stomach,
and gonads (21), melatonin has been explored as a treatment option for various human disease states
including insomnia, hypertension, and cancer (22).

Despite the potential therapeutic benefits of melatonin treatment, the physiological consequences of
chronically inhibiting melatonin synthesis are unknown. Recent studies have shown that indoor room
light (i.e. <500 lux) can elicit strong melatonin suppression and phase shift responses (23,–25),
suggesting that individuals who habitually expose themselves to light during nighttime hours could
have reduced melatonin levels and perturbed rhythms. In a study that examined the dose response for
melatonin suppression and phase resetting responses to white light given at night, half-maximal
responses were observed at about 100 lux (25), which is substantially dimmer than recommended
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office lighting (∼350–500 lux) (26). In that study, however, participants were kept in relatively dim
light (<15 lux) for 3 d preceding the light stimulus, which may have sensitized the circadian system to
light (27, 28). Nonetheless, in other studies, exposure to room light suppressed the onset of melatonin
secretion even when preceded by room light levels during the daytime (24, 28). Appropriately timed
exposure to indoor light (∼380 lux) has also been shown to accelerate entrainment to a rapid 5-h
advance of the sleep-wake cycle (29). Taken together, these studies indicate that melatonin suppression
and phase shift responses are sensitive to ordinary room light levels regardless of previous light history.

These findings suggest that exposure to room light before bedtime, a common practice in modern
society, may inhibit melatonin production and, as a result, alter physiological processes regulated by
melatonin signaling. To address this possibility, we examined melatonin responses to room light vs.
dim light in 116 research volunteers studied in the laboratory under a fixed sleep-wake schedule (8 h
asleep, 16 h awake). Here, we report that exposure to electrical light between dusk and bedtime
strongly suppresses melatonin levels, leading to an artificially shortened melatonin duration and
disruption of the body's biological signal of night.

Subjects and Materials

Participants

Healthy research volunteers (n = 116) aged 18–30 yr were enrolled into one of two inpatient studies
(see below) at the General Clinical Research Center (GCRC), Brigham and Women's Hospital (BWH)
(Boston, MA). Physical health was evaluated by medical history and physical examination, blood
biochemistry and hematology, and electrocardiogram. Sleep and circadian rhythm disorders were
exclusionary. Mental health was assessed by interview with a staff psychologist or psychiatrist, and
normal sight was confirmed by an ophthalmological examination and/or the Ishihara test for color
blindness. For at least 2 wk before the inpatient study, participants were required to keep a fixed sleep-
wake schedule (8 h asleep, 16 h awake) of their choice, and compliance was verified by continuous
actigraphy monitoring (Actiwatch-L; Minimitter, Inc., Bend, OR). To ensure that participants had
refrained from the use of drugs, a comprehensive toxicology screen was performed on the day of
admission to the GCRC. Informed consent was obtained from all volunteers, and research procedures
were approved by the Institutional Review Board at BWH and were in compliance with HIPAA
regulations and the Declaration of Helsinki.

General inpatient procedures

Research volunteers lived individually in a laboratory free of time cues. During the first 3 d of each
study, participants were scheduled to sleep and wake at their habitual prestudy sleep-wake times (8 h
asleep, 16 h awake). Ambient light was provided by ceiling-mounted 4100K fluorescent lamps (Philips
Lighting, Eindhoven, The Netherlands) and transmitted through an UV-stable filter (Lexan, General
Electric Plastics, Pittsfield, MA). Illuminance was measured with an IL1400 radiometer fitted with an
SEL-033/Y/W detector (International Light Inc., Peabody, MA). For the under 200 lux and under 3 lux
settings, lighting levels were defined by the maximum illuminance measured in the horizontal plane,
with the detector aimed directly at the ceiling lamps at a height of 187 cm. For the under 200 lux light
setting, illuminance in the horizontal angle of gaze was less than 150 lux (i.e. measured in the vertical
plane), and typical illumination at the eyes ranged from 60–130 lux, as reported previously (25, 30).
For the approximately 200 lux light setting, overhead lighting was adjusted such that when participants
were in bed they received approximately 200 lux of corneal illuminance (28).

On the second baseline day of each study, an indwelling iv catheter was inserted into a forearm vein to
allow for continuous collection of blood plasma every 30–60 min for melatonin assay. In the present
investigation, melatonin data were analyzed only across study d 2–5. During sleep episodes and the
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constant routine procedure (see below), blood was drawn from outside the research suite through a
porthole in the bedroom wall. Melatonin concentration was determined by standard RIA by
laboratories that were blind to the experimental intervention (Pharmasan, Osceola, WI; BWH GCRC
Core Laboratory, Boston, MA). Plasma melatonin intraassay and interassay coefficients of variation for
each of the studies were cited in the original reports (28, 30,–32).

Protocol design

Study 1

Plasma melatonin was examined in 104 volunteers who participated in a 9- to 10-day research study
(31, 32). Participants slept in darkness and were exposed to room light (<200 lux) until midway
through study d 3, after which the light was dimmed to under 3 lux. The following morning,
participants awoke to a constant routine procedure consisting of wakefulness enforced by technician
monitors (30–50 h), semirecumbent bed rest, consumption of hourly equicaloric snacks, and constant
exposure to dim light (<3 lux) (33).

Study 2

Twelve volunteers completed a 14-d research protocol (28), including one person who completed the
study twice under different lighting conditions (see below). We analyzed a 4-d segment of the protocol
that was randomized to occur either on study d 6–9, or study d 10–13. Over the first 3 d, participants
slept in darkness and were exposed to room light during the daytime (<200 lux, n = 5; ∼200 lux, n = 8).
After 8 h of scheduled sleep in darkness, participants underwent a 40-h constant routine procedure in
room light. Melatonin levels in room light during the habitual hours of sleep were compared with
melatonin levels during sleep on the previous night. To determine percent suppression of melatonin, the
area under the curve (AUC, trapezoidal method) was calculated for exposure to room light (AUC ),
and compared with the AUC for the melatonin rhythm during the preceding sleep episode in darkness
(AUC ) at the same relative clock times. Hence, percent melatonin suppression was calculated as [1 −
(AUC ) × (AUC ) ] × 100, with higher values indicating stronger suppression of the melatonin
rhythm.

Determination of melatonin phase, duration, and phase angle

For each subject in study 1, the melatonin rhythm during the constant routine procedure was fit by a
three-harmonic regression model to estimate the amplitude. Dim light melatonin onset (DLMOn )
and offset (DLMOff ) were defined as the clock times at which the melatonin rhythm crossed a
threshold value of 25% of the peak-to-trough fitted amplitude (half the standard amplitude). The same
25% threshold was used for determining melatonin onset and offset on d 2–3, during which individuals
were exposed to either room light or dim ambient light. Melatonin duration was defined as the number
of consecutive hours that melatonin levels exceeded the 25% threshold between melatonin onset and
offset. Phase angle was defined as the difference in timing between melatonin onset or offset vs.
bedtime, with positive values indicating that the event occurred before each participant's regular
bedtime. To determine the percent reduction in melatonin concentration due to exposure to room light
before bedtime, the AUC was calculated between melatonin onset and bedtime on d 3 (<3 lux) and
compared with the AUC on the preceding day (<200 lux) at the same relative clock times. Local clock
times of sleep and wake during inpatient studies were scheduled based on each subject's habitual sleep
hours during the prestudy screening procedures. For purposes of illustration, data were aligned by
scheduled sleep in Figs. 1–4 and plotted vs. relative clock time. We set relative clock times of sleep
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from 2400 to 0800 h. The distribution of wake times, melatonin onset, and melatonin offset vs. local
time are shown in Supplemental Fig. 1 (published on The Endocrine Society's Journals Online web site
at http://jcem.endojournals.org).
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Open in a separate window
Fig. 1.

Melatonin onset occurs later in room light than in dim light. A, In study 1, participants lived in room light
(<200 lux) and slept in darkness for the first two baseline days. Upon awakening on the morning of d 3,
participants were exposed to 8 h of room light, followed by 8 h of dim light (<3 lux) before bedtime. After
sleep, individuals underwent a constant routine procedure in dim light. B, The melatonin rhythm is shown
for a representative subject over three consecutive cycles (d 2–5). In this subject, melatonin onset occurred
about 2 h earlier on d 3 and 4 in dim light, compared with d 2 in room light. The timing of melatonin onset
and offset are shown by the labeled arrows in gray. White and gray bars at the top of each plot indicate
exposure to room light and dim light, respectively, and black bars indicate sleep in darkness.
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Open in a separate window
Fig. 2.

Exposure to room light before bedtime shortens melatonin (MLT) duration. A, Histograms show the
timing of melatonin onset (gray bars) and offset (white bars) in participants (n = 104) living in room light
vs. dim light. White and gray bars at the top of each plot indicate exposure to room light (<200 lux) and
dim light (<3 lux), respectively, and black bars indicate scheduled sleep in darkness. B, Histograms show
melatonin duration in the same participants over three consecutive cycles corresponding to A. Median
melatonin duration is indicated by the vertical line with label. Melatonin duration is longest when the
onset and offset occur under dim light. C, Horizontal bar chart showing the change in timing of melatonin
onset in individual participants from d 2 in room light to d 3 in dim light. In 99% of individuals, melatonin
onset occurred earlier in dim light relative to room light. Data are ranked in ascending order of magnitude.
D–F, Similar plots are shown for changes in the timing of melatonin offset from the morning of d 3 in
room light to d 4 in dim light (D), melatonin onset from d 3 in dim light to d 4 in dim light (E), and
melatonin offset from the morning of d 4–5 in dim light (F).
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Open in a separate window
Fig. 3.

Exposure to room light before bedtime decreases melatonin (MLT) levels. A, Histogram showing the
percent decrease in melatonin from melatonin onset to bedtime when participants were exposed to room
light (<200 lux) vs. dim light (<3 lux) until scheduled sleep. The AUC of the melatonin profile was
determined in dim light and compared with the AUC on the preceding day at the same relative clock times.
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Median percent decrease in melatonin is indicated by the vertical line with label. B, The melatonin rhythm
is shown for three representative volunteers exposed to room light (○) before and after scheduled sleep in
darkness (enclosed by the vertical dashed lines) vs. exposure to dim light (●) at the same relative clock
times on the following day.
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Open in a separate window
Fig. 4.

Exposure to room light elicits strong suppression of melatonin during the usual hours of sleep. A,
Participants lived in ambient room light (<200 lux) and slept in darkness for 3 baseline days, after which
they underwent a constant routine procedure in room light (<200 lux). Data are shown from either d 6–9 or
10–13 of a 14-d research protocol (See Subjects and Methods). B, The melatonin rhythm is shown for five
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individuals exposed to room light (○) during the constant routine vs. darkness during sleep (●) on the
preceding day. Percent melatonin suppression by room light is indicated at the top of each plot for the 8 h
corresponding to habitual sleep (enclosed by the vertical dashed lines).

Data analysis and statistics

Within-subjects differences in the timing of melatonin onset, offset, duration, and phase angle were
compared by Friedman's repeated-measures ANOVA on ranks (SigmaPlot 11; Systat Software, Inc.,
San Jose, CA). We chose to use nonparametric statistics because the distribution of melatonin onsets
and offsets did not always pass the Kolmogorov-Smirnov test for normality (P < 0.05). In each
comparison, the melatonin outcome (onset, offset, duration, or phase angle) was the dependent
variable, and ambient lighting, which varied over three consecutive days, was the repeated factor (i.e.
the treatment group). For those comparisons in which the difference in median values among the
treatment groups was greater than that expected by chance (P < 0.05), all pairwise multiple
comparisons were tested for significance using Tukey's method (α = 0.05). Within-subjects differences
in AUC for melatonin levels in dim light (<3 lux) vs. room light (<200 lux) were compared using the
Wilcoxon signed rank test. Median values for melatonin outcomes are reported in the text with the
interquartile range (IQR); the 25th and 75th percentiles are shown in Table 1.

Table 1.

Melatonin responses to room light vs. dim light in study 1 (n = 104)

Median (25%, 75%)

Light (<200 lux), d 2-3 Dim (<3 lux), d 3-4 Dim (<3 lux), d 4-5

MLT onset (h min) 23 39 (22 18, 00 55) 21 54 (20 58, 23 14) 22 09 (21 13, 23 21)

MLT offset (h min) 08 16 (07 20, 09 34) 08 23 (07 12, 09 22) 08 26 (07 17, 09 30)

MLT duration (h) 8.75 (8.25, 9.42) 10.28 (9.68, 10.85) 10.13 (9.68, 10.60)

Phase angle MLT onset (h) 0.38 (−0.32, 1.22) 1.95 (1.37, 2.63) 1.68 (1.07, 2.45)

Phase angle MLT offset (h) −8.52 (−8.92, −7.55) −8.33 (−8.87, −7.50) −8.38 (−8.87, −7.77)

Melatonin (MLT) outcomes are reported for participants over three consecutive days. Individuals lived in room
light (<200 lux) and slept in darkness until midway through d 3 (column 2). Over the next 24 h, participants lived
in dim light (<3 lux) and slept in darkness (column 3), followed by a constant routine procedure on d 4 and 5
conducted in under 3 lux light (column 4). Phase angle is defined as the relative timing of melatonin onset or
offset vs. scheduled bedtime. A positive phase angle indicates that the event happened before scheduled sleep,
whereas negative values indicate that the event happened after bedtime.

Significant differences for comparisons with the first melatonin cycle (column 2; d 2-3)
Significant differences for comparisons with the second melatonin cycle (column 3; d 3-4).

Results

a ,a b

b

a a

a ,a b

b

a
b

0113

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3047226/table/T1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3047226/table/T1/


7/27/2020 Exposure to Room Light before Bedtime Suppresses Melatonin Onset and Shortens Melatonin Duration in Humans

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3047226/ 12/19

Melatonin onset and duration are affected by evening exposure to room light

In study 1, changes in the melatonin profile were compared within subjects (n = 104) exposed to either
room light or dim light before sleep (Fig. 1). In room light, melatonin onset occurred 23 min (IQR, 1 h
36 min) before scheduled sleep, whereas in dim light, melatonin onset occurred 1 h 57 min (IQR, 1 h
16 min) before scheduled bedtime (P < 0.05, Fig. 2A and Table 1). In contrast, the timing of melatonin
offset did not differ significantly between room light and dim light conditions. Thus, due to its effect on
melatonin onset, exposure to room light before bedtime shortened melatonin duration by 1 h 32 min
(IQR, 1 h 6 min) compared with exposure to dim light (8 h 45 min vs. 10 h 17 min, P < 0.05; Fig. 2B
and Table 1).

Next, we examined changes in the timing of melatonin onset and offset in individual participants. We
found that 99.0% of participants (103 of 104) exhibited an earlier melatonin onset in dim light (d 3) vs.
room light (d 2), and 78.6% of these individuals exhibited an earlier onset by more than an hour (Fig. 2
C). In contrast, only 58.6% of participants showed an earlier melatonin offset in dim light vs. room
light, indicating that melatonin offset was not affected by the difference in lighting conditions (Table 1
and Fig. 2D). During two cycles of exposure to dim light, most participants showed a small daily delay
(∼12 min) in the timing of melatonin onset and offset, 78.9 and 67.3% of individuals, respectively (
Fig. 2, E and F), which is consistent with the longer-than-24-h intrinsic period of the human circadian
system reported in previous studies (34).

To determine the effect of room light exposure on melatonin concentration before sleep, we compared
the AUC for melatonin measured on d 2 (<200 lux) vs. d 3 (<3 lux). In dim light, the onset of nocturnal
melatonin secretion occurred before scheduled sleep in 98% of participants (102 of 104). In these
individuals, exposure to room light from the onset of melatonin until bedtime reduced melatonin
concentration by 71.4% (IQR, 32.2%) relative to exposure to dim light 24 h later (P < 0.001, Fig. 3). In
contrast, exposure to room light after awakening did not reduce melatonin levels (P = 0.802) in
participants whose melatonin offset occurred after scheduled wake time in dim light (n = 64).

Exposure to room light suppresses melatonin during the usual hours of sleep

To test directly whether the later melatonin onset that we observed in room light was due to melatonin
suppression, in study 2, we examined the melatonin rhythm under constant routine conditions in room
light (n = 5, <200 lux) (Fig. 4). Compared with the melatonin rhythm observed when participants slept
in darkness, exposure to room light during the normal hours of sleep suppressed melatonin strongly in
four of five individuals (percent suppression: 92.5, 90.9, 79.6, 76.9, and 29.3%). In another group of
participants (n = 8) who were exposed to a slightly higher level of ambient light (∼200 lux at the level
of the eyes), there was robust melatonin suppression in seven of eight individuals (percent suppression:
87.6, 87.1, 73.7, 62.7, 54.2, 53.0, 51.1, and −1.3%). Hence, in 11 of 13 trials, exposure to room light in
participants who were kept awake during the usual hours of sleep suppressed melatonin by more than
half the amount measured during sleep in darkness.

Discussion

Our results demonstrate that the melatonin profile is truncated by exposure to room light before
bedtime. Specifically, we show that exposure to room light (<200 lux) in the late evening suppresses
the onset of melatonin synthesis, thereby shortening melatonin duration by about 90 min compared
with exposure to dim light (<3 lux). As a result of this exposure to electrical light between dusk and
bedtime, presleep levels of melatonin were reduced by 71.4% and total daily levels of melatonin were
reduced by about 12.5%. When room light exposure continues for the entire night, total daily melatonin
is suppressed by more than 50% in most individuals, with median suppression of 73.7%. These
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findings suggest that exposure to electrical room light before bedtime and during the normal hours of
sleep (e.g. during shift work) may impact physiological processes regulated by melatonin signaling,
such as sleepiness, thermoregulation, blood pressure, and perhaps even glucose homeostasis.

Room light suppresses melatonin and shortens melatonin duration

We hypothesize that the later melatonin onset we observed during exposure to room light in the
evening was due primarily to melatonin suppression, rather than phase shifting of the circadian system.
In study 1, the earlier melatonin onset we observed on d 3 could be attributed, in part, to a net phase
advance of the circadian system, because participants were exposed to room light in the morning and
early afternoon and dim light in the late afternoon and evening. Hence, individuals were exposed to
higher light levels during the predicted phase-advance region of the phase-response curve, compared
with the phase-delay region (30) (Fig. 1A). If phase shifting were principally responsible for the change
in melatonin onset, we would expect a comparable shift in the timing of melatonin offset in the same
direction. Rather, our results show that the timing of melatonin offset was unchanged. To examine this
question in greater detail, we examined results from an additional set of 58 participants who completed
a similar research protocol under different lighting conditions (see Supplemental Data). In that study,
volunteers were exposed to room light until the end of the third baseline day, after which time the
circadian system was released into constant conditions. Whereas 70.7% of individuals showed a later
melatonin offset (41 of 58 participants) in dim light, consistent with drift of the circadian pacemaker
(34), 86.2% of individuals showed an earlier melatonin onset (50 of 58) when exposed to dim light
(<15 lux) on d 4, vs. room light on d 3 (Supplemental Figs. 2 and 3). These data suggest that the
underlying circadian phase of melatonin onset on d 3 was masked by light exposure, presumably due to
photic melatonin suppression. Consistent with this interpretation, in study 2, we observed that exposure
to room light during the usual hours of sleep resulted in strong melatonin suppression in 84.6% of trials
(Fig. 4). Some participants showed partial recovery from melatonin suppression during room light
exposure, whereas others showed complete suppression of melatonin such that melatonin onset or
offset could not be measured. By comparison, two participants showed weak melatonin suppression
responses to room light. This inter-individual variability in melatonin suppression sensitivity is
consistent with the dose-response function for melatonin suppression reported previously; room light
(100–500 lux) falls on the steep linear part of the dose-response curve, such that small differences in
corneal illuminance can result in large differences in melatonin suppression magnitude (25, 32).

A limitation of the present study is that the dim light and room light conditions were not balanced for
order of presentation. We obtained similar results in a previous study, however, in which the order of
light conditions was reversed, such that participants were exposed to dim light on d 1 (<3 lux),
followed by 2 d in room light (<200 lux). In that study, melatonin onset also occurred substantially later
in room light compared with dim light (by about 90 min), suggesting that the order of room light vs.
dim light in the present study did not affect the primary outcomes (35). Another limitation of our study
is that participants were exposed to long durations of room light or dim light (16 or 8 h) before sleep,
whereas in the real world, individuals often choose to turn on, or turn off, electrical lights closer to
bedtime. Also, illumination levels that people are exposed to during the daytime could potentially
modulate melatonin suppression responses to electrical light at night (e.g. by sensitizing or
desensitizing melatonin suppression responses). Previously, we showed that the suppressive effect of
room light on melatonin synthesis was reduced by about 15% when participants were exposed to room
light, instead of dim light, during the daytime (28). In the present study, participants were also exposed
to room light during the day, which may have decreased melatonin suppression sensitivity at night;
nonetheless, melatonin levels were strongly suppressed by room light (by about 70%) before bedtime
and during the usual hours of sleep (Figs. 2–4).

Potential implications of melatonin suppression by electrical lighting
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In modern society, people are routinely exposed to electrical lighting during evening hours, after the
onset of melatonin production, to partake in work, recreational, and social activities. Our results
demonstrate that this indoor room light profoundly alters the timing, duration, and amount of melatonin
synthesis, the health consequences of which are unknown. Melatonin is the body's internal
representation of night duration, or scotoperiod, and is sensitive to changes in season in humans (5, 36).
Chronic exposure to evening electrical lighting extends the photoperiod and shortens the scotoperiod,
which is equivalent to placing modern humans in a continual biological summer. This could, in turn,
have effects on metabolic function via alteration of melatonin secretion directly (18,–20) or indirectly
via altered sleep duration (37).

The effects of exogenous melatonin on human physiology suggest that this hormone plays a role in
regulating body temperature, blood pressure, and sleepiness (12, 17, 38). Given the ability of melatonin
to inhibit linoleic acid uptake, melatonin has also been proposed as a treatment option for inhibiting
cancer progression (39). In an animal model for human cancer in which nude rats were implanted with
breast cancer xenografts, perfusion with blood taken from women exposed to dim light at night, when
melatonin is released, reduced tumor growth markedly (40). In contrast, blood taken from women who
had been exposed to bright light at night, which drastically reduced levels of plasma melatonin, did not
affect growth rate of xenografts. Rates of breast cancer are especially high in chronic shift workers
(41,–43), most of whom are exposed to light that is of sufficient intensity to suppress nighttime
melatonin levels. This, coupled with the finding that the rate of breast cancer is lower in blind women
without light perception (44,–46), raises the possibility that chronic light suppression of melatonin may
increase the relative risk for some types of cancer (47), an idea that was proposed nearly 25 yr ago by
Richard Stevens as part of his light-at-night theory (48, 49). Chronically exposing oneself to light at
night could also increase cancer risk by disrupting circadian clock function; continuous exposure to
light disrupts behavioral rhythms and increases tumor malignity in C57BL/6 mice, even though these
animals do not secrete melatonin (50). If further research substantiates melatonin suppression as a
significant risk factor for breast cancer, our results demonstrating strong suppression of melatonin with
evening room light could have important health implications. Moreover, in future studies, it will be
important to determine whether small, chronic changes in sleep, melatonin, and circadian phase, as
experienced every day in many nonshift workers, might present a health risk in vulnerable individuals
(49). Given that melatonin receptor genes have recently been linked to the pathogenesis of type 2
diabetes (18,–20, 51), it is possible that disruption of melatonin signaling by exposure to light at night
could contribute to the increased risk for developing metabolic syndrome and type 2 diabetes in shift
workers. Hence, future work should focus on determining the mechanisms by which melatonin
regulates glucose metabolism and the consequences of inhibiting melatonin receptor signaling on blood
glucose and insulin levels (51, 52).

In conclusion, our findings demonstrate that melatonin levels are remarkably sensitive to room light
levels, with exposure before bedtime resulting in strong suppression of melatonin synthesis. As a result,
exposure to room light into the late evening has the effect of shortening melatonin duration, thereby
truncating the body's internal representation of solar night. With growing evidence that melatonin
receptor signaling plays an important role in regulating human physiology, in future studies, it will be
important to determine the impact of chronic nighttime exposure to electrical lighting on melatonin
suppression and morbidity.
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Connecticut Health Center); and Mario Motta, MD (CSAPH, Tufts Medical School).   

EXECUTIVE SUMMARY 

Objective.  To evaluate the impact of artificial lighting on human health, primarily through 

disruption of circadian biological rhythms or sleep, as well as the impact of headlamps, nighttime 
lighting schemes, and glare on driving safety.  Concerns related to energy cost, effects on wildlife 

and vegetation, and esthetics also are briefly noted.   

Methods.  English-language reports in humans were selected from a PubMed search of the 
literature from 1995 to March 2012 using the MeSH terms “circadian/biological clocks/rhythm,” 

“chronobiology/disorders,” “photoperiod,” “light/lighting” “sleep,” “work schedule,” or 

“adaptation,” combined with the terms “physiology,” “melatonin,” “adverse effects/toxicity,” 
“pathophysiology,” “neoplasm,” “epidemiology/etiology,” “mental disorders,” “energy 

metabolism,” and “gene expression.” Additional articles were identified by manual review of the 

references cited in these publications; others were supplied by experts in the field who contributed 
to this report (see Acknowledgement). 

Results.  Biological adaptation to the sun has evolved over billions of years.  The power to 

artificially override the natural cycle of light and dark is a recent event and represents a man-made 
self-experiment on the effects of exposure to increasingly bright light during the night as human 

societies acquire  technology and expand industry.  In addition to resetting the circadian 

pacemaker, light also stimulates additional neuroendocrine and neurobehavioral responses 
including suppression of melatonin release from the pineal gland improving alertness and 

performance.  Low levels of illuminance in the blue or white fluorescent spectrum disrupt 

melatonin secretion.  The primary human concerns with nighttime lighting include disability glare 

(which affects driving and pedestrian safety) and various health effects.  Among the latter are 
potential carcinogenic effects related to melatonin suppression, especially breast cancer.  Other 

diseases that may be exacerbated by circadian disruption include obesity, diabetes, depression and 

mood disorders, and reproductive problems. 

Conclusion.   The natural 24-hour cycle of light and dark helps maintain precise alignment of 

circadian biological rhythms, the general activation of the central nervous system and various 
biological and cellular processes, and entrainment of melatonin release from the pineal gland. 

Pervasive use of nighttime lighting disrupts these endogenous processes and creates potentially 

harmful health effects and/or hazardous situations with varying degrees of harm.  The latter 

includes the generation of glare from roadway, property, and other artificial lighting sources that 
can create unsafe driving conditions, especially for older drivers.  More direct health effects of 

nighttime lighting may be attributable to disruption of the sleep-wake cycle and suppression of 

melatonin release.  Even low intensity nighttime light has the capability of suppressing melatonin 
release.  In various laboratory models of cancer, melatonin serves as a circulating anticancer signal 

and suppresses tumor growth.  Limited epidemiological studies support the hypothesis that 

nighttime lighting and/or repetitive disruption of circadian rhythms increases cancer risk; most 
attention in this arena has been devoted to breast cancer.  Further information is required to 
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evaluate the relative role of sleep versus the period of darkness in certain diseases or on mediators 

of certain chronic diseases or conditions including obesity.  Due to the nearly ubiquitous exposure 
to light at inappropriate times relative to endogenous circadian rhythms, a need exists for further 

multidisciplinary research on occupational and environmental exposure to light-at-night, the risk of 

cancer, and effects on various chronic diseases
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INTRODUCTION 1 
 2 

Current AMA Policy H-135.937 (AMA Policy Database) advocates for light pollution control and 3 

reduced glare from (electric) artifical light sources to both protect public safety and conserve 4 
energy.  Lighting the night has become a necessity in many areas of the world to enhance 5 

commerce, promote social activity, and enhance public safety.  However, an emerging consensus 6 

has come to acknowledge the effects of widespread nighttime artificial lighting, including the: 1) 7 

impact of artificial lighting on human health, primarily through disruption of circadian biological 8 
rhythms or sleep; 2) intersection of ocular physiology, vehicle headlamps, nighttime lighting 9 

schemes, and harmful glare; 3) energy cost of wasted and unnecessary electric light; and 4) impact 10 

of novel light at night on wildlife and vegetation.  In addition to these health and environmental 11 
effects, an esthetic deficit is apparent with the progressive loss of the starry night sky and 12 

interference with astronomical observations.  With the assistance of experts in the field, this report 13 

evaluates the effects of pervasive nighttime lighting on human health and performance.  Concerns 14 
related to energy cost, effects on wildlife and vegetation, and esthetics are also briefly noted.   15 

 16 

METHODS 17 

 18 
English-language reports in humans were selected from a PubMed search of the literature from 19 

1995 to March 2012 using the MeSH terms “circadian/biological clocks/rhythm,” 20 

“chronobiology/disorders,” “photoperiod,” “light/lighting” “sleep,” “work schedule,” or 21 
“adaptation,” combined with the terms “physiology,” “melatonin,” “adverse effects/toxicity,” 22 

“pathophysiology,” “neoplasm,” “epidemiology/etiology,” “mental disorders,” “energy 23 

metabolism,” and “gene expression.”  Additional articles were identified by manual review of the 24 
references cited in these publications; others were supplied by experts in the field who contributed 25 

to this report (see Acknowledgement). 26 

 27 

LIGHT AND HUMAN PHYSIOLOGY  28 
 29 

The solar cycle of light and dark provides the essential basis for life on Earth.  Adaptation to the 30 

solar cycle has resulted in fundamental molecular and genetic endogenous processes in virtually all 31 
life forms that are aligned with an approximately 24-hour period (circadian biological rhythm).  32 

The circadian genetic clock mechanism is intimately involved in many, if not most, facets of 33 

cellular and organismal function.
1
  Although the circadian system spontaneously generates near-24-34 

hour rhythms, this master clock must be reset daily by the light-dark cycle to maintain proper 35 
temporal alignment with the environment.  In humans and other mammals, this daily entrainment is 36 

achieved primarily by novel photoreceptors that project directly to the site of the circadian clock 37 

(suprachiasmatic nuclei (SCN) of the hypothalamus).
2-5

 The tandem development of an endogenous 38 
rhythm sensitive to light presumably evolved to allow for precise 24-hour regulation of rest and 39 

activity, and for adapting to seasonal changes in night-length, while maintaining the advantages of 40 

an underlying physiology that anticipates day and night.  Understanding the molecular and 41 
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physiological basis of endogenous rhythms, how light information is communicated, and the health 1 

implications of disruptions to this system are topics of intensive study.   2 
 3 

ELECTRIC LIGHTING AND HUMAN HEALTH  4 

 5 

Biological adaptation to the sun has evolved over billions of years.  The power to artificially 6 
override the natural cycle of light and dark is a recent event and represents a man-made self-7 

experiment on the effects of exposure to increasingly bright light during the night as human 8 

societies acquire technology and expand industry.  At the same time, increasing numbers of people 9 
work inside buildings under electric lighting both night and day.  Artificial lighting is substantially 10 

dimmer than sunlight and provides a very different spectral irradiance.  Sunlight is strong at all 11 

visible wavelengths, peaking in the yellow region, whereas electric lighting has either extreme 12 
characteristic wavelength peaks (fluorescent) or exhibits a monotonic increase in irradiance as 13 

wavelength lengthens (incandescent).  In contrast to outdoor lighting conditions, much of the 14 

modern world now lives and works in relatively dim light throughout the day in isolation from the 15 

sun, with often poor contrast between night and day, even for those who live and work in sunny 16 
environments.

6 
17 

  18 

Extensive nighttime lighting is required for contemporary society and commerce.  Therefore, it is 19 
imperative to evaluate the unintended adverse health consequences of electric lighting practices in 20 

the human environment, and determine their physiological bases so that effective interventions can 21 

be developed to mitigate harmful effects of suboptimal light exposure.  For example, engineers 22 
have already developed less disruptive night lighting technologies, and continued progress in this 23 

area is anticipated.  That such technologies exist, however, does not guarantee that they will be 24 

purchased, installed and properly implemented.  The medical community and public can take the 25 

lead on advocating a healthier environment, as illustrated by recent changes in public smoking 26 
policies worldwide.  As the research on the biology of circadian rhythms has advanced, the range 27 

of potential disease connections due to disrupted circadian rhythms and sleep has expanded.   28 

 29 
Biological Impact of Light on Human Physiology 30 

  31 

Light is the most powerful stimulus for regulating human circadian rhythms and is the major 32 

environmental time cue for synchronizing the circadian clock.  In addition to resetting the circadian 33 
pacemaker, light also stimulates additional neuroendocrine and neurobehavioral responses, 34 

including suppression of melatonin release from the pineal gland, directly alerting the brain, and 35 

improving alertness and performance.
7-9

  Melatonin is one of the most studied biomarkers of the 36 
human physiological response to light.

10
  This substance is the biochemical correlate of darkness 37 

and is only produced at night, regardless of whether an organism is day-active (diurnal) or night-38 

active (nocturnal).  Conceptually, melatonin provides an internal representation of the 39 
environmental photoperiod, specifically night-length.  The synthesis and timing of melatonin 40 

production requires an afferent signal from the SCN.  Ablation of this pathway, which occurs in 41 

some patients from upper cervical spinal damage, completely abolishes melatonin production.  42 

Certain other circadian rhythms (e.g., cortisol, body temperature, sleep-wake cycles) do not depend 43 
on this pathway and persist if the SCN pathway is damaged.  44 

 

Light is not required to generate circadian rhythms or pineal melatonin production.  In the absence 45 
of a light-dark cycle (e.g., totally blind individuals), the circadian pacemaker generates rhythms 46 

close to, but not exactly a 24-hour periodicity, reflecting the timing of processes under SCN 47 

control.
2
  However, as previously noted, the timing of SCN rhythms and consequently the rhythms 48 

controlled by the circadian clock are affected by light, and require daily exposure to the light-dark 49 

cycle to be synchronized with the 24-hour day. 50 
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 1 

When light information fails to reach the SCN to synchronize the clock and its outputs, the 2 
pacemaker reverts to its endogenous non-24-hour period (range 23.7-25.0 h).  Consequently, the 3 

timing of physiology and behavior that is controlled by the circadian system, for example the sleep-4 

wake cycle, alertness and performance patterns, the core body temperature rhythm, and melatonin 5 

and cortisol production, becomes desynchronized from the 24-hour day.
2
  The resultant clinical 6 

disorder is termed “non-24-hour sleep-wake disorder” and is characterized by alternating episodes 7 

of restful sleep, followed by poor night-time sleep and excessive day-time napping, as the non-24-8 

hour circadian pacemaker cycles in and out of phase with the 24-hour social day.
11 

 Another effect 9 
of light exposure at night is the immediate suppression of melatonin production.  Under natural 10 

conditions, organisms would never be exposed to light during the night in substantial amounts and 11 

would not experience melatonin suppression.  Electric light, however, efficiently suppresses 12 
melatonin at intensities commonly experienced in the home at night.

12
  13 

 14 

Measures of Illumination 15 

 16 
Luminous flux is the measure of the perceived power of light.  The lumen is the standard 17 

international unit of luminous flux, a measure of the total “amount” of visible light emitted by a 18 

source, while illumination is a measure of how much luminous flux is spread over a given area 19 
(intensity of illumination).  One lux is equal to one lumen/m

2
.  Luminous flux measurements take 20 

into account the fact that the human eye and visual system is more sensitive to some wavelengths 21 

than others.  The peak luminosity function is in the green spectral region; white light sources 22 
produce far fewer lumens.  To provide some perspective, the illuminance associated with a full 23 

moon is less than 1 lux, versus 50 lux for a typically incandescent lit family room, 80 lux in a 24 

narrower hallway, 325-500 lux for office lighting, 1,000 lux for an overcast day, and 32,000-25 

130,000 lux for direct sunlight. 26 
 27 

Initially it was thought that bright light of at least 2,500-20,000 lux was needed to suppress 28 

nighttime melatonin secretion or phase shift the melatonin rhythm (as in jet lag) in humans.
13-15

  It 29 
is now established that when exposure of the human eye is carefully controlled, illuminance as low 30 

as 5−17 lux of monochromatic green light or 100 lux of broadband white light can significantly 31 

suppress melatonin in normal human volunteers.
12,16-18

  Similarly, circadian phase shifts of the 32 

melatonin rhythm can be evoked with an illuminance of 5 lux of monochromatic blue light or <100 33 
lux of white fluorescent light, however, exposure to red light is not disruptive.

18,19
  Typical lighting 34 

in bedrooms in the evening after dusk (but before bedtime) can also suppress melatonin and delay 35 

its nocturnal surge.
12

  Acute enhancement of both subjective and objective measures of alertness 36 
can be evoked with as little as 5 lux of monochromatic blue light.

20
  Dose-response curves for 37 

melatonin suppression by night-time light exposure to fluorescent light show that ~100 lux of light 38 

induces 50% of the maximal response observed with 1,000-10,000 lux of light.
18,21

 39 
 40 

Ocular Physiology Mediating Photic Effects 41 

 42 

Factors that alter the amount and spectral quality of light reaching the retina include gaze behavior 43 
relative to a light source, age (of the ocular lens), and pupillary dilation.  Once a light stimulus 44 

reaches the retina, physiology within the retina and within the nervous system determines the 45 

capacity of the stimulus to evoke circadian, neuroendocrine or neurobehavioral responses.  This 46 
physiology includes: 1) the sensitivity of the operative photopigments and photoreceptors; 2) 47 

location of these photoreceptors within the retina; 3) the ability of the nervous system to integrate 48 

photic stimuli spatially and temporally; and, 4) the state of photoreceptor adaptation.   49 
In particular, both short and long-term photoreceptor adaptation can significantly modify the 50 

biological and behavioral responses to light and acutely suppress melatonin in humans.
22

  For 51 
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example, a full week of daytime exposure to bright light (by daylight and/or indoor light boxes at ~ 1 

5,000 lux) or a three-day period of exposure to moderate indoor lighting (200 lux) reduces an 2 
individual’s sensitivity to light suppression of nighttime melatonin compared with exposure to dim 3 

indoor lighting (0.5 lux); similar dim light conditions also enhance circadian phase shifting.
23-25

  4 

Two hours of exposure to 18 lux of white incandescent light versus full dark exposure in a single 5 

evening modifies the sensitivity of an individual for light-induced melatonin suppression later that 6 
same night.

26
  Hence, photoreceptor adaptation, like the other ocular and neural elements noted 7 

above, can significantly modify the biological and behavioral responses to light.
16

  8 

 9 
In general, photobiological responses to light are not all-or-none phenomena.  In the case of acutely 10 

suppressing high nighttime levels of melatonin or phase-shifting the entire melatonin rhythm, light 11 

works in a dose-response fashion.  Once threshold is exceeded, increasing irradiances of light elicit 12 
increasing acute plasma melatonin suppression or longer-term phase-shifts of the melatonin rhythm 13 

in healthy individuals.
16,18,27 

 All humans, however, are not equally sensitive to light; significant 14 

individual differences exist in sensitivity to light for both neuroendocrine and circadian 15 

regulation.
16,18

  For a detailed description of the molecular and cellular basis for how 16 
photoreceptive input regulates circadian and neuroendocrine system function, see the Addendum. 17 

  18 

HUMAN CONCERNS-DISABILITY AND DISCOMFORT GLARE 19 
 20 

Glare from nighttime lighting can create hazards ranging from discomfort to frank visual disability.  21 

Disability glare has been fairly well-defined based on the physiology of the human eye and 22 
behavior of light as it enters the ocular media.  Discomfort glare is less well-defined and more 23 

subjective as it is not based on a physical response per se but rather a psychological response.  24 

Accordingly, the respective bases of (and research into) these two responses are fundamentally 25 

different. 26 
 27 

Disability Glare   28 

  29 
Disability glare is unwanted and poorly directed light that temporarily blinds, causes poor vision by 30 

decreasing contrast, and creates an unsafe viewing condition, especially at night, by limiting the 31 

ability of the person to see.  There are natural causes of disability glare, such as solar glare at sunset 32 

on a dirty windshield which can be lessened by cleaning the windshield.  Unfortunately, nighttime 33 
glare while driving is not easily remedied.  It is caused by the misapplication of luminaires that 34 

comprise the lighting design which are generally overly bright and unshielded, and/or sources of 35 

poorly directed light that enters the eye and scatters among ocular structures resulting in 36 
diminished contrast and impeded vision.  Such effects dramatically worsen as the human eye ages, 37 

contributing to poor night vision and difficulty in driving at night for older drivers.   38 

 39 
Disability glare is caused by light scatter from ocular media.

28
  As light enters the eye, it collides 40 

with cornea, lens, and vitreous humor, scattering photons and casting a veil of light across the 41 

retina
29-31 

 (see Figure 1).  The veil of light reduces the contrast of the object that the driver is trying 42 

to see, having the same effect as increasing the background luminance of the object.  This veiling 43 
light is represented by the term veiling luminance.  Veiling luminance is directly related to the 44 

illuminance of the light source and inversely related to the square of the angle of eccentricity of the 45 

light source with an age dependent multiplier across the entire equation.
28

 This means that the 46 
disability from a light source is lessened the farther the source is from the line of sight.

α
  47 

                                                   
α As an example, high mast lighting systems where the roadway lighting is over 100 feet in the air have 

significantly less glare than traditional systems, which are typically located 30−50 feet in the air.  Because of 
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 1 

Accordingly, proper design techniques and consideration for the glare caused by lighting systems 2 
need to be considered.  One of the primary difficulties, especially for roadways, is that the lighting 3 

is not governed by a single jurisdiction.  Roadway lighting may be designed properly and provide a 4 

low level of glare; however lighting can emanate from adjacent properties, spilling out into the 5 

roadway thus affecting the driver and overall performance and suitability of a lighting system.  6 
Control over all environmental sources of nighttime lighting is therefore critical for the overall 7 

control of disability glare.   8 

 9 
Discomfort Glare 10 

  11 

Discomfort glare is less well defined but emanates from a glare source that causes the observer to 12 
feel uncomfortable.  The definition of discomfort is not precise, and some research has shown that 13 

a person’s response to a glare source is based more on his/her emotional state than on the light 14 

source itself.  Discomfort glare may be based primarily on the observer’s light adaptation level, the 15 

size, number, luminance and location of the light sources in the scene.
32

  16 
 17 

Both overhead roadway lighting and opposing headlamps are involved with discomfort glare in the 18 

driver.  A numerical rating scale based on the dynamic nature of glare in simulations is available to 19 
measure the discomfort level experienced by drivers (Appendix).

33
  The overall impact of 20 

discomfort glare on fatigue and driver safety remains an issue. 21 

 22 
Lighting and Glare.  Both discomfort and disability glare have specific impacts on the user in the 23 

nighttime environment.  Research has shown that both of these glare effects occur simultaneously.  24 

Research also shows that the effects of the glare are cumulative, meaning that the glare from two 25 

light sources is the sum of the glare from the individual light sources.  As a result, every light 26 
source within the field of view has an impact on the comfort and visual capability of the driver. 27 

 28 

Overhead lighting 29 
 30 

For overhead roadway lighting, design standards include a methodology for controlling the 31 

disability glare through a ratio of the eye adaptation luminance to the veiling luminance caused by 32 

the light source.  As the veiling luminance is related to the illuminance the light source produces at 33 
the eye, a roadway luminaire that directs light horizontally has a much greater effect on the driver 34 

than a light source that cuts off the horizontal light.  A trend towards flat glass luminaires, which 35 

provide a cut off of light at horizontal angles, provides a lower level of both disability and 36 
discomfort glare.  37 

 38 

Decorative luminaires (e.g., acorn or drop lens) have a high level of horizontal light and typically 39 
are used in areas where pedestrians are the primary roadway users.  The horizontal light in this 40 

situation is useful for facial recognition of a pedestrian, but it limits the driver’s ability to perceive 41 

other objects in the roadway.  As a result, many cities are designing and installing two lighting 42 

systems, one for the pedestrian and one for the roadway.  43 
 

Luminaires employing solid state technologies and light-emitting diodes (LED) provide light from 44 

an array of small sources rather than a single large source.  These designs either rely on each small 45 
source to provide a component of the light distribution, or the components of the lighting array 46 

provide individual luminating fields of the light distribution.  In the first instance, the arrays are 47 

                                                                                                                                                          
the inverse squared relationship, a high mast system reduces glare by 75% compared with a traditional 

system. 
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typically flat and have an optic to provide the light distribution; if a single LED fails, the others still 1 

provide the light distribution.  In the second method, the components of the array are aimed to 2 
different areas of the beam distribution.  This approach typically results in light aimed at the driver 3 

and pedestrians causing a higher glare impact.  The other issue with the multiple sources used in 4 

LED luminaires is that each of the sources typically has a very high luminance itself as the source 5 

is very small and very bright; in the absence of sufficient diffusion, they cause significant glare.  6 
Accordingly, solid state lighting systems typically have a higher glare impact than traditional 7 

sources. 8 

 9 
The final issue with glare from overhead lighting is the cyclic nature of the impact.  As drivers 10 

course along a roadway, they pass from one luminaire to another.  The glare experience increases 11 

as they approach the luminaire and then diminishes as they pass beyond.  While typically not an 12 
issue for disability glare, this repetitive process can cause discomfort and fatigue.

34 
13 

 14 

Opposing vehicle headlamps 15 

 16 
Vehicle headlamps are aimed at the opposing driver eye level resulting in very high ocular 17 

illuminance and significant disability glare.  The impact of opposing headlamps on the ability of 18 

the oncoming driver to observe beyond the headlamps is significant.  For example, the visibility of 19 
a pedestrian standing behind a vehicle can be reduced by as much as 50%.

35 
20 

 21 

In order to minimize the glare impact, headlamps are designed with lower left side light intensity 22 
than the right side.  This reduces the glare to an opposing vehicle but does not eliminate it.  New 23 

technologies such as turning headlamps and headlamps that hide part of the headlamp beam when a 24 

vehicle passes are possible solutions for this issue.  With the advent of high intensity discharge 25 

Xenon headlamps and LED-based technologies, the glare issue has become more serious.  While 26 
the intensity towards a driver is limited, the small but brighter source generates a much higher 27 

impression of glare than traditional technologies.  These “blue” headlamp sources have a higher 28 

complaint rate for glare than for any other light source. 29 
 30 

Effects of Lighting Design on Traffic Accidents 31 

 32 

Adult, and especially elderly drivers, experience increased glare sensitivity, and elderly drivers 33 
may not be able to sufficiently fulfill the criteria for night driving ability because of contrast and 34 

glare sensitivity.
36  

Prospective studies indicate that reduction in the useful field of view, visual 35 

field loss, and glare sensitivity increase crash risk in older drivers.
37,38  

Crash risk begins to increase 36 
around age 50 years of age and continues to increase with aging.

39
   No studies have explicitly 37 

compared traffic accident rates under different highway lighting conditions. 38 

 39 
HEALTH EFFECTS OF DISRUPTED CIRCADIAN RHYTHMS 40 

 41 

Epidemiological studies are a critical component of the evidence base required to assess whether or 42 

not light exposure at night affects disease risk, including cancer.  These studies, however, are 43 
necessarily observational and can rarely provide mechanistic understanding of the associations 44 

observed.  Carefully designed and controlled basic laboratory studies in experimental animal 45 

models have the potential to provide the empiric support for a causal nexus between light exposure 46 
at night and biological/health effects and to help establish plausible mechanisms.  One area of 47 

considerable study on the possible effects of nighttime light exposure involves cancer.   48 

 49 
CANCER 50 

 51 
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Light at Night, Melatonin and Circadian Influences on Carcinogenesis 1 

  2 
Experimental Evidence. The majority of earlier studies in experimental models of either 3 

spontaneous or chemically-induced mammary carcinogenesis in mice and rats demonstrated an 4 

accelerated onset of mammary tumor development accompanied by increased tumor incidence and 5 

number in animals exposed to constant bright fluorescent light during the night as compared with 6 
control animals maintained on a strict 12 hours light/12 hours dark cycle.

40-51
   7 

 8 

More recent work has focused on the ability of light at night to promote the growth progression and 9 
metabolism in human breast cancer xenografts.  Nocturnal melatonin suppresses the growth of both 10 

estrogen receptor negative (ER-) and estrogen receptor positive (ER+) human breast cancer 11 

xenografts; the essential polyunsaturated fatty acid, linoleic acid is necessary for the growth of such 12 
(ER-) tumors, and its metabolism can be used as a biomarker of cellular growth.

52-55
  Exposure of 13 

rats with such cancer xenografts to increasing intensities of white, fluorescent polychromatic light 14 

during the 12 hour dark phase of each daily cycle results in a dose-dependent suppression of peak 15 

nocturnal serum melatonin levels and a corresponding marked increase in tumor metabolism of 16 
linoleic acid and the rate of tumor growth.  Exposure to even the very dimmest intensity of light 17 

during the night (0.2 lux) suppressed the nocturnal peak of circulating melatonin by 65% and was 18 

associated with marked stimulation in the rates of tumor growth and linoleic acid metabolic 19 
activity.  In this model, measurable effects on xenograft growth and linoleic acid metabolism were 20 

apparent with 15% suppression in nocturnal melatonin levels.   21 

 22 
The ability of light exposure at night to stimulate tumor growth (including dim exposures) has been 23 

replicated in rat hepatoma models.
54,56-58

  The reverse also is true; gradually restoring circulating 24 

melatonin by reducing initial exposure to light at night (24.5 lux) is accompanied by a marked 25 

reduction in tumor growth and linoleic acid metabolic activity to baseline rates in the breast cancer 26 
and hepatoma models.

59
 27 

 28 

The important role of melatonin as a nocturnal anticancer signal is further supported by the growth 29 
responses of human breast cancer xenografts perfused with human whole blood collected from 30 

young, healthy premenopausal female subjects exposed to complete darkness at night (e.g., high 31 

melatonin), compared with xenografts that were perfused with blood collected from the same 32 

subjects during the daytime (e.g., low melatonin).
54

  The growth of xenografts perfused with blood 33 
collected during the dark was markedly reduced.  Addition of a physiological nocturnal 34 

concentration of melatonin to blood collected from light-treated subjects restored the tumor 35 

inhibitory activity to a level comparable to that observed in the melatonin-rich blood collected at 36 
night during total darkness.  Moreover, the addition of a melatonin receptor antagonist to the blood 37 

collected during darkness (i.e., high melatonin) eliminated the ability of the blood to inhibit the 38 

growth and metabolic activity of perfused tumors.  Some evidence also exists that circadian 39 
disruption by chronic phase advancement (e.g., simulating jet lag) may increase cancer growth in 40 

laboratory animals.
60,61 

41 

42 
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Potential Anticancer Mechanisms of Melatonin 1 

 2 
The preponderance of experimental evidence supports the hypothesis that under the conditions of 3 

complete darkness, high circulating levels of melatonin during the night not only provide a potent 4 

circadian anticancer signal to established cancer cells but help protect normal cells from the 5 

initiation of the carcinogenic process in the first place.
62,63  

It has been postulated that disruption in 6 
the phasing/timing of the central circadian pacemaker in the SCN, in general, and the suppression 7 

of circadian nocturnal production of melatonin, in particular, by light at night, may be an important 8 

biological explanation for the observed epidemiological associations of cancer risk and surrogates 9 
for nocturnal light exposure (such as night shift work, blindness, reported hours of sleep, etc.) (see 10 

below).
64 

11 

 12 
Melatonin exerts several cellular effects that may be relevant in this regard.  It exhibits 13 

antiproliferative and antioxidant properties, modulates both cellular and humoral responses, and 14 

regulates epigenetic responses.
65-67  

Melatonin also may play a role in cancer cell apoptosis and in 15 

inhibiting tumor angiogenesis.
68,69 

16 
  17 

Human Studies 18 

 19 
While the experimental evidence from rodent cancer models links disruption of circadian rhythms 20 

and circulating melatonin concentrations (inversely) with progression of disease, the human 21 

evidence is indirect and based on epidemiological studies.  Breast cancer has received the most 22 
study. 23 

 24 

The hypothesis that the increasing use of electricity to light the night might be related to the high 25 

breast cancer risk in the industrialized world, and the increasing incidence and mortality in the 26 
developing world was first articulated in 1987.

70
  Potential pathways include suppression of the 27 

normal nocturnal rise in circulating melatonin and circadian gene function.
54,71,72

  Conceptually, 28 

this theory would predict that non-day shift work would raise risk, blind women would be at lower 29 
risk, reported sleep duration (as a surrogate for hours of dark) would be inversely associated with 30 

risk, and population nighttime light level would co-distribute with breast cancer incidence 31 

worldwide.
72,73

  Only the first hypothesis has been systematically evaluated.  Based on studies of 32 

non-day shift occupation and cancer (mostly breast cancer) published through 2007, the 33 
International Agency for Research on Cancer (IARC) concluded “shift-work that involves 34 

circadian disruption is probably carcinogenic to humans” (Recommendation Level 2A).
74

  A 35 

detailed review of the individual studies supporting this conclusion is available.
75 

36 
 37 

Since the IARC evaluation was conducted, several new studies of breast cancer and nighttime light 38 

have been published with mixed results.
76-79 

 Two found no significant association between shift 39 
work and risk of breast cancer.

76,77
  A large case-control study of nurses in Norway

78
 found a 40 

significantly elevated risk in subjects with a history of regularly working five or more consecutive 41 

nights between days off, and another found that as the type of shift (e.g., evening, night, rotating) 42 

became more disruptive, the risk increased.
79,80

  In the Nurses Health Study cohort, increased 43 
urinary excretion of melatonin metabolites also was associated with a lower risk of breast cancer.

81
  44 

Each of these studies has strengths and limitations common to epidemiology, particularly in 45 

exposure assessment and appropriate comparison groups (e.g., no woman in the modern world is 46 
unexposed to light-at-night, but quantifying that exposure is difficult).

 
47 

 48 

Although shiftwork represents the most extreme example of exposure to light at night and circadian 49 
disruption, perturbation of circadian rhythms and the melatonin signal is also experienced by non- 50 

shift workers with a normal sleep/wake-cycle.
12

  Anyone exposing themselves to light after dusk or 51 
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before dawn is overriding the natural light-dark exposure pattern as noted in the earlier discussion 1 

on measures of illumination.   2 
 3 

After lights out for bedtime, it is not yet clear whether the ambient background light from weak 4 

sources in the bedroom or outside light coming through the window could influence the circadian 5 

system; a brief exposure at these levels may not have a detectable impact in a laboratory setting, 6 
although long-term chronic exposure might.  Four case-control studies have now reported an 7 

association of some aspect of nighttime light level in the bedroom with breast cancer risk.
82-85

  The 8 

elevated risk estimate was statistically significant in two of them.
83,85

  As case-control designs, in 9 
addition to the limitation of recall error, there is also the potentially significant limitation of recall 10 

bias.   11 

 12 
Despite the difficulty of gathering reliable information on bedroom light level at night, the 13 

possibility that even a very low luminance over a long period of time might have an impact is 14 

important.  The lower limit of light intensity that could, over a long time period, affect the 15 

circadian system is not established.  In the modern world few people sleep in total darkness.  When 16 
eyelids are shut during sleep, only very bright light can penetrate to lower melatonin and only in 17 

some individuals.
86

  Frequent awakenings with low level light exposure in the bedroom and certain 18 

nighttime activities (e.g., bathroom visits) may disrupt the circadian system, but any related health 19 
effects are unknown.

87 
20 

 
21 

Other Cancers 22 
 23 

Light-at-night and circadian disruptions have been suggested to play a role in other cancers 24 

including endometrial, ovarian, prostate, colorectal, and non-Hodgkins lymphoma but evidence 25 

comparable to that obtained for breast cancer has not yet been developed.
88

  On the other hand, 26 
engaging in night shift work may protect against skin cancer and cutaneous melanoma.

89 
27 

 28 

Other Diseases 29 
 30 

Obesity, Diabetes, and Metabolic Syndrome.  The modern world has an epidemic of obesity and 31 

diabetes that may be influenced by lack of sleep, lack of dark, and/or circadian disruption.
90

  Non-32 

day shift workers have a higher incidence of diabetes and obesity.
91

  Epidemiological studies also 33 
show associations of reported sleep duration and risk of obesity and diabetes.

92 
 Circadian 34 

disruption may be a common mechanism for these outcomes and potential links between the 35 

circadian rhythm and metabolism.
93-95

 36 
 37 

Other Disorders.  Although in the early stage of development, emerging evidence suggests that 38 

other chronic conditions also may be exacerbated by light at night exposure and ongoing disruption 39 
of circadian rhythms, including depression and mood disorders, gastrointestinal and digestive 40 

problems, and reproductive functions.
88 

41 

 42 

DARK VERSUS SLEEP 43 
 44 

The circadian rhythm and sleep are intimately related but not the same thing.  Adequate daily sleep 45 

is required for maintenance of cognitive function and for a vast array of other capabilities that are 46 
only partially understood.  Sleep is not required to synchronize the endogenous circadian rhythm, 47 

whereas a stable 24-hour light-dark cycle is required.  The epidemiological and laboratory research 48 

on sleep and health cannot entirely separate effects of sleep duration from duration of exposure to 49 
dark, because the sleep-wake cycle partitions light-dark exposure to the SCN and pineal gland.

96
  50 

The distinction is important because a requirement for a daily and lengthy period of dark to 51 
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maintain optimal circadian health has different implications than a requirement that one must be 1 

asleep during this entire period of dark; many individuals normally experience a wakeful episode in 2 
the middle of a dark night.

87
   3 

  4 

Light during the night will disrupt circadian function as well as sleep, and the health consequences 5 

of short sleep and of chronic circadian disruption are being intensively investigated.
97

  A growing 6 
number of observational and clinical studies on sleep and metabolism suggest short sleep periods 7 

have substantial harmful effects on health; however, it is not yet clear that sleep and dark have been 8 

entirely disentangled in these studies.
97,98

  For example, in one study, sleep duration (verified by 9 
polysomnography) was associated with morning blood levels of leptin, a hormone that plays a key 10 

role in energy expenditure and appetite.
99

  However, the duration of typical sleep reported by each 11 

subject was more strongly associated with leptin concentrations.  Mean verified sleep was 6.2 12 
hours, whereas mean reported sleep was 7.2 hours.  Reported “sleep duration” probably reflects the 13 

time from when a person turns out their light for bed and falls asleep and when they get up in the 14 

morning (i.e., actual hours of dark exposure).  An important question is to determine what portion 15 

of the health effects of dark disruption is due to sleep disruption and what portion is due directly to 16 
circadian impact of electric light intrusion on the dark of night.  17 

 18 

Media use at night (i.e., televisions, computer monitors, cell phone screens) negatively affects the 19 
sleep patterns of children and adolescents and suppresses melatonin concentrations.

 100-102
  The 20 

American Academy of Pediatrics recommends removing televisions and computers from bedrooms 21 

to assist in limiting total “screen time” on a daily basis.
101

  This action also may help in improving 22 
sleep patterns. 23 

 24 

ENERGY COST 25 

 26 
Electric lighting accounts for about 19% of electricity consumption worldwide and costs about 27 

$360 billion.
103

  Much of the light that is produced is wasted, for example, by radiating light into 28 

space away from the task or environment intended to be illuminated.  Estimates of how much is 29 
wasted vary; one estimate from the International Dark-Sky Association is 30% in the United 30 

States.
104  

Such a percentage worldwide would account for an annual cost of about $100 billion. 31 

 32 

ENVIRONMENTAL ISSUES 33 
 34 

Although not directly under the purview of human health and disease, the following considerations 35 

are indirectly related to human well-being. 36 
 37 

Esthetics 38 

 39 
The Milky Way is no longer visible to the majority of people in the modern world.  As societies 40 

have increasingly used electricity to light the night, it has become difficult to see more than a few 41 

of the innumerable stars from Earth's surface.
105

  This has been carefully documented in a cover 42 

story by National Geographic Magazine in November 2008, which includes extensive visual 43 
documentation on its website.

106
  Though the major impact of electric light at night is in major 44 

metropolitan areas, even the once pristine nights of the U.S. National Parks are beginning to be 45 

degraded, more rapidly in the East but also in parks in the West as well.
107 

46 
 47 

Impact on Wildlife 48 

  49 
Life on the planet has evolved to accommodate the 24-hour solar cycle of light and dark.  Human 50 

imposition of light at night and disruption of the natural dark-light cycle represents a dramatic 51 
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change to the environment.
108

  Study of the effects of light at night on animal and plant life is in the 1 

early stages, but the entire spectrum of life, including animal, plant, insect, and aquatic species, 2 
may be affected.   3 

 4 

About 30% of all vertebrate species and 60% of invertebrate species on Earth are nocturnal and 5 

depend on dark for foraging and mating.
108

  Documented wildlife destruction by light at night has 6 
been evident in bird species, which fly into lit buildings at night in enormous numbers when 7 

migrating, and in the disruption of migration and breeding cycles in amphibians.
108-111

  The most 8 

studied case in reptiles involves sea turtle hatchlings on the coast of Florida, which historically 9 
have scurried from their nest directly to the ocean.  With increased development along the coast, 10 

and attendant increased electric lighting at night, these hatchlings become confused and often 11 

migrate away from shore to the lights.  Hundreds of thousands of hatchlings are believed to have 12 
been lost as a result of this stray electric lighting at night in Florida.

109
  Furthermore, many billions 13 

of insects are lost to electric light annually, which reduces food availability for other species in 14 

addition to unnecessarily reducing living biomass.  It is concerning that light at night also may be 15 

vector attractant for diseases such as malaria.
112

   16 
  17 

The circadian biology of plants is as robust as animals, and the impact of light at night on plant life 18 

may also be considerable due to the role of light in photosynthesis and the fact that many plants are 19 
pollinated at night.

113,114 
20 

 21 

POLICY AND PUBLIC HEALTH IMPLICATIONS OF LIGHT AT NIGHT  22 
 23 

Some responses to public health concerns associated with light-at-night exposures are readily 24 

apparent, such as developing and implementing technologies to reduce glare from vehicle 25 

headlamps and roadway lighting schemes, and developing lighting technologies at home and at 26 
work that minimize circadian disruption, while maintaining visual efficiency and aesthetics.  27 

Additionally, clinical studies support efforts to reduce child and adolescent night-time exposure 28 

from exogenous light derived from various media sources, especially in the bedroom environment.  29 
Recommendations to use dim lighting in residences at night raise issues for elderly patients.  The 30 

American Geriatrics Society recommends ensuring well lit pathways within households to reduce 31 

the incidence of falls in elderly patients.
115   

32 

 33 
Individuals who are subject to shift work experience disrupted circadian rhythms, fatigue, and 34 

cognitive dysfunction.  Many industries, including hospitals, require a 24-hour workforce.  The 35 

American College of Occupational and Environmental Medicine has established guidelines to 36 
address fatigue risk management in the workplace.

116
  In healthcare workers, such as nurses who 37 

experience rapidly rotating shifts, brief morning light exposure improves subjective symptoms and 38 

performance.
117  

The judicious use of bright light and/or melatonin supplements can improve 39 
adaptation to permanent, long-term night work.

118 
40 

 41 

SUMMARY AND CONCLUSIONS 42 

 43 
The natural 24-hour cycle of light and dark helps maintain precise alignment of circadian 44 

biological rhythms, the general activation of the central nervous system and various biological and 45 

cellular processes, and entrainment of melatonin release from the pineal gland.  Pervasive use of 46 
nighttime lighting disrupts these endogenous processes and creates potentially harmful health 47 

effects and/or hazardous situations with varying degrees of harm.  The latter includes the 48 

generation of glare from roadway, property, and other artificial lighting sources that can create 49 
unsafe driving conditions, especially for older drivers.  Current AMA policy advocates that all 50 

future outdoor lighting be of energy efficient designs to reduce energy use and waste.  Future 51 

0134



 CSAPH Rep. 4-A-12 -- page 12 of 25 

 

 

streetlights should incorporate fully shielded or similar non-glare design to improve the safety of 1 

our roadways for all, but especially vision impaired and older drivers. 2 
 3 

More direct health effects of nighttime lighting may be attributable to disruption of the sleep-wake 4 

cycle and suppression of melatonin release.  Even low intensity nighttime light has the capability of 5 

suppressing melatonin release.  In various laboratory models of cancer, melatonin serves as a 6 
circulating anticancer signal and suppresses tumor growth.  Limited epidemiological studies 7 

support the hypothesis that nighttime lighting and/or repetitive disruption of circadian rhythms 8 

increases cancer risk; most attention in this arena has been devoted to breast cancer.  The quality 9 
and duration of sleep and/or period of darkness affect many biological processes that are currently 10 

under investigation.  Further information is required to evaluate the relative role of sleep versus the 11 

period of darkness in certain diseases or on mediators of certain chronic diseases or conditions 12 
including obesity.  Due to the nearly ubiquitous exposure to light at inappropriate times relative to 13 

endogenous circadian rhythms, a need exists for further multidisciplinary research on occupational 14 

and environmental exposure to light-at-night, the risk of cancer, and exacerbation of chronic 15 

diseases. 16 
 17 

RECOMMENDATIONS 18 

 19 
The Council on Science and Public Health recommends that the following statements be adopted 20 

and the remainder of the report be filed: 21 

 22 
That our American Medical Association: 23 

 24 

1. Supports the need for developing and implementing technologies to reduce glare from vehicle 25 

headlamps and roadway lighting schemes, and developing lighting technologies at home and at 26 
work that minimize circadian disruption, while maintaining visual efficiency. (New HOD 27 

Policy) 28 

 29 
2. Recognizes that exposure to excessive light at night, including extended use of various 30 

electronic media, can disrupt sleep or exacerbate sleep disorders, especially in children and 31 

adolescents.  This effect can be minimized by using dim red lighting in the nighttime bedroom 32 

environment. (New HOD Policy) 33 
 34 

3. Supports the need for further multidisciplinary research on the risks and benefits of 35 

occupational and environmental exposure to light-at-night. (New HOD Policy) 36 
 37 

4. That work environments operating in a 24/7 hour fashion have an employee fatigue risk 38 

management plan in place. (New HOD Policy) 39 
 40 

5. That Policy H-135.937 be reaffirmed.  (Reaffirm HOD Policy) 41 

 

Fiscal Note:  Less than $500 
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Figure 1.  Stray light in the ocular media 
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Appendix 

 
DeBoer Scale 

 

DeBoer 

Numerical 
Rating 

Glare Intensity 

1 Unbearable 

3 Disturbing 

5 Just Admissible 

7 Satisfactory 

9 Unnoticeable 
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Addendum 

Molecular and Cellular Basis for Photoreceptive Regulation of Circadian and Neuroendocrine 

System Function 

In the past decade, there has been an upheaval in the understanding of photoreceptive input to the 
human circadian and neuroendocrine systems.  A study on healthy human subjects confirmed that 

the three-cone system that mediates human vision during the daytime is not the primary 

photoreceptor system that transduces light stimuli for acute melatonin suppression.
119

  That 
discovery was rapidly followed by the elucidation of two action spectra in healthy human subjects 

that identified 446-477 nm as the most potent wavelength region for melatonin suppression.
3,4

  To 

date, ten published action spectra have examined neuroendocrine, circadian, and neurobehavioral 
responses in humans, monkeys, and rodents.  The action spectra demonstrate peak sensitivities in 

the blue region of the visible spectrum, with calculated peak photosensitivities ranging from 459 

nm to 484 nm.
120-122

  Further, a set of studies has confirmed that shorter wavelength, 

monochromatic light is more potent than equal photon densities of longer wavelength light for 
evoking circadian phase shifts, suppressing melatonin, enhancing subjective and objective 

correlates of alertness, increasing heart rate, increasing body temperature, and inducing expression 

of the circadian clock gene Per2 in humans.
19,20,123-126

 

Studies using both animal and human models are clarifying the neuroanatomy and neurophysiology 

of the photosensory system that provides input for circadian, neuroendocrine, and neurobehavioral 
regulation.  A recently discovered photopigment, named melanopsin, has been localized both in the 

retinas of rodents and humans.
127

  More specifically, melanopsin is found in a subtype of 

intrinsically photoreceptive retinal ganglion cells (ipRGCs).
128,129

  These light sensitive ganglion 

cells project to nuclei and regions of the central nervous system that mediate the biological and 
behavioral effects of light.

130,131
  Although ipRGCs provide the strongest input for regulation of 

biology and behavior, studies on genetically manipulated rodents, normal monkeys, and humans  

demonstrate that the visual rod and cone photoreceptors integrate into this physiology.
5,132-134

  
Continued advances in understanding the physiology of this phototransduction will undoubtedly 

yield further insights into potential health impacts of electric lighting. 
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Meteorological Satellite Program. We obtained individual data regarding outdoor

ALAN; body mass index; depression; and sleep health including sleep duration, mid-

sleep time, and insomnia; and other demographic data including age, sex, educational

level, type of residential building, monthly household income, alcohol consumption,

smoking status and consumption of ca�eine or alcohol before sleep. A logistic

regression model was used to investigate the association between outdoor ALAN and

obesity. The prevalence of obesity di�ered signi�cantly according to sex (women 47%

versus men 39%, p < 0.001) and outdoor ALAN (high 55% versus low 40%, p < 0.001).

Univariate logistic regression analysis revealed a signi�cant association between high

outdoor ALAN and obesity (odds ratio [OR] 1.24, 95% con�dence interval [CI] 1.14–

1.35, p < 0.001). Furthermore, multivariate logistic regression analyses showed that

high outdoor ALAN was signi�cantly associated with obesity after adjusting for age and

sex (OR 1.25, 95% CI 1.14–1.37, p < 0.001) and even after controlling for various other

confounding factors including age, sex, educational level, type of residential building,

monthly household income, alcohol consumption, smoking, consumption of ca�eine

or alcohol before sleep, delayed sleep pattern, short sleep duration and habitual

snoring (OR 1.20, 95% CI 1.06–1.36, p = 0.003). The �ndings of our study provide

epidemiological evidence that outdoor ALAN is signi�cantly related to obesity.

KEYWORDS: Arti�cial light at night, chronotype, insomnia, obesity, sleep duration, sleep

health, snoring
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E N V I R O N M E N T

The Dark Side of LED Lightbulbs

September 15, 2012

Credit: Getty Images

Dear EarthTalk: Are there health or environmental concerns with LED lightbulbs,
which may soon replace compact fluorescents as the green-friendly light bulb of
choice?—Mari-Louise, via e-mail

Indeed, LED (light emitting diode) lighting does seem to be the wave of the future right now,
given the mercury content and light quality issues with the current king-of-the-hill of green
bulbs, the compact fluorescent (CFL). LEDs use significantly less energy than even CFLs, and do

t t i A d th b i i ll titi ith CFL t th i t f
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not contain mercury. And they are becoming economically competitive with CFLs at the point of
purchase while yielding superior quality lighting and energy bill savings down the line.

But LEDs do have a dark side. A study published in late 2010 in the journal Environmental
Science and Technology found that LEDs contain lead, arsenic and a dozen other potentially
dangerous substances. LEDs are touted as the next generation of lighting,” says Oladele
Ogunseitan, one of the researchers behind the study and chair of the University of California
(UC)-Irvine’s Department of Population Health & Disease Prevention. “But as we try to find
better products that do not deplete energy resources or contribute to global warming, we have to
be vigilant [about] toxicity hazards….”

E B O O K

Lights Out: How It All Ends
$ 4 . 9 9
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Ogunseitan and other UC-Irvine researchers tested several types of LEDs, including those used
as Christmas lights, traffic lights, car headlights and brake lights. What did they find? Some of
the worst offenders were low-intensity red LEDs, which were found to contain up to eight times
the amount of lead, a known neurotoxin, allowed by California state law and which, according to
researchers, “exhibit significant cancer and noncancer potentials due to the high content of
arsenic and lead.” Meanwhile, white LEDs contain the least lead, but still harbor large amounts
of nickel, another heavy metal that causes allergic reactions in as many as one in five of us upon
exposure. And the copper found in some LEDs can pose an environmental threat if it
accumulates in rivers and lakes where it can poison aquatic life.

Lightbulb
Frenzy in the
21st Century

Read more from this special report:

Lightbulb Frenzy in the 21st Century

Ogunseitan adds that while breaking open a single LED and breathing in its fumes wouldn’t
likely cause cancer, our bodies hardly need more toxic substances floating around, as the
combined effects could be a disease trigger. If any LEDs break at home, Ogunseitan recommends
sweeping them up while wearing gloves and a mask, and disposing of the debris — and even the
broom — as hazardous waste. Furthermore, crews dispatched to clean up car crashes or broken
traffic lights (LEDs are used extensively for automotive and traffic lighting) should wear
protective clothing and handle material as hazardous waste. LEDs are currently not considered
toxic by law and can be disposed of in regular landfills.

According to Ogunseitan, LED makers could easily reduce the concentrations of heavy metals in
their products or even redesign them with truly safer materials, especially if state or federal
regulators required them to do so. “Every day we don’t have a law that says you cannot replace
an unsafe product with another unsafe product, we’re putting people’s lives at risk,” he
concludes. “And it’s a preventable risk.”

Of course, we all need some kind of lighting in our lives and, despite their flaws, LEDs may still
be the best choice regarding light quality, energy use and environmental footprint. That said,
researchers are busy at work on even newer lighting technologies that could render even today’s
green choices obsolete.

CONTACT: UC-Irvine study, www.pubs.acs.org/doi/abs/10.1021/es101052q?
S h i i % Bl d
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EarthTalk® is written and edited by Roddy Scheer and Doug Moss and is a registered
trademark of E - The Environmental Magazine (www.emagazine.com). Send questions
to: earthtalk@emagazine.com. Subscribe: www.emagazine.com/subscribe. Free Trial
Issue: www.emagazine.com/trial.
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LEDs: ANSES’s recommendations for limiting exposure to
blue light

News of 14/05/2019

Now that the use of LEDs for lighting has become widespread and the number of LED objects has proliferated, ANSES is
publishing an update of its 2010 expert appraisal on the health effects of LEDs in light of new scientific knowledge. The
Agency confirms the toxicity of blue light on the retina and highlights the biological rhythm and sleep disruption associated
with exposure to blue light in the evening or at night, particularly via screens and especially for children. The Agency
therefore recommends limiting the use of LED devices with the highest blue-light content, especially for children, and
reducing light pollution as much as possible to preserve the environment.

Against a backdrop of energy-saving policies and the phasing-out of traditional lamps (incandescent and halogen lamps), LEDs have
seen strong growth due to their energy-efficient performance. In a few decades, therefore, the population's exposure to blue light has
increased sharply, especially in the evening with artificial lighting or screens rich in blue light. This is due to the unique technological
characteristics of LEDs, which enable them to emit more short-wavelength light, known as "blue-rich". This lighting is more intense than
other light sources, and can have effects on human health and the environment.

When this technology was initially deployed, ANSES's first expert appraisal underlined the retinal toxicity of the blue light contained in
LED lighting systems and recommended adapting the regulatory and normative framework. As a result, for domestic lighting, only LED
lamps in risk groups 0 or 1 (in accordance with the NF-EN-62471 standard on photobiological safety) are currently accessible to the
general public. The most at-risk lighting systems (groups 2 and 3) are reserved for professional use under conditions that guarantee
worker safety.

Today, ANSES is publishing a new expert appraisal covering all LED systems and taking into account all the scientific data acquired
since 2010.

Demonstration of new effects associated with the blue light of LEDs
The new scientific data confirm the 2010 result regarding the toxicity of blue light to the eye, which can lead to failing eyesight. They
show short-term phototoxic effects associated with acute exposure and long-term effects associated with chronic exposure, which
increase the risk of developing age-related macular degeneration (ARMD). "Warm white" domestic LED lighting is no different from
traditional lighting and has a low risk of phototoxicity. On the other hand, other types of LED lighting systems, such as hand-held lamps,

0160
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FOR MORE INFORMATION

ANSES OPINION on the “effects on human health and the environment (fauna and flora) of
systems using light-emitting diodes (LEDs)”

Press kit

vehicle lights, decorations or toys, may emit particularly blue-rich light and belong to risk group 2, and yet they are not covered by the
current regulations.

In addition, the expert appraisal showed that even very low levels of exposure to blue light in the evening or at night disrupt biological
rhythms and therefore sleep. ANSES stresses that the screens of computers, smartphones and tablets are major sources of blue-rich
light, and children and adolescents, whose eyes do not fully filter blue light, are a particularly susceptible population.

The expert appraisal also showed that a high proportion of LED lamps have significant variations in light intensity. Some groups of
people, such as children, adolescents and workers, may be more susceptible to the potential effects of this light modulation:
headaches, visual fatigue, risk of accidents, etc.

Adapt the regulations and improve the information provided to the public about the risks
associated with exposure to blue light
In view of the results of its expert appraisal, ANSES is making a series of recommendations to limit the population's exposure to blue
light. The Agency reiterates the importance of favouring "warm white" domestic lighting (colour temperature below 3000 K). To prevent
the disruptive effect on biological rhythms, it recommends limiting the exposure of people – children in particular – to the blue-rich light
of LED screens (mobile phones, tablets, computers, etc.) before bedtime and at night.

In addition, ANSES recommends adapting the regulatory framework for all LED systems, particularly in order to:

restrict the sale of LED objects to the general public to those in photobiological risk group 0 or 1;

limit the light intensity of vehicle lights, while guaranteeing road safety;

minimise the temporal modulation of the light emitted by all light sources (lighting, screens, other LED objects).

Moreover, with regard to the protective devices available to the general public, such as treated lenses, protective glasses or specific
screens, the Agency stresses that their effectiveness against the effects of blue light on the retina varies widely. Moreover, their
effectiveness at preserving circadian rhythms has not yet been proven. ANSES encourages the establishment of standards defining
performance criteria for protective equipment in relation to blue light.

An impact on biodiversity and the environment
Concerning the environment, the available studies mainly focus on artificial light at night in general and not specifically on LEDs.
Regardless of the studied ecosystem, scientific knowledge consistently shows an increase in mortality and a decline in the diversity of
the animal and plant species studied in environments lit at night, including by LED lighting systems. The Agency recommends
strengthening regulations to limit light pollution, while ensuring public safety.
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The Director General 

Maisons-Alfort, 5 April 2019 

OPINION 
of the French Agency for Food, Environmental 

and Occupational Health & Safety 

on the “effects on human health and the environment (fauna and flora) of systems using 
light-emitting diodes (LEDs)” 

ANSES undertakes independent and pluralistic scientific expert assessments. 

ANSES primarily ensures environmental, occupational and food safety as well as assessing the potential health risks they 

may entail. 

It also contributes to the protection of the health and welfare of animals, the protection of plant health and the evaluation 

of the nutritional characteristics of food. 

It provides the competent authorities with all necessary information concerning these risks as well as the requisite expertise 
and scientific and technical support for drafting legislative and statutory provisions and implementing risk management 

strategies (Article L.1313-1 of the French Public Health Code).  

Its opinions are published on its website. This opinion is a translation of the original French version. In the event of any 
discrepancy or ambiguity the French language text dated 5 April 2019 shall prevail. 

On 19 December 2014, ANSES received a formal request from the Directorate General for Health, 
Directorate General for Labour, Directorate General for Risk Prevention and Directorate General for 
Competition, Consumer Affairs and Fraud Control to undertake an expert appraisal assessing the 
effects on human health and the environment (fauna and flora) of systems using light-emitting diodes 
(LEDs). 

1. BACKGROUND AND PURPOSE OF THE REQUEST

The objective of the expert appraisal undertaken by ANSES was to update knowledge on the health 
effects related to exposure to lighting systems using LEDs. The request focused more specifically 
on assessing the risks associated with exposure to LED systems for the general population and 
workers, distinguishing between the different types of applications of LED lighting systems and 
objects (domestic lighting, professional uses, vehicle lights, toys, screens, etc.) and taking into 
account real situations of exposure. Moreover, a review of the potential environmental risks 
associated with these systems throughout their life cycle was requested.  
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Pursuant to Directive 2005/32/EC on the eco-design of energy-using products, known as the “EuP” 
Directive, the planned withdrawal of incandescent lamps (spread out between 2009 and 2012) and 
conventional halogen lamps (set for September 2018) from the lighting market has led to a sharp 
increase in LED lighting systems on the consumer market, thus increasing the population's exposure 
to lighting systems using this technology. The scope of LED systems has expanded: it now includes 
not only a large number of applications for professional use, but also applications for public use 
including displays and signs, as well as certain objects and devices (toys, decorative objects, etc.), 
backlighting in screens (mobile telephones, tablets, televisions, etc.) and indoor and outdoor lighting.  

When publishing its first Opinion on the health effects associated with LEDs (ANSES’s collective 
expert appraisal report published in 20101), the Agency drew attention to the retinal toxicity of blue 
light. Indeed, LEDs are unique in that they emit light rich in short wavelengths: this is known as blue-
rich light. On this occasion, ANSES issued recommendations relating, among other things, to the 
placing on the market of LEDs and the provision of information to consumers.  

The potential health effects associated with exposure to the light emitted by LEDs are now better 
documented. Since the Opinion issued by the Agency in 2010, new experimental data, obtained in 
animals in particular, have been published regarding the phototoxicity associated with long-term 
exposure to blue light. New data have also been published relating to the disruptive effects of blue 
light on the biological clock, glare, and the health effects associated with temporal light modulation 
(light-intensity fluctuations in lighting that may be visually perceived depending on frequency). 
Regarding the possible effects on the environment, there are data that raise questions about 
potentially induced imbalances in ecosystems, which may have consequences for fauna and flora 
as well as for humans and human health.  

Adding or substituting artificial light to/for natural sunlight raises the issue of the potential health 
effects this may cause, due to the accumulation or modification of the lighting environment. Over the 
past few decades, humans have considerably increased their exposure to blue light in the evening 
with artificial lighting and backlights rich in blue light. Previously, the lighting systems used had 
tended to be yellow-orange in colour (candles, incandescent lamps). 

The update of the expert appraisal considered all of the effects on human health and the environment 
(fauna and flora) that could be associated with exposure to the light of LED lamps.  

2. ORGANISATION AND METHODOLOGY OF THE EXPERT APPRAISAL 

This expert appraisal falls within the sphere of competence of the Expert Committee (CES) on 
“Physical agents, new technologies and development areas”. The Agency mandated a Working 
Group of experts, entitled “Health effects of LED systems”, to undertake this expert appraisal under 
the leadership of the CES.  

Working Group 

The Working Group was formed following a public call for applications issued on 28 April 2015. The 
experts in this group were selected for their scientific and technical skills in the areas of physics, 
optical radiation metrology, vision, ophthalmology, chronobiology, biology, the environment and 
lighting regulations. The Working Group was created in September 2015. It met 25 times in plenary 
sessions between September 2015 and May 2018.  

1 https://www.anses.fr/fr/system/files/AP2008sa0408.pdf. 
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External contributions 

To make up for the lack of data relating to the characterisation of exposure to LED systems, three 
studies were financed by the Agency. 

Characterisation of the artificial lighting systems available on the French market 

First of all, a research and development agreement was drawn up between the Agency and the 
French National Consumer Institute (INC) in order to conduct an updated comparative study of the 
technical properties of various lighting systems available on the market. 

Documentation of exposure to light in populations 

The implementation of a second study was entrusted to the French Scientific and Technical Centre 
for Building (CSTB), in order to characterise the population’s exposure to various artificial lighting 
and LED systems, in real conditions of exposure. A software program developed to that end enabled 
light exposure to be assessed for several exposure scenarios (children, workers, elderly people, 
etc.). 

Assessment of blue-light protection systems intended for the general public 

A third study was undertaken with the CSTB to assess the blue-light filtration capacities of protective 
devices intended for the general public (screen filters, treated lenses, blocking glasses, software 
protection).  

Collective expert appraisal 

The methodological and scientific aspects of the expert appraisal work were regularly submitted to 
the CES. The report produced by the Working Group takes account of the observations and 
additional information discussed with the CES members. This expert appraisal was therefore 
conducted by a group of experts with complementary skills. It was carried out in accordance with the 
French Standard NF X 50-110 “Quality in Expertise Activities”. 

Interests declared by the experts were analysed by ANSES before they were appointed and 
throughout their work in order to prevent risks of conflicts of interest in relation to the points 
addressed in the expert appraisal. The experts’ declarations of interests have been made public via 
the ANSES website: http://www.anses.fr 

Expert appraisal methodology 

Literature search and analysis 

The collective expert appraisal was mainly based on a critical analysis and summary of the data 
published in the scientific literature (articles, reports, etc.). The literature search was thus undertaken 
for the period from January 2010 to July 2017. 

The results of the studies financed by ANSES to supplement knowledge of protective devices and 
exposure to artificial light in populations were taken into account in the expert appraisal. 

The Working Group also interviewed external experts and figures, as well as representatives from 
the lighting industry and environmental protection associations, inviting them to contribute 
information and data supplementing the data available for the expert appraisal. 

Assessment of the level of evidence for health effects 

For each studied health effect, the results of the available studies undertaken in humans on the one 
hand and animals on the other hand were considered separately to characterise the evidence 
provided regarding the connection between exposure to LED light, in particular blue-rich light, and 
the occurrence of the health effect. In the end, the evidence for humans and animals was combined 
in order to establish an overall assessment of the level of evidence for the health effect of exposure 
to LED light, classifying it into one of the following categories:  

 proven effect; 

 probable effect; 
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 possible effect; 

 it is not possible to conclude from the available data as to whether or not there is an effect; 

 probably no effect. 

Characterisation of exposure 

The lack of literature data dealing with the population's exposure to LED technologies led ANSES to 
finance specific measurement campaigns, in particular to describe the type and quantity of light 
emitted by LED systems used on a daily basis (e.g. lamps, objects featuring LEDs, vehicle 
headlamps, and computer, tablet and mobile telephone screens). Exposure to blue-rich light, 
especially via LED systems, was assessed as part of life scenarios, thanks to measurements taken 
in situ in specific environments.  

Table 1 in the Annex summarises the main physical quantities used in particular to quantify 
emissions and exposure in the area of lighting. 

Assessment of risks to human health 

By combining the assessment of the level of evidence for health effects obtained from the analysis 
of the scientific articles and the data from the exposure scenarios, the expert appraisal sought to 
characterise the potential risks to humans associated with exposure to systems using LEDs. Thus, 
the Working Group classified risks of occurrence of health effects in humans into four levels as 
defined below: 

 high risk; 

 moderate risk; 

 low risk; 

 no predictable risk. 

The collective expert appraisal report describes the methodology used to assess the level of 

evidence for the studied effects as well as the qualitative assessment of the related risks. 

3. ANALYSIS AND CONCLUSIONS OF THE CES  

The Expert Committee on “Physical agents, new technologies and development areas” adopted the 
collective expert appraisal work and its conclusions and recommendations as described in this 
summary at its meeting of 23 November 2018 and informed the ANSES General Directorate 
accordingly.  

3.1 Specific characteristics of the light emitted by LED lamps 

The specific characteristics of LEDs are related to the type of radiation emitted on the one hand and 
to the physical properties of the lamps using this technology on the other hand. 

Firstly, the light spectrum emitted by LEDs can be richer in blue light (there are lamps with very high 
colour temperatures2 of above 6000 K, supplying extremely blue-rich light) and poorer in red light 
than most other natural and artificial light sources. The additional blue light in the LED spectrum 
compared to other light sources (spectral imbalance) raises the issue of the effects of light from LED 
lamps on the retina (phototoxic effects) and on circadian rhythms and sleep (melanopic effects). The 
lack of red light in LEDs may also deprive individuals of the potential photoprotective effects of this 

2 Colour temperature is a way to characterise light sources in comparison with an ideal material emitting light 
only under the influence of heat. The temperature of the black body whose visual appearance is closest to that 
of the light source is expressed in Kelvins (a unit of the international system whose symbol is K).  
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radiation, especially during the physiological emmetropisation3 process that takes place during 
childhood. 

Secondly, due to their high luminance4 and small emission areas, LED lights can produce more glare 
than light emitted by other technologies (incandescent, compact fluorescent, halogen lamps, etc.). 
This can especially be the case with LED matrices (small LED aggregates on the same base), LED 
spotlights, vehicle lights and hand-held lamps. 

Lastly, LEDs are highly reactive to current fluctuations. Thus, variations in light intensity can appear 
depending on the quality of the power supply. These phenomena are grouped under the term 
“temporal light modulation”. Humans can suffer from the negative effects of these variations, whether 
or not they are visually perceptible.  

3.2 Changes in regulations and standards since 2010 

3.2.1 Regulations and standards relating to the phototoxicity of light 

o Exposure limits  

Regarding exposure to optical radiation and photobiological safety in particular, the International 
Commission on Non-Ionizing Radiation Protection (ICNIRP) published new guidelines on exposure 
to visible and infrared optical radiation in 2013 (ICNIRP, 2013)5. The blue-light exposure limits, which 
remained the same as those proposed in 1997, only involved acute exposure (single, continuous 
exposure for less than eight hours).  

o Regulatory texts governing uses of devices, lighting products and artificial optical 
radiation applicable to LEDs in particular 

- General population 

The European “Low Voltage” Directive (2014/35/EU) aims to ensure that the electrical equipment on 
the European market meets requirements providing a high level of protection of health and safety. 
Manufacturers can rely on their products’ compliance with harmonised standards to meet the 
essential requirements of this directive. 

However, portable lighting systems (hand-held lamps, head torches) do not fall within the scope of 
the Low Voltage Directive. Nevertheless, they use LED sources that can have very high light 
intensities.  

Similarly, for vehicle lighting (exterior lamps), there are no regulations intended to guarantee 
photobiological safety, for example by limiting the emission intensities of lamps or human exposure. 

The case of toys using LEDs is not adequately covered by the European Directive on the safety of 
toys (2009/48/EC), since it refers, for health-related risks, to the standard on the safety of laser 
products (IEC 608251-1), which is not suited to LED lighting. This standard also does not consider 
the fact that the eyes of children are more sensitive to blue light due to a clearer lens. 

- Workers  

European Directive 2006/25/EC of 5 April 2006 on the minimum health and safety requirements 
regarding the exposure of workers to the risks arising from physical agents (artificial optical radiation 
- AOR) includes risk related to blue light. For this specific risk, it relies on the ICNIRP guidelines 

3 Emmetropisation is the process of normal ocular development leading to the formation of a sharp image on 
the retina. 

4 Luminance is a quantity corresponding to the perceived brightness of an area. A very bright area has high 
luminance, while a completely black area has zero luminance. 

5 ICNIRP Guidelines on Limits of Exposure to Incoherent Visible and Infrared Radiation, published in: Health 

Physics 105(1):74‐96;2013. 
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published in 1997. In France, the AOR Directive was transposed into the Labour Code by decree in 
20106. A ministerial order from 20167 defines risk assessment methods based on European 
standards relating to human exposure to optical radiation. 

o Standards 

The standards relating to the assessment of photobiological safety (CIE S009, IEC 62471 and 
NF EN 62471) refer to the ICNIRP limit values and propose that lamps be classified into risk groups: 
risk group 0 (no risk), risk group 1 (low risk), risk group 2 (moderate risk) and risk group 3 (high risk).  

In 2014, a technical report (IEC TR 62778:2014) accompanying the NF EN 62471 standard was 
published by the International Electrotechnical Commission (IEC). This report describes a method 
for assessing the photobiological risk group in the case of blue light. It includes several of ANSES's 
recommendations, in particular a procedure for transferring the risk group of an individual LED to an 
LED module and a finished product (luminaire), as well as the specification of a minimum viewing 
distance for people exposed to light sources in risk group 2 or higher.  

Since 2015, harmonised lighting standards have included photobiological safety requirements8 
limiting the possible effects of radiation on eyes and skin. A distinction is made between lamps on 
the one hand and luminaires9 powered by the electrical grid (non-portable luminaires) on the other 
hand. Regarding lamps, the requirements consist in limiting the photobiological risk group to level 0 
or 1 in accordance with the NF EN 62471 standard. Regarding non-portable luminaires, there are 
no limits on the risk group; there is merely an obligation to inform consumers in the event of a risk 
group of 2 or higher10. 

3.2.2. Regulations and standards relating to other health effects 

There are currently no specific regulations dealing with effects related to circadian rhythm disruption, 
glare, or temporal light modulation. 

o Circadian rhythm disruption 

In 2004, the International Commission on Illumination (CIE) published a document, updated in 2009 
(CIE, 2009)11, defining spectral sensitivity curves for melanopsin12-containing retinal ganglion cells.  

o Glare 

The standards relating to glare have not changed since 2010. The lighting industry uses the glare 
ratings, in particular the Unified Glare Rating (UGR), defined by the CIE. The UGR formula was 
initially developed for interior luminaires equipped with fluorescent tubes. The validity of extending 
the use of the UGR to LED lighting systems is questionable. The CIE’s 2013 publication, “Review of 

6 Decree no. 2010-750 of 2 July 2010 concerning the protection of workers from risks due to artificial optical 
radiation, JORF no. 0153 of 4 July 2010, page 12149, text no. 11. 

7 Ministerial Order of 1 March 2016 concerning methods for assessing risks resulting from occupational 
exposure to artificial optical radiation, JORF no. 0066 of 18 March 2016, text no. 30. 

8 These requirements are specified in Standard NF EN 62560– Self-ballasted LED-lamps for general lighting 

services by voltage > 50 V – Safety specifications, and Standard NF EN 60598-1 Luminaires – Part 1: General 

requirements and tests (general part common to all luminaires). 
9 A luminaire is a combination of a lamp and a decorative element or a combination of several lamps. 

10 For non-portable luminaires belonging to risk group 2, the safety standards (for example, Standard 
NF EN 60598-1 on general requirements for luminaires) require the labelling of the threshold distance and the 
following statements: “the luminaire should be positioned so that prolonged staring into the luminaire at a 
distance closer than x m is not expected” and “do not stare at the light source”. 

11 CIE 158:2009: Ocular Lighting Effects on Human Physiology and Behaviour. 

12 Melanopsin is a photopigment contained in the retina and photosensitive ganglion cells. 
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Lighting Quality Measures for Interior Lighting with LED Lighting Systems” (CIE 205:2013), 
concluded that a new assessment system for glare was necessary for LED lighting.  

o Health effects related to temporal light modulation 

Since 2015, most standardisation organisations have produced new standards and technical 
documents or updated those already existing to describe phenomena involving temporal light 
modulation. However, there are no European or French regulations limiting the temporal modulation 
of the light emitted by lamps and luminaires. The regulations on lighting (in terms of eco-design and 
labelling) are currently being revised by the European Commission; aspects involving temporal light 
modulation are expected to appear in the text.  

3.3 Human health risks associated with exposure to LED light  

The human health risks associated with exposure to LED light are mainly due to the spectral 
composition of the light on the one hand and temporal light modulation on the other hand. 

Of the health effects of LEDs, those related to blue light, such as phototoxicity and circadian rhythm 
disruption, are highly dependent on the exposed person's age. Indeed, the lens acts as a blue-light 
filter in the eye and its transmittance changes considerably with age. Children are born with a clear 
lens, letting through all blue light, and reach an optimum filtration rate around the age of 20. A person 
over the age of 60 has a blue-light filtration rate around twice that of a 20-year-old.  

There is a distinction between light sources (or light objects) emitting blue light and objects that have 
a blue colour. In the first case, the light spectrum received by the eye is (often) enriched with blue 
light. The amount of light received by the retina in the blue band can be large and have phototoxic 
effects on the eye and a disruptive effect on biological rhythms. In the second case, the blue colour 
of the objects and surrounding materials, with conventional lighting, is due to the reflection of part of 
the spectrum and ends up absorbing some of the light. The intensity of the light source is diminished 
overall, and the perception of colour can have soothing effects. 

3.3.1. Circadian rhythm disruption, sleep disruption, and effects on cognitive performance 
and vigilance levels 

3.3.1.1 Hazard characterisation 

o Circadian rhythm disruption  

The light received by the retina has two main effects: it enables the formation of images (visual effect) 
and gives the body an idea of the time of day (non-visual effect). This non-visual effect involves 
melanopsin-containing retinal ganglion cells (mRGCs) that have specific spectral sensitivity: they are 
strongly stimulated by blue light, with peak sensitivity around 480 nm. These mRGCs send their 
messages to the suprachiasmatic nuclei of the hypothalamus, the seat of the central circadian clock. 
This central clock distributes the message to the rest of the body, in order to synchronise all of its 
biological functions with the day/night cycle. Thus, the adequate regulation of mRGC activity is 
essential for keeping the biological rhythms of organisms synchronised with their environment. The 
“melanopic” wavelength band (turquoise blue, 480-490 nm) is thus related to effects on circadian 
rhythmicity. 

The central biological clock determines the production of a hormone, called melatonin, whose 
secretion begins in the evening, around two hours before bedtime, and then reaches a peak towards 
the middle of the night before returning to very low and even undetectable levels in the morning and 
for the rest of the day. Thus, the daily rhythm of circulating melatonin concentrations is a reliable 
indicator of the biological clock's activity and disruptions.  

The effective synchronisation of the central circadian clock, and thus of the biological functions that 
depend on it, in particular wake/sleep rhythms, requires high light intensity during the day and total 
darkness at night. Current lifestyle habits, especially in urban environments, are increasingly tending 
to disrupt the natural daily light/dark cycle, with time spent indoors during the day (accompanied by 
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a decrease in light intensity) and exposure to multiple light sources (lighting, screens) in the evening 
and at night. 

There have been many different publications studying the disruption of circadian rhythms related to 
exposure to light in the evening or at night. The results of several experimental studies conducted in 
humans, during which people were subjected to blue-rich light from artificial lighting or screens 
(computers, telephones, tablets, etc.), were consistent and indicated that nocturnal melatonin 
synthesis was delayed or inhibited even by very low exposure to blue-rich light. 

The degree of circadian disruption seems to depend on the light intensity, the time and duration of 
exposure, and the individual's history of exposure to light during the day. However, a value of around 
10-40 lux or lower (a very low level that can be largely exceeded with domestic lighting) is sufficient 
to observe an impact on the circadian clock (illustrated by the suppression of nocturnal melatonin 
secretion).  

In conclusion, in light of the sufficient evidence provided by studies undertaken in humans, circadian 
rhythm disruption induced by exposure to blue-rich light during the evening or at night is considered 
as proven. 

Furthermore, experimental studies in animals have demonstrated that circulating melatonin in a 
mother crosses the placental barrier and enters the foetal circulation, which possesses melatonin 
receptors. Thus, maternal melatonin can impact foetal development, in particular the establishment 
of the circadian system. At night, maternal exposure to light modifies melatonin levels and induces 
a prenatal effect that appears to have consequences lasting into adulthood (effects on circadian 
rhythms, metabolic effects, etc.). It can reasonably be assumed that in humans, the effects of modern 
lighting at night on maternal melatonin secretion negatively impact in utero foetal development.  

The disruption of circadian rhythms is also associated with other health effects13 (disruption of sleep 
quality and quantity, metabolic disorders, increased risk of cancer - especially breast cancer, 
cardiovascular diseases, effects on mental health). However, the direct connection between 
exposure to blue-rich light in the evening or at night and the occurrence of these health effects, while 
strongly suspected, has not been proven to date in humans.  

o Sleep disruption 

Most of the available scientific studies show that blue light alters sleep regulation via circadian 
disruptions. The evidence provided by studies undertaken in humans is sufficient to conclude that 
exposure to blue-rich light during the evening has a proven effect on sleep onset latency and the 
duration and quality of sleep.  

o Effects on vigilance levels and cognitive performance 

Several studies have shown that exposure to blue light (from LEDs in particular) in the day or at night 
improves cognitive performance and enhances vigilance levels. A number of studies have focused 
on the effects of lighting, especially blue light, on the performance of night workers. The objective 
has been the short-term optimisation of vigilance and the reduction of sleepiness in order to reduce 
industrial and traffic accidents and enhance performance and productivity. These are major 
challenges for modern societies. However, the issue of potential health effects, due to a possible 
increase in the phototoxicity of light at night, has yet to be defined. 

13 Assessment of the health risks associated with night work, ANSES collective expert appraisal report, June 
2016. 
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3.3.1.2 Characterisation of LED light sources and exposure  

Exposure to blue light was studied in the “melanopic” band (turquoise blue, 480-490 nm) for effects 
on melatonin and circadian rhythms. 

The quantity of blue light emitted by an LED object can be estimated based on its colour temperature, 
expressed in Kelvins (K), and its level of illuminance on a surface, expressed in lux (especially at the 
plane of the eye). 

Measurement campaigns undertaken to describe the type and quantity of light emitted by LED 
systems showed that light emitted by screens of televisions, computers, mobile telephones or tablets 
had a low level of illuminance but was rich in blue light. LED computer screens had colour 
temperatures ranging from 4500 K to 6900 K and illuminance values at the plane of the eye ranging 
from 20 to 60 lux. For the LED screens of smartphones and electronic tablets, colour temperatures 
ranged from 4100 K to 7000 K and illuminance values at the plane of the eye from 2 to 10 lux. As for 
domestic lighting, the LED lamps available on the market can offer colour temperatures ranging from 
2500 K (low level of blue light) to 6900 K (very high level of blue light). 

Regarding human exposure to blue light in the melanopic band, no data were identified in the 
scientific literature. The light exposure scenarios developed for this expert appraisal, representing 
typical living conditions for various populations, showed that exposure in the melanopic band was 
similar with LED lighting with moderate levels of blue light (colour temperatures ranging from 2700 
K to 4000 K), compact fluorescent lamps and halogen lamps. Nevertheless, with life scenarios 
including “worst case” situations (LEDs with very high levels of blue light, colour temperatures of 
around 6500 K), exposure in the melanopic band was higher compared with other lighting 
technologies, regardless of the population in question. Moreover, the use of LED screens and objects 
is likely to increase exposure to blue light in the melanopic band.  

3.3.1.3 Health risk assessment 

Based on the available data, the risk of circadian rhythm disruption or sleep disruption related to 
exposure to LEDs cannot be precisely quantified. Nevertheless, in light of the above and based on 
a qualitative approach, the Working Group's experts consider that the risk of circadian disruption 
associated with exposure to blue-rich LED lights in the evening or at night is high.  

In particular, exposure before bedtime to LED lighting or screens from televisions or communication 
technologies enriched with blue light is likely to adversely affect sleep duration and quality and impact 
cognitive functions.  

3.3.1.4 Susceptible population groups 

The available studies have shown even stronger effects of delayed bedtimes, due to the impairment 
of non-visual functions, in particular melatonin suppression, in children, adolescents and young 
adults (before the age of 20). An obvious factor is the higher lens clarity of young people, causing 
more light to pass through than for adults. In addition to the widespread use of devices with LED 
screens by adolescents, the behavioural, hormonal and circadian changes occurring in this phase 
of life (increase in the endogenous period of the circadian cycle) are probably also involved. 

More generally, several population groups were identified as being more specifically susceptible to 
the risk of circadian and sleep disruption associated with exposure to LEDs: 

 infants, children, adolescents and young adults (due to a clear lens); aphakic (with no lens) 
and pseudophakic (with an artificial lens) individuals; 

 pregnant women (potential health effects on the unborn child); 

 night workers14; 

14 Night workers are particularly susceptible since their exposure to LED lighting is potentially high. 
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 people with ocular diseases or anomalies, and people with sleep disorders. 

3.3.2 Ocular effects and diseases 

3.3.2.1 Hazard characterisation 

Phototoxicity is a mechanism of light-induced cellular damage that can lead to cell death. Exposure 
to intense and acute light is phototoxic since it causes the irreversible loss of retinal cells, which can 
lead to partial and permanent (scotoma15, decrease in visual field, reduced resolution) or total 
(blindness) vision loss. Chronic exposure to low-intensity phototoxic lights speeds up the ageing of 
retinal tissues, potentially leading to vision loss and degenerative diseases such as age-related 
macular degeneration (ARMD).  

Regarding the toxic effects of blue-rich light on the eye, the available data show that: 

 the retinal phototoxicity of acute (for less than eight hours) exposure to blue-rich light is 
proven; 

 the contribution of chronic (for several years) retinal exposure to blue-rich light to the 
occurrence of ARMD is proven; since the long-term ocular effects of artificial lighting have 
not been studied to date, these conclusions are based on epidemiological studies taking into 
account exposure to sunlight (blue-rich light); 

 in addition to the received phototoxic dose, the time of exposure plays a major role. Some 
experimental studies, currently limited to animals, have demonstrated increased retinal 
vulnerability to phototoxicity at night, due to a daily photosensitivity rhythm and disruptive 
effects on the endogenous retinal clock. 

Numerous studies have shown that the exposure limits (ELs) selected by ICNIRP for the retinal 
toxicity of light are not sufficiently protective. Some authors (Hunter et al., 2012)16 have considered 
that to be protective, these ELs would need to decrease by a factor of 20. In addition, the expert 
appraisal provided an opportunity to highlight that these ELs are only proposed for acute exposure 
(for less than eight hours) and ignore the issue of long-term exposure. The experts also mentioned 
the existence of new UV-LED systems17 that may pose phototoxic risks. 

Furthermore, the review of the scientific literature on myopia and Sjögren syndrome18 led to the 
following conclusions:  

 the effect of blue-rich light on myopia is possible (whether positive or negative); 

 the effect of blue-rich light on the occurrence of Sjögren syndrome is possible. 

3.3.2.2 Characterisation of LED light sources and exposure 

Exposure to blue light was studied in the “phototoxic” band (deep blue, 450-470 nm).  

The physical measurements taken as part of this expert appraisal showed that some of the tested 
LED lighting devices (hand-held lamps, head torches, toys and certain vehicle lights - especially 
dipped-beam headlamps, etc.) emit blue-rich light (devices classified in risk group 2, maximum 
anticipated exposure duration of less than 100 s, according to the exposure limits defined by 

15 A break in the field of vision due to insensitive retinal areas. 

16 Hunter, Jennifer J., Jessica I. W. Morgan, William H. Merigan, David H. Sliney, Janet R. Sparrow, and David 
R. Williams. 2012. The Susceptibility of the Retina to Photochemical Damage from Visible Light. Progress in 
Retinal and Eye Research 31 (1): 28-42.  
17 New generation of LEDs whose blue-light peak is shifted to the ultraviolet region (around 410 nm). 

18 Sjögren syndrome involves lacrimal system dysfunction causing dryness on the surface of the eye (cornea, 
conjunctiva, etc.). This syndrome is characterised by ocular discomfort with tingling sensations or an 
impression of a foreign body in the eye. 
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ICNIRP). Some telephone screens and electronic tablets using LED technology emit fairly low-
intensity but systematically blue-rich light. It should also be noted that decorative blue LEDs have 
emerged on the market and that LEDs are being used in a growing number of applications (e.g. in 
agricultural lighting systems, to light up aquariums, etc.). 

Adding artificial lighting to natural lighting is likely to modify the ocular doses received by the cornea 
and retina in the phototoxic band (up to a 50% increase). Comparing the contributions of LED lighting 
systems and other lighting technologies to overall human exposure according to defined scenarios 
produced the following results: 

 in general, LED lighting systems increase the imbalance in wavelengths in favour of blue light 

compared to red light, in comparison with other lighting systems, at the same colour 

temperature; 

 exposure in the phototoxic band is even higher when colour temperature is high (blue-rich 

light), regardless of the lighting technology (LED or otherwise). 

Regarding the phototoxic dose received by the retina, the results of the examination of exposure 
scenarios showed that LEDs were only different from other technologies in the “worst case” scenario, 
in which the LED lighting systems used had very high levels of blue light (high colour temperatures 
of around 6500 K). Even so, the experts underline that this “worst case” scenario can correspond to 
the situations of certain people with very low exposure to natural light who are subjected to blue-rich 
lighting in their workplace (for example, in the winter, it is dark out in the morning when leaving home 
and in the evening when returning home, and the daytime is spent in an environment lit exclusively 
by artificial blue-rich lighting).  

The Working Group's experts would like to point out the significant commercial development of small 
bare decorative LEDs emitting blue light (string lights, ambient lighting, etc.). These LEDs can 
increase exposure in the phototoxic band, even at low luminance levels. Indeed, the photons of blue 
light have higher energy than the photons associated with longer wavelengths. They can therefore 
induce photochemical reactions similar to those caused by ultraviolet radiation. Moreover, human 
visual perception is less sensitive to blue light. High energy levels in blue light can therefore be 
received by the retina without creating a strong visual sensation. Since this blue-coloured light does 
not necessarily create glare, it can be stared at over a long period, especially by children. 

3.3.2.3 Health risk assessment 

Based on the available data, the risk of ocular diseases occurring in relation to exposure to LEDs 
cannot be precisely quantified. However, in light of the above and based on a qualitative approach, 
the experts consider that the risk of acute toxicity associated with “warm white” (low colour 
temperature) LEDs for domestic use is low.   

It should be noted that lighting devices belonging to risk group 2 (hand-held lamps, head torches, 
toys and certain vehicle lights) are available on the market. The risk of ocular diseases occurring in 
relation to exposure to these devices is higher, especially for susceptible population groups. 
Similarly, objects specifically emitting blue light (e.g. decorative LEDs), even at low intensities, can 
increase exposure in the phototoxic band. 

Due to the lack of data on the chronic effects of low-dose exposure to cool light (screens, for 
example), the risk level associated with chronic exposure to blue-rich LEDs cannot currently be 
assessed. 

3.3.2.4 Susceptible population groups 

Regarding the risk of ocular diseases, several susceptible population groups were identified based 
on the data from the literature: 

 infants, children, adolescents and young adults (clear lens); aphakic (no lens) and 
pseudophakic (artificial lens) individuals; 
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 people with ocular diseases (dry eye, ARMD, glaucoma, retinopathy, etc.); people with motor 
or cognitive disorders reducing their avoidance or decision-making capacities in the event of 
overly intense light; people taking photosensitising medications or exposed to 
photosensitising pollutants; 

 night workers19 and any other professionals with potentially high exposure to LED lighting 
(surgeons, dentists, lighting professionals, lighting distributors, performing artists, people 
working in sport facilities, people working in agri-food facilities using LEDs (greenhouses, 
aquaculture), etc.).  

3.3.3 Glare and visual comfort 

3.3.3.1 Hazard characterisation 

Glare corresponds to viewing conditions in which a person experiences discomfort or is less capable 
of perceiving details or objects, due to an unfavourable luminance distribution or an extreme contrast. 
A distinction should be made between disability glare, which reduces the subject's visual capacities 
and performance, and discomfort glare, which causes the subject to experience a sensation of 
discomfort but does not cause a decline in visual performance.  

Several factors modulate glare-related disability. These include the quantity of light sent into the eye 
by the source itself as well as the distance from the glare source and the observer’s age. However, 
the spectral composition of light does not modify the disability glare phenomenon.  

It appears that the multiple visible point sources in luminaires (LED matrices) considerably increase 
discomfort. All studies have consistently shown that (1) non-uniform sources produce more glare 
than uniform sources, even with moderate luminance, and (2) the higher the contrast, the greater 
the sensation of discomfort. Moreover, since the scattering of light in ocular environments increases 
with age, discomfort also increases. Regarding both LED sources and “conventional” light sources, 
colour temperature does not seem to be a determinant of visual comfort. However, at the same 
colour temperature, the spectral composition and especially the blue-light enrichment of the 
spectrum has probable consequences on visual discomfort.  

The long-term effects of repeated glare are not known to date. Furthermore, there is a high level of 
inter-individual variability in the general population as to the assessment of glare situations. 

3.3.3.2 Characterisation of LED light sources and exposure 

Luminance (expressed in cd/m² 20), measured when directly viewing a light source from a short 
distance, enables the level of glare potentially produced by that light source to be assessed. The 
LED lamps tested for this expert appraisal had disparate luminance levels; some of them, especially 
those in LED spotlights, produced a very high level of glare.  

Another aspect of visual comfort is related to colour rendering. The colour rendering index (CRI) 
represents a light's capacity to faithfully render a colour. A CRI of 100 refers to an optimum light, and 
it is recognised that a CRI is deemed acceptable above 80. LED lamps do not yet offer the capacities 
of halogen lamps, which have CRIs close to 100, but their performance is similar to that of compact 
fluorescent lamps, sometimes with measured CRIs greater than 80. Compared to the context of 
ANSES's previous expert appraisal published in 2010, LED technology now offers higher-quality 
colour rendering. 

3.3.3.3 Health risk assessment 

Based on the available data, the risk of visual discomfort or disability glare related to exposure to 
LEDs cannot be precisely quantified. However, in light of the above and based on a qualitative 
approach, the experts consider that certain lighting devices including LEDs (hand-held lamps, 

19 Night workers are particularly susceptible since their exposure to LED lighting is potentially high. 

20 cd/m²: candela per square metre. 
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vehicle lights, LED spotlights, LED matrices, etc.) can pose a high risk of glare. Moreover, while 
certain LED lamps have better colour rendering than they did a few years ago, this can still be 
improved. 

3.3.3.4 Susceptible population groups 

Age is a factor aggravating the risk of glare associated with LEDs, both during the day and at night. 
Deterioration of vision accelerates after the age of 60, at varying rates depending on the individual. 
The stray light generated around sources increases considerably with age, lowering the perception 
of object contrast and therefore visual performance.  

Subjects with migraine seem to be specifically susceptible to the glare caused by certain irregularities 
in the spectral distribution of light energy. 

3.3.4 Skin effects 

3.3.4.1 Hazard characterisation 

Blue light may have adverse effects on the skin, accelerating ageing and delaying healing processes, 
whereas exposure to wavelengths of 590 to 700 nm (red light) appears to have opposite effects. The 
experts conclude that the effect of exposure to blue-rich light on the occurrence of skin diseases is 
possible. 

Moreover, the delayed carcinogenic effect (melanoma induction) induced by blue-light LED 
phototherapy used for the treatment of neonatal jaundice should be given special attention. Of the 
five studies undertaken to assess the risk of developing benign or malignant melanocytic lesions 
following blue-light neonatal phototherapy, three showed an increased number of common or 
atypical naevi in exposed children. 

3.3.4.2 Characterisation of LED light sources and exposure 

There are no exposure data specifically dealing with the skin effects of blue-light emissions. 
Nevertheless, the photobiological risk group provides an idea of the quantity of blue light emitted by 
LED lighting (see § on the characterisation of exposure for ocular diseases). 

3.3.4.3 Health risk assessment 

Based on the available data, the potential risks to the skin related to exposure to LEDs cannot be 
quantified. Based on a qualitative approach and considering the exposure levels associated with the 
domestic use of LED lighting as well as the limited skin penetration depth of blue-light optical 
radiation, the experts consider that the risk of skin diseases occurring in relation to exposure to blue 
light from LEDs is low. 

3.3.4.5 Susceptible population groups 

The experts identified some potentially susceptible population groups: 

 newborns in the event of blue-light LED phototherapy prescribed to treat neonatal jaundice; 

 people with certain skin diseases (epithelial lesions, wounds, etc.); these people appear to 
have an increased risk of skin lesions developing or worsening during exposure to blue light. 

3.3.5 Other disorders (migraines, headaches, visual fatigue, accidents, epilepsy attacks) 

3.3.5.1 Hazard characterisation  

The temporal modulation of a lighting system is primarily characterised by its modulation frequency 
and the corresponding modulation rate, expressed as a percentage of the light intensity (values 
ranging from 0% to 100%). Depending on its frequency, this modulation may or may not be 
perceptible by the human visual system. Three separate visual effects (conscious perception of 
modulation) have been described: flicker, the stroboscopic effect and the phantom array effect. 
Health effects can be directly induced by these visual effects or occur with no conscious perception 
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of any modulation. The health effects that can result from the conscious or unconscious perception 
of modulation are epilepsy attacks, traffic accidents, accidents related to the use of machines, 
migraines, headaches and visual fatigue.  

Effects such as headaches, migraines and visual fatigue can be associated with temporal modulation 
frequencies between 80 and 120 Hz. The related evidence provided by studies is limited for humans. 

Phenomena such as the stroboscopic effect (apparent immobility or slowing of a moving object) and 
the phantom array effect (persistence of an image during a visual saccade) can occur at high 
modulation frequencies (greater than around 80 Hz). In an industrial or domestic context, it is likely 
that the stroboscopic effect could affect safety during the use of machines or tools.  

Temporal light modulation can also be associated with the triggering of attacks in people with 
epilepsy. However, the modulation frequencies of the LED lamps and luminaires available on the 
market are too high to trigger attacks in these individuals. Nevertheless, there is a possibility of 
attacks being triggered in the population of epileptic subjects during exposure to LED lamps or 
luminaires with abnormal temporal modulation (defective products or incompatibility with the 
controller). 

Moreover, certain self-contained lighting devices on bicycles (recharged by magnetic induction) are 
very strongly modulated (100% modulation) at frequencies varying with the cyclist's speed. At certain 
speeds, the temporal modulations are located around 15 Hz, in the most critical band for the 
triggering of epilepsy attacks. 

In all of these situations, temporal light modulation is associated with visual discomfort and a 
decrease in visual efficiency, especially at workstations in occupational settings. 

3.3.5.2 Characterisation of LED light sources and exposure 

Results from the scientific literature dealing with the temporal modulation of LED lamps were 
aggregated with measurements taken in the context of this expert appraisal; of the 53 tested lamps: 

 18 lamps (around 34%) had very low temporal modulation (of less than 1%); 

 12 lamps (around 23%) had temporal modulation between 1% and 15%, similar to that of 
halogen and compact fluorescent lamps; 

 14 lamps (around 26%) had modulation between 12% and 70%; their values were 
significantly higher than those of halogen and compact fluorescent technologies; 

 nine lamps (around 17%) had very high modulation, exceeding 70% and even reaching 
100%. 

It is estimated that around 43% of LED lamps for domestic use have degraded temporal modulation 
performance (modulation rate greater than 15% at 100 Hz) compared to halogen and compact 
fluorescent technologies. 

The stroboscopic effect is particularly visible with LED lamps and luminaires having high temporal 
modulation at 100 Hz.  

Some LED lamps and luminaires have high enough modulation levels that the phantom array effect 
is perceptible, especially when driving a car. 

3.3.5.3 Health risk assessment 

For people with epilepsy, based on the available data, it is not possible to quantify the risk of attacks 
being triggered in relation to the temporal modulation of an LED lighting system.  

Moreover, the experts consider that due to the limited number of exposure data, the risk associated 
with effects (headaches, migraines, visual fatigue) occurring in the frequency range (80-120 Hz) 
associated with LED exposure is not known.  
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Based on the scientific data, it is not possible to conclude as to whether or not the perception of the 
stroboscopic or phantom array effect has an impact on accidents occurring when handling machines 
or tools, or on traffic accidents. 

3.3.5.4 Susceptible population groups 

Studies dealing with the maturation of the visual contrast perception system in humans indicate that 
maximum temporal contrast sensitivity is reached during adolescence and young adulthood. These 
are therefore population groups particularly sensitive to modulated light.  

Epidemiological studies showing an association between modulated light and the triggering of 
migraine refer to migraine patients as a population group sensitive to modulated light. 

Work undertaken using older-generation fluorescent tubes showed that certain individuals had 
heightened sensitivity to temporal light modulations at the frequency of 100 Hz. In addition, studies 
have shown that some individuals visually perceive flicker at 100 Hz.  

Thus, with regard to certain health effects related to temporal light modulation, several susceptible 
population groups were identified: 

 regarding headaches, migraine and visual fatigue: 

- children, adolescents and young adults; 

- migraine sufferers; 

 regarding the risk of accidents related to the stroboscopic effect or phantom array effect: 

- machine and tool operators and vehicle drivers; 

- people with motor or cognitive disorders reducing their avoidance or decision-making 
capacities; 

- children, adolescents and young adults; 

 regarding the triggering of epilepsy attacks: people with epilepsy. 

3.4 Effectiveness of protective devices 

There are various solutions claiming to reduce or suppress the effects of blue light: these include 
filters built into computer screens or into the lenses of prescription glasses, as well as programmable 
lighting systems that modulate the quantity of melanopic light (wavelength of around 480-490 nm) 
depending on the time of day. 

According to the measurements taken for this expert appraisal: 

 specific blue-light-blocking glasses were more effective at filtering than treated ophthalmic 
lenses. However, neither of these two systems was effective enough to be considered as 
personal protective equipment21 (PPE) regarding the risk of acute retinal phototoxicity resulting 
from prolonged exposure to a very high-intensity LED source; 

 depending on the tested protective device, the capacity to filter blue radiation in the melanopic 
band was highly variable: it was very low or even non-existent for treated lenses, despite the 
claims made by manufacturers and distributors of these products. It cannot be said that this 
filtration is sufficient to prevent the decrease in melatonin secretion induced by exposure to light 
in the evening and the related effects of sleep onset delay; 

 for the tested screens claiming to limit blue-light emissions, no real effectiveness was observed. 
However, reducing the colour temperature (switching to warm white) and brightness of the 
screens was somewhat effective at reducing the quantity of blue light in the spectrum. 

21 There are currently no standards specifying test methods and performance requirements for PPE with regard 
to blue light. 

0176



3.5 Environmental impact of LEDs 

3.5.1 Threat to biodiversity 

The diversity of the living world is reflected in the wide variety of metabolic, physiological and 
behavioural responses to light observed in fauna and flora. Thus, what might be an advantage for a 
given plant or animal species may prove to be a disadvantage for another. Changes in the (daily and 
annual) biological rhythms, orientation, geographical distribution and migration of species can thus 
be observed following exposure to artificial light. There can also be indirect effects (in the medium 
and long term) on these populations and their ecosystems.  

Research into the impact on the living world of the light emitted by LEDs at night still heavily relies 
on that dealing with artificial light in general. Moreover, it still involves a very limited number of 
species. Regardless of the studied ecosystem, the general long-term trend as observed in the 
scientific literature appears to be an increase in mortality and a decline in the diversity of the animal 
and plant species studied in environments lit at night, including by LED lighting systems.  

According to the scientific literature, the effects of light at night, especially from LED lighting, on 
fauna and flora and ecosystems are proven for all of the species studied. Overall, these effects 
correspond to those of night-time lighting. It is important to distinguish those that could be specifically 
related to the particular characteristics of LEDs (intensity, spectral composition). These effects are 
combined with other anthropogenic pressures (chemical pollution, geographical barriers, shrinking 
habitats, overexploitation, etc.). The continuous extension of human, industrial and leisure activities 
in addition to physical and chemical nuisances combined with the effects of climate change are all 
factors that certain animal and plant populations will probably be incapable of coping with, which will 
speed up the decline in biodiversity. However, data involving the combined action of these multiple 
disruptive factors are still extremely scarce. 

3.5.2 Light pollution 

The collective expert appraisal report associated with this summary includes an assessment of the 
effects of LED deployment (outdoor display and lighting sources in particular) on light pollution. 
Various aspects have been considered, such as effects on the sky glow, nuisances for humans 
(intrusive light, light trespass, glare, circadian rhythms) and nuisances for ecosystems and 
biodiversity. 

According to the Working Group's experts, the change in lighting technologies due to LEDs could 
either increase or reduce light pollution, depending on the choices made for public and indoor 
lighting, architectural and landscape enhancement, etc. The categories of LED lighting systems that 
may be responsible for the greatest increases in light pollution are as follows: illuminated signs, 
billboards and advertising, as well as lighting for commercial, agricultural (including horticultural 
greenhouses), aquaculture and industrial zones. This also encompasses lighting for outdoor car 
parks in these zones. In these categories, the trend is towards an increase in the number and 
intensity of points of light.  

Replacing lamps for street lighting and indoor lamps with LEDs could contribute to reducing light 
pollution, by better targeting areas to be illuminated (and thus limiting diffusion) and modulating the 
quality (wavelength) and intensity of the light emitted, as enabled by LED technology, provided that 
the number of points of LED light is not increased compared to the number of replaced points of 
light.  

Despite the results highlighted above, it is difficult to assess the overall impact of the transition from 
current lighting systems to LEDs on light pollution.  
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3.5.3 Impacts related to the life cycle of LED lamps and luminaires 

Several categories of environmental impacts are defined when analysing the life cycle of a product: 
energy consumption, the amount of hazardous waste produced, the amount of water used, the 
impact on global warming, toxic effects on human health, etc. The results of the life-cycle analyses 
(LCAs) undertaken for the analysed light sources show that LED lamps and luminaires have the 
lowest environmental impacts compared to other lighting technologies. This is due to the higher light 
efficiency of LED lighting compared to other sources. However, the content of the LCA studies 
dealing with lamps and luminaires varied, especially in terms of the analysed products and chosen 
methods (the functional unit, impact categories and life-cycle stages included). Despite major 
differences in the LCA methods, the analyses generally led to very similar results: the LED use phase 
was primarily (70% to 99%) responsible for the environmental impacts observed, due to the energy 
consumption of this technology. Manufacturing was responsible for most of the other impacts.   

The CES notes that one limitation of the LCAs was the lack of a methodology for assessing the 
impacts of light on human health and the environment (fauna and flora). 

 

Recommendations of the CES 

Based on the Working Group's conclusions and recommendations, the CES is issuing the following 
recommendations aiming to better protect human health (general population and workers) and the 
environment from effects related to exposure to LED systems. These recommendations are intended 
to limit harmful effects related to exposure to LEDs by developing information for the general 
population and in the workplace and by improving the normative and regulatory frameworks 
governing the use of LEDs. Lastly, the CES highlights the efforts to be made in terms of research. 

Recommendations for the public authorities to protect the population and the environment 

The CES recommends developing actions and information regarding: 

 the need to limit exposure to blue-rich light (from LEDs and other technologies), by favouring 
the use of warm-coloured lighting (colour temperature below 3000 K) before going to bed 
and during the night, especially for certain population groups: children, adolescents and 
pregnant women (see lists by health effect in Section 3). In particular, the CES recommends 
not using blue-rich night-lights for infants and children and limiting the exposure of children 
and adolescents to blue-rich light sources (computer, tablet, mobile telephone screens, etc.) 
at night and before going to bed; 

 the importance of enhancing the light contrast between daytime and night-time by increasing 
exposure to natural light during the day and limiting exposure to artificial light before bedtime 
and at night; 

 the phototoxic effects of light associated with exposure to certain LED lighting devices (hand-
held lamps, head torches, toys, vehicle lights, blue-light decorative string lights) available on 
the market, especially for the most susceptible population groups such as children; 

 the widely varying effectiveness of the protective devices currently proposed with regard to 
the adverse health effects associated with exposure to LEDs. 

In order to protect against the harmful effects of light pollution on humans and their environment, the 
CES recommends:  

 undertaking actions to limit intrusive light in homes and thus reduce the risk of circadian 
disruption; 
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 limiting the number of illuminated outdoor facilities, keeping the surface areas of illuminated 
zones to a minimum, improving control of their directivity and promoting their sound 
management; 

 conducting, wherever lighting is necessary, a study of its impact on the local ecosystem in 
natural and suburban areas; 

 creating protected spaces, without any artificial lighting. 

Recommendations for employers and occupational physicians to protect workers 

 considering the phototoxic effects of blue light and the potential effects of temporal light 
modulation, the CES reiterates the obligation to limit the exposure of workers to these light 
sources and inform them of the related hazards; 

 moreover, given the effects observed on foetal development in animals related to maternal 
exposure to light at night, the CES recommends limiting the exposure of pregnant women to 
light during the night. 

Recommendations regarding the regulatory and normative frameworks with the aim of 
protecting human health and the environment 

At national level:  

the CES recommends enforcing the regulations on the switching-off of interior lighting with exterior 
emission and the illumination of building façades (Ministerial Order22 of 25 January 2013 on the 
nocturnal lighting of non-residential buildings in order to limit light pollution and energy consumption) 
as well as those on the switching-off of advertising signs (Decree no. 2012-11823 on outdoor 
advertising and signs). 

At European level: 

regarding normative changes to be made, the CES recommends: 

 revising the exposure limits for optical radiation proposed by ICNIRP, so as to make them 
sufficiently protective against phototoxic risks. They should take into account chronic 
exposure and consider other indicators, especially those relating to infra-clinical toxicity24; 

 creating an effectiveness index and requiring its labelling on devices providing protection 
against blue light (accounting for the attenuation rate); 

 developing a metrological standard, at European level, specifying conditions for measuring 
temporal modulation and calculating the related indices; 

regarding regulatory changes to be made, the CES recommends: 

22 “The interior lighting of premises for professional use must be switched off one hour after these premises 
have been vacated. Building façade lighting must be switched off at 1 am at the latest. Store window lights and 
window display lights must be switched off at 1 am at the latest or one hour after these premises have been 
vacated, whichever occurs later”. 

23 “Illuminated advertisements must be switched off at night, between 1 am and 6 am, except for airports and 
urban units with more than 800,000 inhabitants, for which the mayors shall set out the applicable rules. 
Illuminated signs shall comply with the same rules”. 

24 For example, there can be cell death in the retina without this being visible when examining the back of the 
eye. 
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 requiring the labelling of the photobiological risk group (assessed according to Standard NF 
ISO 62471) for domestic lighting as well as for LED objects; 

 restricting the sale of LED systems (lamps, luminaires, objects and especially toys) to the 
general public to those in risk group 1 or lower; 

 harmonising the regulatory framework by amending the regulations specific to LED systems 
other than lamps and luminaires, in order to take into account the photobiological risk, in 
particular: 

o Directive 2009/48/EC on the safety of toys;  

o UNECE25 (United Nations Economic Commission for Europe) Regulations R112 and 
R113 on prescriptions for light sources from vehicles. 

 limiting the luminance of vehicle lights (without necessarily reducing the overall flux and 
therefore the range of vision); 

 taking into account, in the regulations, the specific characteristics of bare LED strips and 
matrices in devices sold to the general public (bare LED aggregates on the same base); 

 establishing, at European level, limits for temporal light modulation, in order to limit the 
biological and health effects associated with the light emitted by LED lamps and luminaires; 

 amending the current regulations in order to take into account the risks associated with 
temporal modulation, in particular: 

o Directive 2006/25/EC of the European Parliament on the minimum health and 
safety requirements regarding the exposure of workers to the risks arising from 
physical agents (artificial optical radiation); 

o the UNECE regulations, requiring a minimum modulation frequency of around 2 
kHz when the lamps (front lamps and rear lamps) of vehicles are used in pulse 
width modulation26 (PWM) mode. This recommendation will limit the visibility of the 
phantom array effect, which is a source of proven visual disturbances; 

 introducing the option to automatically lower the colour temperature (switch to warm white) 
and brightness of mobile telephone and tablet screens before bedtime. 

Research recommendations 

While numerous data are available on the health effects of light, especially blue light, the scientific 
data are still incomplete with regard to the specific effects of LEDs depending on their geometry and 
spectral quality. Therefore, the CES insists on the need to improve the quantitative assessment of 
the impact of a general shift to LED technology on human health and the environment. 

The CES encourages the implementation and intensification of research into light-induced circadian 
rhythm disruption and the resulting effects on vigilance, sleep, mood, well-being, cognition and 
health. Two aspects for which there is still little documentation should particularly be taken into 
account in humans and diurnal animal models: 

 the impact of the maternal light environment on foetal development; 

25 The UNECE Sustainable Transport Division provides secretariat services to the World Forum for 
Harmonization of Vehicle Regulations. 

26 PWM mode is a duty-cycle modulation. Light is modulated at a fixed frequency and the change in the duty 

cycle modifies the average light intensity.  
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 for children and adolescents, the impact of the light environment, depending on the period 
(day, night), on biological rhythm synchronisation and health, particularly considering higher 
light transmission due to a clearer lens and a more open pupil. 

Since potentially beneficial effects of a strong light contrast between daytime and night-time have 
been described in the scientific literature, it will be necessary to: 

 confirm the effects of exposure to sufficient daytime light intensities on quality of life, sleep, 
well-being and health, especially for people with circadian rhythm disorders (elderly subjects, 
hospitalised patients, people with dementia, etc.); 

 improve knowledge of the ability of exposure to blue light in the morning to correct circadian 
desynchronisation and assess the associated ocular risks; 

 for night workers, study the relevance of favouring exposure to certain wavelengths 
depending on the time of day, to promote vigilance on the one hand and recovery on the 
other hand while minimising the negative side effects. 

The CES recommends improving the assessment of the risk of eye dryness and ocular diseases 
occurring in relation to exposure to light in the phototoxic range, especially in the long term. Special 
attention should be paid to certain susceptible population groups (children, adolescents, people with 
ocular diseases, aphakic individuals, etc.). The CES also recommends studying the factors that may 
be involved in the phototoxicity of light, such as the time of exposure, the possible associated 
temporal modulation, and risk factors related to ocular diseases. It would also be advisable to study 
to what extent phototoxicity results obtained in rodents can be extrapolated to humans. 

Since temporal light modulation appears to be a major flaw of certain LEDs and LED systems, the 
CES recommends improving knowledge of its visual, biological and health effects. In particular, it 
recommends conducting: 

 studies to better identify inter-individual variations in sensitivity to temporal contrasts and 
better understand the prevalence and incidence of effects related to temporal light modulation 
in the general population; 

 studies enabling the risk of accidents arising from exposure to a stroboscopic effect or 
phantom array effect to be quantified. 

The various health effects of LEDs mentioned above make it necessary to improve the assessment 
of exposure in populations. The CES recommends taking precise measurements of luminance 
distribution, spectral energy distributions and temporal modulation for a wide range of LED devices 
to which the population is exposed. 

The CES recommends better taking account of the environmental impact of a general shift to LED 
technology, by improving knowledge regarding the effects of light pollution on fauna and flora and 
the ecosystem as a whole.  

Lastly, the CES recommends considering the entire life cycle of LEDs, in particular:  

 accessing detailed data on the products used in the manufacture of LEDs (raw materials, 
manufacturing processes) and those released into the air, water and soil during the 
manufacture of LEDs; 

 documenting end-of-life for LEDs: recovery and sorting of used products, recovery of raw 
materials, recycling of certain LED components, treatment of final waste.  
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4. AGENCY CONCLUSIONS AND RECOMMENDATIONS 

ANSES endorses the conclusions and recommendations of its Expert Committee on “Physical 
agents, new technologies and development areas”, set out in Section 3 of this Opinion.  

An initial expert appraisal on the health effects of exposure to LED lamps was published by ANSES 
in 2010, when this technology was just starting to be deployed on a large scale and other lighting 
technologies (incandescent in particular) were beginning to be gradually withdrawn from the market 
at the same time. This expert appraisal had underlined the retinal toxicity of the blue light contained 
in LED lighting systems and their high capacity for glare.  

Long contained mainly in specific applications (signage, electronic objects, etc.), LED technology is 
increasingly being used in automotive vehicles (lamps, etc.) and has become essential in domestic 
and public lighting as well as in light objects and screens (telephones, computers, televisions). The 
artificial light to which the population and its environment are exposed, which was previously rich in 
yellow-orange shades, is now richer in blue light than it was 10 years ago due to the now predominant 
use of LEDs in industrial and consumer applications. 

This expert appraisal sought to update the state of knowledge since 2010 on the various health 
effects likely to be associated with exposure to blue-rich light as well as other characteristics of LED 
lighting. To do so, it used a methodology for assessing the levels of evidence associated with the 
health effects in question.  

Moreover, due to the lack of literature data dealing with the population's exposure to LED 
technologies, the Agency financed specific measurement campaigns, in particular to describe the 
type and quantity of light emitted by LED systems used on a daily basis (lamps, objects featuring 
LEDs, vehicle headlamps, computer, tablet and mobile telephone screens, etc.). 

The new scientific data examined corroborated the findings of 2010 relating to phototoxicity and 
enabled the experts to establish that the retinal phototoxicity of acute exposure to blue-rich light is 
proven. The long-term contribution of blue-rich light to the occurrence of age-related macular 
degeneration (ARMD) is also proven. 

The Agency confirms that some of the tested lighting devices (hand-held lamps, vehicle lamps, LED 
spotlights, LED matrices, etc.) can produce high levels of glare. 

In 2010, the Agency had suggested the possibility of biological clock disruption induced by exposure 
to LEDs. The update of the expert appraisal showed that the disruption of circadian rhythms 
(biological clocks) induced by exposure to blue-rich LED light in the evening or at night is proven. 
Children and adolescents, exposed from a very early age to screens in particular (tablets, game 
consoles, mobile telephones, etc.), constitute a particularly susceptible population group.  

Regarding the temporal modulation of the light emitted by LEDs, the data examined showed that a 
high proportion of the tested LED lamps had degraded performance (high temporal modulation). 
Although the health risks associated with exposure to this modulation have not been determined, 
some people (children, adolescents, young adults, machine operators and vehicle drivers, etc.) may 
be more susceptible to the potential health effects of this light modulation: headaches, visual fatigue, 
risk of accidents, etc. 

Regarding the impacts of light on the environment and biodiversity in particular, the available studies 
show an increase in mortality and a decline in the diversity of the animal and plant species studied 
in environments lit at night, including by LED lighting systems. 
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The Agency's recommendations 

Advance knowledge  

Regarding the assessment of risks related to exposure to LEDs, ANSES underlines the need to 
better quantify the risk levels associated with the identified effects. It thus recommends initiating 
additional research aiming to: 

 improve knowledge of exposure for the general population, workers and the environment; 

 better characterise the health effects associated with the temporal modulation of the light 
from LEDs in addition to long-term phototoxicity; 

 clarify the exposure-response relationship between exposure and the occurrence of health 
effects (especially those involving circadian disruption, phototoxicity, etc.). 

Lastly, to respond to the potential health effects associated with exposure to LED phototherapy 
devices, the Agency advises the public authorities to have a risk-benefit assessment of these devices 
undertaken by a competent organisation. 

 

Adapt the regulations and improve information 

In light of the newly available experimental data concerning phototoxicity mechanisms, ANSES 
underlines the need to update the exposure limits (ELs) for blue light, especially to take into account 
the specific situation of children, whose eye lens filters blue light much less efficiently than that of 
adults and elderly people. These ELs are used to verify the compliance of LED systems with the 
essential health and safety requirements set out in European directives. 

Considering the results of the risk assessment undertaken as part of the collective expert appraisal, 
ANSES recommends adapting the regulatory framework applicable to LED systems, in order to: 

 restrict the sale of LED objects to the general public to those in photobiological risk group 0 
or 1; 

 limit the light intensity of vehicle lamps, while guaranteeing road safety; 

 establish, at European level, limits minimising the temporal modulation of the light emitted by 
all light sources (lighting systems, screens, LED objects), all while improving the 
characterisation of the related health effects. 

Pending changes to the regulations, ANSES recommends raising awareness in the population and 
encouraging people, children in particular, to limit their exposure to: 

 blue-rich light before bedtime and during the night (LED screens: mobile telephones, tablets, 
computers, etc.); 

 blue-rich lighting, i.e. “cool white” lamps and luminaires, by favouring indirect lighting or using 
diffusers; 

 direct light from LED objects in risk group 2 or higher (hand-held lamps, toys, vehicle lamps, 
etc.). 

ANSES also draws attention to the varying levels of effectiveness of the current devices providing 
protection against the phototoxicity of blue light (treated lenses, protective glasses, specific screens, 
etc.). It also notes their lack of significant action on the preservation of circadian rhythms for which, 
in the case of LED screens, exposure can only be limited by reducing the brightness and colour 
temperature of screens. It encourages the establishment of standards defining performance criteria 
for personal protective equipment in relation to blue light. 

Regarding the environment and biodiversity, although it is difficult to assess the overall health and 
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environmental impacts of the transition from current lighting technologies to LEDs, ANSES 
recommends strengthening the prevention of light pollution. The Agency thus underlines the need to 
enforce the current regulations and adapt them, in particular by limiting the number of points of light 
and reducing light pollution, all while taking care to ensure the safety of people. 

 

Dr Roger Genet 
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ANNEX 

 

Table 1: Main physical quantities used in the area of lighting 

Quantity Unit Description 

Luminance (L) 
Candela per square 
metre (cd/m²) 

Amount of visible light emitted by a light surface or an object, 
for example the luminance of a computer screen: around 
200 cd/m² 

Illuminance (E) Lux (lx) 
Amount of light received on a surface. For example: 500 lux 
on a desk 

Colour temperature 
(T) 

Kelvin (K) 

Specifies the shade of a white light: a “warm” light will have 
a low temperature (yellowish colour, T < 3000 K), while a 
“cool” light will have a high temperature (bluish colour, T > 
5000 K) 

Colour rendering 
index (CRI) 

No unit 
Ability of a light to faithfully render the colour of objects. A 
highly faithful light will have a CRI of 100, while a moderate-
quality light will have a CRI below 80 

Luminous efficacy  
Lumens per watt 
(lm/W) 

Defines the energy efficiency of a light source 
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The Director General 
Maisons-Alfort, 19 October 2010 

 

OPINION
OF THE FRENCH AGENCY FOR 

FOOD, ENVIRONMENTAL AND OCCUPATIONAL HEALTH & SAFETY 

in response to the internally-solicited request entitled “Health effects of lighting 
systems using light-emitting diodes (LEDs)” 

ANSES’s public health mission involves ensuring environmental, occupational and food 
safety as well as assessing the potential health risks they may entail. 

It provides the competent authorities with the necessary information concerning these risks 
as well as the requisite expertise and technical support for drafting legislative and statutory 
provisions and implementing risk management strategies (Article L.1313-1 of the French 
Public Health Code). 

1. PRESENTATION OF THE QUESTION

The European Eco-design Directive (2005/32/EC), known as “EuP” for Energy-using 
Products, aims to improve the energy efficiency of certain consumer goods. This Directive 
was transposed into national law by the Member States of the European Union in 2007 
and came into force between 2008 and 2010.  
On 18 March 2009, in application of the EuP Directive, the European Commission decided 
in favour of a gradual ban on the sale of the most energy-consuming lamps, scheduled for 
implementation from 1 September 2009 to 1 September 2016. Compact fluorescent or 
“low-energy” lamps, or other sources of energy-saving lighting such as light-emitting 
diodes, are destined to replace them eventually. 
Light-emitting diodes are light sources that are currently undergoing rapid technological 
and financial development. They have been used for several years in electronics as weak, 
monochromatic light sources for indicator or warning lights and are now commonly used as 
normal light sources in lighting systems. 
The first visible spectrum LED was created in 1962 and emitted only very low intensity 
light. The blue diode was invented in 1990, followed by the development of the white diode 
that made it possible for new and important applications to be adopted, mainly for lighting, 
television and computer screens. The first white LEDs appeared on the market gradually 
and are now increasingly powerful1 (consuming from a few Watts to a few tens of Watts). 
The most widely-used procedure for producing white light couples a blue LED and a yellow 
phosphor. 

1
Source – ADEME: “Low-power LEDs (i.e. lower than 1 Watt) are used as indicator lights on domestic 

appliances, for example. High-power LEDs (i.e. higher than 1 Watt) can withstand stronger currents (up to 
1500 mA) and supply more light (135 lm/W)”. 

French Agency for Food, Environmental and Occupational Health & Safety, 
27-31 av. du Général Leclerc, 94701 Maisons-Alfort Cedex - Telephone: +33 (0)1 49 77 13 50 - Fax: +33 (0)1 46 77 26 26 - www.anses.fr
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The French company OSYRIS2 expressed concern in a letter addressed to the French 
Institute for Public Health Surveillance (InVS), dated 27 December 2007, about the 
possible impact on the retina of light from LEDs. The letter underlined the possible link 
between exposure of the eye to shortwave radiation, close to ultraviolet light (characteristic 
of the light spectra of LEDs) and the risk of macular degeneration, an eye disease. The 
InVS forwarded the OSYRIS letter to the French Agency for Environmental and 
Occupational Health Safety (AFSSET3) in a letter dated 14 January 2008. 
Simultaneously, the question of the impact of LEDs on occupational health was raised 
during informal discussions between AFSSET and the Directorate-General for Labour 
(DGT), the latter having recently been alerted by projects for the use of indoor LED lighting 
for buildings. The development of this type of lighting solution is likely to accelerate mainly 
due to cost considerations, for applications involving both general and professional 
populations.  

2. SCIENTIFIC CONTEXT AND APPLICABLE STANDARDS 

In France, lighting accounts for 10% of total electricity consumption, or 350 kWh per year 
and per household4. LEDs consume far less energy than other types of lighting and have 
much longer lifetimes. 
The luminous efficacy of incandescent lamps is of the order of 10 to 15 lumens5 per Watt 
(lm/W), for halogen lamps it is from 15 to 30 lm/W and for compact fluorescent lamps it is 
in the range of 50 to 100 lm/W. Some of the latest LEDs achieve an efficacy of up to 100 to 
150 lm/W, with predictions in the region of 200 lm/W for 20206. 
There is as yet no standard definition of the lifetime of an LED. Estimates for current LEDs, 
however, predict considerable lifetimes, up to 50,000 hours7, or 50 times longer than 
incandescent lamps and 3 to 5 times longer than compact fluorescent lamps. 
The technology behind LEDs, which have certain advantages over other types of lighting, 
(energy efficiency and lifetime), is constantly changing. They are used in a wide variety of 
fields: public, domestic and workplace lighting, sports facilities, as indicator lights (toys, 
signage, etc.), vehicle lights and light therapy products. However, the quality of the light 
(colour temperature8, colour rendering index9) emitted by these lamps does not always 
achieve the same level of performance as other sources of lighting. 
 
There are currently three methods for creating a light-emitting diode that emits white light: 

                                                
2
 A French company specialising in lasers and their application in medicine and industry. 

3
 The French Agency for Environmental and Occupational Health Safety (AFSSET) and the French Food 

Safety Agency (AFSSA) merged on 1 July 2010 to create the French Agency for Food, Environmental and 
Occupational Health & Safety (ANSES). 
4
 Source: ADEME 2010. 

5
 The lumen is the unit used to quantify luminous flux and expresses the total quantity of light emitted by a 

source. The candela is the unit used to express the quantity of light emitted in a given direction. The quantity of 
light received on a surface is expressed in lux.  
6
 The theoretical limit for the luminous efficacy of light sources is set at 683 lm/W. 

7
 Source: ADEME 2010 

8
 The colour temperature of a white light is used to define its hue, which can be warm or cold; lights with warm 

hues tend towards yellow-orange and have colour temperatures below 3000 K. Higher colour temperatures 
correspond to “colder” hues. 
9
 The Colour Rendering Index (CRI) runs from 0 to 100 and defines the aptitude of a light source to reproduce 

the different colours of the objects on which its light falls, compared to a reference source. Sunlight has a CRI 
of 100, while some low-pressure sodium-vapour lamps (used in road tunnels, for example) have a CRI of 20. In 
shops, schools and offices, the CRI should always be greater than 80.  
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• 1: by combining a short wavelength-emitting diode (blue) with a yellow 
luminophore; 

• 2: by using a diode emitting in the near-ultraviolet, coupled with one or more 
luminophores; 

• 3: by using at least three visible wavelength-emitting diodes that combine to give a 
white light. 

 
At the moment, the most economic and widely used is Method 1. The conclusions 
presented in this Opinion concern LEDs using this first method. They cannot therefore be 
extrapolated to cover LEDs created using other methods for producing white light. 
 
Strong components in the blue part of the spectrum of light emitted by the LEDs, as well as 
the associated intensity of the radiation, raise the issue of new health risks related to these 
sources of lighting. 
Some scientific studies [Dawson et al., 200110, Ueda et al., 200911], based on laboratory 
experiments with blue LEDs conducted on monkeys, give reason to suspect a danger for 
the retina related to exposure to light-emitting diodes. 
A study by Altkorn [Altkorn et al., 2005] investigated the health impact of LEDs by 
reviewing the current debate on the position of LEDs with regard to standards: should they 
be rated, in terms of photobiological risk, according to the same standards as those 
applied to lasers or according to the standards applied to incoherent light sources? Indeed, 
until 2008, LEDs were considered in the same way as laser sources. Since January 2008, 
the NF EN 60825-1 ‘Lasers’ standard has recommended using, for LED devices, the 
CIE12 S009:2002 ‘Photobiological safety of lamps and lamp systems’ photobiological 
safety standard concerning incoherent sources, which became a French standard 
(NF EN 62471) in December 2008. 

3. ORGANISATION OF THE EXPERT APPRAISAL 

At its meeting on 23 September 2008, the AFSSET Expert Committee (CES) on “Physical 
agents, new technologies and development areas” discussed the impact of LEDs on 
human health. The CES judged the subject to be a matter of some concern and decided 
that the Agency should investigate the question on its own initiative. 
The Scientific Council issued an Opinion, on 29 September 2008, in favour of AFSSET 
investigating on its own initiative the health consequences of exposure to lighting systems 
using light-emitting diodes. The expert appraisal was entrusted to the CES on “Physical 
agents, new technologies and development areas”. At the suggestion of the CES, the 
Agency set up a Working Group with a mandate to carry out the expert appraisal. After a 
public call for applications from 12 December 2008 to 12 March 2009, the Working Group 
was formed with experts in ophthalmology, dermatology, lighting and optical radiation 
physics. 
The Working Group convened ten times in plenary session between 13 May 2009 and 26 
March 2010. It also interviewed French and international scientific experts, and 
representatives of the French Lighting Association (Association Française de l’Eclairage – 
AFE) in order to obtain all relevant information for carrying out the investigation. To 
conduct its appraisal, the Working Group carried out a broad review of the international 

                                                
10

 Dawson, et al, Local fundus response to blue (LED and laser) and infrared (LED and laser) sources, Exp. 
Eye Res., 73(1):137-47 2001  
11

 Ueda et al, Eye damage control by reduced blue illumination, Exp. Eye Res, 89(6):863-8. 2009 
12

 CIE: International Commission on Illumination 
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scientific literature alongside its interviews with leading scientists. At the group’s request, 
the French Environment and Energy Management Agency (ADEME) submitted a written 
contribution on the French and European market for lighting systems and the recycling of 
lamps. 
The bibliographical analysis carried out by the ‘LED’ Working Group was as thorough as 
possible. The scientific studies taken into account in the report were all published in 
international, English-language, peer-reviewed journals. 
The methodological and scientific aspects of the work were regularly submitted by the 
Working Group to the CES. The report produced by the Working Group takes account of 
observations and additional information supplied by the members of the CES. 
This expert appraisal was therefore conducted by a group of experts with complementary 
skills. It was carried out in accordance with the French Standard NF X 50-110 “Quality in 
Expertise Activities” to ensure compliance with the following points: competence, 
independence and transparency, while at the same time ensuring traceability. 

4. RESULT OF THE COLLECTIVE EXPERT APPRAISAL 

The work of the experts was based on five main themes: 

• a review of the current situation regarding lighting; 

• a presentation of the technology behind LEDs; 

• an analysis of the way light interacts with biological systems (the eyes and skin); 

• a summary of the standards currently applicable to LEDs; 

• an analysis of the potential health effects of LEDs. 
 
A special feature of this study concerned the calculations and measurements conducted 
by the members of the Working Group in their respective laboratories (CSTB13, INRS14, 
LNE15) to assign some examples of LED lighting systems to specific Risk Groups in 
accordance with the photobiological standard applicable to LEDs (NF EN 62471). 
 
The CES on “Physical agents, new technologies and development areas” adopted the 
collective expert appraisal together with its conclusions and recommendations at its 
meeting on 3 June 2010 and informed the Agency's General Directorate. 

5. OPINION AND RECOMMENDATIONS  

This Opinion is based on the collective expert appraisal of the ‘LED’ Working Group and 
the CES on “Physical agents, new technologies and development areas”. It restates the 
conclusions and recommendations in the report and the summary of the collective expert 
appraisal by the CES, and makes supplementary proposals for risk management. 
 
CONCLUSIONS OF THE COLLECTIVE EXPERT APPRAISAL 
As a result of the analysis of the existing scientific literature and the information collected 
during the additional hearings, potential health issues related to the use of LEDs were 
identified. Those of greatest concern, due to both the severity of the corresponding 

                                                
13

 CSTB: Centre Scientifique et Technique du Bâtiment (French Scientific and Technical Centre for 
Construction) 
14

 INRS: Institut National de Recherche et de Sécurité pour la prévention des accidents du travail et des 
maladies professionnelles (National Research and Safety Institute) 
15

 LNE: Laboratoire National de Métrologie et d’Essais (the Metrology Institute and Reference Laboratory for 
French Industry) 
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dangers and the probability of their occurring as a result of the increasingly widespread 
use of LEDs, relate to the photochemical effects of blue light on the eye and the glare 
phenomenon. They result from: 

���� the spectral imbalance in LEDs (high proportion of blue light in white LEDs) 
���� the very high luminance16 of LEDs (high brightness density per surface unit emitted 

by these very small sources). 
 

Risks related to blue light 
The photochemical risk is associated with blue light, and depends on the accumulated 
dose to which the person has been exposed, which is generally the result of low intensity 
exposure repeated over long periods. There is a high level of proof of such a risk. 
Evidence from human observation and experimental studies on cell cultures and various 
animal species has converged to demonstrate the specific toxicity of shortwave (blue) light 
to the retina. Blue light is therefore recognised as being harmful and dangerous to the 
retina, as a result of cellular oxidative stress. 
There is a strong suspicion that blue light aggravates age-related macular degeneration 
(ARMD), based on converging observations on experimental models. Epidemiological 
studies carried out up to now have proved inconclusive as a result of their lack of precision 
in assessing exposure and the data concerning individual predisposition. 
Three population groups have been identified as being either especially sensitive to the 
risk or highly exposed to blue light:  

• children (because of the transparency of their crystalline lens) and both aphakics 
(with no crystalline lens) and pseudophakics (with artificial crystalline lenses) who 
consequently either cannot or can only insufficiently filter short wavelengths 
(particularly blue light); 

• population groups which are already light-sensitive: patients suffering from certain 
eye (e.g. ARMD) and skin diseases, patients taking photosensitising substances, 
etc., for whom blue light may aggravate their condition; 

• population groups highly exposed to LEDs (certain categories of workers: those 
installing lighting systems, theatre and film industry professionals, etc.) which are 
subjected to high-intensity lighting, and are therefore likely to be exposed to large 
quantities of blue light. 

 
Risk related to glare 
In indoor lighting, it is generally agreed that luminance higher than 10,000 cd/m²17 causes 
visual discomfort irrespective of the position of the lighting unit in the field of vision. 
Because the emission surfaces of LEDs are highly concentrated point sources, the 
luminance of each individual source can be 1000 times higher than the discomfort level. 
The level of direct radiation from this type of source can therefore easily exceed the level 
of visual discomfort, far more than is the case with "traditional" lighting (halogen and low-
energy lamps). 
 

                                                
16

 Luminance is the unit used to quantify the light emitted by a non-point source, per surface unit, in other 
words, the light density. It is expressed in candela per square metre (cd/m

2
) and defines the brilliance of a light 

source as perceived by the human eye. It can therefore be used to measure glare. 
17

 This value is generally quoted as being the upper limit beyond which subjects experience discomfort from 
glare in indoor lighting. The French NF X 35 103 standard: Principes ergonomiques visuels applicables à 
l'éclairage des lieux de travail (Ergonomic principles applicable to the lighting of workplaces for visual comfort) 
mentions admissible luminance of 2000 cd/m² for a small source on the working surface. 
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Other risks related to exposure to LEDs 
The experts considered other potential risks such as disruption of circadian rhythms 
(biological clock) and stroboscopic effects (visually imperceptible fluctuation of the intensity 
of light). 
There is very little risk of thermal effects, associated with burns to the retina and generally 
resulting from short-term exposure to very intense light, from the normal uses of LEDs. 
 
LED technology can lead to the emission of electromagnetic fields insofar as such systems 
are combined with a power and voltage transformation device. Because of the low levels of 
exposure generated, the Working Group did not undertake a specific study of potential 
associated risks. 
 
Assessment of the photochemical risks of LEDs 
There is currently little information about human exposure to lighting, whether for systems 
using LEDs or other types of light sources. The Working Group was only able to present 
quantified risk assessments for exposure to blue light, under the terms of the NF EN 62471 
standard for photobiological safety. This standard, which concerns the photobiological 
safety of lamps and devices using lamps, recommends exposure limits for radiation from 
these light sources. It provides a system of classification based on radiance and actual 
irradiance. The standard considers all of the photobiological hazards that may affect the 
eye (thermal and photochemical hazards) for ultraviolet to infrared wavelengths and 
defines four risk groups: Risk Group 0 (no risk), Risk Group 1 (low risk), Risk Group 2 
(moderate risk), Risk Group 3 (high risk). 
 
Due to the lack of information on exposure, the Working Group asked certain national 
laboratories to take radiance measurements. These readings were taken as an exploratory 
measure and were not intended to be exhaustive. Furthermore, as the standard was not 
designed to cover LED systems, these experiments are inadequate for a rigorous 
assessment of the photobiological risks related to LEDs, and are intended simply to 
determine the risk group of these new lighting systems in comparison to those for 
traditional lighting. 
 
The radiance18 measurements show that certain LEDs currently on sale to the general 
public and potentially used in domestic lighting situations, for signage and guide lights, fall 
into Risk Group 2, whereas all the other light sources currently on sale to the public fall into 
either Risk Groups 0 or 1. The safe exposure limit times implied by placing these items in 
Group 2 vary from a few seconds for certain royal blue LEDs to a few tens of seconds for 
certain cold white LEDs. 
 
Furthermore, it seems that the NF EN 62 471 standard is unsuited to lighting systems 
using LEDs:  

• the maximum exposure limits defined by the ICNIRP19 and used to define the Risk 
Groups are not appropriate for repeated exposure to blue light as they were 
calculated for exposure of one 8-hour day and do not take into account the 
possibility of exposure over an entire lifetime; 

• it contains ambiguities concerning the measurement protocols for allocating Risk 
Groups: the same LED could be assigned to different Risk Groups if considered 

                                                
18

 The readings taken were of the radiance (which depends on the wavelength) weighted by the degree of 

phototoxicity of the blue light. 
19

 ICNIRP: International Commission for Non-Ionising Radiation Protection. 
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individually or if integrated in a lighting system, as the evaluation distance imposed 
by the standard could be different; 

• it does not take into account the sensitivity of certain specific population groups 
(children, aphakics, pseudophakics, etc.). 

 
It is important to emphasise that other widely-used sources of lighting, particularly high-
pressure gas discharge lamps (metal-halide lamps for outdoor lighting), are also in Risk 
Group 2. However, this last example is intended for clearly identified uses and can only be 
installed by professionals who are required to limit the exposure level for the population. 
With the arrival on the domestic lighting market of LEDs, light sources falling into Risk 
Group 2 thus become available to the general public, without details of the risk incurred 
appearing on the labelling.  
The methodology adopted in this report enabled the experts to evaluate the 
photobiological risks related to LEDs producing a luminous flux close to the mean of LEDs 
found on the market at the time of writing this document. At present and in the next few 
years it seems unlikely that technological progress will yield LEDs that can be classified in 
Risk Group 3. On the other hand, with the increase in both luminous flux and radiance, 
there is no doubt that more and more LEDs will fall into Risk Group 2. 
 
Compliance with standards concerning glare 

With regard to glare-related risks, the standards lay down certain references20 covering 
visual ergonomics and safety. In LED lighting systems available on the market, the LEDs 
are often directly visible in order to avoid attenuating the level of brightness produced. This 
could lead to non-compliance with the requirements laid down in the standards. 

 

RECOMMENDATIONS 
The purpose of the following recommendations is to protect both the general public and 
working populations exposed to LED lighting in the workplace. 
 

Concerning regulations and standards 

Directive 2001/95/EC concerning general product safety applies to all products classified in 
sectors not covered by specific legislation (toys, etc.). The “EC” label, which is mandatory 
on all electrical devices sold in Europe, is a ‘self-declaration’, indicating that the 
manufacturer considers that the product complies with all the EU conditions for use of the 
label.  
Where LED lighting is concerned, EC labelling ensures that the product complies with the 
essential requirements of the following European Directives: “Low voltage” (2006/95/EC), 
“Electromagnetic compatibility” (2004/108/EC) and “Eco-design” (for Energy-using 
Products) (2005/32/EC), concerning product safety, power consumption and emissions 
(noise, vibrations, radiation, electromagnetic fields), recycling potential, etc. 
To satisfy these requirements, products must comply with specific standards, known as 
harmonised standards, published in the Official Journal of the European Union (e.g. NF EN 
62311 concerning electromagnetic fields and NF EN 62471 concerning the photobiological 
safety of lamps). Furthermore, the Government Decree 2010-750 of 2 July 2010, 

                                                
20

 The text refers to the French standard NF X 35-103: ‘Ergonomie : Principes d´ergonomie visuelle applicables 
à l´éclairage des lieux de travail’ (Ergonomics: Ergonomic principles applicable to the lighting of workplaces for 
visual comfort), the European standards NF EN 12464-1: ‘Lighting of workplaces – Part 1: indoor workplaces’, 
NF EN 12464-2: ‘Lighting of workplaces – Part 2: outdoor workplaces’, and the series of standards NF EN 
13201: ‘Street Lighting’ and NF EN 12193: ‘Sports Lighting’. 
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transposing Directive 2006/25/EC into French law, stipulates the measures to be applied to 
ensure that workers are protected against the risks of exposure to artificial optical 
radiation. 

 

Considering: 

• the health risks related to blue light emitted by LED lighting systems falling into 
Risk Groups higher than 1 (according to the NF EN 62 471 standard); 

• the significant risks of glare induced by LED lighting systems; 

• the need to protect the general and working population from excessive radiance 
produced by LED systems and any risk of glare associated with the different uses 
of these new lighting systems;  

• the marketing of LED products intended for light therapy, comfort or well-being 
purposes; 

ANSES recommends: 

• limiting the sale of LEDs for domestic use or for the general public to LEDs falling 
into Risk Groups equal to or less than 1 (when assessed at an observation 
distance of 200 mm); 

• regulating the installation of LED lighting systems falling into Risk Groups greater 
than 1, by limiting them to professional uses, under conditions in which risks can be 
prevented; 

• encouraging manufacturers and integrators of LED lighting systems to:  

o design lighting systems in which beams of light emitted by LEDs cannot be 
seen directly, to avoid glare. In particular, ANSES recommends the use of 
optical devices that reduce the intensity of light perceived directly or by 
reflection and to make the sources of LED light more diffuse; 

o take account of the progressive wear of phosphor layers in white LEDs, which 
in time could lead to devices moving to a higher photobiological risk group.  

• assessing the safety and compliance of devices for light therapy, comfort or well-
being and regulating their use. 

 

Considering: 

• that the standards in force for designing LED-based lighting installations are not 
always applied by professionals (electricians, lighting technicians and designers); 

• that current photobiological safety standards seem unsuited to lighting systems 
using LEDs; 

ANSES recommends: 

• obliging professionals designing lighting systems using LEDs to apply all standards 
concerning the quality of lighting: 

o NF X 35-103 (‘Ergonomics: Ergonomic principles applicable to the lighting of 
workplaces for visual comfort’); 

o NF EN 12464-1 (‘Lighting of workplaces – Part 1: indoor workplaces’); 

o NF EN 12464-2 (‘Lighting of workplaces – Part 2: outdoor workplaces’); 
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o the series of NF EN 13201 standards (‘Street Lighting’);  

o NF EN 12193 (‘Sports Lighting’). 

• adapting the NF EN 62 471 standard (‘Photobiological safety of lamps and lamp 
systems’) to cover lighting systems using LEDs. It is essential to make it easier for 
manufacturers to take this standard into account and remove any ambiguity 
concerning how it should apply to LED systems. ANSES therefore recommends: 

o specifying in the NF EN 62 471 standard the conditions for measuring and 
evaluating LED systems; 

o publishing a guide to applying this standard, geared exclusively to 

      LED systems; 

o determining the risk group for the worst case of observation (at a distance of 
200 mm from the system) that will thus constitute the most unfavourable risk 
group; 

o adapting the standard to cover children and aphakic or pseudophakic 
individuals, taking into account the phototoxicity curve of the relevant type of 
light published by the ICNIRP; 

o considering proposing sub-groups for each risk group that would allow the risk 
to be assessed more precisely as a function of exposure time; 

o in the case of risk groups greater than 0, evaluating safe distances (at which 
observation corresponds to Risk Group 0) and indicating these explicitly on 
products intended for consumers (for devices for the general public) or for 
professionals responsible for installing lighting systems. 

• introducing photobiological safety requirements in all safety standards concerning 
LEDs. This mainly concerns the following standards: 

o the NF EN 60 598 series of standards ‘Luminaires’; 

o NF EN 62 031: ‘LED modules for general lighting. Safety specifications’; 

o IEC 62 560: ‘Self-ballasted LED lamps for general lighting services by 
voltage > 50 V – Safety specifications’; 

o draft IEC standard 62 663-1 ‘Non-ballasted single capped LED lamps for 
general lighting – safety requirements’. 

 

Concerning use, information and traceability 

ANSES recommends that consumer information about health risks related to the use of 
LED lighting systems be made available immediately pending the implementation of an 
appropriate regulatory framework. 
 

Considering: 

• the proven risk resulting from acute exposure to blue light and the uncertainty 
surrounding the effects of chronic exposure at low doses, together with the 
uncertainty concerning the effects on the biological clock and diminished pupil 
contraction; 

• that certain populations are sensitive to light in general (children, aphakics, 
pseudophakics, patients suffering from certain eye and skin diseases, patients 
taking photosensitising treatments, etc.); 
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ANSES recommends: 

• avoiding the use of light sources emitting cold white light (light with a strong blue 
component) in places frequented by children (maternity wards, nurseries, schools, 
leisure centres, etc.) or in the objects they use (toys, electronic display panels, 
game consoles and joysticks, night lights, etc.); 

• informing patients taking photosensitising drugs about the risks related to exposure 
to light with a strong blue component. 

 

Considering: 

• that there are populations of workers likely to be exposed to bright LED lighting 
systems; 

ANSES recommends: 

• developing appropriate means of protection (such as safety goggles specifically to 
protect against exposure to LEDs) for workers highly exposed to LED lighting 
systems. 

 

Considering: 

• the lack of information available to the public concerning the LED lighting systems 
on the market; 

ANSES recommends: 

• ensuring that manufacturers and integrators of LEDs carry out quality controls and 
qualify their products with regard to the different Risk Groups; 

• setting up a clear, easy-to-understand labelling system for consumers, particularly 
concerning the technical characteristics of the lighting and any potential health 
effects; 

• mandatory indication of the photobiological safety Risk Group on the packaging of 
LED products, after assessing the product at a distance of 200 mm. For light 
sources falling into Risk Group 1, the labelling should also indicate the safety 
distance beyond which the risk moves down to Group 0; 

• mandatory indication of the photobiological safety Risk Group for all types of 
lighting. 

 

CONCERNING STUDIES AND RESEARCH THEMES  

Considering the lack of data about exposure of the general and working populations 
to artificial light, ANSES recommends: 

• enriching the available documentation on exposure of the population to artificial 
light in both occupational and general environments; 

• defining a suitable index for evaluating the intensity of glare produced by an LED 
source, as the Unified Glare Rating used for other types of lighting is unsuitable for 
LEDs, which are sources of low-angle light. 
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Concerning studies and research on the health effects of LED lighting systems, 
ANSES recommends: 

• developing clinical research to define maximum exposure limits for blue light and, 
for this purpose: 

o studying the cumulative medium- and long-term effects of exposure to blue 
light; 

o carrying out prospective and retrospective studies of populations undergoing 
light therapy with the use of blue LEDs; 

• undertaking research to improve characterisation of the effects of artificial light, and 
in particular light emitted by LED systems, on biological rhythms. ANSES therefore 
recommends: 

o further studies to improve characterisation of the spectra of action of the 
mechanisms by which light regulates the human biological clock; 

o quantifying the impact of exposure to cold artificial lights on circadian rhythms 
and pupil contraction; 

o in general, studying how health is affected by light pollution (linked with possible 
disruption of the biological clock) and systematic installation of LED lighting 
systems; 

• studying the triggering or aggravation of photodermatoses caused by LED lighting; 

• organising measurement campaigns to characterise the electromagnetic fields 
generated by LED lighting systems. 

 

Concerning studies and research to be carried out on LED technology to prevent 
potential health risks, ANSES recommends: 

• encouraging research for the development of new emissive materials coupled with 
optimised luminophores, to obtain a high quality white light, with the highest 
possible luminous efficacy; 

• developing research into the design of lighting units adapted to LEDs with a view to 
reducing luminance, by applying optical solutions; 

• studying the mechanisms that cause the degradation of the phosphor layers in 
white LEDs, potentially leading to an increase in the amount of blue light emitted. 

 

 

The Director General 

 

 
 
 
Marc Mortureux 
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Presentation of the question

The European Eco-design Directive (2005/32/EC), known as “EuP” for Energy
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into national law by the Member States of the European Union in 2007 
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systems such as traffic lights, portable lighting, vehicle lights and domestic room

The first visible-spectrum LED was created in 1962 and emitted only very low intensity light. The 
blue diode was invented in 1990
made it possible for new and important applications
television and computer screens. The first white LEDs appeared on the market graduall
have now become increasingly powerful
procedure for producing white light couples a blue LED and a 

The French company OSYRIS2

for Public Health Surveillance (InVS), dated 27 December 2007, about the possible impact on 
the retina of light from LEDs. The letter underlined the
eye to shortwave radiation, close to ultraviolet
and the risk of age-related macular degeneration, an eye
OSYRIS letter to the French
(AFSSET) in a letter dated 14 January 2008
Simultaneously, the question of the impact of LEDs on occupational health was raised during 
informal discussions between AFSSET and the Directorate
having recently been alerted by 
development of this type of lighting solution is likely to accelerate
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1
 Source - ADEME: “Low-power LEDs (i.e. lower than 1

appliances, for example. More energy
currents (up to 1500 mA) and supply more light (135
2
 A French company specialising in lasers and their application in medicine and industry.
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summarises the work of the Expert Committee and the Working Group
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Scientific context and applicable standards 

In France, lighting accounts for 10% of total electricity consumption, or 350 kWh per year and 
per household3. LEDs consume far less energy than other types of lighting and last much 
longer. 

The luminous efficacy of incandescent lamps is of the order of 10 to 15 lumens4 per Watt 
(lm/W), for halogen lamps it is from 15 to 30 lm/W and for compact fluorescent lamps it is in the 
range of 50 to 100 lm/W. Some of the latest LEDs achieve an efficacy of up to 100 to 150 lm/W, 
with predictions in the region of 200 lm/W for 20205. 

There is as yet no standard definition of the lifetime of an LED. Current LEDs have considerable 
lifetimes (estimated at up to 50,000 hours6, or 50 times longer than incandescent lamps and 3 to 
5 times longer than compact fluorescent lamps). 

The technology behind LEDs, which have certain advantages over other types of lighting, 
(energy efficiency and lifetime), is constantly changing but the quality of the light (colour 
temperature7, colour rendering index8) emitted by these lamps is not always as high as for other 
types of lighting. At present, LEDs have a greater impact on the environment than other types of 
lighting. 

 

Strong components in the blue part of the light spectrum emitted by LEDs, as well as the 
intense radiation of what are highly concentrated point sources, raise concern about new 
potential health risks. 

Some scientific studies [Dawson et al., 20019, Ueda et al., 200910] based on laboratory 
experiments with blue LEDs conducted on monkeys, have concluded that the retina is in danger 
of being damaged by exposure to light-emitting diodes. 

Another study by Altkorn [Altkorn et al., 2005] investigated the health impact of LEDs by 
reviewing the current debate on the position of LEDs with regard to standards: should they be 
rated, in terms of photobiological risk, according to the same standards as those applied to 
lasers or according to the standards applied to incoherent light sources? Indeed, until 2008, 
LEDs were treated in the same way as laser sources. Since January 2008, the NF EN 60825-1 
‘Lasers’ standard has recommended using, for LED devices, the CIE11 S009:2002 
‘Photobiological safety of lamps and lamp systems’ standard, which became a French standard 
(NF EN 62471) in December 2008. 

Organisation of the expert appraisal 

At its meeting on 23 September 2008, the AFSSET Expert Committee (CES) on “Physical 
agents, new technologies and development areas” discussed the impact of LEDs on human 

                                                           
3
 Source ADEME 2010 

4
 The lumen is the unit used to quantify luminous flux 

5
 The theoretical limit for the luminous efficacy of light sources is set at 683 lm/W. 

6
 Source ADEME 2010 

7
 The colour temperature of a white light is used to define its hue, which can be warmer or colder; lights 

with warm hues tend to yellow-orange and have colour temperatures below 3000 K. Higher colour 
temperatures correspond to “colder” hues. 
8
 The Colour Rendering Index (CRI) runs from 0 to 100 and defines the aptitude of a light source to 

reproduce the different colours of the objects on which its light falls, compared to a reference source. 
Sunlight has a CRI of 100, while some low-pressure sodium-vapour lamps (used in road tunnels, for 
example) have a CRI of 20. In shops, school premises and offices, the CRI should always be greater than 
80. 
9
 Dawson, et al, Local fundus response to blue (LED and laser) and infrared (LED and laser) sources, 

Exp. Eye Res., 73(1):137-47 2001  
10

 Ueda et al, Eye damage control by reduced blue illumination, Exp. Eye Res, 89(6):863-8. 2009 
11

 CIE: Commission Internationale de l’Eclairage (International Commission on Illumination) 
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health. The CES judged the subject to be a matter of some concern and decided that an 
internally-solicited request should be made to investigate the issue. 
 

The AFSSET Scientific Council issued an Opinion, on 29 September 2008, in favour of AFSSET 
itself investigating the health consequences of exposure to lighting systems using light-emitting 
diodes. AFSSET mandated the CES on “Physical agents, new technologies and development 
areas” to conduct the expert appraisal. At the suggestion of the CES, the Agency then set up a 
Working Group to carry out the expert appraisal. After a public call for applications from 12 
December 2008 to 12 March 2009, the Working Group was formed with experts in 
ophthalmology, dermatology, lighting and optical radiation physics. 

The Working Group coordinated by AFSSET held 10 plenary sessions between 13 May 2009 
and 26 March 2010. It also interviewed leading French and international scientists and also 
representatives of the French Association of Lighting Professionals (Association Française de 
l’Eclairage – AFE) in order to obtain all relevant information for carrying out the investigation. To 
conduct its appraisal, the Working Group carried out a broad review of the international scientific 
literature alongside its interviews with leading scientists. At the group’s request, the French 
Environment and Energy Management Agency (ADEME) submitted a written contribution on the 
French and European market for lighting systems and the recycling of lamps. 
 
The bibliographical analysis carried out by the ‘LED’ Working Group was as thorough as 
possible. The scientific studies taken into account in the report had all been published in 
international, English-language, peer-reviewed journals. 
 
The Working Group’s ongoing appraisal was submitted to the CES at regular intervals, 
regarding both its methodological and scientific aspects. The report produced by the Working 
Group takes account of feedback and additional information from the members of the CES. 
 
This expert appraisal was therefore conducted by a group of experts with complementary skills. 
It was carried out in accordance with the French Standard NF X 50-110 “Quality in Expertise 
Activities” to ensure compliance with the following points: competence, independence and 
transparency, while at the same time ensuring traceability. 

Result of the collective expert appraisal 

The work of the experts was based on five main approaches: 

• a review of the current situation regarding lighting; 

• a presentation of the technology behind LEDs; 

• an analysis of the way light interacts with biological systems (the eyes and skin); 

• a summary of the standards currently applicable to LEDs; 

• an analysis of the potential health effects of LEDs. 
 
A special feature of this study concerned the calculations and measurements conducted by the 
members of the Working Group in their respective laboratories (CSTB12, INRS13, LNE14) to 
assign some examples of LED-based lighting systems to specific Risk Groups in accordance 
with the photobiological standard applicable to LEDs (NF EN 62471). 
 

                                                           
12

 CSTB: Centre Scientifique et Technique du Bâtiment (French Scientific and Technical Centre for 
Construction) 
13

 INRS: Institut National de Recherche et de Sécurité pour la prévention des accidents du travail et des 
maladies professionnelles (National Research and Safety Institute). 
14

 LNE: Laboratoire National de Métrologie et d’Essais (the Metrology Institute and Reference Laboratory 
for French Industry). 
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The CES on “Physical agents, new technologies and development areas” adopted the collective 
expert appraisal, together with the conclusions and recommendations in this summary, at its 
meeting on 3 June 2010 and informed AFSSET’s General Directorate. 

Conclusions of the expert appraisal 

As a result of its analysis of the existing scientific literature and the information collected during 
the additional hearings, the Working Group identified potential health issues related to the use 
of LEDs.  

Characteristics of LEDs relevant to risk assessment 

The technology behind light-emitting diodes is based on the polarisation of a semiconductor by 
applying a voltage that causes photons to be emitted in the form of quasi-monochromatic 
radiation, whose wavelength depends on the semiconductor used. There are no 
semiconductors capable of emitting white light on their own. There are, however, currently three 
different ways of producing white light indirectly with an LED. Given the technological 
constraints and the imperatives concerning electrical efficiency, currently the most widely-used 
method for producing white light uses a yellow luminophore to transform part of the light from a 
blue diode. 
 

• Spectral imbalance within the blue 
The light spectrum from white LEDs is largely made up of very weak emissions ranging between 
blue and yellow, but with a high proportion of blue light (a blue spike in the spectrum). These 
characteristics are highly specific to LEDs, and are not found in other, traditional types of 
lighting. 
 

• High luminance15 
LEDs are point sources of light that can be aggregated in lighting units to achieve high luminous 
flux. Because the emission surfaces of LEDs are highly concentrated point sources, the 
luminance of each individual source produces very high luminance, at least 1 000 times higher 
(107 cd/m²) than that from a traditional lighting source.  
 

• Stroboscopic effect 
Depending on their architecture, the electrical power supplied to LED lighting systems can vary, 
causing fluctuations in the intensity of the light produced that are barely perceptible to the naked 
eye. These fluctuations have not yet been characterised in any detail16. The frequency of these 
effects can vary from a few Hertz to several hundred Hertz17 for those LEDs that have already 
been studied. 

                                                           
15 Luminance (expressed in candela per square meter, or cd/m

2) is the unit used to quantify the light 
emitted by a non-point source, per surface unit. It defines the brilliance of a light source as perceived by 
the human eye. It can therefore be used to measure glare.  
16

 Both the frequency and the modulation rate (the ratio between the amplitude of the fluctuation and the 
mean value of the light) depend heavily on the type of supply. For a power supply in direct current 
(rectified and filtered), the frequency of fluctuation is 100 Hz and the modulation rate can attain values 
from 2% to 20% depending on the quality of filtering. For a Pulse Width Modulation (PWM) power supply, 
the frequency is of the order of tens of kilo-Hertz and the modulation rate can vary, and may even exceed 
50%. Lastly, for the new technology by which LEDs are powered by alternating current, the frequency of 
fluctuation is 100 Hz and the modulation rate can reach 100 %. 
 
17

 A Review of the Literature on Light Flicker: Ergonomics, Biological Attributes, Potential Health Effects, 
and Methods in Which Some LED Lighting May Introduce Flicker, IEEE Standard P1789 (2010) 
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Identified health issues 

The main health risks associated with LED-based lighting systems result from their high 
luminance (i.e. the high brightness density per surface unit emitted by these very small sources) 
associated with the unusual emission spectrum of white LEDs, which have a high proportion of 
blue (shortwave) light. Other potential effects are raised in the report, such as disturbance to 
circadian rhythms and stroboscopic effects. 
 
With regard to the many potential health effects identified (photochemical effect, glare, etc.), 
there is currently little information on human exposure to lighting to enable us to quantify the 
corresponding health risks adequately, whether for systems using LEDs or other types of light 
sources. 
 
The Working Group was therefore only able to make quantified risk assessments for exposure 
to blue light, under the terms of the NF EN 62471 standard for photobiological safety. However, 
this standard is unsuited to lighting systems using LEDs. In the light of current knowledge, the 
maximum exposure limits given in this standard do not take account of daily exposure to LEDs. 
In the following description of the risks identified by the Working Group, the effects on the eye, 
both thermal and photochemical, have been dealt with separately from the other effects 
particularly related to disturbance of circadian rhythms. 
 

Effects on the eye 

 

• Risk related to the thermal effect of light 
 
The risk of thermal effects is related to burns to the retina, generally resulting from short-term 
exposure to a very intense light. This type of danger concerns all wavelengths, from ultraviolet 
to infrared and the entire visible spectrum. This type of risk, usually associated with lasers, is 
unlikely in conventional uses of LEDs. 

• Risk related to the photochemical effects of blue light 

 
The risk of photochemical effects is related to human exposure to blue light and the risk level 
depends on the accumulated dose to which the person is exposed. It therefore generally 
involves repeated, low-intensity exposure over long periods.  
 

o Characterisation of the risk 
 
Evidence from human observation and experimental studies on cell cultures and various 
animal species has converged to demonstrate the specific toxicity of shortwave (blue) light 
to the retina. 
 
Blue light can cause photochemical damage. Lesions occur on the outer retina 
(photoreceptors and cells of the pigment epithelium) and appear after some time has 
passed. The lesions may not be visible via ophthalmoscopy. Two types of photochemical 
lesions have been described: those resulting from interaction with visual pigments, which 
affect the photoreceptors, and those related to interaction with the lipofuscin, which affect 
the cells of the pigment epithelium. 
 
 
These interactions lead to the production of high doses of cytotoxic free radicals. The 
photoreactive pigments (lipofuscin) in the epithelium accumulate with age, increasing the 
risk of oxidative stress. Cellular death has functional consequences which are particularly 
significant as they concern the macular region (central vision). 
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There is no current consensus as to whether accumulated lesions resulting from low 
doses of oxidative stress could, over long periods, accelerate premature aging of the 
retina and favour macular degeneration. 
 
 
At the moment there are no appropriate animal models of age-related macular 
degeneration (ARMD), as all the models use rodents, whereas only primates and certain 
birds have maculae. The necessary follow-up times for these species are not compatible 
with the experimental protocols. 
In humans, repeated exposure to very bright sunlight can cause irreversible macular 
lesions close to those observed in age-related maculopathies, but the epidemiological 
studies carried out in this field have not all identified exposure to sunlight as a risk factor 
for ARMD. 
 
 
Following converging observations on experimental models, there is a strong suspicion 
that blue light aggravates ARMD. Epidemiological studies in humans have never clearly 
shown such effects, as a result of difficulties in evaluating the exposure and individual 
predisposition. 

 
 

In adults, the crystalline lens (which, as it turns yellow, partly absorbs blue radiation) and 
the macular pigments partially protect against this toxicity through their capacity to absorb 
blue light. These protective mechanisms are weaker in children (whose crystalline lenses 
are transparent), aphakics (with no crystalline lenses) and pseudophakics (with artificial 
crystalline lenses). There is also less protection available in cases of reduced macular 
pigment, as observed during certain macular pathologies (e.g. ARMD). 

 
o Exposure to LEDs 

 
There is currently no information about human exposure to lighting, whether for systems 
using LEDs or other types of light sources. 

 
o Photobiological safety standards 

 
Description of the NF EN 62471 standard and risk groups 
 
The NF EN 62471 standard concerning the photobiological safety of lamps and devices 
using lamps suggests maximum exposure limits for radiation from light sources commonly 
used for lighting, and provides a method of classification based on radiance and actual 
irradiance together with a method for measuring these values. This standard covers all 
photobiological hazards for the eye (thermal and photochemical hazards), for ultraviolet to 
infrared wavelengths. 
 
The standard defines four Risk Groups:  

o Risk Group 0 (no risk): the product involves no photobiological risk; 
o Risk Group 1 (low risk): the product involves no risk in terms of maximum 

exposure limits under normal conditions of use; 
o Risk Group 2 (moderate risk): the product involves no risk in terms of aversion 

response to very bright light sources or due to thermal discomfort; 
o Risk Group 3 (high risk): the product may involve a risk even during momentary 

or short exposure periods. 
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Gaps and inadequacies in the standard 
 

• Maximum exposure limits unsuitable for repeated exposure to blue light 

The maximum exposure limits for the general public designed to avoid acute 
lesions to the retina have been put forward by the ICNIRP18,19 and used in the 
NF EN 62 471 standard and in European Directive 2006/25/CE concerning artificial 
optical radiation. 

These maximum exposure limits were calculated for exposure to a light source in 
the field of vision for one 8-hour working day. They were calculated from 
experimental data weighted by a reduction factor of 5 to 10 times the energy 
necessary to produce observable lesions. 

In practice, experiments on animals have established the energy thresholds for 
inducing lesions to the ocular fundus that can be observed macroscopically by 
ophtalmoscopy after a single exposure to light. These lesions take the form of a 
whitening of the neural retina, as a result of an oedema of the superficial retinal 
layers. 

In the light of current knowledge, the maximum exposure limits in force do not 
allow evaluation of daily chronic exposure limits to blue light. The classification of 
lamps by these values does not take account of the long-term risk resulting from 
accumulated exposure. This means that repeated and prolonged exposure could 
induce an accumulated risk potentially greater than that assessed using the 
maximum exposure limits. 

 

• Ambiguity in measurement distances 
 
For the most common lighting lamps, the NF EN 62 471 standard requires the risk 
group to be evaluated at the distance at which they produce a brightness of 500 lx. 
For other types of lamps, the risk group must be determined for the worst 
observation case, i.e. a distance of 200 mm. 
The risk group for any lighting system using LEDs can be determined using either 
of these measurement protocols, leading to very different classifications 
(evaluation at 500 lx always gives a lower value than evaluation at 200 mm). There 
is therefore ambiguity concerning the distance at which these measurements 
should be taken. 
 

• Failure to take into account population groups sensitive to blue light 
 
To assess the risk related to blue light, the NF EN 62 471 standard recommends 
using the phototoxicity curve for blue light suggested by the ICNIRP. This curve is 
only suitable for adults. The standard includes no specific recommendations for 
population groups whose natural mechanisms for filtering blue light are diminished 
(children, aphakics and pseudophakics), or who are more sensitive to blue light as 
a result of retinal diseases. In fact, the ICNIRP gives a different phototoxicity curve 
for blue light for aphakics. The current standard does not take account of the 
situation of population groups sensitive to blue light. 
 

                                                           
18

 ICNIRP (International Commission for Non-Ionising Radiation Protection), “Guidelines on limits of 

exposure to broad-band incoherent optical radiation (0.38 to 3 µm)” (1997) 
19

 ICNIRP (International Commission for Non-Ionising Radiation Protection), “ICNIRP statement on light-
emitting diodes (LED) and laser diodes : implication for hazard assessment” (2000) 
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o Measurements taken by the Working Group 
 
The Working Group made risk assessments defined according to the NF EN 62 471 
standard for different lighting systems, in order to compare LEDs with other types of 
lighting. 
It seems that certain LEDs that are very widely used in lighting, signage and guide lights 
fall into Risk Group 2, whereas all other light sources currently on sale to the public fall into 
either Risk Group 0 or 1. The maximum exposure times implied by placing these items in 
Group 2 vary from a few seconds for certain royal blue LEDs to a few tens of seconds for 
certain cold white LEDs. 
LEDs and LED-base lighting systems can be classified in different Risk Groups depending 
on their radiance and hue (cold white, warm white, etc.), thus increasing the difficulty of 
preventing this risk.  
 

o Sensitive or highly exposed population groups 

Three population groups have been identified as being either especially sensitive to the 
risk or highly exposed to blue light:  

o children (because of the transparency of their crystalline lens) and both aphakics 
(with no crystalline lens) and pseudophakics (with artificial crystalline lenses) who 
consequently either cannot or can only insufficiently filter short wavelengths 
(especially blue light); 

o population groups which are already light-sensitive: patients suffering from 
certain eye and skin conditions and patients taking treatments one of whose 
side-effects is to increase photosensitivity, etc., for whom blue light can be an 
aggravating factor for their condition; 

o population groups highly exposed to LEDs (certain categories of workers: those 
installing lighting systems, theatre and film industry professionals, etc.) which are 
subjected to high-intensity lighting, and are therefore susceptible to exposure to 
large quantities of blue light. 

 
 
 
 

o Conclusions concerning the risk related to blue light 
 
It is important to emphasise that other widely-used sources of lighting, particularly high-
pressure gas discharge lamps (metal-halide lamps for outdoor lighting), also fall into Risk 
Group 2. However, these lamps are intended for use in clearly-identified applications and 
can only be installed by professionals who are required to limit the exposure level for the 
population. 
 
The arrival of LEDs on the lighting market for the general public is an unprecedented 
development: it is the first time that sources classified in Risk Group 2 have become 
accessible to the general public, for use in the home and, most importantly, with no 
indication of the risk. 

The same LED considered individually or integrated in a lighting system could be assigned 
to different Risk Groups depending on the evaluation distance imposed by the 
NF EN 62 471 standard. 
As the technology behind LED lighting evolves over the next few years, lighting 
performance is likely to improve considerably. The risks associated with exposure to LED-
based lighting systems are therefore likely to increase as the radiance increases. 

0204



Collective Expert Appraisal: summary and conclusions  Internally-solicited Request: “LEDs” 

 

9 / 14 

The methodology adopted in this report enabled the experts to evaluate the 
photobiological risks related to LEDs producing a luminous flux close to the mean of LEDs 
found in the range of fluxes available on the market at the time of writing this document. At 
present and for the next few years it seems unlikely that technological progress will yield 
LEDs that can be classified in Risk Group 3. On the other hand, with the increase in both 
luminous flux and radiance, there is no doubt that more and more LEDs will fall into Risk 
Group 2. 

 

• Risks related to glare 
 
There are two types of glare: discomfort glare and disability glare. 
 
Discomfort glare produces a disagreeable sensation, without necessarily impairing the vision of 
objects. It is related to the luminance of the lighting unit and to contrast differences. It is 
associated with a momentary reduction in visual performance. 
 
Disability glare perturbs the vision of objects (veiling luminance) without necessarily causing a 
disagreeable sensation. It is related to the quantity of incident light on the eye and the 
luminance of the lighting unit. It can cause accidents in the home (either slip-and-trip falls or falls 
from heights), in traffic (collisions) and elsewhere. 
 
In indoor lighting, it is generally agreed that luminance higher than 10,000 cd/m² causes visual 
discomfort irrespective of the position of the lighting unit in the field of vision. This value is 
commonly cited for discomfort glare in indoor lighting as being the value above which subjects 
are bound to suffer the effects of glare. 
 
The French NF X 35 103 standard for visual ergonomics gives a limit value of 2,000 cd/m² for 
discomfort glare, for the case of a small source located in the central area of the field of vision. 
 
Because the emission surfaces of LEDs are highly concentrated point sources, the luminance of 
each individual source can be at least 1000 times higher than the luminance from traditional 
lighting sources. The level of direct radiation from this type of source greatly exceeds the level 
of visual discomfort.  
 
The Working Group recorded luminances of more than 10,000,000 cd/m² for certain LEDs with 
an electrical power of 1 W (in devices on public sale for domestic use). 
 
In LED lighting systems available on the market, the LEDs are often directly visible in order to 
avoid attenuating the level of brightness produced. This leads to non-compliance with the 
requirements laid down in the standards (visual ergonomics and safety requirements) for 
lighting intended to avoid excessive luminance in the field of vision. 
 

Other effects 

• Risk of deregulating the biological clock and pupil contraction 

In humans, the biological clock and pupil contraction are regulated by wavelengths close to 
480 nm which suppress the production of melatonin (a hormone participating in the regulation of 
the biological clock and therefore the circadian cycle). 

The spectrum produced by LEDs differs fundamentally from that of natural light, with a very low 
proportion near 480 nm. This could expose subjects to a risk of deregulation of their biological 
clocks and, in consequence, of their circadian rhythms. These risks are exacerbated by high-
temperature colours (cold white and blue), which are frequently found in LED-based lighting 
systems. 
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Deregulation of the biological clock can affect the metabolism, the thymus (depression, mood 
swings), the waking/sleeping rhythm, etc. 
Furthermore, the pupil contraction reflex is induced in strong light by these same wavelengths. It 
could be reduced under LED lighting, which could lead to stronger light falling on the retina and 
an increase in the risks associated with blue light. 

• Risk related to flicker in the light emitted by LEDs 

As a consequence of the manner in which they are powered electronically, the light emitted by 
LEDs may be subject to rapid fluctuation of great amplitude. This fluctuation, combined with the 
fact that LEDs have very low remanence, is usually imperceptible to human vision. In situations 
involving movement or in confined spaces with periodic variations in contrast, it can be 
responsible for stroboscopic effects. Although such stroboscopic effects have never been 
studied in depth, they can have a direct impact on health (epileptic seizures for subjects at risk), 
visual performance and safety. A recent publication20 showed that LEDs can produce 
fluctuations in light at frequencies known to produce effects on health (from 3 to 60 Hz for visible 
fluctuations and from 120 à 150 Hz for non-visible fluctuations). 
 

 

Recommendations 

The following recommendations apply to both lighting systems using LEDs already on the 
market and future LED-based systems. 

 

Concerning health risks related to exposure to LEDs, 

 
Considering: 
the health risks related to blue light emitted by LED lighting systems in products available to the 
public despite belonging to Risk Groups higher than 1 (according to the NF EN 62 471 
standard); 
 

the CES recommends: 

• banning the sale to the public of lighting systems falling into Risk Groups higher than 1, 
evaluated at an observation distance of 200 mm; 

• reserving LEDs falling into Risk Groups higher than 1 for applications designed to be 
installed safely by professionals. 

 
Considering: 
the health risks created by LED lighting systems, related to very high luminance and substantial 
glare; 
 
the CES recommends that manufacturers and integrators: 
 
-in order to protect the population against excessive luminance from LED systems and strong 
glare, 

• design lighting systems such that the beams emitted by LEDs are not directly visible. In 
particular, the CES recommends the use of optical devices that reduce the intensity of 

                                                           
20

 A Review of the Literature on Light Flicker: Ergonomics, Biological Attributes, Potential Health Effects, 
and Methods in Which Some LED Lighting May Introduce Flicker, IEEE Standard P1789 (2010) 
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light perceived directly or by reflection and to make the sources of LED light more 
diffuse; 

• take account of the progressive wear of phosphor layers in white LEDs, which in time 
could lead to devices moving to a higher photobiological risk group. 

 
- in order to protect the drivers of vehicles, pedestrians, cyclists and motorcyclists from the risk 
of glare related to excessive luminance emitted by LED headlights,  

• only be authorised to install LED-based lighting systems from Risk Groups 0 or 1 for 
motor vehicle headlights by day or night, given that daytime running lights will be 
mandatory for all new cars from February 2011 (European Directive on daytime lighting 
2008/89/EC); 

 
Considering: 
 

o the proven risks resulting from acute exposure to blue light and the uncertainty 
surrounding the effects of chronic exposure at low doses, together with the uncertainty 
concerning the effects on the biological clock and pupil contraction; 

o that certain population groups are sensitive to light in general (children, aphakics, 
pseudophakics, patients suffering from certain eye and skin diseases, or who are taking 
photosensitising drugs, etc.); 

o that there are populations of workers susceptible to exposure to bright LED lighting 
systems; 

 
the CES makes the following recommendations: 
 
- specifically to protect population groups at risk, such as those sensitive to light and those 
highly exposed to LEDs. The CES thus recommends: 

• for children, avoiding the use of sources emitting a cold white light or blue light in 
places frequented by children (maternity wards, nurseries, schools, recreation 
centres, etc.) or in the objects they use (toys, electronic display panels, game 
consoles and joysticks, night lights, etc.). 

• developing appropriate means of protection (such as safety goggles specifically to 
protect against exposure to LEDs) for workers highly exposed to LED lighting 
systems; 

• informing patients taking medicines one of whose side-effects is to increase 
photosensitivity about the risks related to exposure to cold light and particularly light 
emitted by LEDs, even those classified as belonging to Risk Group 0; informing 
health workers of the existence of this risk; 

• employing caution in the use of devices to increase the effective size of LEDs, even 
if such devices do not increase the luminance (such as optical collimators and 
multichip assemblies of LEDs). Indeed, the use of these devices leads to shorter 
maximum exposure times to blue light than in the case of single chip LEDs without 
additional optics. A higher Risk Group may then be appropriate. 

 
Considering: 
that LED-based products for light therapy, comfort and well-being are available on the market, 
the CES recommends evaluating the safety and compliance of these devices. 
 
 
Concerning standards relative to the lighting quality and the photobiological safety of 
LEDs, 
 
Considering: 
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o that the standards in force for lighting installations are not always applied by 
professionals (electricians, lighting specialists, designers of lighting systems) in the case 
of LED systems; 

o that the standards related to photobiological safety might prove to be ill-adapted to LED 
lighting systems; 

 
the CES makes the following recommendations: 
 
- That professionals installing LED-based lighting systems be obliged to apply all standards 
relative to lighting quality: 
 

• French standard NF X 35-103 (‘Ergonomie : Principes d´ergonomie visuelle applicables 
à l´éclairage des lieux de travail’ – Ergonomics: Ergonomic principles applicable to the 
lighting of workplaces for visual comfort); 

• NF EN 12464-1 (‘Lighting of workplaces – Part 1: indoor workplaces’); 

• NF EN 12464-2 (‘Lighting of workplaces – Part 2: outdoor workplaces’); 

• the series of NF EN 13201 standards (‘Street Lighting’);  

• NF EN 12193 (‘Sports Lighting’). 
 

 
- Adapting the NF EN 62 471 standard (‘Photobiological safety of lamps and lamp systems’) to 
cover lighting systems using LEDs. It is essential to make it easier for manufacturers to take this 
standard into account and remove any doubt as to how it should apply to LED systems. The 
CES therefore recommends: 
 

• specifying in the NF EN 62 471 standard the conditions for measuring and evaluating 
LED systems; 

• publishing a guide to applying this standard, exclusively for LED systems; 

• determining the risk group for the worst case of observation: at a distance of 200 mm 
from the system, thus giving the most unfavourable Risk Group; 

• adapting the standard to cover children and people who are either aphakic or 
pseudophakic, taking into account the phototoxicity curve of the relevant type of light 
published by the ICNIRP; 

• proposing sub-groups for each risk group that would allow the risk to be assessed more 
precisely as a function of exposure time; 

• in the case of risk groups greater than 0, evaluating safe distances (distance at which 
observation corresponds to Risk Group 0) and for these to be indicated explicitly on 
products intended for consumers (the case of devices for the general public) or for 
professionals responsible for installing lighting systems. 
 

- To reinforce the photobiological safety aspect in the requirements for upgrading existing 
lighting systems to bring them into compliance with standards: 
 

• introducing photobiological safety requirements into all safety standards covering LED 
lamps, LED modules and LED lighting units. This mainly concerns the following 
standards: 

o the NF EN 60 598 series of standards: ‘Luminaires’; 

o NF EN 62 031: ‘LED modules for general lighting. Safety specifications’; 

o IEC 62 560: ‘Self-ballasted LED lamps for general lighting services by 
voltage > 50 V – Safety specifications’; 

o draft IEC standard 62 663-1 ‘Non ballasted single capped LED lamps for 
general lighting – safety requirements’. 
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Concerning information for consumers, traceability and the quality and labelling of LEDs, 

Considering: 
- the lack of information available to the public concerning LED-based products;

the CES makes the following recommendations: 

- That consumers be informed of the quality and performance of the lighting systems they
choose to buy. That consumers be given easy access to information about the characteristics of
the products they buy. The CES recommends:

• ensuring that manufacturers and integrators of LEDs carry out quality and traceability
controls on LEDs; apart from the quality in terms of lighting, it is essential that they
ensure that their products comply with their assigned Risk Group;

• considering a labelling system that will be comprehensible for consumers and contain all
relevant information (power, voltage, colour temperature, luminous flux, etc.);

• making it mandatory to indicate the photobiological safety Risk Group on the packaging
of LED products, after assessing the product at a distance of 200 mm. For light sources
falling into Risk Group 1, the labelling should also indicate the safety distance beyond
which the risk moves down to Group 0;

• making it mandatory to indicate the photobiological safety Risk Group for all types of
lighting;

• considering the creation of a quality label (reproducibility, ecolabelling, etc.).

Recommendations for studies and research themes 

Considering the lack of data on exposure of the general public and the working 
population to artificial light, the CES makes the following recommendations: 

- Characterising and studying the exposure of the population to artificial light.

- Defining a suitable index for evaluating the intensity of glare produced by an LED-based
source, as the Unified Glare Rating (UGR) used for other types of lighting is not appropriate for
LEDs, which are sources of low-angle light.

Concerning studies and research on the health effects of LED lighting systems, the CES 
recommends: 

- Developing clinical research to obtain information for defining exposure limit values for blue
light. The CES therefore recommends:

• studying the cumulative medium- and long-term effects of exposure to blue light;

• carrying out prospective and retrospective studies of subjects undergoing light
therapy with blue LEDs;

• implementing experimental protocols for evaluating the consequences of prolonged
and accumulated exposure at levels inferior to the exposure limit values.

- Undertaking research to improve characterisation of the effects of artificial light, and
particularly the light emitted by LED systems, on biological rhythms. The CES therefore
recommends:
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• further studies to improve characterisation of the spectra of action of the
mechanisms by which light regulates the human biological clock;

• quantifying the impact of exposure to cold artificial lights on circadian rhythms and
diminished pupil contraction;

• in general, studying how health is affected by light pollution (linked with possible
disruption of the biological clock) and systematic installation of LED lighting systems.

- Systematically studying the triggering and/or aggravation of photo-dermatoses caused by LED
lighting.

Concerning studies and research to be carried out on LED technology to prevent health 
risks, the CES makes the following recommendations; 

- Improving LED technology. The CES therefore recommends:

• encouraging research for the development of new emissive materials coupled with
optimised luminophores, to obtain a high quality white light, with the highest possible
luminous efficacy;

• developing research into the design of lighting units adapted for LEDs (small size
and considerable luminous flux) with a view to reducing luminance, by applying
optical solutions;

• studying the mechanisms that cause the degradation of white LEDs, potentially
leading to a drift towards the blue end of the visible spectrum in the light emitted.

Maisons-Alfort, 03/06/2010 

On behalf of the experts of the CES “Physical agents, new technologies and development 
areas”, 

Chairperson of the CES, Jean-François Doré 

0210



7/27/2020 Using these lights at night may harm your health - Harvard Health Publications

https://web.archive.org/web/20140714144639/https://www.health.harvard.edu/healthbeat/using-these-lights-at-night-may-harm-your-health 1/1

Home » HEALTHbeat Archive » Using these lights at night may harm your health

May 4, 2012

Light from laptops, TVs, electronics, and energy-efficient
lightbulbs may harm health
Humans once spent their nights in relative darkness. No longer. When the sun sets, TVs, computers, mobile devices, and
artificial lighting burn on. The May issue of the Harvard Health Letter reports that this aspect of modern life may be great for
efficiency, but not for health. At night, light throws the body's biological clock—the circadian rhythm—out of whack. Sleep
suffers. The combination of poor sleep and exposure to artificial light exposure may contribute to a number of health
problems.

Studies have linked working the night shift and getting exposed to light at night to several types of cancer (including breast
and prostate cancer), diabetes, heart disease, and obesity. It's not exactly clear why nighttime light exposure seems to be
problematic. It could be because exposure to light at night curbs the secretion of melatonin, a hormone that influences
circadian rhythms.

But all light is not created equal, says the Health Letter. Blue wavelengths—which are beneficial during daylight hours
because they boost attention, reaction times, and mood—seem to be the most disruptive at night. While light of any kind can
suppress the secretion of melatonin, blue light does so more powerfully. In an experiment, researchers exposed people to 6.5
hours of light—either blue or green. The blue light suppressed melatonin for about twice as long as the green light and shifted
circadian rhythms by twice as much.

While fluorescent lightbulbs and LED lights are much more energy-efficient than incandescent lights, they also tend to
produce more blue light. That means the proliferation of electronic devices with screens, as well as energy-efficient lighting, is
increasing exposure to blue wavelengths, especially after sundown.

What can you do? The editors of the Harvard Health Letter make the following recommendations:

Use dim red lights for nightlights. Red light has the least power to shift circadian rhythm and suppress melatonin.
Avoid looking at brightly lit screens beginning two to three hours before bed.
If you work a night shift or use a lot of electronic devices at night, consider wearing blue-blocking glasses.
Expose yourself to lots of bright light during the day, which will boost your ability to sleep at night, as well as your mood
and alertness during daylight.

Read the full-length article: "Blue li
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Blue light has a dark side
What is blue light? The e�ect blue light has on your sleep and more.

Updated: July 7, 2020 Published: May, 2012

Although it is environmentally friendly, blue light can a�ect your sleep and potentially
cause disease. Until the advent of arti�cial lighting, the sun was the major source of
lighting, and people spent their evenings in (relative) darkness. Now, in much of the
world, evenings are illuminated, and we take our easy access to all those lumens
pretty much for granted.

But we may be paying a price for basking in all that light. At night, light throws the
body's biological clock—the circadian rhythm—out of whack. Sleep su�ers. Worse,
research shows that it may contribute to the causation of cancer, diabetes, heart
disease, and obesity.

What is blue light?

Not all colors of light have the same e�ect. Blue wavelengths—which are bene�cial during daylight hours because they boost attention, reaction
times, and mood—seem to be the most disruptive at night. And the proliferation of electronics with screens, as well as energy-e�cient lighting,
is increasing our exposure to blue wavelengths, especially after sundown.

Light and sleep

Everyone has slightly di�erent circadian rhythms, but the average length is 24 and one-quarter hours. The circadian rhythm of people who stay
up late is slightly longer, while the rhythms of earlier birds fall short of 24 hours. Dr. Charles Czeisler of Harvard Medical School showed, in 1981,
that daylight keeps a person's internal clock aligned with the environment.

Is nighttime light exposure bad?

Some studies suggest a link between exposure to light at night, such as working the night shift, to diabetes, heart disease, and obesity. That's
not proof that nighttime light exposure causes these conditions; nor is it clear why it could be bad for us.

A Harvard study shed a little bit of light on the possible connection to diabetes and possibly obesity. The researchers put 10 people on a
schedule that gradually shifted the timing of their circadian rhythms. Their blood sugar levels increased, throwing them into a prediabetic state,
and levels of leptin, a hormone that leaves people feeling full after a meal, went down.

Exposure to light suppresses the secretion of melatonin, a hormone that in�uences circadian rhythms. Even dim light can interfere with a
person's circadian rhythm and melatonin secretion. A mere eight lux—a level of brightness exceeded by most table lamps and about twice that
of a night light—has an e�ect, notes Stephen Lockley, a Harvard sleep researcher. Light at night is part of the reason so many people don't get
enough sleep, says Lockley, and researchers have linked short sleep to increased risk for depression, as well as diabetes and cardiovascular
problems.

E�ects of blue light and sleep

While light of any kind can suppress the secretion of melatonin, blue light at night does so more powerfully. Harvard researchers and their
colleagues conducted an experiment comparing the e�ects of 6.5 hours of exposure to blue light to exposure to green light of comparable
brightness. The blue light suppressed melatonin for about twice as long as the green light and shifted circadian rhythms by twice as much (3
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hours vs. 1.5 hours).

In another study of blue light, researchers at the University of Toronto compared the melatonin levels of people exposed to bright indoor light
who were wearing blue-light–blocking goggles to people exposed to regular dim light without wearing goggles. The fact that the levels of the
hormone were about the same in the two groups strengthens the hypothesis that blue light is a potent suppressor of melatonin. It also suggests
that shift workers and night owls could perhaps protect themselves if they wore eyewear that blocks blue light. Inexpensive sunglasses with
orange-tinted lenses block blue light, but they also block other colors, so they're not suitable for use indoors at night. Glasses that block out only
blue light can cost up to $80.

LED blue light exposure

If blue light does have adverse health e�ects, then environmental concerns, and the quest for energy-e�cient lighting, could be at odds with
personal health. Those curlicue compact �uorescent lightbulbs and LED lights are much more energy-e�cient than the old-fashioned
incandescent lightbulbs we grew up with. But they also tend to produce more blue light.

The physics of �uorescent lights can't be changed, but coatings inside the bulbs can be so they produce a warmer, less blue light. LED lights are
more e�cient than �uorescent lights, but they also produce a fair amount of light in the blue spectrum. Richard Hansler, a light researcher at
John Carroll University in Cleveland, notes that ordinary incandescent lights also produce some blue light, although less than most �uorescent
lightbulbs.

Protect yourself from blue light at night

Use dim red lights for night lights. Red light is less likely to shift circadian rhythm and suppress melatonin.

Avoid looking at bright screens beginning two to three hours before bed.

If you work a night shift or use a lot of electronic devices at night, consider wearing blue-blocking glasses or installing an app that �lters the
blue/green wavelength at night.

Expose yourself to lots of bright light during the day, which will boost your ability to sleep at night, as well as your mood and alertness during
daylight.
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Outdoor Light at Night and Breast Cancer Incidence in
the Nurses’ Health Study II
Peter James, Kimberly A. Bertrand, Jaime E. Hart, Eva S. Schernhammer, Rulla M. Tamimi, and Francine Laden

Abstract
Animal and epidemiologic studies suggest that exposure to light at night (LAN) may disrupt

circadian patterns and decrease nocturnal secretion of melatonin, which may disturb estrogen regulation,
leading to increased breast cancer risk.

We examined the association between residential outdoor LAN and breast cancer incidence using
data from the nationwide U.S.-based Nurses’ Health Study II cohort.

We followed 109,672 women from 1989 through 2013. Cumulative LAN exposure was estimated
using time-varying satellite data for a composite of persistent nighttime illumination at  scale for each
residence during follow-up. Incident invasive breast cancer cases were con�rmed by medical record review.
We used Cox proportional hazard models to calculate hazard ratios (HRs) and 95% con�dence intervals (CIs),
adjusting for anthropometric, reproductive, lifestyle, and socioeconomic risk factors.

Over 2,187,425 person-years, we identi�ed 3,549 incident breast cancer cases. Based on a fully
adjusted model, the estimated HR for incident breast cancer with an interquartile range (IQR) ( )
increase in cumulative average outdoor LAN was 1.05 (95% CI: 1.00, 1.11). An association between LAN and
breast cancer appeared to be limited to women who were premenopausal at the time of a case [
(95% CI: 1.01, 1.14) based on 1,973 cases vs.  (95% CI: 0.91, 1.09) based on 1,172 cases in
postmenopausal women; ]. The LAN–breast cancer association was observed only in past
and current smokers at the end of follow-up [  (95% CI: 0.94, 1.07) based on 2,215 cases in never
smokers;  (95% CI: 1.01, 1.19) based on 1,034 cases in past smokers vs.  (95% CI: 1.07, 1.37)
for 300 cases in current smokers; ].

Although further work is required to con�rm our results and to clarify potential mechanisms,
our �ndings suggest that exposure to residential outdoor light at night may contribute to invasive breast
cancer risk. https://doi.org/10.1289/EHP935
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Introduction

International di�erences in breast cancer incidence rates and increases in rates among populations that
migrate from low- to high-risk areas support a role of environmental determinants of breast cancer (Reynolds
et al. 2004b; Willett 2001). In addition, twin studies show that inherited genetic factors explain only a minor
proportion of susceptibility to breast cancer, which further implicates the environment in driving breast cancer
risk (Lichtenstein et al. 2000). Recent evidence has demonstrated associations between night-shift work and
invasive breast cancer (Schernhammer et al. 2006b), and shift work is currently classi�ed as a 2A “probable
human carcinogen” by the International Agency for Research on Cancer (IARC) (Straif et al. 2007). It has been
hypothesized that the relationship between night shift work and invasive breast cancer is mediated by
exposure to light at night (LAN) (Schernhammer et al. 2006b). Evidence points to the potential role of
exposure to LAN in contributing to breast cancer risk (Blask et al. 2011; Stevens et al. 2007; Stevens 2009),
and animal and epidemiologic data suggest that exposure to LAN can modulate pineal gland function to
decrease melatonin secretion (Haim and Zubidat 2015; Jasser et al. 2006) and disrupt circadian patterns and
sleep (Blask et al. 2014; Stevens et al. 2007), which may increase breast cancer risk (Blask 2009).
Mechanistically, light falling onto speci�c retinal ganglion cells at night triggers the pineal gland to stop the
release of melatonin and disrupts the circadian system (Blask et al. 2014). Outdoor LAN has been used as a
surrogate for greater total evening and nighttime circadian-e�ective light exposure because people living in
communities with higher outdoor LAN likely drive on roads that are lit by street lighting, experience higher
levels of light exposure during evening outdoor activities, and have more outdoor light intrusion into their
bedrooms in the evening (Stevens 2011), although it is unclear how well outdoor LAN captures personal LAN
exposure (Rea et al. 2011).

With the above biological mechanisms as a foundation, recent studies have examined links between outdoor
LAN and breast cancer in six ecological analyses (Keshet-Sitton et al. 2016a; Kim et al. 2015; Kloog et al. 2008;
Kloog et al. 2010; Portnov et al. 2016; Rybnikova et al. 2015), two case–control studies (Bauer et al. 2013;
Keshet-Sitton et al. 2016b), and one prospective cohort in California (Hurley et al. 2014). These studies have
all reported associations between outdoor LAN and breast cancer; however, to our knowledge, no prior study
has participants living throughout the continental United States; time-varying, residence-level exposure data;
and individual-level information on anthropometric, reproductive, lifestyle, and sociodemographic risk factors.

Previous studies have reported that the association between LAN and breast cancer may be modi�ed by body
mass index (BMI), menopausal status, and urbanicity (Hurley et al. 2014; Keshet-Sitton et al. 2016c; Portnov
et al. 2016). In addition, race and socioeconomic status (SES) (Palmer et al. 2012), as well as air pollution
(Parikh and Wei 2016; Wong et al. 2016), and smoking (Cui et al. 2006; Gaudet et al. 2013; Gaudet et al. 2016;
Gram et al. 2015; Reynolds et al. 2004a) have been associated with breast cancer risk in past analyses, and
these exposures could have possible synergistic e�ects on breast cancer risk in concert with LAN if these
factors increase susceptibility to breast cancer. Analyses within the Nurses’ Health Study cohorts have shown
some regional di�erences in breast cancer risk (Laden et al. 1997), and di�ering underlying susceptibility may
lead associations between LAN and breast cancer risk to vary across regions. Night-shift work has been
consistently associated with breast cancer within the Nurses’ Health Study cohorts, and it has been proposed
that this association may be mediated by circadian disruption (Schernhammer et al. 2001; Schernhammer et
al. 2006b). Because both LAN exposure and night-shift work are hypothesized to increase breast cancer risk
through the same pathway of circadian disruption, it is possible that these two factors may by synergistic. For
instance, for women working rotating shifts, their circadian patterns may be disrupted on the days they work
night shifts, and LAN exposure may additionally disrupt their circadian patterns on days that they are working
day shifts or not working.

Using data from the nationwide U.S.-based Nurses’ Health Study II (NHSII) from 1989 through 2013, we aimed
to examine the association between outdoor LAN and invasive breast cancer incidence. We hypothesized that
there would be a positive association between LAN and invasive breast cancer incidence. A priori, we also
aimed to examine whether this association di�ered by menopausal status, tumor estrogen receptor status,
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race, smoking, night-shift work, census-tract SES, air pollution exposure, region, or urban/nonurban residence
status.

Methods

Population

NHSII is an ongoing prospective cohort study of 116,430 women who were registered nurses, 25–42 y of age,
and living in 14 U.S. states when enrolled in 1989. Participants complete biennial questionnaires on lifestyle
factors, health behaviors, medical history, and incident disease. Response rates at each questionnaire cycle
have consistently been . All mailing addresses over follow-up were geocoded to the street or ZIP code
centroid level to obtain latitude and longitude (Figure 1A). NHSII participants have changed residences since
baseline, and currently there are  nurses in each of the 48 U.S. continental states. We excluded women
who did not have a geocoded address at the street segment level (  at baseline), who had missing
LAN exposure information (  at baseline), who had missing information on menopausal status
(  at baseline), or who had a prior history of breast cancer at baseline (  at baseline).

Figure 1. Locations of Nurses’ Health Study II (NHSII) addresses from 1989–2011 (A) and 2010 U.S. Defense

Meteorological Satellite Program’s (DMSP’s) Operational Linescan System (OLS) light at night data in nanowatts

∼ 90%

≥ 24
n = 17,629

n = 1,299
n = 2,320 n = 685
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per centimeter squared per steradian (B).

Informed consent was implied by return of the baseline questionnaire. The institutional review boards of
Brigham and Women’s Hospital and Harvard T.H. Chan School of Public Health approved the original NHSII as
well as this analysis.

Outcome

We identi�ed incident invasive breast cancer cases by self-report on biennial questionnaires from 1989
through 2013. A study physician performed medical record review to con�rm cases (ICD-8 code 174.0) (WHO
1965) and to abstract information on invasiveness. Over 82% of cases were con�rmed after medical record
review; the remaining cases were con�rmed by state cancer registries, death records, contact with
participants, or contact with next of kin. Tissue block collection and tissue microarray (TMA) construction were
described in detail previously (Sisti et al. 2016; Tamimi et al. 2008). Immunohistochemical (IHC) analysis was
performed according to a standard protocol (Sisti et al. 2016; Tamimi et al. 2008). Cases were considered
estrogen receptor (ER) positive if any tissue core showed any nuclear staining for ER. Cases with complete
absence of staining for ER were considered ER negative. For cases missing ER status by IHC (77% of all cases),
ER status was based on the pathology report or on the medical record. We could not determine ER status for

 of cases, primarily in the later years, because study sta� are still working to collect data. For the years
2011–2013, we are actively collecting tissue, and the majority of data on tumor ER status for these years are
based on pathology reports. We have previously demonstrated a very high concordance between pathology
reports and TMA (Collins et al. 2008). Additionally, we have shown in previous analyses that cases missing
tumor marker information were not signi�cantly di�erent from cases with tumor marker information in terms
of characteristics and accepted breast cancer risk factors (Wang et al. 2015).

Exposure

Data on annual outdoor LAN were derived from satellite imagery data from the U.S. Defense Meteorological
Satellite Program’s (DMSP’s) Operational Linescan System, maintained by the National Oceanic and
Atmospheric Administration’s (NOAA’s) Earth Observation Group (NOAA National Geophysical Data Center
2015). This database contains annual composites made after excluding the outer quarters of the satellite
swath, sun and moon luminance, glare, clouds, atmospheric lightning, and ephemeral events such as �res.
Although these images capture only a fraction of the light originating from the Earth’s surface, they represent
the relative levels of nighttime illumination at ground level (Hsu et al. 2015). The processed imagery data are
georecti�ed to a 30 arc-second grid equivalent to . Previous studies have shown that the low-dynamic
range 6-bit DMSP data do not vary within urban areas, where levels of LAN are high (nearly every residence in
an urban or suburban area was assigned the maximum value of 63) (Hurley et al. 2013). Therefore, we used
the DMSP Global Radiance Calibrated Nighttime Lights high-dynamic range data, which can be transformed
into units of radiance ( ) (Figure 1B) (Hsu et al. 2015). High-dynamic range data were available for
1996, 1999, 2000, 2002, 2004, 2005, and 2010. To ensure comparability across years and satellites, we used
interannual calibration coe�cients provided by NOAA to derive exposure estimates (NOAA 2017). We
assigned a nighttime radiance value for each geocoded address in each questionnaire year from 1989–2011
using ArcGIS (ESRI, Redlands, CA). If a participant changed addresses during follow-up, their estimated
exposure was updated at the date of the new questionnaire in which they indicated their new address. For
addresses before 1997, exposure was assigned based on the 1996 LAN data. For addresses after 1997,
exposure was assigned based on the most recent past LAN measure. We calculated cumulative average
outdoor LAN for each participant at each questionnaire response, which accounted for changes in LAN over
time as well as for participant changes of address.

∼ 25%

∼ 1  km2

/srnW/ cm 2



0217

https://ehp.niehs.nih.gov/
https://ehp.niehs.nih.gov/


7/27/2020 Outdoor Light at Night and Breast Cancer Incidence in the Nurses’ Health Study II | Environmental Health Perspectives | Vol. 125, No. 8

https://ehp.niehs.nih.gov/doi/full/10.1289/EHP935 5/20

Statistical Analysis

Person-years of follow-up were accrued from the return date of the 1989 questionnaire until the participant
became a case or died, or until the end of follow-up (31 May 2013). Person-time was skipped if a participant
missed a questionnaire or temporarily moved outside of the contiguous United States, but these participants
could contribute person-time to the analysis if they �lled out a subsequent questionnaire or moved back to
the contiguous United States. We used the date of the last questionnaire completed as the end of follow-up.
Deaths were usually reported by families, and deaths among nonrespondents were identi�ed by searching the
National Death Index, which has been validated in prior studies in this cohort (Rich-Edwards et al. 1994). We
�t time-varying Cox proportional hazards regression models to calculate the hazard ratio (HR) for developing
breast cancer (overall and by ER status) associated with cumulative average outdoor LAN, using both
continuous LAN based on an interquartile range (IQR) increase ( ) as well as quintiles of LAN
with a test for trend based on the median value for each quintile. We used likelihood ratio tests to compare
the �t of models that included cubic splines with models having linear terms only to test for statistically
signi�cant departures from linearity. To test for violations of the proportional hazards assumption, we
included interaction terms of LAN exposure and calendar time and performed likelihood ratio tests.

Analyses were strati�ed by age at follow-up and by calendar year, and we adjusted for all of the following
covariates a priori as potential confounders based on questionnaire data because they are potential breast
cancer risk factors and may be correlated with LAN. Time-invariant factors included race (white/nonwhite),
benign breast disease history at baseline (yes/no), family history of breast cancer at baseline (yes/no), age at
menarche (years), height at baseline (inches), BMI at age 18 (kilograms per meter squared), and personal
income assessed in 2001 (thousands of U.S. dollars per year;

). Time-varying factors included parity and age
(years) at �rst birth [nulliparous/1–2 children (before 25/25–29/ )/3–4 children (before 25/25–29/ )/5–8
children (before 25/ ], BMI (kilograms per meter squared; based on self-reported weight at each
questionnaire and height at baseline), menopausal status (yes/no), oral contraceptive use (yes/no),
mammography screening (yes/no), smoking status (current/past/never), marital status (married/nonmarried),
living alone (yes/no), night-shift work (never/ever performing shift work after 1989), alternative healthy eating
index (AHEI) (continuous) (Chiuve et al. 2012), and physical activity [total metabolic equivalent of task hours
per week (MET hrs/wk)]. Family history of breast cancer was de�ned as a mother, sister, or grandmother with
any type of breast cancer. Menopausal status was assessed every two years based on self-report and was
used as time-varying in analyses. Physical activity was evaluated every 2–6 y based on a validated measure of
self-reported total physical activity in the past year (Wolf et al. 1994). Values were carried forward for years
between physical activity questionnaires. The AHEI, an overall diet quality measure based on alcohol
consumption, foods, and nutrients predictive of chronic disease risk, was calculated from food frequency
questionnaires asking about typical consumption in the past year (Willett et al. 1985) that were completed
every 4 y. Values were carried forward for years between food frequency questionnaires. We accounted for
area-level SES by including census-tract median home value and income, and we also adjusted for census-tract
population density and for region of United States based on geocoded address. Census data came from the
2000 U.S. Census (U.S. Census Bureau 2000). To reduce potential confounding by air pollution exposures that
have been associated with breast cancer in previous studies (Parikh and Wei 2016; Wong et al. 2016), we
adjusted for modeled 24-mo average particulate matter  ( ) exposure, which was predicted at
each geocoded address using a generalized additive mixed model (Yanosky et al. 2014). The  model
extended from 1989–2006; values from 2007–2013 were carried forward. We used indicator variables in
models to account for missing values in covariates, which has been shown to be a valid approach for dealing
with missing data without losing power (Song 2016).

To assess whether the association between LAN and breast cancer di�ered across subpopulations, we
examined e�ect modi�cation by current menopausal status, BMI (BMI  vs. BMI ), race (white vs.
nonwhite), smoking (current vs. past vs. never),  (quintiles), census-tract population density (quintiles),

31.6 /sr nW/ cm 2

< 15/15– 19/20– 29/30– 39/40– 49/50– 74/75– 99/100– 149/ ≥ 150
≥ 30 ≥ 30

≥ 25

< 2.5 μm PM2.5

PM2.5

< 30 ≥ 30
PM2.5
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census-tract median income (quintiles), census-tract home value (quintiles), census region (northeast,
midwest, west, and south), census-tract urbanicity (urban vs. nonurban), and night-shift work (no night-shift
work since 1989 vs. any night-shift work since 1989). Urbanicity was determined by the participant’s residence
in an urban (  people) or nonurban [urban cluster (10,000–49,999 people) or small town/rural (
people)] census tract. To evaluate whether the association between continuous LAN and breast cancer risk
varied across these factors, we �t separate Cox proportional hazards models within strata of these factors and
estimated stratum-speci�c HRs. For all time-varying factors, analyses were strati�ed by person-time. To test
for signi�cance of statistical interaction between LAN and each factor, we used a likelihood ratio test
comparing models with cross-product terms and main-e�ects-only models. Observations with missing values
for each factor were excluded from e�ect modi�cation analyses. We examined whether there was
heterogeneity in the association between LAN and breast cancer risk by tumor ER status (negative vs. positive)
using the contrast test method (Wang et al. 2016). We performed sensitivity analyses restricting observations
to 1997–2013 and estimating cumulative average LAN exposure starting in 1997, when concurrent LAN
satellite data were available. An alpha level of 0.05 was used to de�ne statistical signi�cance, and all analyses
were performed in SAS v.9.3 (SAS Institute Inc.).

Results

We observed 3,549 invasive breast cancer cases over 2,187,425 person-years of follow-up among the 109,672
eligible cohort members from 1989–2013. Over the person-time contributing to this analysis, participants were
predominantly white and were more likely to be premenopausal and married (Table 1). The majority of
person-time came from participants who lived in metropolitan areas, and two-thirds of the person-time came
from participants who lived in the northeastern or midwestern United States. As expected in a population of
nurses, 42% of the person-years contributed came from women who had performed night-shift work. Higher
cumulative average LAN was associated with higher average values over follow-up for census-tract population
density and median home value as well as with nulliparity, nonwhite race, and being nonmarried.

Table 1 Age-adjusted participant characteristics overall and by quintile of cumulative average LAN
( ) over 2,187,425 person-years of follow-up 1989–2013 (  or %) .

Characteristic Overall LAN
quintile 1
( )

LAN
quintile 2
( )

LAN
quintile 3
( )

LAN
quintile 4
( )

LAN q
5
(

Cumulative
average light at
night
( )

Age (years)

Race          

 White (%) 95 98 98 97 95 90

 Nonwhite (%) 5 2 2 3 5 10

Menopausal
status

         

≥ 50,000 < 10,000

n = 109,672 mean ± SD a

0.4
– 7.2 nW
/ cm /sr2

6.3
– 15.9 nW
/ cm /sr2

14.4
– 30.1 nW
/ cm /sr2

26.0
– 53.3 nW
/ cm /sr2

41.4
– 248
/ cm /2

/srnW/ cm 2

29.7
± 26.0

3.8 ± 1.7 10.9 ± 2.4 21.1 ± 3.7 36.2 ± 5.8 69
± 2

b 45.7
± 8.2

46.7 ± 8.0 46.0 ± 8.1 45.4 ± 8.3 45.4 ± 8.3 45.5

c
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Characteristic Overall LAN
quintile 1
( )

LAN
quintile 2
( )

LAN
quintile 3
( )

LAN
quintile 4
( )

LAN q
5
(

 Premenopausal
(%)

74 73 74 74 75 75

 
Postmenopausal
(%)

26 27 26 26 25 25

 BMI ( )

 Physical
activity (MET
hrs/wk)

 Missing
physical Activity
(%)

7 7 7 7 7 9

Smoking status          

 Never smoker
(%)

65 67 65 65 65 62

 Past smoker
(%)

25 23 25 25 25 27

 Current
smoker (%)

9 9 9 9 9 9

History of
benign breast
disease

         

 Yes (%) 44 45 45 45 44 43

 No (%) 56 55 55 55 56 57

Family history
of breast
cancer

         

 Yes (%) 11 10 10 11 11 11

 No (%) 89 90 90 89 89 89

Age at
menarche

         

ld 24 25 24 24 24 25

0.4
– 7.2 nW
/ cm /sr2

6.3
– 15.9 nW
/ cm /sr2

14.4
– 30.1 nW
/ cm /sr2

26.0
– 53.3 nW
/ cm /sr2

41.4
– 248
/ cm /2

kg /m 2 26.41
± 6.2

26.8 ± 6.3 26.4 ± 6.1 26.3 ± 6.2 26.2 ± 6.2 26.3

19.9
± 27.9

18.7
± 26.5

20.0
± 27.5

20.1
± 27.5

20.4
± 28.7

20
± 2

c

c

c

12
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Characteristic Overall LAN
quintile 1
( )

LAN
quintile 2
( )

LAN
quintile 3
( )

LAN
quintile 4
( )

LAN q
5
(

 years old
(%)

24 25 24 24 24 25

 12 years old (%) 30 30 31 30 30 29

 13 years old (%) 27 28 28 27 28 27

 years old
(%)

18 17 18 18 18 18

Parity and age
at �rst birth

         

 Nulliparous (%) 17 12 13 16 19 24

 1–2 children,
 old (%)

14 18 16 13 12 10

 1–2 children,
25-29 years old
(%)

19 21 22 20 19 15

 1–2 children,
 old (%)

13 10 12 14 14 15

 3–4 children,
 old (%)

10 14 12 10 9 7

 3–4 children,
25-29 years old
(%)

10 11 10 10 9 8

 3–4 children,
 old (%)

2 2 2 3 3 3

 5–9 children,
 old (%)

1 1 1 1 1 1

 5–9 children,
 old (%)

1 1 1 1 1 1

 Missing parity
and age at �rst
birth

13 10 12 13 14 17

Height at
baseline (cm)

         

 127–155 (%) 9 8 8 8 9 10

0.4
– 7.2 nW
/ cm /sr2

6.3
– 15.9 nW
/ cm /sr2

14.4
– 30.1 nW
/ cm /sr2

26.0
– 53.3 nW
/ cm /sr2

41.4
– 248
/ cm /2

 < 12

 ≥ 14

< 25 years

≥ 30 years

< 25 years

≥ 30 years

< 25 years

≥ 25 years

c
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Characteristic Overall LAN
quintile 1
( )

LAN
quintile 2
( )

LAN
quintile 3
( )

LAN
quintile 4
( )

LAN q
5
(

 156–163 (%) 37 38 38 37 37 37

 164–170 (%) 38 39 39 38 38 37

 (%) 16 16 15 16 16 16

Oral
contraceptive
use

         

 Never (%) 12 10 11 11 12 13

 Past (%) 73 77 76 74 72 68

 Current (%) 7 6 6 7 7 7

 Missing oral
contraceptive
use (%)

9 7 7 8 9 12

Mammography
screening

         

 No
mammogram
(%)

21 22 21 21 21 21

 Screening
mammogram
(%)

53 53 54 53 53 51

 Missing
mammography
(%)

26 25 25 26 26 28

BMI at Age 18          

 (%) 22 20 21 22 22 22

 19–20.4 (%) 26 26 26 26 26 25

 20.5–21.9 (%) 23 24 23 23 23 22

 22–24.9 (%) 19 19 18 18 18 19

 25–29.9 (%) 8 8 7 7 8 8

 (% 2 2 2 2 2 3

Missing BMI at 1 1 1 1 1 1

0.4
– 7.2 nW
/ cm /sr2

6.3
– 15.9 nW
/ cm /sr2

14.4
– 30.1 nW
/ cm /sr2

26.0
– 53.3 nW
/ cm /sr2

41.4
– 248
/ cm /2 > 170

c

 < 19

 ≥ 30
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Characteristic Overall LAN
quintile 1
( )

LAN
quintile 2
( )

LAN
quintile 3
( )

LAN
quintile 4
( )

LAN q
5
(

 Missing BMI at
age 18 (%)

1 1 1 1 1 1

 Alternative
healthy eating
index

Missing
alternative
healthy eating
index  (%)

         

 Living alone (%)          

  Yes 7 4 5 7 8 11

  No 93 96 95 93 92 89

Personal income
(USD)

         

 (%) 0 0 0 0 0 0

(%)
0 0 0 0 0 0

(%)
1 1 1 1 1 1

(%)
2 3 3 2 2 2

(%)
6 7 6 5 5 5

(%)
17 19 17 16 16 17

(%)
13 14 14 13 13 13

(%)
14 12 14 15 15 14

 (%) 8 4 8 9 9 9

 Missing income
(%)

38 38 38 38 38 39

0.4
– 7.2 nW
/ cm /sr2

6.3
– 15.9 nW
/ cm /sr2

14.4
– 30.1 nW
/ cm /sr2

26.0
– 53.3 nW
/ cm /sr2

41.4
– 248
/ cm /2d

54.2
± 10.4

52.7
± 10.4

53.7
± 10.4

54.2
± 10.4

54.7
± 10.4

55
± 1

d

c

 < 15,000

 15,000– 19,000

 20,000– 29,000

 30,000– 39,000

 40,000– 49,000

 50,000– 74,000

 75,000– 99,000

 100,000– 149,000

 ≥ 150,000
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Characteristic Overall LAN
quintile 1
( )

LAN
quintile 2
( )

LAN
quintile 3
( )

LAN
quintile 4
( )

LAN q
5
(

Marital status          

 Married (%) 56 62 59 57 55 49

 Not married
(%)

44 38 41 43 45 51

Night shift work          

 Shift work
since 1989 (%)

42 43 42 42 41 42

 No shift work
since 1989 (%)

58 57 58 58 59 58

 ( )

 Census tract
population
density (per
square
kilometer)

 Census tract
median home
value ( )

 Census tract
median income
( )

Census region          

 Northeast (%) 33 32 39 32 28 33

 Midwest (%) 33 40 31 31 34 29

 West (%) 16 7 10 17 20 22

 South (%) 19 21 20 21 18 16

Census tract
urbanicity

         

 Urban (%) 87 62 79 92 97 99

0.4
– 7.2 nW
/ cm /sr2

6.3
– 15.9 nW
/ cm /sr2

14.4
– 30.1 nW
/ cm /sr2

26.0
– 53.3 nW
/ cm /sr2

41.4
– 248
/ cm /2

 PM2.5 10 μg/m 3 1.4
± 0.3

1.2 ± 0.3 1.3 ± 0.3 1.4 ± 0.3 1.4 ± 0.3 1.5

1,481
± 4,047

124 ± 235 493 ± 570 927 ± 957 1,406
± 1,378

4,0
± 8,

1000 USD

168
± 122

122 ± 68 151 ± 101 170 ± 118 185 ± 126 202

1000 USD

65
± 24

55 ± 16 64 ± 22 68 ± 23 70 ± 25 68
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Estimated associations between cumulative average outdoor LAN and breast cancer are shown in Table 2.
There was an estimated 14% increased risk of breast cancer in the top quintile of outdoor LAN compared with
the lowest quintile of LAN (95% CI: 1.01, 1.29) in the fully adjusted model. The association was strongest for
the highest quintile but was not monotonic with increasing LAN. Cubic spline models did not signi�cantly
improve model �t relative to linear models (data not shown). Continuous analyses also showed a positive
association between outdoor LAN and breast cancer, with a 5% higher rate of breast cancer (95% CI: 1.00,
1.11) in fully adjusted models for each IQR ( ) increase in cumulative average outdoor LAN in
the area around participants’ homes. The results were similar when analyses were restricted to 1997–2013,
when concurrent outdoor LAN data were available [  (95% CI: 1.00, 1.13) based on 105,304 women
and 2,954 breast cancer cases] (Table 3).

Table 2 Associations between cumulative average outdoor LAN and breast cancer in the Nurses’ Health
Study II ( ) with 3,549 breast cancer cases over 2,187,425 person-years of follow-up (1989–
2013).

Exposure Cumulative average light at night

Cases
(n)

Person-
years

Age-adjusted HR
(95% CI)

Fully adjusted HR
(95% CI)

LAN quintile 1 (Median
)

571 360,609 Reference Reference

LAN quintile 2 (Median
)

715 432,584 1.08 (0.97, 1.21) 1.05 (0.94, 1.18)

LAN quintile 3 (Median
)

710 459,789 1.05 (0.94, 1.17) 1.01 (0.90, 1.13)

LAN quintile 4 (Median
)

776 469,624 1.12 (1.01, 1.25) 1.08 (0.97, 1.22)

LAN quintile 5 (Median
)

777 464,820 1.13 (1.02, 1.26) 1.14 (1.01, 1.29)

Characteristic Overall LAN
quintile 1
( )

LAN
quintile 2
( )

LAN
quintile 3
( )

LAN
quintile 4
( )

LAN q
5
(

 Nonurban (%) 13 39 20 9 3 1

Note: BMI, body mass index; LAN, light at night; MET, metabolic equivalent of task; PM , particulate
matter with aerodynamic diameter ; SD, standard deviation.

Means and percentages are based on the person-time over follow-up. All time-varying factors are
updated at each questionnaire cycle.

Estimate not age-adjusted.

Not time-varying.

Based on reported consumption of foods and nutrients that have been associated consistently with
lower risk of chronic disease (Chiuve et al. 2012).

0.4
– 7.2 nW
/ cm /sr2

6.3
– 15.9 nW
/ cm /sr2

14.4
– 30.1 nW
/ cm /sr2

26.0
– 53.3 nW
/ cm /sr2

41.4
– 248
/ cm /2

2.5
< 2.5 μm

a

b

c

d

31.6 /sr nW/ cm 2

HR = 1.06

n = 109,672

a

4.3 /sr nW/ cm 2

12.4 /sr nW/ cm 2

22.9 /sr nW/ cm 2

37.2 /sr nW/ cm 2

64.0 /sr nW/ cm 2
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Exposure Cumulative average light at night

Cases
(n)

Person-
years

Age-adjusted HR
(95% CI)

Fully adjusted HR
(95% CI)

p for trend     0.03 0.02

Continuous LAN (per IQR
increase )

    1.03 (0.99, 1.07) 1.05 (1.00, 1.11)

Note: BMI, body mass index; CI, con�dence interval; HR, hazard ratio; IQR, interquartile range; LAN, light
at night; PM , particulate matter with aerodynamic diameter .

HRs are adjusted for benign breast disease history, family history of breast cancer, age at menarche,
parity and age at �rst birth, height, white race, BMI, BMI at age 18, oral contraceptive use, mammography
screening, menopausal status, smoking status, alternative healthy eating index, physical activity, marital
status, living alone, personal income, shift work after 1989, region, , census-tract median home
value, income, and population density.

Test for trend is based on the median value for each quintile.

An IQR increase in cumulative average LAN is .

Table 3 Associations of cumulative average outdoor LAN and breast cancer risk in the Nurses’ Health
Study II ( ) with 2,954 breast cancer cases over 1,497,270 person-years of follow-up 1997–2013.

Exposure Cumulative average light at night

Cases
(n)

Person-
years

Age-adjusted HR
(95% CI)

Fully adjusted HR
(95% CI)

LAN quintile 1 (Median
)

486 263,512 Reference Reference

LAN quintile 2 (Median
)

611 298,740 1.09 (0.97, 1.24) 1.07 (0.94, 1.21)

LAN quintile 3 (Median
)

583 309,527 1.07 (0.95, 1.21) 1.04 (0.92, 1.18)

LAN quintile 4 (Median
)

625 314,141 1.19 (1.06, 1.34) 1.17 (1.03, 1.33)

LAN quintile 5 (Median
)

649 311,351 1.09 (0.97, 1.23) 1.12 (0.98, 1.29)

p for trend     0.06 0.07

Continuous LAN (per IQR
increase )

    1.02 (0.98, 1.07) 1.06 (1.00, 1.13)

a

b

c

2.5 < 2.5 μm

a

PM2.5

b

c 31.6 /sr nW/ cm 2

n = 105,304

a

4.3 /sr nW/ cm 2

12.4 /sr nW/ cm 2

22.9 /sr nW/ cm 2

37.2 /sr nW/ cm 2

64.0 /sr nW/ cm 2

b

c
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Note: BMI, body mass index; CI, con�dence interval; HR, hazard ratio; IQR, interquartile range; LAN, light
at night; PM , particulate matter with aerodynamic diameter .

Hazard ratios are adjusted for benign breast disease history, family history of breast cancer, age at
menarche, parity and age at �rst birth, height, white race, BMI, BMI at age 18, oral contraceptive use,
mammography screening, menopausal status, smoking status, alternative healthy eating index, physical
activity, marital status, living alone, personal income, shift work after 1989, region, , census-tract
median home value, income, and population density.

Test for trend is based on the median value for each quintile.

An IQR increase in cumulative average LAN is .

Analyses strati�ed by current menopausal status at the time of breast cancer diagnosis suggested that the
positive association between LAN and breast cancer was speci�c to premenopausal women [HR per IQR
increase in LAN for premenopausal women=1.07 (95% CI: 1.01, 1.14) based on 1,973 cases; HR for
postmenopausal women=1.00 (95% CI: 0.91, 1.09) based on 1,172 cases; p for interaction=0.08] (Table 4; see
also Figure S1). We did not detect statistically signi�cant heterogeneity in the HRs for outdoor LAN when
comparing ER-positive versus ER-negative tumors (see Table S1; p for heterogeneity=0.33), although we did
observe a positive association for ER-positive tumor types [HR per IQR increase in LAN=1.06 (95% CI: 0.99,
1.13) based on 2,137 cases], which comprised the majority of cases, and no association for ER-negative tumors
[HR=0.98 (95% CI: 0.85, 1.13) based on 512 cases]. Associations were stronger in those who had worked night
shifts [HR per IQR increase in LAN=1.09 (95% CI: 1.01, 1.18) based on 1,196 cases] compared with those who
had never worked night shifts since 1989 [HR=1.03 (95% CI: 0.97, 1.09) based on 2,353 cases] (Table 5; see also
Figure S1). The association between LAN and breast cancer was observed only in past and current smokers
[HR for current smokers=1.21 (95% CI: 1.07, 1.37) based on 300 cases; HR for past smokers=1.10 (95% CI: 1.01,
1.19) based on 1,034 cases; HR for never smokers=1.00 (95% CI: 0.94, 1.07) based on 2,215 cases; p for
interaction=0.008] (Table 6; see also Figure S1). There were no statistically signi�cant di�erences in the
association between LAN and breast cancer by BMI, race, , census-tract median income, census-tract
median home value, census region, census-tract population density, or census-tract urban/nonurban status
(see Figure S1).

Table 4 Cumulative average LAN and breast cancer risk strati�ed by menopausal status at the time of an
event in the Nurses’ Health Study II ( ) .

Exposure Premenopausal Postmenopausal

Cases
(n)

Fully adjusted HR
(95% CI)

Cases
(n)

Fully adjusted HR
(95% CI)

LAN quintile 1 (Median
)

282 Reference 223 Reference

LAN quintile 2 (Median
)

367 1.02 (0.87, 1.19) 242 0.96 (0.80, 1.16)

LAN quintile 3 (Median
)

415 1.08 (0.92, 1.26) 229 0.92 (0.77, 1.11)

2.5 < 2.5 μm

a

PM2.5

b

c 31.6 /sr nW/ cm 2

PM2.5

n = 109,155 a

b b

4.3 /sr nW/ cm 2

12.4 /sr nW/ cm 2

22.9 /sr nW/ cm 2
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Exposure Premenopausal Postmenopausal

Cases
(n)

Fully adjusted HR
(95% CI)

Cases
(n)

Fully adjusted HR
(95% CI)

LAN quintile 4 (Median
)

447 1.12 (0.96, 1.31) 248 0.99 (0.82, 1.19)

LAN quintile 5 (Median
)

462 1.20 (1.02, 1.41) 230 0.95 (0.78, 1.15)

Continuous LAN (per IQR
increase )

  1.07 (1.01, 1.14)   1.00 (0.91, 1.09)

p for interaction 0.08

Note: BMI, body mass index; CI, con�dence interval; HR, hazard ratio; IQR, interquartile range; LAN, light
at night; PM , particulate matter with aerodynamic diameter .

See Figure S1 for a graphical representation of this table.

There were 404 cases who were missing menopausal status at the time of an event. These observations
are excluded from this analysis.

Hazard ratios are adjusted for benign breast disease history, family history of breast cancer, age at
menarche, parity and age at �rst birth, height, white race, BMI, BMI at age 18, oral contraceptive use,
mammography screening, smoking status, alternative healthy eating index, physical activity, marital
status, living alone, personal income, shift work after 1989, region, , census-tract median home
value, income, and population density.

An IQR increase in cumulative average LAN is .

Table 5 Cumulative average LAN and breast cancer risk strati�ed by night shift work since 1989 in the
Nurses’ Health Study II ( ).

Exposure No shift work since 1989 Any shift work since 1989

Cases
(n)

Fully adjusted HR
(95% CI)

Cases
(n)

Fully adjusted HR
(95% CI)

LAN quintile 1 (Median
)

386 Reference 185 Reference

LAN quintile 2 (Median
)

469 0.98 (0.86, 1.13) 246 1.18 (0.98, 1.43)

LAN quintile 3 (Median
)

472 0.96 (0.84, 1.10) 238 1.09 (0.90, 1.32)

LAN quintile 4 (Median
)

515 1.01 (0.88, 1.16) 261 1.19 (0.98, 1.44)

b b

37.2 /sr nW/ cm 2

64.0 /sr nW/ cm 2

c

2.5 < 2.5 μm

a

b

PM2.5

c 31.6 /sr nW/ cm 2

n = 109,672

a a

4.3 /sr nW/ cm 2

12.4 /sr nW/ cm 2

22.9 /sr nW/ cm 2

37.2 /sr nW/ cm 2
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Exposure No shift work since 1989 Any shift work since 1989

Cases
(n)

Fully adjusted HR
(95% CI)

Cases
(n)

Fully adjusted HR
(95% CI)

LAN quintile 5 (Median
)

511 1.04 (0.90, 1.20) 266 1.29 (1.06, 1.56)

Continuous LAN (per IQR
increase )

  1.03 (0.97, 1.09)   1.09 (1.01, 1.18)

p for interaction 0.10

Note: BMI, body mass index; CI, con�dence interval; HR, hazard ratio; IQR, interquartile range; LAN, light
at night; PM , particulate matter with aerodynamic diameter .

See Figure S1 for a graphical representation of this table.

Hazard ratios are adjusted for benign breast disease history, family history of breast cancer, age at
menarche, parity and age at �rst birth, height, white race, BMI, BMI at age 18, oral contraceptive use,
mammography screening, menopausal status, smoking status, alternative healthy eating index, physical
activity, marital status, living alone, personal income, region, , census-tract median home value,
income, and population density.

An IQR increase in cumulative average LAN is .

Table 6 Cumulative average LAN and breast cancer risk strati�ed by smoking status in the Nurses’ Health
Study II ( ).

Exposure Never Past Current

Cases
(n)

Fully
adjusted HR
(95% CI)

Cases
(n)

Fully
adjusted HR
(95% CI)

Cases
(n)

Fully
adjusted
HR (95%
CI)

LAN quintile 1
(Median

)

382 Reference 146 Reference 43 Reference

LAN quintile 2
(Median

)

460 1.04 (0.91,
1.20)

189 1.01 (0.81,
1.25)

66 1.27 (0.87,
1.87)

LAN quintile 3
(Median

)

465 1.02 (0.89,
1.18)

192 0.97 (0.78,
1.21)

53 0.97 (0.65,
1.46)

LAN quintile 4
(Median

)

473 1.02 (0.88,
1.17)

250 1.23 (1.00,
1.51)

53 0.98 (0.65,
1.46)

a a

64.0 /sr nW/ cm 2

b

2.5 < 2.5 μm

a

PM2.5

b 31.6 /sr nW/ cm 2

n = 109,672

a a

a

4.3 /sr nW/ cm 2

12.4 /sr nW/ cm 2

22.9 /sr nW/ cm 2

37.2 /sr nW/ cm 2
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Exposure Never Past Current

Cases
(n)

Fully
adjusted HR
(95% CI)

Cases
(n)

Fully
adjusted HR
(95% CI)

Cases
(n)

Fully
adjusted
HR (95%
CI)

LAN quintile 5
(Median

)

435 1.02 (0.88,
1.18)

257 1.23 (0.99,
1.52)

85 1.54 (1.06,
2.23)

Continuous LAN (per
IQR increase )

  1.00 (0.94,
1.07)

  1.10 (1.01,
1.19)

  1.21 (1.07,
1.37)

p for interaction 0.008

Note: BMI, body mass index; CI, con�dence interval; HR, hazard ratio; IQR, interquartile range; LAN, light
at night; PM , particulate matter with aerodynamic diameter .

See Figure S1 for a graphical representation of this table.

Hazard ratios are adjusted for benign breast disease history, family history of breast cancer, age at
menarche, parity and age at �rst birth, height, white race, BMI, BMI at age 18, oral contraceptive use,
mammography screening, menopausal status, alternative healthy eating index, physical activity, marital
status, living alone, personal income, shift work after 1989, region, , census-tract median home
value, income, and population density.

An IQR increase in cumulative average LAN is .

Discussion

In this nationwide prospective analysis of female nurses, we observed a positive association between
cumulative average exposure to residential outdoor LAN and breast cancer risk, which was robust to
adjustment for many important breast cancer risk factors. This association was generally consistent across
categories of BMI, race, , and census-tract level median income, median home value, population density,
and urban/nonurban status. The association between LAN and breast cancer was observed only among
current and past smokers and premenopausal women. The association between LAN and breast cancer risk
was more pronounced among women who had worked night shifts and was linked most strongly to ER-
positive tumor types, although di�erences were not statistically signi�cant across these factors.

Studies have observed an association between exposure to LAN and cancer risk in animal models (Blask et al.
2014; Stevens et al. 2007); however, few epidemiologic studies have examined the association between
outdoor LAN and breast cancer. Several ecological studies reported that satellite-based LAN was associated
with breast cancer incidence at the country or community level (Keshet-Sitton et al. 2016a; Kim et al. 2015;
Kloog et al. 2008, 2010; Portnov et al. 2016; Rybnikova et al. 2015). For example, one study reported a 73%
higher incidence of breast cancer in communities with the highest LAN than in those with the lowest LAN
across 147 communities in Israel (Kloog et al. 2008). Although these studies were consistent with our �ndings,
they were limited by their inability to link individual exposure and outcome as well as by the lack of
information on individual-level confounding. A case–control study using breast cancer cases and lung cancer
controls in the U.S. state of Georgia suggested a link between higher levels of outdoor LAN exposure, assessed
at the geocoded address, and breast cancer risk. The authors found that high LAN exposure ( )

a a

a

64.0 /sr nW/ cm 2

b

2.5 < 2.5 μm

a

PM2.5

b 31.6 /sr nW/ cm 2

PM2.5

> 41 /sr nW/ cm 2
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was associated with increased odds of breast cancer compared with low LAN exposure ( )
[  (95% CI: 1.04, 1.20)] (Bauer et al. 2013). In a small case–control study in Israel, participants who
reported living near “strong arti�cial light at night sources” had higher odds of being a breast cancer case
[  (95% CI: 1.10, 2.12)] (Keshet-Sitton et al. 2016b). To the best of our knowledge, there has only been
one prior prospective cohort study examining outdoor LAN and breast cancer risk. Hurley et al. (2014)
examined California Teacher’s Study (CTS) data on 106,731 participants and found that women living in areas
with the highest quintile of LAN (range: ) compared with the lowest quintile (range:

) had the highest risk of invasive breast cancer [HR=1.12 (95% CI: 1.00, 1.26)]. The authors
assessed LAN exposure for baseline addresses (1995–96) using high-dynamic range LAN data for 2006.
Consistent with our �ndings, the association appeared to be speci�c to premenopausal women [HR for the
highest vs. lowest LAN quintile=1.34 (95% CI: 1.07, 1.69) vs. 1.04 (95% CI: 0.90, 1.20), respectively, for
postmenopausal women], although the di�erence was not signi�cant ( ). Because only
one year of high-dynamic range data was available at the time of analysis, the CTS study did not include time-
varying information on exposure. The present analysis extends that research by including time-varying
exposure information at a broader range of outdoor LAN levels (ranging from ) and by
expanding the geographic scope to the entire contiguous United States. Our results corroborate the �ndings
of the CTS and provide further evidence that outdoor LAN may be associated with increased breast cancer
risk.

Our analysis of e�ect modi�cation of the LAN–breast cancer relationship by smoking status revealed that
associations were only evident in current and past smokers. Smoking has been associated with breast cancer
in some studies (Cui et al. 2006; Gaudet et al. 2013; Gaudet et al. 2016; Gram et al. 2015; Luo et al. 2011;
Reynolds et al. 2004a), although other studies have not reported associations (Egan et al. 2002; Palmer and
Rosenberg 1993). A prior study of 459 NHSII participants reported that creatinine-corrected melatonin
concentrations in spot urine samples were signi�cantly lower in women with  pack-years of smoking than
in never smokers (Schernhammer et al. 2006a), and lower melatonin has been associated with increased
breast cancer risk (Schernhammer and Hankinson 2009). Our �nding of increased relative risks among
smokers exposed to higher LAN suggests that LAN and smoking may share similar melatonin-mediated
pathways to breast cancer risk.

This study is one of the �rst analyses of LAN and breast cancer that incorporates information on night-shift
work. In strati�ed analyses, the association between LAN and breast cancer was stronger among participants
who worked night shifts at any time since 1989 than among those who did not, although the di�erence was
not statistically signi�cant (interaction ). This �nding suggests that both exposure to LAN and
night-shift work contribute jointly to increase breast cancer risk, possibly through mechanisms involving
circadian disruption.

Although our results should be interpreted with caution given the small numbers of ER-negative cases, this
analysis suggests that the association with LAN was limited to ER-positive tumors. This �nding is consistent
with the hypothesis that LAN acts through estrogen receptor signaling–mediated pathways to increase breast
cancer risk. Hurley et al. (2014) also examined associations with LAN according to ER (and progesterone
receptor) status, but they noted that numbers of cases within subgroups were small, and they did not report
quantitative estimates from this analysis.

Our study has a few limitations. First, exposure misclassi�cation could occur because of missing satellite data
and data processing errors. In addition, satellite-based measures of outdoor LAN are a proxy for total
personal exposure to LAN, and a study has demonstrated that outdoor LAN measures may not capture true
individual exposure to LAN, including indoor sources, that is thought to drive breast cancer risk (Rea et al.
2011). Although total personal exposure to LAN may be important to discern the etiologic association between
LAN and breast cancer, the association between outdoor LAN and breast cancer risk may be relevant in a
policy context because city- or county-scale policies that limit outdoor nighttime lighting may a�ect ambient

≤ 20 /sr nW/ cm 2

OR = 1.12

OR = 1.52

53.4– 175.2 /sr nW/ cm 2

0– 14.2 /sr nW/ cm 2

p for interaction = 0.34

0.39– 248.1 /sr nW/ cm 2

≥ 15

p − value = 0.10
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LAN levels. Alternatively, outdoor LAN could be a proxy for an unmeasured breast cancer risk factor, where
policies to limit outdoor LAN would have little e�ect. In addition, in this analysis, LAN data were available
starting in 1996, so there was a temporal mismatch between LAN measures and our breast cancer data for
earlier observations. However, analyses restricted to years after 1996 showed similar results. Although we
successfully geocoded 85% of addresses to the street level, residences that could not be geocoded may di�er
in urban/nonurban characteristics, and thus, they may di�er in LAN exposure. Given the relatively low
proportion of missing exposure data, any selection bias is expected to be minimal. In addition, participants
were 25–42 y old at baseline in 1989, so this analysis is missing data on exposure before this period, which
might be an etiologically important time window. With any study of neighborhood factors and health, there is
a possibility that participants may self-select into certain neighborhoods they deem “healthier” than others.
However, adjustment for established breast cancer risk factors reduces the likelihood that neighborhood self-
selection explains the associations that we observed. Because  of participants classi�ed themselves as
white, we were underpowered to detect di�erences in the association between outdoor LAN and breast
cancer by race/ethnicity, and our �ndings may not be generalizable to women who are not white. Because all
participants were nurses at enrollment, the generalizability of our �ndings to lower SES, nonworking groups is
also potentially limited. Finally, although we adjusted for air pollution and population density, we cannot rule
out the possibility that other factors that are correlated with outdoor LAN [e.g., economic activity (Rybnikova
and Portnov 2015)] might explain the observed association between LAN and breast cancer risk.

This analysis has a number of strengths. First, this study was conducted over more than two decades with
time-varying information about outdoor LAN recorded at the residence level. Second, this study applied high-
dynamic range, objective satellite data to capture potentially important intraurban di�erences in outdoor LAN
and included information on higher levels of LAN exposure. Third, we have time-varying information on a
number of factors, including menopausal status, family history of breast cancer, parity, oral contraceptive use,
smoking status, diet, physical activity, air pollution, and area-level SES. To our knowledge, no prior LAN
analyses have examined e�ect modi�cation by smoking status, and our �ndings suggest that the association
between LAN and breast cancer risk existed only in current or past smokers. This is also the �rst LAN study of
which the authors are aware to incorporate information about night-shift work into the analysis, with  of
the study population having worked night shifts since 1989. Thus, we were able to adjust for potential
confounding by many established and suspected breast cancer risk factors. Finally, this nationwide study
covers a broad geographic range of outdoor LAN levels, including participants in both urban and nonurban
areas.

Conclusions

This prospective study, conducted over 22 y of follow-up with time-varying and objective measures of ambient
LAN across the contiguous United States, provides evidence that women living in areas with high levels of
outdoor LAN may be at higher risk of breast cancer even after accounting for individual and area-level risk
factors for breast cancer. Athough further work is required to con�rm our results and to clarify potential
mechanisms, our �ndings suggest that exposure to outdoor light at night may contribute to breast cancer risk.
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Abstract

Recent studies of shift‐working women have reported that excessive exposure to light

at night (LAN) may be a risk factor for breast cancer. However, no studies have yet

attempted to examine the co‐distribution of LAN and breast cancer incidence on a

population level with the goal to assess the coherence of these earlier �ndings with

population trends. Coherence is one of Hill's “criteria” (actually, viewpoints) for an

inference of causality. Nighttime satellite images were used to estimate LAN levels in

147 communities in Israel. Multiple regression analysis was performed to investigate

the association between LAN and breast cancer incidence rates and, as a test of the
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speci�city of our method, lung cancer incidence rates in women across localities under

the prediction of a link with breast cancer but not lung cancer. After adjusting for

several variables available on a population level, such as ethnic makeup, birth rate,

population density, and local income level, a strong positive association between LAN

intensity and breast cancer rate was revealed (p<0.05), and this association

strengthened (p<0.01) when only statistically signi�cant factors were �ltered out by

stepwise regression analysis. Concurrently, no association was found between LAN

intensity and lung cancer rate. These results provide coherence of the previously

reported case‐control and cohort studies with the co‐distribution of LAN and breast

cancer on a population basis. The analysis yielded an estimated 73% higher breast

cancer incidence in the highest LAN exposed communities compared to the lowest

LAN exposed communities.
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Melatonin, environmental light, and breast cancer
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Abstract Although many factors have been suggested as

causes for breast cancer, the increased incidence of the

disease seen in women working in night shifts led to the

hypothesis that the suppression of melatonin by light or

melatonin deficiency plays a major role in cancer devel-

opment. Studies on the 7,12-dimethylbenz[a]anthracene

and N-methyl-N-nitrosourea experimental models of hu-

man breast cancer indicate that melatonin is effective in

reducing cancer development. In vitro studies in MCF-7

human breast cancer cell line have shown that melatonin

exerts its anticarcinogenic actions through a variety of

mechanisms, and that it is most effective in estrogen

receptor (ER) a-positive breast cancer cells. Melatonin

suppresses ER gene, modulates several estrogen dependent

regulatory proteins and pro-oncogenes, inhibits cell pro-

liferation, and impairs the metastatic capacity of MCF-7

human breast cancer cells. The anticarcinogenic action on

MCF-7 cells has been demonstrated at the physiological

concentrations of melatonin attained at night, suggesting

thereby that melatonin acts like an endogenous antiestro-

gen. Melatonin also decreases the formation of estrogens

from androgens via aromatase inhibition. Circulating

melatonin levels are abnormally low in ER-positive breast

cancer patients thereby supporting the melatonin hypothe-

sis for breast cancer in shift working women. It has been

postulated that enhanced endogenous melatonin secretion

is responsible for the beneficial effects of meditation as a

form of psychosocial intervention that helps breast cancer

patients.

Keywords Melatonin � Breast cancer � Estrogen receptor �
Light at night � Shift-work �Melatonin receptors �
Meditation

Introduction

Breast cancer is the most frequent form of cancer in

women (22%), with an estimated incidence of over

1 million new cases every year worldwide. In the year

2000 breast cancer accounted for the death of more than

375,000 people worldwide [1]. The American Cancer

Society has estimated that approximately 212,920 new

cases of invasive breast cancer, 61,980 in situ cases, and

40,970 deaths were expected to occur among US women

in 2006 [2].
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Many factors such as genetics, hormonal environment,

age, dietary and alcohol consumption or cigarette smoking,

have all been hypothesized as contributors to the devel-

opment of breast cancer [3]. For example, estrogens sig-

nificantly contribute to the development of cancer

depending upon timing of exposure [4, 5]. Whether the

stimulatory actions of estrogens on epithelial cell prolif-

eration, their mutagenic actions or their metabolites con-

tribute to the genesis and growth of mammary tumors is

still a matter of debate [6].

More recently, epidemiological studies have cited

associational evidence that night shift work and exposure

to light at night are risk factors for breast cancer [7–9].

Exposure to light at night was proposed as a major occu-

pational hazard for breast cancer and a ‘‘melatonin

hypothesis’’ of breast cancer, was put forth by Stevens in

1987 [10–12].

Reduced melatonin levels and elevated estrogen secre-

tion have been documented in nurses who developed breast

cancer and who had long employment stories of rotating

night shifts [13]. However, interpretation of retrospective

epidemiological studies is hampered by the possibility that

the disease itself affects melatonin levels. It must be noted

that the first study of prediagnosis melatonin level failed to

find a difference between women who later developed

breast cancer and those who did not [14]. Further evidence

of the need for caution in interpreting associational studies

has been provided by the finding of an inverse correlation

between stages of breast cancer and nocturnal melatonin

levels have been reported in breast cancer patients [15].

Despite the difficulties involved in inferring causality

from epidemiological studies, other lines of evidence have

suggested that disrupted melatonin rhythms due to photo-

transduction effects may nevertheless be important factors

in breast cancer development [8]. The scope of this review

is focused upon the suggested role of light in the etiology

of breast cancer and how melatonin acts as an effective

oncostatic agent for prevention and control of breast can-

cer. Indeed, it has been suggested that the pineal gland may

function as an ‘‘oncostatic gland’’ since its main secretory

product melatonin is antitumorigenic against a broad

spectrum of neoplasms both in vivo and in vitro [16].

Pineal gland and melatonin: biosynthesis

Melatonin is synthesized primarily in the pineal gland of all

vertebrates including humans. The pineal gland is mainly

concerned with translation of photoperiodic information

into the melatonin signal that serves as a ‘‘chemical code

for darkness’’ to all tissues in the body [17]. In humans,

the pineal gland is a part of epithalamus and is attached to

the roof of the third ventricle. Its average weight is

100–180 mg, with adult dimensions 5–9 mm in length,

1–5 mm in width and 3–5 mm in thickness [18, 19]. The

pinealocytes are the principal cell type of the pineal gland

and are not capable of responding directly to light [20],

even though they contain photoreceptor specific proteins

like rhodopsin and the S-antigen [21].

Although melatonin is synthesized primarily in the

pineal gland, synthesis also occurs in other organs and

tissues such as the eye [22–24], skin [25], gastrointestinal

tract [26, 27], lymphocytes [28], platelets [29] and bone

marrow [30].

Tryptophan is converted into 5-hydroxytryptophan, and

then to serotonin by 5-HT N-acetyl transferase. Serotonin is

subsequently acetylated to form N-acetylserotonin, by the

enzyme arylalkylamine-N-acetyltransferase. N-acetylsero-

tonin is then converted into melatonin, by 5-hydroxyin-

dole-O-methyl transferase, which is now considered as the

rate limiting enzyme for melatonin biosynthesis [31]. Once

formed, melatonin is released into the capillaries and in

higher concentrations into the cerebrospinal fluid [32] and

then is rapidly distributed to most body tissues [33]. Mel-

atonin synthesis in the pineal gland exhibits a circadian

rhythm with low levels being produced during daytime

hours and higher levels during the scotophase [34]. The

extent of melatonin increase at night shows marked indi-

vidual variations and both groups of individuals with low

and high melatonin secretion have been identified [35, 36].

These individual variations are presumably genetic [37].

The pineal gland remains the major source of melatonin in

body fluids inasmuch as melatonin levels in plasma, CSF

and urine are suppressed after pinealectomy [34].

Intravenously administered melatonin exhibits a biex-

ponential decay with a first distribution half-life of 2 min

and a second metabolic half life of 20 min [34]. Melatonin

is metabolized mainly in the liver where it is first

hydroxylated by Cytochrome P450 monooxygenases and

then conjugated with sulfate to form 6-sulfatoxymelatonin

[38]. In the brain, melatonin is metabolized by oxidative

pyrrole-ring cleavage into kynurenine derivatives [39]. The

primary cleavage product is N1-acetyl-N2-formyl-5-meth-

oxykynuramine (AFMK), which is deformylated, either by

arylamine formamidase or hemoperoxidases to N1-acetyl-

5-methoxykynuramine [40, 41]. Evidence from some

studies have supported estimates that pyrrole ring cleavage

contributes to about one third of the total catabolism, but

the percentage may be even higher in certain tissues [41].

Regulation of melatonin synthesis and secretion

The circadian rhythm of melatonin secretion is regulated

by the suprachiasmatic nucleus (SCN) of the hypothala-

mus, through a multicircuitry pathway involving descend-

340 Breast Cancer Res Treat (2008) 108:339–350

123

0241



ing projections to the intermediolateral column of the

spinal cord, preganglionic sympathetic fibers to the supe-

rior cervical ganglion and postganglionic sympathetic fi-

bers ending in the pineal gland [42]. The endogenous

rhythm of melatonin secretion is synchronized to the

environmental light-dark (L/D) cycle via the retino-hypo-

thalamic tract, which originates in special photoreceptive,

melanopsin-containing, retinal ganglion cells (RGCs) [43,

44]. These melanopsin containing RGCs are maximally

sensitive to short wavelengths at 484 nm. Although the

melanopsin pathway has been identified as the main path-

way by which light influences suppression of melatonin by

light in humans [45], studies undertaken in transgenic ro-

dents suggest that rod and cone photoreceptors also have

the capability for transducing light signals into photoperi-

odic responses [46].

The SCN electrical activity is inhibited during the dark

phase of daily photoperiod [47] at the time of activation of

pineal sympathetic nerves [48] and promotion of melatonin

synthesis [49]. Norepinephrine released from postgangli-

onic sympathetic nerve fibers innervating the pineal gland

activates the adenylyl cyclase and through 3¢,5¢-cyclic

adenosine monophosphate (cAMP) mechanism which in

turn enhances the activity of melatonin synthesizing en-

zymes that promotes melatonin formation [49]. In addition

to b adrenergic receptors activation in the pinealocytes, a1

receptors have also been detected [50]. The a1 receptors are

activated through increases in Ca2+ concentration and

protein kinase (PKC) activity. The a1 activation in turn

promotes melatonin biosynthesis through synergistic acti-

vation of both cAMP and PKC mechanisms [51]

Melatonin functions in the body

Melatonin has a wide range of functions in the body. It is

termed a ‘chronobiotic’ because it synchronizes bodily

rhythms [52] and it is used as a biochemical marker for

circadian phase [53]. The chronobiotic action of melatonin

is attributed to its direct inhibitory influence on electrical

and metabolic activity of the SCN [54]. The close rela-

tionship between the nocturnal increase of endogenous

melatonin and timing of sleep in humans suggests that

melatonin is involved in the physiological regulation of

sleep [55–57]. Melatonin and some of its metabolites (e.g.,

AFMK) are effective antioxidants [40, 41] and scavengers

of hydroxyl radicals [58]. Melatonin also acts as an anti-

oxidant by up-regulating several anti-oxidative enzymes

[59–62] Melatonin’s antioxidant action can be beneficial

not only in retarding aging but also in arresting age-in-

duced degenerative diseases such as Alzheimer’s disease

and Parkinsonism [63, 64] and neoplastic growth [65, 66].

Melatonin has also a well established immunomodula-

tory role as demonstrated in number of experimental con-

ditions (for reviews see [67–69]). It might be postulated

that the ability of melatonin to boost NK cell differentia-

tion and activity is of relevance in the initial stage of the

neoplastic disease. As a consequence, melatonin may have

an oncostatic effect against a variety of tumor cells [70].

In addition to immunomodulatory, anti-proliferative and

antioxidant effects of melatonin, a melatonin’s possible

influence on angiogenesis (a major mechanism responsible

for tumor growth and dissemination) has been also ad-

dressed. In one of the initial studies in this line of research

Lissoni and co-workers found that in patients with ad-

vanced cancer vascular endothelial growth factor (VEGF)

was the most highly active factor in promoting angiogen-

esis [71]. In 20 patients abnormally high circulating levels

of the growth factor were found to occur and were asso-

ciated with a poor prognosis. The patient sample included

those who had progressed on previous conventional anti-

tumor therapies and for whom no other effective treatment

was available. The patients were given oral doses of mel-

atonin at 20 mg/day in the evening for at least 2 months.

By evaluating changes in VEGF levels in relation to the

clinical response, non-progressing patients showed a sig-

nificant decline in VEGF mean concentrations, whereas no

effect was achieved in progressing patients. The authors

concluded that melatonin may control tumor growth at

least in part by acting as a natural anti-angiogenic molecule

[71].

By using Western blot analyses for p53, Bax and Bcl-2

expression in human umbilical vein endothelial cells Cui

et al. reported significant anti-proliferative and apoptosis-

inducing effects of melatonin [72]. All these effects were

associated with cell cycle arrest, upregulation of p53 and

Bax and downregulation of Bcl-2. The authors concluded

that these results offered support to the anti-angiogenic

activity of melatonin [72].

Insulin-like growth factor-I (IGF-I) is involved in pro-

moting both normal and neoplastic cell growth, angio-

genesis, and neoplasma progression. In 24 patients with

stage II breast cancer a trend to statistically significant

relations between mean plasma melatonin and IGF-I was

found [73]. In the breast cancer group the correlation

coefficient between IGF-I concentration in plasma and

melatonin was r = –0.392 (P = 0.058). The authors con-

cluded that, after confirmation in a larger population, the

presence of such a negative correlation between plasma

melatonin and IGF-I concentrations in patients with neo-

plastic disease implied the existence of an additional de-

fense mechanism for the oncostatic influence of melatonin,

presumably involving inhibition of angiogenesis [73].

In a study designed to assess whether melatonin affects

healing of incisions, melatonin was given to either normal

Breast Cancer Res Treat (2008) 108:339–350 341
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or pinealectomized rats [74]. While collagen deposition

and epithelization increased concurrently in incision

wounds after pinealectomy, exogenous melatonin de-

creased collagen synthesis and epithelium proliferation and

had negative effects on wound healing in both normal and

pinealectomized rats. It must be noted, however, that under

certain circumstances melatonin may be pro-angiogenic. In

a study on angiogenesis in wound healing in rats, angio-

genesis evaluated in healing tissues by light and electron

microscopy and by hydroxyproline level measurements,

was significantly increased by melatonin treatment [75].

Melatonin receptors

The melatonin receptors cloned so far belong to the super

family of G-protein-coupled receptors (GPCRs) containing

the typical 7 transmembrane domains. Both MT1 (Mel 1a)

and MT2 (Mel 1b) melatonin receptors have a 60%

homology in amino acid sequence; presumably, they are

not splice variants of each other but represent two related

receptors which are expressed in different tissues [76]. A

melatonin binding site initially called ‘‘MT3 receptor’’ was

later identified as the enzyme quinone reductase 2 [77].

Melatonin also binds to orphan nuclear receptors of the

retinoic acid receptor family ROR a1, ROR a2 and RZRb
[78]. Although some believe that melatonin exerts its ac-

tions through nuclear receptors [79] the subject remains

unsettled. By acting through MT1, melatonin modulates the

transcriptional activity of the ROR a receptors in breast

cancer [80].

Activation of MT1 receptors inhibits adenylyl cyclase

through a pertusis toxin sensitive mechanism [81]. It has

been conclusively demonstrated that the majority of anti-

proliferative effects of melatonin on MCF-7 human breast

tumor cells are mediated through activation of MT1

membrane associated GPCRs [76].

Light, night shift and breast cancer: The melatonin

hypothesis

A number of studies now point to a linkage between shift

work and breast cancer development, and, further, that

changes in melatonin synthesis or secretion may mediate

this association. It has been found for instance that expo-

sure to light (500 lux) at night reduces melatonin secretion

[82] and that breast cancer occurrence in healthy women

who have been chronically exposed to light during night

shift-work [10, 83, 84]. In a study on premenopausal wo-

men who have been working on rotating nightshifts, a 56%

reduction of urinary 6-sulfatoxymelatonin concentration

was reported which inversely correlates with high levels of

estradiol, thus suggesting an association between suppres-

sion of melatonin secretion at night and the occurrence of

breast cancer [13]. As noted above, the interpretations of

findings from retrospective epidemiological studies are

confounded by the possibility that low melatonin levels

were the consequence and not the cause of the disease. The

single study available on prediagnosis melatonin produc-

tion did not support such a relationship [14].

Epidemiological studies of women (age group 30–54)

engaged in night-shift work (over 7,000 cases vs. 7,000

controls) yielded an overall estimate of Odds Ratio (OR)

equal to 1.5 (95% confidence interval, CI = 1.3–1.7) [85].

In a study by Schernhammer et al. [13] those nurses who

reported working in rotating shifts for more than 30 years

had a greater risk (OD = 1.36, 95% CI = 1.04–1.78) than

nurses who had no history of rotating night shift-work. The

elevated breast cancer risk in women engaged in night-shift

work was also a consistent finding in epidemiological

studies conducted in Denmark [86].

Conversely a reduced risk of breast cancer was reported

in blind women. In a case control study, women with

bilateral blindness had almost half the risk of breast cancer

as compared to the control group [87]. Swedish women

who were blind had reduced risk of breast cancer than

women with intact vision [88]. Low risk of breast cancer

was observed among Norwegian women in a cohort study

of 15,412 visually impaired women [89]. The risk among

totally blind women was 0.64 (95% CI = 0.21–1.49). It

was suggested that totally blind women were well pro-

tected against breast cancer because they did not suffer

from light induced suppression of melatonin secretion [87].

In a recent cohort study of 17,557 of persons with visual

impairment (11,147 women, 6,410 men) there were 184

cases of breast cancer (Standard incidence ratio = 0.94,

95% CI 0.81–1.07), which represented a 40% decrease in

the risk of breast cancer [90]. Collectively, these epide-

miological data support the possibility of a relationship

between visible light at night and breast cancer risk.

Concerning the influence of the intensity of light on

melatonin suppression and the occurrence of breast cancer,

an experimental study reported that low intensity light

suppresses melatonin secretion as effectively as constant

bright light exposure [91]. Tumor growth and linoleic acid

(LA) metabolism in rats exposed to a low intensity fluo-

rescent light (0.2 lux at eye level) during the dark phase for

one week prior to the implantation of rat hepatomas, re-

sulted in complete suppression of melatonin levels and

enhancement of tumor growth rate, The uptake of LA and

its metabolism to 13-hydroxyoctadecadienoic acid (13

HODE in low intensity light was equivalent to the uptake

in constant bright light, thus showing thereby that low

intensity light was as effective as constant light for

inducing melatonin suppression, enhanced tumor growth
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and LA metabolism [92]. Alternatively, exposure to light

for one week during the dark phase could had effected the

immune functions of the animals which in its turn would

effect the survival of hepatomas. Similarly, human breast

cancer xenografts that were perfused with blood obtained

from women exposed to 2,800 lux bright light (resulting in

40% reduction of melatonin levels) took up more LA and

showed an increased cancer growth [93]. It must be noted

that melatonin levels are largely unaffected by brief

exposures (less than 30 min) to low ambient levels of white

(incandescent) light (of less than 30 lux), as are typically

found in residential homes [94]. Indeed threshold values

for light effect are highly variable among individuals [95,

96]. Thus, the casual link among light at night, melatonin

levels and increased incidence of breast cancer remains to

be fully established until knowing the spectrum, quantity,

distribution, duration and timing of light exposure [97].

In addition to light at night, exposure to ionizing radi-

ations of cosmic origin to people working in certain

occupations such as like female flight attendants is also a

major risk factor for breast cancer [98]. During the time of

high solar activity emissions there is an increased in cosmic

radiation affecting airline crew members [99]. A review of

the accumulating evidence from a number of epidemio-

logical studies [100] has also supported the inference that

female flight attendants, pilots, and cabin crew members

have an increased risk of developing breast cancer. Further,

a recent meta-analysis of breast cancer risk in flight

attendants and shift working women has estimated that the

overall relative risk is about 1.5 [101].

Melatonin effects in experimental models

of breast cancer

The oncostatic effect of melatonin in experimental models

of human breast cancer has been demonstrated. In several

studies the 7,12 DMBA (7,12, dimethylbenz[a]anthracene)-

induced rat mammary adenocarcinoma model (a hormone

responsive model) was employed. By using procedures

such as blinding or removal of the olfactory bulbs that

provided a maximum stimulation of melatonin secretion,

the volume of DMBA-induced mammary tumors decreased

significantly [102, 103]. It is important to note that these

procedures also reduce the circulating levels of estradiol

and prolactin [103] which may also contribute to the de-

crease of tumor volume. Chronic late afternoon injections

of melatonin (250 lg/mg/day) suppressed the development

and growth of N-methyl-N-nitrosourea (NMU)-induced

and transplanted R3230 AC rat mammary tumors [104]. In

the case of spontaneous mammary cancers found in C3H/

Jax mice (due to ingestion of Bittner virus through mo-

ther’s milk), procedures such as surgical or physiological

pinealectomy accelerated mammary tumor growth while

melatonin injection suppressed tumor growth [105]. Using

the DMBA and NMU experimental models of mammary

cancer, it was found that procedures which enhance pineal

function resulted either in significantly lower incidence or

reduction in the size and number of tumors when compared

to pinealectomized animals [106].

TG NK transgenic mice which overexpress c-neu (the

human breast cancer oncogene homologue of erbB2)

spontaneously develop mammary adenocarcinoma [107].

In this model melatonin administration (50–200 mg/kg)

significantly delayed the appearance and growth of tumors

in a dose-related manner and there was a negative trend for

the incidence of tumors [107]. It is important to note that

this human breast cancer oncogene codes for the human

epidermal growth factor receptor (HER2) which is ampli-

fied in 25–30 % of breast cancers. In these cases the en-

coded protein is present in abnormally high levels in the

malignant cells [108]. Women with breast cancers that

overexpress HER2 have an aggressive form of the disease

with significantly shortened disease-free rate of surviva and

overall survival. Several murine monoclonal antibodies

against the extracellular domain of the HER2 protein were

found to inhibit the proliferation of human cancer cells that

overexpressed HER2, both in vitro and in vivo [108]. One

of these antibodies (called trastuzumab), was found to in-

hibit tumor growth when used alone and has synergistic

and additive effects when used in combination with Taxol

and doxorubicin (Doxil) chemotherapy. [109]. The findings

thus support the conclusion that melatonin can be a useful

adjuvant therapy in cases of breast cancer where the tumor

overexpresses HER2.

In female F344 Fischer rats, chronic administration of

melatonin in drinking water was found to inhibit the

growth of carcinosarcoma tumors (passage 2 tumors) by

30%, whereas sarcoma tumors (passage 12 tumors) were

not affected [110]. The mechanisms by which melatonin

inhibited the growth of passage 2 cells depended upon the

presence of estrogen receptor (ER) positive cells [111].

Effects of melatonin on human breast cancer cells

The human breast cancer cell lines used in experimental

studies can be divided in two types––ERa-positive and

ERa-negative. The presence or absence of specific ER

proteins is critical in differentiating human breast tumors as

hormone responsive or non responsive [112]. Nearly 60–

70% of all primary breast adenocarcinomas are ER posi-

tive.

There are several mechanisms by which estrogens pro-

mote the growth of breast cancer cells. They include the

induction of changes in expression of specific mRNAs and
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growth factors such as transforming growth factor (TGF)-a
and TGF-b, insulin-like growth factor (IGF), cathepsin, etc.

[113] or the expression of oncogenes such as c-myc [114]

and c-fos [115].

A number of studies have demonstrated the inhibitory

effect of melatonin on the growth of estrogen responsive

human breast cancer cells [16]. The inhibitory effects of

melatonin on MCF-7 breast cancer cells was shown to be

exerted through the suppression of both translation ER

protein and transcription of ER mRNA [116].

Melatonin receptors in the human breast cancer cells

Melatonin binding sites and receptors have been demon-

strated in human breast cancer cell lines [117]. It has now

been conclusively demonstrated that the MT1 GPCR

mediates melatonin’s growth inhibitory and gene modula-

tory effects on human breast cancer cells.

Melatonin inhibits the proliferation of ERa-positive

MCF-7 breast cancer cells but not ERa-negative MDA-

MB-231 breast cancer cells [118]. Even in the absence of

exogenous melatonin, overexpression of MT1 receptors

may inhibit the basal proliferative rate in MCF-7 human

breast cancer lines thus demonstrating the importance of

these receptors for the growth inhibitory effect of melato-

nin [118].

Since the MCF-7 human breast cancer cells express both

MT1 and RORa nuclear orphan receptors, the possibility

that melatonińs growth inhibitory effects were exerted

through both types of receptors was evaluated [76]. Mel-

atonin, the synthetic compound CGP-52608 (a specific

agonist for ROR a receptors), N-acetyl-4-aminomethyl-6-

methoxy-9-methyl-1,2,3,4-tetrahydrocarbazol (AMMTC, a

MT1/MT2 receptor agonist) and CBPT (a MT1 antagonist)

were used for evaluation. Both melatonin and AMMTC,

but not CGP-52608, inhibited cell proliferation by about

40% and the effect was blocked by CBPT thus showing the

involvement of MT1, receptors (but not of ROR a recep-

tors) in melatonin’s growth inhibitory effect on MCF-7

breast cancer cells [76].

Melatonin effects on human breast cancer cells––role

of ERa receptors

ERa belongs to the steroid/thyroid receptor superfamily

and it is phosphorylated even in the absence of ligands but

at a very low rate [119]. In the presence of estrogens the

phosphorylation of ERa receptors was found to increase 3–

4 fold, an event essential for estrogen-controlled gene

transcription. The phosphorylation of ERa is also achieved

through a 17b estradiol-independent, mitogen activated

protein kinase (MAPK) pathway [120]. As ERa overex-

pression has been shown to be one of the important factors

for breast cancer [121], tackling the ERa receptors in a

suitable way can be one of the ways by which breast cancer

can become curtailed.

Melatonin pretreatment decreased the ERa mRNA and

protein and the basal phosphorylation state of ER a [117,

122]. The decreased transcription of the ER gene by mel-

atonin has been proposed as a cause for the down regula-

tion of ER mRNA levels. A study demonstrated that

melatonin at 10–8 M or 10–6 M when administered along

with forskolin, reduced forskolin induction of intracellular

cAMP by 57 and 55% respectively [123]. Inasmuch as

intracellular cyclic AMP is known to activate ERa, the

inhibitory effect on adenylyl cyclase by melatonin is one

plausible signal transduction mechanism through which

melatonin decreases ERa transcriptional activity [123].

Melatonin effects on estrogen induced breast

cancer––possible mediation through calmodulin

Melatonin binds with calmodulin (CaM) in a Ca2+ depen-

dent fashion and inhibits its activity [124, 125]. This effect

has been proposed as one of the mechanisms by which

melatonin exerts its antiestrogenic actions [126]. ERa, but

not ERb, interacts with calmodulin [127] and mutations in

ERa binding sites abolishes this interaction. Melatonin,

like CaM antagonists, was found to inhibit the estrogen––

ERa-induced transcription pathway but did not affect ERb-

induced activity [128]. Specifically, melatonin inhibited the

estrogen––ERa-mediated transcription in AP 1 driven

promoters This ERa-CaM/AP1 pathway is more important

since it establishes melatonin’s blocking action on the

mitogenic activity of ER a in both antiestrogen responsive

and antiestrogen resistant breast cancer cells [128]. The

effect of melatonin was specific since other related indoles

neither interacted with CaM nor inhibit ERa-mediated

transactivation. Interestingly, melatonin does not affect the

binding of coactivators to ERa, indicating that melatonin

action is different from that of current therapeutic anti-

estrogens used in breast cancer therapy. The authors sug-

gested that melatonin and current anti-estrogen drugs might

have synergistic effects [128].

Melatonin rhythm in patients with breast cancer

The circadian rhythm of melatonin production can be a

unique regulatory signal for the carcinogenic process and

may explain the importance of circadian rhythm disruption

as one of the major factors for increasing the risk of breast

cancer [8, 11]. It has been suggested that the nighttime
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physiological surge of melatonin is important since it acts

as a natural restraint against tumor initiation, promotion,

and progression [129].

The measurement of melatonin levels as a ‘‘biomarker’’

in the body fluids of patients with breast cancer has yielded

mixed results. In an initial study conducted in 10 post-

menopausal women suffering from advanced stages of

breast cancer and 9 women who served as controls, Bartsch

et al. reported that the 24 h urinary melatonin excretion in

the breast cancer patients was 31% lower than that of

controls [130]. A correlation of serum melatonin levels

with ER in breast tumor specimens was reported in another

study [131]. In patients with stage I or II of breast cancer

and ER positive tumors the nocturnal increase in plasma

melatonin was much lower than in controls. From this

study it was concluded that low nocturnal melatonin con-

centrations could be a marker for the presence of ER po-

sitive breast cancer [131].

Bartsch et al. [132] examined the circadian rhythms of

serum melatonin and its metabolite 6-sulfatoxymelatonin

in 17 patients with breast cancer and reported that they

were significantly reduced in patients with primary breast

cancer [132]. The circadian amplitudes of both melatonin

and 6-sulfatoxy melatonin were depressed by 81 and 63%,

respectively. Since patients with secondary breast cancers

had melatonin and 6-sulfatoxymelatonin levels similar to

that of controls it was concluded that depression of circu-

lating melatonin in patients with primary breast cancer

reflected a reduced pineal function and melatonin secretion

rather than an enhanced liver metabolism [132]. A corre-

lation between serum melatonin levels and tumor size has

also been reported. In a study on 23 patients with primary

breast tumor, the peak nocturnal concentration of serum

melatonin declined with increasing tumor size: 27% at

stage T1, 53% at T2 and 73% at T3 [133]. Besides the

serum, melatonin concentration has been found to correlate

with ER status within the breast malignant tissue. Maes-

troni et al. [134] reported that human breast cancer tissue

contains very high levels of melatonin and that the con-

centration correlated positively with ER and negatively

with tumor grade. The concentration of melatonin found in

breast tissue was three order of magnitude higher than that

normally found in the serum. This concentration of mela-

tonin was, however, not characteristic of malignancy be-

cause it was also found in normal breast tissue.

Other studies have not found a relation between the

melatonin levels and breast cancer. For example, signifi-

cantly lower concentrations of urinary 6-sulfatoxymelato-

nin correlated with decrease in the amplitude of the rhythm

in patients with breast cancer when compared to women

with benign tumors. However, when the women with

malignant tumors were compared with a larger group of

normal women of the same age their urinary 6-sulfat-

oxymelatonin levels were not outside the normal range

suggesting that age matched correlation was an important

factor [135]. In a recently published study women with

breast cancer had higher levels of disturbances on psy-

chological indices, but their nocturnal melatonin levels did

not differ significantly from controls [136].

Therefore, while some studies suggest an inverse inter-

action between melatonin and breast cancer conclusive

evidence in this respect is far for being established. This is

of focal importance in formulating concept of an inhibitory

role for the pineal gland on malignancies [15].

Psychosocial interventions, sleep and breast cancer

Evidence is accumulating that a cognitive-behavioral reg-

imen integrating cognitive techniques such as meditation-

based anti-stress procedures can be useful for improving

the quality of life in cancer patients. Improvements in

mood, sleep quality and reductions in stress, as well as a

dose-response effect, have been reported after practicing

Mindfulness-Based Stress Reduction (MBSR) in breast

cancer patients [137, 138]. It is interesting to note that

MBSR is also an effective treatment for increasing the

quality and duration of sleep in solid-organ transplant

recipients [139].

Among the molecular mediators of this effect melatonin

plays an important role. Indeed, the pineal gland is not only

photosensitive but also responds to psychosocial interven-

tion procedures such as meditation [139]. In a study of 30

healthy male volunteers to evaluate the effect of 3 months

of Hatha yoga and Omkar yogic meditation [140] the

investigators found that the treatments increased the max-

imum nighttime levels of melatonin while concurrently

improving the participants’ cardiorespiratory performance

and psychologic profile. The authors concluded that med-

itation practice can be used as psychophysiologic stimuli to

increase endogenous secretion of melatonin [141].

Carlson et al. [141] investigated the effect of MBSR on

a number of measures of quality of life in early stage breast

cancer (59 patients) and prostate cancer (10 patients).

Significant improvements were seen in patient reports of

their overall quality of life, symptoms of stress, and sleep

quality, but not in mood fluctuations. Improvements in

quality of life were associated with the decrease in after-

noon cortisol levels. Although no overall changes in

DHEAS or melatonin were found, it must be noted that the

melatonin sample was obtained at 1400 h, when circulating

melatonin levels are very low. Therefore, it remains to be

determined whether melatonin levels at night change in

patients under a MBSR program. In a similar experimental

setting the MBSR program resulted in increased levels of

IL4 and decreased levels of IFN-c and IL-10 [142].
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An inverse relationship between sleep duration and

breast cancer risk occurs and was attributed to a greater

overall melatonin production rate in longer sleepers [143].

The inhibitory action of endogenous melatonin on cancer is

presumably attributed to its effect on the immune function.

Melatonin increases IL-2 production and synergizes with

IL-2 anti cancer action [67], a finding of importance in a

view that IL-2, can increase NK cell activity, and has been

used as adjuvant therapy in high risk breast cancer patients

[144].

Conclusion

Epidemiological studies have shown a strong association

between incidence of breast cancer and work on rotating or

permanent night shifts. Melatonin suppression by light at

night has been hypothesized as the major determining

factor for the reported high incidence of breast cancer in

women engaged in night-shift work. This is supported by

epidemiological studies on blind women who have rela-

tively lower incidence of breast cancer. On this basis, it

would be interesting to perform long-term studies in wo-

men who are at high risk of developing breast cancer.

Chronic , oral melatonin treatment in these women might

reduce the incidence of the disease.

Melatonin is effective in inhibiting growth of mammary

tumors in a variety of animal models of human breast

cancer. The mechanism by which melatonin exerts its on-

costatic action is not fully understood. The immunostim-

ulating and antioxidant actions of melatonin are possibly

paramount. However, the relative role of these effects in

breast cancer inhibition needs further investigation. The

possible immunostimulating action of melatonin in humans

has not yet been addressed by systematic and well con-

trolled studies. A better knowledge of the immunologic

effect of melatonin might be fundamental for its targeted

therapeutic use in breast cancer as well as in other diseases.

In particular, the melatonin/IL-2 connection recently de-

scribed in human lymphocytes (reviewed in 69) should be

addressed for its possible impact on the function of the

immunosuppressive T regulatory cells subset. The immu-

nostimulating and antioxidant action of melatonin should

also be considered in clinical studies for its potential syn-

ergism with common chemotherapeutic regimens. In

addition, direct antiproliferative action on neoplastic cell

growth via regulation of apoptosis or angiogenesis and the

indirect action through the endocrine system must be

considered (Fig. 1).

Studies using MCF-7 human breast cancer cell lines

have shown that melatonin is effective against ER positive

breast cancer cells and it acts at physiological concentra-

tions through variety of mechanisms on MCF-7 human

breast cancer cells via MT1 melatonin receptors. Direct

tumor growth inhibition, gene modulation, cell cycle reg-

ulation, and inhibition of aromatase enzyme effects in

breast tissue have all been proposed as some of the

important anti carcinogenic actions of melatonin on human

breast cancer tissue. The melatonin-ER connection should

also be better defined and then possibly exploited in clin-

ical studies. The reported association of ER positive status

of human breast cancer with high levels of tissue melatonin

(134) deserves to be further investigated.

Psychosocial intervention procedures such as Yoga and

mediation have been found to be of benefit for enhancing

the quality of life in breast cancer patients [145]. These

practices have also been shown to increase melatonin

secretion. Taken together the findings reviewed here

demonstrate that melatonin is a neurohormone with a broad

range of direct or mediated effects on breast cancer.
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Abstract
Light causes damage to the retina (phototoxicity) and decreases photoreceptor responses to light. The most harmful component of
visible light is the blue wavelength (400–500 nm). Different filters have been tested, but so far all of them allow passing a lot of this
wavelength (70%). The aim of this work has been to prove that a filter that removes 94% of the blue component may protect the
function and morphology of the retina significantly. Three experimental groups were designed. The first group was unexposed to
light, the second one was exposed and the third one was exposed and protected by a blue-blocking filter. Light damage was
induced in young albino mice (p30) by exposing them to white light of high intensity (5,000 lux) continuously for 7 days. Short
wavelength light filters were used for light protection. The blue component was removed (94%) from the light source by our filter.
Electroretinographical recordings were performed before and after light damage. Changes in retinal structure were studied using
immunohistochemistry, and TUNEL labeling. Also, cells in the outer nuclear layer were counted and compared among the three
different groups. Functional visual responses were significantly more conserved in protected animals (with the blue-blocking filter)
than in unprotected animals. Also, retinal structure was better kept and photoreceptor survival was greater in protected animals,
these differences were significant in central areas of the retina. Still, functional and morphological responses were significantly
lower in protected than in unexposed groups. In conclusion, this blue-blocking filter decreases significantly photoreceptor damage
after exposure to high intensity light. Actually, our eyes are exposed for a very long time to high levels of blue light (screens, artificial
light LED, neons…). The potential damage caused by blue light can be palliated.
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Introduction
Light is converted into useful visual information in the retina. Photoreceptor cells express light-sensitive pigments that absorb
photons, initiating a chemical cascade of events known as phototransduction that culminates in the generation of electrical signals.
There are three classes of retinal cells that contain visual pigments and are thus responsive to light: the classic photoreceptors,
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rods and cones, and the intrinsically-photosentitive retinal ganglion cells (ipRGCs). Rods and cones contain rhodopsin and cone
opsins respectively, allowing visual perception and color distinction, whereas ipRGCs contain melanopsin and are involved in the
entrainment of the circadian rhythms [1,2].

In the mouse retina, rods (502 nm) are more abundant, while cones constitute 2.7–3% of the photoreceptors [3,4]. In contrast to
primates, the murine retina has only two spectral cone types: short (S) cones are sensitive to short wavelengths in the ultraviolet
(UV) spectrum (359 nm, short wave (SW)), while long/medium (L/M) cones are sensitive to middle-to-long wavelengths (508 nm,
medium wave (MW) and long wave (LW)) [5]. In the mouse retina, topographic separation of different classes of cones has been
reported [6]. Variations in retinal topography of S and L/M cones have been observed among different strains (albino and
pigmented mice) [7]. In addition, five morphological types of ipRGCs have been identified in mice and rats. These cells have
diverse functional roles in non-imaging forming vision and in pattern vision [8,9]. Distinct absorbance spectrum in the different
photoreceptor cells is due to apoproteins [10]. These opsins provide specific environment for the absorption of light at particular
wavelengths [11]. A protonated Schiff base links opsin and chromophore (retinal), producing a spectral shift from ultraviolet
(cromophore: maximal absorption 380 nm) to visible light [12]. However, the S cone cromophore is unprotonated and,
consequently, is not capable of such spectral shift (<450 nm) [13].

It has been shown that excessive exposure to visible light can cause toxicity in the vertebrate retina [14]. The degree of damage
depends on the level of retinal irradiance, wavelength and exposure duration [15,16]. In this regard, the same visible radiation that
activates phototransduction is the responsible for causing damage in photosensitive cells [14].

Phototoxicity related retinal damage has been classified into two groups depending on variables such as the incident wavelength,
the exposure time and the cell type affected. Class I takes place after long periods of exposure (days to weeks) to low irradiances
and the cells affected are the photoreceptors whose wavelengths are activated [14]. Class II occurs after a short exposure (minutes
to hours) to high irradiances of white light and the damage is at level of the retinal pigmented epithelium (RPE) [17]. This effect is
also known as "blue-light" damage and has been reported for living animals, either anesthetized [18] or free-running [19].

It has been documented that light causes apoptotic death of photoreceptors and RPE cells [20]. Since light bleaches rhodopsin in
the course of this process, it is believed that the main factor of susceptibility to damage is the amount of rhodopsin that can be
regenerated after bleaching [18]. During photoactivation of rhodopsin, 11cis retinal becomes all-trans retinal (atRal), which may be
condensed with phosphatidylethanolamine (PE) to generate N-retinylidene-phosphatidylethanolamine (N-ret-PE). Both, free atRal
and N-ret-PE, are released to the cytosol of outer segments with the help of a member of the ATP binding cassette transporter
family (ABC transporters, specifically ABCA4) [21]. In the cytosol, condensation of free atRal with N-ret-PE initiates a process that
generates toxic products like A2E (di-retinoid-pyridinium-ethanolamine) [22]. In situations of high illumination, rhodopsin is
completely photobleached and free atRal increases above baseline levels. In this scenario, removal of atRal is limited by the
ordinary rates of these processes [22].

Current lifestyle relies on artificial illumination that may extend to 16/18 hours per day. Little is known about the levels of light
exposure that are safe for the retina [23]. Among the structures that protect the eye from light induced damage are the cornea and
the lens, which prevent short wavelengths from reaching the retina. The cornea absorbs wavelengths below 295 nm, while the lens
absorbs UV radiation (in the range of 300–400 nm). In addition, these structures (cornea, lens, and even retina) contain
chromophores that absorb certain wavelengths, dissipating energy [24].

Blue light (short wavelength) has been shown to be the most harmful to the retina [23,25]. For this reason, many experimental
studies have sought to mitigate the effect of blue light radiation on the retinal tissue [26]. It has been reported that in older eyes, due
to the yellowish coloration of the crystalline lens, the amount of blue light that reaches the retina decreases [27], giving an extra
protection against harmful short wavelengths [28,29]. Cataract extraction and intraocular lens (IOL) implantation could thus
increase the amount of blue light that reaches retina. To prevent the deleterious effects of blue light on the retina, the addition of a
blue filter to the IOL has been proposed, but advantages of this procedure have not yet been proved clinically [30].

Previous works have shown that the use of blue-blocking filters provides protection to the retina [31,32]. However, the filters used
so far absorb blue radiation only partially (30–50%) [33,34]. Furthermore, these filters do not only block blue light but usually block
spectra of other wavelengths too [34]. In this work, we have analyzed the structural and functional changes of the retina after
exposure to damaging light and the protective effect of a filter that selectively blocks 94% of blue radiation, affecting minimally to
other wavelengths (less than 10%). Therefore, we may consider that the effects obtained are genuinely due to blue radiation.

Materials and methods
Animals

A total of 18 albino Hds/Win:NMRI mice were used. One-month-old mice were obtained from local providers (JANVIER-Europe,
France, www.janvier-europe.com). Before light damage mice were kept in a 12/12 hour light (ca. 60 lux) /dark cycle. All animal
procedures were carried out in accordance with the ARVO Statement for the Use of Animals in Ophthalmic and Vision Research,
the European Community Council (86/609/EEC) guidelines and current Spanish legislation (RD 53/2013). The research and animal
experimentation ethics committee of the University of Alcalá approved the protocols applied (permit number OH UAH2016/016)

Experimental groups and light exposure

Mice were randomly distributed into three study groups (6 animals per group): Group 1: unexposed to damaging light; Group 2:
exposed to damaging light without any filter; and Group 3: exposed but protected by a blue blocking filter (ROSCO Company,
Roscolux #312, Spain).
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In light-exposure experiments, individual animals were placed in a non-acrylic grid cage. Light source was a cold light fluorescent
emission lamp (400–820 nm; City Bright International Ltd., Wanchai, China) fixed on the lateral wall of the cage (height 10 cm), at
30 cm of distance from the animal. Mice were exposed to continuous bright light (5,000 lux) for 7 days. The pupils were dilated
pharmacologically with a drop of atropin (Colicursí Atropin 1%, Alcan Cusí SA; Spain) applied daily.

Light composition and light filter parameters

The spectral irradiance of the fluorescent light source inside the cages, with and without blue-blocking filters, was measured using a
spectrometer (USB650 Red Tide Spectrometer; Ocean Optics, USA). The blue-blocking filter absorbed 93.93% of the blue
spectrum emitted by our tube lamps (<500 nm), while greater wavelengths were transmitted integrally (Fig 1A). Also, the amount of
light of all wavelengths that reached the cage was measured with a spectrophotometer (Zeiss Humphrey LA360 laser, Vision
Systems Inc, USA) and expressed as transmittance normalized units (Fig 1B).

Fig 1. Characterization of the blue-blocking filter.
(A) Irradiance of the light source used in phototoxicity experiments in the presence (red trace) or absence (black trace) of the
blue-blocking filter. Note that black and red traces are identical for wavelengths longer than 520 nm. The shaded area
corresponds to the radiation absorbed by the filter (93.934% of the whole blue radiation). (B) Percent transmittance of the
blue-blocking filter: wavelength emissions measured by the Zeiss Humphrey lens analyzer (LA360) without filter (100% value
of transmittance; black line) and with the blue-blocking filter (red line).
https://doi.org/10.1371/journal.pone.0194218.g001

Electroretinography

The electroretinogram (ERG) experiments were carried out with a self-made Ganzfeld Dome illuminated by light emission diodes
(RS310-6707; RS-Amidata, Spain). Flash light pulses of 5 ms duration were used for all ERG recordings. PowerLab/4ST
(ADInstrumts, United Kingdom) equipment was used for the control of pulse stimulation. ERG recordings were performed in all
animals one day before light exposure and eight days after the first ERG. Four animals per group were used for histological
experiments (see below), and two animals per group were maintained alive and used for ERG re-test one month after inducing the
injury, just to confirm the maintenance of functional photodamage. Full-field electroretinogram was performed following the ISCEV
standard protocol (www.iscev.org/standards). Prior to ERG recording, mice were maintained in darkness overnight. Then, mice
were anaesthetized under dim red light with an intraperitoneal injection of ketamine (95 mg/kg) and xylazine (5 mg/kg) and kept on
a heating pad at 37°C. The pupils were dilated by applying a topical drop of 1% Tropicamide (Colicursí Tropicamida, Alcan Cusí SA,
Barcelona, Spain). A topical drop of 2% Methocel (Ciba Vision AG, 8442 Hetlingen, Switzerland) was instilled in each eye
immediately before placing the corneal electrode. Anesthetized animals were placed on a Faraday cage and experiments were
performed sequentially in scotopic and photopic conditions. Flash-induced ERG responses were recorded from the right eye in
response to light stimuli. Retinal responses mediated by rod photoreceptors (Rod-driven Response) were recorded under dark
adaptation to light flashes of -2 log cd·s·m . Rod and cone mediated responses (Mixed rod-cone Responses) were recorded under
dark adaptation in response to light flashes of 0.48 log cd·s·m . Oscillatory potentials (OP) were isolated from the mixed response
by band pass filtering between 100–10,000 Hz. Under scotopic conditions, five to ten light responses were averaged for each ERG
trace; flash intervals were set at 30 seconds. Then, the animals were light-adapted for 10 minutes under white rod-suppressing
background light (100 cd·m ) and photopic responses were recorded. Responses mediated by cone photoreceptors (Cone-driven
Response) were recorded under photopic conditions in response to light flashes of 2 log cd·s·m . Under photopic conditions thirty
to sixty responses were averaged and flash intervals were set at 1 second. ERG signals were amplified and band filtered between
1 and 1,000 Hz with a Grass amplifier (CP511 AC amplifier, Grass instruments, Quinay, MA, USA). Electrical signals were
digitalized at 20 KHz with Power Lab data acquisition board (Power Lab 4ST). Electrical potential changes were recorded with a
fixed corneal lens electrode (Burian-Allen electrode, Hansen Ophtalmic Development Lab Coralville, IA, USA), a reference
electrode located inside the mouth and a ground electrode located on the tail. Calibration of the light stimuli was performed with a
digital photometer (GO 4068 Gossen Mavo-monitor USB, Gossen Corporation, Milwaukee, USA).
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ERG wave amplitudes were measured for every recording and averaged from the six animals of each experimental group. The
amplitude of the positive deflection of the Rod-driven Response (namely b ) was measured from the baseline to the peak of the
positive deflection. The amplitude of the negative deflection of the Mixed rod-cone Response (namely a ) was measured from
the baseline to the trough of the negative deflection. The amplitude of the positive deflection of the Mixed rod-cone Response
(namely b ) was measured from the trough of the negative deflection to the peak of the positive deflection (excluding the
oscillatory potentials). The amplitude of the OP was measured from peak to peak. The amplitude of the positive deflection of the
Cone-driven Response (namely b ) was measured from the baseline to the peak of the positive deflection. Arrows in Fig 2 show
the measurement criteria for the amplitudes of the ERG responses. The retinal origin of the different ERG components was
elucidated in previous works [35] and we used the nomenclature recommended by ISCEV [36,37].

Fig 2. Protective effect of the blue-blocking filter on retinal response to damaging light.
Representative ERG traces from unprotected (A) and protected (B) groups of mice, obtained before (grey traces) and after
(black traces) exposure to white light (5,000 lux) for seven days. Arrows indicate the amplitudes measured for each different
ERG wave. In the unprotected group (A), amplitudes of scotopic (rod-driven, mixed rod-cone and Oscillatory Potentials) and
photopic (cone-driven) parameters are strongly reduced upon light-induced damage, while in the protected group (B), this
reduction is attenuated.
https://doi.org/10.1371/journal.pone.0194218.g002

Retinal histology

A total of 12 animals (4 per group) were sacrificed after the second ERG recording by cervical dislocation and both eyes were
enucleated and immersed in 4% (w/v) paraformaldehyde for 2 hours at room temperature. After removing the cornea and lens, the
eyes were immersed in the same fixative solution for one more hour. Then the eyes were sequentially cryoprotected in 20% (1
hour), 30% (1 hour) and 40% (overnight) sucrose at 4°C. Eyecups were then embedded in tissue tek, oriented and frozen in liquid
nitrogen. An average of 15 dorsal-ventral retinal sections, 12-μm-thick, were obtained with a cryostat (Leica CM3000 Cryostat,
Leica Biosystems, Nussloch, Germany) from each eye.

After washing with 0.1M PBS (phosphate-buffered saline, pH 7,4, SIGMA-ALDRICH, St Louis, USA), retinal sections were
preincubated for 1 hour and 30 minutes with 0.1M PBS containing 2% (w/v) bovine serum albumin (BSA) and 0.02% (v/v) Triton X-
100 (PBS-Tx). A total of six retinal sections per animal were immunostained by incubation in PBS-Tx containing goat polyclonal
anti-Red/Green opsin (1:200 dilution; #AB5405; Merck MILLIPORE, Billerica, MA, USA) for 14–15 hours at room temperature. After
washing, sections were incubated with Cy3-conjugated secondary antibodies (1:200 dilution; Jackson, West Grove, PA, USA) for 1
hour. Negative controls omitting the primary or secondary antibody were included. In addition, nuclei were stained with 4', 6-
diamidino-2-phenylindole dihydrochloride (DAPI) at 5 mg/ml (#10 236 276 001; Sigma Aldrich). Sections were mounted with a
mixture (0.42% glycine, 0.021% NaOH, 0.51% NaCl, 0.03% sodium azide, 5% N-propylgalate, 70% glycerine and distilled water)
for fading protection purposes.

Detection of apoptotic nuclei was accomplished by the Terminal-deoxynucleotidyl transferase dUTP nick end labeling (TUNEL
technique). A total of six retinal sections per animal were fixed in ethanol and acetic acid (2:1) at -32°C for 5 minutes. Then,
sections were rinsed with 0.1M PBS and immersed in 0.1M PBS with 0.2% (v/v) Triton X-100 and 0.1% (w/v) sodium citrate for 15
minutes. After washing, sections were immersed in TUNEL buffer (30mM Tris, 140 mM sodium cacodylate, 1mM cobalt chloride,
0,3% Tritón X-100 and distilled water) for 30 minutes and then they were incubated 1 hour and 30 minutes with the same buffer
containing terminal deoxynucleotidyl transferase (#11767305001; TdT; Roche; Switzerland) (800 U/ml) and dUTP (#11093070910;
Roche) (1 μM) at 37°C. The reaction was terminated by addition of sodium chloride and sodium citrate buffer followed by rinsing
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with 0.1 M PBS. After staining with DAPI, all sections were washed with PBS three times and cover-slipped with mounting medium.
Microscope fluorescent images were obtained with a LEICA TCS-SP5 laser confocal microscope (Leica Instruments, Wetzlar,
Germany).

Photoreceptor count

Cell count was performed on DAPI stained sagittal retinal sections. A total of six sections per animal were averaged for cell counts.
In each section, four regions of interest (200 μm in length each) [38], located along the dorsal-ventral axis at four different
eccentricities: 30° dorsal (Z2) and ventral (Z3), and 60° dorsal (Z1) and ventral (Z4) from the optic nerve head, were selected.
Photoreceptor nuclei in each region of interest were counted manually on the six retinal sections from the four animals of the three
experimental groups (Table 1).

Table 1. Photoreceptor cell counts in the different experimental groups (mean ± SD).
https://doi.org/10.1371/journal.pone.0194218.t001

Statistical analysis

The amplitudes of the different ERG waves were compared in protected and unprotected animal groups using unpaired Student´s t-
test with Welch correction. Changes in global number of surviving cells were studied between different groups by two-way ANOVA
(two-tailed). Differences between retinal areas within the same experimental group were studied by two-way ANOVA (two-tailed)
followed by Tukey’s posthoc test. Statistical analyses were performed with GraphPad Prism version 5.00 for Windows (Graph Pad
Software, San Diego, CA, USA, www.graphpad.com).

Results
In a series of preliminary experiments, albino mice were exposed to white light (5,000 lux) for 2, 3 or 5 days (data not shown). All
these animals suffered a decrease in the amplitude of their ERG waves. However, a functional recovery was observed in those
animals in which light exposure lasted 5 days or less. Then, we decided to expose animals to light for 7 days. No functional
recovery was observed for such exposure time.

Electroretinogram recordings

To evaluate the potential protective effect of a blue-blocking filter on visual responses, two groups of mice were exposed to 5,000
lux of fluorescent light for 7 days. In one of the groups, a filter that absorbed 94% of the blue spectrum (<500 nm) covered
permanently the light source. Following retinal damage, scotopic and photopic visual responses were evaluated by full-field ERG
and compared to equivalent recordings performed before light exposure. Amplitudes for five different ERG waves (b , a ,
b , oscillatory potentials (OP) and b ) were measured and averaged from both groups, unprotected and protected (Fig 2 and
S1 Fig). In unprotected mice, ERG wave amplitudes were reduced approximately 90% (Figs 2A and 3). However, under the effect
of the blue-blocking filter, the decrease was only about 40% (Figs 2B and 3). As shown in Fig 3, the differences between
unprotected and protected animals were statistically significant for all ERG wave amplitudes studied. Therefore, despite protection
of retinal function was not complete, the blue-blocking filter partially prevented light-induced damage to the retina.

Fig 3. Effect of the blue-blocking filter on ERG wave amplitudes.
Percentages of ERG wave amplitudes in unprotected and protected groups after exposure to white light (5,000 lux for seven
days; 100% response corresponds to averaged ERG wave amplitudes before the exposure). Statistically significant
differences were observed in all measured ERG parameters Data in each group were averaged from a total of 6 animals
(mean ± SD). Asterisks indicate significant differences using unpaired Student´s t-test (*p<0.05, **p<0.01, ***p<0.001).
https://doi.org/10.1371/journal.pone.0194218.g003

Photoreceptor cell count and morphology after light exposure

Following assessment of visual function, we wanted to correlate our findings with the number of surviving photoreceptors in the
ONL. Retinal sections obtained in the dorsal-ventral axis were stained with the fluorescent dye DAPI to label nuclei. In each retinal
section four regions of interest, at different eccentricities, were selected (Fig 4A) and the total number of photoreceptor nuclei was
counted in a 200-μm-long sampling region (Fig 4B). For every retinal location, the number of photoreceptors in the unexposed
group of mice was significantly higher than in the unprotected or the protected groups (p<0.01, two way ANOVA) (Fig 4B and 4C).
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In addition, statistically significant differences were found between the protected and the unprotected groups for retinal locations Z2
(p<0.01) and Z3 (p<0.05) (Fig 4C, Table 1 and S2 Fig), which correlated with the protective effect of the blue-blocking filter, already
seen by ERG.

Fig 4. Number of surviving photoreceptors under different experimental lighting conditions.
(A) Photoreceptor survival was analyzed in cryosections at four retinal eccentricities: Z1, 60° dorsal from the optic nerve head
(ONH); Z2, 30° dorsal from the ONH; Z3, 30° ventral from the ONH; and Z4, 60° ventral from the ONH. Scale bar 250 μm. (B)
Representative images of retinal sections stained with DAPI from the three experimental groups. ONL: outer nuclear layer,
INL: inner nuclear layer. Scale bar: 80 μm. (C) Averaged number of photoreceptors (mean ± SD; n = 4) at the different
eccentricities. Statistically significant differences were observed between the unexposed group and the other two for all retinal
eccentricities (p<0.01, two way ANOVA) and between the unprotected and the protected groups for Z2 and Z3 eccentricities
(*p<0.05, **p<0.01, respectively; two way ANOVA).
https://doi.org/10.1371/journal.pone.0194218.g004

In unexposed and protected groups, the number of photoreceptor nuclei was similar between different sampling locations within the
same retinal section, i.e. statistically significant differences were not found using one way ANOVA. On the contrary, the number of
photoreceptor nuclei between different sampling locations was variable in the unprotected group of mice. Specifically, significant
differences were found in retinal locations Z2 and Z4 (p<0.01, one way ANOVA; Tukey’s multiple comparison post-test) (Table 1).

Cell death was studied by TUNEL labeling of retinal sections. While in unexposed animals no labeling was observed, in mice
exposed to damaging light TUNEL+ cells could be detected in the ONL. However, the amount of apoptotic nuclei in unprotected
retinas was larger than in the protected group (Fig 5A).

0257

https://doi.org/10.1371/journal.pone.0194218.g004
https://doi.org/10.1371/journal.pone.0194218.g004
https://journals.plos.org/plosone/article/figure/image?size=medium&id=info:doi/10.1371/journal.pone.0194218.g004
https://journals.plos.org/plosone/article/figure/image?size=medium&id=info:doi/10.1371/journal.pone.0194218.g004


7/27/2020 Removal of the blue component of light significantly decreases retinal damage after high intensity exposure

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0194218 7/12

Fig 5. Photoreceptor cell death and protective effect of the blue-blocking filter on cone photoreceptors.
Representative photomicrographs of retinal sections (eccentricity Z2, 30° dorsal from the ONH) obtained from the three
experimental groups: unexposed (left panel), protected (middle panel) and unprotected (right panel). (A) Photoreceptor cell
death was revealed by the TUNEL technique (green fluorescence). Unprotected animals showed an intense labeling at the
ONL, while little or no labeling was observed in protected and unexposed animals, respectively. Nuclei were counterstained
with DAPI (blue fluorescence). Scale bar: 50 μm. (B) Immunostaining of cone photoreceptors with red/green opsin antibodies
(red fluorescence). Scale bar: 10μm. (C) Immunostaining of rod photoreceptors with rhodopsin antibodies (red fluorescence)
Gain settings were maintained at the same level for all experimental groups. Scale bar: 7 μm.
https://doi.org/10.1371/journal.pone.0194218.g005

Appropriate morphology of photoreceptors and normal compartmentalization of visual pigments are signs of retinal wellbeing. Thus,
the shielding effect of the blue-blocking filter, evidenced by ERG recordings, should correlate with an improved morphology of rods
and cones in the protected group of mice. To evaluate photoreceptor morphological changes following light-induced damage, as
well as the degree of protection conferred by the blue filter, retinal sections were immunostained with antibodies against red/green
opsin, to label single cones, and rhodopsin, to visualize rod outer segments and somas (Fig 5B and 5C). In unexposed retinas
immunostained with red/green opsin, only cone outer segments were labeled, as expected (Fig 5B, left panel). In the protected
group, however, the labeling extended to the somas, axons and axon terminals, suggesting that cone opsin was being redistributed
along cell compartments (Fig 5B, middle panel). Also, cone outer segments were shorter than in the unexposed group. In the
unprotected group cones showed an abnormal morphology, lacking outer segments, axons and axon terminals (Fig 5B, right panel).
Rhodopsin expression was analyzed in every group as well (Fig 5C). The unexposed group showed strong labeling of rod outer
segments and somas (Fig 5C, left panel). A similar pattern was observed in the protected group, but the size of the outer segments
and the number of nuclei rows in the ONL was diminished (Fig 5C, middle panel). The unprotected group showed a huge decrease
in the number of rod somas and a lack of outer segments, mainly at Z2 location (Fig 5C, right panel). Therefore, light-induced
decrease in visual function correlated with photoreceptor morphological changes and apoptosis, which were attenuated in the
presence of a blue-blocking filter.

Discussion
The aim of this work was to test the protective capacity of a specific blue filter against the effects of damaging light. To meet this
purpose, retinas were exposed to a constant and intense light and, consequently, suffered a significant decrease in the number of
photoreceptors and the amplitude of their functional recordings. However, when the same exposure to light took place through a
blue-blocking filter, the decrement in the number of photoreceptors was significantly lower in central areas of the retina and the loss
of functional response was attenuated.

Before analyzing the protective effect of the blue-blocking filter, it was necessary to know the exact amount of light that was being
removed from the spectrum. In order to ascertain this, spectrometric measurements of the same light source used afterward to
induce retinal damage, were carried out in the presence or absence of the filter. We found that the filter used in this study absorbed
up to 93% of light below 500 nm and, at the same time, did not alter other components of the spectrum above 530 nm. Therefore,
we were able to characterize, in a rather accurate way, structural and functional retinal damage caused by blue light. Similar studies
recently published, like the one performed by Narimatsu and colleagues [34], were less precise in terms of the characterization of
the protective effects of blue-blocking filters, given that their transmittance data showed that a large percentage of the emitted light
below 500 nm passed through the blocking filter (blue-light blockade was 24% or 40%, depending on the filter used). In addition,
the transmittance decrease of non-blue wavelengths, due to the use of filters, was disregarded. Therefore, in the present study we
provide additional reliable data regarding the efficacy of blue-blocking filters that agree with and round up what has been published
before.

Following exposure to damaging light, a decrease in functional responses has been reported. Complete disappearance of the a-
wave means that photoreceptors suffer a very aggressive damage, while a decreased b-wave suggests that rod and cone
pathways are altered. However, when mice are housed in the same light conditions but with a blue-blocking filter, retinal responses
are partially maintained [39]. Some studies have looked for differences between light exposure with and without filters, but not
changes within the same groups after light exposure. Our results show pre and post-stress differences for each light condition. This
is especially necessary, and not always done, if we take into account the great variability that may exist between mice of the same
strains.
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Some phototoxicity protocols require a long exposure to low intensities of light [40], while others require a shorter exposure to
higher intensities [39,41]. Additionally, some studies have reported to induce photochemical damage through exposure to moderate
light for a short time although this damage was temporary when the exposure did not exceed 12 hours [42]. However, some other
studies report transient damage as well for exposures longer than 12 hours [40]. In contrast, functionality could not be recovered
after a long exposure in our hands. A possible explanation could lie in the use of a higher light intensity. Differences between all
these studies could be also attributed to the use of different species or strains and to the housing conditions (plastic cages could
cause an increase in temperature).

Functional impairment has a direct correlation with structural alterations in the retina. The low expression of cone opsin in
unprotected animals may justify the lack of cone response observed in the ERG. Differences in the number of photoreceptors
between protected and unprotected groups were significant in central areas of the outer nuclear layer, mainly in Z2 (dorsal retina).
This was in agreement with other works that tested the protective effect of different antioxidants and growth factors in the light-
induced retinal damage model and reported the strongest protective effect in the dorsal-temporal retina [41,43,44]. Of note, the
smallest density of blue cones can be found in this particular area [7,45]. Therefore, it is reasonable to think that photoreceptors
lacking chromophores for short wavelengths show increased sensitivity to light-induced damage when the blue light is involved.
Interestingly, when retina is exposed for a long time to non-blue wavelenghts, all areas are affected similarly.

Although the blue-blocking filter promoted photoreceptor survival, this protection was incomplete. Remaining damage might be
attributed to the residual blue radiation (in the range of 400 to 500 nm) passing through the filter. Given that the filter used in our
experiments did not avoid radiation between 500 and 580 nm, another possible explanation for the residual damage to the retina
would imply green light, which is potentially harmful [46]. However, it has been reported that green light does not seem to induce
photoreceptor apoptosis after short periods of exposure [18].

The residual damage in the protected group was evidenced by the presence of TUNEL positive cells, more previously described
[47,48], although this group showed a lower number of TUNEL+ profiles than the non-protected one. In high light exposure
protocols, death mechanisms occur despite the protection system used [41].

It has been reported that a deprivation of light for 9 months, after suffering a 50% reduction in functional responses caused by
photostress, allowed a full recovery [40]. For this reason, it is reasonable to think that although our filter does not avoid damage
completely, injury could be mitigated enough for getting a full recovery later.

After photostress, cones and rods suffer severe modifications before dying by apoptosis. Such morphological changes occur
throughout different phases, involving a series of metabolic processes whose ultimate stage is the demise of the cell [49] Thus,
destruction of photoreceptors explains the irreversible loss of retinal function. The use of filters allows the survival of a large number
of photoreceptors, but does not completely prevent the development of morphological and functional alterations in the retina. One
of these modifications is the change in the distribution of opsins, which may vary depending on cell types [50]. The cause may be in
the wavelengths at which chromophores are excited. While for rods and SW cones is 500 nm or less, for L/M cones is 508 nm.
Thereby, the filter would prevent the passage of the lowest wavelengths and allow excitation of most L/M cones.

Different opsins are composed of an apoprotein and a specific chromophore. Since the synthesis of new apoprotein is dependent
on the excitation of the chromophore [51], an elevated excitation of the chromophore will produce a greater synthesis of apoprotein.
This would explain why L/M cones are able to synthesize more apoproteins than rods.

The increment of rhodopsin bleaching products (atRal) produces retinal photodamage, as previously reported [52]. Furthermore, if
light exposure is high enough, photobleaching (high levels of atRal) can cause a permanent damage [41]. Physiologically, atRal
within Metharhodopsin II (a metastable state of rhodopsin) is cleared by natural mechanisms (ABCA4 transporter and enzymatic
reduction by retinal DH) in a slow process [22,53]. However, when rhodopsin regeneration is faster than atRal reduction, free atRal
may increase [51]. It is known that free atRal (a toxic aldehyde) is a powerful photosensitizer when exposed to UVA or blue light of
high intensity and long duration [21,54,55], comparable to our experimental conditions. It has been shown atRal is greatly released
through three different mechanisms [21,54,55]. The first one is due to the bleaching of all rhodopsin at MII. The second implies the
presence of all wavelengths (including blue visible light), which allows rhodopsin photoregeneration [53] and inactivation of ABCA4
transport [54], both leading to further increase in atRal accumulation. The third, photoreversal, implies the re-isomerization of the
retinal chromophore after absortion of additional photons by other ways. Free atRal causes photoxidative damage to the retina
through singlet oxygen [56] and as a precursor of A2E.

After light exposure there is a retinal damage. However, rhodopsin stimulation does not disappear completely, as evidenced by
functional responses (Fig 6A and 6B). Illumination through a blue-blocking filter would possibly cause a decrease in atRal
photoexcitation due to the lack of blue light [22,55]. In addition, inhibition of ABCA would not occur, enabling the recycling of atRal
[21], and the activation pathways triggered by toxic aldehydes would be attenuated as a consequence of blue light removal.
However, even in these conditions, remaining excitation could be due to green light that has the ability to bleach rhodopsin without
causing photoreversal [53] (Fig 6C).

Fig 6. Excitation and metabolic cycle of rhodopsin depending on the use of the blue-blocking filter.
(A) In the presence of light of all wavelengths, rhodopsin absorption spectrum falls below the black curve. (B) When a blue-
blocking filter is used, the spectrum is only possible in the space below the black curve limited by the red line. (C) All-trans
Retinal (atRal) is generated after rhodopsin excitation. This may follow two different pathways depending on the excitation
wavelength: after a blue-green-yellow flash (400 to 600 nm) or after a green-yellow flash (500 to 600 nm). Both pathways are
represented to the right and left of the rhodopsin molecule, respectively. In high and continuous light exposure, total bleaching
of rhodopsin takes place and much toxic atRal is accumulated. Then, atRal is slowly recycled to MII in a process that involves
blue light (photoreversal). Blue light is also implied in MIII storage increase. The huge atRal accumulation and its
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photoactivation by blue light have important implications for photoreceptors, like the genesis of photoreactive metabolites
(A2E and lipofuscin). Also, in the presence of molecular oxygen, photo-oxidative reactions are initiated, as well as blocking of
its conveyor ABCA4 and subsequent action of retinal dehydrogenase (in rods, RDH8) (red arrow). Conversely, in the absence
of blue light all these processes disappear or are strongly attenuated (right side of the drawing). Gray arrows indicate a
decreased effect or a blockade.
https://doi.org/10.1371/journal.pone.0194218.g006

Wavelengths that can activate rhodopsin range from 400 nm to almost 600 nm [5]. We can distinguish two parts in the spectrum.
One consists on the "non-blue" (above 500 nm) wavelengths that excite rhodopsin and generate toxic waste, but do not cause
retinal degeneration. The other part of the spectrum, below 500 nm, causes retinal degeneration in addition to toxic waste. This
degeneration seems to affect primarily retinal cells capable of absorbing photons of these wavelengths. Rhodopsin and its sub-
products of excitation seem to have a major role in retinal damage.

The relationship among blue light, generated toxic products (atRal, A2E, lipofuscin) and degenerative diseases such as age-related
macular degeneration, Stargardt’s disease and others [54,57,58], makes it necessary to control the amount of radiation that the
human retina receives. These reasons are especially important given our current lifestyles, both from a technological point of view
(the use of blue LED on mobile terminals, screens, etc.), as well as from an occupational perspective (night shifts with high
exposure to blue lights).

Conclusions
In summary, retinal photodamage caused by a conventional light source (cold) can become chronic if exposure is high and long
enough. In contrast, the use of blue-blocking filters can significantly alleviate the functional loss of retinal photosensitive cells.
Therefore, these filters might be an effective mechanism to protect us from ocular pathologies.

Supporting information
S1 Fig. Values of ERG wave amplitudes.
Data of unprotected and protected groups after exposure to white light. Fig 3 and the subsequent statistical analysis were done with
these data.
https://doi.org/10.1371/journal.pone.0194218.s001
(DOCX)

S2 Fig. Number of surviving photoreceptors following exposure to white light.
Photoreceptor survival in unexposed, protected and exposed retinas, after light-induced damage. Cell counting was performed at
four different retinal eccentricities. Fig 4C and the subsequent statistical analysis were done with these data.
https://doi.org/10.1371/journal.pone.0194218.s002
(DOCX)
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Abstract

Photoreceptor chromophore, 11-cis retinal (11CR) and the photoproduct, all-trans retinal
(ATR), are present in the retina at higher concentrations and interact with the visual
cells. Non-visual cells in the body are also exposed to retinal that enters the circulation.
Although the cornea and the lens of the eye are transparent to the blue light region
where retinal can absorb and undergo excitation, the reported phototoxicity in the eye
has been assigned to lipophilic non-degradable materials known as lipofuscins, which
also includes retinal condensation products. The possibility of blue light excited retinal
interacting with cells; intercepting signaling in the presence or absence of light has not
been explored. Using live cell imaging and optogenetic signaling control, we uncovered
that blue light-excited ATR and 11CR irreversibly change/distort plasma membrane (PM)
bound phospholipid; phosphatidylinositol 4,5 bisphosphate (PIP2) and disrupt its
function. This distortion in PIP2 was independent of visual or non-visual G-protein
coupled receptor activation. The change in PIP2 was followed by an increase in the
cytosolic calcium, excessive cell shape change, and cell death. Blue light alone or retinal
alone did not perturb PIP2 or elicit cytosolic calcium increase. Our data also suggest

Blue light excited retinal intercepts cellular signaling

nature scientific reports articles article

0264

Exhb 2u Footnote 25 Blue light excited retinal intercepts cellular signaling 
(264-309)

javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://www.nature.com/srep
https://www.nature.com/srep
https://www.nature.com/articles/s41598-018-28254-8/metrics
https://www.nature.com/articles/s41598-018-28254-8/metrics
https://www.nature.com/
https://www.nature.com/
https://www.nature.com/srep
https://www.nature.com/srep
https://www.nature.com/srep/articles?type=article
https://www.nature.com/srep/articles?type=article
https://www.nature.com/articles/s41598-018-28254-8
https://www.nature.com/articles/s41598-018-28254-8


7/27/2020 Blue light excited retinal intercepts cellular signaling | Scientific Reports

https://www.nature.com/articles/s41598-018-28254-8 2/46

that photoexcited retinal-induced PIP2 distortion and subsequent oxidative damage
incur in the core of the PM. These findings suggest that retinal exerts light sensitivity to
both photoreceptor and non-photoreceptor cells, and intercepts crucial signaling
events, altering the cellular fate.

Download PDF

Introduction

Light activatable G-protein coupled receptors (GPCRs), also known as opsins, harvest
light through their covalently bound chromophore 11-cis retinal (11CR), an aldehyde
derivative of vitamin A . Once an opsin is activated, all trans retinal (ATR) is released,
and converted back to 11CR within the retinal pigment epithelium (RPE) by a multi-
component ATR clearance mechanism composed of retinaldehyde dehydrogenase,
RPE65, lecithin retinol acyltransferase and ATP-binding cassette transporter A4 .
Dysfunctions in 11CR regeneration process result in ATR accumulation in the retina .
ATR mediated cytotoxicity and associated pathological conditions have been
reported . Studies in mice have demonstrated that, ATR accumulation and
photodegradation leads to diseases such as age related macular degeneration (AMD),
Stargardt disease, acute light-induced retinopathy, retinitis pigmentosa and night
blindness . Although retinal undergoes degradation upon exposure to light, neither
photodegradation pathways leading to specific photoproducts formation nor plausible
non-visual signaling of these photoproducts are sufficiently understood . Several
mechanisms of retinal induced toxicity in photoreceptor cells have been proposed .
In the retina, higher ATR concentrations have been linked to cytotoxicity due to their
ability to form oxidized condensation products known as lipofuscins .
Lipofuscins include ATR dimers/adducts, N-retinylidene-N-retinylethanolamine (A2E),
N-retinylidene and N-retinylethanolamine. While lipofuscins can produce reactive
oxygen species (ROS) with a low quantum yield , photooxidation of ATR in
photoreceptor cells is linked to NADPH oxidase activation, ROS generation and calcium
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mobilization, inducing cytotoxicity and apoptosis . Additionally, photodegraded
ATR is linked to cytotoxicity observed in ARPE-19 retinal pigment epithelium cells .
Since cytosolic calcium is increased by GPCR activation , it has been suggested
that ATR induces phototoxicity by interacting with a ligand binding Gq-coupled GPCR,
activating phosphatidylinositol pathway through an unknown mechanism . Collectively,
if visible light photosensitizes free retinal in cells, what subcellular location chemically
supports retinal photochemistry, and what subsequent signaling perturbations
photoexcited retinal elicits in living cells are not known.

The present study examines mechanisms of photoexcited retinal intercepting signaling
networks in living cells, especially perturbing phospholipid, phosphatidylinositol 4,5
bisphosphate (PIP2) signaling. Results show that photoexcited retinal mediated PIP2
signaling perturbation is independent of GPCR activation. Since PIP2 has been identified
as a crucial regulator of cellular functions including cytoskeleton remodeling, cell
migration, endocytosis, cell motility and cell shape , perturbation of PIP2 signaling by
photoexcited retinal could significantly affect cellular physiology. Overall, our data
elaborate molecular underpinnings of retinal associated cytotoxicity and its
physiological consequences.

Results

Retinal absorbs blue light and induces translocation of PIP2 sensor to the cytosol

The objective was to examine whether retinal or blue light excited retinal, independent
of photoreceptors, elicits PIP2 hydrolysis and inositol (1,4,5) triphosphate (IP3)
generation in cells, because calcium and its regulatory pathways are suggested as key
players of cytotoxicity in the retina . We employed HeLa cells as the major cell line
here to eliminate potential response contamination due to retinal and blue light
activating endogenous photoreceptors in cells derived from retina. Upon retinal
addition to HeLa cells expressing PIP2 sensor (mCherry-PH), cells did not show any
change in sensor distribution (Fig. 1A, left). These cells were exposed to blue light at
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every one-second interval for 10 minutes. Starting blue light intensity was set to 0.22 
µW, since this power is sufficient to activate retinal bound to photoreceptors. Cells were
imaged for mCherry while gradually increasing blue light intensity. Intensities at 1 μW
and above, cells exhibited mCherry-PH translocation to cytosol (Fig. 1A,B, Movie-S1).
However, at these intensities, photobleaching of fluorescence proteins was not
observed. Interestingly, the translocated mCherry-PH did not recover, even after
termination of blue light exposure, suggesting the likelihood of irreversible
photochemical perturbation of PIP2 by blue light excited retinal.

Figure 1
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Comparison of photoreceptor dependent PIP2 hydrolysis vs photoreceptor independent
PIP2 sensor translocation by photoexcited retinal. (A) Images of HeLa cells incubated with
50 µM ATR (retinal) expressing PIP2 sensor (mCherry-PH). Both images and the plot of F
vs time show that cells exposed to 0.22 µW 445 nm blue light did not respond, while cells
exposed to 4.86 µW and 9.70 µW blue light exhibited mCherry-PH translocation to
cytosol (mean ± S.E.M.). (B) The plot of initial PIP2 sensor dislodging rate vs laser power
of 445 nm blue light. (mean ± S.E.M., n = 6 cells in each experiments). (C) Images of HeLa
cells expressing Gq-coupled Melanopsin and mCherry-PH. Cells were incubated with ATR
(50 µM) for 5 minutes. A significant PIP2 hydrolysis was observed upon optical activation
(OA = blue box) of melanopsin using short pulses of blue light (0.22 µW of 445 nm).
Recovery of PIP2 sensor to the PM was observed even the blue light exposure is
continued. The plot shows the dynamics of PIP2 sensor translocation in cytosol. Mean
and S.E.M. are from 3 < independent experiments. (blue light (BL) = blue box). Scale = 5 
µm.

Response signatures of mCherry-PH translocation induced by blue light (4.86 μW)
excited retinal (BLE-retinal) were compared with PIP2 hydrolysis elicited by
melanopsin-Retinal Schiff Base (RSB), to examine if both processes trigger similar
chemical changes to PIP2. HeLa cells expressing melanopsin and mCherry-PH were
incubated with ATR (50 µM) for 5 minutes in dark to allow RSB formation. Cells exhibited
PIP2 hydrolysis upon exposure to low intensity blue light (0.22 µW), as indicated by the
translocation of mCherry-PH from PM to cytosol (Fig. 1C, Movie-S2). The observed PIP2
hydrolysis was transient and recovered within 2–3 minutes. Gq-coupled GPCR
activation induced-PIP2 hydrolysis recovers over time due to signaling adaptation .
Similar to melanopsin activation, addition of carbachol to HeLa cells expressing M3R
and PIP2 sensor exhibited PIP2 hydrolysis. A similar recovery of PIP2 was also observed
(Fig. S1, Movie-S3).

During PIP2 hydrolysis, IP3 moiety of PIP2 dissociates from PM anchored diacylglycerol
(DAG) domain. The PH domain of PLCδ1 in the PH sensor moves to cytosol with IP3 upon
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PIP2 hydrolysis . The irreversible translocation of mCherry-PH by BLE-retinal was
further characterized to determine if this is due to PIP2 hydrolysis or a photochemical
perturbation to PIP2, either by breaking the molecule or preventing PIP2 sensor binding.
To examine whether BLE-retinal induces mCherry-PH translocation due to PIP2
hydrolysis, leaving DAG on the PM, DAG generation was imaged using cytosolic DAG
sensor, YFP-DBD, that translocates to PM. Cells incubated with ATR failed to exhibit a
detectable mCherry-PH translocation (Fig. 2A). When a selected cell in the field of vision
(Fig. 2C, yellow arrow) was exposed BLE-retinal for 400 seconds, a robust mCherry-PH
translocation only in blue light exposed cell was observed (Fig. 2B). However, the DAG
sensor did not translocate to PM (Fig. 2B), indicating that, exposure to BLE-retinal does
not leave DAG at PM. We also comparatively examined Gq-coupled M3-muscarinic
receptor (M3R) activation in the same HeLa cells transiently expressing M3R. When cells
were exposed to 10 µM carbachol, both PIP2 hydrolysis and DAG formation were
observed (Fig. 2A). When this cell was exposed to YM254890 (1 µM), which inhibits Gαq
heterotrimer activation, both PIP2 and DAG sensors reversed to their basal pre-
activation status, suggesting PIP2 recovery (Fig. 2A). Interestingly, the cell exposed to
BLE-retinal did not show such a recovery upon addition of YM254890 (Fig. 2B). This
further confirms that BLE-retinal induced PIP2 distortion in cells is irreversible.

Figure 2
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Comparison of M3-muscarnic receptor mediated PIP2 hydrolysis vs blue light excited
retinal (BLE-retinal) induced PIP2 sensor translocation. Images of HeLa cells expressing
M3-muscarinic receptor, mCherry-PH (PIP2 sensor), DBD-YFP (DAG sensor). (A) Without
blue light exposure, retinal addition does not change PIP2 or DAG sensor distribution
(left), while the addition of carbachol resulted in PIP2 hydrolysis and DAG formation
(middle). The addition of Gq inhibitor, YM254890 (1 µM) to cells resulted in reverse
translocation of PIP2 and DAG sensors. (mean ± S.E.M., n = 6 cells) (B) When cells were
exposed to blue light (4.86 µW of 445 nm) in the presence of retinal, they only showed
PIP2 sensor translocation while no change in DAG sensor was observed (left). The
addition of carbachol to these cells exhibited an additional PIP2 sensor translocation to
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the cytosol with a mild DAG sensor translocation to the PM (left) (mean ± S.E.M., n = 4
cells). Interestingly, addition of YM254890 only reversed both PIP2 and DBD responses
elicited by carbachol. (C) The field of vision of cells shown in A and B. Mean and S.E.M.
are from 3 < independent experiments. (blue light (BL) = blue box). Scale = 5 µm.

Characteristics of retinal photoexcitation in cellular environment

Compared to the light power required for opsin activation (~0.2 μW), a higher power of
blue light (>1 μW) was required for free retinal to induce PIP2 distortion. This can be
partly due to the bathochromic shift in the absorption spectrum of melanopsin-retinal
Schiff base (m-RSB) with a λ  = 478 nm, compared to the λ  = 383 nm of free retinal
(Fig. 3A,B). This allows m-RSB to have a greater spectral overlap with blue light (445 nm)
that drives a larger population of molecules to the excited S (π* ← π) state, compared to
free retinal (Fig. 3C). Since quantum yield of m-RSB isomerization is estimated to be at
near unity , all absorbed photons result in GPCR activation. Additionally, the lower
power requirement for melanopsin activation induced PIP2 hydrolysis is due to the
enhanced photosensitivity of m-RSB and PIP2 hydrolysis being an enzymatic process
while BLE-excited retinal induced PIP2 distortion is likely to be a non-enzymatic and
stoichiometric reaction.

Figure 3
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Energy and wavelength requirement for PIP2 solubilization by photoexcited retinal. (A)
UV-VIS absorption spectra for both 11-cis retinal (11CR) and all trans retinal (ATR). Note
that 445 nm blue light spectrally overlaps with both absorption spectra. (B) The
absorption spectra of melanopsin and retinal (left), (ε  = 44180.0 M cm ). (C) The
energy level diagram and the population (pop.) of energy levels of free retinal (blue) and
melanopsin (red) according to their respective absorption maxima (right). Note that blue
light (445 nm) can highly populate melanopsin compared to that of free retinal. (D–F)
Images of HeLa cells expressing PIP2 sensor (mCherry-PH). (D) Cells were incubated with
ATR (50 µM) for 5 minutes. A substantial PIP2 sensor translocation was observed upon
exposing cells to short pulses of blue light (4.86 µW of 445 nm). The plot shows the
dynamics of PIP2 sensor translocation to cytosol. (E) In the absence of retinal, cells did
not show a detectable PIP2 sensor translocation when exposed to blue light or other
wavelengths. (F) Both blue light excited ATR (50 µM) and 11CR (50 µM) exhibited a
permanent accumulation of PIP2 sensor cytosol. Compared to exposed cell (yellow
arrow), control cell without blue light (BL) exposure (white arrow) did not show any
detectable PIP2 response. The plots show the dynamics of PIP2 sensor translocation in
cells shown in F (mean ± S.E.M., n = 6 cells). (G) All trans retinal and blue light induce PIP2
sensor translocation in cells with distinct origins. Images of RAW264.7, NIH3t3, ARPE-19,
MDA-MB-468, BT-20, HCT116 and HEK293 cells expressing mCherry-PH (PIP2 sensor).
ATR (50 µM) was incubated in cells for 5 minutes followed by continuous exposure of
blue light for 5 minutes. Blue light exposure induced PIP2 sensor translocation from PM
in all the cell types tested while cells that were not exposed to blue light did not respond.
Mean and S.E.M. are from 3 < independent experiments. (blue light (BL) = blue box).
Scale = 5 µm.

To examine the wavelength dependency of BLE-retinal induced PIP2 distortion, HeLa
cells expressing mCherry-PH were exposed to 445 nm, 488 nm, 515 nm and 594 nm
wavelengths of light at 4.86 µW respectively, in the presence or absence of retinal. Cells
exposed to 488, 515 and 594 nm light, in the presence of retinal did not show a
detectable signal (Fig. 3D). Control cells also did not exhibit PIP2 distortion with blue

ATR
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light in the absence of retinal (Figs 3E and S3). Retinal addition alone (without blue light)
also showed no PIP2 distortion (Fig. 3F). Only the selected cell in the field of vision
exposed to blue light exhibited PIP2 distortion (Fig. 3F, yellow arrow, Movie-S4). Similar
to ATR, 11CR also induces PIP2 distortion when exposed to blue light (Fig. 3F). Unless
specified, all the experiments henceforward employed blue light with the power of 4.86 
µW to excite retinal. At this light power, photobleaching of fluorescent biosensors was
not observed. All the cell types examined including RAW264.7 (mouse macrophage),
ARPE-19, MDA-MB-468 (triple negative breast cancer), BT20 (triple negative breast
cancer), HCT116 (colon cancer), NIH3t3 (mouse embryonic fibroblast), and HEK293
(human embryonic kidney) exhibited mCherry-PH translocation upon exposure to BLE-
Retinal (Fig. 3G) which indicates a universal mechanism operated by BLE-retinal.

To decipher molecular features of retinal for its blue light-induced cellular effects,
compounds with analogous functional groups such as retinol, retinoic acid, β-ionone (β-
ionone ring of retinal) and conjugated linoleic acid (CLA- mimicking the extended π
conjugated system) were examined as follows. HeLa cells expressing mCherry-PH were
incubated for 10 minutes with the retinal-like molecules at 50 μM concentrations
(Fig. 4). Interestingly, none of these compounds were able to induce PIP2 distortion
upon exposure to blue light (Fig. 4A–D). Examination of absorption spectra of these
screened molecules show that they do not have sufficient spectral overlaps with the
blue light (Fig. S3). However, both retinol and retinoic acid exhibited mCherry-PH
translocation when exposed to 365 nm ultra violet light (Fig. S4).

Figure 4
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Retinal-like molecules exhibited no effect on PIP2 upon blue light exposure. Images of
HeLa cells expressing PIP2 sensor (mCherry-PH) on PM. In all of the experiments
conducted, cells were exposed to blue light (4.86 µW of 445 nm) which is indicated by the
white box. Cells were incubated with (A) β-ionone (50 µM), (B) 10E, 12Z linoleic acid (50 
µM), (C) Retinol (50 µM) and (D) Retinoic acid (50 µM), for 10 minutes followed by
continuous exposure of short pulses of blue light for 200 s. In all experiments, cells did
not show a detectable PIP2 sensor translocation. Plots show the dynamics of PIP2 sensor
translocation in cells shown in A–E. (mean ± S.E.M., n = 5–10 cells). Mean and S.E.M. are
from 3 < independent experiments. (blue light (BL) = blue box). Scale = 5 µm.

BLE-retinal induced PIP2 distortion is independent of GPCR-G protein activation

Retinal and blue light mediated activation of Gq-coupled GPCRs are suggested to trigger
signaling and cytotoxicity in ARPE-19 photoreceptor cells . This study measured
degeneration of cells in the mouse retina, however the underlying mechanism was
unclear. Upon GPCR activation, both Gαq-GTP and Gβγ can induce PIP2 hydrolysis since
they activate PLCβ . To examine whether BLE-retinal activates GPCR-G proteins
pathways, PIP2 distribution was studied in the presence of Gαq inhibitor-YM254890 (1 
µM) and Gi-pathway inhibitor-pertussis toxin (PTX) (50 ng/mL) respectively (Fig. 5A–D).
Previously, we showed that pertussis toxin inhibits Gβγ mediated PIP2 hydrolysis since
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inhibition of Gi-pathway activation prevents generation of free Gβγ . After inhibitor
treatment, cells incubated with retinal were exposed to blue light for 2–3 minutes while
imaging the PIP2 sensor response. Both inhibitors failed to inhibit BLE-retinal induced
PIP2 distortion (Fig. 5B,D). Additionally, HeLa cells were treated with both Gαq and Gβγ
inhibitors simultaneously to rule out the possibility of activation of PLCβ by BLE-retinal.
Regardless of the collective inhibition of Gβγ and Gαq, BLE-retinal induced PIP2
disruption in cells (Fig. S5). This indicates that BLE-retinal induced responses are not
due to the GPCR-G protein pathway activation. Control experiments show YM254890
and PTX inhibit Gq-pathway induced PIP2 hydrolysis and Gi-pathway induced Gγ9
translocation, respectively (Fig. 5A,C) . In addition, retina-derived ARPE-19 cells
exhibited PIP2 disruption upon BLE-retinal in the presence of Gαq, Gβγ and Gi pathway
inhibitors (Fig. S6). Contrary to the previous reports , these experiments and data
confirm that free retinal with or without light does not activate GPCR pathways.

Figure 5
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Photoexcited retinal induced PIP2 translocation is not due to GPCR pathway activation.
(A) HeLa cells expressing M3 receptor and mCherry-PH, carbachol (10 µM) was added to
activate M3R in the presence (left) and absence (middle) of Gq inhibitor (YM254890, 1 
µM, 5 min). Only control cells (no YM254890), showed PIP2 hydrolysis (left). (B) Even in
the presence of Gq inhibitor, blue light excited retinal induced PIP2 sensor translocation
(middle). The plots show the dynamics of PIP2 sensor translocation in the cells shown in
A and B. (C) To HeLa cells expressing CXCR4-GFP, mCh-γ9, SDF1α (100 ng/mL) was added
to activate CXCR4 in the presence (left) and absence (middle) of Gαi inhibitor (pertussis
toxin = Ptx, 50 ng/mL, overnight incubation). Only control cells with no added Ptx
exhibited mCh-γ9 translocation from PM to IMs (left). (D) Exposure to photoexcited
retinal induced PIP2 sensor translocation in cells treated with Ptx. The plots show the
dynamics of mCh-γ9 and PIP2 sensor translocation. In all the experiments conducted,
cells were exposed to 4.86 µW of 445 nm blue light. (mean ± S.E.M., n = 5–10 cells). Mean
and S.E.M. are from 3 < independent experiments. (blue light (BL) = blue box). Scale = 5 
µm.

PIP2 distortion by BLE-retinal is associated with an increase in intracellular calcium,
[Ca ]

According to the crystal structure of IP3 receptor , IP3 molecule forms H-bonds with
the putative interacting domain (Fig. 6A, PDB code:1N4K). To examine whether distorted
PIP2, that may be entering cytosol could also increase cytosolic calcium, HeLa cells
expressing mCherry-PH were incubated with cell permeable calcium sensor fluo4-AM
and exposed to BLE-retinal. Cells exhibited a robust upsurge of calcium and a
synchronized mCherry-PH translocation response was observed (Fig. 6B,C, Movie-S5).
Unlike Gq-coupled GPCR induced calcium response, which recovers over time (Fig. S7A),
BLE-retinal induced response did not exhibit signaling adaptation (Fig. 6C). To examine
the source of calcium mobilized by BLE-retinal, cellular calcium modulators were
deployed as follows and percent change in fluo-4 fluorescence in the cell upon exposure
to BLE-retinal was calculated with respect to fluo-4 fluorescence observed prior to blue
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light exposure. Upon BLE-retinal exposure, cells without a calcium modulator was
considered as the control and exhibited a 55 ± 8% increase in fluo4 fluorescence
compared to basal fluorescence. Cells incubated in extracellular calcium free medium
(using BAPTA) and with intracellular calcium chelator, BAPTA-AM, induced only 25 ± 5%
and ~16 ± 1% increases respectively, (Fig. 6D). Treating cells with IP3 receptor inhibitor,
2-aminoethoxydiphenyl borate (2-APB) resulted in ~21 ± 4% increase (Fig. 6D). These
data indicate possible interactions of the IP3 domain of distorted PIP2 with IP3
receptors . Calcium modulators above were validated as follows (Fig. S7). Cells
incubated with BAPTA-AM showed only PIP2 hydrolysis but no calcium response upon
M3-muscarinic receptor activation (Fig. S7B), while 2-APB treated cells showed a
transient PIP2 hydrolysis with no calcium response (Fig. S7C). Compared to BLE-retinal
induced calcium responses, M3R activation induced responses were rapid and transient.
These results also show the ability of BLE-retinal to induce downstream signaling,
independent of GPCR activation. Collectively, these data suggest that BLE-retinal
induced distortion of PIP2 not only induces mobilization of stored calcium, but also
stimulate influx of extracellular calcium.

Figure 6
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All trans retinal and blue light induced signaling in cells. (A) Crystal structure of the IP3
receptor bound with IP3 with H-bonding interactions (PDB code:1N4K), suggesting the
PIP2 can have the majority of interactions exhibited by IP3. (B) HeLa cells expressing PIP2
sensor (mCherry-PH) and incubated with calcium sensor Fluo4. Fluo4 stained cells were
incubated with ATR (50 µM) for 5 minutes, followed by exposure of blue light (4.86 µW of
445 nm) for 3 minutes. Here the whole cell was exposed to blue light. A substantial
increase in cytosolic calcium is observed. (C) Dynamics of calcium responses and PIP2
translocation in the cells shown in B (mean ± S.E.M., n = 5 cells). (D) Calcium responses in
control and calcium modulator-incubated (using BAPTA-AM and 2-APB) HeLa cells in
regular and extracellular calcium free (using BAPTA) buffers. Here, cells were pre-
incubated Fluo4 were incubated with 2-APB (5 µM for 15 min), BAPTA-AM (10 µM for 30 
min), or BAPTA (5 µM for 5 min) in calcium free HBSS buffer. The cells were then
incubated with ATR (50 µM) for 5 minutes, followed by continuous exposure of blue light
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for 5 minutes. The bar chart shows the changes in calcium sensor fluorescence in the
cytosol before and after blue light exposure on cells for all the above mentioned
experiments (mean ± S.E.M., n = 5–15 cells). Mean and S.E.M. are from 3 < independent
experiments. (blue light (BL) = blue box). Scale = 5 µm.

Blue light-excited retinal induces cytotoxicity

The possibility of PIP2 distortion and calcium mobilization elicited by BLE-retinal to
induce cytotoxicity was examined. Morphology of HeLa cells incubated in retinal
containing medium was observed using time-lapse microscopy while only selected cells
were exposed to blue light. PIP2 distortion and substantial morphological changes,
including extensive bleb formation, were observed only in blue light exposed cells
(Fig. 7A, Movie-S6). Unexposed control cells in the same field remained morphologically
intact. To identify whether exposure of BLE-retinal induces cell death, HeLa cells were
incubated with cell-death marker, propidium iodide (PI) and examined its inclusion,
since apoptotic cells fail to exclude PI . Cells were supplemented with 100 µL of PI
(50 µg/mL) and 50 µM ATR, while selected cells were exposed to blue light. Control cells
were either exposed to blue light without retinal or incubated with retinal without blue
light exposure. Cells exposed to blue light in the presence of retinal showed gradual
incorporation of PI, indicated by the increase in red fluorescence (Fig. 7B). Observed
time curves of PI incorporation into cells were heterogenous (Fig. 7B, plot). Cells in both
the control experiments did not incorporate PI (Fig. 7B). These results indicate that
prolonged exposure of cells to BLE-retinal leads to cell death.

Figure 7
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Photoexcited retinal induced cytotoxicity. (A) Fluorescence and DIC images of HeLa cells
treated with ATR (50 µM) followed by blue light exposure (4.86 µW of 445 nm). Only the
middle cell (yellow arrow) expresses PIP2 sensor. Blue light exposed (blue box) cell
showed substantial change in cell shape and morphology. The PIP2 sensor also

0281

https://www.nature.com/articles/s41598-018-28254-8/figures/7
https://www.nature.com/articles/s41598-018-28254-8/figures/7


7/27/2020 Blue light excited retinal intercepts cellular signaling | Scientific Reports

https://www.nature.com/articles/s41598-018-28254-8 19/46

accumulates in cytosol upon blue light exposure. (B) HeLa cells were incubated with
propidium iodide (PI) with ATR (50 µM) and exposed to blue light (4.86 µW) for 45 
minutes. Incorporation of PI in to cells were observed upon light exposure. The control
experiments performed with cells exposed to only to blue light or only to ATR, did not
show PI incorporation into cells over time. Plot shows the different rates of PI
incorporation into cells compared to control experiments. (C,D) Solvent dependent
degradation and isomerization of ATR. (C) ATR (20 µL of 50 mM in ethanol) was exposed
to blue LED light for 30 minutes. The blue light exposed ATR (injection sample: 1 µL of
exposed ATR was diluted in 1 mL of ethanol) was analyzed by HPLC where degradation of
ATR is observed by reduction of corresponding ATR peak in chromatogram. right: The
degraded ATR (dATR) (1 µL) was added to HeLa cells (final volume of imaging buffer = 1 
mL) expressing PIP2 sensor and continuously exposed to 445 nm light (4.86 µW). Cells did
not show detectable PIP2 translocation upon blue light. Exposure of cells to fresh ATR
(50 µM) and blue light (BL) induced PIP2 distortion (mean ± S.E.M., n = 12). (D) HPLC
analysis of retinal in different solvents after exposing to white light for varying durations.
Note that retinal in water degrades in seconds while in ethanol and hexane show over 100
times enhanced stability. Improved isomerizations were seen as well. Mean and S.E.M. are
from 3 < independent experiments. (blue light (BL) = blue box). Scale = 5 µm.

mCherry-PH sensor translocation by BLE-retinal indicates distortion of the PIP2 molecule

To determine whether translocation of mCherry-PH is a common response exhibited by
fluorescence proteins on exposure to BLE-retinal, a membrane anchor with a
transmembrane domain (from mouse ICAM5) and a C-terminal mCherry, DenMark-
mCherry was used . In addition to DenMark-mCherry, HeLa cells were also expressed
with YFP-PH. Upon exposure to BLE-retinal, PM localization of DenMark did not
change, while YFP-PH translocated to cytosol (Fig. S8A,C). A saturated lipid anchor
bearing glycoprotein, glycosylphosphatidylinositol (GPI) which anchors extracellularly
to cells also did not respond to BLE-retinal (Fig. S8B,C). HeLa cells expressing GPI-GFP
and NIH3t3 cells expressing GPI-mCherry were used for the experiment. BLE-retinal
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did not remove GPI anchored proteins from PM. This suggests that specifically PIP2,
that contains an unsaturated arachidonoyl chain is susceptible to photochemical
reactions elicited by BLE-retinal. Since PIP2 also contains one stearyl anchor, a
saturated lipid, it is not clear how oxidation of only arachidonoyl anchor induces PIP2
solubilization. One possibility is that only a small fraction of distorted PIP2 undergoes
additional cleavage from the stearyl anchor. This could result in a fraction of PIP2
molecules solubilizing to cytosol and induce calcium mobilization.

Cell membranes are likely to facilitate retinal photoexcitation and cellular damage

As the location of retinal in the cellular environment could be crucial, the next objective
was to examine the subcellular environment that can support the photochemical
reactions of retinal. When a 20 µL solution of ATR in ethanol (50 mM) was exposed to
blue LED light (5 W, 460–470 nm) for 30 minutes, a significant retinal degradation was
observed (Fig. 7C). The retinal content in the solution was analyzed using high
performance liquid chromatography (HPLC), before and after blue light exposure. HeLa
cells expressing mCherry-PH sensor were incubated with 1 µL of this pre-blue light
exposed retinal for 10 minutes. However, the addition of pre-blue light exposed retinal
did not exhibit PIP2 distortion in cells. Exposure of these cells to blue light at 4.86 μW
intensity also failed to exhibit a detectable mCherry-PH translocation, suggesting that
(i) the mixture does not have sufficient retinal left and (ii) extracellularly generated
retinal photoproducts are not able to disrupt cellular PIP2. Nevertheless, addition of
fresh retinal (50 µM) followed by blue light exposure resulted in mCherry-PH
translocation (Fig. 7C). Next, we examined if household white fluorescent light also
induces retinal degradation, since both fluorescent and LED light contain a peak ~450 
nm. Retinal degradation observed under white light was lower in ethanol (Fig. 7D). When
retinal in hexane was exposed to white light, it showed even lower degradation.
Interestingly, retinal in water exhibited over a 100 times faster degradation (within
seconds) than in ethanol or hexane (within minutes) (Fig. 7D). These experiments
collectively suggest that in cellular context, retinal must retain in a relatively non-
aqueous and hydrophobic environment, not in the cytosol. These data also show that
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retinal undergoes efficient isomerization, in non-aqueous media upon photon
absorption. PM lipid bilayer of cells is likely to provide an ideal environment for retinal
to undergo continuous photoisomerization over degradation.

Ability of retinal to harvest light and induce PIP2 distortion was examined to understand
whether this process is governed by photosensitization of retinal. A known
photosensitizer rose bengal (RB) absorbs green light (Fig. S9) and exhibits singlet oxygen
generation  and cell death . HeLa cells expressing PIP2 sensor were incubated with RB
(50 µM) and exposed to blue and green light respectively. Cells were imaged to observe
whether RB too induces a similar PIP2 distortion. Both blue and green light exposure
induced a significant PIP2 sensor translocation (Fig. 8A). To assess whether observed
PIP2 distortion requires dissolved oxygen in cell culture media to produce singlet
oxygen, HeLa cells were treated with CoCl  for 12 hours to expose cells to hypoxia .
Upon exposure to BLE-retinal, compared to control normoxic cells, hypoxic cells
exhibited an attenuated PIP2 sensor translocation (Fig. 8B). To validate that BLE-retinal
induced PIP2 distortion was governed through free radical/ROS mechanisms, prior to
blue light exposure, cells were incubated with antioxidants, glutathione ethyl ester and
alpha-tocopherol respectively (Fig. 8C,D). Alpha-tocopherol is lipid soluble while
glutathione is water soluble and cytosolic. Only cells incubated with alpha-tocopherol
exhibited an attenuated PIP2 sensor translocation (Fig. 8C,D). This indicates that
reactions of oxidative damage induced by BLE-retinal are likely taking place in lipid
membranes (Fig. 8E).

Figure 8
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Comparison of PIP2 sensor dissociation from PM by retinal vs a known photosensitizer,
rose bengal. (A) Images of HeLa cells expressing PIP2 sensor (mCherry-PH). (A) PIP2
sensor translocation was induced by rose bengal (50 µM), incubated with cells for 5 
minutes, in the presence of blue (4.86 µW of 445 nm) and green (light (0.22 µW of 515 
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nm) respectively. Plot shows the cytosolic fluorescence of PIP2 sensor in HeLa cells upon
exposing to light. (mean ± S.E.M., n = 6). (B) HeLa cells were incubated with CoCl  (100 
µM) for 24 h to expose cells to hypoxia. The control cells were kept in same conditions
without CoCl  treatment. Cells were incubated with ATR (50 µM) and 445 nm imaging for
10 minutes was performed. Cell in hypoxic condition did not exhibit detectable PIP2
sensor accumulation in cytosol while control cells showed a gradual PIP2 sensor
accumulation from PM to cytosol. (C,D) Antioxidants were tested to examine if they
prevent PIP2 sensor translocation induced by retinal and blue light. HeLa cells expressing
PIP2 sensor were incubated with antioxidants, alpha-tocopherol (1 mM) and reduced-
glutathione ethyl ester (500 µM) overnight. Prior to imaging experiments ATR (50 µM)
was added and incubated for 5 minutes followed by exposure of blue light (4.86 µW of
445 nm) for 5 minutes. (C) Cells treated with reduced-glutathione ethyl ester exhibited
PIP2 sensor translocation from PM to cytosol upon blue light exposure. Plot shows the
dynamics of PIP2 sensor (mean ± S.E.M., n = 14 cells). Overview of the antioxidant
mechanism exert by reduced glutathione in vivo (right). (D) Cells treated with alpha-
tocopherol showed a reduced rate and extent of PIP2 sensor translocation from PM to
cytosol upon blue light exposure. Plot shows the dynamics of PIP2 sensor translocation
(mean ± S.E.M., n = 6 cells). Note the reduction of PIP2 sensor accumulation in IMs of
cells. Right: Overview of the antioxidant mechanism exert by alpha-tocopherol in vivo. (E)
Proposed mechanism for blue light excited retinal induced PIP2 distortion process. (F)
TD-DFT calculations (CAM-B3LYP/6–31++G**) of retinal’s energy states and the Jablonsky
diagram shows strong absorption band due to the π → π* transition where triplet excited
states are energetically and symmetrically matched to allow for efficient intersystem
crossing and energy transfer to O  which allows for singlet oxygen and ROS generation.
Mean and S.E.M. are from 3 < independent experiments. (blue light (BL) = blue box and
green light (GL) = green box). Scale = 5 µm.

To validate the ability of retinal to generate ROS via direct photoexcitation,
spectroscopic calculations were performed with TD-DFT on the retinoids. The low-lying
excited states of both 11CR and ATR are a series of strong singlet π → π* transitions and
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2
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a dark singlet n → π* transition (Fig. 8F). The predicted absorption spectra for 11CR and
ATR are in a reasonable agreement with the experimental spectra (Fig. S10A,B). For ATR,
the strong absorption at 380 nm (S ) is the allowed HOMO to LUMO transition (π → π*),
followed by a spectroscopically dark n → π* transition (S ). 11CR also has a similar
spectral assignment. For both 11CR and ATR, S  is nearly degenerate with a triplet state
( nπ*) and, by El Sayed’s rules, efficient intersystem crossing (ISC) should be observed
where S  ( ππ*) ISC to T  ( nπ*). Interestingly, when examining the rotation around the
11-cis bond (Fig. S10C–E), S  ( ππ*) and T  ( nπ*) states cross with only a slight torsional
twist about the 11-cis bond indicating that the two states are energetically degenerate to
allow ISC. Once in the triplet manifold, the system should non-radiatively decay to the
lowest triplet state (T , ππ*) with sufficient energy (1.20 eV and 1.25 eV, relaxed T
structure of 11CR and ATR) to transfer and promote oxygen to a cytotoxic singlet state
( O ( Σ ) → O ( Δ ) is 0.97 eV from experiment). The other retinoids studied are not
expected to generate ROS because their absorptions occur in the UV (Fig. S3).

Discussion

When absorption spectrum and λ  of retinal (380 nm) are considered, blue light
induced PIP2 distortion should be due to the ability of retinal to undergo
photoexcitation because just addition of retinal alone or exposure to wavelengths longer
than blue failed to respond. Multiple experiments conducted using inhibitors of G-
proteins pathway suggest that, BLE-retinal mediated cellular responses are not due to
retinal’s ability to interact with ligand binding GPCRs, further supporting the notion that
BLE-retinal is directly responsible for its cellular effects. Lack of DAG formation
observed in BLE-retinal mediated process further eliminates the possibility of PIP2
hydrolysis. Lack of sufficient spectral overlap in absorption spectra of retinol and
retinoic acid with blue region is in agreement with their inability to induce cellular
responses. In mouse mammary tumor cells, 10E, 12Z-CLA induced PIP2 hydrolysis and
subsequent cell death was reported, and the activation of Gq-coupled GPCR(s) that
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results in PIP2 hydrolysis by activation of PLCβ has been proposed as the mechanism .
Nevertheless, in our experiments 10E, 12Z-CLA did not exhibit any effect on PIP2.

Acyl chains in PIP2 are crucial for its interactions with the PM. The difference in the acyl
chain length in PIP2 have been shown to affect the localization of PIP2 on the PM . If
BLE-retinal modifies/changes properties of acyl chains, by oxidizing them, PIP2 is likely
to lose the ability to stay bound to the PM. This can result in translocation of the
modified PIP2, together with the bound mCherry-PH sensor to the cytosol.
Alternatively, if the chemical modifications on PIP2 disrupt its interactions with
mCherry-PH sensor as well as with PLCβ, irreversible translocation of PIP2 sensor to
cytosol should be observed. However, using this argument, calcium responses induced
by BLE-retinal cannot be explained. Therefore, it is likely that upon exposure to BLE-
retinal, PIP2 becomes solubilized, at least to a certain extent, due to reduction of its PM
affinity.

Increase in cytosolic calcium induced by BLE-retinal can be attributed to either (i)
calcium influx from activated ion channels on PM or (ii) activation of IP3 receptors
(IP3R) allowing ER to mobilize stored calcium or both. IP3R activation is likely to be
induced by the IP3 moiety of solubilized PIP2 since it can still have the majority of
interactions that IP3 possesses . If solubilized PIP2 induces even a slight increase in
cytosolic calcium, calcium activated ion channels on PM can further increase cytosolic
calcium . Lack of extracellular calcium resulted in reduction of calcium response
compared to control cells, suggesting a partial involvement of the possibility (i) above.
Inhibition of IP3 receptors by 2-APB which showed a reduction in calcium response
compared to control cells by BLE-retinal suggests the possibility (ii). Collectively, these
results suggest that calcium signaling induced by ATR and blue light is likely to be
controlled by more than one mechanism.

PIP2 has been proposed to promote the interactions between PM and cytoskeleton, and
cellular PIP2 levels are linked to bleb formation . Therefore, observed extensive bleb
formation in cells exposed to BLE-retinal can be a result of PIP2 activity reduction at
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PM. Additionally, BLE-excited retinal induced inclusion of propidium iodide into cells
suggests activation of apoptosis-promoting pathways since excessive intracellular
calcium results in cell death through apoptosis and necrosis . Recent studies link ROS
generation to non-inflammatory cell death termed as oxeiptosis through cellular ROS
sensor and antioxidant factor KEAP1 . Although photodegradation products suggested
to cause cytotoxicity in photoreceptor cells , cells did not exhibit either PIP2 distortion
or cell death on exposure to photoproducts of retinal. Our data show that household
fluorescent white light (3 mW) induces extensive photo degradation of retinal in
solution. However, at this intensity white light did not exhibit either PIP2 distortion or
cell death, highlighting the blue light requirement for the process (Fig. 7A,B). Upon blue
light exposure, accumulated lipophilic non-degradable lipofuscins have been shown to
induce cytotoxicity in the retina . Compared to the quantum yield of singlet
oxygen O  generation (Φ) by lipofuscin A2E, all-trans retinal exhibited a two times
higher quantum yield (Φ = 0.2–0.3) in benzene . While the quantum yield of O
generation is vastly dependent on the solvent used, retinal usually exhibited higher
quantum yield  (Table S1). Our data show that retinal has enhanced lifetimes
in relatively non-polar media and undergoes isomerization over degradation. Could
retinal converted to A2E lipofuscins be responsible for its blue light induced cellular
effects? Optimized conditions, such as two days in the dark in acidic medium were
required for in vitro A2E synthesis using retinal and ethanolamine . Therefore, it is
unlikely that observed cellular effects within minutes are due to formation of A2E.
Reactive singlet oxygen ( O ) forms due to excitation of molecular oxygen from its
ground state to triplet state . Singlet oxygen induces production of ROS such as
superoxide, peroxide, and hydroxyl radicals . The direct generation of O  by
absorption of a photon at 1270 nm (0.97 eV) is a weak transition due to the forbidden
spin flip . Thus, the proposed mechanism for generation of O  involves a sensitizing
chromophore which has a significant population of an excited triplet state with
sufficient energy to excite O  → O  by electronic energy transfer . Most
chromophores are in a ground state singlet and gain triplet state population by ISC after
initial photon absorption in the singlet manifold. ISC is usually spin forbidden. However,
if there is a significant spin-orbit coupling via heavy atom effect or electronic
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transitions according to El Sayed rules, where ππ* state → nπ* state, ISC is observed .
Thus, we suggest that upon photoexcitation of ATR and 11CR to S , retinal relaxes to
triplet manifold by allowed ISC. Then the energy may be transferred to O  generating
O . Collectively, both retinal-based experimental and computational data suggest that

retinal dissolved in lipid bilayer is a major contributor for its blue light induced cellular
effects.

Retinal is fat-soluble, and therefore transported through cytosol by carrier protein,
Retinol/Retinal Binding Protein (RBP), while being protected against water . When
ethanolic solutions of retinal were dissolved in water, retinal was stable for a prolonged
time in the dark (~1 week). However, exposure to light results in a rapid degradation. In
contrast, retinal in relatively non-polar and non-aqueous media showed an enhanced
photostability, suggesting that retinal prefers photoisomerization over degradation.
Therefore, even if free retinal was present in cytosol, it is likely to degrade quickly. On
the contrary, PM is an appropriate hydrophobic environment for retinal to be
accumulated. Recently, transport of retinol in the hydrophobic core of serum amyloid A
has been demonstrated , further suggesting that PM core of cells can act as a reservoir
of retinal. If photoexcited retinal can generate O  in PM bilayer, it is more likely to
interact with molecules in the PM. The ability of lipid soluble α-tocopherol to attenuate
BLE-retinal induced PIP2 response also suggests that the resultant oxidative
photodamage occurs within PM bilayer. Since PM and endoplasmic reticulum (ER), as
well as mitochondria maintain direct contacts , retinal has the potential to diffuse
through the lumen of PM to ER, and to mitochondria. Although the presented data is
limited to BLE-retinal induced signaling perturbation of PIP2, retinal’s photosensitizing
ability in the cellular environment has the potential to elicit cell-wide oxidative damage
to crucial signaling molecules and change the cellular fate.

Materials and Methods

Reagents

1 3 62

1
3

2
1

2

63

64

1
2

65,66

0290



7/27/2020 Blue light excited retinal intercepts cellular signaling | Scientific Reports

https://www.nature.com/articles/s41598-018-28254-8 28/46

All trans retinal, retinol, retinoic acid, BAPTA, BAPTA-AM, conjugated (10E, 12Z) linoleic
acid, propidium iodide (Cayman chemicals, Ann Arbor, USA), Beta-ionone (Acros
Organics), 11-cis retinal (National eye institute, USA), YM254890 (Focus biomolecules),
Gallein (TCI-America), Carbachol (Fisher Scientific), 2-APB, Pertussis toxin, SDF1α,
alpha-tocopherol, glutathione ethyl ester (Sigma-Aldrich), Fluo4-AM (Molecular probes,
Thermofisher), Rose bengal (Chem Impex) and Cobalt chloride (Alfa aesar) were
purchased. All reagents were dissolved as per manufacturers’ recommendations unless
otherwise noted. Stock solution of SDF1α was prepared in HBSS with 0.1% bovine serum
albumin (Sigma-Aldrich). Propidium iodide was dissolved in water to make a working
solution of 50 µg/mL. Rose bengal and Cobalt chloride were dissolved in water. Stock
solutions of retinals (50 mM of 11CR or ATR) were prepared in Ethanol and dilutions were
done appropriately using Ethanol and HBSS buffer. Concentrations of retinals were
measured by UV-VIS spectrometer (UV-1800 spectrophotometer, Shimadzu
corporation, Kyoto, Japan) or HPLC (CBM-20A, Shimadzu, USA) prior to live cell imaging
experiments by plotting calibration curves with 11CR and ATR standards. In HPLC
analysis of free retinal, a normal phase column (Waters Nova-Pak® Silica-60 Å, 4 µm,
3.9 × 150 mm) with an isocratic flow of 96:4 Hexane: Ethyl acetate at 0.5 mL/min flow
rate was used. Deuterium lamp UV detector was used at 370 nm to identify retinals.

Cell culture

HeLa cells (ATCC, Manassas, VA) were cultured in minimum essential medium (MEM)
(CellGro) supplemented with 10% dialyzed fetal bovine serum (DFBS) (Atlanta
Biologicals), in the presence of 1% penicillin−streptomycin (PS) in 35 mm/60 mm/100 
mm tissue culture dishes at 37 °C in a 5% CO  humidified incubator. At 70–80%
confluency, adherent cells were detached using versene-EDTA (Lonza), centrifuged at
1000 × g for 3 minutes, and versene-EDTA was aspirated carefully without disturbing the
cell pellet followed by addition of regular cell culture media at a cell density of 1 × 10
cells/mL. For live cell imaging experiments, HeLa cells were cultured on 35 mm glass
bottom dishes (In Vitro Scientific) with 1 × 10 /mL cell density. Types of cells and their
respective cell culture media used in this study are as follows. RAW264.7 (RPMI/10%
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DFBS/1% PS), NIH3T3 (DMEM/10% BCS/ 1% PS), HEK293 (DMEM/10% DFBS/1% PS),
MDA-MB-468, HCT116 and BT20 (DMEM/10% FBS/1% PS) and ARPE-19 (DMEM-F12
(50:50)/10% FBS/1% PS) (ATCC, Manassas, VA). Above mentioned cells were cultured
using similar procedure as in HeLa cells.

Cell culture under hypoxic conditions

A procedure was followed as described previously . Briefly, a solution of CoCl  (25 mM)
was prepared in water. HeLa cells were incubated with CoCl  (100 µM) in the presence
of regular cell culture media for 24 h at 37 °C in a 5% CO  humidified incubator.

In vitro transfection

HeLa, RAW264.7, NIH3t3, MDA-MB-468, HCT116, BT20, HEK293 and ARPE-19 cells were
transfected using in vitro transfection reagent-PolyJet  (Signagen) or
lipofectamine2000  reagent (invitrogen) according to manufacturer’s protocol with
following recombinant DNA plasmids; mCherry-PH, YFP-PH, DBD-YFP, M3-muscarinic
receptor-untagged, mCherry-γ9, bicistronic Melanopsin-GFP, CXCR-GFP, DenMark-
mCherry, GPI-mCherry, GPI-GFP. Engineering of plasmids has been described
previously . Transfection was performed on cells seeded on glass bottom
dishes. After 5 hours of incubation with the transfection reagent, the medium was
replaced with 1 mL of fresh cell culture medium. Live cell imaging experiments were
performed 12–24 hours after transfection.

Live cell imaging, image analysis and data processing

Live cell imaging experiments were performed using a spinning-disk (Yokogawa CSU-X1,
5000 rpm) XD confocal TIRF imaging system composed of a Nikon Ti-R/B inverted
microscope with a 60X, 1.4 NA oil objective and iXon ULTRA 897BVback-illuminated
deep-cooled EMCCD camera. Photoactivation and spatio-temporal light exposure on
cells in regions of interests (ROI) were performed using laser combiner with 40–100 mW
445, 488, 515, and 594 nm solid-state lasers equipped with Andor® FRAP-PA
(fluorescence recovery after photobleaching and photoactivation) unit in real time,
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controlled by Andor iQ 3.1 software (Andor Technologies, Belfast, United Kingdom).
Fluorescent sensors such as mCherry-PH, GPI-mCherry, mCherry-γ9, DenMark were
imaged using 594 nm excitation−624 nm emission settings, YFP-PH and DBD-YFP were
imaged using 515 nm excitation and 542 nm emission and GPI-GFP, Melanopsin-GFP,
CXCR-GFP, Fluo4-AM were imaged using 488 nm excitation and 525 nm emission. Using
a modulator, powers of solid state lasers were adjusted to 5 mW in above wavelengths
for photoactivation studies where additional adjustments for laser power with 0.1–10%
transmittance (0.22 µW–9.70 µW) were further achieved using Acousto-optic tunable
filters (AOTF) to avoid photobleaching of fluorescent sensors. Continuous optical
activation (OA) of cells expressing opsins was performed at every one second (1 Hz)
using the 0.22 μW of 445 nm laser across the selected region and blue light exposure on
cells without opsins was done with 4.86 μW of 445 nm laser. The laser power of light
exposure was measured using a light meter (Ophir PD300-UV). Time-lapse images were
analyzed using Andor iQ 3.1 software by acquiring the changes in mean pixel
fluorescence intensity of the entire cell or in selected area/regions of interest (ROIs) of
the cell. Briefly, background intensity of images was subtracted from the intensities of
the ROIs assigned to the desired areas of cells (PM, IMs and cytosol), prior to intensity
data collection from the time-lapse images. The intensity data from multiple cells were
opened in Excel (Microsoft office®) and normalized to the base-line by dividing the
whole data set with the average value of initial stable base-line. Data was processed
further using Origin-pro data analysis software (OriginLab®).

Light exposure induced PIP2 sensor translocation

Cells cultured on 35 mm glass bottom dishes were checked for PIP2 sensor (mCherry-
PH) expression. After identification of cells expressing PIP2 sensor, the focal plane was
locked to prevent the drifts in the imaging cross section using perfect focusing system
(PFS). Next, cells were supplemented with 50 µM retinal (ATR or 11CR) for 5 minutes
before light exposure on the cells. After retinal addition, cells were exposed only to 595 
nm light to image mCherry fluorescence and all live cell imaging experiments were
conducted in the dark. After capturing time-lapse images for mCherry at 1 Hz for 20–60 
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seconds, using the FRAP-PA module control of the assigned optical stimuli, whole cells
or subcellular regions were exposed to light (445–594 nm laser light depending on the
experiment) and time-lapse imaging was continued for additional 5–10 minutes.
Additionally, 445 nm imaging was conducted to induce PIP2 solubilization in cells with
hypoxic conditions (CoCl  treated) and compared that with normoxic cells with same
imaging parameters (445 nm excitation) without FRAP-PA.

Cytosolic calcium measurements

Calcium imaging was performed with a cell permeable fluorescent calcium indicator,
Fluo4-AM. Cells seeded on glass bottom dishes were washed twice with 1 mL of 1X HBSS
(supplemented with calcium, pH 7.2) and incubated with Fluo4-AM (2.28 µM in 1X HBSS)
for 30 minutes at room temperature. The glass bottom dish was washed with 1 mL of 1X
HBSS three times before imaging experiments. The fluorescence intensity of Fluo4-AM
was continuously imaged at 1 second intervals using 488 nm excitation −515 nm emission
wavelength settings using confocal microscopy. Additional experiments were done in
cells that were pre-incubated with Fluo4-AM (2.28 µM) followed by incubation of either
2-APB (5 µM for 15 minutes), BAPTA-AM (10 µM for 30 minutes), or BAPTA (5 µM for 5 
minutes) in 1X calcium free HBSS buffer. The cells were then incubated with ATR (50 µM)
for 5 minutes followed by continuous exposure of blue light for 5 minutes. The
fluorescence intensity of Fluo4 was acquired. Fluorescence intensity obtained from
regions of interest were normalized to initial values and data were further processed to
obtain statistical data.

Cell cytotoxicity imaging

Live cell imaging of HeLa cells was conducted with propidium iodide (PI) staining to
assess cytotoxicity of cells upon exposing cells to either blue light only, ATR only, or
exposing blue light in the presence of ATR. Incorporation of PI was monitored over time
using time-lapse fluorescence imaging of cells. Briefly, cells were washed with 1X PBS
and replaced with the cell culture medium. Then, 100 µL of PI (50 µg/mL) was added to
the glass bottom dish with cells. The live cell imaging was started after selecting cells
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using differential interference contrast (DIC) microscopy. Blue light used here was 4.86 
µW of 445 nm wavelength laser. DIC images and PI fluorescence were acquired over
time. For PI imaging, 488 nm-excitation and 624 nm-emission filter settings were used.
Final concentration of ATR was 50 µM used for experiments.

HPLC analysis of retinal degradation

ATR (50 µM) solutions in different solvents (ethanol, hexane and water) were prepared
using an ethanolic ATR stock solution (50 mM). ATR in ethanol was exposed to blue LED
(5 W, 460–470 nm) up to 30 minutes. Similarly, ATR in ethanol and hexane were exposed
to white fluorescent light (22 W) continuously up to 30 minutes. For retinal degradation
studies in water, separate solutions were prepared and exposed to white light for time
intervals from 1 s to 60 s in individual experiments. HPLC (CBM-20A, Shimadzu, USA)
analysis of retinal degradation in each time interval was performed using a normal phase
column (Waters Nova-Pak® Silica-60 Å, 4 µm, 3.9 × 150 mm) with an isocratic flow of
96:4 Hexane: Ethyl acetate at 0.5 mL/min flow rate was used. Deuterium lamp UV
detector was used at 370 nm to identify percent retinal remaining in the solution.
Percent retinal content in each sample was determined by calculating the percent area
under each peak corresponding to type of retinals using Origin-pro data analysis
software (OriginLab®).

Light power measurements

Light power measurements were determined using a light meter, Ophir® PD-300UV
(Ophir photonics, Israel) with the filter-in mode. StarLab® (Ophir photonics) software
was used to acquire power measurements of lasers and white fluorescent light.

Computational methods

Quantum chemical calculations were performed using time dependent density
functional theory (TD-DFT) with the coulomb attenuating method (CAM-B3LYP) and a
6–31++G** basis set . CAM-B3LYP and other long range corrected functionals have72,73,74
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1.

2.

3.

4.

5.

6.

been shown to accurately determine spectroscopic properties and minimize the
appearance of low lying spurious states . All computations were performed using
Gaussian09®  in parallel with shared memory. Retinoids’ ground state and excited
state energies in gas phase and in solution phase with polarized continuum model
(PCM)  were computed with heptane and water as the solvents.
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Abstract

Light-emitting diodes (LEDs) have been used to provide illumination in industrial and commercial
environments. LEDs are also used in TVs, computers, smart phones, and tablets. Although the light
emitted by most LEDs appears white, LEDs have peak emission in the blue light range (400–490 nm).
The accumulating experimental evidence has indicated that exposure to blue light can affect many
physiologic functions, and it can be used to treat circadian and sleep dysfunctions. However, blue light
can also induce photoreceptor damage. Thus, it is important to consider the spectral output of LED-
based light sources to minimize the danger that may be associated with blue light exposure. In this
review, we summarize the current knowledge of the effects of blue light on the regulation of
physiologic functions and the possible effects of blue light exposure on ocular health.

Introduction

Lighting sources and technology have experienced a revolution in the last 15–20 years. Lighting
sources and technology, especially in non-commercial or industrial illumination applications, have
traditionally been slow to change [1]. In most homes, the incandescent bulb and Edison socket have
been omnipresent. In the past 10 years, we have seen significant use of other technologies, such as
compact fluorescent lamps (CFLs), replacing incandescent sources. However, this transition has often
been driven by legislation, which has focused on energy-efficient sources instead of consumer desire
for different light sources. The general user quickly noted the difference in the quality of CFL source
but not necessarily in the specifics of its power spectrum. Simultaneously, the development and
performance of high brightness light-emitting diodes (LEDs) have experienced tremendous advances
[2]. The coupling of a blue-light LED with a phosphor has also been used to produce a white light
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source, the white-light LED. This solid-state fluorescent analog has become known as solid-state
lighting (SSL). This approach is now considered the next generation of illumination due to the many
inherent and potential advantages over current technologies.

In addition to use for general illumination, LEDs quickly became the choice for mobile devices, such
as smart phones [3]. The small size of LEDs and the limited screen size make them ideal for these
applications. The potential for the use of LEDs for backlighted liquid crystal displays (LCDs) in laptop
computers was also quickly realized. This transition was driven by the fragility of the microfluorescent
lamps used for illumination and consumer desire for thinner screens. LEDs have now become the
dominant technology for backlighted tablet displays, such as iPads and e-readers, and large LCD
television sets. This now means that blue light prevails in red, green, and blue (RGB) and SSL
illumination systems that did not exist a decade ago. The ways in which people read have also changed.
Light is now being used directly for illumination in smart phones, tablets, and readers instead of for
reflection, which is typical for reading from paper.

The white-light LED (i.e., the most common type of LED) is essentially a bichromatic source that
couples the emission from a blue LED (peak of emission around 450–470 nm with a full width at half
max of 30–40 nm) [4] with a yellow phosphor (peak of emission around 580 nm with a full width at
half max of 160 nm) that appears white to the eye when viewed directly [5]. The specific pump
wavelength of the phosphor in the range 450–470 nm depends critically on the absorption properties of
the phosphor. Although the white-light LED can be considered the SSL analog of the fluorescent
source, the power spectrum of the white-light LED is considerably different from traditional,
fluorescent, or incandescent white light sources [6] (Figure 1).
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Figure 1

A comparison of the power spectrum of a standard white-light LED, a tricolor fluorescent lamp, and an
incandescent source. The radically different power spectrums can look similar when viewed directly by the
eye, irrespective of how much blue emission is present.

Early commercial devices lacked sophistication, adopting the currently available LED technology that
was small, 350×350 mm , and operated at low drive currents, typically 20 mA, producing 1–16 mW of
power. The last decade has seen the scaling of LEDs to larger areas, 1×1 μm , and higher drive currents
of >350 mA with significantly increased power output >1,000 mW [2]. During this period, LED
devices were also optimized for use in illumination applications, and reflected from a surface instead of
emitted directly.

In addition, white-light LEDs degrade over time primarily through bleaching of phosphors so that they
no longer efficiently absorb blue light [7]. This shifts the color temperature of the device over time,
with a corresponding change in the color-rendering index but, more importantly, an increasing blue
emission from the device with time.

In this review, we summarize the current knowledge of the effects of blue light on the regulation of
physiologic function and the effects of blue light exposure on ocular health. Finally, we discuss the
available data to determine whether long-term exposure to blue light is safe or whether additional
studies are needed to fully understand the effects of blue light exposure on ocular health.
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Non-image-forming photoreception

In mammals, photoreception occurs only in the retina [8] by three types of photoreceptor: cones, rods,
and the intrinsically photosensitive retinal ganglion cells (ipRGCs). The classical photoreceptors (e.g.,
rods and cones) are mostly responsible for the image-forming vision, whereas the ipRGCs play a major
role in non-image-forming photoreception, that is, the photoreceptive system that regulates circadian
photic entrainment, pupillary light response, and other important biologic functions (Figure 2).

Figure 2

In addition to the classical photoreceptors (rods and cones), ipRGCs are present in the retina. Recent
studies have shown that at least two types of intrinsically photosensitive retinal ganglion cells (ipRGCs)
have been identified: M1 and M2. Most of the M1 cells project to the suprachiasmatic nucleus (SCN) of
the hypothalamus whereas the number of M1 and M2 projecting to the olivary pretectal nucleus (OPN) is
similar (55% from M1 cells versus 45% from M2 cells). The M1 cells are considerably smaller but
respond with significantly larger depolarizations and light-induced currents than do the M2 cells. Other
neural targets of ipRGCs not shown in the figure include the preoptic area, sub-paraventricular zone,
anterior hypothalamic nucleus, lateral hypothalamus, medial amygdaloid nucleus, lateral habenula, lateral
geniculate nucleus (dorsal division), bed nucleus of the stria terminalis, periaqueductal gray, and superior
colliculus. OS=outer segments; IS=inner segments; ONL=outer nuclear layer; OPL=outer plexiform
layer; INL=inner nuclear layer; IPL=inner plexiform layer; GCL=ganglion cell layer; from [31] with
permission.
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The idea that the mammalian retina is capable of non-image-forming photoreception emerged during
the 1990s when a series of studies indicated that mice lacking rod photoreceptors (rd/rd) have a normal
phase response curve (PRC) to light [9], with an action spectrum that peaks around 480 nm [10]. This
result suggested that a photo pigment different from rhodopsin (λ  498 nm), short wavelength
sensitive opsin (λ  460 nm), and middle wavelength sensitive opsin (λ  508 nm) [11] was
responsible for the entrainment of circadian rhythms. Additional studies reported that mice lacking rods
and cones were still capable of synchronizing their circadian rhythms to light-dark cycles [12], thus
demonstrating that an undiscovered photo pigment/photoreceptor in the mammalian retina was
responsible for the photoentrainment of circadian rhythms.

The most likely candidate to emerge as the circadian retinal photo pigment is a mammalian homolog of
Xenopus melanopsin (aka Opn4) [13-15]. In mammals, melanopsin mRNA (and protein) is expressed
only in a small population (about 3–5%) of the RGCs [14,16] that are directly photosensitive and have
an absorption peak around 470–480 nm [17-19]. These RGCs express pituitary adenylate cyclase-
activating polypeptide (PACAP) [20] and form the retinohypothalamic tract (RHT) [16,21]. The RHT
is responsible for conveying the light information from RGCs to the part of the brain that controls
circadian rhythms within the whole body [22,23]. The RGCs that express melanopsin were named
intrinsically photosensitive RGCs (ipRGCs), and these cells were no longer intrinsically photosensitive
in melanopsin knockout (KO) mice, although the cell number, morphology, and projections remained
unchanged [24].

Additional studies have also shown that melanopsin KO mice entrained to light-dark photoperiods,
albeit the response to light was attenuated in the KO animals as the magnitude of the phase-shift is
about half (40%) of that of wild-type mice at each of the three non-saturating irradiance levels [25]. A
saturating white light pulse also produced a diminished phase shift in the KO animals [26]. The length
of the free-running period that follows the exposure to constant light is reduced (to about 55–65% of
that of controls) in melanopsin KO animals [25,26].

Melanopsin has also been implicated in regulation of the pupillary light reflex (PLR). Transgenic mice
lacking rod and cone photoreceptors (rdcl) retain a PLR, and this response is driven by a photo pigment
with peak sensitivity of around 479 nm [27]. Melanopsin KO animals showed a PLR indistinguishable
from that of the wild-type mice at low irradiances, but at high irradiances, the reflex was incomplete.
This result suggests that the melanopsin-associated system and the classical rod/cone system are
complementary functions [28,29]. Thus, the current view is that no single photoreceptor type is
necessary for the synchronization of circadian rhythms with external light-dark cycles [30,31].

Finally, mice with the melanopsin gene ablated only in ipRGCs have normal outer retinal function but
lack non-image-forming visual responses, such as circadian photoentrainment, light modulation of
activity, and PLR [32]. Thus, the ipRGCs represent the site of integration of non-image-forming photo
responses in mammals.

Further studies have also shown that melanopsin-based photoreception is involved in the modulation of
sleep [33-36] and mood and learning [37], and recent data have also indicated that melanopsin-based
photoreception may be involved in the regulation of metabolism [38]. Finally, it has been reported that
loss of the melanopsin gene abolishes circadian control in some parameters of cone electroretinogram,
causing significant attenuation of the diurnal variation in cone vision [39]. Melanopsin signaling may
influence intraretinal signaling by acting on dopaminergic neurons [40]. Therefore, these data suggest
melanopsin-dependent regulation of visual processing within the retina.

Melanopsin also plays an important role in mediating human circadian rhythms. Several studies have
reported that in humans, the action spectra for melatonin suppression has a lambda max (λ ) of
around 460 nm, suggesting that melanopsin is a key player in the photic regulation of melatonin levels

max

max max

max
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[41-43]. Additional studies have also shown that blue light in the range of 460–480 nm is more
effective compared to monochromatic light of 555 nm in phase-shifting the human circadian clock
[44,45]. Finally, a recent study expanded these previous results by showing that light in the 555 nm
range may significantly affect the synchronization of the circadian system to light exposure of short
duration or to low irradiance, whereas light in the 460 nm range is more effective in phase-shifting the
circadian system than exposure to light of longer duration and higher irradiance [46]. Additional
studies have also shown that exposure to blue light can increase alertness [47-50] and stimulate
cognitive functions [51-53]. A recent study reported that exposure to light-emitting e-readers at
bedtime may negatively affect sleep and the circadian system [54]. Finally, blue light may also be used
to treat seasonal affective disorders [55], and mutations in the melanopsin gene may increase the
susceptibility to developing seasonal affective disorders [56,57]. However, another study reported that
exposure to blue-enriched light was less effective compared to full-spectrum light in the treatment of
seasonal affective disorder [58].

With age, the lens becomes more yellowish, and thus, the spectrum of blue light transmission
dramatically decreases through the years. It is suspected that one reason older individuals experience
sleep problems is the lack of blue light during the daytime. Ayaki et al. [59] reported that after cataract
extraction, sleep quality improved dramatically because more blue light could pass through the
intraocular lens. In addition, there has been a discussion on whether a clear or yellow lens is preferable
[60]. Of course, the yellow lens may protect the retina, but the clear lens provides more blue light
during the day, providing better quality of sleep [61]. Consistent with this result, Sletten et al. [62]
reported that in older people, acute exposure to blue light, but not to green light, significantly decreased
their alertness and suppressed their sleep and melatonin production compared to young people.
However, another study reported that in older patients with decreased lens transmittance, melatonin
was not significantly suppressed following blue light exposure [43]. Thus, whether the yellowing of the
lens associated with aging really affects the non-image-forming photoreception is still a matter of
debate.

Light-induced damage to the retina

Several investigations have shown that exposure to light of specific wavelengths or intensity may
induce severe damage to the retina [63,64]. This type of damage is called light-induced damage. Light
can induce damage via three mechanisms: photomechanical, photothermal, and photochemical.
Photomechanical damage is due to a rapid increase in the amount of energy captured by the RPE,
which may cause irreversible damage to the RPE and lead to photoreceptor damage. This type of
retinal damage depends on the amount of energy absorbed and not on the spectral composition of the
light. Photothermal damage occurs when the retina and the RPE are exposed to brief (100 ms to 10 s)
but intense light that induce a significant increase in the temperature of these tissues [63,64].

A more common type of retinal/RPE damage is photochemical damage, which occurs when the eyes
are exposed to light of high intensity in the visible range (390–600 nm). The current view suggests that
there are two distinct types of photochemical damage. The first type is associated with short but intense
exposure to light affecting the RPE, and the second type is associated with longer but less intense light
exposure, affecting the outer segment of the photoreceptors. Short (up to 12 h) exposure to blue light
may induce damage in the RPE of the rhesus monkey [65], and a clear relationship has been found
between the extent of the damage and the oxygen concentration [66,67]. The fact that many different
antioxidants can reduce the damage suggests that this type of damage is associated with oxidative
processes [68,69]. Experimental data suggest that lipofuscin is the chromophore involved in the
mediation of light-induced retinal damage following the exposure to blue light [70-73].
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The second type of light-induced photochemical damage occurs with longer (12–48 h) but less intense
light exposure. This type of damage was initially observed in albino rats [74] but has also been
observed in other species. The cones seem to be more vulnerable compared to the rods [75]. Several
lines of evidence suggest that the visual photo pigments (e.g., rhodopsin and cone opsins) are involved
in this type of damage. Early studies [76-78] also provided evidence that the action spectrum for light-
induced photoreceptor damage is similar to the absorption spectrum of rhodopsin, but later studies
indicated that blue light (400–440 nm) might be more damaging [79-81]. Grimm et al. [82] provided an
explanation for this phenomenon, demonstrating that in vivo bleached rhodopsin may be regenerated
not only via a metabolic pathway (e.g., via the visual cycle) but also via a photochemical reaction
called photoreversal of bleaching [83] that is most effective with blue light. Photoreversal of bleaching
augments the capability of rhodopsin molecules to absorb photons by several orders of magnitude, thus
allowing the molecules to reach the critical number of photons required to induce damage in the retinal
cells [84].

This process can further increase the potential production of reactive oxygen species (ROS); thus, the
oxidative damage can lead to the accumulation and build-up of lipofuscin in the RPE. The build-up of
lipofuscin in the RPE can affect the ability of the RPE to provide nutrients to the photoreceptors,
affecting photoreceptor viability [85]. Moreover, when lipofuscin absorbs blue light, the material
becomes phototoxic, which can lead to further damage in the RPE and in the photoreceptors [70]. The
data from our laboratory indicate that in albino rats, exposure to blue light (λ  474 nm, 1×10
μW/cm ) acutely suppressed melatonin levels [6] while exposure to blue light for 4 h/day for 30 days
did not produce significant effects on photoreceptor viability (Figure 3). However, this treatment
produced a small (10–20%) but significant reduction in the levels of melanopsin and short wavelength
opsin mRNAs in rats exposed to white or green (λ 513 nm) light (Figure 4).
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Figure 3

Top panels. The exposure to blue light (λ  474), green light (λ  513), or fluorescent light at the
intensity of 1×10  μW/cm  for 4 h/day for 30 days did not produce a significant change in the number of
cells in the photoreceptor layers of the Sprague-Dawley rats (n=6; see [121] for details about the methods
used to quantify cells in the photoreceptor layer). Lower panels. The exposure to blue or green light-
emitting diodes (LEDs) for 4 h in the middle of the day did not induce apoptosis. Terminal
deoxynucleotidyl transferase-mediated uridine 5′-triphosphate-biotin nick end labeling (TUNEL) assay: 4-
to 6-week-old Sprague-Dawley rats (n=6) were anesthetized (75 mg/kg ketamine and 23 mg/kg xylazine),
kept on heating pads (37 °C), and exposed to blue or green light for 4 h. The pupils were dilated with 1%
atropine and 2.5% phenylephrine eye drops 45 min before the light exposure. Rats were then killed 16 h
after the exposure to blue light or green light. The eyes were explanted and fixed using freshly prepared
4% polyformaldehyde in PBS, pH 7.4 for 20 min at room temperature. They were washed 3X with PBS,
permeabilized with freshly prepared 0.1% Triton X-100 in 0.1% sodium citrate for 2 min on ice (2–8 °C),
and then the TUNEL reaction was performed according to the instructions included in the manual (In Situ
cell Death Detection kit). The slides were incubated in a humidified container for 60 min at 37 °C in the
dark. Slides were rinsed 3X with PBS, and samples were analyzed under a fluorescence microscope (Zeiss
Axioskop).
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Open in a separate window
Figure 4

Different light treatments did not affect rhodopsin mRNA levels (one-way ANOVA, p>0.1). Exposure to
blue light (λ  474) at the intensity of 1×10  μW/cm  for 4 h/day for 30 days produced significant
changes in the mRNA levels of short wavelength sensitive (SW) opsin, melanopsin, and medium
wavelength sensitive opsin (* one-way ANOVA followed by Holm-Sidak tests, p<0.05). Rats were
exposed to blue, green, or white light-emitting diodes (LEDs) every day (4 h) for 30 days in the middle of
the day (11:00 to 15:00) and then returned to a 12 h:12 h light-dark cycle. The intensity of the light during
the light phase of the 12 h:12 h light-dark cycle was about 400–450 lux. Every day, the pupils were dilated
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with 1% atropine and 2.5% phenylephrine eye drops 45 min before exposure to blue, green, or white light-
emitting diodes (LEDs). After 30 days, the rats were killed, and the retinas were explanted, immediately
frozen, and stored at −80 °C. mRNA was then extracted, and mRNA levels were measured using real-time
quantitative PCR (qPCR; see [122] for details about primers and qPCR conditions).

In this context, two recent studies on the effect of blue light exposure on the RPE and cone-like cells
(661W, murine photoreceptor-derived cells [86]) should be mentioned. In the first study, Arnault et al.
[87] reported that in the primary porcine RPE, exposure to light with irradiance similar to that of
natural sunlight, that is, light in the range of 415–455 nm, was the most effective in reducing cell
viability.

In the second study, Kuse et al. [88] reported that 661W cells are more sensitive to light-induced
damage when exposed to light emitted by blue (464 nm) LEDs than when exposed to green (522 nm)
or white LEDs (wavelength peak at 456 and 553 nm) of the same intensity (0.38 mW/cm ). The
exposure to blue light, unlike the exposure to white and green LEDs, also produced a significant
increase in ROS and induced cell damage. Similar results were also observed in primary retinal cells
[88]. These data support the idea that exposure to blue light in the range of 400–470 nm (even at low
levels) may damage photoreceptors and retinal pigment epithelium cells.

Although most studies have focused on the acute effect of light exposure, several have also
investigated the cumulative effect of light. For example, Noell [89] reported that a single 5 min
exposure to light did not induce significant damage in photoreceptor cells, whereas a series of 5 min
exposures led to significant photoreceptor damage. Furthermore, the time between exposures affects
the cumulative effect of light [90-92]. In some cases, intermittent light exposure may produce even
more pronounced damage than an equivalent amount of light in a single exposure [93]. In addition, the
type of illumination to which the animals had been exposed before the experimental treatment
influenced the extent of the retinal damage following light exposure. For example, rats raised in
complete darkness showed greater susceptibility to light-induced retinal damage [89], and rats raised in
an 800 lux light-dark cycle were more resistant to light-induced retinal damage compared to animals
raised in a 5 lux light-dark cycle [94]. Finally, light-induced damage to photoreceptors increases with
age. The exposure to light that might affect adult animals might not induce retinal damage in young
animals [95]. In this context, with age, superoxide dismutase 1 (SOD1) and protective enzymes do not
function as well due to zinc deficiency. SOD1 does not function well because the enzyme activity is
controlled by zinc. Imamura et al. have shown that even with normal light that contains some blue
light, fluorescent light damaged the retina tremendously in the SOD1 knockout mouse, which is similar
to an aging mouse [96]. However, nothing happened in the normal mouse. The protective mechanism
of the retina is important. From that point of view, the protective function of lutein, or blue-blocking
pigment, on the retina is also considered. Ozawa et al. published research showing that when lutein was
given, retina photodamage was alleviated [97].

Finally, the severity of light-induced retinal damage changes with the time of the day [98-102]. For
example, rats are three to four times more susceptible to light damage at night (01:00) than during the
day (09:00 and 17:00). The circadian dependency of light-induced photoreceptor damage appears to
involve mechanisms that control cAMP and c-fos levels (see [63] for a review), both of which are
under the control of the retinal circadian clock [103,104]. Exposure to blue light during the night might
have more negative effects compared to the same exposure during the daytime. However, in this case,
this assumption is based on the experimental data obtained from nocturnal rodents. Thus, it is difficult
to determine whether light-induced retinal damage has a daily rhythm in humans, and further studies on
diurnal animal models (e.g., non-human primates) are required to address this important point.
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Experimental evidence indicates that wavelengths in the blue part of the spectrum (400–490 nm) can
induce damage in the retina, and although the initial damage following exposure to blue light may be
confined to the RPE, a damaged RPE eventually leads to photoreceptor death. Although most studies
on the effects of blue light have focused on the mechanisms responsible for the damage to the
photoreceptors following an acute exposure to high intensity light, some studies have reported that sub-
threshold exposure to blue light can also induce damage in photoreceptors [105-107]. In addition,
several authors have proposed that the amount of blue light received during an individual’s entire
lifespan can be an important factor in the development of age-related macular degeneration (AMD).
The use of lenses (intra- and extraocular) that block blue light (“blue-blockers”) may provide some
protection against the development of AMD [60,108].

The mechanism through which long-term exposure to blue light may induce photoreceptor damage is
mostly unknown. Several studies have indicated lipofuscin (absorption peak around 450 nm) is a
possible mediator of the risk associated with long-term exposure to blue light–induced retinal damage
[109,110]. Lipofuscin accumulates in the RPE in the form of granules located in the lysosomes of the
RPE. The formation of lipofuscin begins in photoreceptors’ outer segments as a byproduct of the
degradation of rod photoreceptor discs [105]. When lipofuscin absorbs blue light, ROS are produced,
and these free radicals are responsible for the oxidative damage that occurs in the retina. The number of
reactive oxygen species produced by lipofuscin is directly related to the spectral composition of the
light, and it steadily decreases from 400 to 490 nm [73]. The accumulation of lipofuscin in the RPE,
particularly in the macula, has been linked to photoreceptor death and to AMD [109]. Furthermore, the
amount of lipofuscin present in the RPE increases with age (i.e., the amount of lipofuscin is low in
young and high in old animals); thus, the potential for blue light to damage the retina may increase with
age [111]. Finally, it has been reported that chronic exposure to blue light may accelerate photoreceptor
degeneration in an animal model in the study of retinal degeneration [112].

Thus, experimental evidence obtained from different experimental models indicates that exposure to
blue light in the 470–490 nm range may be less damaging to the eye compared to blue light in the 400–
460 nm range. We believe that the development of LEDs with a peak emission of around 470–490 nm
may represent an important advancement in the safety of LEDs for ocular health [6] (Figure 3).

Light exposure and age-related macular degeneration in humans

A series of studies in many animal models have shown that exposure to blue light may represent a risk
for the development of AMD or other retinal pathologies [113,114]. However, the real risk from
artificial light (white or blue) exposure in humans is difficult to assess, since light therapy has been in
use for only a few years and in a small number of individuals. In addition, individual susceptibility to
blue light damage varies significantly among individuals, making the assessment of the risk associated
with repeated exposure to blue light in the etiology of AMD difficult.

Previous epidemiological studies have indicated that chronic exposure to visible and blue light may be
a cofactor in the development of AMD [115-117]. However, Darzin et al. [118] found no significant
relationships between blue light and the development of AMD. Okuno et al. [119] evaluated the blue-
light hazards from many different light sources and reported that the exposure (even for less than a
minute) to blue light from the sun, arc-welding lamps, and the arc of discharge lamps is hazardous to
the retina, whereas the exposure to blue light from fluorescent lamps or LEDs does not pose a
significant hazard.

Thus, it is clear that many different factors are involved in the pathogenesis of AMD. This observation,
together with the limited data in terms of number of subjects or length of treatment, makes it difficult to
predict the association between blue light exposure and the development of AMD.
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Finally, ultraviolet (UV) light is a risk factor for age-related macular degeneration. UV is mostly
blocked by the cornea or lens; therefore, only visible light can penetrate the eye and reach the retina. A
recent study by Narimatsu et al. [120] conducted with an animal model reported that blocking UV light
and blue light with yellow-tinted intraocular lenses materials (400–450 nm) could protect the retina
[120]. Thus, reducing the amount of blue light reaching the retina in the range 400–450 nm may also be
important for the protection of the retina.

Conclusions

The use of blue light is becoming increasingly prominent in our society, and a large segment of the
world population is now subjected to daily exposure (from a few minutes to several hours) of artificial
light at an unusual time of the day (night). Because light has a cumulative effect and many different
characteristics (e.g., wavelength, intensity, duration of the exposure, time of day), it is important to
consider the spectral output of the light source to minimize the danger that may be associated with blue
light exposure. Thus, LEDs with an emission peak of around 470–480 nm should be preferred to LEDs
that have an emission peak below 450 nm. Although we are convinced that exposure to blue light from
LEDs in the range 470–480 nm for a short to medium period (days to a few weeks) should not
significantly increase the risk of development of ocular pathologies, this conclusion cannot be
generalized to a long-term exposure (months to years). Finally, we believe that additional studies on the
safety of long-term exposure to low levels of blue light are needed to determine the effects of blue light
on the eye.
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Are LED Streetlights Disrupting Your Sleep?
Many municipalities have switched to LED streetlights to save energy and money.
But the change still comes at a cost.

BY ELIZABETH DAIGNEAU / JULY 6, 2016

New LED-based streetlights are whiter than traditional ones and contain more blue light, which can
disrupt people’s circadian rhythms.

When asked about his favorite energy-efficiency innovation, Binghamton, N.Y.,
Mayor Richard David answered, “LED lighting.” The mayor, who was speaking
on a panel last month at the annual Energy Efficiency Forum in Washington,
D.C., had recently wrapped up a $4 million project that replaced the city's
roughly 7,000 streetlights with energy-efficient LED fixtures.
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David is far from alone in admiring LEDs. Their remarkable efficiency has
made them extremely popular among eco-advocates as well as cash-strapped
municipalities looking to save on long-term costs. It’s estimated that about 10
percent of the country’s streetlights are now outfitted with light-emitting
diodes. In the case of Binghamton, the new streetlights will reduce carbon
dioxide emissions by 3 million pounds a year -- the equivalent of getting 301
cars off the road -- and will save the city $5.2 million in electricity and $1
million in maintenance costs over 15 years.

But by working to prevent one kind of pollution, cities have inadvertently
exacerbated another: light pollution.

Binghamton’s new LED fixtures shine six to seven times brighter than
traditional streetlights. According to the American Medical Association (AMA),
the bright, white light cast off is bad for a person’s health and for the
environment. In June, the AMA declared LED streetlights a public health risk.
According to the group, the strong bluish tint, which appears white to the
naked eye, interferes with the production of the hormone melatonin, causing
sleep disorders in humans. Studies further suggest that excessive exposure to
LED light at night increases the risk for obesity, diabetes, cardiovascular
disease and cancer. LEDs also confuse nocturnal species, disrupt migratory
birds and, according to scientists in the United Kingdom, could cause spring to
come earlier -- or, at least, trick plants into thinking that spring is coming
earlier.

But all LEDs aren’t a problem. Rather, it’s the type that’s the issue. Because
they're less expensive, cities have generally opted to install “white” LEDs. That's
the kind, says the AMA, that impacts sleeping patterns and makes it harder to
see clearly because of glare. Instead, the AMA recommends adopting LEDs with
a yellow tint. 
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The AMA’s statement last month already has one city reconsidering
LEDs. Officials in Eugene, Ore., which just finished converting nearly 5,000
streetlights to LEDs, said they’ll review their program. Public Works
spokesman Brian Richardson told the local newspaper that while it’s “still too
new for us to be able to make any decisions, we will evaluate the guidance
statement and determine the best direction to proceed.”

Even before the AMA released its warning, cities were already running into
protests from residents who felt LEDs were too bright. In 2014, only a month
after installing white LED streetlights, Davis, Calif., spent hundreds of
thousands of dollars switching to a warmer LED fixture after a loud outcry from
residents. 

Similarly, Phoenix is in the middle of outfitting all 90,000 of its streetlights
with LEDs. But complaints from residents about the harsh, white lights led the
city to conduct a survey that wrapped up last month. Phoenix now says it’ll
consider installing yellow LEDs instead.

The AMA also recommends ensuring streetlights are directed downward and
shielded. Right now, “a lot of [lighting] is unshielded, which means that it’s
allowed to go in all directions, including up into the sky where it doesn’t do
anybody any good,” said Paul Bogard, author of The End of Night: Searching
for Natural Darkness in an Age of Artificial Light.

Several cities and states have laws that mandate how brightly a place should be
lit and how it should be lit. Measures like those, as well as best practices and
other resources on combating light pollution, are catalogued by the
International Dark-Sky Association, which Bogard recommends as a valuable
clearinghouse for any government interested in more information. “Light isn’t
the problem," says Bogard. "It’s how we’re using it."

This article was originally published on Governing.

0336

http://www.governing.com/topics/transportation-infrastructure/gov-light-pollution-interview.html
http://www.governing.com/topics/transportation-infrastructure/gov-light-pollution-interview.html
http://www.governing.com/topics/health-human-services/gov-led-lighting.html
http://www.governing.com/topics/health-human-services/gov-led-lighting.html


7/27/2020 Are LED Streetlights Disrupting Your Sleep?

https://www.govtech.com/health/Are-LED-Streetlights-Disrupting-Your-Sleep.html 4/4

MORE FROM HEALTH AND HUMAN SERVICES 

Looking for the latest gov tech news as it happens? Subscribe to GT
newsletters.

READ MORE

Citing Health Concerns, Some Cities Consider Dimmer LED Streetlights
New Atlas Shows Extent of Light Pollution – What Does it Mean for our
Health?
American Medical Association Warns of Health, Safety Problems from
‘White’ LED Streetlights
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LED streetlights may contribute to 'serious health conditions' says
AMA, prompting cities to re-evaluate

LED lights used in a public courtyard. Image via pixabay.com

While the American Medical Association cautions cities to re-evaluate their use of high-intensity LED lights
for health reasons, others have pointed out that most televisions and computers also emit the blue light
wavelength found to be potentially harmful. Aside from human health concerns, LEDs are also "a major
contributor" to anthropogenic light pollution in the night sky.

Related on Archinect:

high-intensity LED streetlights ... emit unseen blue light that can disturb sleep rhythms and
possibly increase the risk of serious health conditions, including cancer and cardiovascular
disease. [...]

Some [researchers] noted that exposure to the blue-rich LED outdoor lights might decrease
people’s secretion of the hormone melatonin. Secreted at night, melatonin helps balance the
reproductive, thyroid and adrenal hormones and regulates the body’s circadian rhythm of
sleeping and waking. — washingtonpost.com

4 Follow 

By Amelia Taylor-Hochberg  Sep 26, '16 1:16 PM EST
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This atlas shows how much light pollution has infiltrated night skies worldwide

Not-So-Bright Lights, Big City

LEDs to be installed in the Sistine Chapel

Scientists Develop Technique to Improve Flexible, Conductive, Transparent Glass
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This photo shows the divide between East and West Berlin that is still visible at night from space. On the left are the gas lamps of the West
and on the right, the orange high-pressure sodium lamps of the East, with a stark contrast between them. The image is a powerful reminder
that lighting choices made by city planners are long lasting.

AMA Report Affirms Human Health
Impacts from LEDs
on JUNE 21, 2016

A groundbreaking report recently released by the American Medical Association (AMA) Council on
Science and Public Health affirms known and suspected impacts to human health and the
environment caused by light emitting diodes (LEDs) that emit excessive amounts of blue light.

The AMA report, titled “Human and Environmental Effects of Light Emitting Diode Community
Lighting,” unanimously approved by representatives of the Association’s entire membership,
supports concerns raised by the International Dark-Sky Association for more than five years. The
report presents significant implications for the ongoing, worldwide transition to LEDs as the outdoor
lighting technology of choice.

“The AMA’s study not only provides additional rigorous scientific evidence to buttress IDA’s
longstanding efforts to raise awareness of the potential hazards of blue-rich light, but also speaks
to the bold leadership that the medical community has consistently demonstrated on this critical
human health and environmental issue,” IDA Executive Director J. Scott Feierabend noted.

IDA’s 2010 white paper, “Visibility, Environmental, and Astronomical Issues Associated with Blue-
Rich White Outdoor Lighting,” detailed the threats associated with exposure to blue-rich white light
sources.

While the AMA report supports the use of LED lighting in order to reduce energy consumption and
the use of fossil fuels, it recognizes that some LED lights are harmful. The report details findings
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from an increasing body of scientific evidence that implicates exposure to blue-rich white light at
night to increased risks for cancer, diabetes and cardiovascular disease.

Not only is blue-rich white LED street lighting five times more disruptive to our sleep cycle than
conventional street lighting, according to the report, but recent large surveys have documented that
brighter residential nighttime lighting is associated with reduced sleep, impaired daytime functioning
and a greater incidence of obesity.

As a result of a potential risk to public health from excess blue light exposure, the AMA report
encourages attention to optimal design and engineering features when converting from existing
lighting technologies to LED. These include requiring properly shielded outdoor lighting,
considering adaptive controls that can dim or extinguish light at night, and limiting the correlated
color temperature (CCT) of outdoor lighting to 3000 Kelvin (K) or lower. Color temperature is a
measure of the spectral content of light, and higher CCT values indicate a greater amount of blue
light that a fixture emits.

In 2014, IDA revised its Fixture Seal of Approval (FSA) guidelines to limit blue light emission by
outdoor lighting by lowering the acceptable color temperature for approved lighting products to
3000K or below. The IDA FSA program provides third-party certification for lighting that minimize
glare and light pollution, and reduce light trespass.

The AMA findings also underscore the fact that detrimental effects of blue-rich LED lighting are not
limited to humans. “Other species are just as vulnerable to disruption of their circadian rhythms as
are humans, and often more so,” explained Travis Longcore, Ph.D., Assistant Professor of
Architecture, Spatial Sciences, and Biological Sciences at the University of Southern California.
“Those impacts and others can be reduced by limiting blue-light emissions. Policy makers,
government officials, and the American public now have the science and the imprimatur of the AMA
to insist that LED installations be designed to reduce impacts on wildlife and human health.”

In 2009 the AMA unanimously adopted a resolution endorsing the use of fully shielded street
lighting to minimize nighttime glare, and in 2012 it released a comprehensive report expanding its
position on glare and addressing the impact of light at night on human health. The 2016 report
represents the first time the organization has focused specifically on LED technology.

“The AMA has a long history and strong record of developing sound, science-based policy on
lighting and human health, and adoption of these guidelines builds on that tradition,” explained Dr.
Mario Motta, report coauthor and former IDA board member, and past president of the
Massachusetts Medical Society. “Our hope is that municipalities will use the report’s guidelines
when considering the adoption of LED street lighting, making their communities safer for both
humans and wildlife.”

The AMA announcement comes on the heels of the recent publication of the “World Atlas of
Artificial Night Sky Brightness,” a groundbreaking study cautioning that street lighting and outdoor
lighting retrofits using 4000K lamps could result in a 2.5-fold increase in lighting pollution. The
finding is significant both for lighting retrofits in industrialized economies, as well as first-time
lighting installations in economies beginning the transition to industrialization. 

“This is a timely and important policy statement by the AMA,” said Richard Stevens, Ph.D., a
cancer epidemiologist at the University of Connecticut School of Medicine and coauthor of the
report. “As with most new technology, everyone is enamored at first because it’s so great and does
so much for us, but the downsides eventually become apparent. Electric light has great attributes,
but we now realize, when poorly used and abused, there are also many problems.”

You Can Make a Difference
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The publication of the AMA report and the “World Atlas” provide a great opportunity to contact your
public officials about combating light pollution. Learn how.
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TOWN OF HIGHLANDS STREETLIGHT PETITION

Blue-white LED streetlights will not save very much money. Compared to the cost to health,
and well-being they may wind up costing money. Humans and animals are not designed to be

exposed to daylight frequencies at night.

The town's lighting choices should be based on existing and emerging science about the
negative effects of blue light on human health and the environment. This includes increased
cancer risk, unpleasant glare and intensity, and damaging effects on the eye's retina, sleep
quality, hormones and the well-being of wildlife.

The town should maintain our yellow sodium lights and replace broken mercury lights with
them as the town did before. The yellow sodium lights provide clear visibility in all weather
without being too bright and cohtain no harmful daylight frequencies.

Right now, when a light breaks, O&R replaces it with a blue-white LED light. lndividuals should
have the right to tell O&R they want the same yellow light if their streetlight breaks.

Meanwhile, the Town should commit to investigating the less harmful orange-amber LED lights
(less harmfulthan blue-white LED lights) as this technology improves over time. Then we can

consider whether they are a better solution than the existing yellow sodium vapor lights.

Name Street Address email (optional) phone (optional)
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TOWN OF HIGHLANDS STREETLIGHT PETITION

Blue-white LED streetlights will not save very much money. Compared to the cost to health,
and well-being they may wind up costing money. Humans and animals are not designed to be
exposed to daylight frequencies at night.

The town's lighting choices should be based on existing and emerging science about the
negative effects of blue light on human health and the environment. This includes increased
cancer risk, unpleasant glare and intensity, and damaging effects on the eye's retina, sleep
quality, hormones and the well-being of wildlife.

The town should maintain our yellow sodium lights and replace broken mercury lights with
them as the town did before. The yellow sodium lights provide clear visibility in all weather
without being too bright and cohtain no harmful daylight frequencies.

Right now, when a light breaks, O&R replaces it with a blue-white LED light. tndividuals should
have the right to tell O&R they want the same yellow light if their streetlight breaks.

Meanwhile, the Town should commit to investigating the less harmful orange-amber LED lights
{less harmful than blue-white LED lights) as this technology improves over time. Then we can
consider whether they are a better solution than the existing yellow sodium vapor lights.

Name Street Address email (optional) phone (optional)
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TOWN Or HrcHr-nr-rns srRrrrl-l

Blue-white LED streetlights will not save very much money' compared to the cost to health'

and well-being they may wind up costing money' Humans and animals are not designed to be

exposed to daylight frequencies at night'

The town's lighting choices should be based on existing and emerging science about the

negative effects of brue light on human hearth and the environment. This incrudes increased

cancer risk, unpleasant glare and intensity, and damaging effects on the eye's retina, sleep

quality, hormones and the well-being of wildlife'

The town should maintain our yellow sodium lights and replace broken mercury lights with

them as the town did before. The yellow sodium lights provide clear visibility in allweather

withoutbeingtoobrightandcontainnoharmfuldaylightfrequencies.

Right now, when a right breaks, o&R repraces it with a brue-white LED right. rndividuals should

have the right to ,"tt"ou* ,*r'want the same yeilow right if their streetlight breaks'

Meanwhile, the Town should commit to investigating the less harmfulorange-amber LED lights

(less harmfulthan blue-white LED lights) as this technology improves over time' Then we can

consider whether they are a better soluiion than the existing yellow sodium vapor lights'

Street Address email (oPtional) phone (oPtional)
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TOWN OF HIGHLANDS STREETLIGHT PETITION

Blue-white LED streetlights will not save very much money. compared
and well-being they may wind up costing money. Humans and animals
exposed to daylight frequencies at night.

to the cost to health,
are not designed to be

The town's lighting choices should be based on existing and emerging science about the
negative effects of blue light on human health and the environment. This includes increased
cancer risk, unpleasant glare and intensity, and damaging effects on the eye's retina, sleep
quality, hormones and the well-being of wildlife.

The town should maintain our yellow sodium lights and replace broken mercury lights with
them as the town did before. The yellow sodium lights provide clear visibility in al weather
without being too bright and contain no harmfuldaylight frequencies.

Right now, when a light breaks, o&R replaces it with a blue-white LED light. tndividuals should
have the right to tell o&R they want the same yellow light if their streetlight breaks.

Meanwhile, the Town should commit to investigating the less harmfulorange-amber LED lights
{less harmfulthan blue-white LED lights) as this technology improves over time. Then we can
consider whether they are a better solution than the existing yetlow sodium vapor lights.

Name Street Address email (optional) phone (optional)
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TOWN OF HIGHLANDS STREETLIGHT PETITION

Blue-white LED streetlights will not save very much money. Compared to the cost to health,
and well-being they may wind up costing money. Humans and animals are not designed to be

exposed to daylight frequencies at night.

The town's lighting choices should be based on existing and emerging science about the
negative effects of blue light on human health and the environment. This includes increased

cancer risk, unpleasant glare and intensit% and damaging effects on the eye's retina, sleep

quality, hormones and the well-being of wildlife.

The town should maintain our yellow sodium lights and replace broken mercury lights with
them as the town did before. The yellow sodium lights provide clear visibility in all weather
without being too bright and contain no harmful daylight frequencies.

Right now, when a light breaks, O&R replaces it with a blue-white LED light. lndividuals should

have the right to tell O&R they want the same yellow light if their streetlight breaks.

Meanwhile, the Town should commit to investigating the less harmfulorange-amber LED lights

(less harmfulthan blue-white LED lights) as this technology improves over time. Then we can

consider whether they are a better solution than the existing yellow sodium vapor lights.

Name Street Address email (optional) phone (optional)
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TOWN OF HtcHLANpS STREETLIGHT PETIION

Blue-white LED streetlights will not save very much money. Compared to the cost to health,
and well-being they may wind up costing money. Humans and animals are not designed to be
exposed to daylight frequencies at night.

The town's lighting choices should be based on existing and emerging science about the
negative effects of blue light on human health and the environment. This includes increased
cancer risk, unpleasant glare and intensity, and damaging effects on the eye's retina, sleep
quality, hormones and the well-being of wildlife.

The town should maintain our yellow sodium lights and replace broken mercury lights with
them as the town did before. The yellow sodium lights provide clear visibility in all weather
without being too bright and contain no harmful daylight frequencies.

Right now, when a light breaks, O&R replaces it with a blue-white LED light. tndividuals should
have the right to tell O&R they want the same yellow light if their streetlight breaks.

Meanwhile, the Town should commit to investigating the less harmful orange-amber LED lights
{less harmful than blue-white LED lights) as this technology improves over time. Then we can
consider whether they are a better solution than the existing yellow sodium vapor lights.

Narne Street Address email (optional) phone (optional)
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TOWN OF HtcHLANpS STREETLI9HT PETITION

Blue-white LED streetlights will not save very much money. Compared to the cost to health,
and well-being they may wind up costing money. Humans and animals are not designed to be
exposed to daylight frequencies at night.

The town's lighting choices should be based on existing and emerging science about the
negative effects of blue light on human health and the environment. This includes increased
cancer risk, unpleasant glare and intensity, and damaging effects on the eye's retina, sleep
quality, hormones and the well-being of wildlife.

The town should maintain our yellow sodium lights and replace broken mercury lights with
them as the town did before. The yellow sodium lights provide clear visibility in all weather
without being too bright and contain no harmfuldaylight frequencies.

Right now, when a light breaks, o&R replaces it with a blue-white LED light. lndividuals should
have the right to tell O&R they want the same yellow light if their streetlight breaks.

Meanwhile, the Town should commit to investigating the less harmful orange-amber LED lights
(less harmful than blue-white LED lights) as this technology improves over time. Then we can
consider whether they are a better solution than the existing yellow sodium vapor lights.

Name Street Address email (optional) phone (optional)
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TOWN OF HIGHLANDS STREETLIGHT PETITION

Blue-white LED streetlights will not save very much money. Compared to the cost to health,
and well-being they may wind up costing money. Humans and animals are not designed to be
exposed to daylight frequencies at night.

The town's lighting choices should be based on existing and emerging science about the
negative effects of blue light on human health and the environment. This includes increased
cancer risk, unpleasant glare and intensity, and damaging effects on the eye's retina, sleep
quality, hormones and the well-being of wildlife.

The town should maintain our yellow sodium lights and replace broken mercury lights with
t[em as the town did before. The yellow sodium lights provide clear visibility in all weather
wittrout being too bright and contain no harmful daylight frequencies.

j
- Rllht now, when a light breaks, O&R replaces it with a blue-white LED light. lndividuals should
Yave the right to tell O&R they want the same yellow light if their streetlight breaks.

Meanwhile, the Town should commit to investigating the less harmful orange-amber LED lights
(less harmfulthan blue-white LED lights) as this technology improves over time. Then we can
consider whether they are a better solution than the existing yellow sodium vapor lights.

Name Street Address email (optional) phone (optional)
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TOWN OF HIGHLANDS STREETLIGHT PETITION

Blue-white LED streetlights will not save very much money. Compared to the cost to health,
and well-being they may wind up costing money. Humans and animals are not designed to be

exposed to daylight frequencies at night.

The town's lighting choices should be based on existing and emerging science about the
negative effects of blue light on human health and the environment. This includes increased

cancer risk, unpleasant glare and intensity, and damaging effects on the eye's retina, sleep

quality, hormones and the well-being of wildlife.

The town should maintain our yellow sodium lights and replace broken mercury lights with
them as the town did before. The yellow sodium lights provide clear visibility in all weather
without being too bright and contain no harmful daylight frequencies.

Right now, when a light breaks, O&R reptaces it with a blue-white LED light. lndividuals should
have the right to tell O&R they want the same yellow light if their streetlight breaks.

Meanwhile, the Town should commit to investigating the less harmful orange-amber LED lights
(less harmfulthan blue-white LED lights) as this technology improves over time. Then we can

consider whether they are a better solution than the existing yellow sodium vapor lights.

Name Street Address email (optional) phone (optional)
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TOWN OF HIGHLANDS STREETLIGHT PETITION

Blue-white LED streetlights will not save very much money. Compared to the cost to health,
and well-being they may wind up costing money. Humans and animals are not designed to be

exposed to daylight frequencies at night.

The town's lighting choices should be based on existing and emerging science about the
negative effects of blue light on human health and the environment. This includes increased

cancer risk, unpleasant glare and intensity, and damaging effects on the eye's retina, sleep
quality, hormones and the well-being of wildlife.

The town should maintain our yellow sodium lights and replace broken mercury lights with
them as the town did before. The yellow sodium lights provide clear visibility in all weather
without being too bright and cohtain no harmful daylight frequencies.

Right now, when a light breaks, O&R replaces it with a blue-white LED light. lndividuals should

have the right to tell O&R they want the same yellow light if their streetlight breaks.

Meanwhile, the Town should commit to investigating the less harmful orange-amber LED lights
(less harmful than blue-white LED lights) as this technology improves over time. Then we can

consider whether they are a better solution than the existing yellow sodium vapor lights.

Narne Street Address ernail (optional) phone (optional)
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TOWN OF HIGHLANDS STREETLIGHT PETITION

Blue-white LED streetlights will not save very much money. Compared to the cost to health,

and well-being they may wind up costing money. Humans and animals are not designed to be

exposed to daylight frequencies at night.

The town's lighting choices should be based on existing and emerging science about the

negative effects of blue light on human health and the environment. This includes increased

cancer risk, unpleasant glare and intensity, and damaging effects on the eye's retina, sleep

quality, hormones and the well-being of wildlife.

The town should maintain our yellow sodium lights and replace broken mercury lights with

them as the town did before. The yellow sodium lights provide clear visibility in all weather

without being too bright and contain no harmful daylight frequencies.

Right now, when a light breaks, O&R replaces it with a blue-white LED light. lndividuals should

have the right to tell O&R they want the same yellow light if their streetlight breaks.

Meanwhile, the Town should commit to investigating the less harmfulorange-amber LED lights

(less harmful than blue-white LED lights) as this technology improves over time. Then we can

consider whether they are a better solution than the existing yellow sodium vapor lights.

Name Street Address email (optional) phone (optional)
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7/27/2020 Yahoo Mail - RE: NYPA program info.

1/2

RE: NYPA program info.

From: Scott, Jesse (jesse.scott@nypa.gov)

To: deborah_kopald@ymail.com

Date: Sunday, July 21, 2019, 07:50 PM EDT

No orange LEDs in neighborhoods.

From: Deborah Kopald <deborah_kopald@ymail.com> 
Sent: Friday, July 19, 2019 6:54 PM
To: Scott, Jesse <Jesse.Scott@nypa.gov>
Subject: Re: NYPA program info.

in a neighborhood?

On Friday, July 19, 2019, 05:35:25 PM EDT, Scott, Jesse <Jesse.Scott@nypa.gov> wrote:

No we cannot install orange LEDs on a roadway. 

Jesse

On Jul 19, 2019, at 4:35 PM, Deborah Kopald <deborah_kopald@ymail.com> wrote:

What if we want an Orange LED light? can you accommodate?

On Tuesday, July 16, 2019, 01:56:04 PM EDT, Scott, Jesse <Jesse.Scott@nypa.gov> wrote:
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Jesse Scott

Manager, Customer Business Development

New York Power Authority

123 Main Street

White Plains, NY 10601

(914) 390-8107 (office)

(914) 265-0674 (cell)

Jesse.Scott@nypa.gov

www.nypa.gov
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7/27/2020 Mail - Deborah Kopald - Outlook

https://outlook.live.com/mail/0/search/id/AQMkADAwATE2MjUxLTYyMDAALThiYTItMDACLTAwCgBGAAAD%2FC0GVSFe6UemdKGoQNRLNgcAm0… 1/1

Fw: FOIL Request and previous FOILS

Deborah Kopald <deborah_kopald@hotmail.com>
Mon 7/22/2019 3:57 PM
To:  Steven Walker <me@iamwalker.com>

1 attachments (593 KB)
Town of Highlands_ES_MCRA_2019_encrypted_ 7-15-19.pdf;

Deborah, a�ached is the Master Agreement.  It does not contain the par�culars for moving forward on LED

M. Justin Rider, Esq.
RIDER, WEINER & FRANKEL, P.C.
PO Box 2280 (mail address)
Newburgh, NY  12550
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Experimental Neurology Study and email from toxicologist/pharmacologist co-author

From: Deborah Kopald (deborah_kopald@ymail.com)

To: blivsey@highlands-ny.gov; jgunza@highlands-ny.gov; rsullivan@highlands-ny.gov; rparry@highlands-ny.gov;
tking@highlands-ny.gov

Cc: jrider@riderweiner.com

Date: Wednesday, September 11, 2019, 02:15 PM EDT

Dear Town Board,

Re: my letter to the paper last week, please see the attached study published in Experimental Neurology, as well as
the below email from one of the co-authors, who is a toxicologist and pharmacologist at the University of
Texas.  The paper advises against blue-white LED lights in a hospital setting positing that they are a clear and
present danger for patients.  Please note Dr. Fonken's comment about their use as streetlights.

The first attachment is in manuscript form; the second is in published format and easier to read.

Sincerely,

Deborah

----- Forwarded Message -----
From: Fonken, Laura K <laura.fonken@austin.utexas.edu>
To: Deborah Kopald <deborah_kopald@ymail.com>
Sent: Thursday, September 5, 2019, 09:04:39 PM EDT
Subject: Re: blue white LED lights

Hi Deborah,

The Interna�onal Dark Sky Associa�on website has very helpful informa�on on this topic
(h�ps://www.darksky.org/). The "ligh�ng" sec�on discusses sugges�ons and policies for improving
ligh�ng design in ci�es. I absolutely agree with you that blue-white LED lights are not the op�mal design
for streetlights. 

A�ached is a PDF of the requested ar�cle. 

Please let me know if you have any addi�onal ques�ons.
Best,
Laura

Laura K. Fonken, Assistant Professor
Division of Pharmacology and Toxicology
University of Texas at Aus�n
Tel: (512) 232-8331
Web: h�p://sites.utexas.edu/fonken/
Email: laura.fonken@aus�n.utexas.edu
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Fonken et al, Experimental Neuro, 2019.pdf
11.2MB

Experimental Neurology Dim Light at night impairs recovery.pdf
2.4MB
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Contents lists available at ScienceDirect

Experimental Neurology

journal homepage: www.elsevier.com/locate/yexnr

Research paper

Dim light at night impairs recovery from global cerebral ischemia

Laura K. Fonken⁎, Tracy A. Bedrosian1, Ning Zhang2, Zachary M. Weil, A. Courtney DeVries2,
Randy J. Nelson2

Department of Neuroscience, Wexner Medical Center, The Ohio State University, Columbus, OH 43210, USA

A R T I C L E I N F O

Keywords:
Circadian
Light pollution
Cardiac arrest
Microglia
Neuroinflammation
Cytokines

A B S T R A C T

Nighttime lighting is one of the great conveniences of modernization; however, there is mounting evidence that
inopportune light exposure can disrupt physiological and behavioral functions. Hospital patients may be par-
ticularly vulnerable to the consequences of light at night due to their compromised physiological state. Cardiac
arrest/cardiopulmonary resuscitation (CA) was used to test the hypothesis in mice that exposure to dim light at
night impairs central nervous system (CNS) recovery from a major pathological insult. Mice exposed to dim light
at night (5 lx) had higher mortality in the week following cardiac arrest compared to mice housed in dark nights
(0 lx). Neuronal damage was significantly greater in surviving mice exposed to dim light at night after CA versus
those housed in dark nights. Dim light at night may have elevated neuronal damage by amplifying pro-in-
flammatory pathways in the CNS; Iba1 immunoreactivity (an indication of microglia activation) and pro-in-
flammatory cytokine expression were elevated in mice exposed to dim light at night post-CA. Furthermore,
selective inhibition of IL-1β or TNFα ameliorated damage in mice exposed to dim light at night. The effects of
light at night on CA outcomes were also prevented by using a wavelength of nighttime light that has minimal
impact on the endogenous circadian clock, suggesting that replacing broad-spectrum nighttime light with spe-
cific circadian-inert wavelengths could be protective. Together, these data indicate that exposure to dim light at
night after global cerebral ischemia increases neuroinflammation, in turn exacerbating neurological damage and
potential for mortality.

1. Introduction

The ability to artificially illuminate the night is one of the greatest
conveniences of modernization. However, there is mounting evidence
that chronic exposure to light at night can have negative health con-
sequences including increasing the risk for developing cancer, diabetes,
obesity, and heart disease (Bedrosian et al., 2016; Fonken and Nelson,
2014; Lunn et al., 2017; Stevens and Zhu, 2015). In contrast, the po-
tential health consequences of acute exposure to light at night remain
underexplored. Patients recovering in hospitals may be particularly
vulnerable to inopportune light exposure as circadian disruption and
sleep/wake disturbances are common after trauma (for examples see
(Ayalon et al., 2007; Gaudet et al., 2018a; Gaudet et al., 2018b;
Giannoccaro et al., 2013; Jain et al., 2004). We selected the cardiac
arrest/cardiopulmonary resuscitation (CA) mouse model of global cer-
ebral ischemia to test the hypothesis that light at night increases neu-
ronal vulnerability because light at night creates a pro-inflammatory

neuroenvironment (Bedrosian et al., 2013b; Fonken and Nelson, 2013)
and inflammation is an important factor influencing the evolution of
neurological damage after cerebral ischemia (Eltzschig and Eckle,
2011).

Global cerebral ischemia damages the central nervous system
(CNS), affecting patient survival, as well as long-term cognitive per-
formance and psychological health in survivors. Reducing mortality
and minimizing CNS damage to improve patient outcome are essential
goals of cardiovascular and cerebrovascular research. Importantly, the
majority of permanent CNS damage resulting from cerebral ischemia is
mediated by secondary processes that evolve over the first several hours
to days after ischemic injury (Eltzschig and Eckle, 2011; Fu et al., 2015;
Iadecola and Anrather, 2011). Although several mechanisms contribute
to damage following ischemic injury, including energetic failure, ex-
citotoxicity, and oxidative damage (reviewed in (Eltzschig and Eckle,
2011)) manipulation of inflammatory responses are considered a prime
target for improving recovery. Following cerebral ischemia, an

https://doi.org/10.1016/j.expneurol.2019.02.008
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inflammatory response is triggered by activation of microglia and as-
trocytes with a corresponding upregulation of pro-inflammatory cyto-
kines (Iadecola and Anrather, 2011). In particular, interleukin-1beta
(IL-1β) and tumor necrosis factor alpha (TNFα) are pro-inflammatory
cytokines that are upregulated within hours following global cerebral
ischemia (Saito et al., 1996; Weil et al., 2008) and may remain elevated
for weeks (Espinosa-Garcia et al., 2017; Norman et al., 2011), with the
potential to exacerbate injury (Fu et al., 2015). The hippocampus is
particularly vulnerable to delayed damage following global cerebral
ischemia in both animal models (Kirino, 1982) and humans (Horn and
Schlote, 1992; Petito et al., 1987). Hippocampal damage is a proxy for
overall recovery, as increased hippocampal damage is associated with
elevated mortality and increased behavioral deficits following global
ischemia (Espinosa-Garcia et al., 2017; Neigh et al., 2009; Neigh et al.,
2004; Norman et al., 2010). The trajectory of damage is likely de-
termined within the first several hours after resuscitation, as the in-
flammatory response takes shape (Eltzschig and Eckle, 2011). Thus, if
the recovery environment alters the inflammatory response to cerebral
ischemia, then it may play an important role in influencing the extent of
neuronal damage that develops following cerebral ischemia.

In particular, hospital lighting warrants examination as a factor that
may influence patient recovery because light at night, to which ICU
patients are commonly exposed (Durrington et al., 2017), has the po-
tential to dysregulate circadian rhythms and thereby shift the CNS in-
flammatory mileu (Fonken et al., 2015; Fonken and Nelson, 2013).
Light is the most potent entraining signal for the mammalian circadian
clock (suprachiasmatic nuclei; SCN): extrinsic light information is
conveyed from the retina to the SCN via the retinohypothalamic tract.
Light input to the SCN coordinates internal signals, synchronizing daily
physiological rhythms to the external light-dark cycle (Reppert and
Weaver, 2002). Circadian rhythms are important for optimizing
homeostatic functions, including those associated with the immune
system (Lange et al., 2010). Indeed, several weeks of exposure to 5 lx of
dim light at night (dLAN) elevates expression of pro-inflammatory cy-
tokines in the brains of otherwise healthy rodents (Bedrosian et al.,
2013b). However, environmental factors may influence inflammation
much more rapidly; a recent laboratory study of healthy, young adults
demonstrated that inverting behavioral and environmental cycles for as
little as three days was sufficient to significantly increase serum con-
centrations of high sensitivity c-reactive protein (hsCRP; a marker of
systemic inflammation) and pro-inflammatory cytokines (Morris et al.,
2016). Therefore, if dim light at night promotes inflammation, then it
could exacerbate outcome from CA. We hypothesized that light ex-
posure at night would potentiate injury following CA in male mice.
Consistent with our hypotheses, exposure to light at night following CA
enhanced acute cytokine responses and increased neuronal death.
Moreover, the effects of light at night were ameliorated by selective
inhibition of IL-1β or TNFα or the use of a wavelength of nighttime
light that does not activate photosensitive retinal ganglion cells.

2. Methods

2.1. Animals

8-week old male Swiss Webster mice (~30 g; Charles River,
Kingston, NY) were housed in a temperature- and humidity-controlled
vivarium and provided ad libitum access to food and water. Mice were
left unmanipulated for> 1week to recover from the effects of shipping
and adjust to a 14:10 light/dark (LD) cycle prior to experimental ma-
nipulations. All experimental procedures were conducted in accordance
with Guide for the Care and Use of Laboratory Animals and approved
by the Ohio State University Institutional Animal Care and Use
Committee. Efforts were made to minimize animal use and discomfort.

2.2. Cardiac arrest and cardiopulmonary resuscitation procedure

Mice were anesthetized with 3% isoflurane in air, intubated, and
maintained thereafter on 1.5% isoflurane. Mice were ventilated a tidal
volume of 150 μL at a respiratory rate of 160 breaths/min. Head and
body temperature were monitored with temperature probes. A PE10
catheter was placed into the right jugular vein for epinephrine (EPI)
and potassium chloride (KCl) administration. Blood pressure was
monitored through a cannula inserted into the right femoral artery and
connected to a blood pressure transducer (Columbus, Instruments).
Mice were stabilized for 10min and blood pressure and temperature
recorded at 1min intervals (Fig. S1). Following the 10min acclimation,
body and tail (but not head) temperature were lowered by circulating
cold water through a coil system beneath the mouse to induce per-
ipheral hypothermia restricting damage to the CNS during the CA/CPR
procedure. CA was induced with an injection of KCL (50 μl, 0.5M, 4 °C)
into the jugular catheter and the mouse was disconnected from the
ventilator. Once a body temperature of 27 °C was reached after ap-
proximately 4min of arrest slow re-warming via a heat lamp and
thermal blanket began. After 7min 45 s of arrest, mice were reattached
to the ventilator and 100% oxygen at a tidal volume of 150 μL and a
respiratory rate of 160 breaths/min was ventilated. After 8min of ar-
rest, CPR was initiated with an injection of EPI (16 μg in 0.6 ml saline,
37 °C) into the jugular catheter and chest compressions (300/min);
0.5 μg injections of EPI were administered until the mouse resuscitated
(with a maximal dose of 32 μg). Mice were maintained on 100% oxygen
for 25min after return of spontaneous circulation and catheters were
removed and incisions sutured.

2.3. Lighting manipulations

Following a monitored post-operative recovery period (approxi-
mately 2 h), mice were either placed back in dark night housing room
(control LD; 14 h 150 lx: 10 h 0 lx) or mice were placed in a room with a
dim light at night cycle (dLAN; 14 h 150 lx: 10 h 5 lx). Both the bright
and dim lights were from fluorescent light sources and consisted of ‘cool
white’ light composed of wavelengths distributed across the visible
spectrum including blue wavelengths, and light intensity was measured
inside the animal cage. In the experiment involving dim red light, 5 lx
of 636 nm red light was provided.

2.4. Tissue collection for staining

Seven days following the cardiac arrest/cardiopulmonary re-
suscitation or sham surgery, surviving mice were individually brought
into a procedure room, anesthetized with isoflurane vapors and a blood
sample was collected via the retro-orbital sinus. Mice then received a
lethal injection of sodium pentobarbital and were perfused transcar-
dially with ice-cold 0.1M PBS followed by 50ml of 4% paraformalde-
hyde. Brains were post-fixed overnight, cryoprotected in 30% sucrose,
frozen on crushed dry ice, and stored at −80 °C. 14 μm brain sections
were sliced at −22 °C using a cryostat and thaw mounted onto Super
Frost Plus slides (Fisher, Hampton, NH). Sections were taken in a series
of 10 slides so that all slides contained non-consecutive sections for
analysis and slides were stored at−20 °C until stained with Fluoro-Jade
C (FJ-C) or Iba1 using procedures already established in our lab (Weil
et al., 2009). Fluoro-Jade C. Cell death was quantified by labeling de-
generating neurons with the fluorescein derivative FJ-C (Millipore,
Temecula, CA). Mounted sections were thoroughly dried on a slide
warmer, immersed in a basic ethanol solution (80% EtOH with 1%
NaOH) and rinsed with 70% ethanol followed by water. Slides were
placed in a 0.06% potassium permanganate solution for 10min and
rinsed twice. Sections were simultaneously incubated in FJ-C (0.0001%
in a 1% acetic acid solution) and counterstained with DAPI (Sigma, St.
Louis). Slides were rinsed, dried, cleared in xylene, and then cover-
slipped with DPX (Sigma). FJ positive cells were counted in the CA1,
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CA3, and DG of both hippocampal (approximately −1.70 to −2.30
from Bregma, example of selected regions highlighted Fig. S2) hemi-
spheres by a condition blind experimenter using a Nikon E800 micro-
scope at 20× magnification. Cells were counted in two non-consecutive
sections (sections were > 140 μm apart to avoid counting duplicate
cells) and averaged. Microglia. Microglia were visualized using an Iba1
directed antibody. Slides were dried, rinsed in PBS, and blocked with
bovine serum albumin (BSA). Slides were incubated at room tempera-
ture for 24 h with rabbit anti-Iba1 antibody (Wako, Richmond, VA)
diluted 1:1000 in PBS containing 0.1% Triton-X and BSA. Slides were
rinsed and incubated with biotinylated goat anti-rabbit secondary an-
tibody (11,000; Vector Labs, Burlingame, CA) for 1 h. Sections were
quenched in H2O2 in methanol, rinsed, and treated with Elite ABC re-
agent for 60min (Vector). Sections were rinsed, developed with DAB
(Vector), rinsed, dehydrated, cleared, and coverslipped. Staining for
each experiment was performed in a single batch in order to minimize
variation in staining intensity. Photomicrographs of the hippocampus
(approximately −1.70 to −2.30 from Bregma, see Fig. S2) were taken
with a Nikon E800 microscope at 20× using Neurolucida software
(Microbrightfield, Burlington, VT). Immunoreactive regions in the
captured images were assessed using thresholding with an ROI box
(dimensions and size of ROI box was the same for individual regions)
around the region of interest with Image J software (NIH). Thresh-
olding was performed within a limited range on individual images and
no sharpening filters or other image processing methods were applied.
Images were captured and analyzed by a researcher blind to treatment
group in two non-consecutive sections for each animal and averaged
(total of 4 images per region for each animal when accounting for
images from left and right hemisphere).

2.5. Cytokine expression

A separate cohort of mice that underwent CA or sham procedures
was used for detection of hippocampal cytokine gene expression using
quantitative real-time PCR (qPCR) at 6 h and 24 h timepoints post-
surgery. Mice were anesthetized with isoflurane vapors, blood was
drawn via the retro-orbital sinus, and mice were rapidly decapitated.
Brains were removed and the hippocampus was dissected out and im-
mersed in RNALater stabilizing solution. RNA was subsequently ex-
tracted from hippocampal samples using a homogenizer (Ultra-Turrax
T8, IKAWorks, Wilmington, NC) and an RNeasy Mini Kit (Qiagen). RNA
was then reverse transcribed into cDNA with M-MLV Reverse
Transcriptase enzyme (Invitrogen) according to the manufacturer's
protocol. Pro-inflammatory cytokine expression for IL-1β, IL-6, and
TNFα was determined using inventoried primer and probe assays
(Applied Biosystems, Foster City, CA) on an ABI 7500 Fast Real Time
PCR System using Taqman® Universal PCR Master Mix. Relative gene
expression of individual samples run in duplicate was calculated by
comparison to a relative standard curve and standardized by compar-
ison to 18S rRNA signal.

2.6. Administration of cytokine inhibitors

An indwelling cannula was inserted into the left lateral ventricle
(cannula position: +0.02 posterior and −0.95 lateral to bregma, ex-
tending 2.75mm below the skull; Plastics One, Roanoke, VA) of an-
esthetized mice using a stereotaxic apparatus three days prior to CA or
sham surgeries. Two hours following CA, mice received a 2 μL injection
of either a vehicle solution (artificial cerebral spinal fluid, aCSF), mouse
IL-6 neutralizing antibody (IL-6na; 10 ng), a monoclonal TNF antibody
(Infliximab; IFX; 0.2 μg), or recombinant mouse IL-1 receptor antago-
nist (IL-1RA; 3.6 μg) based on pre-assigned group and were then placed
back in their respective lighting conditions. Doses were based on prior
intracerebroventricular administration of these compounds in mouse
(Arruda et al., 2011; Craft and DeVries, 2006; Karelina et al., 2009; Sun
et al., 2018). Cannula placement was verified on Iba1 stained tissue.

2.7. Corticosterone radioimmunoassay

Within 30min of collection, blood samples were centrifuged at
3000g for 30min at 4 °C. Plasma was collected and stored at −80 °C
until assayed. The samples were assayed using and I125 corticosterone
kit (MP Biomedicals, Solon, OH). The standard curve was run in tri-
plicate and samples in duplicate. All samples within an experiment
were run in a single assay.

2.8. Statistical analyses

Statistical comparisons among groups were conducted using
ANOVA. In the case of significant differences (p < .05), a post-hoc
Tukey's test was conducted. When conditions of normality or equal
variance were not met, the data were log transformed. Above statistical
tests were conducted using Prism GraphPad and StatView Software v.
5.0.1. Survival plots were graphed using Kaplan-Meier survival plot in
Prism. Differences were considered statistically significant when
p < .05. Information on experimental group sizes are included in
Supplemental Table 1.

3. Results

3.1. Dim light at night increases hippocampal damage following CA

Male Swiss Webster mice were acclimated to a standard light/dark
cycle and then underwent 8min of CA or the sham procedure toward
the end of the light phase (see Fig. 1A for experimental outline and Fig.
S1 for surgical measures; sham groups n= 8, CA-LD n=16, CA-dLAN
n=27). A larger number of animals were included in the CA groups to
compensate for increased mortality (see Supplemental Table 1 for more
information on group sizes). Following the procedures, mice either re-
mained in the LD cycle or were transferred to a dim light at night cycle.
As anticipated, there was 100% survival in both sham groups. Among
the CA mice, mortality in the dLAN group was double that of mice
exposed to dark nights, indicating that post-ischemic exposure to dim
light at night may compromise cardiac arrest survival (Fig. 1b). Fur-
thermore, cardiac arrest caused a reduction in body weight but only in
mice exposed to dim light at night (p < .05; Fig. 1c).

Damage to hippocampal neurons was assessed in rodents that sur-
vived to one week after the CA or sham procedures via staining for
Fluoro-JadeC (FJC), a marker for degenerating neurons. The hippo-
campus was selected because it is particularly vulnerable to global
ischemia damage and damage to the hippocampus is a good proxy for
overall outcome (Horn and Schlote, 1992; Kirino, 1982; Norman et al.,
2010; Petito et al., 1987). FJC staining was uniformly low among sham
mice (Fig. 1d–f), and significantly elevated among mice that underwent
CA (p < .05; Fig. 1d–h). Moreover, mice exposed to dLAN during re-
covery from CA had significantly more neuronal damage in the hip-
pocampus than mice exposed to dark nights (p < .05; Fig. 1d–h).

3.2. Dim light at night alters acute inflammatory status

The neuroinflammatory response following global ischemia is es-
tablished early and modulates neuronal damage (Fu et al., 2015;
Iadecola and Anrather, 2011; Weil et al., 2009). Brain tissue was col-
lected 24 h after CA or sham procedures, i.e., after a single night of post-
ischemic dLAN or LD. Hippocampi were collected and processed for
quantitative real time PCR (q-PCR) analyses of pro-inflammatory cy-
tokines (n=6–8/group; see Fig. 2a for experimental outline and Sup-
plemental Table 1 for information on group sizes). As expected, TNFα,
IL-1β, and interleukin-6 (IL-6) gene expression were elevated among CA
as compared to sham mice (p < .05; Fig. 2b). Moreover, the single
night of exposure to dLAN following CA was sufficient to upregulate the
expression of TNFα, compared to mice exposed to a dark night
(p < .05; Fig. 2b). There were no differences in hippocampal cytokine
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gene expression between dLAN and LD mice that underwent the sham
procedure (p > .05).

Importantly, changes in hippocampal cytokine expression may
occur relatively rapidly after placement in dim light at night. The in-
crease in TNFα expression becomes apparent soon after the onset of the
dark phase: there was already a significant increase in post-CA TNFα
expression among dLAN as compared to LD mice at 6 h post-CA and
after only 4 h of dim light exposure during the typical dark phase of the
light cycle (n= 4/group, p < .05; Fig. 2c).

The effects of dLAN on CA-induced neuroinflammation do not ap-
pear to be due to changes in corticosteroid concentrations; there were
no differences in corticosterone concentrations between CA or sham
groups at 24 h (n= 6–8/group; p > .05; Fig. 2d). Moreover, an in-
vestigation of corticosterone concentration at 6 h intervals following CA
did not reveal any significant differences between the CA-dLAN and CA-
LD groups during the first 24 h of recovery (n=4/group; p > .05; Fig.

S3).

3.3. Inhibition of selective pro-inflammatory cytokines ameliorates light-
induced damage

Although several mechanisms contribute to damage following is-
chemic injury, including energetic failure, excitotoxicity, and oxidative
stress, manipulation of inflammatory responses are considered a prime
target for prevention of damage (Fu et al., 2015; Iadecola and Anrather,
2011). Following ischemic brain damage both selective targeting of
specific cytokines and non-selective (e.g., minocycline) inhibition of
pro-inflammatory cytokines ameliorate damage, improving recovery
and behavioral outcomes (Espinosa-Garcia et al., 2017; Mizushima
et al., 2002; Neigh et al., 2009; Yrjanheikki et al., 1998). Because our
results indicate that dLAN elevates pro-inflammatory cytokines in the
hippocampus of mice that have undergone a CA procedure, we

Fig. 1. Dim light at night (dLAN) impairs recovery from a cardiac arrest and cardiopulmonary resuscitation (CA). (a) Experimental outline for Fig. 1. Groups included
n= 8–27 starting and n= 8–15 surviving; see Supplemental Table 1). (b) Kaplan Meier curve illustrates short-term mortality during the first week following cardiac
arrest/CPR (CA). (c) dLAN exposure reduced body mass in mice that underwent the CA procedure. (d) dLAN exacerbates CA induced neuronal damage in the
hippocampus, as indicated by increased Fluoro-JadeC (FJC) staining relative to LD. Representative FJC stained sections (20×) from the CA1 region of the hippo-
campus: (e) Sham-dark night (LD-sham) (f) Sham-dim light at night (dLAN-sham) (g) CA-dark night (CA-LD) and (h) CA-dLAN at one week following the CA/sham
procedure. Data were analyzed using a two-way ANOVA with Tukey's post hoc test. The data in panel b represents mean ± SEM; the dagger represents a significant
main effect (p < .05) between sham and CA, while the asterick indicates a significant difference (p < .05) between CA-LD and CA-dLAN.
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hypothesized that selective inhibition of pro-inflammatory cytokines
would improve outcome following CA-dLAN. Three days prior to the CA
procedure, mice were implanted with a cannula directed at the lateral
ventricle. Two hours following CA, mice were administered a single
2 μL ICV injection of either vehicle (artificial cerebrospinal fluid; aCSF),
mouse IL-6 neutralizing antibody (IL-6na; 10 ng), TNF monoclonal an-
tibody (infliximab; IFX; 0.2 μg), or recombinant mouse IL-1 receptor
antagonist (IL-1RA; 3.6 μg) (n=8–10/group; see experimental outline
in Fig. 3a). Doses were based on prior intracerebroventricular admin-
istration of these compounds in mouse (Arruda et al., 2011; Craft and
DeVries, 2006; Karelina et al., 2009; Sun et al., 2018). Hippocampal
damage was evaluated using Fluoro-JadeC as described above. There
was no significant effect of the cytokine inhibition on survival
(p > .05, Fig. 3b), although group numbers may have been insufficient
for detecting differences in survival. However, both IL-1RA and IFX
decreased hippocampal damage compared to aCSF treatment among
CA-dLAN mice (p < .05; Fig. 3c), producing levels of FJC staining that
were similar to CA-LD mice treated with the vehicle (p > .05). In
contrast, treatment with IL-6na did not ameliorate hippocampal neu-
ronal damage associated with CA-dLAN.

Histological analysis revealed a similar pattern for Iba1 proportional
area, which is often used as an index of neuroinflammation. Brain tissue

was labeled with Iba-1, an antibody directed against microglia; in-
creased Iba-1 surface area is suggestive of microglial activation
(Donnelly et al., 2009). Microglia are the resident CNS myeloid cell and
a dominant source of pro-inflammatory cytokines following cerebral
ischemia. Perturbations of the neuroenvironment can induce microglial
activation, resulting in altered morphology and secretion of pro-in-
flammatory mediators (Graeber, 2010; Nimmerjahn et al., 2005). Sig-
nificantly elevated Iba1 proportional area in the CA1, CA2, and CA3
subfields of the hippocampus were apparent among the CA-dLAN mice
treated with the vehicle (aCSF) relative to the CA-LD mice treated with
the vehicle (p < .05; Fig. 3d-j and Fig. S4). Furthermore, treatment of
CA-dLAN mice with IL-1RA or IFX reduced Iba1 proportional area in
the CA1 and CA2 (p < .05; Fig. 3d–j and Fig. S4) relative to the CA-
dLAN mice treated with vehicle. Furthermore, Iba1 expression in CA-
dLAN mice treated with IL-1RA or IFX did not differ from CA-LD mice
treated with the vehicle in any of the hippocampal subfields quantified.
In contrast, CA-dLAN mice treated with IIL-6na had comparable Iba1
staining in the CA1 as compared to CA-dLAN mice treated with the
vehicle, while levels of Iba1 proportional area in the CA2 and CA3 re-
gions were intermediate between vehicle treated CA-dLAN and CA-LD
mice.

3.4. Alternative spectra of lighting minimize light-induced damage

The intrinsically photosensitive retinal ganglion cells (ipRGCs) that
project to the master circadian pacemaker in the SCN contain mela-
nopsin and are most responsive to the blue region of the visible light
spectrum ranging from 450 to 485 nm (Berson et al., 2002); these wa-
velengths are present in broad spectrum white light, such as natural
sunlight and the majority of indoor lighting. Longer wavelengths of
lighting, such as red light, do not activate ipRGCs, and therefore
minimally influence the circadian system (Brainard et al., 2008;
Figueiro and Rea, 2010). Thus, we hypothesized that the use of a wa-
velength of nighttime light that does not activate the ipRGCs would not
exacerbate ischemic outcome. An important caveat to this experiment,
however, is mice also lack a long wavelength cone and thus have more
limited detection of red wavelength light in general. As in the previous
studies, the mice were acclimated to the LD light cycle [14 h light
(150 lx): 10 h dark (0 lx)]. Following CA, mice either remained in LD, or
were placed in dLAN [14 h light (150 lx): 10 h dim light (5 lx; 6500 K
cool white light- containing blue wavelengths)] or a dim red light at
night cycle [rLAN; 14 h light (150 lx): 10 h dim red (5 lx, 636 nm)]
(n= 12/group). This experiment followed the same timeline as Fig. 1a.

Mice exposed to dim white light at night as compared to dark nights
had increased mortality (p= .05); however, mice exposed to dim red
light at night did not differ from LD or dLAN groups (p > .05; Fig. 4a).
FJC staining revealed a significant increase in neuronal damage in the
hippocampus among the CA-dLAN group compared to both the CA-LD
and CA-rLAN groups (p < .05; Fig. 4b, d-f). In contrast, hippocampal
neuronal damage among CA-rLAN mice was similar to CA-LD mice
(p > .05). A similar pattern emerged from Iba-1 staining; CA-dLAN
mice exhibited an increase in Iba1 proportional area in multiple hip-
pocampal subfields compared to both CA-LD and CA-rLAN conspecifics
(p < .05; Fig. 4c, g–j and Fig. S5), whereas the rLAN group did not
differ from the CA-LD group in any of the comparisons (p > .05;
Fig. 4c, g–j and Fig. S5).

To corroborate the histological assessment of neuroinflammation,
hippocampal pro-inflammatory cytokine expression was assessed 24 h
after CA (n=7–8/group). This time point allowed exposure to a single
night of post-ischemic dark, dim white light or dim red light. Exposure
to dLAN significantly elevated hippocampal TNFα and IL-6 gene ex-
pression compared to both LD and rLAN (p < .05; Fig. 4k). dLAN also
significantly increased IL-1β gene expression compared to rLAN
(p < .05; Fig. 4k). Exposure to rLAN did not significantly alter pro-
inflammatory cytokine expression compared to LD (p > .05).

Fig. 2. CA-induced pro-inflammatory cytokine elevations are exacerbated in
the hippocampus of dLAN mice. (a) Outline for experiments in Fig. 2 (n= 6–8/
group; see supplemental Table 1). (b) Hippocampal TNFα, IL-1β, and IL-6
mRNA concentrations are increased 24 h following CA relative to sham; fur-
thermore, TNFα expression is potentiated by exposure to dLAN as compared to
LD following CA in mice. (c) TNFα expression is elevated as early as 6 h post-CA
in the CA-dLAN group versus the CA-LD group (n= 4/group), this time point
coincides with ~4 h of exposure to dLAN. (d) Serum corticosterone con-
centrations at 24 h were not altered by either CA or light at night (n= 6–8/
group). There were no significant group differences in IL-1β or IL-6 at this early
time point. Gene expression was assessed via RT-PCR and is presented as fold
increase relative to a housekeeping gene (18S). The data are graphed as
mean ± SEM; a dagger symbol represents a significant main effect (p < .05)
between sham and CA, while an asterisk indicates a significant difference
(p < .05) between CA-LD and CA-dLAN.
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4. Discussion

In terms of productivity, safety, and convenience, there are many
tangible benefits to the ability to illuminate the night. However,
nighttime light exposure is not innocuous for human health. There is a
growing literature linking long-term nighttime light exposure to mala-
daptive health conditions, including heart disease, metabolic disorders,
and cancer (Bedrosian et al., 2016; Fonken and Nelson, 2014; Lunn
et al., 2017). The current study provides evidence in a mouse model,
that acute exposure to light at night also may be detrimental if it co-
incides with recovery from ischemic brain injury. Indeed, light at night
reshapes the physiological response to cerebral ischemia, resulting in
increased neuronal damage in mice (Fig. 1). Hippocampal cell death is a
proxy for overall recovery after global ischemia as increased

hippocampal damage is associated with elevated mortality and memory
deficits, as well as impaired affective responses (Espinosa-Garcia et al.,
2017; Neigh et al., 2009; Neigh et al., 2004; Norman et al., 2010). This
is significant because intensive care units, where critically ill cardio-
vascular patients recover, tend to be well-lit at night. Patients are often
exposed to light several times per night (Durrington et al., 2017; Lunn
et al., 2017) and even patients whose eyelids are closed may be affected
by the light intrusion (Robinson et al., 1991).

Exposure to light at night may exacerbate damage following CA by
amplifying pro-inflammatory responses. A single night of dim light
exposure directly following resuscitation from CA elevated hippo-
campal pro-inflammatory cytokine mRNA expression as compared to
total darkness during the night. Changes in neuroinflammatory dy-
namics likely occur rapidly following placement in dim light as TNFα

Fig. 3. Selective inhibition of specific pro-inflammatory cytokines attenuates inflammation and neuronal cell death following CA and dLAN. (a) Experimental outline
for Fig. 3 (n= 8–10/group, see Supplemental Table 1). (b) Kaplan Meier curve of mice treated with TNFα, IL-1β or IL-6 inhibitors 2 h following CA and directly prior
to placement in dLAN. (c) Treatment of mice in the dLAN group with the TNFα or IL-1β inhibitor reduced neuronal damage (FJC stain) and (d) inhibited proportional
area of Iba1 staining at one week after CA relative to the dLAN vehicle treated mice. Representative photomicrographs of microglial staining with Iba1 in the CA1
region of the hippocampus (20×) in mice treated with (e) LD-Veh (f) dLAN-Veh (g) dLAN-IL-1RA (h) dLAN-IL-6ab or (i) dLAN-IFX. (j) Table provides proportional
area of Iba1 staining in subregions of the hippocampus as an indication of microglial activation. The data in panels b, c, and i are provided as mean ± SEM; Groups
that differ from dLAN-VEH are marked with asterisks in the graphs (p < .05).
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Fig. 4. Manipulation of lighting wavelength minimizes light at night induced damage following CA. The experimental outline in Fig. 4 followed the same timing as
Fig. 1a (n=12/group, 6–10 surviving, see Supplemental Table 1). (a) Kaplan Meier curve illustrating survival of mice exposed to dark nights (LD), dim light at night
(dLAN), or red light at night (rLAN) following CA. (b) the dLAN group had significantly greater neuronal damage (FJC staining) and (c) increased proportional area of
Iba1 staining in the hippocampus at one week after CA than either the CA-LD or CA-rLAN groups; the CA-LD or CA-rLAN groups did not differ significantly in either of
these measures. Representative photomicrographs of FJC staining in the CA1 region of the hippocampus (20×) one week after CA in the (d) LD, (e) dLAN, and (f)
rLAN groups. Representative photomicrographs of Iba1 staining in the CA1 region of the hippocampus (20×) one week after CA in the (g) LD, (h) dLAN, and (i) rLAN
groups. (j) Table providing proportional area of Iba1 staining in subregions of the hippocampus as an indication of microglial activation. (k) Gene expression of
TNFα, IL-1β, and IL-6 is significantly elevated in the hippocampus 24 h following CA in the CA-dLAN group relative to the rLAN group and CA-LD groups (n= 7–8/
group). Gene expression was assessed via qPCR and is presented as fold increase relative to a housekeeping gene (18S). The data are provided as mean ± SEM; an
asterisk represents a significant difference between dLAN and both other groups (p < .05), whereas a pound sign (#) indicates the dLAN group only significantly
differs from the rLAN group (p < .05). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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mRNA expression in the hippocampus is elevated as early as 4 h after
exposure to dLAN. At these acute time points, dim light exposure ap-
peared to specifically amplify inflammation after injury as there were
no significant differences between the sham-LD and sham-dLAN groups.
However, chronic exposure to dim light at night may induce neuroin-
flammatory changes in the absence of injury; several weeks of exposure
to dim light at night increases the expression of pro-inflammatory cy-
tokines in the hippocampus of otherwise healthy rodents (Bedrosian
et al., 2013b).

Pro-inflammatory cytokines, such as TNFα, are known to contribute
to damage after cerebral ischemia (Lambertsen et al., 2012). Thus,
these early changes in the inflammatory response caused by dLAN may
causally alter the trajectory of recovery, resulting in increased neuronal
damage. Indeed, inhibition of either TNFα or IL-1 signaling among CA-
dLAN mice significantly reduced Iba1+ proportional area and neuronal
damage relative to vehicle treated CA-dLAN mice. Thus, two bodies of
evidence point to a role of increased inflammatory responses in med-
iating elevated neuronal damage among the CA-dLAN mice: (1) both
pro-inflammatory cytokine gene expression and neuronal damage were
elevated after exposure to dLAN relative to LD, and (2) treatment with
IL-1RA or IFX prevented the exacerbation of neuronal damage and in-
creases in Iba1+ proportional area observed among vehicle treated CA-
dLAN mice. In contrast to inhibition of TNFα or IL-1, blocking IL-6
signaling with an IL-6 neutralizing antibody did not reduce cell death or
Iba1 staining. The IL-6 neutralizing antibody dose was based on prior
work (Karelina et al., 2009), however, it is possible that higher con-
centrations of IL-6 neutralizing antibody would prove more effective.
Of note, lower levels of mortality occurred in this experiment compared
to the other two experiments that measured 7-day survival. This may
have occurred for several reasons. For example, there are typically
small variations in survival between experimental cohorts that may
relate to differences in animals provided by the vendor, variations in
reagents used for the procedure, noise levels in the colony/surgical
suite, etc. Additionally, the cannula implantation may have induced
inflammation in the CNS causing inflammatory pre-conditioning, which
is a known protective factor against ischemic brain injury (for example,
see Garcia-Bonilla et al., 2018). Furthermore, this experiment may have
included insufficient group sizes for detecting survival. Overall, tar-
geting inflammatory pathways can prevent damage from cerebral
ischemia in mice maintained in standard lighting conditions
(Lambertsen et al., 2012). Because this is well established, mice
maintained in dark nights were not included in these experiments in
order to reduce animal use.

Microglia may be a cellular source of elevated inflammation in mice
exposed to dim light at night. The proportional area of Iba1 staining, an
indication of microglia activation, was elevated in the hippocampus of
mice exposed to light at night as compared to dark nights following CA.
Furthermore, inhibiting pro-inflammatory pathways with IFX and IL-
1RA reduced Iba1 staining throughout the hippocampus and minimized
cell death. However, other cellular sources such as neurotoxic reactive
astrocytes and/or infiltrating immune cells may contribute to the
proinflammatory cytokine response (Liddelow et al., 2017; Lindsberg
et al., 2010).

Dim light at night may induce neuroinflammatory changes through
several potential mechanisms. First, light at night may suppress noc-
turnal melatonin secretion. Melatonin exhibits anti-inflammatory
properties and can alleviate CNS inflammation (Zhao et al., 2015).
However, Swiss Webster mice likely lack appreciable levels of mela-
tonin (Tosini and Menaker, 1998). Second, light at night may elevate
neuroinflammation through disturbing sleep (Stenvers et al., 2016).
Sleep alterations are associated with CNS inflammation (Bellesi et al.,
2017). However, other studies have reported no sleep disturbances in
response to dLAN (Borniger et al., 2013). Third, nighttime light ex-
posure may alter circadian clock mechanisms in immune cells. Micro-
glia express circadian timekeeping machinery (Fonken et al., 2015) and
previous work suggest chronic exposure to dLAN exacerbates microglia

pro-inflammatory responses (Fonken and Nelson, 2013). Chronic ex-
posure to dim light at night reduces the amplitude of PER1 and PER2
rhythms in the SCN is mice and hamsters (Bedrosian et al., 2013a;
Fonken et al., 2013). Moreover, dim light exposure is associated with
disruption in clock gene expression in extra-SCN tissues such as liver
(Fonken et al., 2013). The effects of exposure to a single night of 5 lx of
dim light at night on clock gene expression has not been evaluated in
the SCN or extra-SCN clocks. Future studies could determine whether
dim light at night alters clock gene expression and/or behavior, and
whether CA renders mice more susceptible to the disruptive effects of
dLAN.

Although pharmacological intervention reduced the detrimental
effects of dLAN on CA-induced microglial activation and neuronal da-
mage, an alternative approach to improving CA outcome is to modify
the physical qualities of the nighttime light to prevent increased neu-
roinflammation. Indeed, here we show that nighttime red light of the
same illuminance as the dim white light did not exacerbate CA-induced
neuronal damage or increase Iba1 staining in mice. These data are
consistent with studies reporting that red light at night does not affect
other aspects of physiology and behavior in humans or other animals to
the same extent as broad spectrum white light that contains blue wa-
velengths (Figueiro and Rea, 2010). The effects of nighttime light may
be mediated by the suprachiasmatic nucleus or “master circadian
clock”, which receives input from melanopsin containing ipRGCs in the
retina. The ipRCGs are activated by blue light (~480 nm, found in
outdoor and most indoor lighting, especially fluorescent lights), but are
generally unaffected by long wavelength light, such as red light.
However, a major limitation to this work is that red light at 5 lx is a
much lower energy and dimmer than white light. Thus, future experi-
ments should address whether a higher intensity red light source is also
protective against light-associated damage following ischemic energy.
Furthermore, mice may not be the optimal model to study the effects of
red light: the mouse M-cone is most sensitive to light around 510 nm,
suggesting none of the retinal pigments in mouse are maximally sen-
sitive to the 636 nm red light (Hattar et al., 2003).

Although these studies were conducted in nocturnal rodents, they
may have important implications for diurnal species. Indeed, the effect
of light on entraining the circadian system and inhibition of melatonin
is similar between nocturnal and diurnal animals (Challet, 2007).
Furthermore, our prior work indicates that exposure to dim light at
night is an equally potent facilitator of inflammation in diurnal rodents
(Fonken et al., 2011). One benefit to using a nocturnal rodent in these
experiments is that sleep disruption was likely not a potential confound
(Borniger et al., 2013).

One additional note about this work is that experiments were con-
ducted in young adult mice (8 weeks of age) and cardiac arrest in hu-
mans typically occurs in older individuals. The circadian system and
immune system change over the course of an animal's lifespan. Aged
animals typically exhibit lower amplitude molecular and behavioral
circadian rhythms and slower re-entrainment of rhythms following
light induced phase shifts (Davidson et al., 2008; Sellix et al., 2012).
This suggests that light at night may have differential effects in a young
versus aged animal. Furthermore, the neuroimmune system changes
with age. Microglia tend to become more reactive or “primed” with age.
Primed microglia exhibit hyperinflammatory responses upon immune
activation that can exacerbate pathology (Fonken et al., 2018). Future
work should address whether aging leads to increased vulnerability to
the disruptive effects of light at night on physiology and behavior.

In sum, the mouse data presented here indicates that exposure to
light at night, a common occurrence in hospital rooms, may compro-
mise recovery from cerebral ischemia by exacerbating neuroin-
flammation. Reducing post-ischemic neuroinflammation among mice
exposed to dLAN, prevented the increase in neuronal damage otherwise
associated with dLAN. If the effects of white light at night are replicated
in cardiovascular patients, then these results could have important
implications for the design of lighting in clinical settings and could
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apply to a broad number of conditions and medical procedures that
involve ischemia and inflammation, such as stroke, cardiovascular ar-
tery bypass graft, sickle cell disease, sleep apnea, and organ transplant.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.expneurol.2019.02.008.
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American Association for the Advancement of Science: Human-Made Noise and Nighttime
Lighting

From: Deborah Kopald (deborah_kopald@ymail.com)

To: deborah_kopald@ymail.com; blivsey@highlands-ny.gov; jgunza@highlands-ny.gov; tking@highlands-ny.gov;
rparry@highlands-ny.gov; rsullivan@highlands-ny.gov; sussman1@frontiernet.net; jpatterson@highlands-ny.gov;
lpeterson@highlands-ny.gov

Cc: jsun1166@yahoo.com; frugalgardenerny@gmail.com; crownprincejosh@aol.com; pckinney3@gmail.com;
bobbie@bobbiefallon.com; gardens4353@aol.com; pondside@earthlink.com; john.blanc@usma.edu;
jmagee721@gmail.com; bernardpcassidy@aol.com; kingkdamon@gmail.com; marianmichaels@yahoo.com;
mayermom3@hotmail.com; kirkmanning@hotmail.com; cszevin@gmail.com; ktk@us.ibm.com;
tkwietniak@yahoo.com; jennifer.pushlar@gmail.com; akena@me.com; mileskristy@hotmail.com;
jrplanck@gmail.com; melissaanolan@gmail.com; thecaptainsails@gmail.com; nugitive@gmail.com;
musiccoach40@gmail.com; rissybaby7@gmail.com; marissa.marotta@gmail.com; abrunwasser@gmail.com;
eaglfire@gmail.com; frankcassano9@gmail.com; janetwilkiephd@yahoo.com; momamac5@aol.com;
walter@bestweb.net; crescensioc@aol.com; bklyn29@earthlink.net; hudsonvalleybirder@yahoo.com;
gfciesla@verizon.net; holtpaula10@msn.com; beasnest10@aol.com; goldphoto@juno.com;
guys1gals3@yahoo.com; khs117@aol.com; jbliotta@aol.com; jeanwort@aol.com; rjmbam53@aol.com;
ltrubenbachekg@aol.com; eflowoman@aol.com; rbuchholz@hvc.rr.com; cleary33@verizon.net; jreilly@rcls.org;
parashk@hvc.rr.com; brewss@aol.com; campcosmo@hvc.rr.com; mslapp@hvc.rr.com; vanzetta@netzero.net;
4tietze@msn.com; ganobrien@verizon.net; sslewis4@aol.com; hsuelou@aol.com; chazandsyl@aol.com;
jjpdoo@aol.com; nela.pratts45@aol.com; jooklife5000@aol.com; walla872@aol.com; litrainman21884@aol.com;
me@iamwalker.com; jamesdisalvo@yahoo.com; mindy.kimball@westpoint.edu; lizdipierro@aol.com;
ataylor1@hvc.rr.com; lkmilsom@gmail.com; irena.kelly.workroom@gmail.com; dwojciechowski@hvc.rr.com;
holly@thegarrisonhouse.com; lovelyann74@gmail.com; amcten@yahoo.com; jane.capizzano@wpaog.org;
sallyprah@aol.com; cmill1047@aol.com; aesflash@hvc.rr.com; scroot@aol.com; ruthoke@aol.com;
Danielleshim@gmail.com; newsofthehighlands@gmail.com

Bcc: jrider@riderweiner.com; skopald@hvc.rr.com

Date: Saturday, November 9, 2019, 07:06 AM EST

Interestingly, I found this conference announcement from the American Association of Science on Human-
Made Noise and Nighttime Lighting 2015- it applies to a "T" to recent issues of concern and my efforts in
this Town.  I have also linked to the abstracts for the 3 individual speakers.  The speaker's from the National
Park Service talk was called "Predicting Sound and Light levels at Large Spatial Scales"; the next speaker's
talk was called "Going Global: Individual to Community-Level Responses to Noise and Light" and the
third was "Social Science and Citizen Science to Inform Sound and Light Management".

I ask the Town to get copies of the written talks and slides (I will reach out to the speakers as well and review
them)- fyi, I have one of the replacement LED lights outside my house now from O&R and it is God-awful. 
The orange light was preferable, as I documented scientifically and aesthetically.  The new light is too sharp-
carries a way further so it winds up streaming down the hillside into my windows which is not appreciated.

It is fitting that this conference was put on by the American Association for the Advancement of Science. 
Science and public policy is what I am about and what I believe the signatories to my petition (that I was able to
circulate for a few weeks before my life was upended and I was flushed out by noise) are about.

The hostility to science by Town government needs to be re-thought.  The thinking around noise and light and
the hostility I have received at both the noise hearing and at a private meeting also have to stop.  It is 1950's
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Organizer:
Moderator:
Speakers:

thinking and not in keeping with what is known about these topics today.

Monday, 16 February 2015: 9:45 AM-11:15 AM
Room LL21E (San Jose Convention Center)

Artificial night lighting and loud, human-made sounds are increasingly prominent features in urban and rural
areas across the globe. Because sensory systems are the primary means by which organisms interact with
their environment, these evolutionarily novel stimuli have the potential to drastically alter the biology and
ecology of diverse taxa, including humans. New evidence suggests that these sensory stimuli represent strong
forces influencing human well-being and the behavior and distributions of animals. This symposium provides an
appraisal of knowledge to date and discusses new insights resulting from innovative approaches to studying
noise and night lighting as global change. Specifically, speakers will present new efforts to predict and map
noise and night lighting at a continental scale, describe the breadth of ecological and human responses to these
stimuli, and illustrate how citizen scientists can be important components to research and adaptive
management. The panel will highlight the importance of the sensory environment to human and natural systems
and demonstrate how research programs that integrate innovative mobile technologies, citizen scientists, and
researchers from separate disciplines can reveal and produce otherwise unachievable insights and educational
outcomes.

Clinton D. Francis, California Polytechnic State University
Bora Zivkovic, North Carolina Wesleyan College

Kurt M. Fristrup, National Park Service Division of Natural Sounds and Night
Skies
Predicting Sound and Light Levels at Large Spatial Scales

Clinton D. Francis, California Polytechnic State University
Going Global: Individual to Community-Level Responses to Noise and Light

Derrick Taff, Pennsylvania State University
Social Science and Citizen Science To Inform Sound and Light Management

The individual talk abstracts are here:

Predicting Sound and Light Levels at Large Spatial Scales
Monday, 16 February 2015: 9:45 AM-11:15 AM
Room LL21E (San Jose Convention Center)

Kurt M. Fristrup, National Park Service Division of Natural Sounds and Night Skies, Fort Collins, CO

The National Park Service created models of sound level and night sky conditions for the coterminous U. S. to
assess resource conditions in national parks and adjacent landscapes. These models generalize
measurements taken from hundreds of sites spanning the range of geographic and ecological conditions found
in park units. These data show that most people live in environments where night skies and soundscapes are
profoundly degraded, and that noise and light pollution issues span much of the continent. For example, noise
elevates median background sound levels by more than 3 decibels in 62% of the coterminous U. S. National
parks and other protected natural areas are also affected, though many still present opportunities to enjoy
pristine night skies and long intervals free from noise. Collaborative conservation efforts that extend beyond
park boundaries will be required to conserve natural sensory environments for future generations.
https://aaas.confex.com/aaas/2015/webprogram/Paper14833.html

Going Global: Individual to Community-Level Responses to
Noise and Light
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Monday, 16 February 2015: 9:45 AM-11:15 AM
Room LL21E (San Jose Convention Center)

Clinton D. Francis,California Polytechnic State University, San Luis Obispo, CA

The acoustic environment and natural cycle of day and night are of fundamental importance to countless
species. Yet two prominent and underappreciated features of anthropogenic environmental change, noise and
artificial light, are creating acoustic condition and light regimes that are highly novel across the globe. These
stimuli can compromise the sensory systems by interfering with organisms’ abilities to obtain, interpret and
respond to environmental cues and alter biological clocks. Here we summarize the weight of current evidence
that indicates that these aspects of human-induced environmental change can be powerful forces that require
greater attention by biologists. We show that anthropogenic noise can drastically reduce avian diversity, disrupt
avian physiological systems and behavior and alter several ecological interactions among community members.
Similarly, at the individual level, we present evidence that exposure to light at night has several behavioral and
physiological effects that can trigger reduced biological function and possibly reduced longevity. Despite these
clear responses by individuals, whether and how light at night alters population and community dynamics
remains unknown. We conclude by presenting new findings from a continental analysis demonstrating the
relevance of the sensory environment to birds.
https://aaas.confex.com/aaas/2015/webprogram/Paper14832.html

Social Science and Citizen Science To Inform Sound and Light
Management
Monday, 16 February 2015: 9:45 AM-11:15 AM
Room LL21E (San Jose Convention Center)

Derrick Taff, Pennsylvania State University, University Park, PA

Citizen science can offer a unique structure for adaptive management, particularly of dispersed environmental
features as found in residential systems. The knowledge-production capacity of citizen science makes it an
overlooked, yet fundamental property of social-ecological systems. Based on a meta-analysis of broader
impacts reported in the literature, we identify best practices for project design to enable adaptive management.

https://aaas.confex.com/aaas/2015/webprogram/Paper15973.html

=================================================
================================================================
====================================

On Saturday, October 12, 2019, 05:58:55 PM EDT, Deborah Kopald <deborah_kopald@ymail.com> wrote:
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The noise hearing is Monday @ 6 p.m.   Note 6, not 7.

On Saturday, September 28, 2019, 09:35:35 PM EDT, Deborah Kopald <deborah_kopald@ymail.com> wrote:

Dear Town Board and Interested Town of Highlands Residents,

This website was mentioned to me by NYC noise expert Dr. Arline Bronzaft- as I had mentioned about
hearing a noisy lawnmower in a part of the street I hadn't been in on a while -- I have subsequently learned
that towns have started demanding that people use certain electric lawnmowers and gardening tools to both
make the sound less loud and unpleasant and eliminate diesel exhaust fumes  all in one fell swoop.

Such a policy would also meet the town's mandate to reduce greenhouse gas emissions, simultaneously- a
kill-two-birds with one stone policy!

https://www.quietcommunities.org/

Their mission statement reads, "Our mission is to transition landscape maintenance to low noise, zero
emissions practices with positive solutions to protect the health of workers, children, the public and
the environment. We provide research, education, outreach, and solutions, working collaboratively
with communities, businesses, schools, and government agencies. Quiet Communities is a program
of the non-profit organization, Quiet Communities, Inc."

Given that some people may own the noisy, diesel exhaust spewing ones- those could be restricted to a very
limited time period to minimize greenhouse gas effects and annoyance of diesel exhaust and noise. 
Residents could be incentived to purchase green equipment that is also quiet.  This could be done with a tax
credit against local taxes to facilitate the conversion.  Or it could just be mandated as is being done elsewhere
to fulfill the mandate of the town's global warming resolution, stat.

Dr. Bronzaft also mentioned that the city of New York requires notification to neighbors of projects- I've
discussed this issue previously and will do so in my formal remarks.

Also- regarding ongoing comments about low frequency noise impacts,  to underscore how much of a
nuisance this environmental pollutant is, I would like to point out that this type of noise which comes from
motors and construction equipment is also emitted by wind turbines, which have been known to drive
people from their homes.  Low frequency noise covers a spectrum of frequencies and is audible to and/or
felt by many, though not all.  

These sites from Australia and Ireland (the latter is a paper by biomedical engineer Mariana Alves-Pereira,
"Infrasound and low-frequency noise- does it affect human health?") discuss the same problem:

https://waubrafoundation.org.au/

http://www.engineersjournal.ie/2018/01/23/ilfn-infrasound-low-frequency-noise-turbine-health/

This is why provisions in the NYC code forcing silencers on certain machines should be under
consideration.

To reiterate, it is 2019, soon to be 2020.  It is a new era where people work from home and spend more time
there and an era where towns pass resolutions reducing global warming impacts.  Fortunately both these and
noise impacts can be addressed together by some policies.  
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I continue to urge meaningful change and not just a consideration of what hours to work (which should be
negotiated by all, but should also be limited from the current free-for-all to respect the fact that people work
out of their homes in today's day and age, and some must be at home because they are disabled, elderly, or
some combination thereof.

Again, we are one of the only places with no noise ordinance at all. "Incremental" change is not enough.

Sincerely,

Deborah
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When:
12 - 16 February 2015
Where:
Where: San Jose, CA

Social Science and Citizen Science To Inform Sound and
Light Management
Monday, 16 February 2015: 9:45 AM-11:15 AM
Room LL21E (San Jose Convention Center)

Derrick Taff, Pennsylvania State University, University Park, PA

Citizen science can offer a unique structure for adaptive management, particularly of dispersed environmental
features as found in residential systems. The knowledge-production capacity of citizen science makes it an
overlooked, yet fundamental property of social-ecological systems. Based on a meta-analysis of broader impacts
reported in the literature, we identify best practices for project design to enable adaptive management.

See more of: Human-Made Noise and Nighttime Lighting
See more of: Behavioral and Social Sciences

See more of: Symposia

<< Previous Presentation | Next Presentation

PROGRAM - HOME

AUTHOR INDEX

Meeting Information

@AAASmeetings AAAS on Facebook AAAS on Google+ @MeetAScientist

Contact Us | Past & Future Meetings | Privacy Policy | Terms of Use
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When:
12 - 16 February 2015
Where:
Where: San Jose, CA

Going Global: Individual to Community-Level Responses
to Noise and Light
Monday, 16 February 2015: 9:45 AM-11:15 AM
Room LL21E (San Jose Convention Center)

Clinton D. Francis,California Polytechnic State University, San Luis Obispo, CA

The acoustic environment and natural cycle of day and night are of fundamental importance to countless species. Yet
two prominent and underappreciated features of anthropogenic environmental change, noise and artificial light, are
creating acoustic condition and light regimes that are highly novel across the globe. These stimuli can compromise
the sensory systems by interfering with organisms’ abilities to obtain, interpret and respond to environmental cues and
alter biological clocks. Here we summarize the weight of current evidence that indicates that these aspects of human-
induced environmental change can be powerful forces that require greater attention by biologists. We show that
anthropogenic noise can drastically reduce avian diversity, disrupt avian physiological systems and behavior and alter
several ecological interactions among community members. Similarly, at the individual level, we present evidence that
exposure to light at night has several behavioral and physiological effects that can trigger reduced biological function
and possibly reduced longevity. Despite these clear responses by individuals, whether and how light at night alters
population and community dynamics remains unknown. We conclude by presenting new findings from a continental
analysis demonstrating the relevance of the sensory environment to birds.

See more of: Human-Made Noise and Nighttime Lighting
See more of: Behavioral and Social Sciences

See more of: Symposia
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When:
12 - 16 February 2015
Where:
Where: San Jose, CA

Predicting Sound and Light Levels at Large Spatial Scales
Monday, 16 February 2015: 9:45 AM-11:15 AM
Room LL21E (San Jose Convention Center)

Kurt M. Fristrup, National Park Service Division of Natural Sounds and Night Skies, Fort Collins, CO

The National Park Service created models of sound level and night sky conditions for the coterminous U. S. to assess
resource conditions in national parks and adjacent landscapes. These models generalize measurements taken from
hundreds of sites spanning the range of geographic and ecological conditions found in park units. These data show
that most people live in environments where night skies and soundscapes are profoundly degraded, and that noise
and light pollution issues span much of the continent. For example, noise elevates median background sound levels
by more than 3 decibels in 62% of the coterminous U. S. National parks and other protected natural areas are also
affected, though many still present opportunities to enjoy pristine night skies and long intervals free from noise.
Collaborative conservation efforts that extend beyond park boundaries will be required to conserve natural sensory
environments for future generations.

See more of: Human-Made Noise and Nighttime Lighting
See more of: Behavioral and Social Sciences

See more of: Symposia

Previous Presentation | Next Presentation >>
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Exhibit 8d AAAS session “Predicting Sound and Light Levels at Large Spatial Scales”
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Light pollution is driving the INSECT APOCALYPSE,luring moths to their deaths, making bugs
more visible to predators; Light pollution has diverse impacts on...

From: Deborah Kopald (deborah_kopald@ymail.com)

To: blivsey@highlands-ny.gov; jgunza@highlands-ny.gov; tking@highlands-ny.gov; rparry@highlands-ny.gov;
rsullivan@highlands-ny.gov; sussman1@frontiernet.net; jpatterson@highlands-ny.gov; lpeterson@highlands-
ny.gov; deborah_kopald@ymail.com

Cc: jsun1166@yahoo.com; frugalgardenerny@gmail.com; crownprincejosh@aol.com; pckinney3@gmail.com;
bobbie@bobbiefallon.com; gardens4353@aol.com; pondside@earthlink.com; john.blanc@usma.edu;
jmagee721@gmail.com; bernardpcassidy@aol.com; kingkdamon@gmail.com; marianmichaels@yahoo.com;
mayermom3@hotmail.com; kirkmanning@hotmail.com; cszevin@gmail.com; ktk@us.ibm.com;
tkwietniak@yahoo.com; jennifer.pushlar@gmail.com; akena@me.com; mileskristy@hotmail.com;
jrplanck@gmail.com; melissaanolan@gmail.com; thecaptainsails@gmail.com; nugitive@gmail.com;
musiccoach40@gmail.com; rissybaby7@gmail.com; marissa.marotta@gmail.com; abrunwasser@gmail.com;
eaglfire@gmail.com; frankcassano9@gmail.com; janetwilkiephd@yahoo.com; momamac5@aol.com;
walter@bestweb.net; crescensioc@aol.com; bklyn29@earthlink.net; hudsonvalleybirder@yahoo.com;
gfciesla@verizon.net; holtpaula10@msn.com; beasnest10@aol.com; goldphoto@juno.com;
guys1gals3@yahoo.com; khs117@aol.com; jbliotta@aol.com; jeanwort@aol.com; rjmbam53@aol.com;
ltrubenbachekg@aol.com; eflowoman@aol.com; rbuchholz@hvc.rr.com; cleary33@verizon.net; jreilly@rcls.org;
parashk@hvc.rr.com; brewss@aol.com; campcosmo@hvc.rr.com; mslapp@hvc.rr.com; vanzetta@netzero.net;
4tietze@msn.com; ganobrien@verizon.net; sslewis4@aol.com; hsuelou@aol.com; chazandsyl@aol.com;
jjpdoo@aol.com; nela.pratts45@aol.com; jooklife5000@aol.com; walla872@aol.com; litrainman21884@aol.com;
me@iamwalker.com; jamesdisalvo@yahoo.com; mindy.kimball@westpoint.edu; lizdipierro@aol.com;
ataylor1@hvc.rr.com; lkmilsom@gmail.com; irena.kelly.workroom@gmail.com; dwojciechowski@hvc.rr.com;
holly@thegarrisonhouse.com; lovelyann74@gmail.com; amcten@yahoo.com; jane.capizzano@wpaog.org;
sallyprah@aol.com; cmill1047@aol.com; aesflash@hvc.rr.com; scroot@aol.com; ruthoke@aol.com;
danielleshim@gmail.com; newsofthehighlands@gmail.com

Date: Friday, November 22, 2019, 06:26 PM EST

Light pollution is driving the INSECT
APOCALYPSE, scientists claim — from
luring moths to their deaths to making
bugs more visible to predators

Experts reviewed over 200 studies into the impacts of artificial light on bugs
Light pollution has diverse impacts on insects that can shake entire food webs
It is feared that 40 per cent of creepy-crawlies could go extinct within decades
Researchers encourage people to reduce their use of artificial light at night
https://www.dailymail.co.uk/sciencetech/article-7715309/Light-pollution-driving-INSECT-
APOCALYPSE-scientists-claim.html
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Exhb 9a Link to Daily Mail article ("Pollution is driving the INSECT APOCALYPSE")
                                                          (397-398)
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Light pollution is driving the INSECT APOCALYPSE, scientists claim

On Saturday, November 9, 2019, 07:23:12 AM EST, Deborah Kopald <deborah_kopald@ymail.com> wrote:

Here is the link to the overall conference which got omitted from my last note:
https://aaas.confex.com/aaas/2015/webprogram/Session9641.html

I also went back into the email and took the liberty of highlighting major points in the abstracts
which emphasize how degraded light and noise conditions impact longevity and reduce
functionality, how important the sensory environment is, and how citizens are taking the
lead in improving these conditions.  (Apparently, these people are getting respect at
conferences in California.  I get hostility, told to move to Montana and an uncontrolled mob in
Town Hall  that has been brainwashed into saying I am un-neighborly as well as oblique threats
made to me personally for demanding the few existing rules there are be adhered to.)
------------------------------------------------------------------------------------------------------------------------

On Saturday, November 9, 2019, 07:06:50 AM EST, Deborah Kopald <deborah_kopald@ymail.com> wrote:

Interestingly, I found this conference announcement from the American Association of Science on Human-
Made Noise and Nighttime Lighting 2015- it applies to a "T" to recent issues of concern and my efforts
in this Town.  I have also linked to the abstracts for the 3 individual speakers.  The speaker's from the
National Park Service talk was called "Predicting Sound and Light levels at Large Spatial Scales"; the
next speaker's talk was called "Going Global: Individual to Community-Level Responses to Noise and
Light" and the third was "Social Science and Citizen Science to Inform Sound and Light
Management".

I ask the Town to get copies of the written talks and slides (I will reach out to the speakers as well and review
them)- fyi, I have one of the replacement LED lights outside my house now from O&R and it is God-awful. 

Light pollution is driving the INSECT
APOCALYPSE, scientists claim
Ian Randall
Declining insect numbers are having knock on effects to
the global ecosystem - such as reducing North American
b...
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Organizer:
Moderator:
Speakers:

The orange light was preferable, as I documented scientifically and aesthetically.  The new light is too sharp-
carries a way further so it winds up streaming down the hillside into my windows which is not appreciated.

It is fitting that this conference was put on by the American Association for the Advancement of Science. 
Science and public policy is what I am about and what I believe the signatories to my petition (that I was able
to circulate for a few weeks before my life was upended and I was flushed out by noise) are about.

The hostility to science by Town government needs to be re-thought.  The thinking around noise and light
and the hostility I have received at both the noise hearing and at a private meeting also have to stop.  It is
1950's thinking and not in keeping with what is known about these topics today.

Monday, 16 February 2015: 9:45 AM-11:15 AM
Room LL21E (San Jose Convention Center)

Artificial night lighting and loud, human-made sounds are increasingly prominent features in urban and rural
areas across the globe. Because sensory systems are the primary means by which organisms interact with
their environment, these evolutionarily novel stimuli have the potential to drastically alter the biology and
ecology of diverse taxa, including humans. New evidence suggests that these sensory stimuli represent
strong forces influencing human well-being and the behavior and distributions of animals. This symposium
provides an appraisal of knowledge to date and discusses new insights resulting from innovative approaches
to studying noise and night lighting as global change. Specifically, speakers will present new efforts to predict
and map noise and night lighting at a continental scale, describe the breadth of ecological and human
responses to these stimuli, and illustrate how citizen scientists can be important components to research and
adaptive management. The panel will highlight the importance of the sensory environment to human and
natural systems and demonstrate how research programs that integrate innovative mobile technologies,
citizen scientists, and researchers from separate disciplines can reveal and produce otherwise unachievable
insights and educational outcomes.

Clinton D. Francis, California Polytechnic State University
Bora Zivkovic, North Carolina Wesleyan College

Kurt M. Fristrup, National Park Service Division of Natural Sounds and
Night Skies
Predicting Sound and Light Levels at Large Spatial Scales

Clinton D. Francis, California Polytechnic State University
Going Global: Individual to Community-Level Responses to Noise and
Light

Derrick Taff, Pennsylvania State University
Social Science and Citizen Science To Inform Sound and Light
Management

The individual talk abstracts are here:

Predicting Sound and Light Levels at Large Spatial Scales
Monday, 16 February 2015: 9:45 AM-11:15 AM
Room LL21E (San Jose Convention Center)

Kurt M. Fristrup, National Park Service Division of Natural Sounds and Night Skies, Fort Collins, CO

The National Park Service created models of sound level and night sky conditions for the coterminous U. S.
to assess resource conditions in national parks and adjacent landscapes. These models generalize
measurements taken from hundreds of sites spanning the range of geographic and ecological conditions
found in park units. These data show that most people live in environments where night skies and
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soundscapes are profoundly degraded, and that noise and light pollution issues span much of the continent.
For example, noise elevates median background sound levels by more than 3 decibels in 62% of the
coterminous U. S. National parks and other protected natural areas are also affected, though many still
present opportunities to enjoy pristine night skies and long intervals free from noise. Collaborative
conservation efforts that extend beyond park boundaries will be required to conserve natural sensory
environments for future generations.
https://aaas.confex.com/aaas/2015/webprogram/Paper14833.html

Going Global: Individual to Community-Level Responses to
Noise and Light
Monday, 16 February 2015: 9:45 AM-11:15 AM
Room LL21E (San Jose Convention Center)

Clinton D. Francis,California Polytechnic State University, San Luis Obispo, CA

The acoustic environment and natural cycle of day and night are of fundamental importance to countless
species. Yet two prominent and underappreciated features of anthropogenic environmental change, noise
and artificial light, are creating acoustic condition and light regimes that are highly novel across the globe.
These stimuli can compromise the sensory systems by interfering with organisms’ abilities to obtain, interpret
and respond to environmental cues and alter biological clocks. Here we summarize the weight of current
evidence that indicates that these aspects of human-induced environmental change can be powerful forces
that require greater attention by biologists. We show that anthropogenic noise can drastically reduce avian
diversity, disrupt avian physiological systems and behavior and alter several ecological interactions among
community members. Similarly, at the individual level, we present evidence that exposure to light at night has
several behavioral and physiological effects that can trigger reduced biological function and possibly reduced
longevity. Despite these clear responses by individuals, whether and how light at night alters population and
community dynamics remains unknown. We conclude by presenting new findings from a continental analysis
demonstrating the relevance of the sensory environment to birds.
https://aaas.confex.com/aaas/2015/webprogram/Paper14832.html

Social Science and Citizen Science To Inform Sound and
Light Management
Monday, 16 February 2015: 9:45 AM-11:15 AM
Room LL21E (San Jose Convention Center)

Derrick Taff, Pennsylvania State University, University Park, PA

Citizen science can offer a unique structure for adaptive management, particularly of dispersed
environmental features as found in residential systems. The knowledge-production capacity of citizen
science makes it an overlooked, yet fundamental property of social-ecological systems. Based on a meta-
analysis of broader impacts reported in the literature, we identify best practices for project design to enable
adaptive management.

https://aaas.confex.com/aaas/2015/webprogram/Paper15973.html

=================================================
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===============================================================
=====================================

On Saturday, October 12, 2019, 05:58:55 PM EDT, Deborah Kopald <deborah_kopald@ymail.com> wrote:

The noise hearing is Monday @ 6 p.m.   Note 6, not 7.

On Saturday, September 28, 2019, 09:35:35 PM EDT, Deborah Kopald <deborah_kopald@ymail.com> wrote:

Dear Town Board and Interested Town of Highlands Residents,

This website was mentioned to me by NYC noise expert Dr. Arline Bronzaft- as I had mentioned about
hearing a noisy lawnmower in a part of the street I hadn't been in on a while -- I have subsequently learned
that towns have started demanding that people use certain electric lawnmowers and gardening tools to both
make the sound less loud and unpleasant and eliminate diesel exhaust fumes  all in one fell swoop.

Such a policy would also meet the town's mandate to reduce greenhouse gas emissions, simultaneously- a
kill-two-birds with one stone policy!

https://www.quietcommunities.org/

Their mission statement reads, "Our mission is to transition landscape maintenance to low noise, zero
emissions practices with positive solutions to protect the health of workers, children, the public and
the environment. We provide research, education, outreach, and solutions, working collaboratively
with communities, businesses, schools, and government agencies. Quiet Communities is a program
of the non-profit organization, Quiet Communities, Inc."

Given that some people may own the noisy, diesel exhaust spewing ones- those could be restricted to a very
limited time period to minimize greenhouse gas effects and annoyance of diesel exhaust and noise. 
Residents could be incentived to purchase green equipment that is also quiet.  This could be done with a tax
credit against local taxes to facilitate the conversion.  Or it could just be mandated as is being done elsewhere
to fulfill the mandate of the town's global warming resolution, stat.

Dr. Bronzaft also mentioned that the city of New York requires notification to neighbors of projects- I've
discussed this issue previously and will do so in my formal remarks.

Also- regarding ongoing comments about low frequency noise impacts,  to underscore how much of a
nuisance this environmental pollutant is, I would like to point out that this type of noise which comes from
motors and construction equipment is also emitted by wind turbines, which have been known to drive
people from their homes.  Low frequency noise covers a spectrum of frequencies and is audible to and/or
felt by many, though not all.  
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These sites from Australia and Ireland (the latter is a paper by biomedical engineer Mariana Alves-Pereira,
"Infrasound and low-frequency noise- does it affect human health?") discuss the same problem:

https://waubrafoundation.org.au/

http://www.engineersjournal.ie/2018/01/23/ilfn-infrasound-low-frequency-noise-turbine-health/

This is why provisions in the NYC code forcing silencers on certain machines should be under
consideration.

To reiterate, it is 2019, soon to be 2020.  It is a new era where people work from home and spend more time
there and an era where towns pass resolutions reducing global warming impacts.  Fortunately both these and
noise impacts can be addressed together by some policies.  

I continue to urge meaningful change and not just a consideration of what hours to work (which should be
negotiated by all, but should also be limited from the current free-for-all to respect the fact that people work
out of their homes in today's day and age, and some must be at home because they are disabled, elderly, or
some combination thereof.

Again, we are one of the only places with no noise ordinance at all. "Incremental" change is not enough.

Sincerely,

Deborah
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Light pollution is driving the INSECT
APOCALYPSE, scientists claim — from
luring moths to their deaths to making
bugs more visible to predators

Experts reviewed over 200 studies into the impacts of artificial light on bugs
Light pollution has diverse impacts on insects that can shake entire food webs
It is feared that 40 per cent of creepy-crawlies could go extinct within decades
Researchers encourage people to reduce their use of artificial light at night

By IAN RANDALL FOR MAILONLINE
PUBLISHED: 12:16 EDT, 22 November 2019 | UPDATED: 14:27 EDT, 22 November 2019

Light pollution is helping to drive the so-called 'insect apocalypse', experts warn,
contributing to fears that 40 per cent of all bug species will be lost within decades.

Artificial light at night can impact insects in various ways, from driving them elsewhere to
changing their development and life cycles.

Declining insect numbers are having knock on effects to the global ecosystem — such as
reducing North American bird numbers by 3 billion in the last 50 years.

348
View comments
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Exhibit 9b Light Pollution is driving the Insect Apocalypse, scientists claim 
from luring moths to their deaths to making bugs more visible to predators

 (403-411)
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The researchers note, however, that light pollution is — compared with other man-made
environmental problems — relatively easy to address.

They encourage people to reduce their reliance on artificial lighting where possible and dim
or filter outside light sources where not. 

Scroll down for video
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HOW CAN WE HELP
THE INSECTS?

The authors have a number of simple
recommendations to help protect insects
from light pollution: 

1. Reduce non-essential illumination

2. Filter or dim necessary lighting

3. Avoid LEDs that emit ultrasound 

Light pollution is helping to drive the so-called 'insect apocalypse', experts warn, contributing to
fears that 40 per cent of all bug species will be lost within decades (stock image)

The paper is the latest in a series drawing
attention to the increasingly worrying plight
of the world's insect populations.

A 2017 study, for example, reported that
flying insect numbers in 63 nature protection
sites in Germany had decreased by 76 per
cent in the preceding 27 years.

Furthermore, various studies have predicted
that around 40 per cent of insect species
could become extinct within the next few
decades.

'Light is the source of all life on this planet, a
fundamental part of the perceptive ability of
most animal taxa, and an environmental cue
of time of day and year that has been
constant throughout all of evolutionary
history,' the researchers wrote.

'[Human-caused] changes to the natural light
environment should be predicted to affect all
life that has evolved within it — that is to say,
almost all life on Earth.'

In their new paper, biologist Avalon Owens of the Tufts University in Massachusetts and
colleagues synthesise the results of over 200 independent studies showing the myriad ways
in which light pollution impacts the lives of insects across the globe.
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A. Moths and beetles are fatally attracted
to artificial light sources.

B. In contrast, some insects like weta
avoid light, driving them away.

E. Daytime pollinators like bees end up
extending their active hours later into the
evening, while nocturnal insects are
forced to emerge later.

F. Aphids and crickets suffer altered
development and life cycles that are

'Artificial light at night impacts nocturnal and diurnal insects through effects on development,
movement, foraging, reproduction and predation risk,' the researchers note in their paper. 

Because of light pollution's broad impact, it provides a threat that transcends individual
insect species.

For example, experts believe that declining insect numbers are directly related to the loss of
around 3 billion birds that feed on bugs in the US and Canada since 1970.  

'We also emphasise that artificial light at night is not merely a subcategory of urbanisation,'
the researchers added.

'The ecological consequences of light pollution are not limited to urban and suburban
centres, but widespread along roadways and around protected areas.'

HOW ARE DIFFERENT INSECTS
AFFECTED BY LIGHT POLLUTION?

Artificial light at night can impact insects in various ways, from driving them elsewhere to
changing their development and life cycles
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C. Mayflies end up confused and lay
eggs on non-aquatic flat surfaces.

D.Natural light sources can be obscured
by artificial lights. This prevents dung
beetles from navigating by the stars and
glowing insects like fireflies from
attracting mates and warding off
predators.

regulated by light.

G. These disturbed biological cycles
eventually lead to mismatches among
interconnected species and food webs,
with cascading effects. Light can make
certain insects easier for predators to
spot and eat, as well.

SOURCE: Owens et al. / Biological
Conservation 

'Just as was the case for early climate change science, we have to take the Insect
Apocalypse seriously,' said the Zoological Lighting Institute's James Karl Fischer.

'If we really hope to prevent a terrible situation from getting worse, these issues should not
be avoided.' 

'Insects are lynch-pins of the environment and necessary for other kinds of animals to
survive; and a diversity of insects is crucial to maintaining our own food supply.'
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Declining insect numbers are having knock on effects to the global ecosystem — such as
reducing North American bird numbers by 3 billion in the last 50 years

The authors have a number of simple recommendations to help protect insects from light
pollution — beyond the obvious of turning off non-essential illumination.

Outdoor lights can also be shielded, filtered or dimmed, they note.

They also caution that certain monochromatic LED lights presently come with a number of
environmental drawbacks — such as their potential for generating ultrasound emissions
that can also disturb various insects. 
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The researchers note, however, that light pollution is — compared with other man-made
environmental problems — relatively easy to address

'The amount of personal control we have here gives us a bit of hope,' said Dr Fischer.

'It is an easy matter to eliminate, reduce or change the ecologically devastating artificial
lighting in and on our homes, schools, businesses if we want to, simply by turning off
exterior lights.'

'But we have to want to, and be willing to explore alternatives to the functions those lights
currently serve.'

The full findings of the study were published in the journal Biological Conservation. 

LIGHT POLLUTION IS ARTIFICIAL
LIGHT THAT IS EXCESSIVE,
OBTRUSIVE AND WASTEFUL
Light pollution, also known as photopollution, is the presence of anthropogenic light
in the night environment. 
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Artificial light that’s excessive, obtrusive and ultimately wasteful is called light
pollution, and it directly influences how bright our night skies appear. 

With more than nine million streetlamps and 27 million offices, factories, warehouses
and homes in the UK, the quantity of light we cast into the sky is vast. 

While some light escapes into space, the rest is scattered by molecules in the
atmosphere making it difficult to see the stars against the night sky. What you see
instead is ‘Skyglow’.

The increasing number of people living on earth and the corresponding increase in
inappropriate and unshielded outdoor lighting has resulted in light pollution—a
brightening night sky that has obliterated the stars for much of the world’s
population. 

Most people must travel far from home, away from the glow of artificial lighting, to
experience the awe-inspiring expanse of the Milky Way as our ancestors once knew
it.

Light pollution is excessive and inappropriate artificial light. While some light escapes
into space, the rest is scattered by molecules in the atmosphere making it difficult to see
the stars against the night sky. What you see instead is ‘Skyglow’

The negative effects of the loss of this inspirational natural resource might seem
intangible. 

But a growing body of evidence links the brightening night sky directly to measurable
negative impacts on human health and immune function, on adverse behavioural
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changes in insect and animal populations, and on a decrease of both ambient quality
and safety in our nighttime environment.

Astronomers were among the first to record the negative impacts of wasted lighting
on scientific research, but for all of us, the adverse economic and environmental
impacts of wasted energy are apparent in everything from the monthly electric bill to
global warming.

Read more:
Light pollution is a driver of insect declines - ScienceDirect
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Highlights
Artificial light at night (ALAN) is used as an insect management tool.

Recent research addresses global loss of insect biodiversity without including ALAN.

ALAN causes insect declines due to affecting insect movement, foraging,
reproduction, and predation.

Insect biodiversity loss can be mitigated with better informed lighting practices.

Abstract
Insects around the world are rapidly declining. Concerns over what this loss means for food
security and ecological communities have compelled a growing number of researchers to search
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Previous Next 

for the key drivers behind the declines. Habitat loss, pesticide use, invasive species, and climate
change all have likely played a role, but we posit here that artificial light at night (ALAN) is
another important—but often overlooked—bringer of the insect apocalypse. We first discuss the
history and extent of ALAN, and then present evidence that ALAN has led to insect declines
through its interference with the development, movement, foraging, and reproductive success of
diverse insect species, as well as its positive effect on insectivore predation. We conclude with a
discussion of how artificial lights can be tuned to reduce their impact on vulnerable populations.
ALAN is unique among anthropogenic habitat disturbances in that it is fairly easy to ameliorate,
and leaves behind no residual effects. Greater recognition of the ways in which ALAN affects
insects can help conservationists reduce or eliminate one of the major drivers of insect declines.

Keywords

ALAN; Light pollution; Skyglow; Insect apocalypse; Insect declines; Insect conservation

1. Introduction
Over the last two decades, researchers have uncovered steep declines in insect diversity and
biomass (Dirzo et al., 2014; Potts et al., 2010) across geographically distinct areas including
Germany (Hallmann et al., 2017), the Netherlands (van Langevelde et al., 2018; van Strien et al.,
2019), Sweden (Franzén and Johannesson, 2007), the British Isles (Powney et al., 2019; Shortall et
al., 2009; Wilson et al., 2018), Puerto Rico (Lister and Garcia, 2018), and Costa Rica (Janzen and
Hallwachs, 2019). This alleged “insect apocalypse” (Jarvis, 2018) has generated an appropriate
amount of public concern: insects are a critical component of all terrestrial and freshwater food
webs (Baxter et al., 2005; van Veen et al., 2006) and provide important ecosystem services
(Schowalter et al., 2018). Their absence would have devastating consequences for life on this
planet. If insect decline is indeed a global phenomenon (see Wagner, 2019), the question then
becomes: What is the problem, and how can we best address it? One recent review of insect
decline has sought to identify the main causes by ranking potential drivers in order of their
frequency of mention within relevant literature (Sánchez-Bayo and Wyckhuys, 2019). The authors
found, as indeed have we, that habitat loss, chemical pollution (especially pesticide use), invasive
species, and climate change are the most well-described threats to insect persistence. However,
we do not agree that relative degree of scientific consideration reflects importance in this case.
Instead we posit that “diurnal bias”—a preference among ecologists for studying daytime
phenomena (Gaston, 2019)—has led insect conservationists to overlook another widespread
habitat disturbance, pollutant, and method of insect control: artificial light at night (ALAN).
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Although discrete sources of anthropogenic light have been used to kill insects since circa 60 CE
(Beavis, 1995), the modern phenomenon of ecological light pollution began in earnest with the
invention of the arc lamp in the early 1800s (Dillon and Dillon, 2002; Saunders, 1887). Soon after,
dedicated “light traps” were adopted as a common method of pest control (U.S. Patent, 4808), and
are indeed still used for this purpose today (Johansen et al., 2011; Pawson et al., 2009; Shimoda
and Honda, 2013); around the 1950s, light traps became popular among entomologists for use in
surveying insect biodiversity (Leather, 2015). More recently, as lighting technology has advanced
and the cost per unit of brightness declined, both the intensity and quantity of artificial light
installations have increased worldwide (Kyba, 2018; Kyba et al., 2017; Tsao et al., 2010). Modern
light pollution is no longer confined to urban centers, but radiates outwards through the
atmosphere and along road networks that run into or around otherwise pristine areas (Gaston et
al., 2015; Gaston and Holt, 2018; Guetté et al., 2018). Since 1992, levels of light pollution have
doubled in high biodiversity areas, and are likely to continue to rise (Koen et al., 2018; Kyba et al.,
2017). By 2014, over 23% of the land surface of the planet experienced artificially elevated levels of
night sky brightness (Falchi et al., 2016); by comparison, agricultural crops cover approximately
12% (FAO, 2012). Insect conservationists now frequently lament, as do we, the dearth of insects to
be found swarming around artificial lights (e.g. Janzen and Hallwachs, 2019), yet rarely consider
that the lights themselves may be an issue.

Artificial light at night is a potent evolutionary trap (Schlaepfer et al., 2002; Altermatt and Ebert,
2016; Hopkins et al., 2018). Most anthropogenic disturbances have natural analogs: the climate
has warmed before, habitats have fragmented, species have invaded new ranges, and new
pesticides (also known as plant defenses) have been developed. Yet for all of evolutionary time, the
daily cycle of light and dark, the lunar cycle, and the annual cycle of the seasons have all remained
constant. Until now (Altermatt and Ebert, 2016), insects have had no cause to evolve any relevant
adaptations to ALAN. And so some species retreat from streetlights (Farnworth et al., 2018) while
others for unclear reasons perch beneath them, stunned, or circle around them until claimed by
injury, exhaustion, or predation (Frank, 1988; Owens and Lewis, 2018). While the total fitness
impact of an artificial light source will depend on its intensity, direction, spectral distribution
(Elvidge et al., 2010), and flicker rate (Inger et al., 2014), as well as the time of day and structure of
nearby surfaces (Horváth et al., 2009; Szaz et al., 2015), the light output of most common fixtures
is more than enough to radically disturb the entire habitat of small-bodied animals such as
insects. Insects that manage to escape the cone of light beneath a fixture can still be affected by
skyglow, which emanates far beyond urban centers at levels sufficient to obscure or alter vital
environmental cues including polarized moonlight, starlight, moon phase, and daylength (Davies
et al., 2013b; Kyba et al., 2011a; 2011b).

A growing body of research demonstrates that ALAN can impact the fitness of plants and animals
(Bennie et al., 2016; Gaston et al., 2013), and more recent reviews have catalogued its broadscale
effects on insects in particular (Desouhant et al., 2019; Grubisic et al., 2018; Owens and Lewis,
2018; Seymoure, 2018). Some estimates suggest that one third of insects attracted to stationary
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artificial light sources die before morning, either through exhaustion or predation (Eisenbeis,
2006; Frank, 2006; Yoon et al., 2010); insects attracted to vehicle headlights likely die immediately
(Frank, 2006; Gaston and Holt, 2018). This “fatal attraction” has been estimated to result in 100
billion insect deaths per summer in Germany (Eisenbeis and Hänel 2009) and had the potential
to swiftly eliminate isolated populations of Hydraecia petasitis moths in Finland (Väisänen and
Hublin, 1983; see also Cantelo et al., 1972). Insects that escape immediate death may still become
trapped in a “light sink,” unable to engage in behaviors vital to fitness (van Langevelde et al.,
2017). The potential for individual deaths to compound into large-scale declines (Kokko and
Sutherland, 2001) has been borne out by the results of a 30 year survey of Dutch macromoths (van
Langevelde et al., 2018), during which time positively phototactic and nocturnal species
underwent steeper declines than diurnal species not attracted to light. A similar survey of
macromoths in the UK and Ireland found greater losses at light polluted sites (Wilson et al.,
2018), even after controlling for urbanization (Bates et al., 2014), and that nocturnal species once
again underwent disproportionate declines (Coulthard et al., 2019). However, a small number of
studies have found disproportionate declines in day-active insect species instead (Franzén and
Johannesson, 2007).

One complicating factor is the fact that temporal niche partitioning between diurnal and
nocturnal species has become less extreme in response to human activity (Ditchkoff et al., 2006;
Gaynor et al., 2018; Levy et al., 2019). At the same time, deforestation and habitat fragmentation
have reduced the availability of dark refuges for all species (reviewed in Seymoure, 2018). If ALAN
is contributing to a worldwide decline of entomofauna, insects that occupy open habitats should
be more threatened than those that occupy closed habitats, and terrestrial and aquatic species
more so than fossorial species—as indeed they are (Coulthard et al., 2019; Fox et al., 2014; Franzén
and Johannesson, 2007; Guerra Alonso et al., 2019; Paukkunen et al., 2018; Potocký et al., 2018;
Sánchez-Bayo and Wyckhuys, 2019; van Strien et al., 2019), although few have viewed these trends
with light in mind.

We argue here that ALAN impacts the vital biological functions of nocturnal and diurnal insects
alike in ways both related and unrelated to flight-to-light behavior (Fig. 1). ALAN can cause
immediate behavioral change, or more complex behavioral expression of physiological changes
induced by external timekeeping signals (i.e.Zeitgebers); both changes may be triggered by certain
wavelengths of light only. ALAN can also interact with other anthropogenic disturbances such as
climate change or noise pollution in complex ways (McMahon et al., 2017; Miller et al., 2017;
Walker et al., 2019). For example, pollinator insects pushed from agricultural fields to road verges
by pesticides will be more exposed to streetlights and vehicle headlights (Phillips et al., 2019).
Impacts on single species will have downstream effects on other members of the food web, the
outcome of which can be extremely difficult to predict (Sanders and Gaston, 2018). To keep this
review in scope, we focus here on the way in which ALAN impacts several vital fitness-related
behaviors of insects on the individual level. We also discuss some of the potential consequences
for insect populations, many of which are just now becoming apparent (Table 1)
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Fig. 1. Both local sources of artificial light (left) and diffuse skyglow (right) can impact the
physiology, behavior, and fitness of insects. Positively phototactic insects, including macromoths
and beetles, exhibit a “fatal attraction” to ALAN (A), while negatively phototactic insects such as
weta avoid it (B). ALAN also amplifies polarized light pollution, causing mayflies and other
aquatic insects to oviposit on non-aquatic flat surfaces (C). ALAN obscures natural nocturnal light
sources (D), including the astronomical cues used by dung beetles to navigate and the
bioluminescent signals produced by fireflies and other insects, with consequences for foraging
and reproductive success in these species. In the short term, ALAN can alter circadian patterns of
activity and rest (E), causing diurnal pollinators and insectivores to extend their foraging bouts
into the evening, while fully nocturnal insects delay their nightly emergence. Over the long term,
these repeated perturbations have been shown to alter the development and phenology of crickets
and aphids (F). The resulting phenological mismatches between host plants, predators, and prey
will have cascading effects on pollination success, host-parasite interactions, and eventually
entire food webs (G). Textures modified from Creative Commons Attribution 2.0 Generic licensed
images (Wikimedia Commons, Flickr; Milky Way: John Fowler; túngara frog: Geoff Gallice;
Townsend's big-eared bat: National Parks Service).

Table 1. Examples of the effects of ALAN on vital fitness-related behaviors in diverse insect taxa.
RESPONSE to ALAN adapted from Owens and Lewis (2018): positive and negative phototaxis
refer to impulsive movement towards or away from a light source; spatial disorientation connotes
an impaired ability to navigate due to altered environmental cues; temporal disorientation arises
from the disruption of circadian rhythms; altered recognition refers to the impact of additional
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and/or spectrally unnatural illumination on the perception of visual cues; indirect effects are the
bottom-up or top-down effects of ALAN on food plants, prey, hosts, or natural enemies. Citations
followed by an asterik have directly shown the described impact of ALAN on insect fitness; while
other citations show a clear potential for the described impact, ALAN was not a focus of these
studies.

temporal

disorientation

juvenile insects exposed to ALAN experience

accelerated, slowed, or impaired growth

field

crickets

Durrant et al.,

2018*

movement

insects caught in the orbit of artificial lights are

trapped, unable to advance or retreat

macromoths Somers-Yeates

et al., 2013*

insects that avoid moving through or around lit

areas are unable to effectively disperse

aquatic

insects

Perkin et al.,

2014a,b*

ALAN obscures orientational cues such as the

moon or stars, and thus impedes navigation

sand

hoppers

Ugolini et al.,

2005

ambient illumination inhibits nocturnal

activity, including locomotion, in night-active

insects

leafhoppers Shi et al., 2017*

foraging

insects trapped around or under artificial lights

do not engage in normal foraging behavior

insect

pollinators

Knop et al.,

2017*

insects that avoid lit areas are unable to

capitalize on the foraging opportunites within

tree and

cave weta

Farnworth et

al., 2018*

insects that shift to new temporal niches are

physiologically unprepared to forage therein

dung beetles Caveney et al.,

1995

unnatural spectra obscure the visual signals

insects use to identify food sources or hosts

parasitoid

wasps

Cochard et al.,

2017*

the impact of ALAN on plant growth decreases

food availability for herbivorous insects

pea aphids Bennie et al.,

2018a*

reproduction disproportionate attraction to ALAN skews the

effective sex ratio in insect populations

winter

moths

van Geffen et

al., 2015b*

physiological effects of ALAN lead to sterility or

decreased fecundity of adult reproductives

fruit flies McLay et al.,

2017*

BEHAVIOR RESPONSE

to ALAN

FITNESS COST EXAMPLE

TAXON

citation(s)

development

positive

phototaxis

negative

phototaxis

spatial

disorientation

temporal

disorientation

positive

phototaxis

negative

phototaxis

temporal

disorientation

altered

recognition

indirect

effects

sex-biased

phototaxis

temporal

disorientation
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ALAN obscures or masks the visual signals that

insects use to find and court potential mates

firefly

beetles

reviewed in

Owens and

Lewis, 2018*

predation

insects trapped around or under artificial lights

are vulnerable to exploitation by predators

giant water

bugs

Yoon et al.,

2010*

unnatural spectra obscure aposematic

coloration and/or camouflage in prey insects

Heliconius

butterflies

Seymoure,

2016*

increased illumination allows visually guided

insectivores to hunt more effectively

lady beetle

prey

Miller et al.,

2017*

2. Movement
Large-scale seasonal migration and small-scale daily movements in pursuit of food or habitat
both play a crucial role in maintaining the fitness of insect species (Hammock and Wetzel, 2013;
Rankin, 1985), and are necessary to the recovery of at-risk metapopulations (Schultz et al., 2019).
The attractive and repulsive effects of discrete sources of artificial light are well known to prevent
natural patterns of movement (Allema et al., 2012) and alter the distribution of insects in a
landscape away from the evolved baseline (Degen et al., 2016; Macgregor et al., 2017; Manfrin et
al., 2017; Manríquez et al., 2019; Šustek, 1999; but see Grenis et al., 2015; White, 2018). The fitness
repercussions of “fatal attraction” are described above, and not covered in any more detail here.
Lines of closely spaced streetlights, as are found along most major roads, can also act as a barrier
to the movement of positively and negatively phototactic species alike (Degen et al., 2016;
Eisenbeis, 2006), effectively fragmenting major swaths of otherwise suitable habitat. For example,
the drift rates of negatively phototactic immature aquatic insects are significantly lower in the
presence of riverside lighting (Henn et al., 2014; Perkin et al., 2014a), and their adult forms
prevented from moving between streams or colonizing new streams (Perkin et al., 2014b).

Nocturnal light signals serve an important role in the orientation of many insect species
(reviewed in Foster et al., 2018; Owens and Lewis, 2018). For example, Scarabaeus satyrus dung
beetles use the stars and dim patterns of polarized starlight to efficiently navigate away from
dung piles (Dacke et al., 2013), while Talitrus saltator sand hoppers maintain a route parallel to the
shoreline on their nightly excursions by moving with respect to the moon (Ugolini et al., 2005).
These signals can be partially or fully obscured in light polluted habitats (Davies et al., 2013b;
Kyba et al., 2011a; 2011b); lunar signals also face competition from overhead sources of artificial
light (e.g. streetlights; Sotthibandhu and Baker, 1979). Upwelling light (e.g. path lighting) can
further disorient flying insects such as wasps and dragonflies that maintain a horizontal position

BEHAVIOR RESPONSE

to ALAN
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altered

recognition

positive
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altered

recognition

indirect
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in the air by keeping the more illuminated half of their visual field always overhead (Berry et al.,
2011; Goodman, 1965). In fact, both upwelling and downwelling artificial lights are intentionally
used in agriculture to suppress the movement and abundance of pest insects (Loughlin, 2014;
Miller et al., 2015; Shi et al., 2017; Shimoda and Honda, 2013), yet we wonder why more desirable
species have stopped visiting our increasingly illuminated backyards.

3. Foraging
Artificial light at night can interfere with efficient acquisition of food, vital to the developmental
and reproductive success of insects (Wenninger and Landolt, 2011), in several ways. Diurnal and
crepuscular insects that move their foraging activity into the “night light niche” (Garber, 1978)
must endure cold stress (Caveney et al., 1995; Urbanski et al., 2012), while nocturnal insects that
continue to forage alongside may experience reduced rates of growth due to increased
competition and/or what is effectively a reduction in their spatial niche (Duarte et al., 2019).
Insects avoid profitable foraging patches under illumination due to perceived (Skutelsky, 1996) or
actual increases in their risk of predation by invertebrate (Heiling, 1999; Miller et al., 2017), avian
(Dwyer et al., 2013, and mammalian insectivores (Rydell, 2006). For example, the reduced presence
of tree (Hemideina thoracica) and cave (Rhaphidophoridae sp.) weta at artificially illuminated sites
is thought to be in avoidance of geckos and other nocturnal predators (Farnworth et al., 2018).

Nocturnal insects that postpone foraging until their habitat is sufficiently dark (Dreisig, 1980) are
likely to be negatively affected by a reduction in temporal niche (Tierney et al., 2017). For
example, in laboratory environments exposure to dim ALAN is linked to less frequent feeding in
several moth species (van Langevelde et al., 2017). Orchestoidea tuberculata sand hoppers consume
less food under ALAN, and grow less (Luarte et al., 2016). Tasmanian cave glow-worms
(Arachnocampa tasmaniensis) extinguish their bioluminescent lures when exposed to artificial light
(Merritt and Clarke, 2013), and could therefore starve under constant cave lighting. In the field,
pollinators that delay their nightly forage due to the day lengthening effects of skyglow are likely
to become desynchronized from their food plants, especially in cases where flower opening is
cued by temperature instead of light (Seymoure, 2018; Somanathan et al., 2008; van Doorn and
Van Meeteren, 2003). Differences in the environmental cues used to guide development of insects
and their food plants result in increasingly exaggerated desynchronization over the course of the
growing season (Forrest and Thomson, 2011; Laube et al., 2014) and decrease pollinator
effectiveness (Rafferty and Ives, 2012).

Artificial light at night might also cause unexpected trophic cascades through its effects on plants
(Bennie et al., 2016; Schroer et al., 2019) or insect natural enemies (see Predation). For example,
ALAN stunts the growth of larval cutworms (Apamea sordens) by increasing the cuticle toughness
of their smooth brome host plants (Grenis and Murphy, 2018). By decreasing the flower
abundance of pea plants (Bennie et al., 2018a, 2016), ALAN has also been shown to impact pea
aphids (Acyrthosiphon pisum) (Bennie et al., 2018b) as well as the parasitoid wasps (Aphidius
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megourae; Lysiphlebus fabarum and Aphidius ervi) that prey upon them (Sanders et al., 2018, 2015).
When food is available, and foraging insects present and active, ALAN can still impact foraging
success. Unnatural spectra may obscure the particular visual cues that tobacco hornworm moths
(Manduca sexta) and other insects use to identify flowers, plants, or prey (Cutler et al., 1995; Davies
et al., 2013a; Streinzer et al., 2019). For example, monochromatic red illumination has been found
to decrease the rate at which parasitoid wasps encounter their pea aphid hosts (Cochard et al.,
2017; 2019a, 2019b). Finally, ALAN can incapacitate positively phototactic insects such as giant
water bugs (Lethocerus deyrolli;Choi et al., 2009; Yoon et al., 2010) and macromoths (Somers-Yeates
et al., 2013) that might otherwise spend the evening engaged in foraging activities, including
nocturnal pollination (Knop et al., 2017; Macgregor et al., 2015).

4. Reproduction
ALAN can delay or eliminate the window of time during which night-active insects engage in
courtship and mating (Dreisig, 1975; Lall, 1993; Li et al., 2019). The corn earworm moth
(Helicoverpa zea) never mates when ambient light levels are above that produced by a quarter moon
(Agee, 1969), and other strictly nocturnal insects are likely similarly sensitive, but understudied.
The insects that manage to maintain a nightly routine within light polluted habitats may still
have difficulty locating suitable mates. Firefly beetles are one unique example: the courtship of
most fireflies requires the exchange of bioluminescent signals, which are obscured or inhibited
by artificial illumination (Firebaugh and Haynes, 2016; Owens et al., 2018) to the point that
receptive Lampyris noctiluca females perched underneath streetlights are never visited by male
conspecifics (Ineichen and Rüttimann, 2012). In certain cases, these females must compete with
the streetlights to attract males (Bek, 2015). Other insects may see but be unable to recognize
conspecifics: male crepuscular horned beetles (Coprophanaeus lancifer) have a coloration that
reflects the purplish light of dusk, and will be less apparent to females when lit by artificial light
of a different spectral composition (Davies et al., 2013a; Kelley et al., 2019; Théry et al., 2008).

ALAN can also impact the reproductive success of insects directly through its various effects on
development and physiology (Honnen et al., 2016). Exposure to constant light is known to
sterilize males (Bebas et al., 2001; Giebultowicz et al., 1990), suppress female sex pheromones
(Fatzinger, 1973; van Geffen et al., 2015a), and interfere with oviposition in moths (Nemfc, 1971;
Yamaoka and Hirao, 1981) – likely a result of its disruption of the circadian timing of
reproductive development or behavior. Similarly, exposure to dim ALAN decreases the fecundity
of Drosophila melanogaster (McLay et al., 2017). Exposure to different ratios of blue or red light at
night significantly alters the sex ratio of parasitoid wasps (Cochard et al., 2019a, 2019b), and may
impact other insect species as well. The effective sex ratio of surviving reproductives can be
further altered by the differential impacts of ALAN on behavior: for example, male tree weta avoid
illuminated areas but female tree weta do not (Farnworth et al., 2018), and female winter moths
(Operophtera brumata) avoid illuminated tree trunks (van Geffen et al., 2015b). In general, female
moths tend to be less strongly attracted to artificial lights than males of the same species
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(Altermatt et al., 2009; Garris and Snyder, 2010; van Geffen et al., 2015b). Those that can be found
at light traps are often gravid (Frank, 1988) and may be compelled to oviposit in the immediate
area regardless of habitat suitability. Perhaps most dramatically, polarized light pollution
frequently misleads aquatic insects into ovipositing on non-aquatic, impermeable surfaces (Szaz
et al., 2015; Villalobos Jiménez and de, 2017), efficiently decimating subsequent generations.

5. Predation
Insects that become caught in the orbit of artificial lights can be readily exploited by insectivores.
This may be why predatory arthropods tend to be disproportionately represented in illuminated
habitats (Davies et al., 2017, 2012; Eccard et al., 2018; Manfrin et al., 2017), just as insectivorous
bats (Jung and Kalko, 2010; Minnaar et al., 2015; Russo et al., 2019; Rydell, 2006), rats (Yoon et al.,
2010), shorebirds (Dwyer et al., 2013), geckos (Zozaya et al., 2015) and cane toads (González-Bernal
et al., 2016) are often found feeding around artificial lights. Orb‐web spiders prefer to build their
webs near artificial lights, where they net more prey (Czaczkes et al., 2018; Heiling, 1999; Yuen
and Bonebrake, 2017). Diurnal predators such as jumping spiders (Frank, 2009; Wolff, 1982) and
anoles (Garber, 1978) have also been described hunting for insects at lights at night (Manfrin et
al., 2018), while birds are known to feed on aquatic insects trapped by polarized light pollution
(Robertson et al., 2010). In general, prey insects do not appear able to defend against the increased
predation pressure. To the contrary, a wide variety of moth species willingly approach streetlights
monitored by foraging bats (Acharya and Fenton, 1999), where they are less able to execute their
normal evasive flight behavior (Minnaar et al., 2015; Svensson and Rydell, 1998).

Predators do not only benefit from the dense aggregation of insect prey under artificial lights, but
also the increased visibility, which is thought to benefit visually oriented vertebrate insectivores
including some birds (Dwyer et al., 2013; Santos et al., 2010) and fish (Meyer and Sullivan, 2013).
Other invertebrate predators may also benefit: pea aphids are more frequently predated by
visually oriented lady beetles (Coccinella septempunctata) under ALAN, but not by lady beetles that
use non-visual cues to hunt (Miller et al., 2017). When light levels are too bright, however, some
predatory and parasitoid insects themselves succumb to its suppressive effects on foraging
behavior (Eccard et al., 2018; Sanders et al., 2018, 2015). Finally, alterations to the intensity and
spectra of the nocturnal light environment can interfere with visual signals, which play an
important role the predator-prey arms race. The aposematic glows of larval fireflies (Branham
and Wenzel, 2003; Leavell et al., 2018) and the aposematic coloration of Heliconius butterflies
(Seymoure, 2016) are likely to become less apparent under ALAN, as these and other warning
signals have evolved to maximize visibility within particular natural light environments.
Camouflage has also evolved within environments illuminated solely by natural sources (Davies
et al., 2013a; Delhey and Peters, 2017), and could become ineffectual when viewed under ALAN. In
some cases, intelligent predators given the opportunity to observe insects perched beneath
artificial lights may become better at recognizing them in natural light environments (Frank,
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2006). Whenever evolutionary traps increase predation risk in this way, they are likely to cause the
rapid extinction of affected species (Kokko and Sutherland, 2001; Robertson et al., 2018).

6. Development
Artificial light at night can interfere with the development of immature insects by directly
inhibiting or promoting nocturnal or diurnal foraging activity (see Foraging), or by interfering
with the production of a suite of endocrine hormones (Ouyang et al., 2018; Russart and Nelson,
2018a) and the processes that they regulate, including circadian rhythms (Aulsebrook et al., 2018;
Dominoni et al., 2016) and metabolic function (Gaston et al., 2017; Marcheva et al., 2013). One
insect hormone particularly affected by environmental light – especially short wavelength light
(Aubé et al., 2013; Lampel et al., 2005) – is melatonin. Melatonin is an active antioxidant (Durrant
et al., 2019; Jones et al., 2015; Tan et al., 2010) and key biological signal (Hardeland and Poeggeler,
2003), which is primarily produced in darkness and suppressed by blue light. Its daily oscillation
helps to regulate circadian rhythms of activity as well as circannual photoperiodism (Desouhant
et al., 2019; Evans et al., 2007; Tan et al., 2010).

Previous research into the circadian rhythms of insects has used regimens of constant darkness
or light to elucidate the fitness costs of total arrhythmicity (Winfree, 1974), which include
impaired immune function, reduced fecundity, and a shorter lifespan (Durrant et al., 2015;
Kouser and Palaksha Shakunthala, 2014). Other subtler fitness costs may arise from the
mistiming of crucial life history events. For example, many insect species synchronize certain
developmental activities with particular times of day: for example, Drosophila jambulina fruit flies
eclose before dawn when ambient temperature and humidity are optimal (Thakurdas et al., 2009),
while intertidal midges (Pontomyia oceana and Clunio spp.) eclose during periods of low tide
(Neumann, 1989; Soong et al., 2011); improper timing could cause fruit flies to desiccate and
intertidal midges to drown.

Artificially lengthened photoperiods delay the development of insects that overwinter as
juveniles, including locusts (Locusta migratoria; Tanaka et al., 1993) and thrips (Megalurothrips
sjostedti; Ekesi et al., 1999), while accelerating the development of multivoltine lady beetles
(Coelophora saucia; Omkar and Pathak, 2006), aphids (Megoura viciae; Kehoe et al., 2018) and flower
bugs (Orius sauteri; Wang et al., 2013). By effectively lengthening photoperiod, and potentially
suppressing melatonin production, ALAN prolongs juvenile development in black field crickets
(Teleogryllus commodus; Durrant et al., 2018), but accelerates development in orb-web spiders
(Eriophora biapicata; Willmott et al., 2018). Short-wavelength light speeds up the pupal
development of cabbage moths (Mamestra brassicae; van Geffen et al., 2014), while red light has no
effect. ALAN also causes aphids that exhibit seasonal polyphenism to maintain their summer
form well into autumn (Sanders et al., 2015), and horse-chestnut leafminers (Cameraria ohridella)
to undergo more generations per season (Schroer et al. 2019); both of these changes likely lead to
cold stress. Whether ALAN slows or speeds development in a certain species is ultimately
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immaterial: whenever insects are desynchronized from their external climate, conspecifics, host
plants, food sources, etc., the survival, reproduction and general fitness consequences are
catastrophic (Boggs and Inouye, 2012; Bosch et al., 2010; Buckley et al., 2017; Conrad et al., 2003;
Konvička et al., 2016; Kudo and Ida, 2013; Miller-Rushing et al., 2010; Schenk et al., 2018).

7. Recommendations
We still have yet to fully understand how diverse insect taxa respond to artificial light of varying
spectral composition, intensity, polarization, and flicker. To make matters more complicated, old
fashioned bulb types often release large amounts of heat (Elvidge et al., 2010), while some modern
LED fixtures emit ultrasonic frequencies that could have compounding effects on insect fitness
(John Swaddle, pers. comm.). A combination of insect electroretinography and thoughtfully
controlled behavioral studies (Cronin et al., 2014) may reveal ways of reducing the ecological
consequences of ALAN on insects while still maintaining sufficient levels of nighttime
illumination for human safety and enjoyment. In general, efforts to mitigate ALAN driven
declines in insect diversity and biomass should take a spectral, spatial, and temporal approach
(Bruce-White and Shardlow, 2011).

Monochromatic LEDs can be engineered to produce light of any desired spectral composition
(Pimputkar et al., 2009). Therefore, once we know the specific wavelength affinities of insects, we
can in theory design lights with minimal output in the wavelengths that most affect insect fitness.
Many insects are capable of perceiving ultraviolet wavelengths, but are fairly insensitive to red,
deep red, and infrared (Briscoe and Chittka, 2001; Lind et al., 2017). Long wavelength light (amber
or red) tends to induce relatively low levels of flight-to-light behavior across insect groups
(Donners et al., 2018; Longcore et al., 2018; Seymoure et al., 2019; Spoelstra et al., 2015), and has
the least suppressive effect on melatonin production (Dauchy et al., 2016; Do et al., 2009; Russart
and Nelson, 2018b), which may reduce impacts on insect physiology and development
(Desouhant et al., 2019; Do et al., 2009; Jones et al., 2015; Russart and Nelson, 2018b; Saunders,
2012). However, the spectral needs of certain insect (Bek, 2015; Pacheco et al., 2016; Spoelstra et
al., 2015; van Langevelde et al., 2017) and non-insect taxa such as plants, fish, and birds (Bennie et
al., 2016; Dominoni, 2015; Seymoure et al., 2019) do not always align. Furthermore, many
monochromatic LED fixtures on the market today are so bright, with such a broad full width at
half maximum (FWHM, a measure of the proportion of photons emitted on either side of the
peak wavelength), that their color as stated is not particularly relevant.

In many cases, it is far easier, quicker, and cheaper to shield, dim, or turn off a light source than it
is to find the particular bulb type or narrow bandpass filter that makes its emissions visible to
humans alone. Spatial mitigation of ALAN must involve the installation of proper shielding, but
shielding alone is insufficient: it may block glare at human eye level and reduce atmospheric
skyglow, but it will not prevent downwelling light from affecting insects in the immediate
habitat; stationary insects, including pond-dwelling aquatic species and most female fireflies,
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may be completely incapacitated by a perfectly shielded streetlight. Rather than focusing overly
much on shielding, insect conservation efforts should instead be directed towards the following
methods of spatial mitigation: limiting illumination to desired areas such as sidewalks or roads;
dimming light sources to the lowest acceptable intensity; and—perhaps most importantly—
reducing the number of fixtures installed in and around ecologically vulnerable areas. In
ecotourist hotspots, path lights might be shielded from the top and the bottom to minimize their
impact on nearby biodiversity. Increased understanding of how insects are affected by “invisible”
qualities of light including polarization (Egri et al., 2017; Száz et al., 2016) and flicker rate (Barroso
et al., 2017; Inger et al., 2014; Shields, 1989) can further inform the design of low-impact fixtures
as well as their surrounding surfaces. Finally, temporal approaches comprising motion activation
and/or automatic timers that extinguish lights when they are not needed, or when vulnerable
species are likely to be most affected (e.g. during the two month long courtship season of the
common glow-worm; (Gardiner, 2011), can greatly improve insect survivorship.

8. Conclusion
Some estimates predict that one million species, including up to 40% of insects, will go extinct
within the next several decades (IPBES, 2019; Sánchez-Bayo and Wyckhuys, 2019). It is urgent
therefore that we seek to identify the range of threats that insects face, and understand how to
best address them. In light of the evidence presented above, we strongly believe that ALAN—in
combination with habitat loss, chemical pollution, invasive species, and climate change—is
driving insect declines. The relative lack of research into its ecological impact is likely a reflection
of diurnal bias (Gaston, 2019), and not due to an inherent lack of importance. Quite the contrary:
light is the source of all life on this planet, a fundamental part of the perceptive ability of most
animal taxa, and an environmental cue of time of day and year that has been constant throughout
all of evolutionary history. Anthropogenic changes to the natural light environment should be
predicted to affect all life that has evolved within it—that is to say, almost all life on Earth.

In this paper we have summarized numerous studies demonstrating the ways in which ALAN
impacts nocturnal and diurnal insects through effects on movement, foraging, reproduction,
predation risk, and development. We would like to emphasize that ALAN is not merely a
subcategory of urbanization: the ecological consequences of light pollution are not limited to
urban and suburban centers, but widespread along roadways and around protected areas.
Although there is obviously no single cause of insect declines, each threat identified is an
opportunity for better informed management practices. Furthermore, unlike other potential
drivers of insect declines, ALAN is relatively straightforward to reverse, and doing so could greatly
reduce insect losses immediately. Our aim in sharing our perspective is thus to urge policy
makers and land managers to incorporate the known consequences of ALAN into their insect
conservation agendas. Meanwhile, more research is needed to further document the role of ALAN
in insect declines, as well as to engineer more insect friendly lighting technology.
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Light pollution ruins teen sleep and may contribute to mental
disorders, study says

 Updated 12:17 PM ET, Wed July 8, 2020
By Sandee LaMotte, CNN

(CNN) — Hey sleepyheads -- have you been turning o� or covering up all your smartphone and computer lights in
your bedroom at night?

Blocking indoor light to keep your body in sleep mode is one of the first things any sleep expert will tell you to do
for better sleep. Now, you may want to use light-blocking curtains at your bedroom windows as well -- especially
for any children in your home.

A new study, published Wednesday in the journal JAMA Psychiatry, finds adolescents who live in areas with high
levels of outdoor artificial light at night get less sleep and are more likely to have a mood disorder than teens who
live with low levels of outdoor light.

Research has long studied the association between indoor
artificial light and mental health, but few studies have looked
at the impact of outdoor artificial light, especially in teens,
making this the first study of its kind, the authors said, with
"potentially long-term implications for mental and physical
health."

"Although environmental light exposure is only one factor in a
more complex network of influences on sleep and behavior, it
is likely to be an important target for prevention and
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interventions in adolescent health," said co-author Kathleen
Merikangas, a senior investigator and chief of the Genetic
Epidemiology Research Branch at the National Institute of
Mental Health, in a statement.

Poor sleep in teens
When our internal 24-hour body clock, called our circadian
rhythm, is disrupted by a change in sleep patterns or a sleep
disorder, it impacts both our physical and mental health.
Science has linked poor slumber with high blood pressure, a
weakened immune system, weight gain, a lack of libido and a
higher risk of diabetes, stroke, cardiovascular disease,
dementia and some cancers.

Disruptions to sleep and circadian rhythms are also linked to
certain mental disorders, including bipolar disorder, mood
swings, paranoia and anxiety.

Secretion of the sleep hormone melatonin begins at dark.
Research has found that the body will slow or stop melatonin
production if exposed to light.

Although preteens and teens need more than nine hours of
sleep a night, they are the least likely to get enough rest,
partly due to today's technology lures of social media and
smartphones and late-to-bed habits.

More than 90% of high school students in the United States
are chronically sleep-deprived, with 20% getting fewer than
five hours a night, according to a Sleep in America poll.

According to a study from the US Centers for Disease Control
and Prevention, sleep deprivation sets teens up to engage in more risky behavior, such as drinking, texting while
driving or not wearing a seat belt or helmet, compared with those who get at least nine hours a night.

Previous studies on teen sleep found that fewer than eight
hours a night was also associated with obesity, migraines,
sexual activity, substance abuse, lack of exercise, feelings of
depression and thoughts of suicide.

More than 10,000 teens studied
The new study collected data on mental health issues and
sleep patterns from more than 10,000 teens participating in
the National Comorbidity Survey Adolescent Supplement, the
first government study designed to capture a nationally
representative estimate of the types and prevalence of mental
disorders in American teens.

The study analyzed data on adolescents between the ages 13
and 18 that was recorded between 2001 and 2004. Teens
filled out sleep and mental health questionnaires, and the
results were cross-referenced with average artificial light
levels for their homes collected via satellite images.
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Not only did teens in cities with higher levels of artificial
outdoor light go to bed later and sleep less, they also were
more likely to have a mood or anxiety disorder. Specifically,
teens exposed to higher light levels were more likely to be
diagnosed with bipolar disorder or a specific phobia, the
study found.

There was a racial and social-economic disparity as well, the study found. Levels of nighttime artificial light varied
according to factors such as population density and socioeconomic status -- teens from immigrant or racial or
ethnic minority groups who lived in lower income families were more likely to live in areas with high levels of
outdoor light at night.

"These findings illustrate the importance of joint consideration
of both broader environmental-level and individual-level
exposures in mental health and sleep research," said study
author Diana Paksarian, a postdoctoral research fellow at the
National Institute of Mental Health, in a statement.
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Association of Outdoor Artificial Light at Night With Mental Disorders
and Sleep Patterns Among US Adolescents
Diana Paksarian, PhD; Kara E. Rudolph, PhD; Emma K. Stapp, PhD; Gideon P. Dunster, PhD; Jianping He, MS;
Daniel Mennitt, PhD; Samer Hattar, PhD; Joan A. Casey, PhD; Peter James, ScD; Kathleen R. Merikangas, PhD

IMPORTANCE Indoor nighttime light exposure influences sleep and circadian rhythms and is
known to affect mood-associated brain circuits in animals. However, little is known about the
association between levels of nighttime outdoor light and sleep and mental health in the
population, especially among adolescents.

OBJECTIVE To estimate associations of outdoor artificial light at night (ALAN) with sleep
patterns and past-year mental disorder among US adolescents.

DESIGN, SETTING, AND PARTICIPANTS This population-based, cross-sectional study of US
adolescents used the National Comorbidity Survey–Adolescent Supplement, a nationally
representative cross-sectional survey conducted from February 2001 through January 2004.
A probability sample of adolescents aged 13 to 18 years was included. Analyses were
conducted between February 2019 and April 2020.

EXPOSURES Levels of outdoor ALAN, measured by satellite, with means calculated within
census block groups. ALAN values were transformed into units of radiance (nW/cm2/sr).

MAIN OUTCOMES AND MEASURES Self-reported habitual sleep patterns (weeknight bedtime,
weeknight sleep duration, weekend bedtime delay, and weekend oversleep) and past-year
mood, anxiety, behavior, and substance use disorders, measured via an in-person structured
diagnostic interview. Parent-reported information was included in behavior disorder
diagnoses.

RESULTS Among 10 123 adolescents (4953 boys [51.3%]; mean [SE] age, 15.2 [0.06] years
[weighted]; 6483 for behavior disorder outcomes), ALAN was positively associated with
indicators of social disadvantage, such as racial/ethnic minority status (median [IQR] ALAN:
white adolescents, 12.96 [30.51] nW/cm2/sr; Hispanic adolescents: 38.54 [47.84] nW/cm2/sr;
non-Hispanic black adolescents: 37.39 [51.88] nW/cm2/sr; adolescents of other
races/ethnicities: 30.94 [49.93] nW/cm2/sr; P < .001) and lower family income (median [IQR]
ALAN by family income-to-poverty ratio �1.5: 26.76 [52.48] nW/cm2/sr; >6: 21.46 [34.38]
nW/cm2/sr; P = .005). After adjustment for several sociodemographic characteristics, as well
as area-level population density and socioeconomic status, this study found that higher ALAN
levels were associated with later weeknight bedtime, and those in the lowest quartile of
ALAN reported the longest weeknight sleep duration. Those in the highest quartile of ALAN
went to bed 29 (95% CI, 15-43) minutes later and reported 11 (95% CI, 19-2) fewer minutes of
sleep than those in the lowest quartile. ALAN was also positively associated with prevalence
of past-year mood and anxiety disorder: each median absolute deviation increase in ALAN
was associated with 1.07 (95% CI, 1.00-1.14) times the odds of mood disorder and 1.10 (95%
CI, 1.05-1.16) times the odds of anxiety disorder. Further analyses revealed associations with
bipolar disorder (odds ratio [OR], 1.19 [95% CI, 1.05-1.35]), specific phobias (OR, 1.18 [95% CI,
1.11-1.26]), and major depressive disorder or dysthymia (OR, 1.07 [95% CI, 1.00-1.15]). Among
adolescent girls, differences in weeknight bedtime by ALAN (third and fourth quartiles vs first
quartile) were greater with increasing years since menarche (F3, 8.15; P < .001).

CONCLUSIONS AND RELEVANCE In this study, area-level outdoor ALAN was associated with
less favorable sleep patterns and mood and anxiety disorder in adolescents. Future studies
should elucidate whether interventions to reduce exposure to ALAN may positively affect
mental and sleep health.

JAMA Psychiatry. doi:10.1001/jamapsychiatry.2020.1935
Published online July 8, 2020.
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D isturbances in daily rhythms of sleep and activity have
long been observed in individuals with mental disor-
ders, especially mood disorders.1 This association is

thought to be bidirectional, and not simply because of an ef-
fect of mental disorder on daily rhythms. For example, pro-
spective high-risk studies have identified sleep disturbances
as an early antecedent of bipolar disorder.2 A longitudinal com-
munity study of youths demonstrated prospective bidirec-
tional associations between sleep problems and anxiety dis-
order, with sleep problems associated with subsequent anxiety
disorder and vice versa.3 Furthermore, among people with bi-
polar disorder, disturbances to behavioral rhythms often pre-
cede mood episodes,4 and changes in activity levels were found
to drive changes in mood over time.5

Daily rhythms are primarily driven by the light-dark cycle,
which is the body’s major source of information about the time
of day.6 The secretion of melatonin begins at dark and is
strongly inhibited by exposure to light. Light is also the pri-
mary driver of the innate circadian rhythms of cellular and ge-
netic processes. Light information is transmitted through reti-
nal pathways to the suprachiasmatic nucleus, which acts as the
body’s central clock and helps to synchronize peripheral clocks
with the environment. It is thought that exposure to light at
night increases disease risk by contributing to dysregulation
and desynchronization of behavioral and biological daily
rhythms.7,8

In 2012, the American Medical Association issued a policy
statement9,10 citing concerns about the health outcomes of
nighttime lighting, including mood disorders. Multiple lines
of evidence support the idea that aberrant light exposure may
negatively affect mood. Studies using animal models have
shown that light affects depressionlike and anxietylike
behaviors and have begun to elucidate neural mechanisms for
these outcomes.11-13 In addition, human studies measuring
exposure to indoor artificial light at night (ALAN) have
documented associations with mental health.14-17 Moreover,
light therapy has long been used as a treatment for mood
disorder.18,19

In addition to individual-level indoor exposure, expo-
sure to outdoor ALAN at the contextual level may influence
mental health. Several community-based and population-
based studies have demonstrated associations between out-
door ALAN and sleep patterns.20-24 ALAN has also gained at-
tention as a risk factor for chronic diseases, particularly cancer
and obesity.20,25,26 To our knowledge, only 1 prior study27 has
focused on the association between outdoor ALAN and men-
tal health at the population level. This study, conducted among
a representative sample of South Korean adults, showed that
those living in districts with higher levels of outdoor ALAN were
more likely to report depressive symptoms and suicidal ide-
ation or attempt.27 In the current study, we leverage data from
a nationally representative sample of US adolescents to esti-
mate associations of outdoor ALAN with sleep patterns and
mental disorder, including broad disorder classes as well as in-
dividual disorders, in the past year. We focus on adolescents
because of evidence that mental disorders commonly emerge
during adolescence28 and evidence from animal studies that
indicates that early exposure to ALAN may have long-lasting

effects.29,30 As a secondary aim, we assessed whether asso-
ciations differed by sex and age (among adolescent boys) or
pubertal maturation (among adolescent girls).31,32

Methods
Sample
We used data from the National Comorbidity Survey–
Adolescent Supplement (NCS-A), a nationally representative
cross-sectional survey of adolescents residing in the contigu-
ous US that was conducted from February 2001 through Janu-
ary 2004.33 A complex sampling design with dual household
and school sampling frames was used. Adolescents in the
NCS-A were sampled from across the US, from the same coun-
ties as adults in the NCS–Replication, a nationally representa-
tive survey of US adults.34 A total of 10 123 adolescents aged
13 to 18 years participated, with an overall response rate of
75.6%. In-person interviews assessing mental disorders and
a range of individual, familial, and contextual characteristics
were administered in adolescents’ homes by trained lay
interviewers.35 In addition, parents or guardians were mailed
a parent self-administered questionnaire (PSAQ), data from
which are available for 6483 adolescents. The NCS-A’s proce-
dures were approved by the human subjects committees of
Harvard Medical School and the University of Michigan. Writ-
ten informed consent and assent were obtained from parents
and adolescents, respectively. This study was determined not
human subjects research by the National Institutes of Health
Office of Institutional Review Board Operations.

Measures
Mental Disorder
Mental disorders were assessed during in-person interviews
using a modified version of the World Health Organization
Composite International Diagnostic Interview version 3.0, a
fully structured, lay-administered instrument that generates
psychiatric diagnoses according to DSM-IV criteria.35-37 Here
we considered 4 broad classes of past-year mental disorder:
mood (major depressive disorder, dysthymia, and bipolar I and
II disorders), anxiety (agoraphobia without panic, specific pho-
bia, social phobia, generalized anxiety disorder, panic disor-
der, posttraumatic stress disorder, and separation anxiety dis-

Key Points
Question Are levels of outdoor artificial light at night associated
with adolescent sleep patterns and past-year mental disorder?

Findings In a cross-sectional, nationally representative survey of
US adolescents, higher levels of outdoor artificial light at night,
measured via satellite, were associated with later weeknight
bedtimes; those in the lowest quartile of nighttime light reported
the longest weeknight sleep durations. Adolescents in areas with
greater levels of nighttime light also had higher prevalence of
past-year mood and anxiety disorders.

Meaning Future studies of adolescent mental and sleep health
should consider contextual-level measures of light at night, in
addition to individual-level exposure.

Research Original Investigation Association of Outdoor Artificial Light at Night With Mental Disorders and Sleep Patterns Among US Adolescents
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order), substance use (alcohol and drug abuse and
dependence), and behavior (conduct disorder, oppositional de-
fiant disorder, and attention-deficit/hyperactivity disorder).
Mood, anxiety, and substance use disorder diagnoses were
based on adolescent interviews alone. To maximize validity,
diagnoses of conduct disorder and oppositional defiant dis-
order were based on both adolescent and parent reports, com-
bined using an or rule at the symptom level, while diagnoses
of attention-deficit/hyperactivity disorder were based on par-
ent reports alone.38,39

Sleep Patterns
During the interview, adolescents were asked what time they
usually go to bed on weeknights and weekends, and how many
hours of sleep they usually get on weeknights and weekends.
From this, we derived 4 sleep patterns: weeknight bedtime,
weeknight sleep duration, weekend bedtime delay (weekend
bedtime minus weeknight bedtime), and weekend oversleep
(weekend sleep duration minus weeknight sleep duration). The
first 2 measures captured mean sleep patterns, while the sec-
ond 2 captured day-to-day variability in sleep patterns. These
patterns have been studied previously in association with men-
tal health and contextual exposures in the NCS-A.40-42

Adolescent-reported sleep patterns contained anoma-
lous reports that were likely spurious (eg, a weekend sleep du-
ration of 24 hours). To mitigate the influence of spurious re-
ports, observations outside of 3 SDs were omitted prior to
calculating sleep patterns (weeknight bedtime: 223 individu-
als; weeknight sleep duration: 62 individuals; weekend bed-
time: 400 individuals; weekend sleep duration: 63 individu-
als). Total rates of missingness were 2.5% (n = 252) for
weeknight bedtime, 1.0% (n = 105) for weeknight sleep dura-
tion, 7.1% (n = 719) for weekend bedtime delay, and 2.3%
(n = 233) for weekend oversleep. The larger proportion of miss-
ingness for weekend bedtime delay was in part because of
omission of observations from 251 adolescents who reported
going to bed at noon on weekends. Sensitivity analyses that
(1) included all reports and (2) recoded bedtimes of noon as
midnight did not meaningfully change the results and are pre-
sented in the eTable 3 and eTable 4 in the Supplement.

Outdoor ALAN
Outdoor ALAN information was derived from satellite
imagery data maintained by the National Oceanic and Atmo-
spheric Administration’s Earth Observation Group.43 Data are
from the US Defense Meteorological Satellite Program’s Op-
erational Linescan System Nighttime Lights Time Series, which
provides annual composite estimates based on continuous
sampling of the Earth’s surface with daily global coverage.
These composites are based on observations that exclude
clouds, sunlight, moonlight, glare, and brief events, such as
fires.44 We used the Defense Meteorological Satellite Pro-
gram Global Radiance Calibrated Nighttime Lights high-
dynamic range data, which captures increased variability
within urban and suburban areas.45 Data were from the year
2000 and available at a resolution of approximately 1 km2.
Mean ALAN levels for each census block group in the US ac-
cording to the 2000 decennial census were calculated using

ArcGIS (ESRI). ALAN values were transformed into units of ra-
diance (nW/cm2/sr). This information was linked to partici-
pants in the NCS-A based on their census block group of resi-
dence. A census block group is a subdivision of a census tract,
contains between 600 and 3000 people, and is the smallest
geographical unit for which the US census collects sample data.

Covariates
Individual-level covariates included age, sex, race/ethnicity,
parental education, number of siblings, number of biological
parents, family income-to-poverty ratio, and immigrant gen-
eration. All covariates were categorized as in Table 1, except
for age, which was modeled continuously. Area-level covari-
ates included county-level urbanicity, region, population den-
sity, and socioeconomic status (SES). Population density
(people/km2) was from the 2000 US census at the block group
level. Census tract-level SES was measured using an index46

that has been used in large epidemiologic studies and applied
previously in the NCS-A.47 It is derived from 6 indicators
(median household income; percentage of households receiv-
ing interest, dividend, or rental income; median value of owner-
occupied housing units; percentage of adults 25 years and older
who completed high school; percentage of adults 25 years and
older who completed college; and percentage of the persons
16 years and older with employment who held executive,
managerial, or professional occupations; Table 1) that are stan-
dardized and summed to create a normally distributed sum-
mary score. Forty-eight adolescents (0.5%) lived in census
tracts with missing SES indicators. Age at menarche was as-
sessed among adolescent girls by self-report and subtracted
from current age to derive years since menarche as a measure
of pubertal maturation.

Statistical Analysis
First, we estimated the median and interquartile range (IQR)
of ALAN by sociodemographic characteristics. Second, we es-
timated associations between ALAN and sleep patterns using
linear regression. ALAN was modeled in quartiles to allow for
nonlinearity. Third, we used binary and multinomial logistic
regression to estimate odds ratios (ORs) and 95% CIs for the
associations between ALAN and past-year mental disorder
classes. ALAN was modeled as continuous in these models, as
exploratory analyses revealed that apparent nonlinearity was
attributable to the most extreme values of ALAN. ALAN was
standardized using the median absolute deviation from the
median.48 Fourth, where associations with disorder classes
were observed, we performed post hoc analyses to identify as-
sociations with individual disorders. Multinomial logistic re-
gression was used to compare each disorder of interest with a
consistent reference group while accounting for associations
with other disorders. Three levels of model adjustment were
used: age and sex only (model 1), additional adjustment for all
sociodemographic covariates (model 2), and additional ad-
justment for continuous area-level SES and quadratic popu-
lation density (model 3). Fifth, for outcomes of sleep patterns
and mental disorder classes, we performed post hoc analyses
testing for interactions of ALAN with sex and age (among ado-
lescent boys) or years since menarche (among adolescent girls),
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by adding multiplicative interaction terms to model 3. Fi-
nally, we performed a sensitivity analysis controlling for sea-
son of interview. Analyses accounted for the complex sam-
pling design and survey weights.49 Variances were estimated
using Taylor series linearization. Because of the relatively low
rates of missingness, missing data were handled via model-
wise deletion. Analyses were conducted using SAS version 9.4
(SAS Institute) from February 2019 to April 2020.

Results
A total of 10 123 adolescents aged 13 to 18 years participated (4953
boys [51.3%]; 5634 non-Hispanic white individuals [65.6%];
mean [SE] age, 15.2 [0.06] years [weighted]), with data from the
parent self-administered questionnaire available for 6483 ado-
lescents. Median values of ALAN, by individual and area-level
characteristics, are presented in Table 1. Levels of ALAN dif-
fered according to every covariate except age and sex. ALAN lev-
els were lowest for non-Hispanic white adolescents (median

Table 1. Median and Interquartile Range of Outdoor Artificial Light
at Night, by Participant, Family, and Area-Level Characteristicsa

Characteristic No. (%)

Light at night,
nW/cm2/sr, median
(IQR) P value

Age, y

13 1652 (15.2) 18.10 (42.55)

.14

14 2218 (21.0) 24.08 (43.07)

15 1887 (20.5) 18.68 (36.70)

16 2010 (21.0) 19.62 (37.67)

17 1758 (16.8) 24.13 (41.08)

18 598 (5.4) 29.15 (42.09)

Sex

Female 5170 (48.8) 21.84 (40.40)
.49

Male 4953 (51.3) 20.80 (40.27)

Race/ethnicity

Hispanic 1914 (14.4) 38.54 (47.84)

<.001
Non-Hispanic black 1953 (15.1) 37.39 (51.88)

Other
race/ethnicity

622 (5.0) 30.94 (49.93)

Non-Hispanic white 5634 (65.6) 12.96 (30.51)

Urbanicity

Metropolitan 4508 (47.5) 37.35 (47.80)

<.001Other urban 3304 (37.6) 13.95 (27.82)

Nonurban 2311 (14.9) 2.12 (3.74)

Region

Northeast 1868 (18.1) 33.34 (75.18)

<.001
Midwest 2776 (23.3) 23.57 (37.56)

South 3434 (36.0) 10.79 (28.91)

West 2045 (22.6) 28.96 (46.78)

Parental education

Less than high
school

1684 (15.5) 29.97 (55.71)

<.001
High school
graduation

3081 (29.7) 16.32 (44.11)

Some college 1998 (19.4) 21.87 (41.02)

College graduation 3360 (35.3) 19.84 (31.20)

Family
income-to-poverty
ratio

≤1.5 1717 (14.7) 26.76 (52.48)

.005
>1.50 to ≤3 2023 (19.1) 23.23 (44.98)

>3.0 to ≤6 3101 (31.9) 17.96 (38.69)

>6 3282 (34.3) 21.46 (34.38)

No. of biological
parents

0 971 (9.3) 22.07 (40.89)

<.0011 3797 (35.7) 25.61 (46.35)

2 5355 (55.0) 18.48 (36.60)

No. of siblings

1 483 (5.5) 21.51 (42.36)

<.001
2 2569 (28.4) 18.67 (37.59)

3 2633 (26.5) 20.13 (38.25)

≥4 4438 (39.6) 24.06 (44.46)

(continued)

Table 1. Median and Interquartile Range of Outdoor Artificial Light
at Night, by Participant, Family, and Area-Level Characteristicsa

(continued)

Characteristic No. (%)

Light at night,
nW/cm2/sr, median
(IQR) P value

Nativity

Not born in US 591 (6.5) 40.49 (45.00)

<.001

1 or 2 Parents not
born in US

1533 (13.4) 33.30 (51.16)

1 to 4 Grandparents
not born in US

1298 (13.3) 27.01 (43.89)

Other 6701 (66.8) 14.58 (34.09)

Area-level SES score
quintile

First (lowest) 2015 (16.5) 41.74 (57.24)

<.001

Second 2025 (20.1) 13.86 (43.69)

Third 2006 (19.4) 7.96 (35.57)

Fourth 2022 (20.5) 18.45 (31.71)

Fifth (highest) 2007 (23.5) 24.07 (27.12)

Area-level population
density quintile

First (lowest) 2026 (19.0) 1.78 (1.33)

<.001

Second 2023 (20.6) 7.20 (8.96)

Third 2025 (20.2) 24.76 (21.26)

Fourth 2024 (20.5) 36.60 (28.03)

Fifth (highest) 2025 (19.8) 68.15 (52.02)

Abbreviations: IQR, interquartile range; SES, socioeconomic status.
a Artificial light at night is measured in nanowatts. The P values are from F tests

from binary and multinomial logistic regressions with demographic
characteristics as the dependent variables and light at night as the
independent variable. Area-level SES scores were derived from 6 census
indicators: median household income; percentage of households receiving
interest, dividend, or rental income; median value of owner-occupied housing
units; percentage of adults 25 years or older who completed high school;
percentage of adults 25 years or older who completed college; and percentage
of persons 16 years and older with employment who are in executive,
managerial, or professional occupations.
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[IQR], 12.96 [30.51] nW/cm2/sr; vs Hispanic adolescents: 38.54
[47.84] nW/cm2/sr; non-Hispanic black adolescents: 37.39 [51.88]
nW/cm2/sr; adolescents of other races/ethnicities: 30.94 [49.93]
nW/cm2/sr; P < .001), increased monotonically with urbanicity
(nonurban: 2.12 [3.74] nW/cm2/sr; other urban: 13.95 [27.82] nW/
cm2/sr; metropolitan: 37.35 [47.80] nW/cm2/sr; P < .001), and
were highest in the Northeast (33.34 [75.18] nW/cm2/sr vs the
Midwest: 23/57 [37.56] nW/cm2/sr; South: 10.79 [28.91] nW/cm2/
sr;andWest:28.96[46.78]nW/cm2/sr;P < .001).ALANlevelsalso
differed by adolescent socioeconomic characteristics (eg, me-
dian [IQR] by family income-to-poverty ratio ≤1.5: 26.76 [52.48]
nW/cm2/sr; >6: 21.46 [34.38] nW/cm2/sr; P = .005), family struc-
ture (eg, median [IQR] by number of biological parents: 0, 22.07
[40.89] nW/cm2/sr; 2, 18.48 [36.60] nW/cm2/sr; P < .001), and
area-level SES (median [IQR]: first [lowest] quintile, 41.74 [57.24]
nW/cm2/sr; fifth [highest] quintile, 24.07 [27.12] nW/cm2/sr;
P < .001) and population density (median [IQR]: first [lowest]
quintile, 1.87 [1.33]; fifth [highest] quintile, 68.15 [52.02])
(Table 1).

The Figure and eTable 1 in the Supplement show associa-
tions between quartiles of ALAN and sleep patterns. Adjust-
ing for age and sex (model 1), ALAN was associated with week-
night bedtime (mean differences from lowest quartile of ALAN:
second quartile, 14.47 [95% CI, 8.07-20.87] minutes; third quar-
tile, 23.16 [95% CI, 15.33-31.00] minutes; highest quartile, 28.56
[95% CI, 18.82-38.30] minutes; P < .001), weeknight sleep du-
ration (mean differences from lowest quartile of ALAN: sec-
ond quartile, −17.24 [95% CI, −23.04 to −11.44] minutes; third
quartile, −12.71 [95% CI, −19.29 to −6.13] minutes; highest quar-
tile, −8.77 [95% CI, −15.29 to −2.24] minutes; P < .001), and
weekend oversleep (mean differences from lowest quartile of
ALAN: second quartile, 22.87 [95% CI, 10.73-35.00] minutes;
third quartile, 23.31 [95% CI, 12.24-34.38] minutes; highest
quartile, 14.50 [95% CI, 1.66-27.35] minutes; P < .001). Fur-
ther adjustment for sociodemographic covariates reduced the
magnitude of association with sleep duration (mean differ-
ences from lowest quartile of ALAN: second quartile, −13.65
[95% CI, −19.78 to −7.51] minutes; third quartile, −9.05

Figure. Adjusted Mean Sleep Patterns by Quartiles of Outdoor Artificial Light at Night Among US Adolescents
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Weeknight bedtime is in minutes past 10:00 PM. Model 1 is adjusted for age and
sex. Model 2 is additionally adjusted for race/ethnicity, family income, parental
education, family structure, nativity, region, and urbanicity. Model 3 is
additionally adjusted for census block group–level population density and
census tract–level socioeconomic status. Sample sizes reflect those in eTable 1 in
the Supplement. Forty-eight adolescents missing values for area-level

socioeconomic status were not included in model 3. In model 3, artificial light at
night was associated with weeknight bedtime and weeknight sleep duration
(eTable 1 in the Supplement). Mean weeknight bedtime differed significantly
between all quartiles of artificial light at night. Mean sleep duration did not
differ significantly between the second through fourth quartiles of artificial light
at night.
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[95% CI, −15.58 to −2.52] minutes; highest quartile, −5.34 [95%
CI, −13.60 to 2.93] minutes; P < .001) and removed the asso-
ciation with weekend oversleep. Under full adjustment (model
3), bedtime was progressively later as the quartile of ALAN in-
creased; those in the highest quartile of ALAN went to bed 29
(95% CI, 15-43) minutes later than those in the lowest quar-
tile. Sleep duration was shorter among those in the 3 highest
quartiles of ALAN compared to the lowest quartile; those in
the highest quartile of ALAN reported 11 (95% CI, 2-19) fewer
minutes of sleep than those in the lowest quartile.

Associations between continuous ALAN and the 4 classes
of past-year mental disorder are presented in Table 2. ALAN
was positively associated with mood and anxiety disorder un-
der all 3 adjustments. Adjusting for all covariates, each me-
dian absolute deviation increase in ALAN was associated with
1.07 (95% CI, 1.00-1.14) times the odds of mood disorder and
1.10 (95% CI, 1.05-1.16) times the odds of anxiety disorder.

Table 3 presents post hoc analyses of individual mood and

anxiety disorders. Adjusting for age and sex (model 1), ALAN
was positively associated with major depressive disorder/
dysthymia (odds ratio [OR], 1.11 [95% CI, 1.03-1.19]), bipolar
disorder (OR, 1.11 [95% CI, 1.03-1.18]), agoraphobia
(OR, 1.23 [95% CI, 1.11-1.36]), social phobia (OR, 1.08 [95% CI,
1.02-1.14]), and specific phobias (OR, 1.11 [95% CI, 1.04-1.16]).
Under full adjustment (model 3), only the associations with
bipolar disorder (OR, 1.19 [95% CI, 1.05-1.35]) and specific
phobias (OR, 1.18 [95% CI, 1.11-1.26]) remained, although odds
of major depressive disorder/dysthymia were elevated (OR, 1.07
[95% CI, 1.00-1.15]). The ORs for bipolar disorder and major de-
pressive disorder/dysthymia did not significantly differ from
one another (model 1: OR, 1.00 [95% CI, 0.90-1.11]; model 2:
OR, 1.05 [95% CI, 0.93-1.17]; model 3: OR, 1.11 [95% CI,
0.96, 1.29]).

There was an interaction between ALAN and years since
menarche among girls, for the outcome of weeknight
bedtime (F3, 8.15; P < .001; eTable 2 in the Supplement).

Table 2. Associations Between Outdoor Artificial Light at Night and Classes of Mental Disorder in the Past Year Among Adolescentsa

Disorder class
Participants,
No.

Model 1 Model 2 Model 3

OR (95% CI)b P value OR (95% CI)c P value OR (95% CI)d P value
Mood 1021 1.09 (1.03-1.14) .002 1.08 (1.02-1.15) .01 1.07 (1.00-1.14) .04

Anxiety 1950 1.09 (1.04-1.15) .002 1.08 (1.03-1.13) .003 1.10 (1.05-1.16) <.001

Substance 854 1.03 (0.94-1.12) .57 1.04 (0.93-1.16) .50 1.00 (0.90-1.11) .96

Behavior 959 1.08 (0.98-1.21) .13 1.07 (0.95-1.21) .25 1.04 (0.93-1.17) .46

Abbreviations: OR, odds ratio; SES, socioeconomic status.
a Artificial light at night was standardized using the median absolute deviation

from the median. Numbers are unweighted. The sample size is 6483 for
behavioral outcomes and 10 123 for other outcomes. Analyses accounting for
comorbidity between mood and anxiety disorder showed that ORs did not
significantly differ between those with mood disorder only, anxiety only, or
both.

b Model 1 is adjusted for age and sex.
c Model 2 is additionally adjusted for race/ethnicity, family income, parental

education, family structure, nativity, region, and urbanicity.
d Model 3 is additionally adjusted for area-level population density and

socioeconomic status. Forty-eight adolescents missing values for area-level
SES were not included in model 3.

Table 3. Associations Between Outdoor Artificial Light at Night and Past-Year Mood and Anxiety Disorders Among Adolescentsa

Disorder No.

Model 1 Model 2 Model 3

OR (95% CI)b P value OR (95% CI)c,d P value OR (95% CI)d,e P value
Bipolar disorder 246 1.11 (1.03-1.18) .005 1.14 (1.05-1.24) .002 1.19 (1.05-1.35) .006

Major depressive
disorder/dysthymia

775 1.11 (1.03-1.19) .005 1.09 (1.01-1.18) .04 1.07 (1.00-1.15) .07

Agoraphobia without
panic

192 1.23 (1.11-1.36) <.001 1.18 (1.03-1.35) .01 1.05 (0.89-1.24) .57

Generalized anxiety 63 1.10 (0.95-1.27) .21 1.01 (.83-1.22) .95 0.93 (0.68-1.26) .63

Social phobia 516 1.08 (1.02-1.14) .005 1.05 (0.96-1.16) .29 1.06 (0.96-1.18) .25

Specific phobia 1244 1.11 (1.04-1.18) .001 1.12 (1.05-1.18) <.001 1.18 (1.11-1.26) <.001

Panic disorder 191 1.04 (0.93-1.16) .53 1.04 (0.90-1.21) .57 1.07 (0.85-1.33) .57

PTSD 292 0.95 (0.83-1.08) .42 0.91 (0.76-1.08) .26 0.93 (0.80-1.08) .35

Separation anxiety 143 1.12 (0.97-1.29) .13 1.00 (.842-1.19) .99 1.06 (0.88-1.28) .53

Abbreviations: ALAN, artificial light at night; OR, odds ratio; PTSD,
posttraumatic stress disorder; SES, socioeconomic status.
a Estimates are from separate multinomial logistic regressions, with the

exception of major depressive disorder/dysthymia and bipolar disorder, which
were estimated in the same model. Those with no mood or anxiety disorder
are the comparison group for each disorder. Numbers are unweighted.
Artificial light at night was standardized using the median absolute deviation
from the median. The ORs for bipolar disorder and major depressive
disorder/dysthymia did not significantly differ from one another.

b Model 1 is adjusted for age and sex.

c Model 2 is additionally adjusted for race/ethnicity, family income, parental
education, family structure, nativity, region, and urbanicity.

d In the multinomial regression (models 2 and 3) for specific phobia, ALAN was
not associated with other anxiety disorders (model 3: OR, 1.01 [95% CI,
0.95-1.07]). Specific phobia was the only anxiety disorder for which this
was true.

e Model 3 is additionally adjusted for area-level population density and
socioeconomic status. Forty-eight adolescents missing values for area-level
SES were not included in model 3.
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Estimates indicated that the difference in bedtime for those
in 2 highest quartiles of ALAN compared with the lowest quar-
tile was greater with increasing years since menarche (eFig-
ure in the Supplement). Results of sensitivity analyses
(eTables 3, 4, 5, and 6 in the Supplement) were similar to the
main results.

Discussion
We found that contextual-level outdoor ALAN was associ-
ated with self-reported sleep patterns and past-year mental dis-
order among US adolescents. After adjusting for several so-
ciodemographic characteristics as well as area-level population
density and SES, we found that adolescents living in areas with
higher levels of outdoor ALAN reported later weeknight bed-
time, and those in the areas with the lowest levels had longer
weeknight sleep duration. Adolescents in areas with higher out-
door ALAN also had higher odds of mood and anxiety disor-
ders in the past year. Associations with mood disorders were
present for both bipolar disorder and major depressive disorder/
dysthymia, while associations with anxiety disorders were
driven by specific phobias. Our results are consistent with the
biological role of light as a driver of circadian rhythms6 and with
several studies,20-24 including 1 study among adolescents, dem-
onstrating effects of ALAN on sleep patterns. They also con-
firm the results of a prior study of the association between
ALAN and mental health among adults,27 supporting evi-
dence from animal models that demonstrate an association of
light with mood-associated behaviors.13 To our knowledge, this
is the first study to show associations between outdoor ALAN
and DSM-defined mental disorders.

Disturbances in sleep and circadian rhythms are well-
documented in mental disorders1,50 and may be a mecha-
nism linking ALAN to mental disorder risk. Prior work in the
NCS-A demonstrated associations between sleep patterns and
past-year mental disorder.42 Prospective data will be re-
quired to assess whether sleep patterns mediate the associa-
tion between ALAN and mental disorder. However, prior evi-
dence points to sleep and circadian disturbances as antecedent
and possibly causal factors in mental disorder onset, espe-
cially for mood disorder.2,3,51,52 While ALAN was associated
with both subtypes of mood disorders in our study, the asso-
ciation with bipolar disorder was especially statistically ro-
bust. This is consistent with abundant evidence that behav-
ioral rhythms are a core feature of bipolar disorder.53 For
example, hypersensitivity of melatonin suppression in re-
sponse to nighttime light exposure has been suggested as an
endophenotype for bipolar disorder.54

Animal models provide evidence for biological pathways
that may underlie the association between ALAN and mental
disorder. In mice, the retinal ganglion cells that transmit light
information to the suprachiasmatic nucleus also project to
mood-associated brain structures, including the newly dis-
covered perihabenular nucleus and regions of the hypothala-
mus and amygdala.55,56 Exposure to dim light at night in-
duces depressionlike behaviors in both nocturnal and diurnal
rodents,13 corroborating evidence for both indirect and direct

pathways to mood (ie, pathways that do and do not include
disruption to sleep and circadian rhythms).13 Circadian rhythm
disruption caused by ALAN could increase risk for mental dis-
order through a variety of mechanisms, including hypotha-
lamic-pituitary-adrenal axis function, neurotransmission, and
immune function.57

Some prior studies have suggested that effects of light may
differ by sex, across the life course, and across puberty.20,25,30-32

We found no evidence for differences by sex, consistent with
a prior study of the association of light exposure with circa-
dian function in adolescents.32 We also did not find evidence
for differences by age among adolescent boys. Among adoles-
cent girls, the association between ALAN and bedtime was
stronger among those who with a longer time since menar-
che. This may be explained by differences in light sensitivity,
changes in personal light exposure, or both.32

We found that outdoor ALAN was strongly associated with
several adolescent demographic and socioeconomic charac-
teristics, including indicators of social disadvantage. For ex-
ample, ALAN levels were higher among racial/ethnic minor-
ity adolescents, among adolescents from immigrant families,
and among those with lower family incomes. Some prior stud-
ies of outdoor ALAN have noted differences according to so-
ciodemographic characteristics.20,23-25 The finding of social dis-
parities in the distribution of outdoor ALAN among US
adolescents implies that adolescents who face other sources
of social disadvantage, especially those in urban settings, may
also be exposed to greater levels of ALAN; this may represent
an additional source of physiological stress.

To our knowledge, this is the first study to report associa-
tions between ALAN and mental disorders among adoles-
cents, associations that have potentially long-term implica-
tions for mental and physical health. There is strong evidence
for both homotypic and heterotypic continuity in mental dis-
order across the transition from adolescence to adulthood, es-
pecially between depression and anxiety.58 Our finding that
the association between ALAN and anxiety disorder was spe-
cific to specific phobias may be because of their greater preva-
lence, but could also be because of the developmental nature
of the sample. Previous work from the World Mental Health
Surveys showed that specific phobias are the factor most
strongly associated with latent internalizing comorbidity and
may therefore serve as a marker of youth at risk for progres-
sion to later psychopathology.59 The associations we ob-
served between ALAN and sleep patterns also have potential
long-term health implications, in that suboptimal sleep pat-
terns have been prospectively associated with adverse physi-
cal and mental health outcomes.60-63 The importance of sleep
health in other physical health outcomes, combined with
known social disparities in sleep,64 have prompted calls for
more research into sleep as a potential mediator of social dis-
parities in health.65 Our results illustrate the potential utility
of adopting this approach in mental health research.

Limitations
These findings should be interpreted in the context of the
study’s limitations and strengths. First, we lacked
individual-level measures of light exposure, for which

Association of Outdoor Artificial Light at Night With Mental Disorders and Sleep Patterns Among US Adolescents Original Investigation Research

jamapsychiatry.com (Reprinted) JAMA Psychiatry Published online July 8, 2020 E7

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Deborah Kopald on 07/27/2020

0467



outdoor ALAN may not be a good proxy.66,67 This includes
both indoor and outdoor sources of ALAN, which may be
influenced by the use of blackout shades and other factors
that affect how much light enters the home. However, indi-
vidual ALAN exposure may be more susceptible to reverse
causation. In addition, as interventions to reduce indoor
ALAN exposure become more widespread (eg, nighttime
light filters on personal electronics, changes to indoor light-
ing), outdoor sources of ALAN may become more influen-
tial. Second, the NCS-A is cross-sectional. While reverse
causation between ALAN and sleep or mental health out-
comes seems unlikely, longitudinal data would enable
assessment of temporal associations between ALAN, sleep,
and mental disorder. Third, sleep patterns were measured
subjectively. However, we have no reason to believe that the
error in sleep measurement is correlated with ALAN expo-
sure. Fourth, ALAN was measured slightly before NCS-A
data collection and was aggregated to the census block–
group level, which could result in misclassification in very
large or small census block groups. However, additional
analyses (not shown) indicated weak dilution of the associa-
tion between ALAN and sleep duration for interviews con-
ducted after 2001 that did not affect interpretation. Further-
more, because US Defense Meteorological Satellite Program
measurements were taken at varying times of night, and
over 1 year, their composites do not necessarily reflect the
maximum ALAN in an area or allow examination of tempo-
ral patterns. On the other hand, ALAN was measured objec-
tively and independently of the outcomes. Fifth, ALAN may
be a proxy for economic activity68 or other environmental
exposures that are difficult to separate from ALAN in the
context of a national epidemiologic study. However, as
discussed, animal experiments demonstrate causal effects
of ALAN on circadian rhythms and mood-associated
behaviors. Sixth, we lacked measures of other personal,

behavioral, and family characteristics that may influence
sleep patterns,69 which may explain the lack of association
with weekend bedtime delay and oversleep. Seventh, we
lacked geographic information on daylight, precluding a
more complete characterization of 24-hour contextual
light.70,71 Eighth, our sample was not well suited to differen-
tiating associations between ALAN and depression vs mania
because of the infrequency of unipolar mania. Finally, pat-
terns and sources of ALAN among adolescents may have
changed since the NCS-A was conducted; the associations
observed here may differ from what would be observed cur-
rently. However, the NCS-A provides the most current avail-
able data on prevalence of a wide array of DSM mental dis-
orders among US adolescents.

Conclusions
In this study, we demonstrate that outdoor ALAN is associ-
ated with mental disorders and sleep patterns among US ado-
lescents. These findings illustrate the importance of consid-
ering macrolevel indicators of light exposure in addition to
individual-level light measures that are increasingly used in
mental health and sleep research (eg, Figueiro et al,17 Esaki
et al,72 and Obayashi et al73). Further research is needed to
evaluate the role of other contextual and individual-level risk
factors in the association between ALAN and mental disor-
der. Future studies should elucidate whether public interven-
tions designed to reduce the brightness or spectral composi-
tion of outdoor nighttime lighting74 could benefit mental and
sleep health among youth, especially those who face other
sources of social disadvantage. For example, studies investi-
gating the effects of changes in street lighting could include
health outcomes, such as sleep and mood, to weigh the ben-
efits and perceived disadvantages75 of such interventions.
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey <Jeffrey.Laino@nypa.gov>

Sent: Tuesday, April 9, 2019 9:23 AM

To: Richard Sullivan

Cc: Luteran, Kevin

Subject: RE: [EXTERNAL]Presentation

Attachments: Sample 2017 MCRA - Statewide 07242017.pdf; NYPA Street Lighting Authorization to

Proceed-pdf

Good Morning Richie,
Thank you for the email, it was my pleasure to present the NYPA street |ighting proposal to the Supervisor and Council

members last night. I hope all their questions were ailswered but please reach out to me if any additional questions

arise.

I am attaching the Authorization to Proceed and a sample Master Cost Recovery Agreement(MCRA). These are the 2

documents NYPA will need executed in order to begin the prcject imp|êi eiitation. I will have the contracting unit at

NYPA email you an executable version of the MCRA upon request.

What do you think the timeline is for the Town to make a decision on moving forward with the project?

Let me know if there is anything else you need and please send me a link to any news articles regarding the prcject.

Thank you and looking forward to working with you.

Jeff Laino

Customer Business Development Representative New York Power AuthGrity
123 Main Street

White Plains, NY 10601

(914) 287-3351 (office)

(914) 312-1260 (cell)
Jeffrey.Laino@nypa.gov

www.nypa.gov

-----Original Message-----

From: Richard Sullivan <rsullivan@highlands-ny.gov>

Sent: Tuesday, April 9, 2019 5:37 AM

To: Laino, Jeffrey <Jeffrey.Laino@nypa.gov>

Cc: Luteran, Kevin <Kevin.Luteran@nypa.gov>

Subject: [EXTERNAL]Presentation

CAUTION â€" External Email

Suspicious? Click Report Phishing on Outlook toolbar. For Mobile forward to (abuse@ñypa,gov)
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Jeff,

Not sure if Kevin is your associate, subaidiiiate, or supervisor, but I wanted to let you know you were concise, germane ,
well poised and delivered a very well received workup, thank you.

Just a bit on the Village of Highland Falls-in 2016 there was a different team in place, they had an electrician as a trustee

who invited NYPA to implement a similar program , but once removed from power, the current team , who I like, ended

that effort.

I did speak with the village liaison to streetlights yesterday, and the village has over 250 lights, O and R is changing 7 per

year , that would be a lame 30 year effort, and savings would be barely recognized. O and R does have some deal where

for an extra $169 per light they will do more per year, and thatâ€™s about all I know about their program, or lack

thereof.

So as a good neighbor I kept the village out of it, I tried contacting their Point man since late Feb., no response until

yesterday so the citizens you met last night will be charged with the task of inviting/ pressuring the village to participate,

either way that is a separate body of government .

I / we look faiTvaid to advancing this effort, and with a trustworthy body like NYPA , and the issue of maintenance after

ownership being addressed by NYPA and included in your workup, I believe this will be at least pl="sibla, hopefully
executable project, and again thank you. When the local paper does an article on this ( this Thursday), lâ€™ll share an

online copy if you desire.

Have a great day, Richie

Sent from my iPad

2

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0472



NEW YORK NY PowerSTATE OFq°"™""
Authority

ANDREW M. CUOMO JOHN R. KOELMEL Gil C. QUINIONES
Governor Chairman President and Chief Executive Officer

April 5, 2019

Supervisor Bob Livsey

Town of Highlands

254 Main Street

Highland Falls NY 10928

RE: Energy Services Program
Authorization to Proceed with turn-key street light project
Town of Hiahlands- LED Street Liahtina

Dear Supervisor Livsey,

The New York Power Authority (NYPA) is excited to support the Town of Highlands in identifying and

implemêñting a comprehensive street lighting upgrade. Improving the existing street lights is a widely used

and effective strategy to achieve the goal of reducing energy consumption, lowering utility costs, and improving

light quality throughout the community.

Consistent with the Master Cost Recovery Agreement, NYPA provides a turn-key solution to upgrade the Town

of Highlands's existing street lights to energy efficient LED techñóiógy. NYPA is pleased to offer these services

to replace approximately 167 existing street light fixtures with new high efficient LED technology.

By signing below, the Town of Highlands authorizes NYPA to proceed with the full turn-key solution of the LED

street lighting project, which includes the final design report, conducting bids for materials and insta!!ation

labor, providing construction management, and commissioning the final project. When the design and bidding
is completed, you will receive an Initial Customer Installation Commitment (ICIC) for your review and signature.

At this point, if you choose to proceed to project implemêñtation all devê|0pment costs will be rolled into the

overall project. Conversely, should you decide not to proceed with the implementation of the project, the Town

of Highlands agrees to reimburse NYPA for all costs incurred up to the termination date for the devê|õpment,
design and bidding of the project. The cost of devê|0piñg the design and for bidding the materials and labor

will be determined during the next phase. NYPA will be fully transparent through this process and provide

complete documentation as to how it determined all project costs.

By signing below, affirm that you agree to these conditions:

123 Main Street, White Plains, NY 10601 | 914-681-6200 | www.nypa.gov
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NEW YORK NY PowerSTATE OFq°"™'"
Authority

ANDREW M. CUOMO JOHN R. KOELMEL Gil C. QUINIONES
Governor Chairman President and Chief Executive Officer

PAGE 2
AUTHORIZATION TO PROCEED - Town of Highlands

Joseph Rende

(Name,printed) (Name,printed)

Senior Director, Customer Business

Development
(Title) (Title)

(Signature) (Signature)

(Date) (Date)

123 Main Street, White Plains, NY 10601 | 914-681-6200 | www.nypa.gov
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ORK NY Power
OPPORTUNITY.

Master Cost Recovery Agreement No.
Effective Date:

ENERGYSERVICES PROGRAM

MASTER COST RECOVERY AGREEMENT)

BETWEEN

POWER AUTHORITYOF THE STATEOFNEW YORK

AND

[CUSTOMER]
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ENERGY SERVICES PROGRAM MASTER COST RECOVERY AGREEMENT 1

DEFINITIONS......................................................................................... 1

ARTICLE I SCOPE AND APPLICATION OF AGREEMENT; ORDER OF

PRECEDENCE ................................. ... .......... .............. 6

1.1 Transaction Documents 6

1.2 Entire Agreement....................................... ....................... .. 7

1.3 Conflict and Order of Precedence........... ...... .. 7

1.4 Other Agreements ................................................................... 7

1.5 Amendments .............. 7

ARTICLE II GENERAL PROJECT STRUCTURE......................................... . 8

2.1 Customer Project Commitment or CPC ..... .............. 8

2.2 Final CPC......... ................. ...... ........... .............. 8

2.3 Contingency Work Order 8

2.4 Change Order...... ............. ..... ................... ....... 9

2.5 Unforeseen Circumstances or Condition 9

2.6 Third Party Obligations......... ....................................................................... 9

2.7 Execution and Disputes Regarding Reports ............. . ... ...... .. 9

2.8 Limitation on Work in Certain Premises 10

2.9 Eligibility Criteria.. ... ......................................... ...... 10

ARTICLE III SUSPENSION AND TERMINATION OF PROJECTS ... ...... 10

3.1 Suspension of Work 10

3.2 Emergency ........................................... ........................... 11

3.3 Termination of a Project 11

3.4 Actions Upon Project Termiñation or Cancellation ...... 11

ARTICLE IV ENVIRONMENTAL PROVISIONS 12

4.1 Hazardous Materials and Disposal of Waste and Debris.. 12
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4.2 Remediation......................................................... ...... .................. 13

4.3 Environmental Indemnification 13

ARTICLE V RECOVERY OF COSTS/REPAYMENT OBLIGATION.................................... 14

5.1 Project Cost. ...... .... ... ............. 14

5.2 Total Reimbursement Costs........... ...... .... .... ...... 14

5.3 Billing 15

5.4 Payment........................................................................... ........................ 15

5.5 Grants and Funding 15

5.6 Long-Term Financing for Capital Projects.............. 15

ARTICLE VI INSURANCE REQUIREMENTS. 16

6.1 Insurance Requirements:.............. ................................... ............ 16

6.2 Adjustments 17

6.3 Customer Insurance Requirements ...... ......... . .... .......... 17

ARTICLE VII WARRANTIES, DAMAGES, LIABILITY, ETC. .. ......... 17

7.1 Service Provider's Warranty Requirêm t 17

7.2 Authority Warranty Disclaimer................................................... 18

7.3 Projected Energy Savings .... .................. 18

7.4 Uncontrollable Forces........ ...... ...... 18

7.5 Damages, Indemnification by Service Provider............................... 18

7.6 Limitation of Authority's Liability 19

7.7 Customer's Responsibility for Project Equipment and Performed Work 19

ARTICLE VIII INTELLECTUAL PROPERTY RIGHTS............................ ...... 20

8.1 Intellectual Property; Proprietary Information ........ ................ 20

ARTICLE IX TERM AND TERMINATION........................................... 20

9.1 Term 20
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9.2 Termination of Agreement ..... 20

9.3 Pending Projects 20

9.4 Extension.................................. ................. ...... ...... 21

ARTICLE X GENERAL OBLIGATIONS OF THE PARTIES........... .................. 21

10.1 Authorized Representatives ........... ......................................................... 21

10.2 Authority Obligations 21

10.3 Customer Obligations ............. ........ . .......... .... 22

ARTICLE XI MISCELLANEOUS 23

11.1 Disputes 23
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ENERGY SERVICES PROGRAM
MASTER COST RECOVERY AGREEMENT

This Master Cost Recovery Agreement (this "Master Agreement"), dated as of this

day of , 2017, is entered into by and between POWER AUTHORITY OF THE

STATE OF NEW YORK, a corporate municipal instrumentality of the State of New York with

offices located at 123 Main Street, White Plains, New York 10601 ("Authority") and

, a with offices located at

("Customer").

WHEREAS, Public Authorities Law §1005(17) permits the Authority, as deemed feasible

and advisable by the Trustees, to finance and design, develop, construct, iñrplemeñt, provide and

administer energy-related projects, programs and services for any public entity and certain other

specified entities; and

WHEREAS, the Trustees have authorized the establishment of the Authority's Energy
Services Program ("ESP") to include, among other things, energy efficiency projects and services,
clean energy technology projects and services and high-performance and sustainable building
projects and services (including technologies that reduce air and other pollution and conserve

materials and resources such as water); and the construction, installation and/or operation of

facilities or equipment done in connection with any such projects, programs or services; and

WHEREAS, Public Authorities Law §1005(17) permits Customer, a public entity, to enter

into an energy services contract with the Authority for such energy-related projects, programs and

services as authorized by Public Authorities Law; and

WHEREAS, Authority and Customer desire to work together to develop and implement

Projects contemplated under the ESP and to enter into this Master Agreement as more particularly
set forth herein.

NOW, THEREFORE, Authority and Customer (sometimes referred to herein collectively
as the

"Parties"
and individually as a "Party"), in consideration of the mutual covenants and

conditions contained herein and in these recitals, hereby agree as follows:

DEFINITIONS

The following definitions apply for all purposes of this Master Agreement:

"Advisory
Services"

means the consulting services provided by Authority or Service

Providers to assist Customer in its efforts to reduce energy consumption and associated operations

and maintenance costs, to realize environmental benefits, including but not limited to the reduction

of air pollution; to conserve natural resources; and/or facilitate the use of clean energy sources at

Customer's Facilities.

"Advisory Services Terms and
Conditions"

means the additional terms and conditions set

forth in Exhibit C applicable to Advisory Services Projects provided by Authority or Service

Provider to Customer hereunder.
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"Ancillary
Documents"

means documents, other than this Master Agreement and the

Customer Project Commitment (and documents that modify them, such as Change Orders and

Contingent Work Orders), covering information necessary for the implementation of a specific

Project, such as authorizations, Substantial Completion and Operation Transfer Reports, Milestone

Completion Reports and Final Inspection Reports, etc.

"Authority's Authorized
Representative"

means an individual designated by Authority in

accordance with Section 10.1(b) to coordinate a Project on behalf of Authority and to commüñicate

with Customer concerning such Project.

"Authority Implemented
Work"

means Work undertaken by Authority for Customer as

more fully set forth in a CPC (subject to the terms and conditions of this Master Agreement and

any applicable Transaction Document) through the services of qualified Service Providers or

Subproviders engaged by Authority.

"Authority Material Handling
Fee"

is a fee applied by the Authority to the cost of materials

purchased directly by the Authority for a Project, where applicable, to reimburse the Authority for

procurement, material handling, storage and/or restocking. The amount of such fee, when

applicable to a Project, will be set forth in the CPC, as superseded by the Final CPC.

"Authority Program
Fee"

mean Authority's fee applicable to each Project. Details of the

Authority Program Fee will be set forth in the Compensation Schedule, attached hereto as Exhibit

A, and the amount of such fee will be set forth in the CPC, as superseded by the Final CPC.

"Background Intellectual Property
Rights"

means Intellectual Property Rights of a Party

owned, controlled, acquired, developed, invented, generated, authored, conceived or reduced to

practice prior to the date of this Master Agreement, or acquired parallel to and independent of this

Master Agreement or any Transaction Documents entered into under this Master Agreement.

"Capital
Project"

is a Project involving the design, construction, installation and/or

modification of facilities and/or equipment in Customer's Facility.

"Capital Project Terms and
Conditions"

means the additional terms and conditions set forth

in Exhibit B applicable to Capital Projects provided by Authority or Service Provider to Customer

hereunder.

"Change
Order"

is a Transaction Document that memorializes a modification to the CPC

that cannot be made by Contingency Work Order, setting forth agreed-upon additions, deletions

or revisions to the Work, and the cost and/or time impact to the Project.

"Compensation
Schedule"

is a schedule attached hereto as Exhibit A setting forth details

about the Authority Program Fee and other relevant Project costs, where applicable, for the

different services offered by Authority under this Master Agreement.

"Contingency Work
Order"

is a Transaction Document that memorializes the Authority's

use of the Project Contingency for a Project, such use to be reflected on subsequent CPCs that are

executed for the particular Project.
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"Customer's Authorized
Reoresentative"

means an individual designated by Customer in

accordance with Section 10.1(a), to coordinate a Project on behalf of Customer and to assist

Authority, its Service Providers and Subproviders with the implementation of the Project.

"Customer Project
Commitment"

or
"CPC"

is a Transaction Document containing terms

and conditions for one or more specific Projects at a Customer's Facility(ies) that includes, at a

minimum, the location of Customer's Facility, a detailed scope of Work (including a description

of milestones, if any), the projected Project costs and any specific payment terms applicable to the

Project.

"Debris"
shall mean unregulated materials removed from a Customer Facility and

unsuitable for further use.

"Environmental
Laws"

means all current and future federal, state and local laws (hcluding
common law), treaties, regulations, rules, ordinances, codes, decrees, judgments, directives, orders

(including consent orders), environmental permits, and obligations and other requirements

imposed by any "Governmental
Authority"

(as defined herein), including New York State

Department of Environmental Conservation ("NYS DEC") Technical Administrative Guidance

Memoranda and other guidance documents issued or published by any Governmental Authority,
in each case, relating to pollution, protection of the environment, natural resources, or protection

ofhuman health and safety from conditions in the environment, the presence,
"Release"

(as defined

herein) of, threatened Release of, or exposure to, "Hazardous
Substances"

(as defined herein), or

to the generation, manufacture, processing, distribution, use, treatment, storage, transport,

recycling or handling of, or arrañgement for such activities with respect to, Hazardous Substances.

"Environmental
Liabilities"

means all liabilities, obligations, damages, losses, claims,

actions, suits, judgments, orders, fines, penalties, fees, expenses, and costs, relating to

environmental conditions or activities, including (i) Remediation costs, engineering costs,
environmental consultant and expert fees, laboratory fees, permitting fees, investigation costs,

defense costs, and masonable
attorneys'

fees and expenses; (ii) any claims, demands, and causes

of action relating to or resulting from any personal injury (including wrongful death), property
damage (real or personal) or natural resource damage; and (iii) any penalties, fines or costs

associated with the failure to comply with any Environmental Law.

"Energy Services
Program"

or
"ESP"

includes energy efficiency projects and services;
clean energy technology projects and services; high-performance and sustainable building
programs and services (including technologies that reduce air and other pollution, conserve

materials and resources such as water); and the construction, installation and/or operation of

facilities or equipment done in connection with any such project, programs and services.

"Facility"
means the building, structure or premises owned and/or operated by Customer

that may benefit from Customer's participation in Authority's ESP Program.

"Final
CPC"

means the document that reflects the final reconciliation of Project costs and

all amendments to the CPC that is issued by Authority to Customer upon completion of the Work

for a Project.
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"Final Insoection
Recort"

means the report, if any, to be executed by Authority and

Customer after completion of a Project.

"H_azardous
Substances"

means (i) any petroleum, petroleum products or byproducts, and

all other regulated hydrocarbons (including without limitation, petrochemicals and crude oil), or

any fraction thereof, coal ash, radon gas, asbestos, asbestos-containing material, urea

formaldehyde, polychlorinated biphenyls, chlorofluorocarbons, and other ozone-depleting

substances; and (ii) any chemical, material, substance, product or waste (including thermal

discharges and hazardous waste) that is prohibited, limited, or regulated by or pursuant to any
Environmental Laws.

"Intellectual Prooerty
Righ_ts"

means any and all intellectual property rights, including, but

not limited to rights in any and all of the following: (i) technical information and know-how; (ii)

discoveries, improvements, enhancements, upgrades, inventions, (whether or not patentable); (iii)

patents, patent applications, patent disclosures, and any other patentable subject matter; (iv)

copyrights, applications to register copyrights, works of authorship and any other copyrightable

works; (v) trademarks, trade names, trade dresses, brand names, logos and similar marks; (vi) any

sketches, drawings, outlines, drafts; (vii) computer software (including source code, executable

code, databases, data and related documentation); (viii) trade secrets and know-how; and (ix) all

improvements or modifications to any of the foregoing.

"Labor
Cost"

is that portion of the Total Reimbursement Costs for installation labor

performed by Service Provider and Subprovider in connection with the Work performed in

connection with a Project pursuant to a CPC based on this Master Agreement. Such costs will be

detailed in each CPC.

"Long-Term Renayment
Obligation"

means the obligation of Customer to repay Authority
in accordance with and subject to the terms of a loan agreement after conversion of a Short-Term

Repayment Obligation.

"Material
Cost"

is that portion of the Total Reimbursement Costs related to equipment,

materials and supplies in connection with the Work performed in connection with a Project

pursuant to a CPC based on this Master Agreement. Such costs will be detailed in each CPC.

"Milestone Comoletion
Reoort"

means a document generated by Authority or Service

Provider that identifies a milestone(s) satisfactorily completed during the progress of a Project or

phase of a Project (i.e., design, construction, or otherwise), signifies Customer's concurrence with

the completion of such milestone and represents Customer's authorization to proceed to the next

milestone or phase of the Work, as applicable.

"Other
Agreement"

means any stand-alone agreerñents entered into between the Parties at

any time, including, without limitation, non-disclosure agreements, privacy agreements, or grant

agreements, but shall not include any Master Cost Recovery Agreement, Energy Efficiency
Services Agreement or other agreements governing services under the ESP entered into by the

Parties prior to the execution of this Master Agreement.

"Project"
means any project or service undertaken through Authority's ESP pursuant to a

CPC based on this Master Agreement.
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"Project
Contingency"

means a defined budget to be utilized at the Authority's discretion

in accordance with Section 2.3 hereof for, among other things, unexpected costs and expenses that

may arise during the performance of a Project (usually calculated as a percentage of Material Cost

and Labor Cost).

"Release"
means any actual or threatened release, spill, emission, emptying, escape,

leaking, dumping, injection, pouring, deposit, disposal, discharge, dispersal, leaching, or migration

into the environment or within any building, structure, facility, or fixture and/or the exacerbation

of any preexisting condition of Hazardous Substances.

"Remediation"
means the investigation (including any feasibility studies or reports),

cleanup, removal, abatement, transportation, disposal, treatment (including in-situ treatment),

management, stabilization, neutralization, collection, or containment of Hazardous Substances and

any Release(s), that may be required to satisfy Environmental Laws, in each case, including,

without limitation, any closure, restoration or monitoring, operations and maintenance activities,

including any engineering or institutional controls, that may be required by any Governniental

Authority after the completion of such investigation, study, cleanup, removal, transportation,

disposal, treatment, neutralization, collection, or containment activities as well as the performance

of any and all obligations imposed by any Governmental Authority in connection with such

investigation, cleanup, removal, transportation, disposal, treatment (including in situ treatment),

management, stabilization, neutralization, collection, or contaiñment (including any such

obligation that may be imposed pursuant to an Environmental permit or a consent order).

"Service
Provider(s)"

means a third party provider of goods and/or services that Authority,

acting as the contracting entity, contracts with through its procurement policies, procedures and

guidelines to perform Work in connection with a Project at Customer Facilities.

"Service Provider
Fees"

means the costs associated with the payment to Service Providers,

its Subproviders and other third party professionals for Work performed with respect to a specific

Project. Service Provider Fees will be detailed in each CPC.

"Short-Term
Interest"

is a cost component of the Total Reimbursement Costs of a Project

representing the costs incurred by the Authority in connection with financing the delivery of a

Project during the time within which such funds remain unpaid by Customer.

"Short-Term Repayment
Obligation"

refers to Customer's obligation to reimburse

Authority for the costs of delivering a Project, as identified in the Final CPC.

"Short-Term Repayment Obligation Maturity
Date"

means the date set forth in the Final

CPC, no later than ninety (90) days following the approval of the Final CPC.

"Specific Subject
Matter"

shall mean intellectual property rights, Authority's liability and

limitation thereof, Project warranties, and amendments to this Master Agreement and/or any
Transaction Documents.

"Subprovider(s)"
refers to individuals or entities retained by the Service Provider(s) to

perform all or part of the Work.
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"Substantial Comoletion and Ooeration Transfer
Recort"

is a document signed by the

Parties signifying that the equipment and/or facilities installed at the Project have been inspected,

tested and accepted by Customer.

"Third
Party"

means any utility company, permit agency, governmental authority having
jurisdiction over a Project, any contractor or service provider hired by Customer, or any other third

party that is not a Service Provider or Subprovider but is, directly or indirectly, involved in or

whose approval is required in c0ñilection with, a Project and not under contract, directly or

indirectly, with the Authority.

"To_tal Annual Energy
Savings"

is the estimated net reduction in Customer's annual usage

of (a) energy service, (b) other utilities including, but not limited to, water and sewer, and (c) any
related operation or maintenance savings, if applicable, resulting from the installation of one or

more energy conservation measures in accordance with this Master Agreement.

"Total Reimbursement
Costs"

is the sum of all of the costs of a Project as set forth in the

CPC and Final CPC, including, but not limited to, to the extent applicable to such Project: (1)
Material Cost; (2) Labor Cost; (3) the amount ofthe Project Contingency applied as a Project cost;

(4) Service Provider Fees; (5) Authority Program Fee; (6) Short-Term Interest; and (7) other

Project-related costs and expenses.

"Transaction
Document(s}"

means with respect to a Project, this Master Agreement and

any related Customer Project Commitment and any document that modify them, such as Change

Orders and Contingency Work Orders.

"Waste"
refers to waste PCBs (as defined by the United States Environmental Protection

Agency ("USEPA") in 40 CFR Part 761) and hazardous waste (as defined by the USEPA in 40

CFR Part 261 and the NYS DEC in 6 NYCRR Part 371) as well as other material regulated for

purposes of release, reuse, disposal, or recycling (e.g. CFCs, ethylene glycol, mercury, oil,

asbestos), which form a part of the equipment removed from Customer Facilities due to

implementing the Work. Disposal of such Waste shall be conducted in accordance with the

provisions set forth in Article IV.

"Work"
means the services performed for Customer for a selected Customer Facility

pursuant to this Master Agreement and the other Transaction Documents for a Project. The scope

of Work shall be described in the CPC, as amended by subsequent Change Orders, Contingency
Work Orders, and the Final CPC.

ARTICLE I

SCOPE AND APPLICATION OF AGREEMENT;
ORDER OF PRECEDENCE

1.1 Transaction Documents. In connection with each Project, the Parties will, either

concurrently with or subsequently to this Master Agreemei1t, enter into one or more Customer

Project Commitments, or similar memoranda, that define a specific Project(s) and the costs and

fees associated with such Project, and associated Ancillary Documents. Except as otherwise

expressly set forth therein, all Transaction Documents, upon execution by the Parties, shall be
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governed by the terms and conditions of this Master Agreement. Each Transaction Document

shall contain a specific refereñce to this Master Agreement and CPC, as applicable. This Master

Agreement does not obligate Authority to accept requests for Projects issued by Customer or

obligate any Party to enter into a CPC.

1.2 Entire Agreement. Subject to the provisions of Section 1.4 below, with respect to

a Project, this Master Agreement (including Exhibits A, B, and C and any other exhibits, schedules

or appendices hereto) and any Transaction Document which specifically references a Project,

constitute the entire agreement between Authority and Customer concerning such Project, and

supersedes all prior negotiations, representations, contracts and agreements concerning such

Project.

1.3 Conflict and Order of Precedence. In the event of a conflict between the terms of

this Master Agreement and the terms and conditions set forth in another Transaction Document,

or between the terms of two or more Transaction Documents in effect for a Project, the order of

precedence shall be a follows: (i) the terms of the CPC for such Project (as amended by

Contingency Work Orders and/or Change Orders and as superseded by the Final CPC) but solely
with respect to the price (i.e., the Project's Total Reimbursement Costs), payment terms, and scope

of Work (including description of milestones) of the Project; (ii) the terms of this Master

Agreement; (iii) the remaining terms of the Project CPC; and (iv) the terms of any Ancillary
Document. Notwithstanding the foregoing, the Parties agree that with respect to Specific Subject

Matters, if the terms of a Transaction Document concerning a Specific Subject Matter are more

favorable to Authority than the respective terms set forth in this Master Agreement, the more

favorable terms of the Trañsaction Document shall prevail with respect to the Project to which it

relates. (By way of example, if a Transaction Document includes a term that disclaims any
warranties by Authority (or Service Provider) for Work performed, such term would prevail over

the warranties set forth in Section 7.1. hereof.)

1.4 Other Agreements. This Master Agreement supersedes all Master Cost Recovery

Agreements, Energy Services Agreements or other agreemeñts governing services under the ESP

entered into by the Parties prior to the execution of this Master Agreement. Notwithstanding the

foregoing, this Master Agreemeñt does not supersede and does not apply to any Other Agreements

existing between Customer and Authority. Any projects which Authority has undertaken or

undertakes at Customer Facilities pursuant to such Other Agreements, or under prior Energy
Services Agreements under which projects remain incomplete as of the date of this Master

Agreement, shall be governed by those agreements and related documents, unless otherwise agreed

in writing. Termination of this Master Agreement shall have no effect on the Other Agreements

which will remain in full force and effect according to their respective terms.

1.5 Amendments. This Master Agreement and any other Transaction Document

executed in connection herewith may be amended only in writing signed by an authorized officer

or designee of Authority and Customer.
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ARTICLE II

GENERAL PROJECT STRUCTURE

2.1 Customer Project Commitment or CPC. For each Project undertaken under this

Master Agreement, the parties will enter into one or more CPC(s), each of which will state the

specific terms and conditions applicable to such Project, segregating the Project into logical phases

to be performed consecutively. Each CPC will include, at a minimum, the phasing plan setting
forth how the Project will proceed, the location of Customer's Facility, scope of Work, (including
description of milestones, if any), projected Total Reimbursement Costs, and payment terms.

The Authority is not obligated to commence any Work for a particular Project unless or

until a CPC is executed by Authority and Customer. Notwithstanding the foregoing, the Parties

may agree to expedite the commencement of a portion of the Work associated with a particular

Project prior to the execution of a CPC provided that the Parties memorialize such agreement prior

to the commencement of such Work in a writing that sets forth the specific items of Work to be

commenced and the associated cost of such Work. In such event, Customer agrees to bear the

costs of any Work undertaken by Authority or its Service Providers for Customer in preparation

for or with respect to such Project or potential Project even if no CPC is ultimately executed.

2.2 Final CPC. As soon as practicable following completion of the Work and receipt

of all invoices associated with a Project, Authority will generate a Final CPC which will include

all Contingency Work Orders, and all agreed-upon Change Orders, if any. The Final CPC will

reconcile the Total Reimbursement Costs set forth in the CPC on the basis of Authority's actual

costs and will supersede all prior CPCs. The Final CPC shall also describe the Project-specific

terms for the Work completed at the Facility or Facilities, Customer's Short-Term Repayment

Obligation, and the final repayment terms. Authority and Customer shall execute such Final CPC,
which shall be "deemed

executed"
unless Customer disputes such Final CPC in writing within

forty-five (45) days of the Authority's transmission thereof. If Customer timely disputes the Final

CPC, then the Parties shall endeavor to resolve the dispute as expeditiously as possible in

accordance with the procedures set forth in Section 11.2; provided, however, that Customer shall

pay any undisputed amounts of Customer's Short-Term Repayment Obligations set forth in the

Final CPC in accordance with Article V hereof.

2.3 Contingency Work Order. If unexpected costs and expenses arise during the

performance of a Project, the Authority may utilize the Project Contingency, provided that (i) the

scope modifications, if any, are consistent with the general nature of the Project; (ii) the

modifications do not render the Project ineligible under the Authority's Energy Services Program

requirements; and (iii) the cumulative increased Project costs do not exceed the Project

Contingency. Contingency Work Orders may be utilized to account for, among other things,
remedial work required due to design or construction omissions (whether remedial work is caused

by omissions of Authority, its Service Providers or Customer) to the extent that the requirements

set forth above are met. If the requirements for a Contingency Work Order are not met, Authority
and Customer may negotiate a Change Order as described in Section 2.4 below.
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As the Project Contingency is utilized, the Authority will issue a Contingency Work Order,
which shall be effective upon issuance and automatically update the terms of the respective CPC

without the need for express Customer approval. Any objections to the manner in which the

Authority is utilizing the Project Contingency must be raised by the Customer in writing to the

Authority within seven (7) days of the Authority's issüañce of any such Contingency Work Order,
or such other period of time identified in the Contiñgêñcy Work Order. Failure to comply with

this notice requirement by the Customer will be deemed a waiver of any claim that (i) the Project

Contingency was used improperly; or (ii) that payment on account of such Contingency Work

Order is disputed. Upon request, the Authority will provide Customer with periodic reports that

establish an accounting of how the Project Contingency is being utilized.

2.4 Change Order. Any party to a CPC may at any time by written notice to the other

party request modifications to the Work described in the executed CPC. Authority shall provide

Customer with a written analysis of the effects of the requested modification(s) and, provided that

the requested modification(s) do not materially alter the general scope of the Project, the Parties

will negotiate a Change Order to the CPC. No Change Order shall take effect until it is approved

within the time period specified in the Change Order by Authority and by Customer in accordañce

with Customer's procedures to authorize amendments to the CPC. In the event of a dispute over

a request for a Change Order, Authority may elect to proceed with the Work in accordance with

the scope of Work as set forth in the CPC (as revised by agreed-upon Change Orders and/or

Contingency Work Orders), or the dispute may be treated under the provisions of Section 1 1.1

hereof.

2.5 Unforeseen Circumstances or Conditions. In the event that circumstances or

conditions at Customer's Facility are encountered after a CPC is executed, that may require

changes to the Project schedule and/or result in an increase to the Total Reimbursement Costs of

the Project, Authority shall as soon as practicable notify Customer. The CPC shall be revised by
a Contiñgêñcy Work Order or a Change Order, as applicable, to incorporate necessary changes to

the Project schedule, the scope of Work and/or any increase in the Total Reimbursement Costs, as

a result of the existence of the unforeseen circumstance or condition. Customer shall assume any
increase in costs as part of its Short-Term Repayment Obligation.

2.6 Third Party Obligations. The Authority shall not be held responsible for any action

or failure to act of Customer, its officers, employees, agents, representatives or any Third Party,

including, but not limited to, any delay in issuance or any non-issuance of a permit or approval

necessary to perform or close out the Work under a Project. Any changes to the Project schedule

or scope of Work or any increase in the Total Reimbursement Costs caused by such act or failure

to act, shall be Customer's responsibility. If the Third Party conduct necessitates the issuance of

a Change Order to compensate the Authority for any changes to the Project schedule, scope of

Work or Total Reimbursement Costs resulting from such act or failure to act, Authority may
suspend its Work on the Project until Customer approves such Change Order. If Customer fails to

approve the Change Order within thirty (30) days of its issüañce or the Project is suspended as a

result for more than ninety (90) days, Authority, in its sole discretion, may terminate all Project

Work and issue a Final CPC as provided in Section 3.4(d) below.

2.7 Execution and Disputes Regarding Recorts. The execution of a Milestone

Completion, Final Inspection, Substantial Completion and Operation Transfer Report or similar
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report(s) shall not be unreasonably withheld by either Party, and the Parties shall endeavor to fully
execute such report within thirty (30) days after its submittal to Customer or it shall be deemed

executed unless it was disputed by Customer in writing within such thirty (30) day period. In the

event of any disputes by Customer with respect to such report(s), the Parties shall endeavor to

resolve such dispute as expeditiously as possible in accordance with Sec. 11.1 hereof.

2.8 Limitation on Work in Certain Premises. Absent the express written consent of

Authority, no Work of any kind shall be performed in any premises of Customer used for private

business use within the meaning of Section 141(b) of the U.S. Internal Revenue Code of 1986, as

amended.

2.9 Eligibility Criteria. Projects will be undertaken on an individual basis in

Customer's Facilities as deemed feasible and advisable by Authority and mutually agreed to by

Authority and Customer. A Project will not proceed unless it satisfies (as determined by Authority
in its sole discretion) Authority's requirements related to reduction in overall primary energy costs,

energy conservation, results in environmental benefits and/or other requirements ofthe Authority's

Energy Services Program, then in effect.

ARTICLE III

SUSPENSION AND TERMINATION OF PROJECTS

3.1 Susoension of Work.

(a) Suspension by Customer. Customer may direct Authority to suspend Work

at any Customer Facility by written notice to Authority. Authority, and the Service Providers and

Subproviders, will thereupon cease Work at that Facility as soon as practicable.

(b) Susoension by Authority. In addition to any other right by Authority to

suspend Work on a Project set forth herein, Authority may suspend Work at any Customer Facility
if any of the following occurs: (i) Customer fails to make payment to Authority when due; and

such payment default continues for a period of ten (10) days after written notice thereof by

Authority to Customer; (ii) circumstances or conditions at Customer's Facility are discovered after

a CPC is executed which require changes to the Project and/or result in an increase to the Project's

Total Reimbursement Costs that cannot be covered by the use of any remaining Project

Contingency budgeted for the Project; (iii) a Third Party's act or failure to act causes a delay to

the critical path of the Project schedule that continues for a period of thirty (30) days after written

notice thereof by Authority to Customer; (iv) a delay caused by a Force Majeure event continues

for a period of fifteen (15) consecutive days; (v) the existence of a hazard not caused by Authority
or its Service Provider(s) that threatens the safety and protection of the site, its inhabitants or the

public; or (vi) the existence of an unforeseen circumstance or condition the correction of which

could reasonably be expected to (A) create an unreasonable risk for Authority or Service Provider

not ordinarily associated with projects of similar size and scope (as determined by Authority); (B)
create a threat to life or safety of the inhabitants or the public in general, or (C) violate applicable

federal, state or local laws, regulations, codes or standards.
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(c) Liability for Cost Increase as Result of Susoension, The suspension of

Work by either Party pursuant to the provisions of this Section 3.1 may adversely impact the

Project schedule, the scope of Work and/or the Total Reimbursement Costs. The CPC may be

revised by a Contingency Work Order or Change Order, as applicable, to incorporate any necessary
changes. Customer shall assume any increase in the Total Reimbursement Costs in full as part of

its Short-Term Repayment Obligation unless the suspension was caused by the gross negligence

or willful misconduct of Authority, its Service Provider or Subprovider, in which case Customer

will not be responsible for any increase in the Total Reimbursement Costs to the extent such

increase is caused by such gross negligence or willful misconduct.

(d) Resumption of Work After Susoension, In the event Work on a Project was

suspended by a Party (whether pursuant to this Section 3.1 or otherwise), Authority and Customer

have to agree in writing that Work shall resume before any Work on the Project can continue. In

the event Work is suspended for more than ninety (90) days, Authority, in its sole discretion, may
terminate Work for that Project and Authority shall issue a Final CPC as provided in Section 3.4(d)
below.

3.2 Emergency. If an emergency results in or could reasonably be expected to result in

personal injury or loss of life or damage or harm to property or public safety, Customer, acting in

good faith in order to prevent, avoid or mitigate personal injury or loss of life or damage or harm

to property or public safety may direct a Service Provider to suspeñd Work. Customer shall

provide written notification to Authority of the suspension and events leading up to the suspension

within eight (8) hours after the emergency has been stabilized. Sections 3.1(c) and (d) shall also

be applicable to a suspension under this Section 3.2.

3.3 Termination of a Project. Authority may terminate a Project (and the related CPC)

at any time upon thirty (30)
days'

prior written notice to Customer. In addition, the following
incidents shall be deemed to immediately terminate a Project: (i) closure, abandonment,

destruction or material damage to the Facility for which Project Work is being performed; (ii)
reduction or elimination of energy savings or other modification to the Project that, in the

Authority's opinion, renders the Project ineligible under the Authority's requirements for inclusion

in its Energy Services Program , whether due to removal, by-passing or alteration of equipment or

due to any unforeseen event; (iii) discovery of asbestos or other hazardous material in Customer's

Facility that impedes the execution of the Work; and (iv) failure by Customer to make payment to

Authority when due and such payment default continues for a period of thirty (30) days after

written notice thereof by Authority to Customer.

3.4 Actions Unon Project Termination or Cancellation. In the event that a Project is

canceled or terminated in whole or in part subsequent to execution ofa CPC but prior to completion

of such Project, Authority shall:

(a) Discontinue or direct Service Provider(s) to discontinue all Work and the

placement of all orders for materials, equipment or labor otherwise required for the Project or

terminated part of the Project, as applicable;

(b) Cancel or direct Service Provider to cancel all existing orders and

subcontracts related to performance of the Project or terminated part of the Project, as applicable;
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(c) Take actions reasonably necessary, or as directed by Customer in writing,
for the protection and preservation of the Work and all Project-related equipment, materials and

property within Authority's or Service Provider's possession and control; and

(d) Issue a Final CPC covering (i) that portion of the Total Reimbursement Cost

(excluding the Authority Program Fee) actually incurred by Authority at or prior to such

termination/cancellation both for the performed and for the terminated portion(s) of the Work

(including, but not limited to, non-cancelable material and equipment not yet incorporated into the

Work); (ii) the costs for any additional services performed by Authority or Service Provider

pursuant to 3.4(c) hereof; (iii) any wind-down costs incurred by Authority and its Service Providers

and Subproviders as a result of the termination/cancellation, along with Service
Providers'

and
Subproviders'

reasonable and customary overhead and profit on the Work not executed; and (iv)
the Authority Program Fee. The Authority Program Fee for a Project that is terminated or canceled

prior to completion shall be as set forth in the Compensation Schedule, unless otherwise agreed

upon by the Parties in the CPC.

ARTICLE IV

ENVIRONMENTAL PROVISIONS

4.1 Hazardous Materials and Disposal of Waste and Debris.

(a) General Responsibilities. With respect to Authority Implemented Work,

Authority shall require that Service Provider and/or Subprovider (as applicable) be responsible for

environmental air monitoring and thoroughly cleaning the job site, including the removal of Waste

and Debris generated as a result of a Project. Such removal may involve the management,

transportation and disposal of Waste and Debris. If in the course of performing the scope of the

Project Work as described in the CPC for any Authority Implemented Work, Authority encounters

existing Hazardous Materials, including but not limited to Waste, any such materials shall be

handled, transported and disposed of in accordance with applicable local, state and federal laws

and regulations, as well as Authority's policies and procedures.

(b) Customer is Generator of Waste. The Customer acknowledges that, in

accordance with USEPA and NYS DEC regulations, it is, and remains the Generator of, and holds

title to, any Waste encountered during Work performed pü1süãñt to this Master Agreemeñt. If the

Customer holds a Hazardous Waste "Generator Identification
Number"

for the specific site where

work is being performed (as defined in Section 3010 of Subtitle C of RCRA), that number will be

utilized for any and all hazardous waste disposal. If a Hazardous Waste "Generator Identification
Number"

does not exist, one may need to be obtained from the USEPA for each site from which

Authority removes Waste. The Customer authorizes Authority, where required by USEPA and/or

NYS DEC regulations, to apply in the name of the Customer for Hazardous Waste Generator

Identification Numbers in order to dispose of Waste pursuant to this Master Agreement and to act

as the contact Party for such applications. To the extent that the Customer is the generator of the

Waste, a duly authorized representative of the Customer must sign such applications when

requested by Authority. The Customer also authorizes Authority, where required by USEPA

and/or NYS DEC regulations, to prepare, in the name of the Customer, any manifests or other

forms required for the disposal of the Waste generated pursuant to activities under this Master
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Agreement. A duly authorized representative of the Customer shall sign any manifests or other

shipping records required to ship Waste offsite for disposal.

(c) Notification and Cost of Waste Disoosal. With respect to Authority
Implemented Work, Authority shall advise Customer (whenever possible, in advance of removal)
where material determined to be Waste has been encountered which must be disposed of pursuant

to USEPA and NYS DEC regulations. Authority shall keep the Customer fully informed of

Authority's activities on its behalf and shall provide the Customer with copies of all applications

and other materials provided or received in connection with actions taken pursuant to this

authorization. The direct costs of Waste disposal will be included in the Final CPC. Any costs to

Authority relating to the Project that may arise subsequent to the time the Final CPC is executed

(or deemed executed) under present or future laws or regulations due to pollution, clean-up or

otherwise at the site of disposal shall be borne by the Customer. If, however, such costs are due

to the negligence or willful acts of Authority's Service Provider or Subprovider or due to the willful

acts of Authority, the Customer shall not be responsible. With respect to Authority Implemented

Work, Authority shall use reasonable diligence in overseeing the removal and disposal of Waste,
shall maintain complete and accurate records thereof, and shall make those records available to the

Customer upon request. In addition, any existing equipment determined by the Customer to be

useful to the Customer may, at the Customer's request, be retained by the Customer and shall be

the sole responsibility of the Customer.

(d) Customer Disoosal of Waste. Notwithstanding the foregoing, the Customer

shall have the option of disposing of Waste and Debris generated as a result of a Project at its own

expense in accordance with all applicable local, state and federal laws and regulations, as well as

Authority's policies and procedures.

4.2 Remediation. The Customer shall be responsible for the performance of any
Remediation required under applicable local, state and federal Environmental Laws in order to

address the existence or suspected existence of Hazardous Substances in, on, or under the job site

that are discovered or encountered during Work performed and any Release or threatened Release

in, on, under, over or migrating to, from or through the job site. The Customer shall promptly take

all actions as are necessary to perform Remediation of any such Release or Discovery, and such

other work as may be required by any Governmental Authority to safeguard the health, safety or

welfare of any persons, the land and any improvements thereon or there under, from any Release

or threatened Release or Discovery. In the case any Remediation is required, the Customer shall

be responsible for restoring the affected portion or portions of the job site, together with any and

all affected soil and groundwater, to the functional and topographical condition that existed prior

to the Release and Remediation, as well as to the condition required by Environmental Laws, and

as necessary to satisfy the requirements of any Governmental Authority exercising jurisdiction

with respect to the job site for such Release or Discovery.

4.3 Environmental Indemnification. Customer shall be solely responsible for any and

all loss, damage or injury to persons or property and for any cleanup costs associated with any site

where Waste and Debris are disposed of or comes to be situated including, but not limited to,
response and remedial costs. In addition, to the extent permitted by law, the Customer shall, or

shall require its Service Provider and Subproviders to, at their sole cost and expense, indemnify,

defend and hold harmless Authority and the State of New York against any loss, liability
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(including, without limitation, judgments, attorney's fees, court costs, penalties or fines), or

expenses of any type (including, but not limited to, required corrective actions) which Authority
or the State of New York incurs because of injury to, or death of any person, or on account of

damage to property, or any other claim arising out of, in connection with, or as a consequence of

(a) the disposition or use of retained equipment by the Customer or anyone for whose acts the

Customer may be liable, and (b) any cleanup costs associated with any site where Waste and Debris

are disposed of or come to be situated traceable to such Waste and Debris including, but not limited

to, response and remedial costs.

ARTICLE V

RECOVERY OF COSTS/REPAYMENT OBLIGATION

5.1 Project Cost. Authority shall initially pay for and/or incur costs for all components

of the Total Reimburseñient Costs applicable to a Project at the selected Customer Facility.

Customer agrees to pay the Authority the Total Reimbursement Costs specified in the respective

CPC as reconciled by the Final CPC.

5.2 Total Reimbursement Costs. The following components of the Total

Reimbursement Costs may be delineated in a CPC for a particular Project:

(a) Material Cost. The Material Cost represents the cost of materials,

equipment, fixtures, tools, construction equipment and machinery, water, heat, utilities,
transportation and other facilities necessary for the proper execution and completion of the Work,
whether temporary or permanent and whether or not incorporated or to be incorporated into the

Work.

(b) Labor Cost. The Labor Cost represents (i) the sum of all wages paid to

skilled trade and craft workers, plus employee benefits, payroll taxes, insurance and related costs;
or (ii) the fees paid to skilled trade and craft workers that are not employees, in each case as

represented on the Service
Providers'

or
Subproviders'

invoice.

(c) Project Contingency. The Project Contingency, or a portion thereof,

actually applied by the Authority to the Project as set forth in a Contingency Work Order.

(d) Service Provider Fees. The Service Provider Fees represent the costs

associated with the payment of Service Providers, Subproviders and other third party professionals

based on actual invoices, individual billing rates based on hourly incremêñts, or a percentage fee

applied to certain Project costs, plus reimbursable expenses;

(e) Authority Program Fee. The Authority Program Fee reiñibürses Authority
for services provided by Authority during the implementation of a Project. The Authority Program

Fee can be based on a percentage fee applied to certain Project costs, a lump sum fee, individual

billing rates based on hourly increments and/or other fee arrañgements identified in the

Compensation Schedule.

(f) Short-Term Interest. Short-Term Interest reimburses the Authority for costs

incurred in connection with financing the delivery of a Project. It is based on the underlying source
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of funds chosen by the Authority, in its sole discretion, to finance a Project during its

implementation and may vary depending upon the actual fin anchg product the Authority selects.

In addition to the actual interest expense incurred by the Authority on the short-term debt issued

for Project expenses, Short-Term Interest may include additional fees for adminis:tering the

financing program Mcludhg but not limited to costs incurred to secure liquidity facilities,

remarketing services, purchase of an interest rate cap(s), issuing and payment agents and other

financing related costs and credit premiums, if any.

(g) Other Project-Related Costs. Other Project-related costs may include

Authority Material Handling Fee, Waste disposal costs, additional Project-specific insurance,

surety bond costs, specialty services and other Project-specific costs not otherwise McInded in any
of the above categories.

5.3 Billing. The specific billing method for each Project is set forth in the CPC and/or

the long-term financing agreeiñent associated with the particular Project. The final repayment

amount due to the Authority will be the Total Reimburseinent Costs as reconciled in a Final CPC

to reflect adjustments to account for payments made or additional charges incurred by Customer

and will constitute the Customer's Short-Term Repayment Obligation. In the event a Project is

terminated before completion, Authority shall issue a Final CPC as provided in Section 3.4(d).

5.4 Payment.

(a) Payments. Customer shall pay any invoiced amounts to Authority within

thirty (30) days of Customer's receipt of Authority's invoice. Any outstanding amounts not paid

within such thirty (30) day period shall accrue additional Short-Term Interest until the date when

payment is made in full. Such additional Short-Term Interest will be reflected on subsequent

invoices and/or the Final CPC.

(b) Late Payment. Customer's final Short-Term Repayment Obligation shall

be fully repaid on or before the Short-Term Repayment Obligation Maturity Date. Any amount

due and unpaid on the Short-Term Repayment Obligation Maturity Date shall be subject to a late

payment charge determined as the greater of (i) interest in accordance with the late payment rate

set forth in State Finance Law §179(g); or (ii) the late charges payable under the terms of

Authority's electric service, in accordance with provision 454.6 (b) of Authority's Rules and

Regulations for Power Service, as such regulation may be amended from time to time. Authority,
in its sole discretion, may waive the application of such late payment charge for a Project upon

sufficient justification demonstrated by Customer.

5.5 Grants and Funding. Authority may pursue and apply for grants or other available

fimdhg for the respective Project, where applicable, when authorized by Customer. The Customer

may assign the right to receive such grants or other available funding to the Authority, and the

Authority may, at its sole discretion, accept such assignment. IfAuthority accepts such assignment,

the Authority will apply the funds to reduce the Total Reimbursement Costs, provided the funds

are actually received by the Authority by the Short Term Repayment Obligation Maturity Date.

5.6 Long-Term Financing for Caoital Projects. Should Customer require financing to

satisfy its Short Term Repayment Obligation for a Capital Project, the Customer may apply for
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permanent long-term financing through any of the financing products offered by the Authority to

convert Customer's Short-Term Repayment Obligation to a Long-Term Repayment Obligation.

Authority may agree to such fiñancliig, in its sole discretion. Regardless of whether the Customer

elects to utilize any of the Authority's available financing products, the Customer is responsible

for satisfying its Short Term Repayment Obligation within the time constraints set forth herein.

If the Customer is interested in any ofthe Authority's long-term financing products, it must

indicate its interest by marking the appropriate section of the CPC for the design phase of a Capital

Project. To be eligible for the Authority's long-term financing products, Customer must comply
with the Authority's policies and procedures for long term repayment. If Customer's long-term

financing application is approved by the Authority, the
Parties'

obligations with respect to long-

term financing will be set out in a separate loan agreemeñt with terms and conditions agreed to by
the Parties. This long-term financing option will allow the Customer to convert the Short-Term

Repayment Obligation to a Long-Term Repayment Obligation.

ARTICLE VI

INSURANCE REQUIREMENTS.

Authority's agreeinents with the Service Providers shall provide that the Service Provider

or Subproviders shall obtain and maintain the policies of insurance with the identified limits set

forth in Section 6.1, unless additional policies of insurance and/or higher limits are required under

the applicable CPC. The costs of such insurance will be part of the Total Reimbursement Costs.

6.1 Insurance Reauirements:

(a)
Workers'

Compensation (inclusive of New York State disability benefits)
and Employer's Liability coverage;

(b) Commercial General Liability insurance policy, including Contractual

Liability and Products/Completed Operations Liability coverages, with limits of not less than

$2,000,000 per occurrence for bodily injury and not less than $2,000,000 for property damage,
such policies naming Authority and the State ofNew York as additional insureds under the policy;

(c) Automobile Liability coverage with a minimum limit of $1,000,000 per

accident; and

(d) if required under the applicable CPC:

(i) Pollution Liability, including coverage for asbestos abatement, with

minimum limits of $1,000,000 per occurrence;

(ii) Professional Liability insurance with a minimum limit of

$1,000,000; and

(iii) Builder's risk insurance in the amount of the estimated Total

Reimbursement Cost to be issued on a replacemcñt cost basis without optional deductibles and
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will include the interests of Customer, Authority, and the Service Providers. Such insurance shall

be maintained until final payment has been made by Customer to Authority.

6.2 Adjustments. The types of insurances required and/or policy limits listed in

Sections 6.1 above may be adjusted as Customer and Authority deem appropriate in connection

with a specific CPC. The form and sufficiency of each insurance policy required to be obtained

hereunder by the Service Provider or Subprovider shall be subject to approval by Authority.

Authority shall hold all Certificates of Insurance submitted to the Authority by its Service

Providers and Subproviders with respect to any Project implemented under this Master Agreement.

6.3 Customer Insurance Requiremento With specific regard to the ESP equipment, for

so long as any portion of Customer's Short-Term or Long-Term Repayment Obligation, as

applicable, remains unpaid, Customer shall procure an all risk policy of insurance which will

insure the equipment for full replacement cost value against loss while the equipment is in

Customer's care, custody and control. The insurance policy shall name Authority and the State of

New York as additional insured and loss payees, and shall contain a full waiver of subrogation

against Authority, its agents, Service Providers, Subproviders and the State of New York.

Customer shall also procure a Commercial General Liability insurance policy with minimum limits

of $5,000,000 per occurrence for bodily injury and property damage naming Authority and the

State of New York as additional insured. In lieu of obtaining all risk and commercial general

liability insurance, Customer may request in writing to Authority to self-insure against risk of loss.

Authority may approve or deny such request in its sole discretion. Customer agrees to provide any
relevant documents or information requested by Authority in order for Authority to make the

determination that Customer has sufficient resources to self-insure. The decision to self-insure

will not relieve Customer of any of the obligations imposed herein and shall afford Authority the

protection against loss and rights it would have received, if Customer had obtained such policies

of insurance.

ARTICLE VII

WARRANTIES, DAMAGES, LIABILITY, ETC.

7.1 Service Provider's Warranty Requirements. Authority's agreements with its

Service Providers shall provide that all Work performed and any materials provided by the Service

Providers under the agreements shall be free from any defects. Such agreements shall further

provide that any defective Work or materials identified within one (1) year after (i) execution (or

deemed execution) by the Parties of a Substantial Completion and Operation Transfer Report or

(ii) if no such report must be signed, completion of the Project, shall be promptly corrected,

repaired, replaced, re-performed or otherwise remedied by the Service Provider and/or

Subprovider(s) at no additional expense to Customer. Authority's agreements with Service

Providers shall also provide that any
manufacturers'

warranties for equipment installed at

Customer's Facilities be assigned to Customer.

Authority shall have no obligation to assist Customer with any warranty claims against a

Service Provider or equipment manufacturer. Customer shall coordinate any warranty claims

directly with the respective Service Provider or equipment manufacturer.
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7.2 Authority Warranty Disclaimer. THE WARRANTY PROVIDED BY SERVICE

PROVIDER AND THE ASSIGNED WARRANTIES OF THE EQUIPMENT

MANUFACTURERS ARE EXPRESSLY IN LIEU OF ALL OTHER WARRANTIES.
AUTHORITY EXPRESSLY EXCLUDES ALL OTHER WARRANTIES, EXPRESSED OR

IMPLIED, INCLUDING ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE, DESCRIPTION OR QUALITY NOT EXPRESSLY SET FORTH

HEREIN, TO THE EXTENT PERMITTED BY LAW. NO AFFIRMATION OF AUTHORITY,
BY WORDS OR ACTION, SHALL CONSTITUTE A WARRANTY. DESCRIPTIONS,

SPECIFICATIONS, DRAWINGS, AND OTHER PARTICULARS FURNISHED TO
CUSTOMER ARE ONLY ESTIMATES AND DO NOT CREATE A WARRANTY.

7.3 Projected Energy Savings. Authority and its Service Providers shall use their best

efforts to prepare accurate engineering estimates. After energy efficiency Work is completed in

Customer's Facility, it is the intent and expectation of the Parties that Customer's annual energy

usage for that Facility shall not increase above the pre-installation level except due to chañges in

rates or increases in usage not related to the implementation of the ESP Work. Customer is

responsible for providing Authority with accurate information concerning the operation of its

Facility. Customer understands that the projected energy savings are based upon such Customer

input. It is Customer's sole responsibility to ensure that the expected energy savings meet

Customer's satisfaction at the time the CPC for a Project is executed.

AUTHORITY HEREBY DISCLAIMS ANY AND ALL LIABILITY FOR ANY
ENERGY SAVINGS PROJECTED BY AUTHORITY OR OTHERWISE EXPECTED BY
CUSTOMER THAT CANNOT BE ACHIEVED.

7.4 Uncontrollable Forces. Authority shall not be responsible for delays or failures in

performance resulting from occurrences beyond its reasonable control including, but not limited

to, acts of God, strikes, walkouts, acts of war, or any law, regulation, or action of any court or

governmental authority, fire, malfunctions in communication lines or computer hardware, power

failures, shipping or delivery delays or other events caused by those not party to this Master

Agreement (including, without limitation, any Third Parties, and any Service Providers or

Subproviders of Authority). In the event Authority or the Service Providers or Subproviders are

unable to fulfill any obligations hereunder by reason of such uncontrollable forces, Customer will

be notified in writing and the completion dates described in the CPC will be extended by the

amount of additional time reasonably necessary to complete the Work. If necessary, Authority
will issue a Contingency Work Order or a Change Order, as applicable.

7.5 Damages, Indemnification by Service Provider.

(a) Damages. Authority's agreements with the Service Providers shall include

a provision that all damage of whatever nature resulting from the performance of the Work or

resulting to the Work during its progress, from whatever cause shall be borne by the Service

Provider, and all Work performed shall be solely at the Service Provider's risk until the Work has

been finally inspected and accepted by Authority. The Service Provider, however, shall not be

responsible for damages resulting from gross negligence or willful misconduct of officials or

employees of Authority or Customer.
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(b) Indemnification. Authority's agreements with the Service Providers will

include a provision that to the extent permitted by law, the Service Provider shall assume the entire

responsibility and liability for and defense of, and pay and indemnify, Authority, Customer, and

the State of New York (where a Project undertaken for Customer is located on property of New
York State), against any loss, damage, expense or liability and will hold each of them harmless

from and pay any loss, damage, cost or expense (MeludMg without limitation, judgments,

attorney's fees, and court costs) which Authority, Customer or the State of New York incur

because of injury to or death of any person or on account of damage to property, or any claim

arising out of, in connection with, or as a consequence of, the performance of the Work and/or any
act or omission of the Service Provider or any of its Subproviders, employees, agents or anyone

directly or indirectly employed by the Service Provider or anyone for whose acts the Service

Provider may be liable.

7.6 Limitation of Authority's Liability.

(a) Obligation to Exhaust Remedies against Service Provider. In the event of

any alleged Authority liability to Customer, Customer shall first pursue and exhaust all remedies

in law against the Service Providers and Subproviders and under the insurance identified in Article

VI above and carried by the Service Providers and Subproviders before making any claim or taking

any action against Authority.

(b) Exclusion of Indirect. Incidental. Conseauential Damages. To the fullest

extent permitted by law, Authority shall not be liable to Customer, for any indirect, special,

incidental, or consequential damages of any kind (including without limitation, any loss of

property or equipment, loss of profits or rcycñüê, loss of use of equipment or power systems, cost

of capital, cost of purchased or replacement power or temporary equipment, including additional

expenses incurred in using existing facilities) related to or arising in connection with this Master

Agreement or any other Transaction Document executed in connection herewith, regardless of the

form of action (whether in contract, tort or otherwise), even if Authority has been advised of the

possibility of such damages.

(c) Total Liability Cap. The Parties agree that in no event shall Authority's

total liability (whether in contract, tort or otherwise) for all claims relating to a Project exceed ten

percent (10%) of the Total Reimbürsement Costs for such Project set forth in the respective CPC.

(d) No Limitation of Service Provider/Suborovider Liability. Nothing in this

Section 7.6 shall be construed as limiting the liability of a Service Provider or Subprovider to

Authority or Customer in connection with the performance of such Service Provider's or

Subprovider's Work on Customer's premises.

7.7 Customer's Responsibility for Project Equipment and Performed Work. Upon

delivery at Customer's Facility, Customer shall be responsible for all damage to all Project

materials, supplies and equipment of every description and all Work performed at Customer's site

unless such damages are caused by Authority or its Service Providers or Subproviders.
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ARTICLE VIII

INTELLECTUAL PROPERTY RIGHTS

8.1 Intellectual Property: Proorietary Information.

(a) InteHectual Prooerty Rights. Neither Party shall acquire, directly or by

implication, any ownership of any Background IntellecMal Property Rights of the other Party.

Each Party shall retain title to any Intellectual Property Rights developed, authored, conceived or

reduced to practice independently and solely by that Party during the performance of this Master

Agreemeñt without the other Party's Background Intellectual Property Rights. Notwithstanding

any of the foregoing, it is agreed by the Parties that Authority shall be the sole owner of all

Intellectual Property Rights related to any Project which is jointly developed, invented or

otherwise generated during the performance of this Master Agreement or any Transaction

Document.

(b) Work Product: Proorietary Information. Unless and until Customer has

repaid its Short-Term or Long-Term Repayment Obligation, as applicable, the Facility data,

evaluations, design and other information produced by Authority or its Service Providers in

connection with a Project shall be the property of Authority. Customer shall have the right to use

any such proprietary information for the maintenance of Project installations in its Facilities. Upon

payment in full by Customer, such information shall become the property of Customer. Any
information identified as confidential which is exchanged by Authority and Customer shall be duly
protected by the recipient to the extent permitted by law. It is understood that the Public Officers

Law and other statutes and regulations regarding Freedom of Information may require the

disclosure of information in certain situations.

ARTICLE IX

TERM AND TERMINATION

9.1 Term. This Master Agreement shall end on _, 2027, unless

earlier terminated in writing by either Party in accordance with the terms of this Master Agreement.

9.2 Termination of Master Agreement. Unless otherwise provided in this Master

Agreement, either Authority or Customer may terminate this Master Agreement at any time upon

one hundred twenty (120)
days'

prior written notice to the other Party.

9.3 Pending Projects. Authority and Customer acknowledge that a Project

implemented pursuant to a CPC executed during the Term of this Master Agreement may extend

beyond the expiration or early termination of this Master Agreement. Provided that the Project

was commenced pursuant to a CPC that was executed during the Term of this Master Agreement,
then this Master Agreement will be extended, as it applies to such CPC only and for the sole

purpose of completing the Project. The Project implemented pursuant to such CPC may continue

until completed or otherwise terminated earlier pursuant to the terms and conditions of this Master

Agreement.
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9.4 Extension. This Master Agreement may be renewed at the end of the current term

for an additional period, such additional period not to exceed a period equal to the original Term,

to be mutually determined by the Parties in writing and signed by an authorized officer or designee

of Authority and Customer.

ARTICLE X

GENERAL OBLIGATIONS OF THE PARTIES

10.1 Authorized Reoresentatives.

(a) Customer's Authorized Reoresentative. For each Project, Customer shall

designate a Customer's Authorized Representative and shall inform Authority in writing
accordingly. If Customer desires to change its Customer Authorized Representative, it must notify

Authority in writing (in accordance with notice requirements set forth herein) at least five (5)
business days prior to such change. Customer's Authorized Representative shall coordinate the

Project on behalf of Customer and assist Authority and the Service Providers and Subproviders

with the implementation of the Project in the selected Facilities of Customer. Customer's

Authorized Representative shall be responsible to obtain all necessary approvals, authorizations,
and signatures of Customer with respect to any CPC, Change Order, Final CPC and other

Transaction Document.

(b) Authority's Authorized Reoresentative. For each Project, Authority shall

designate an Authority's Authorized Representative and shall inform Customer accordingly.

Authority's Authorized Representative shall coordinate the Project on behalf of Authority and

communicate with Customer. Authority will inform Customer of any chañges to its Authorized

Representative.

10.2 Authority Obligations. With respect to any Authority haplemented Work,

Authority shall comply with the following:

(a) Recorting and Information. Authority shall keep Customer informed as to

the progress of the Work and shall provide Customer with periodic reports of all activities by the

Service Providers and Subproviders at Customer's Facilities. Authority and its Service Providers

shall meet with representatives of Customer upon reasonable notice to discuss any matters

concerning the Projects.

(b) Permits. Licenses. Authorizations. Authority shall require that the Service

Providers and Subproviders obtain and maintain all permits, licenses and authorizations required

to perform the Work in Customer's Facilities and that they will comply with all applicable local,

state and federal laws, guidelines and regulations, including applicable local, state and federal

building, fire and electrical codes and standards. Any costs associated with permits and licenses

that must be obtained by Service Provider or Subprovider for a specific Project will be reflected

in the Total Reimbursement Costs. Notwithstanding the foregoing, neither Authority nor Service

Provider (or Subprovider) shall be responsible for closing out open permits obtained by Service

Provider (or Subprovider) due to existing deficieñcies or code violations in Customer's Facility
which are outside the Project scope.
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(c) Service Provider/Suborovider Performance. Authority shall require its

Service Providers and Subproviders to comply with regulations governing access to and

performance of the Work in the selected Customer Facilities and to perform such Work in such a

manner as not to unreasonably interfere with Customer's business at the Facilities. Authority shall

also require its Service Providers and Subproviders to comply with Customer's operational and

safety requirements, which in certain instances may require substantial supervision and control

over the site by Customer.

(d) Records. Authority's Service Providers shall maintain accurate records of

Project Work for a period of six (6) years after completion of a Project.

10.3 Customer Obligations. With respect to any Project entered into in connection with

this Master Agreement, Customer shall have the following rights and obligations:

(a) Right to Inspect. Customer and Customer's Authorized Representative may
observe and inspect all Work in any of Customer's Facilities and shall have the right to attend all

Project job meetings, upon written notice of its intent to attend a particular meeting.

(b) Attendance at Meetings. Upon reasonable request and notice from

Authority or Service Provider, Customer shall attend meetings scheduled by Authority or Service

Provider to discuss any Project-related matters.

(c) Site Rules and Regulations. Customer must promptly notify Authority of

any site specific construction, safety, technical or other requirements and restrictions related to its

Facility(ies) prior to the start and during the Project. If Customer becomes aware of any defect in

the Work or any failure of Authority or the Service Provider or Subprovider to meet the respective

Project requirements, the Customer shall give prompt notice to Authority.

(d) Access. Customer shall provide Authority and its Service Providers safe,
proper and timely access to the Facility as necessary to perform the Work. Upon Authority's

request, Customer's Authorized Representative will accompany Authority and its Service

Providers to Customer Facilities. Customer shall promptly provide verbal and written notice of

limitations or changes in site access.

(e) Permits and Licenses.

(i) Customer shall provide Authority or Service Provider with such

assistance (including, but not limited to, all ñecessary information requested by Service Provider)
as may be required for Authority or Service Provider to obtain all permits, licenses and

authorizations necessary to perform the Work in accordance with all applicable local, state and

federal laws, regulations, codes and standards applicable to the Facility.

(ii) Customer shall be responsible and shall hold all licenses, permits,

authorizations and regulatory approvals necessary for the lawful conduct of its business as

presently conducted, and shall comply with all applicable statutes, laws, ordinances, rules and

regulations of all governmental bodies, agencies and subdivisions having, asserting or claiming
jurisdiction over it, with respect to any part of the conduct of its business and corporate affairs.
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(f) Project Equipment. As long as Customer's Short-Term or Long-Term

Repayment Obligation, as applicable, remains outstanding, (i) Customer will keep all Project-

related equipment free from any and all liens, claims, encumbrances, and the like; (ii) Customer

will not grant a security interest in such equipment to any party without the prior written consent

of Authority; (iii) the equipment will remain at the Facility site as designated in a CPC; (iv)
Customer will not sell, offer for sale, transfer, or dispose of such equipment without notice to

Authority; (v) Customer will not use or permit any person to use the equipment in a manner

prohibited by law or in a manner which would void any manufacturer's warranty; (vi) Customer

agrees to maintain the equipment in good order and repair at all times, and will not waste or destroy
the equipment or any part of it; and (vii) Customer will keep the equipment insured in accordance

with the requirements set forth in Section 6.3 hereof.

(g) Coordination. Customer shall be responsible for facilitating coordination

with Third Parties as required. Furthermore, Customer shall promptly resolve any disputes or

issues that arise with any Third Parties. Customer shall be responsible for any changes to the

Project schedule, the scope of Work and/or the Total Reimbursement Costs resulting from any
delays due to unresolved disputes or issues with Third Parties pursuant to Section 2.6 hereof.

(h) Review and Anoroval. Customer will promptly review any documents

submitted to it by Authority requiring Customer's decision and shall render any required decision

pertaining thereto without undue delay.

(i) Assistance: Timely Performance. Customer shall cooperate with Authority
and its Service Providers and Subproviders and provide Authority with such other assistance as

necessary to facilitate the performance of the Work. Customer shall perform all obligations set

forth in this Master Agreement and any other Transaction Document in a timely manner so as to

permit the orderly progress of the Projects. Authority shall not be responsible for any Project

delays due to Customer's non-compliance with its obligations set forth herein or in a Transaction

Document.

ARTICLE XI

MISCELLANEOUS

11.1 Disputes. In the event of any dispute regarding ESP Work at any Customer Facility,
Work there may be suspended by Authority until the matter is resolved to the mutual satisfaction

of the Parties in accordance with the procedures set forth in Section 11.2 hereof. In the event the

Parties are unable to resolve any such dispute after good faith efforts, the Work at that Facility
shall terminate and Authority shall issue a Final CPC as provided in Section 3.4(d) hereof.

11.2 Dispute Resolution. The Parties shall use good faith efforts to settle promptly all

disputes arising under this Master Agreement or in connection with any ESP Work. In the event

that any dispute, including but not limited to a billing dispute, a dispute regarding the quality of

the Work, or a dispute regarding the interpretation of this Master Agreement, arises and cannot be

resolved in the normal course of business by operating personnel within twenty (20) days after

commencement of a dispute, either Party may give the other Party formal notice of the dispute in

accordance with the notice requirements set forth herein. In the event that such notice is given,
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the Parties shall attempt to resolve the dispute by negotiation between representatives who have

the necessary authority to resolve the dispute in question. Within twenty (20) days after delivery
of the notice, the receiving Party shall consider all information relevant to the dispute and shall

submit to the other Party (in accordance with the notice requirements set forth herein) a proposal

for resolution. Thereafter, the representatives shall confer in person or by telephone, promptly and

no later than five (5) days after receipt of the proposal for resolution, to attempt to resolve the

dispute. All reasonable requests for information by one Party to another Party will be honored.

To the extent that disputes are not resolved pursuant to this process, the Parties reserve all rights

under law or equity to seek and pursue remedies through the judicial process.

11.3 Publicity.

(a) Public Announcements. No marketing, publicity, promotion, social media,
or advertising regarding this Master Agreement, or any Project undertaken pursuant to this Master

Agreement, will be issued by Customer without Authority's prior written approval, which approval

will not be unreasonably withheld. Any responses to news media inquiries or social media

activities developed by Customer, related to this Master Agreement, or any Project undertaken

pursuant to this Master Agreement, must be coordinated with Authority for review and approval

prior to their release. Letters, speeches, news and/or press releases, articles for publication, website

and social media postings, etc., related to this Master Agreement, or any Project undertaken

pursuant to this Master Agreement, must be coordinated with Authority for review and approval

prior to their release. Any and all communications, whether verbal, electronic or written, must be

submitted to Authority's Corporate Communication Business Unit for prior review and approval.

Customer agrees to abide by these terms regarding public announcements during the term of this

Master Agreement and for a period of two (2) years following the expiration or termination of this

Master Agreement.

(b) Signage. The parties agree that Authority may, at no cost to Customer,

install and maintain appropriate publicity signage at or in the vicinity of a Project. Customer will

cooperate with Authority, and/or any third-party vendor designated by Authority, by timely

responding to any questions regarding the design, manufacture, installation and maintenance of

the signage. Customer will provide ordinary maintenance to the signage and promptly notify

Authority after Customer becomes aware of any damage that may occur to the signage. The

publicity signage may include the identity of the Project, including a brief statement highlighting
the Project, any applicable Authority program, New York State program or other initiative under

which the Project is implemented and the identity of the parties supporting the Project, including
those

parties'
respective logos. The publicity signage is intended to be placed in an area of

Customer's designation with significant public visibility within close proximity to the Project.

Authority will be responsible for removing the publicity signage upon the conclusion of a Project,
or such earlier time as either Party deems it appropriate.

11.4 Notices. All notices permitted or required hereunder or in connection with any
Transaction Docümêñt shall be in writing and transmitted either: (i) via certified or registered

United States mail, return receipt requested; (ii) by personal delivery; (iii) by expedited delivery

service; or (iv) by e-mail, with a copy sent via U.S. Mail.
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Such notices shall identify the Master Agreement and the Transaction Document to which

it relates, and be addressed as follows or to such different addresses as the Parties may from time-

to-time designate in accordance herewith:

To Authority:

NEW YORK POWER AUTHORITY

PROCUREMENT DIVISION

Name: John Canale

Title: Vice President, Procurement

Address: 123 Main Street,
56

Floor, White Plains, NY 10601

E-Mail Address: iohn.canale@nvoa.cov

with a copy to:

NEW YORK POWER AUTHORITY

LAW DEPARTMENT

Name: Debra Hopke, Esq.

Title: Principle Attorney
Address: 123 Main Street,

116
Floor, White Plains, NY 10601

E-Mail Address: debra.hooke@nvoa.cov

To Customer:

[CUSTOMER NAME]
Name:

Title:

Address:

E-Mail Address:

Any such notice shall be deemed to have been given either at the time of personal delivery

or, in the case of expedited delivery service or certified or registered United States mail, as of the

date of first attempted delivery at the address and in the manner provided herein, or in the case of

email, upon receipt. The Parties may, from time to time, specify any new or different address in

the United States as their address for purpose of receiving notice under this Master Agreement

(and any Transaction Document) by giving fifteen (15) days written notice to the other Party sent

in accordance herewith. The Parties agree to mutually designate individuals as their respective

representatives for the purposes of receiving notices under this Master Agreement.

11.5 No Waiver. The failure of any Party to insist upon strict adherence to any term of

this Master Agreement or any Transaction Document executed in connection herewith on any
occasion shall not be considered a waiver nor deprive that Party of the right thereafter to insist

upon strict adherence to that term or any other term of this Master Agreement.

11.6 Assignment. This Master Agreement and any Transaction Document executed in

connection herewith may not be assigned, transferred nor conveyed by either Party without the

prior written consent of the other Party. Any attempted assignment, transfer or conveyance

without such consent shall be entirely void ab initio and have no force or effect.
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11.7 Governing Law; Venue. This Master Agreement (and any Transaction Document

executed in connection herewith) and any and all disputes arising in connection herewith (whether

in contract, tort or otherwise) shall be governed by and construed in accordance with the laws of

the State of New York without giving effect to any choice or conflict of laws provision or rule that

would cause the application of the laws of any jurisdiction other than New York. Any action at

law, or in equity, for the enforcement of this Master Agreement (and any Transaction Document

executed in connection herewith) or any dispute arising in connection herewith shall be instituted

only in a court of competent jurisdiction located in the County of Albany, State of New York.

11.8 No Third Party Beneficiaries. Nothing contained in this Master Agreement shall,

directly or indirectly, create a contractual relationship with, or give any claim or right of action in

favor of, any third party (including, without limitation, any Service Provider or Subprovider)
against Authority.

11.9 Severability. The invalidity or unenforceability of any provisions of this Master

Agreement or of any Transaction Document executed in connection herewith shall not affect the

validity or enforceability of any other provisions of this Master Agreement or Transaction

Document, as applicable, which other provisions shall remain in full force and effect.

11.10 Survival of Provisions. The articles that contain provisions related to the following
will survive the expiration, termination or completion of this Master Agreement: Conflict and

Order of Precedence; Recovery of Costs and Repayment Obligation, Warranty, Damages,

Liability, Ownership of Installed Work and Intellectual Property, Publicity; and Governing Law,

Venue.

11.11 Not Construed Against Drafter. Authority and Customer acknowledge that they
have read this Master Agreement, have had the opportunity to review it with an attorney of their

respective choice, and have agreed to all its terms. Under these circumstances, Authority and

Customer agree that the rule of construction that a contract be construed against the drafter shall

not be applied in interpreting this Master Agreement and that in the event of any ambiguity in any
of the terms or conditions of this Master Agreement, including any exhibits or schedules hereto,

such ambiguity shall not be construed for or against any Party hereto on the basis that such Party
did or did not author same.

11.12 Headings. The articles and section headings contained in this Master Agreement

are for referêñce purposes only and shall not affect the meaning or interpretation of this Master

Agreement.

11.13 Counterparts. This Master Agreement may be executed in counterparts via inked

signature or electronic mark, each of which shall be deemed an original, but all of which together

shall constitute one and the same instrument. The fully executed Master Agreement may be

delivered using pdf or similar file type transmitted via electronic mail, cloud based server, e-

signature technology or other similar electronic means.

(SIGNATURE PAGE FOLLOWS)
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IN WITNESS WHEREOF, the parties hereto have duly executed this Master Agreement

as of the effective date first written above.

POWER AUTHORITY OF THE STATE OF [CUSTOMER]
NEW YORK

By: By:

Name: John Canale Name:

Title: Vice President, Procurement Title:

Date: Date:

Signature Page to Master Cost Recovery Agreement No.
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gyo¶m NY Power
g"™"

Authority

EXHIBIT A

STATEWIDE COMPENSATION SCHEDULE

As compensation for services rendered by the Authority under the Master Agreement, the Customer will

pay the Authority Program Fee as set forth below.

A. CAPITAL PROJECTS

I. AUTHORITY PROGRAM FEE

For Capital Projects, the Authority Program Fee is calculated as a percentage of the cumulative sum of all

costs related to a Project, including, but not limited to all Material Costs; Labor Costs; Service Provider

Fees; the amount of the Project Contingency applied as a Project cost; and other Project-related costs and

expenses. The Authority Program Fee is in addition to all such costs related to a Project. The Authority
Program Fee percentage will be fixed upon execution of the CPC for the installation phase.

1. Authority Program Fee when Service Provider nerforms Work

The following table sets forth the Authority Program Fee where the Authority delivers a Project using one

or more Service Providers to perform audit, design, construction maiiagement and/or installation.

$0 - $3M 12.5%

$3M - $6M 12.0%

$6M - $12.5M 11.5%

$12.5M - $40M 11.0%

$40M - $60M 10.5%

> $60M 10.0%

2. Authority Program Fee when Authority and Service Provider nerform Work

The following table sets forth the Authority Piugiam Fee where the Authority will be performing design

and construction management with its own forces using one or more Service Providers to perform

installation. If the Authority procures material directly in lieu of using one of its Service Providers, there

will be an additional Material Fanming Fee of 1.5% charged on the Material Cost of the Project.

$0 - $3M 27.5%

$3M - $6M 27.0%

$6M - $12.5M 26.5%

$12.5M - $40M 26.0%
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$40M - $60M 25.5%

> $60M 25.0%

3. Authority Program Fee when Authority orovides Audit Services Only

The Authority Program fee for providing Audit services not contemplated as part of a full project

(i.e. design, construction managemcñt and/or installation) is calculated as twenty-five percent

(25%) of the costs related to the Audit.

II. MILESTONE PAYMENTS

To the extent applicable, the Authority Program Fee will be paid on milestones as detailed in the CPC or

as otherwise mutually agreed upon.

III. AUTHORITY FEE IN THE EVENT OF PROJECT TERMINATION

1. Termination at or after Audit Phase

If a Project is termin-t-1 at or after the audit phase, but prior to moving forward with any design or

implemeñtation, the Authority's Program Fee is calculated as twenty-five percent (25%) of the actual costs

associated with such audit.

2. Termination during Design. Procurement or Iminllation Phase

If a Project is terminated in whole or part during the design, procurement or installation phase, the

Authority's Program Fee for the Project will be the ciimiiative percentage value at the current milestone

(as if it had been achieved) and calculated based on the estimated Project costs, including, but not limited

to all Material Costs; Labor Costs; Service Provider Fees; the amount of the Project Contingency applied

as a Project cost; and other Project-related costs and expenses up through the current milestone (as if it had

been achieved). For the purposes of calculating the Authority's Program Fee, the then current milestone

is assumed complete once the Project is canceled.

The following table sets forth the Authority Program Fee percentage segmented by milestone.

30% Design 10% 10% + (audit cost)

90% Design 15% 25% + (audit cost)

100% Design & 15% 40% + (audit cost)
Bidding

Construction CPC 10% 50% + (audit cost)
Preparation

Construction (25% 10% 60% + (audit cost)
completion)

Construction (50% 15% 75% + (audit cost)
completion)
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Construction (75% 15% 90% + (audit cost)
completion)

Construction (100% 10% 100% + (audit cost)
completion)

B. ADVISORY SERVICES PROJECTS

L AUTHORITY PROGRAM FEE

The Authority Program Fee for the Advisory Services will be calculated according to one of the following
methods as set forth in the CPC for the Project:

Time and Materials: The Authority's Program Fee maybe based on actual time and cost of inaterial

incurred by Authority or its Service Providers in connection with a Project based on rates defined in the

Project CPC.

Lump Sum: The Authority's Program Fee may be based on the percentage coñrplete of a lump sum

or milestones defmed in the Project CPC.

Unit Price: The Authority's Program Fee maybe based on the unit prices defined in the Project

CPC.

Percent of Materials and Labor: The Authority's Program Fee maybe based on a percentage of

Service Provider Material Costs and Labor Costs as defined in the Project CPC.

Other Mechmisms: The Authority's Program Fee may be based on an evolving cost recovery
mechanisms not defined in this Master Agreement. If other mechanisms are selected, the Authority's

Program Fee will be based on mutual Authority and Customer agreement and will be defined in the Project

CPC.

II. PROJECT TERMINATION

If a Project is terminated in whole or part prior to completion of a Project, the Autherity's Program Fee will

be based on the Project costs incurred by Authority up until the date of termination. For the purposes of

calculating the Authority's Pregram Fee, as applicable, the then current milestone is assumed complete

once the Project is canceled.
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5)yo¶ORK NY Power
OPPORTUNITY

EXHIBIT B

CAPITAL PROJECT TERMS AND CONDITIONS

1. Applicatics. In addition to the terms and conditions set forth in the main body of

this Master Agreemeñt, these Capital Project Terms and Conditions shall apply to all Capital

Projects provided by Authority or Service Provider to Customer under the Master Agreement.

2. Capital Project Services. Capital Projects are generally delivered through the

services of qualified installation Service Providers or Subproviders under contract with the

Authority. Capital Project services may include any or all of the followiñg services (as more fully
described below): audit, design, construction mañagement, equipment procurement, installation,

commissioning, disposal of Waste, financing and other Project related services required to install

a Project.

3. Audit.

(a) Scope. After Customer has identified potential Projects for Authority's and

Customer's consideration, Customer may request that Authority perform an audit of the Facility.

The audit will help identify opportunities for implementing ESP measures and will be scheduled

by Customer's Authorized Representative and/or the appropriate Facility manager. The scope of

the audit will be set forth in a CPC which shall be executed by an authorized officer or designee

of Authority and Customer prior to commencement of any audit Work. In some instâüces, the

audit will involve a complete inventory of the systems which are currently used in normal

operation, while in others a more targeted approach will be taken. The audit may also include an

analysis of whether hazardous materials and Waste related to those systems are likely to be present

or generated as a result of installing a Project.

(b) Audit Report. Based upon the results of the audit, a written report will be

furnished to Customer. The report will include an estimate of the Total Reimbursement Costs as

well as estimates of the potential Total Annual Energy Savings and envir0ñmental or sustaiñability

benefits, as applicable, that Customer can reas0ñably expect through implementation of the

recommendations made in the report. If, after analysis of the report by Authority and Customer,

Authority, in its sole discretion, determines that the Project either (1) does not meet Authority's

eligibility criteria, or (2) is not appropriate at such Facility, activity there will cease.

(c) Deferment of Total Reimbursement Costs for Audit Work. Upon

completion of the audit Work, if Customer and Authority decide to proceed to the next phase,
Customer and Authority will execute a CPC reflecting the scope of such next Project phase. By

executing the CPC, Customer acknowledges its concurrence with the audit results. Subject to

Authority's approval, Customer may request that payment of the Total Reimbursement Costs for

the audit Work, be deferred and included in the Total Reimbursement Costs of the CPC for the

next Project phase.
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4. Project Design.

(a) General. If agreed upon by the Parties in a CPC, Authority shall prepare a

Project design. Customer will be asked to review all aspects of the design and specifications.

Where deemed appropriate by Authority and Customer, the Service Provider will arrange for

geotechnical surveys (i.e., soil tests, borings, and related evaluations), surveys of the site (i.e., to

determine physical characteristics of the site, such as utility locations), and/or demonstration

installations (i.e., the installation of sample lighting fixtures or other equipment) of selected

measures in Customer's Facility, all at Customer's sole risk.

(b) Milestones and Milestone Completion Recorts. Authority will submit the

Project design documents to the Customer at 30%, 60%, 90% and
"final"

design milestones, or

according to the milestone schedule set forth in the respective CPC. Upon completion of each

design milestone, Customer and Authority (or their duly authorized representatives) shall promptly
review the design Work, or applicable portions thereof and Customer and Authority shall jointly
sign a Milestone Completion Report. It shall be Customer's responsibility to determiñe that the

proposed design meets Customer's needs.

(c) Deferment of Total Reinibürsement Costs for Design Work. Unless

otherwise set forth in the CPC for a Project, Authority may invoice the Customer for the Total

Reimbursement Costs for the performed design Work through the milestone(s), if any, set forth in

the CPC (plus any Total Reimbursement Costs incurred during the audit, if such costs were

deferred and rolled over). Customer may request payment deferral if Customer approves Authority
to proceed to the next milestone or the next Project phase. With Authority's approval, Customer's

Short-Term Repayment Obligation will be deferred and rolled into the next milestone invoice, or

at design completion, become part of the Total Reimbursemêñt Costs of the CPC for the next

Project phase.

(d) Ownership of Design Work Upon Early Termination. If Customer

terminates the design Project prior to its completion, upon receipt of Customer's final payment,

Authority will deliver to Customer all design plans and documents completed through the date of

termination. Customer's use of such design plans and documents will be subject to any copyrights

of the Authority and/or the designer. By using any incomplete or unfinished design plans and/or

documents that have not been sealed with the licensed design professionaPs stamp upon delivery
to Customer, Customer accepts full and complete responsibility for such design and further agrees

to hold Authority harmless from its use of such incomplete or unfinished design plans and/or

documents.

5. Procurement. After Authority and Customer agree on the Project's design and

techical specifications, Authority or the Service Provider will competitively solicit, using the

Authority's procurement guidelines, bids for the Work as set forth in the design docüñients. The

resulting final design, specifications and bid price shall be incorporated into a CPC for the Project.

Authority's contracts with its Service Providers will require compliance with the Authority's

guidelines regarding the competitive solicitation of the services of Subproviders for Customer's

Facilities, including the selection of minority and women-owned business enterprises. The

services of Subproviders and equipment procurement will be obtained through a competitive bid

process conducted by the Service Provider with Authority oversight. In the event Customer
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decides not to proceed with the instanation Project, Customer shall reimburse Authority for the

costs of any Work undertaken by Authority and/or its Service Provider in connection with the

procurement process and the associated cost and expense of same.

6. Installation.

(a) General. After Authority and Customer have entered into a CPC for

installation Work, the Service Provider and/or its Subproviders will perform the Work pursuant to

the design and technical specifications set forth in such CPC.

(b) Substantial Comoletion and Ooeration Transfer Recort. After Customer has

inspected, tested and accepted the Project equipñ1eñt, or portion thereof, installed by the Service

Provider, the Parties will execute a Substantial Completion and Operation Transfer Report for the

completed portion of the Work signifying (i) that Customer accepts responsibility for operation

and maintenance of the installed equipment, (ii) that the Project, or specified portion thereof, is

substantially complete, and (iii) the commencement of any warranty period.

(c) Final Insoection Reoort. Upon completion of the Work, Customer and

Authority (or their duly authorized representatives) shall promptly inspect the entire Facility, or

applicable portions thereof. Authority or its Service Providers will confirm that the Work has been

satisfactorily completed according to the provisions of this Master Agreement and the applicable

CPC. Authority and Customer shall jointly sign a Final Inspection Report.

7. Maintenance and Post-Installation Audit. Authority will provide Customer with

information regarding the maintenance of Project installations and reconiñiendations for

appropriate replacement equipment to be used in those installations to facilitate proper usage and,
if applicable, energy savings at Customer's Facilities. After the Project installations are

completed, Customer shall use reasonable efforts to see that such maintenance and materials

instructions are followed at its Facilities. While any portion of the Customer's Short-Term

Repayment Obligation remains outsteading, Authority may, upon reasonable notice to Customer,
audit installations in Customer's Facilities to evaluate compliance with such maintenance and

materials instructions.

8. Project Closeout for Capital Projects. Notwithstanding the terms set forth in the

CPC or Final CPC, the Customer shall, within the time specified in the Final CPC, (a) repay the

Short-Term Repayment Obligation or (b) convert the Short-Term Repayment Obligation to a

Long-Term Repayment Obligation and enter long term repayment consistent with the Authority's

policies and procedures. The Customer shall make payment of that portion of the Short-Term

Repayment Obligation that is not converted to the Long-Term Repayment Obligation upon receipt

of the Authority's invoice and in accordance with the terms of this Master Agreeñieñt. The Short

Term Repayment Obligation, as set forth in the Final CPC, shall include the Authority's estimate

of Short-Term Interest to be accrued between the issüañce of the Final CPC and conversion to long
term repayment.

9. Authority Obligations. In addition to the obligations otherwise set forth herein and

the respective CPC, Authority shall require the Service Provider to adhere to the Project's design
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and technical specifications as set forth in the CPC and minimize any interference with the normal

operations at Customer's Facility.

10. Customer Obligations. In addition to the obligations otherwise set forth herein and

the respective CPC, Customer shall promptly review all completed installations. Customer shall

review and approve, as may be required, any corrective or restoration Work resulting from

improper work by the Service Provider.

11. Customer-Supplied Eauipilieiit and/or Work. Customer and Authority may agree

in the CPC for the provision of Customer materials and/or completion of Customer work in

connection with a Project, independent of Authority. If so, then Custoilier shall be responsible for

any changes to the Project schedule, scope of Work or any increase in the Total Reimbursement

Costs caused by Customer due to non-delivery of Customer materials or non- or late performance

of Customer work and Authority shall issue any necessary Contingency Work Order or Change

Order, as applicable. Authority may suspend its Work on the Project until Customer approves

such Change Order. Furthermore, if the Customer does not meet the Project schedule with respect

to Customer materials and/or Customer work, Authority has the right to terminate the Project if

the delay is not cured within fifteen (15) days of written notice thereof by Authority to Customer

and turn it over to Customer for completion without any liability on the part of Authority.

* * * * *
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5)yo¶ORK NY Power
OPPORTUNITY.

EXHIBIT C

ADVISORY SERVICES TERMS AND CONDITIONS

1. Application. In addition to the terms and conditions set forth in the main body of

this Master Agreement, these Advisory Services Terms and Conditions shall apply to all Advisory
Services Projects provided by Authority or Service Provider to Customer pursuant to the Master

Agreement.

2. Advisory Services. Upon Customer's request, Authority may provide any or all of

the Advisory Services described below. Advisory Services may be provided by Authority
employees and/or Service Providers with expertise in the area as determined by Authority.

Authority and Customer will cooperate in good faith during the performance of such Advisory
Services.

3. Descriotion of Services

(a) Review. Review of information provided by the Customer regarding,

among other things, Customer's site conditions, future plans for modifications to facilities,

operations and/or usage, historical utility data, any relevañt strategic plans or initiatives, and other

relevant requirements that are specific to Customer.

(b) Meetings. Participate in meetings and conference calls as mutually agreed

upon by the parties as being in the best interests of the Project or as otherwise detailed in the

Customer Project Commitment.

(c) Site Observations. Observe Customer's facilities, physically or remotely
via electronic means as determined by the Authority to assess the condition of existing equipment

and physical site conditions.

(d) Analysis. Analyze data presented by Customer and/or collected by or on

behalf of the Authority. Outreach to appropriate third parties as necessary to coordinate and/or

collect additional data.

(e) Advice and Guidance. Deliver oral or written advice, güidãüee and other

recommendations commmicated via in person meetings, telephone conversations, or

correspondence.

(f) Deliverables and Reports. Prepare reports, memorandums, and other

documêñts that memorialize the advice, guidance and recommendations delivered to the Customer

and support the Customer's underlying project, where applicable.

The foregoing descriptions are given by way of example and not by way of exclusion.

Advisory Services may include services that have not yet been developed or approved by Authority

Page 1 of 2

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0513



to date, provided such services are described in a CPC signed by both Parties to this Master

Agreement.

4. Further Assistance: Information. In addition to the obligations set forth herein and

the respective CPC, Customer shall provide Authority and/or Service Providers with such

assistance as may be required to perform the Advisory Services. This may include, but is not

limited to, providing access to the Customer's Facility(ies), information such as historical utility

data, maintenence logs, existing feasibility studies, reports, equipment drawings or any other

information or services reasonably requested by Authority and/or Service Providers.

* * * * * *
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Arencibia, Stephanie (Molly)

From: Richard Sullivan <rsullivan@highlands-ny.gov>

Sent: Tuesday, April 9, 2019 5:37 AM

To: Laino, Jeffrey
Cc: Luteran, Kevin

Subject: [EXTERNAL]Presentation

CAUTION
â€"

External Email

Suspicious? Click Report Phishing on Outlook toolbar. For Mobile forward to (abuse@nypa,gov)

Jeff,

Not sure if Kevin is your associate, subardiiiate, or supervisor, but I wanted to let you know you were concise, germane ,
well poised and delivered a very well received workup, thank you.

just a bit on the Village of Highland Falls- in 2016 there was a different team in place, they had an electiician as a trustee

who invited NYPA to imp|êmêñt a similar program , but once removed from power, the current team , who I like, ended

that effort.

I did speak with the village liaison to streetlights yesterday, and the village has over 250 lights, O and R is changing 7 per

year , that would be a lame 30 year effort, and savings would be barely recognized. O and R does have some deal where

for an extra $169 per light they will do more per year, and thatâ€™s about all I know about their program, or lack

thereof.

So as a good neighbor I kept the village out of it, I tried contacting their Point man since late Feb., no response until

yesterday so the citizens you met last night will be charged with the task of inviting/ pressuring the village to participate,
either way that is a separate body of government .

I / we look forward to advancing this effort, and with a trustworthy body like NYPA , and the issue of maintenance after

ownership being addressed by NYPA and included in your workup, I believe this will be at least p!ausible, hopefully

executable project, and again thank you. When the local paper does an article on this ( this Thursday), lâ€™ll share an

online copy if you desire.

Have a great day, Richie

Sent from my iPad

1
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Arencibia, Stephanie (Molly)

From: Richard Sullivan <rsullivan@highlands-ny.gov>

Sent: Wednesday, April 10, 2019 8:51 PM

To: Laino, Jeffrey
Cc: Luteran , Kevin

Subject: Re: [EXTERNAL]Presentation

Pleasant Wednesday Jeff ,

Sometimes I have days where I have no free time, sorry for delay .
Timeline- next meeting ( Earth Day) after community input it is my job to steer public perception so no one kills this

effort, I expect that to go well, and last eve I spoke with the supervisor, he really likes the project. The supervisorâ€™s

son is on the Village of HF board, and that is who referred a bright LED in his backyard to me, the light was installed by O

& R and lâ€™ve subdued the original concern to both supervisor and his son based on options you presented.

In doing my diligêñce, Iâ€™ve contacted ( long before you) O & R to see what they may offer, so my very best guess is

either first rneeting in May or possibly the second ( near Merñ0rial Day) the decision will be final , I wonâ€™t let it go

beyond that timeframe.

Iâ€™ll send tomorrowâ€™s article in the local paper to you, and I may have a question or two over the next few weeks, I

hope that timeline is plausible.

Obliged, Richie

Sent from my iPad

> On Apr 9 , 2019, at 9:23 AM, Laino, Jeffrey <Jeffrey.Laino@nypa.gov> wrote:

>

> Good Morning Richie,
> Thank you for the email, it was my pleasure to present the NYPA street |ighting proposal to the Supervisor and Council

members last night. I hope all their questions were answered but please reach out to me if any additional questions

arise.

> I am attaching the Authorization to Proceed and a sample Master Cost Recovery Agrééniéni(MCRA). These are the 2

documents NYPA will need executed in order to begin the prcject imp|énientation. I will have the contracting unit at

NYPA email you an executable version of the MCRA upon request.

> What do you think the timeline is for the Town to make a decision on rñ0ving farward with the project?

> Let me know if there is anything else you need and please send me a link to any news articles regarding the project.

> Thank you and looking forward to working with you.

>

> Jeff Laino

> Customer Business Development Representative New York Power Authority
> 123 Main Street

> White Plains, NY 10601

> (914) 287-3351 (office)
> (914) 312-1260 (cell)
> Jeffrey.Laino@nypa.gov

> www.nypa.gov

>

>

>

>

> -----Original Message-----

> From: Richard Sullivan <rsullivan@highlands-ny.gov>

1
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> Sent: Tuesday, April 9, 2019 5:37 AM
> To: Laino, feffrey <feffrey.Laino@nypa.gov>

> Cc: Luteran, Kevin <Kevin.Luteran@ilypa.gov>

> Subject: [EXTERNAL]Presentation

>

>

>

>

> CAUTION
â€"

External Email

>

> Suspicious? Click Report Phishing on Outlook toolbar. For Mobile forward to (abusê@nypa,gov)
>

> __
>

>

> feff,
> Not sure if Kevin is your associate, subordinate, or supervisor, but I wanted to let you know you were concise, germane

, well poised and delivered a very well received workup, thank you.

> fust a bit on the Village of Highland Falls- in 2016 there was a different team in place, they had an electrician as a

trustee who invited NYPA to imp|émênt a similar program , but once rêraoved from power, the current team , who I like,
ended that effort.

> I did speak with the village liaison to streetlights yesterday, and the village has over 250 lights, O and R is changing 7

per year , that would be a lame 30 year effort, and savings would be barely recognized. O and R does have some deal

where for an extra $169 per light they will do more per year, and thatâ€™s about all I know about their prograrñ, or lack

thereof.

> So as a good neighbor I kept the village out of it, I tried contacting their Point man since late Feb., no response until

yesterday so the citizens you met last night will be charged with the task of inviting/ pressuring the village to participate,
either way that is a separate body of government .

> I / we look forward to advancing this effort, and with a trustwórthy body like NYPA , and the issue of maintenance

after ownership being addressed by NYPA and included in your workup, I bê|ieve this will be at least plausible, hopefully
executable project, and again thank you. When the local paper does an article on this ( this Thursday), lâ€™ll share an

online copy if you desire.

> Have a great day, Richie

>

> Sent from my iPad

> <Sample 2017 MCRA - Statewide 07242017.pdf>

> <NYPA Street Lighting Authorization to Proceed.pdf>

2
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey <Jeffrey.Lainc@nypa.gov>

Sent: Thursday, April 11, 2019 8:22 AM

To: Richard Sullivan

Subject: RE: [EXTERNAL]Presentation

No worries, my days get crazy too at times.

Whatever timelinc the Town to make a decision is fine.

The Town should be requesting a purchase price from O&R by sending a letter to the Account Manager requesting a

purchase price for the street lights. It is non binding but the process of purchasing takes about 6 months and NYPA

cannot installing lights until the Town owns the old ones. We can do the design and bidding, but wouldnâ€™t be

permitted to start installs.

-----Original Message-----

From: Richard Sullivan <rsullivan@highlands-ny.gov>

Sent: Wednesday, April 10, 2019 8:51 PM

To: Laino, Jeffrey <jeffrey.Laino@nypa.gov>

Cc: Luteran, Kevin <Kevin.Luteran@nypa.gov>

Subject: Re: [EXTERNAL]Presentation

Pleasant Wednesday Jeff,

Sometimes I have days where I have no free time, sorry for delay .
Timc|ine- next meeting ( Earth Day) after community input it is my job to steer public perception so no one kills this

effort, I expect that to go well, and last eve I spoke with the supervisor, he really likes the project. The supervisorâ€™s

son is on the Village of HF board, and that is who referred a bright LED in his backyard to me, the light was installed by O

& R and lâ€™ve st!bdt!ed the original concern to both supervisor and his son based on options you presented.

In doing my di|igêñce, Iâ€™ve contacted ( long before you) O & R to see what they may offer, so my very best guess is

either first meeting in May or possibly the second ( near Memorial Day) the decision will be final, I wonâ€™t let it go

beyond that timeframe.

Iâ€™ll send tornerrewâ€™s article in the local paper to you, and I may have a question or two over the next few weeks, I

hope that timeline is plausible.

Obliged, Richie

Sent from my iPad

> On Apr 9, 2019, at 9:23 AM, Laino, Jeffrey <jeffrey.Lainc@nypa.gov> wrote:

>

> Good Morning Richie,
> Thank you for the email, it was my pleasure to present the NYPA street lighting proposal to the Supervisor and Council

members last night. I hope all their questions were answered but please reach out to me if any additional questions

arise.

> I am attaching the Authorization to Procêêd and a sample Master Cost Recovery Agreement(MCRA). These are the 2

documents NYPA will need executed in order to begin the project implemêñtation. I will have the contracting unit at

NYPA email you an executable version of the MCRA upon request.

> What do you think the timeline is for the Town to make a decision on moving forward with the prójeci?

> Let me know if there is anything else you need and please send me a link to any news articles regarding the project.

> Thank you and looking forward to working with you.

>

> Jeff Laino

1
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> Customer Business Development Representative New York Power Authority
> 123 Main Street

> White Plains, NY 10601

> (914) 287-3351 (office)
> (914) 312-1260 (cell)
> Jeffrey.Laino@nypa.gov

> www.nypa.gov

>

>

>

>

> -----Original Message-----

> From: Richard Sullivan <rsullivan@highlands-ny.gov>

> Sent: Tuesday, April 9, 2019 5:37 AM
> To: Laino, Jeffrey <Jeffrey.Laino@nypa.gov>

> Cc: Luteran, Kevin <Kevin.Luteran@nypa.gov>

> Subject: [EXTERNAL]Presentation

>

>

>

>

> CAUTION â€" External Email

>

> St!spiciot!s? Click Report Phishing on Outlook toolbar. For Mobile

> forward to (abuse@nypa,gov)
>

>

>

>

> Jeff,
> Not sure if Kevin is your associate, subordinate, or supervisor, but I wanted to let you know you were concise, germane

, well poised and delivered a very well received workup, thank you.

> Just a bit on the Village of Highland Falls- in 2016 there was a different team in place, they had an ê|êctrician as a

trustee who invited NYPA to irsp|éniéia a similar program , but once renieved from power, the current team , who I like,
ended that effort.

> I did speak with the village liaison to streetlights yesterday, and the village has over 250 lights , O and R is changing 7

per year , that would be a lame 30 year effort, and savings would be barely recognized. O and R does have some deal

where for an extra $169 per light they will do more per year, and thatâ€™s about all I know about their program, or lack

thereof.

> So as a good neighbar I kept the village out of it, I tried contacting their Point man since late Feb., no response until

yesterday so the citizens you met last night will be charged with the task of inviting/ pressuring the village to participate,
either way that is a separate body of government .

> I / we look forward to advancing this effort, and with a trustworthy body like NYPA , and the issue of maintenance

after ownership being addressed by NYPA and included in your workup, I believe this will be at least p!at!sible, hopefully
executable project, and again thank you. When the local paper does an article on this ( this Thursday), lâ€™ll share an

online copy if you desire.

> Have a great day, Richie

>

> Sent from my iPad

> <Sample 2017 MCRA - Statewide 07242017.pdf> <NYPA Street Lighting
> Authorization to Proceed.pdf>
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey <Jeffrey.Laino@nypa.gov>

Sent: Tuesday, April 16, 2019 12:12 PM

To: Richard Sullivan

Subject: RE: [EXTERNAL]Media

Thanks!

From: Richard Sullivan <rsullivan@highlands-ny.gov>

Sent: Tuesday, April 16, 2019 11:49 AM
To: Laino, Jeffrey <Jeffrey.Laino@nypa.gov>

Subject: [EXTERNAL]Media

CAUTION - External Email
Suspicious? Click Report Phishing on Outlook too!ber. For Mab||s forward to (abuss@nypa,gov)

Jeff, we did not make last weeks paper, this week ( Thurs) should have the article. Until then, if you care to see

yourself in action, the video of the meeting , I'll be in touch after nexts weeks meeting which I hope the public

stays inclined toward this project.

Richie

httos://voutu.be/3dKPCJ686Ns

Sent from my iPad

1
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Arencibia, Stephanie (Molly)

From: Richard Sullivan <rsullivai @high|ai ds-ny.gov>

Sent: Monday, April 22, 2019 7:34 AM

To: Laino, Jeffrey
Subject: [EXTERNAL]Last weeks paper

Attachmêñts: IMG.1303.jpg; ATT00001.txt; IMG.1304.jpg; ATT00002.txt

CAUTION
â€"

External Email

Suspicious? Click Report Phishing on Outlook 100|bar. For Mabils forward to (abuse@nypa,gov)

Thought youâ€™d enjoy seeing ...

Chat soon

Richie

1
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey <Jeffrey.Laino@nypa.gov>

Sent: Tuesday, July 23, 2019 8:52 AM
To: Richard Sullivan

Subject: FW: [EXTERNAL]Town of Highlands_ES_MCRA_2019 between New York Power Authority

, mERVIN R. LIVSEY and John Canale is Signed and Filed!

Attachments: Town of Highlands_ES_MCRA_2019 - signed.pdf; NYPA Street Lighting Authorization to

Proceed.pdf

Hi Richie,
See attached signed MCRA. Also attached is the Authorization to Proceed. Once I receive the ATP I can initiate the

project and get an engineer assigned to the project so we can schedule a kick off meeting.

Thank you for your help with moving this along!!

Jeff

From: New York Power Authority <echosign@echosign.com>

Sent: Tuesday, July 23, 2019 8:39 AM
To: Canale, John <John.Canale@nypa.gov>; Parille, Lindsay <Lindsay.Pari||é@ñypa.gov>; mERVIN R. LIVSEY

<blivsey@highlands-ny.gov>

Cc: Paine, John <John.Paine@nypa.gov>; Laino, Jeffrey <Jeffrey.Laiñ0@ñypa.gov>

Subject: [EXTERNAL]Town of Highlands_ES_MCRA_2019 between New York Power Authority , mERVIN R. LIVSEY and

John Canale is Signed and Filed!

CAUTION - External Email
Suspicious? Click Report Phishing on Outlook toolbar. For Mobile forward to (abuse@nypa,gov)

1
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Town of

Highlands_ES_MCRA_2019

between New York Power

ÿ Authority , mERVIN R.

LIVSEY and John Canate is

Signed and Filed!

From: NEW YORK POWER AUTHORITY - Lindsay Parille
(New York Power Authority )
To: John Canale, NEW YORK POWER AUTHORITY -

Lindsay Parille and mERVIN R. LIVSEY

Cc: New York Power Authority John Paine and
jeffrey.laino@nypa.gov

Attached is a final copy of Town of
Highlands_E5_MCRA_2019.

Copies have been automatically sent to all parties to
the agreement.

You can view the document in your Adobe Sign
account.

Why use Adobe Sign:

• Exchange, Sign, and File Any Document. In Seconds!

• Set-up Reminders. Instantly Share Copies with
Others.

• See All of Your Documents, Anytime, Anywhere.

To ensure that you continue receiving our emails, please add echosign@echosign.comto your address book or safe list.

2
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NEW YORK NY PowerSTATE OFq°"™""
Authority

ANDREW M. CUOMO JOHN R. KOELMEL Gil C. QUINIONES
Governor Chairman President and Chief Executive Officer

April 5, 2019

Supervisor Bob Livsey

Town of Highlands

254 Main Street

Highland Falls NY 10928

RE: Energy Services Program
Authorization to Proceed with turn-key street light project
Town of Hiahlands- LED Street Liahtina

Dear Supervisor Livsey,

The New York Power Authority (NYPA) is excited to support the Town of Highlands in identifying and

implemêñting a comprehensive street lighting upgrade. Improving the existing street lights is a widely used

and effective strategy to achieve the goal of reducing energy consumption, lowering utility costs, and improving

light quality throughout the community.

Consistent with the Master Cost Recovery Agreement, NYPA provides a turn-key solution to upgrade the Town

of Highlands's existing street lights to energy efficient LED techñóiógy. NYPA is pleased to offer these services

to replace approximately 167 existing street light fixtures with new high efficient LED technology.

By signing below, the Town of Highlands authorizes NYPA to proceed with the full turn-key solution of the LED

street lighting project, which includes the final design report, conducting bids for materials and insta!!ation

labor, providing construction management, and commissioning the final project. When the design and bidding
is completed, you will receive an Initial Customer Installation Commitment (ICIC) for your review and signature.

At this point, if you choose to proceed to project implemêñtation all devê|0pment costs will be rolled into the

overall project. Conversely, should you decide not to proceed with the implementation of the project, the Town

of Highlands agrees to reimburse NYPA for all costs incurred up to the termination date for the devê|õpment,
design and bidding of the project. The cost of devê|0piñg the design and for bidding the materials and labor

will be determined during the next phase. NYPA will be fully transparent through this process and provide

complete documentation as to how it determined all project costs.

By signing below, affirm that you agree to these conditions:

123 Main Street, White Plains, NY 10601 | 914-681-6200 | www.nypa.gov
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NEW YORK NY PowerSTATE OFq°"™'"
Authority

ANDREW M. CUOMO JOHN R. KOELMEL Gil C. QUINIONES
Governor Chairman President and Chief Executive Officer

PAGE 2
AUTHORIZATION TO PROCEED - Town of Highlands

Joseph Rende

(Name,printed) (Name,printed)

Senior Director, Customer Business

Development
(Title) (Title)

(Signature) (Signature)

(Date) (Date)

123 Main Street, White Plains, NY 10601 | 914-681-6200 | www.nypa.gov
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ORK NY Power
"""

Authority
Master Cost Recovery Agreement No.

Effective Date:

ENERGY SERVICES PROGRAM

MASTER COST RECOVERY AGREEMENT

BETWEEN

POWER AUTHORITY OF THE STATE OF NEW YORK

AND

TOWN OF HIGHLANDS
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ENERGY SERVICES PROGRAM
MASTER COST RECOVERY AGREEMENT

This Master Cost Recovery Agreement (this "Master Agreement"), dated Jul 23, 2019

. is entered into by and between POWER
AUTHORITY OF THE STATE OF NEW YORK, a corporate municipal instrumentality of the

State of New York with offices located at 123 Main Street, White Plains, New York 10601

("Authority") and the Town of Highlands, a municipality with offices located at 254 Main Street,
Highland Falls, NY 10928 ("Customer").

WHEREAS, Public Authorities Law §1005(17) permits the Authority, as deemed feasible

and advisable by the Trustees, to finance and design, develop, construct, implement, provide and

administer energy-related projects, programs and services for any public entity and certain other

specified entities; and

WHEREAS, the Trustees have authorized the establishment of the Authority's Energy
Services Program ("ESP") to include, among other things, energy efficiency projects and services,
clean energy technology projects and services and high-performance and sustainable building
projects and services (including technologies that reduce air and other pollution and conserve

materials and resources such as water); and the construction, installation and/or operation of

facilities or equipment done in connection with any such projects, programs or services; and

WHEREAS, Public Authorities Law §1005(17) permits Customer, a public entity, to enter

into an energy services contract with the Authority for such energy-related projects, programs and

services as authorized by Public Authorities Law; and

WHEREAS, Authority and Customer desire to work together to develop and implemêñt

Projects contemplated under the ESP and to enter into this Master Agreement as more particularly
set forth herein.

NOW, THEREFORE, Authority and Customer (sometimes referred to herein collectively
as the

"Parties"
and individually as a "Party"), in consideration of the mütüãl covenants and

conditions contained herein and in these recitals, hereby agree as follows:

DEFINITIONS

The following definitions apply for all purposes of this Master Agreement:

"Advisory
Services"

means the consulting services provided by Authority or Service

Providers to assist Customer in its efforts to reduce energy consumption and associated operations

and maintenance costs, to realize environmental benefits, including but not limited to the reduction

of air pollution; to conserve natural resources; and/or facilitate the use of clean energy sources at

Customer's Facilities.

"Advisory Services Terms and
Conditions"

means the additional terms and conditions set

forth in Exhibit C applicable to Advisory Services Projects provided by Authority or Service

Provider to Customer hereunder.

Page 1 of 27
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"Ancillary
Docüilici1ts"

means documents, other than this Master Agreement and the

Customer Project Commitment (and documents that modify them, such as Change Orders and

Contingent Work Orders), covering information necessary for the implementation of a specific

Project, such as authorizations, Substantial Completion and Operation Transfer Reports, Milestone

Completion Reports and Final Inspection Reports, etc.

"Authority's Authorized
Representative"

means an individual designated by Authority in

accordance with Section 10.1(b) to coordinate a Project on behalf of Authority and to commimicate

with Customer concerning such Project.

"Authority Implemented
Work"

means Work undertaken by Authority for Customer as

more fully set forth in a CPC (subject to the terms and conditions of this Master Agreement and

any applicable Transaction Document) through the services of qualified Service Providers or

Subproviders engaged by Authority.

"Authority Material Handling
Fee"

is a fee applied by the Authority to the cost of materials

purchased directly by the Authority for a Project, where applicable, to reimburse the Authority for

procurement, material handling, storage and/or restocking. The amount of such fee, when

applicable to a Project, will be set forth in the CPC, as superseded by the Final CPC.

"Authority Program
Fee"

mean Authority's fee applicable to each Project. Details of the

Authority Program Fee will be set forth in the Compensation Schedule, attached hereto as Exhibit

A, and the amount of such fee will be set forth in the CPC, as superseded by the Final CPC.

"Background Intellectual Property
Rights"

means Intellectual Property Rights of a Party

owned, controlled, acquired, developed, invented, generated, authored, conceived or reduced to

practice prior to the date of this Master Agreement, or acquired parallel to and independent of this

Master Agreement or any Transaction Documents entered into under this Master Agreement.

"Capital
Project"

is a Project involving the design, construction, installation and/or

modification of facilities and/or equipment in Customer's Facility.

"Capital Project Terms and
Conditions"

means the additional terms and conditions set forth

in Exhibit B applicable to Capital Projects provided by Authority or Service Provider to Customer

hereunder.

"Change
Order"

is a Transaction Document that memorializes a modification to the CPC

that cannot be made by Contingency Work Order, setting forth agreed-upon additions, deletions

or revisions to the Work, and the cost and/or time impact to the Project.

"Coñipei1sation
Schedule"

is a schedule attached hereto as Exhibit A setting forth details

about the Authority Program Fee and other relevant Project costs, where applicable, for the

different services offered by Authority under this Master Agreement.

"Contingency Work
Order"

is a Transaction Document that memorializes the Authority's

use of the Project Contingency for a Project, such use to be reflected on subsequent CPCs that are

executed for the particular Project.

Page 2 of 27
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"Customer's Authorized
Recresentative"

means an individual designated by Customer in

accordance with Section 10.1(a), to coordinate a Project on behalf of Customer and to assist

Authority, its Service Providers and Subproviders with the implementation of the Project.

"Customer Project
Commitment"

or
"CPC"

is a Transaction Document containing terms

and conditions for one or more specific Projects at a Customer's Facility(ies) that includes, at a

minimum, the location of Customer's Facility, a detailed scope of Work (including a description

of milestones, if any), the projected Project costs and any specific payment terms applicable to the

Project.

"Debris"
shall mean unregulated materials removed from a Customer Facility and

unsuitable for further use.

"Environmental
Laws"

means all current and future federal, state and local laws (including
common law), treaties, regulations, rules, ordinances, codes, decrees, judgments, directives, orders

(including consent orders), environmental permits, and obligations and other requirements

imposed by any "Governmental
Authority"

(as defined herein), including New York State

Department of Environmental Conservation ("NYS DEC") Tea C Administrative Guidance

Memoranda and other guidance documents issued or published by any Governmental Authority,
in each case, relating to pollution, protection of the environment, natural resources, or protection

ofhuman health and safety from conditions in the environment, the presence,
"Release"

(as defined

herein) of, threatened Release of, or exposure to, "Hazardous
Substances"

(as defined herein), or

to the generation, manufacture, processing, distribution, use, treatment, storage, transport,

recycling or handling of, or arrangement for such activities with respect to, Hazardous Substances.

"Environmental
Liabilities"

means all liabilities, obligations, damages, losses, claims,

actions, suits, judgments, orders, fines, penalties, fees, expenses, and costs, relating to

environmental conditions or activities, including (i) Remediation costs, engineering costs,
environmental consultant and expert fees, laboratory fees, permitting fees, investigation costs,

defense costs, and reasonable
attorneys'

fees and expenses; (ii) any claims, demands, and causes

of action relating to or resulting from any personal injury (including wrongful death), property
damage (real or personal) or natural resource damage; and (iii) any penalties, fines or costs

associated with the failure to comply with any Environmental Law.

"Energy Services
Program"

or
"ESP"

includes energy efficiency projects and services;
clean energy technology projects and services; high-performance and sustainable building

programs and services (including technologies that reduce air and other pollution, conserve

materials and resources such as water); and the construction, installation and/or operation of

facilities or equipment done in connection with any such project, programs and services.

"Facility"
means the building, structure or premises owned and/or operated by Customer

that may benefit from Customer's participation in Authority's ESP Program.

"Final
CPC"

means the document that reflects the final reconciliation of Project costs and

all amendments to the CPC that is issued by Authority to Customer upon completion of the Work

for a Project.
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"Final Insoection Report"
means the report, if any, to be executed by Authority and

Customer after completion of a Project.

"Hazardous
Substances"

means (i) any petroleum, petroleum products or byproducts, and

all other regulated hydrocarbons (including without limitation, petrochemicals and crude oil), or

any fraction thereof, coal ash, radon gas, asbestos, asbestos-containing material, urea

formaldehyde, polychlorinated biphenyls, chlorofluorocarbons, and other ozone-depleting

substances; and (ii) any chemical, material, substance, product or waste (including thermal

discharges and hazardous waste) that is prohibited, limited, or regulated by or pursuant to any
Environmental Laws.

"Intellectual Property
Rights"

means any and all intellectual property rights, including, but

not limited to rights in any and all of the following: (i) technical information and know-how; (ii)

discoveries, improvements, enhancements, upgrades, inventions, (whether or not patentable); (iii)

patents, patent applications, patent disclosures, and any other patentable subject matter; (iv)

copyrights, applications to register copyrights, works of authorship and any other copyrightable

works; (v) trademarks, trade names, trade dresses, brand names, logos and similar marks; (vi) any

sketches, drawings, outlines, drafts; (vii) computer software (including source code, executable

code, databases, data and related documentation); (viii) trade secrets and know-how; and (ix) all

improvements or modifications to any of the foregoing.

"Labor
Cost"

is that portion of the Total Reimbursement Costs for installation labor

performed by Service Provider and Subprovider in connection with the Work performed in

connection with a Project pursuant to a CPC based on this Master Agreement. Such costs will be

detailed in each CPC.

"Long-Term Repayment
Obligation"

means the obligation of Customer to repay Authority
in accordance with and subject to the terms of a loan agreement after conversion of a Short-Term

Repayment Obligation.

"Material
Cost"

is that portion of the Total Reimbursement Costs related to equipment,

materials and supplies in connection with the Work performed in connection with a Project

pursuant to a CPC based on this Master Agreement. Such costs will be detailed in each CPC.

"Milestone Completion
Rep_ort"

means a document generated by Authority or Service

Provider that identifies a milestone(s) satisfactorily completed during the progress of a Project or

phase of a Project (i.e., design, construction, or otherwise), signifies Customer's concurrence with

the completion of such milestone and represents Customer's authorization to proceed to the next

milestone or phase of the Work, as applicable.

"Other
Agreement"

means any stand-alone agreements entered into between the Parties at

any time, including, without limitation, non-disclosure agreements, privacy agreements, or grant

agreements, but shall not include any Master Cost Recovery Agreement, Energy Efficiency
Services Agreement or other agreements governing services under the ESP entered into by the

Parties prior to the execution of this Master Agreement.

"Project"
means any project or service undertaken through Authority's ESP pursuant to a

CPC based on this Master Agreement.
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"Project Contingency"
means a defined budget to be utilized at the Authority's discretion

in accordance with Section 2.3 hereof for, among other things, unexpected costs and expemes that

may arise during the performance of a Project (usually calculated as a percentage of Material Cost

and Labor Cost).

"Release"
means any actual or threatened release, spill, emission, emptying, escape,

leaking, dumping, injection, pouring, deposit, disposal, discharge, dispersal, leaching, or migration

into the environment or within any building, structure, facility, or fixture and/or the exacerbation

of any preexisting condition of Hazardous Substances.

"Remediation"
means the investigation (including any feasibility studies or reports),

cIcanup, removal, abatement, transportation, disposal, treatment (including in-situ treatment),

management, stabilization, neutralization, collection, or containment of Hazardous Substances and

any Release(s), that may be required to satisfy Environmental Laws, in each case, including,
without limitation, any closure, restoration or monitoring, operations and maintenance activities,

including any engineering or institutional controls, that may be required by any Governmental

Authority after the completion of such investigation, study, cleanup, removal, transportation,

disposal, treatment, neutralization, collection, or containment activities as well as the performance

of any and all obligations imposed by any Governmental Authority in connection with such

investigation, cleanup, removal, transportation, disposal, treatment (including in situ treatment),

management, stabilization, neutralization, collection, or containment (including any such

obligation that may be imposed pursuant to an Environmental permit or a consent order).

"Service
Provider(s)"

means a third party provider of goods and/or services that Authority,

acting as the contracting entity, contracts with through its procurement policies, procedures and

guidelines to perform Work in connection with a Project at Customer Facilities.

"Service Provider
Fees"

means the costs associated with the payment to Service Providers,

its Subproviders and other third party professionals for Work performed with respect to a specific

Project. Service Provider Fees will be detailed in each CPC.

"Short-Term
Interest"

is a cost component of the Total Reimbursement Costs of a Project

representing the costs incurred by the Authority in connection with financing the delivery of a

Project during the time within which such funds remain unpaid by Customer.

"Short-Term Repayment
Obligation"

refers to Customer's obligation to reimburse

Authority for the costs of delivering a Project, as identified in the Final CPC.

"Short-Term Reoayment Obligation Maturity
Date"

means the date set forth in the Final

CPC, no later than ninety (90) days following the approval of the Final CPC.

"Soecific Subject Matter"
shall mean intellectual property rights, Authority's liability and

limitation thereof, Project warranties, and amendments to this Master Agreemeñt and/or any
Transaction Documents.

"Subprovider(s)"
refers to individuals or entities retained by the Service Provider(s) to

perform all or part of the Work.
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"Substantial Completion and Ooeration Transfer
Recort"

is a document signed by the

Parties signifying that the equipment and/or facilities installed at the Project have been inspected,
tested and accepted by Customer.

"Third
Party"

means any utility c0ñ1pañy, permit agency, governmental authority having
jurisdiction over a Project, any contractor or service provider hired by Customer, or any other third

party that is not a Service Provider or Subprovider but is, directly or indirectly, involved in or

whose approval is required in connection with, a Project and not under contract, directly or

indirectly, with the Authority.

"Total Annual Energy
Savings"

is the estimated net reduction in Customer's annual usage

of (a) energy service, (b) other utilities including, but not limited to, water and sewer, and (c) any
related operation or maintenance savings, if applicable, resulting from the installation of one or

more energy conservation measures in accordance with this Master Agreement.

"Total Reimbursement Costs"
is the sum of all of the costs of a Project as set forth in the

CPC and Final CPC, including, but not limited to, to the extent applicable to such Project: (1)
Material Cost; (2) Labor Cost; (3) the amount of the Project Contingency applied as a Project cost;

(4) Service Provider Fees; (5) Authority Program Fee; (6) Short-Term Interest; and (7) other

Project-related costs and expenses.

"Transaction
Documentfs)"

means with respect to a Project, this Master Agreement and

any related Customer Project Commitment and any document that modify them, such as Change

Orders and Contingency Work Orders.

"Waste"
refers to waste PCBs (as defined by the United States Environmental Protection

Agency ("USEPA") in 40 CFR Part 761) and hazardous waste (as defined by the USEPA in 40

CFR Part 261 and the NYS DEC in 6 NYCRR Part 371) as well as other material regulated for

purposes of release, reuse, disposal, or recycling (e.g. CFCs, ethylene glycol, mercury, oil,

asbestos), which form a part of the equipment removed from Customer Facilities due to

implementing the Work. Disposal of such Waste shall be conducted in accordance with the

provisions set forth in Article IV.

"Work"
means the services performed for Customer for a selected Customer Facility

pursuant to this Master Agreement and the other Transaction Documents for a Project. The scope

of Work shall be described in the CPC, as amended by subsequent Change Orders, Contingency
Work Orders, and the Final CPC.

ARTICLE I

SCOPE AND APPLICATION OF AGREEMENT;
ORDER OF PRECEDENCE

1.1 Transaction Documents. In connection with each Project, the Parties will, either

concurrently with or subsequently to this Master Agreement, enter into one or more Customer

Project Commitments, or similar memoranda, that define a specific Project(s) and the costs and

fees associated with such Project, and associated Ancillary Documents. Except as otherwise

expressly set forth therein, all Transaction Documents, upon execution by the Parties, shall be
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governed by the terms and conditions of this Master Agreement. Each Transaction Document

shall contain a specific reference to this Master Agreemeñt and CPC, as applicable. This Master

Agreement does not obligate Authority to accept requests for Projects issued by Customer or

obligate any Party to enter into a CPC.

1.2 Entire Agreement. Subject to the provisions of Section 1.4 below, with respect to

a Project, this Master Agreement (including Exhibits A, B, and C and any other exhibits, schedules

or appendices hereto) and any Transaction Document which specifically references a Project,

constitute the entire agreement between Authority and Customer concerning such Project, and

supersedes all prior negotiations, representations, contracts and agreements concerning such

Project.

1.3 Conflict and Order of Precedence. In the event of a conflict between the terms of

this Master Agreement and the terms and conditions set forth in another Transaction Docümeñt,
or between the terms of two or more Transaction Documents in effect for a Project, the order of

precedence shall be a follows: (i) the terms of the CPC for such Project (as amended by

Contingency Work Orders and/or Change Orders and as superseded by the Final CPC) but solely
with respect to the price (i.e., the Project's Total Reimbursement Costs), payment terms, and scope

of Work (including description of milestones) of the Project; (ii) the terms of this Master

Agreement; (iii) the remaining terms of the Project CPC; and (iv) the terms of any Ancillary
Document. Notwithstanding the foregoing, the Parties agree that with respect to Specific Subject

Matters, if the terms of a Transaction Document concerning a Specific Subject Matter are more

favorable to Authority than the respective terms set forth in this Master Agreement, the more

favorable terms of the Transaction Document shall prevail with respect to the Project to which it

relates. (By way of example, if a Transaction Document includes a term that disclaims any
warranties by Authority (or Service Provider) for Work performed, such term would prevail over

the warranties set forth in Section 7.1. hereof.)

1.4 Other Aereements. This Master Agreement süpersedes all Master Cost Recovery

Agreements, Energy Services Agreements or other agreemeñts governing services under the ESP

entered into by the Parties prior to the execution of this Master Agreement. Notwithstanding the

foregoing, this Master Agreement does not supersede and does not apply to any Other Agreements

existing between Customer and Authority. Any projects which Authority has undertaken or

undertakes at Customer Facilities pursuant to such Other Agreements, or under prior Energy
Services Agreements under which projects remain incomplete as of the date of this Master

Agreement, shall be governed by those agreements and related documents, unless otherwise agreed

in writing. Termination of this Master Agreement shall have no effect on the Other Agreements

which will remain in full force and effect according to their respective terms.

1.5 Amendments. This Master Agreement and any other Transaction Document

executed in connection herewith may be amended only in writing signed by an authorized officer

or designee of Authority and Customer.
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ARTICLE II

GENERAL PROJECT STRUCTURE

2.1 Customer Project Commitment or CPC. For each Project undertaken under this

Master Agreement, the parties will enter into one or more CPC(s), each of which will state the

specific terms and conditions applicable to such Project, segregating the Project into logical phases

to be performed consecutively. Each CPC will include, at a minimum, the phasing plan setting
forth how the Project will proceed, the location of Customer's Facility, scope of Work, (including
description of milestones, if any), projected Total Reimbursement Costs, and payment terms.

The Authority is not obligated to commêñce any Work for a particular Project unless or

until a CPC is executed by Authority and Customer. Notwithstanding the foregoing, the Parties

may agree to expedite the commencement of a portion of the Work associated with a particular

Project prior to the execution of a CPC provided that the Parties memorialize such agreement prior

to the commencement of such Work in a writing that sets forth the specific items of Work to be

commêñced and the associated cost of such Work. In such event, Customer agrees to bear the

costs of any Work undertaken by Authority or its Service Providers for Customer in preparation

for or with respect to such Project or potential Project even if no CPC is ultimately executed.

2.2 Final CPC. As soon as practicable following completion of the Work and receipt

of all invoices associated with a Project, Authority will generate a Final CPC which will include

all Contingency Work Orders, and all agreed-upon Change Orders, if any. The Final CPC will

reconcile the Total Reimbursement Costs set forth in the CPC on the basis of Authority's actual

costs and will supersede all prior CPCs. The Final CPC shall also describe the Project-specific

terms for the Work completed at the Facility or Facilities, Customer's Short-Term Repayment

Obligation, and the final repayment terms. Authority and Customer shall execute such Final CPC,

which shall be "deemed
executed"

unless Customer disputes such Final CPC in writing within

forty-five (45) days of the Authority's transmission thereof. If Customer timely disputes the Final

CPC, then the Parties shall endeavor to resolve the dispute as expeditiously as possible in

accordance with the procedures set forth in Section 11.2; provided, however, that Customer shall

pay any undisputed amounts of Customer's Short-Term Repayment Obligations set forth in the

Final CPC in accordance with Article V hereof.

2.3 Contingency Work Order. If unexpected costs and expenses arise during the

performance of a Project, the Authority may utilize the Project Contingency, provided that (i) the

scope modifications, if any, are consistent with the general nature of the Project; (ii) the

modifications do not render the Project ineligible under the Authority's Energy Services Program

requirements; and (iii) the cumulative increased Project costs do not exceed the Project

Contingency. Contingency Work Orders may be utilized to account for, among other things,
remedial work required due to design or construction omissions (whether remedial work is caused

by omissions of Authority, its Service Providers or Customer) to the extent that the requirements

set forth above are met. If the requirements for a Contingency Work Order are not met, Authority
and Customer may negotiate a Change Order as described in Section 2.4 below.
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As the Project Contingeñcy is utilized, the Authority will issue a Contingency Work Order,

which shall be effective upon issüañce and automatically update the terms of the respective CPC

without the need for express Customer approval. Any objections to the manner in which the

Authority is utilizing the Project Contingency must be raised by the Customer in writing to the

Authority within seven (7) days of the Authority's issuance of any such Contingency Work Order,
or such other period of time identified in the Contingency Work Order. Failure to comply with

this notice requirement by the Customer will be deemed a waiver of any claim that (i) the Project

Contingency was used improperly; or (ii) that payment on account of such Contingency Work

Order is disputed. Upon request, the Authority will provide Customer with periodic reports that

establish an accounting of how the Project Contingency is being utilized.

2.4 Change Order. Any party to a CPC may at any time by written notice to the other

party request modifications to the Work described in the executed CPC. Authority shall provide

Customer with a written analysis of the effects of the requested modification(s) and, provided that

the requested modification(s) do not materially alter the general scope of the Project, the Parties

will negotiate a Change Order to the CPC. No Change Order shall take effect until it is approved

within the time period specified in the Change Order by Authority and by Customer in accordance

with Customer's procedures to authorize amendments to the CPC. In the event of a dispute over

a request for a Change Order, Authority may elect to proceed with the Work in accordance with

the scope of Work as set forth in the CPC (as revised by agreed-upon Change Orders and/or

Contingency Work Orders), or the dispute may be treated under the provisions of Section 11.1

hereof.

2.5 Unforeseen Circumstances or Conditions. In the event that circumstances or

conditions at Customer's Facility are encountered after a CPC is executed, that may require

changes to the Project schedule and/or result in an increase to the Total Reimbursement Costs of

the Project, Authority shall as soon as practicable notify Customer. The CPC shall be revised by
a Contingency Work Order or a Change Order, as applicable, to incorporate necessary changes to

the Project schedule, the scope of Work and/or any increase in the Total Reimbursement Costs, as

a result of the existence of the unforeseen circumstance or condition. Customer shall assume any
increase in costs as part of its Short-Term Repayment Obligation.

2.6 Third Party Obligations. The Authority shall not be held responsible for any action

or failure to act of Customer, its officers, employees, agents, representatives or any Third Party,

including, but not limited to, any delay in issuance or any non-issuance of a permit or approval

necessary to perform or close out the Work under a Project. Any changes to the Project schedule

or scope of Work or any increase in the Total Reimbursement Costs caused by such act or failure

to act, shall be Customer's responsibility. If the Third Party conduct necessitates the issuance of

a Change Order to compensate the Authority for any changes to the Project schedule, scope of

Work or Total Reimbursement Costs resulting from such act or failure to act, Authority may
suspend its Work on the Project until Customer approves such Change Order. If Customer fails to

approve the Change Order within thirty (30) days of its issuance or the Project is suspended as a

result for more than ninety (90) days, Authority, in its sole discretion, may terminate all Project

Work and issue a Final CPC as provided in Section 3.4(d) below.

2.7 Execution and Disoutes Regarding Reoorts. The execution of a Milestone

Completion, Final Inspection, Substantial Completion and Operation Transfer Report or similar
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report(s) shall not be unreasonably withheld by either Party, and the Parties shall endeavor to fully
execute such report within thirty (30) days after its submittal to Customer or it shall be deemed

executed unless it was disputed by Customer in writing within such thirty (30) day period. In the

event of any disputes by Customer with respect to such report(s), the Parties shall endeavor to

resolve such dispute as expeditiously as possible in accordance with Sec. 11.1 hereof.

2.8 Limitation on Work in Certain Piersises. Absent the express written consent of

Authority, no Work of any kind shall be performed in any premises of Customer used for private

business use within the meaning of Section 141(b) of the U.S. Internal Revenue Code of 1986, as

amended.

2.9 Eligibility Criteria. Projects will be undertaken on an individual basis in

Customer's Facilities as deemed feasible and advisable by Authority and mutually agreed to by

Authority and Customer. A Project will not proceed unless it satisfies (as determined by Authority
in its sole discretion) Authority's requirements related to reduction in overall primary energy costs,

energy conservation, results in environmental benefits and/or other requirements of the Authority's

Energy Services Program, then in effect.

ARTICLE III

SUSPENSION AND TERMINATION OF PROJECTS

3.1 Susoension of Work.

(a) Susoension by Customer. Customer may direct Authority to suspend Work

at any Customer Facility by written notice to Authority. Authority, and the Service Providers and

Subproviders, will thereupon cease Work at that Facility as soon as practicable.

(b) Suspension by Authority. In addition to any other right by Authority to

suspend Work on a Project set forth herein, Authority may suspend Work at any Customer Facility
if any of the following occurs: (i) Customer fails to make payment to Authority when due; and

such payment default continues for a period of ten (10) days after written notice thereof by

Authority to Customer; (ii) circumstances or conditions at Customer's Facility are discovered after

a CPC is executed which require changes to the Project and/or result in an increase to the Project's

Total Reimbursement Costs that cannot be covered by the use of any remaining Project

Contingency budgeted for the Project; (iii) a Third Party's act or failure to act causes a delay to

the critical path of the Project schedule that continues for a period of thirty (30) days after written

notice thereof by Authority to Customer; (iv) a delay caused by a Force Majeure event continues

for a period of fifteen (15) consecutive days; (v) the existence of a hazard not caused by Authority
or its Service Provider(s) that threatens the safety and protection of the site, its inhabitants or the

public; or (vi) the existence of an unforeseen circumstance or condition the correction of which

could reasonably be expected to (A) create an unreasonable risk for Authority or Service Provider

not ordinarily associated with projects of similar size and scope (as dctcrmined by Authority); (B)
create a threat to life or safety of the inhabitants or the public in general, or (C) violate applicable

federal, state or local laws, regulations, codes or standards.

Page 10 of 27

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0541



(c) Liability for Cost Increase as Result of Susoension, The suspension of

Work by either Party pursuant to the provisions of this Section 3.1 may adversely impact the

Project schedule, the scope of Work and/or the Total Reimbursement Costs. The CPC may be

revised by a Contingency Work Order or Change Order, as applicable, to incorporate any necessary
changes. Customer shall assume any increase in the Total Reimbursement Costs in full as part of

its Short-Term Repayment Obligation unless the suspension was caused by the gross negligence

or willful misconduct of Authority, its Service Provider or Subprovider, in which case Customer

will not be responsible for any increase in the Total Reimbursement Costs to the extent such

increase is caused by such gross negligence or willful misconduct.

(d) Resumption of Work After Suspension. In the event Work on a Project was

suspended by a Party (whether pursuant to this Section 3.1 or otherwise), Authority and Customer

have to agree in writing that Work shall resume before any Work on the Project can continue. In

the event Work is suspended for more than ninety (90) days, Authority, in its sole discretion, may
terminate Work for that Project and Authority shall issue a Final CPC as provided in Section 3.4(d)
below.

3.2 Emergency. If an emergency results in or could reasonably be expected to result in

personal injury or loss of life or damage or harm to property or public safety, Customer, acting in

good faith in order to prevent, avoid or mitigate personal injury or loss of life or damage or harm

to property or public safety may direct a Service Provider to suspend Work. Customer shall

provide written notification to Authority of the suspension and events leading up to the suspension

within eight (8) hours after the emergency has been stabilized. Sections 3.1(c) and (d) shall also

be applicable to a suspension under this Section 3.2.

3.3 Termination of a Project. Authority may terminate a Project (and the related CPC)
at any time upon thirty (30)

days'
prior written notice to Customer. In addition, the following

incidents shall be deemed to immediately terminate a Project: (i) closure, abandonment,
destruction or material damage to the Facility for which Project Work is being performed; (ii)
reduction or elimination of energy savings or other modification to the Project that, in the

Authority's opinion, renders the Project ineligible under the Authority's requirements for inclusion

in its Energy Services Program , whether due to removal, by-passing or alteration of equipment or

due to any unforeseen event; (iii) discovery of asbestos or other hazardous material in Customer's

Facility that impedes the execution of the Work; and (iv) failure by Customer to make payment to

Authority when due and such payment default continues for a period of thirty (30) days after

written notice thereof by Authority to Customer.

3.4 Actions Unon Project Termination or Cancellation. In the event that a Project is

canceled or termiñated in whole or in part subsequent to execution ofa CPC but prior to completion

of such Project, Authority shall:

(a) Discontinue or direct Service Provider(s) to discontinue all Work and the

placement of all orders for materials, equipment or labor otherwise required for the Project or

terminated part of the Project, as applicable;

(b) Cancel or direct Service Provider to cancel all existing orders and

subcontracts related to performance of the Project or terminated part of the Project, as applicable;
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(c) Take actions reasonably necessary, or as directed by Customer in writing,

for the protection and preservation of the Work and all Project-related equipment, materials and

property within Authority's or Service Provider's possession and control; and

(d) Issue a Final CPC covering (i) that portion ofthe Total Reimbursement Cost

(excluding the Authority Program Fee) actually incurred by Authority at or prior to such

termination/cancellation both for the performed and for the terminated portion(s) of the Work

(including, but not limited to, non-cancelable material and equipment not yet incorporated into the

Work); (ii) the costs for any additional services performed by Authority or Service Provider

pursuant to 3.4(c) hereof; (iii) any wind-down costs incurred by Authority and its Service Providers

and Subproviders as a result of the termination/cancellation, along with Service
Providers'

and
Subproviders'

reasonable and customary overhead and profit on the Work not executed; and (iv)
the Authority Program Fee. The Authority Program Fee for a Project that is terminated or canceled

prior to completion shall be as set forth in the Compensation Schedule, unless otherwise agreed

upon by the Parties in the CPC.

ARTICLE IV

ENVIRONMENTAL PROVISIONS

4.1 Hazardous Materials and Disoosal of Waste and Debris.

(a) General Responsibilities. With respect to Authority Implemented Work,

Authority shall require that Service Provider and/or Subprovider (as applicable) be responsible for

environmental air monitoring and thoroughly cleaning the job site, including the removal of Waste

and Debris generated as a result of a Project. Such removal may involve the management,
transportation and disposal of Waste and Debris. If in the course of performing the scope of the

Project Work as described in the CPC for any Authority Implemented Work, Authority caccunters

existing Hazardous Materials, including but not limited to Waste, any such materials shall be

handled, transported and disposed of in accordañce with applicable local, state and federal laws

and regulations, as well as Authority's policies and procedures.

(b) Customer is Generator of Waste. The Customer acknowledges that, in

accordance with USEPA and NYS DEC regulations, it is, and remains the Generator of, and holds

title to, any Waste encountered during Work performed pursuant to this Master Agreement. If the

Customer holds a Hazardous Waste "Generator Identification
Number"

for the specific site where

work is being performed (as defined in Section 3010 of Subtitle C of RCRA), that number will be

utilized for any and all hazardous waste disposal. If a Hazardous Waste "Generator Identification
Number"

does not exist, one may need to be obtained from the USEPA for each site from which

Authority removes Waste. The Customer authorizes Authority, where required by USEPA and/or

NYS DEC regulations, to apply in the name of the Customer for Hazardous Waste Generator

Identification Numbers in order to dispose of Waste pursuant to this Master Agreement and to act

as the contact Party for such applications. To the extent that the Customer is the generator of the

Waste, a duly authorized representative of the Customer must sign such applications when

requested by Authority. The Customer also authorizes Authority, where required by USEPA

and/or NYS DEC regulations, to prepare, in the name of the Customer, any manifests or other

forms required for the disposal of the Waste generated pursuant to activities under this Master
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Agreement. A duly authorized representative of the Customer shall sign any manifests or other

shipping records required to ship Waste offsite for disposal.

(c) Notification and Cost of Waste Disoosal. With respect to Authority
Implemêñted Work, Authority shall advise Customer (whêñever possible, in advance of removal)
where material determined to be Waste has been encountered which must be disposed of pursuant

to USEPA and NYS DEC regulations. Authority shall keep the Customer fully informed of

Authority's activities on its behalf and shall provide the Customer with copies of all applications

and other materials provided or received in connection with actions taken pursuant to this

authorization. The direct costs of Waste disposal will be included in the Final CPC. Any costs to

Authority relating to the Project that may arise subsequent to the time the Final CPC is executed

(or deemed executed) under present or future laws or regulations due to pollution, clean-up or

otherwise at the site of disposal shall be borne by the Customer. If, however, such costs are due

to the negligence or willful acts of Authority's Service Provider or Subprovider or due to the willful

acts of Authority, the Customer shall not be responsible. With respect to Authority Implemented

Work, Authority shall use reas0ñable diligence in overseeing the removal and disposal of Waste,

shall maintain complete and accurate records thereof, and shall make those records available to the

Customer upon request. In addition, any existing equipment determined by the Customer to be

useful to the Customer may, at the Customer's request, be retained by the Customer and shall be

the sole responsibility of the Customer.

(d) Customer Disoosal of Waste. Notwithstanding the foregoing, the Customer

shall have the option of disposing of Waste and Debris generated as a result of a Project at its own

expense in accordance with all applicable local, state and federal laws and regulations, as well as

Authority's policies and procedures.

4.2 Remediation. The Customer shall be responsible for the performance of any
Remediation required under applicable local, state and federal Environmental Laws in order to

address the existence or suspected existence of Hazardous Substances in, on, or under the job site

that are discovered or encountered during Work performed and any Release or threatened Release

in, on, under, over or migrating to, from or through the job site. The Customer shall promptly take

all actions as are necessary to perform Remediation of any such Release or Discovery, and such

other work as may be required by any Governmental Authority to safeguard the health, safety or

welfare of any persons, the land and any improvements thereon or there under, from any Release

or threatened Release or Discovery. In the case any Remediation is required, the Customer shall

be responsible for restoring the affected portion or portions of the job site, together with any and

all affected soil and groundwater, to the functional and topographical condition that existed prior

to the Release and Remediation, as well as to the condition required by Environmental Laws, and

as necessary to satisfy the requirements of any Governmental Authority exercising jurisdiction

with respect to the job site for such Release or Discovery.

4.3 Environmental Indemnification. Customer shall be solely responsible for any and

all loss, damage or injury to persons or property and for any cleanup costs associated with any site

where Waste and Debris are disposed of or comes to be situated including, but not limited to,
response and remedial costs. In addition, to the extent permitted by law, the Customer shall, at its

sole cost and expense, indemnify, defend and hold harmless Authority and the State of New York

against any loss, liability (including, without limitation, judgments, attorney's fees, court costs,
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penalties or fines), or expenses of any type (including, but not limited to, required corrective

actions) which Authority or the State of New York incurs because of injury to, or death of any

person, or on account of damage to property, or any other claim arising out of, in connection with,
or as a consequence of (a) the disposition or use of retained equipment by the Customer or anyone

for whose acts the Customer may be liable, and (b) any cleanup costs associated with any site

where Waste and Debris are disposed of or come to be situated traceable to such Waste and Debris

including, but not limited to, response and remedial costs.

ARTICLE V

RECOVERY OF COSTS/REPAYMENT OBLIGATION

5.1 Project Cost. Authority shall initially pay for and/or incur costs for all components

of the Total Reimbürsement Costs applicable to a Project at the selected Customer Facility.

Customer agrees to pay the Authority the Total Reimbursement Costs specified in the respective

CPC as reconciled by the Final CPC.

5.2 Total Reimbursement Costs. The following components of the Total

Reimbursement Costs may be delineated in a CPC for a particular Project:

(a) Material Cost. The Material Cost represents the cost of materials,

equipment, fixtures, tools, construction equipment and machinery, water, heat, utilities,
transportation and other facilities necessary for the proper execution and completion of the Work,
whether temporary or permanent and whether or not incorporated or to be incorporated into the

Work.

(b) Labor Cost. The Labor Cost represents (i) the sum of all wages paid to

skilled trade and craft workers, plus employee benefits, payroll taxes, insurance and related costs;
or (ii) the fees paid to skilled trade and craft workers that are not employees, in each case as

represented on the Service
Providers'

or
Subproviders'

invoice.

(c) P_roject Contingency. The Project Contingency, or a portion thereof,

actually applied by the Authority to the Project as set forth in a Contingency Work Order.

(d) Service Provider Fees, The Service Provider Fees represent the costs

associated with the payment of Service Providers, Subproviders and other third party professionals

based on actual invoices, individual billing rates based on hourly increments, or a percentage fee

applied to certain Project costs, plus reimbursable expenses;

(e) Authority Program Fee. The Authority Program Fee reimburses Authority
for services provided by Authority during the implementation of a Project. The Authority Program

Fee can be based on a percentage fee applied to certain Project costs, a lump sum fee, individual

billing rates based on hourly increments and/or other fee arrangements identified in the

Compensation Schedule.

(f) Short-Term Interest. Short-Term Interest reimburses the Authority for costs

incurred in coruieetion with financing the delivery of a Project. It is based on the underlying source

of funds chosen by the Authority, in its sole discretion, to finance a Project during its
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implementation and may vary depending upon the actual financing product the Authority selects.

In addition to the actual interest expense incurred by the Authority on the short-term debt issued

for Project expenses, Short-Term Interest may include additional fees for administering the

financing program including but not limited to costs incurred to secure liquidity facilities,

remarketing services, purchase of an interest rate cap(s), issuing and payment agents and other

financing related costs and credit premiums, if any.

(g) Other Project-Related Costs. Other Project-related costs may include

Authority Material Handling Fee, Waste disposal costs, additional Project-specific iñsürañce,

surety bond costs, specialty services and other Project-specific costs not otherwise included in any
of the above categories.

5.3 Billing. The specific billing method for each Project is set forth in the CPC and/or

the long-term financing agreement associated with the particular Project. The final repayment

amount due to the Authority will be the Total Reimbursement Costs as reconciled in a Final CPC

to reflect adjustments to account for payments made or additional charges incurred by Customer

and will constitute the Customer's Short-Term Repayment Obligation. In the event a Project is

terminated before completion, Authority shall issue a Final CPC as provided in Section 3.4(d).

5.4 Payment.

(a) Payments. Customer shall pay any invoiced amounts to Authority within

thirty (30) days of Customer's receipt of Authority's invoice. Any outstanding amounts not paid

within such thirty (30) day period shall accrue additional Short-Term Interest until the date when

payment is made in full. Such additional Short-Term Interest will be reflected on subsequent

invoices and/or the Final CPC.

(b) Late Payment. Customer's final Short-Term Repayment Obligation shall

be fully repaid on or before the Short-Term Repayment Obligation Maturity Date. Any amount

due and unpaid on the Short-Term Repayment Obligation Maturity Date shall be subject to a late

payment charge determined as the greater of (i) interest in accordance with the late payment rate

set forth in State Finance Law §179(g); or (ii) the late charges payable under the terms of

Authority's electric service, in accordance with provision 454.6 (b) of Authority's Rules and

Regulations for Power Service, as such regulation may be amended from time to time. Authority,
in its sole discretion, may waive the application of such late payment charge for a Project upon

sufficient justification demonstrated by Customer.

5.5 Grants and Funding. Authority may pursue and apply for grants or other available

funding for the respective Project, where applicable, when authorized by Customer. The Customer

may assign the right to receive such grants or other available funding to the Authority, and the

Authority may, at its sole discretion, accept such assignment. IfAuthority accepts such assignment,

the Authority will apply the funds to reduce the Total Reimbursement Costs, provided the funds

are actually received by the Authority by the Short Term Repayment Obligation Maturity Date.

5.6 Long-Term Financin a for Capital Projects. Should Customer require financing to

satisfy its Short Term Repayment Obligation for a Capital Project, the Customer may apply for

permañêñt long-term financing through any of the financing products offered by the Authority to
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convert Customer's Short-Term Repayment Obligation to a Long-Term Repayment Obligation.

Authority may agree to such financitig, in its sole discretion. Regardless of whether the Customer

elects to utilize any of the Authority's available financing products, the Customer is responsible

for satisfying its Short Term Repayment Obligation within the time constraints set forth herein.

Ifthe Customer is interested in any of the Authority's long-term financing products, it must

indicate its interest by marking the appropriate section ofthe CPC for the design phase of a Capital

Project. To be eligible for the Authority's long-term financing products, Customer must comply
with the Authority's policies and procedures for long term repayñieñt. If Customer's long-term

financing application is approved by the Authority, the
Parties'

obligations with respect to long-

term fiñañcliig will be set out in a separate loan agreemeñt with terms and conditions agreed to by
the Parties. This long-term financing option will allow the Customer to convert the Short-Term

Repayment Obligation to a Long-Term Repayment Obligation.

ARTICLE VI

INSURANCE REQUIREMENTS.

Authority's agreemem with the Service Providers shall provide that the Service Provider

or Subproviders shall obtain and maintain the policies of iñsürañce with the identified limits set

forth in Section 6.1, unless additional policies of insurance and/or higher limits are required under

the applicable CPC. The costs of such insurance will be part of the Total Reimbursement Costs.

6.1 Insurance Reauirements:

(a)
Workers'

Compensation (inclusive of New York State disability benefits)
and Employer's Liability coverage;

(b) Commercial General Liability insurance policy, including Contractual

Liability and Products/Completed Operations Liability coverages, with limits of not less than

$2,000,000 per occurrence for bodily injury and not less than $2,000,000 for property damage,
such policies naming Authority, Customer and the State ofNew York as additional iñsüreds under

the policy;

(c) Automobile Liability coverage with a minimum limit of $1,000,000 per

accident; and

(d) if required under the applicable CPC:

(i) Pollution Liability, including coverage for asbestos abatement, with

minimum limits of $1,000,000 per occurrence;

(ii) Professional Liability insurance with a minimum limit of

$1,000,000; and

(iii) Builder's risk insurance in the amount of the estimated Total

Reinibürseñient Cost to be issued on a replacement cost basis without optional deductibles and
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will include the interests of Customer, Authority, and the Service Providers. Such insurance shall

be maintained until final payment has been made by Customer to Authority.

6.2 Adjustments. The types of insurances required and/or policy limits listed in

Sections 6.1 above may be adjusted as Customer and Authority deem appropriate in connection

with a specific CPC. The form and sufficiency of each insurance policy required to be obtained

hereunder by the Service Provider or Subprovider shall be subject to approval by Authority.

Authority shall hold all Certificates of Insurance submitted to the Authority by its Service

Providers and Subproviders with respect to any Project implemented under this Master Agreement.

6.3 Customer Insurance Reauirements. With specific regard to the ESP equipment, for

so long as any portion of Customer's Short-Term or Long-Term Repayment Obligation, as

applicable, remains unpaid, Customer shall procure an all risk policy of insurance which will

insure the equipment for full replacement cost value against loss while the equipment is in

Customer's care, custody and control. The insurance policy shall name Authority and the State of

New York as additional insured and loss payees, and shall contain a full waiver of subrogation

against Authority, its agents, Service Providers, Subproviders and the State of New York.

Customer shall also procure a Commercial General Liability insurance policy with minimum limits

of $5,000,000 per occurrence for bodily injury and property damage naming Authority and the

State of New York as additional insured. In lieu of obtaining all risk and commercial general

liability insurance, Customer may request in writing to Authority to self-insure against risk of loss.

Authority may approve or deny such request in its sole discretion. Customer agrees to provide any
relevant documents or information requested by Authority in order for Authority to make the

determination that Customer has sufficient resources to self-insure. The decision to self-insure

will not relieve Customer of any of the obligations imposed herein and shall afford Authority the

protection against loss and rights it would have received, if Customer had obtained such policies

of insurance.

ARTICLE VII

WARRANTIES, DAMAGES, LIABILITY, ETC.

7.1 Service Provider's Warranty Requirements. Authority's agreements with its

Service Providers shall provide that all Work performed and any materials provided by the Service

Providers under the agreements shall be free from any defects. Such agreements shall further

provide that any defective Work or materials identified within one (1) year after (i) execution (or

deemed execution) by the Parties of a Substantial Completion and Operation Transfer Report or

(ii) if no such report must be signed, completion of the Project, shall be promptly corrected,

repaired, replaced, re-performed or otherwise remedied by the Service Provider and/or

Subprovider(s) at no additional expense to Customer. Authority's agreements with Service

Providers shall also provide that any
manufacturers'

warranties for equipment installed at

Customer's Facilities be assigned to Customer.

Authority shall have no obligation to assist Customer with any warranty claims against a

Service Provider or equipment manufacturer. Customer shall coordinate any warranty claims

directly with the respective Service Provider or equipment manufacturer.
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7.2 Authority Warranty Disclaimer. THE WARRANTY PROVIDED BY SERVICE

PROVIDER AND THE ASSIGNED WARRANTIES OF THE EQUIPMENT

MANUFACTURERS ARE EXPRESSLY IN LIEU OF ALL OTHER WARRANTIES.
AUTHORITY EXPRESSLY EXCLUDES ALL OTHER WARRANTIES, EXPRESSED OR

IMPLIED, INCLUDING ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE, DESCRIPTION OR QUALITY NOT EXPRESSLY SET FORTH

HEREIN, TO THE EXTENT PERMITTED BY LAW. NO AFFIRMATION OF AUTHORITY,
BY WORDS OR ACTION, SHALL CONSTITUTE A WARRANTY. DESCRIPTIONS,

SPECIFICATIONS, DRAWINGS, AND OTHER PARTICULARS FURNISHED TO
CUSTOMER ARE ONLY ESTIMATES AND DO NOT CREATE A WARRANTY.

7.3 Projected Energy Savines. Authority and its Service Providers shall use their best

efforts to prepare accurate engineering estimates. After energy efficiency Work is corñpleted in

Customer's Facility, it is the intent and expectation of the Parties that Customer's annual energy
usage for that Facility shall not increase above the pre-installation level except due to changes in

rates or increases in usage not related to the implementation of the ESP Work. Customer is

responsible for providing Authority with accurate information concerning the operation of its

Facility. Customer understands that the projected energy savings are based upon such Customer

input. It is Customer's sole responsibility to ensure that the expected energy savings meet

Customer's satisfaction at the time the CPC for a Project is executed.

AUTHORITY HEREBY DISCLAIMS ANY AND ALL LIABILITY FOR ANY
ENERGY SAVINGS PROJECTED BY AUTHORITY OR OTHERWISE EXPECTED BY
CUSTOMER THAT CANNOT BE ACHIEVED.

7.4 Uncontrollable Forces. Authority shall not be responsible for delays or failures in

performance resulting from occurrences beyond its reasonable control Mcluding, but not limited

to, acts of God, strikes, walkouts, acts of war, or any law, regulation, or action of any court or

governmental authority, fire, malfunctions in communication lines or computer hardware, power

failures, shipping or delivery delays or other events caused by those not party to this Master

Agreement (including, without limitation, any Third Parties, and any Service Providers or

Subproviders of Authority). In the event Authority or the Service Providers or Subproviders are

unable to fulfill any obligations hereunder by reason of such uncontrollable forces, Customer will

be notified in writing and the completion dates described in the CPC will be extended by the

amount of additional time reasonably necessary to complete the Work. If necessary, Authority
will issue a Contingency Work Order or a Change Order, as applicable.

7.5 Damages. Indemnification by Service Provider.

(a) Damages. Authority's agreements with the Service Providers shall include

a provision that all damage of whatever nature resulting from the performance of the Work or

resulting to the Work during its progress, from whatever cause shall be borne by the Service

Provider, and all Work performed shall be solely at the Service Provider's risk until the Work has

been finally inspected and accepted by Authority. The Service Provider, however, shall not be

responsible for damages resulting from gross negligence or willful misconduct of officials or

employees of Authority or Customer.
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(b) Indemnification. Authority's agreements with the Service Providers will

include a provision that to the extent permitted by law, the Service Provider shall assume the entire

responsibility and liability for and defense of, and pay and indemnify, Authority, Customer, and

the State of New York (where a Project undertaken for Customer is located on property of New

York State), against any loss, damage, expense or liability and will hold each of them harmless

from and pay any loss, damage, cost or expense (Meluding without limitation, judgments,

attorney's fees, and court costs) which Authority, Customer or the State of New York incur

because of injury to or death of any person or on account of damage to property, or any claim

arising out of, in connection with, or as a consequence of, the performance of the Work and/or any
act or omission of the Service Provider or any of its Subproviders, employees, agents or anyone

directly or indirectly employed by the Service Provider or anyone for whose acts the Service

Provider may be liable.

7.6 Limitation of Authority's Liability.

(a) Obligation to Exhaust Remedies against Service Provider. In the event of

any alleged Authority liability to Customer, Customer shall first pursue and exhaust all remedies

in law against the Service Providers and Subproviders and under the insurance identified in Article

VI above and carried by the Service Providers and Subproviders before making any claim or taking

any action against Authority.

(b) Exclusion of Indirect. Incidental. Conseauential Damages. To the fullest

extent permitted by law, Authority shall not be liable to Customer, for any indirect, special,

incidental, or consequential damages of any kind (Meluding without limitation, any loss of

property or equipment, loss of profits or rcycñüc, loss of use of equipment or power systems, cost

of capital, cost of purchased or replacemêñt power or temporary equipment, including additional

expenses incurred in using existing facilities) related to or arising in connection with this Master

Agreement or any other Transaction Document executed in connection herewith, regardless of the

form of action (whether in contract, tort or otherwise), even if Authority has been advised of the

possibility of such damages.

(c) Total Liability Cap. The Parties agree that in no event shall Authority's

total liability (whether in contract, tort or otherwise) for all claims relating to a Project exceed ten

percent (10%) of the Total Reimbursement Costs for such Project set forth in the respective CPC.

(d) No Limitation of Service Provider/Suborovider Liability. Nothing in this

Section 7.6 shall be construed as limiting the liability of a Service Provider or Subprovider to

Authority or Customer in connection with the performance of such Service Provider's or

Subprovider's Work on Customer's premises.

7.7 Customer's Resoonsibility for Project Equipment and Performed Work. Upon

delivery at Customer's Facility, Customer shall be responsible for all damage to all Project

materials, supplies and equipment of every description and all Work performed at Customer's site

unless such damages are caused by Authority or its Service Providers or Subproviders.
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ARTICLE VIII

INTELLECTUAL PROPERTY RIGHTS

8.1 Intellectual Prooertv: Proorietary Information.

(a) Intellectual Prooerty Rights. Neither Party shall acquire, directly or by

implication, any ownership of any Background Intellectual Property Rights of the other Party.

Each Party shall retain title to any Intellectual Property Rights developed, authored, conceived or

reduced to practice independently and solely by that Party during the performance of this Master

Agreement without the other Party's Background Intellectual Property Rights. Notwithstanding

any of the foregoing, it is agreed by the Parties that Authority shall be the sole owner of all

Intellectual Property Rights related to any Project which is jointly developed, invented or

otherwise generated during the performance of this Master Agreement or any Transaction

Document.

(b) Work Product; Proorietary Information. Unless and until Customer has

repaid its Short-Term or Long-Term Repayment Obligation, as applicable, the Facility data,

evaluations, design and other information produced by Authority or its Service Providers in

connection with a Project shall be the property of Authority. Customer shall have the right to use

any such proprietary information for the maintenance of Project installations in its Facilities. Upon

payment in full by Customer, such information shall become the property of Customer. Any
information identified as confidential which is exchanged by Authority and Customer shall be duly
protected by the recipient to the extent permitted by law. It is understood that the Public Officers

Law and other statutes and regulations regarding Freedom of Information may require the

disclosure of information in certain situations.

ARTICLE IX

TERM AND TERMINATION

9.1 Term. This Master Agreement shall end on the tenth anniversary of the date first

shown in the preamble above unless earlier terminated in writing by either Party in accordance

with the terms of this Master Agreement.

9.2 Termination of Master Agreement. Unless otherwise provided in this Master

Agreement, either Authority or Customer may terminate this Master Agreement at any time upon

one hundred twenty (120)
days'

prior written notice to the other Party.

9.3 Pending Projects. Authority and Customer acknowledge that a Project

implemented pursuant to a CPC executed during the Term of this Master Agreement may extend

beyond the expiration or early termination of this Master Agreement. Provided that the Project

was commenced pursuant to a CPC that was executed during the Term of this Master Agreement,
then this Master Agreement will be extended, as it applies to such CPC only and for the sole

purpose of completing the Project. The Project implemented pursuant to such CPC may continue

until completed or otherwise terminated earlier pursuant to the terms and conditions of this Master

Agreement.
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9.4 Extension. This Master Agreement may be renewed at the end of the current term

for an additional period, such additional period not to exceed a period equal to the original Term,
to be mutually determined by the Parties in writing and signed by an authorized officer or designee

of Authority and Customer.

ARTICLE X

GENERAL OBLIGATIONS OF THE PARTIES

10.1 Authorized Representatives.

(a) Customer's Authorized Representative. For each Project, Customer shall

designate a Customer's Authorized Representative and shall inform Authority in writing
accordingly. If Customer desires to change its Customer Authorized Representative, it must notify

Authority in writing (in accordance with notice requirements set forth herein) at least five (5)
business days prior to such change. Customer's Authorized Representative shall coordinate the

Project on behalf of Customer and assist Authority and the Service Providers and Subproviders

with the implementation of the Project in the selected Facilities of Customer. Customer's

Authorized Representative shall be responsible to obtain all necessary approvals, authorizations,

and signatures of Customer with respect to any CPC, Change Order, Final CPC and other

Transaction Document.

(b) Authority's Authorized Representative. For each Project, Authority shall

designate an Authority's Authorized Representative and shall inform Customer accordingly.

Authority's Authorized Representative shall coordinate the Project on behalf of Authority and

communicate with Customer. Authority will inform Customer of any changes to its Authorized

Representative.

10.2 Authority Obligations. With respect to any Authority Implemented Work,

Authority shall comply with the following:

(a) Reporting and Information. Authority shall keep Customer informed as to

the progress of the Work and shall provide Customer with periodic reports of all activities by the

Service Providers and Subproviders at Customer's Facilities. Authority and its Service Providers

shall meet with representatives of Customer upon reasonable notice to discuss any matters

concerning the Projects.

(b) Permits, Licenses. Authorizations. Authority shall require that the Service

Providers and Subproviders obtain and maintain all permits, licenses and authorizations required

to perform the Work in Customer's Facilities and that they will comply with all applicable local,

state and federal laws, guidelines and regulations, including applicable local, state and federal

building, fire and electrical codes and standards. Any costs associated with permits and licenses

that must be obtained by Service Provider or Subprovider for a specific Project will be reflected

in the Total Reimbursement Costs. Notwithstanding the foregoing, neither Authority nor Service

Provider (or Subprovider) shall be responsible for closing out open permits obtained by Service

Provider (or Subprovider) due to existing deficiencies or code violations in Customer's Facility
which are outside the Project scope.
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(c) Service Provider/Suborovider Performance. Authority shall require its

Service Providers and Subproviders to comply with regulations governing access to and

performance of the Work in the selected Customer Facilities and to perform such Work in such a

manner as not to unreasonably interfere with Customer's business at the Facilities. Authority shall

also require its Service Providers and Subproviders to comply with Customer's operational and

safety requirements, which in certain instances may require substantial supervision and control

over the site by Customer.

(d) Records. Authority's Service Providers shall maintain accurate records of

Project Work for a period of six (6) years after completion of a Project.

10.3 Customer Obligations. With respect to any Project entered into in connection with

this Master Agreement, Customer shall have the following rights and obligations:

(a) Right to Inspect. Customer and Customer's Authorized Representative may
observe and inspect all Work in any of Customer's Facilities and shall have the right to attend all

Project job meetings, upon written notice of its intent to attend a particular meeting.

(b) Attendance at Meetings. Upon reasonable request and notice from

Authority or Service Provider, Customer shall attend meetings scheduled by Authority or Service

Provider to discuss any Project-related matters.

(c) Site Rules and Regulations. Customer must promptly notify Authority of

any site specific construction, safety, technical or other requirements and restrictions related to its

Facility(ies) prior to the start and during the Project. If Customer becomes aware of any defect in

the Work or any failure of Authority or the Service Provider or Subprovider to meet the respective

Project requirements, the Customer shall give prompt notice to Authority.

(d) Access. Customer shall provide Authority and its Service Providers safe,

proper and timely access to the Facility as necessary to perform the Work. Upon Authority's

request, Customer's Authorized Representative will accoñ1pany Authority and its Service

Providers to Customer Facilities. Customer shall promptly provide verbal and written notice of

limitations or changes in site access.

(e) Permits and Licenses.

(i) Customer shall provide Authority or Service Provider with such

assistance (including, but not limited to, all necessary information requested by Service Provider)
as may be required for Authority or Service Provider to obtain all permits, licenses and

authorizations necessary to perform the Work in accordance with all applicable local, state and

federal laws, regulations, codes and standards applicable to the Facility.

(ii) Customer shall be responsible and shall hold all licenses, permits,

authorizations and regulatory approvals necessary for the lawful conduct of its business as

presently conducted, and shall comply with all applicable statutes, laws, ordinances, rules and

regulations of all governmental bodies, agencies and subdivisions having, asserting or claiming
jurisdiction over it, with respect to any part of the conduct of its business and corporate affairs.
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(f) Project Equipment. As long as Customer's Short-Term or Long-Term

Repayment Obligation, as applicable, remains outstanding, (i) Customer will keep all Project-

related equipment free from any and all liens, claims, encumbrances, and the like; (ii) Customer

will not grant a security interest in such equipment to any party without the prior written consent

of Authority; (iii) the equipment will remain at the Facility site as designated in a CPC; (iv)
Customer will not sell, offer for sale, transfer, or dispose of such equipment without notice to

Authority; (v) Customer will not use or permit any person to use the equipment in a manner

prohibited by law or in a manner which would void any manufacturer's warranty; (vi) Customer

agrees to maintain the equipment in good order and repair at all times, and will not waste or destroy
the equipment or any part of it; and (vii) Customer will keep the equipment insured in accordance

with the requirements set forth in Section 6.3 hereof.

(g) Coordination. Customer shall be responsible for facilitating coordination

with Third Parties as required. Furthermore, Customer shall promptly resolve any disputes or

issues that arise with any Third Parties. Customer shall be responsible for any changes to the

Project schedule, the scope of Work and/or the Total Reimbursement Costs resulting from any
delays due to unresolved disputes or issues with Third Parties pursuant to Section 2.6 hereof.

(h) Review and Approval. Customer will promptly review any documents

submitted to it by Authority requiring Customer's decision and shall render any required decision

pertaining thereto without undue delay.

(i) Assistance: Timely Performance. Customer shall cooperate with Authority
and its Service Providers and Subproviders and provide Authority with such other assistance as

necessary to facilitate the performance of the Work. Customer shall perform all obligations set

forth in this Master Agreement and any other Transaction Document in a timely manner so as to

permit the orderly progress of the Projects. Authority shall not be responsible for any Project

delays due to Customer's non-compliance with its obligations set forth herein or in a Transaction

Document.

ARTICLE XI

MISCELLANEOUS

11.1 Disputes. In the event of any dispute regarding ESP Work at any Customer Facility,
Work there may be suspended by Authority until the matter is resolved to the mutual satisfaction

of the Parties in accordance with the procedures set forth in Section 11.2 hereof. In the event the

Parties are unable to resolve any such dispute after good faith efforts, the Work at that Facility
shall terminate and Authority shall issue a Final CPC as provided in Section 3.4(d) hereof.

11.2 Dispute Resolution. The Parties shall use good faith efforts to settle promptly all

disputes arising under this Master Agreement or in connection with any ESP Work. In the event

that any dispute, including but not limited to a billing dispute, a dispute regarding the quality of

the Work, or a dispute regarding the interpretation of this Master Agreement, arises and can-not be

resolved in the normal course of business by operating personnel within twenty (20) days after

commencement of a dispute, either Party may give the other Party formal notice of the dispute in

accordance with the notice requirements set forth herein. In the event that such notice is given,
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the Parties shall attempt to resolve the dispute by negotiation between representatives who have

the necessary authority to resolve the dispute in question. Within twenty (20) days after delivery
of the notice, the receiving Party shall consider all information relevant to the dispute and shall

submit to the other Party (in accordance with the notice requirements set forth herein) a proposal

for resolution. Thereafter, the representatives shall confer in person or by telephone, promptly and

no later than five (5) days after receipt of the proposal for resolution, to attempt to resolve the

dispute. All reasonable requests for information by one Party to another Party will be honored.

To the extent that disputes are not resolved pursuant to this process, the Parties reserve all rights

under law or equity to seek and pursue remedies through the judicial process.

11.3 Publicity.

(a) Public Announcements. No marketing, publicity, promotion, social media,

or advertising regarding this Master Agreement, or any Project undertaken pursuant to this Master

Agreement, will be issued by Customer without Authority's prior written approval, which approval

will not be unreasonably withheld. Any responses to news media inquiries or social media

activities developed by Customer, related to this Master Agreement, or any Project undertaken

pursuant to this Master Agreement, must be coordinated with Authority for review and approval

prior to their release. Letters, speeches, news and/or press releases, articles for publication, website

and social media postings, etc., related to this Master Agreement, or any Project undertaken

pursuant to this Master Agreement, must be coordinated with Authority for review and approval

prior to their release. Any and all communications, whether verbal, electronic or written, must be

submitted to Authority's Corporate communication Business Unit for prior review and approval.

Customer agrees to abide by these terms regarding public announcements during the term of this

Master Agreement and for a period of two (2) years following the expiration or termination of this

Master Agreement.

(b) Sienage. The parties agree that Authority may, at no cost to Customer,
install and maintain appropriate publicity signage at or in the vicinity of a Project. Customer will

cooperate with Authority, and/or any third-party vendor designated by Authority, by timely

responding to any questions regarding the design, manufacture, installation and maintenance of

the signage. Customer will provide ordinary maintenance to the signage and promptly notify

Authority after Customer becomes aware of any damage that may occur to the signage. The

publicity signage may include the identity of the Project, including a brief statement highlighting
the Project, any applicable Authority program, New York State program or other initiative under

which the Project is implemented and the identity of the parties supporting the Project, including
those

parties'
respective logos. The publicity signage is intended to be placed in an area of

Customer's designation with significant public visibility within close proximity to the Project.

Authority will be responsible for removing the publicity signage upon the conclusion of a Project,

or such earlier time as either Party deems it appropriate.

11.4 Notices. All notices permitted or required hereunder or in connection with any
Transaction Document shall be in writing and transmitted either: (i) via certified or registered

United States mail, return receipt requested; (ii) by personal delivery; (iii) by expedited delivery

service; or (iv) by e-mail, with a copy sent via U.S. Mail.
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Such notices shall identify the Master Agreement and the Transaction Document to which

it relates, and be addressed as follows or to such different addresses as the Parties may from time-

to-time designate in accordance herewith:

To Authority_:

NEW YORK POWER AUTHORITY

PROCUREMENT DIVISION

Name: John Canale

Title: Vice President, Strategic Supply Management

Address: 123 Main Street,
5*

Floor, White Plains, NY 10601

E-Mail Address: iohn.canale@nvoa.cov

with a copy to:

NEW YORK POWER AUTHORITY

LAW DEPARTMENT

Name: Debra Hopke, Esq.

Title: Principle Attorney
Address: 123 Main Street,

11*
Floor, White Plains, NY 10601

E-Mail Address: debra.hooke(alnypa.gov

To Customer:

TOWN OF HIGHLANDS

Name: Kelly Pecoraro

Title: Comptroller

Address: 254 Main Street, Highland Falls, NY 10928

E-Mail Address: knecoraro@highlands-ny.cov

Any such notice shall be deemed to have been given either at the time of personal delivery

or, in the case of expedited delivery service or certified or registered United States mail, as of the

date of first attempted delivery at the address and in the manner provided herein, or in the case of

email, upon receipt. The Parties may, from time to time, specify any new or different address in

the United States as their address for purpose of receiving notice under this Master Agreement

(and any Transaction Document) by giving fifteen (15) days written notice to the other Party sent

in accordance herewith. The Parties agree to mutually designate individuals as their respective

representatives for the purposes of receiving notices under this Master Agreement.

11.5 No Waiver. The failure of any Party to insist upon strict adherence to any term of

this Master Agreement or any Transaction Document executed in connection herewith on any
occasion shall not be considered a waiver nor deprive that Party of the right thereafter to insist

upon strict adherence to that term or any other term of this Master Agreement.

11.6 Assignment. This Master Agreement and any Transaction Document executed in

connection herewith may not be assigned, transferred nor conveyed by either Party without the

prior written consent of the other Party. Any attempted assigmnent, transfer or conveyance

without such consent shall be entirely void ab initio and have no force or effect.
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11.7 Governing Law; Venue. This Master Agreement (and any Transaction Document

executed in connection herewith) and any and all disputes arising in connection herewith (whether

in contract, tort or otherwise) shall be governed by and construed in accordance with the laws of

the State ofNew York without giving effect to any choice or conflict of laws provision or rule that

would cause the application of the laws of any jurisdiction other than New York. Any action at

law, or in equity, for the enforcement of this Master Agreement (and any Transaction Document

executed in connection herewith) or any dispute arising in connection herewith shall be instituted

only in a court of competent jurisdiction located in the County of Albany, State of New York.

11.8 No Third Party Beneficiaries. Nothing contained in this Master Agreement shall,

directly or indirectly, create a contractual relationship with, or give any claim or right of action in

favor of, any third party (including, without limitation, any Service Provider or Subprovider)
against Authority.

11.9 Severability. The invalidity or unenforceability of any provisions of this Master

Agreement or of any Transaction Document executed in connection herewith shall not affect the

validity or enforceability of any other provisions of this Master Agreement or Transaction

Document, as applicable, which other provisions shall remain in full force and effect.

11.10 Survival of Provisions. The articles that contain provisions related to the following
will survive the expiration, termination or completion of this Master Agreement: Conflict and

Order of Precedence; Recovery of Costs and Repayment Obligation, Warranty, Damages,

Liability, Ownership of Installed Work and Intellectual Property, Publicity; and Governing Law,
Venue.

11.11 Not Construed Against Drafter. Authority and Customer acknowledge that they
have read this Master Agreemeñt, have had the opportunity to review it with an attorney of their

respective choice, and have agreed to all its terms. Under these circumstances, Authority and

Customer agree that the rule of construction that a contract be construed against the drafter shall

not be applied in interpreting this Master Agreement and that in the event of any ambiguity in any
of the terms or conditions of this Master Agreement, including any exhibits or schedules hereto,
such ambiguity shall not be construed for or against any Party hereto on the basis that such Party
did or did not author same.

11.12 Headings. The articles and section headings contained in this Master Agreement

are for reference purposes only and shall not affect the meaning or interpretation of this Master

Agreement.

11.13 Counterparts. This Master Agreenieiit may be executed in counterparts via inked

signature or electronic mark, each of which shall be deemed an original, but all of which together

shall constitute one and the same instrument. The fully executed Master Agreement may be

delivered using pdf or similar file type transmitted via electronic mail, cloud based server, e-

signature technology or other similar electronic means.

(SIGNATURE PAGE FOLLOWS)
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IN WITNESS WHEREOF, the parties hereto have duly executed this Master Agreement

as of the effective date first written above.

POWER AUTHORITY OF THE STATE OF TOWN OF HIGHLANDS

NEW YORK

7dur-cana/r M6TV/# f UKfff
By: JohnCanate(Jul23,2019) By: mERVINR.LIVSEY(Jul23,2019)

Name: John Canale Name: Mervin Livsey

Title: Vice President, Strategic Supply Title: Supervisor

Management

Date: Jul 23, 2019 Date: Jul 23, 2019

Signature Page to Master Cost Recovery Agreement No.
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Eg¶ORK NY Power
q""""

Authority

EXHIBIT A

STATEWIDE COMPENSATION SCHEDULE

As compensation for services rendered by the Authority under the Master Agreement, the Customer will

pay the Authority Program Fee as set forth below.

A. CAPITAL PROJECTS

I. AUTHORITY PROGRAM FEE

For Capital Projects, the Authority Program Fee is calculated as a percentage of the cunmlative sum of all

costs related to a Project, including, but not limited to all Material Costs; Labor Costs; Service Provider

Fees; the amount of the Project Contingency applied as a Project cost; and other Project-related costs and

expenses. The Authority Program Fee is in addition to all such costs related to a Project. The Authority
Program Fee percentage will be fixed upon execution of the CPC for the installation phase.

1. Authority Program Fee when Service Provider nerforms Work

The following table sets forth the Authority Program Fee where the Authority delivers a Project using one

or more Service Providers to perform audit, design, construction managemêñt and/or installation.

$0 - $3M 12.5%

$3M - $6M 12.0%

$6M - $12.5M 11.5%

$12.5M - $40M 11.0%

$40M- $60M 10.5%

> $60M 10.0%

2. Authority Program Fee when Authority and Service Provider perform Work

The following table sets forth the Authority Program Fee where the Authority will be performing design

and construction management with its own forces using one or more Service Providers to perform

inutallation. If the Authority procures material directly in lieu of using one of its Service Providers, there

will be an additional Material Handling Fee of 1.5% charged on the Material Cost of the Project.

$0 - $3M 27.5%

$3M - $6M 27.0%

$6M - $12.5M 26.5%

$12.5M - $40M 26.0%
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$40M - $60M 25.5%

> $60M 25.0%

3. Authority Program Fee when Authority nrovides Audit Services Only

The Authority Program fee for providing Audit services not contemplated as part of a full project

(i.e. design, construction management and/or installation) is calculated as twenty-five percent

(25%) of the costs related to the Audit.

II. MILESTONE PAYMENTS

To the extent applicable, the Authority Program Fee will be paid on milestones as detailed in the CPC or

as otherwise mutually agreed upon.

III. AUTHORITY FEE IN THE EVENT OF PROJECT TERMINATION

1. Termination at or after Audit Phase

If a Project is terminated at or after the audit phase, but prior to moving forward with any design or

implementation, the Authority's Program Fee is calculated as twenty-five percent (25%) of the actual costs

associated with such audit.

2. Termination during Design. Procurement or Installation Phase

If a Project is tenñated in whole or part during the design, procurement or installation phase, the

Authority's Program Fee for the Project will be the cumidative percentage value at the current milestone

(as if it had been achieved) and calculated based on the estimated Project costs, including, but not limited

to all Material Costs; Labor Costs; Service Provider Fees; the amount of the Project Contingêñcy applied

as a Project cost; and other Project-related costs and expenses up through the current milestone (as if it had

been achieved). For the purposes of calculating the Authority's Program Fee, the then current milestone

is assumed complete once the Project is canceled.

The following table sets forth the Authority Program Fee percentage segmcñted by milestone.

30% Design 10% 10% + (audit cost)

90% Design 15% 25% + (audit cost)

100% Design & 15% 40% + (audit cost)
Bidding

Construction CPC 10% 50% + (audit cost)
Preparation

Construction (25% 10% 60% + (audit cost)
completion)

Construction (50% 15% 75% + (audit cost)
completion)
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Construction (75% 15% 90% + (audit cost)
completion)

Construction (100% 10% 100% + (audit cost)
completion)

B. ADVISORY SERVICES PROJECTS

L AUTHORITY PROGRAM FEE

The Authority P1vy,ram Fee for the Advisory Services will be calculated according to one of the following
methods as set forth in the CPC for the Project:

Time and Materials: The Authority's Program Fee maybe based on actual time and cost of material

incurred by Authority or its Service Providers in connection with a Project based on rates defined in the

Project CPC.

Lump Sum: The Authority's Program Fee may be based on the percentage complete of a lump sum

or milestones defmed in the Project CPC.

Unit Price: The Authority's Program Fee maybe based on the unit prices defined in the Project

CPC.

Percent of Materials and Labor: The Authority's Program Fee maybe based on a percentage of

Service Provider Material Costs and Labor Costs as defmed in the Project CPC.

Other Mechanisms: The Authority's Program Fee may be based on an evolving cost recovery
mechanisms not defined in this Master Agreement. If other mcc¹=kms are selected, the Authority's

Program Fee will be based on mutual Authority and Customer agreement and will be defined in the Project

CPC.

II. PROJECT TERMINATION

If a Project is tenrdnated in whole or part prior to completion of a Project, the Authority's Program Fee will

be based on the Project costs incurred by Authority up until the date of termination. For the purposes of

calculating the Authority's Program Fee, as applica'ule, the then current milestone is assun1ed complete

once the Project is canceled.
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ORK NY Power
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Authority

EXHIBIT B

CAPITAL PROJECT TERMS AND CONDITIONS

1. Application. In addition to the terms and conditions set forth in the main body of

this Master Agreement, these Capital Project Terms and Conditions shall apply to all Capital

Projects provided by Authority or Service Provider to Customer under the Master Agreement.

2. Caoital Project Services. Capital Projects are generally delivered through the

services of qualified installation Service Providers or Subproviders under contract with the

Authority. Capital Project services may include any or all of the following services (as more fully
described below): audit, design, construction management, equipment procuremêñt, installation,

commissioning, disposal of Waste, financing and other Project related services required to install

a Project.

3. Audit.

(a) Scope. After Customer has identified potential Projects for Authority's and

Customer's consideration, Customer may request that Authority perform an audit of the Facility.

The audit will help identify opportunities for implementing ESP measures and will be scheduled

by Customer's Authorized Representative and/or the appropriate Facility manager. The scope of

the audit will be set forth in a CPC which shall be executed by an authorized officer or designee

of Authority and Customer prior to commencement of any audit Work. In some instances, the

audit will involve a complete inventory of the systems which are currently used in normal

operation, while in others a more targeted approach will be taken. The audit may also include an

analysis of whether hazardous materials and Waste related to those systems are likely to be present

or generated as a result of installing a Project.

(b) Audit Report. Based upon the results of the audit, a written report will be

furnished to Customer. The report will include an estimate of the Total Reimbürsemêñt Costs as

well as estimates of the potential Total Annual Energy Savings and environmental or sustaiñability

benefits, as applicable, that Customer can reasonably expect through implementation of the

recommendations made in the report. If, after analysis of the report by Authority and Customer,

Authority, in its sole discretion, determines that the Project either (1) does not meet Authority's

eligibility criteria, or (2) is not appropriate at such Facility, activity there will cease.

(c) Deferment of Total Reimbursement Costs for Audit Work. Upon

completion of the audit Work, if Customer and Authority decide to proceed to the next phase,
Customer and Authority will execute a CPC reflecting the scope of such next Project phase. By
executing the CPC, Customer acknowledges its concurrence with the audit results. Subject to

Authority's approval, Customer may request that payment of the Total Reimbursement Costs for

the audit Work, be deferred and included in the Total Reimbursement Costs of the CPC for the

next Project phase.
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4. Project Design.

(a) General. If agreed upon by the Parties in a CPC, Authority shall prepare a

Project design. Customer will be asked to review all aspects of the design and specifications.

Where deemed appropriate by Authority and Customer, the Service Provider will arrange for

geotechnical surveys (i.e., soil tests, borings, and related evaluations), surveys of the site (i.e., to

determine physical characteristics of the site, such as utility locations), and/or demonstration

installations (i.e., the installation of sample lighting fixtures or other equipment) of selected

measures in Customer's Facility, all at Customer's sole risk.

(b) Milestones and Milestone Comoletion Reoorts. Authority will submit the

Project design documents to the Customer at 30%, 60%, 90% and
"final"

design milestones, or

according to the milestone schedule set forth in the respective CPC. Upon completion of each

design milestone, Customer and Authority (or their duly authorized representatives) shall promptly
review the design Work, or applicable portions thereof and Customer and Authority shall jointly
sign a Milestone Completion Report. It shall be Customer's responsibility to determine that the

proposed design meets Customer's needs.

(c) Deferment of Total Reimbursement Costs for Design Work. Unless

otherwise set forth in the CPC for a Project, Authority may invoice the Customer for the Total

Reimbursement Costs for the performed design Work through the milestone(s), if any, set forth in

the CPC (plus any Total Reimbursement Costs incurred during the audit, if such costs were

deferred and rolled over). Customer may request payment deferral if Customer approves Authority
to proceed to the next milestone or the next Project phase. With Authority's approval, Customer's

Short-Term Repayment Obligation will be deferred and rolled into the next milestone invoice, or

at design completion, become part of the Total Rêimbürsement Costs of the CPC for the next

Project phase.

(d) Ownershio of Design Work Upon Early Termination. If Customer

terminates the design Project prior to its completion, upon receipt of Customer's final payment,

Authority will deliver to Customer all design plans and documents completed through the date of

termination. Customer's use of such design plans and documents will be subject to any copyrights

of the Authority and/or the designer. By using any incomplete or unfinished design plans and/or

documents that have not been sealed with the licensed design professional's stamp upon delivery
to Customer, Customer accepts full and complete responsibility for such design and further agrees

to hold Authority harmless from its use of such incomplete or unfinished design plans and/or

documents.

5. Procurement. After Authority and Customer agree on the Project's design and

technical specifications, Authority or the Service Provider will competitively solicit, using the

Authority's procurement guidelines, bids for the Work as set forth in the design documents. The

resulting final design, specifications and bid price shall be incorporated into a CPC for the Project.

Authority's contracts with its Service Providers will require compliance with the Authority's

guidelines regarding the competitive solicitation of the services of Subproviders for Customer's

Facilities, including the selection of minority and women-owned business enterprises. The

services of Subproviders and equipment procurement will be obtained through a competitive bid

process conducted by the Service Provider with Authority oversight. In the event Customer
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decides not to proceed with the installation Project, Customer shall reimburse Authority for the

costs of any Work undertaken by Authority and/or its Service Provider in connection with the

procurement process and the associated cost and expense of same.

6. Installation.

(a) General. After Authority and Customer have entered into a CPC for

installation Work, the Service Provider and/or its Subproviders will perform the Work pürsüãñt to

the design and technical specifications set forth in such CPC.

(b) Substantial Completion and Operation Transfer Rep_ort. After Customer has

inspected, tested and accepted the Project equipment, or portion thereof, installed by the Service

Provider, the Parties will execute a Substantial Completion and Operation Transfer Report for the

coropleted portion of the Work signifying (i) that Customer accepts responsibility for operation

and maintenance of the installed equipment, (ii) that the Project, or specified portion thereof, is

substantially complete, and (iii) the commencement of any warranty period.

(c) Final Insoection Recort. Upon completion of the Work, Customer and

Authority (or their duly authorized representatives) shall promptly inspect the entire Facility, or

applicable portions thereof. Authority or its Service Providers will confinn that the Work has been

satisfactorily completed according to the provisions of this Master Agreement and the applicable

CPC. Authority and Customer shall jointly sign a Final Inspection Report.

7. Mainteñañce and Post-Installation Audit. Authority will provide Customer with

information regarding the maintenance of Project installations and recommendations for

appropriate replacement equipment to be used in those installations to facilitate proper usage and,

if applicable, energy savings at Customer's Facilities. After the Project installations are

completed, Customer shall use reasonable efforts to see that such maintenance and materials

instructions are followed at its Facilities. While any portion of the Customer's Short-Term

Repayment Obligation remains outstanding, Authority may, upon reasonable notice to Customer,

audit installations in Customer's Facilities to evaluate compliance with such maintenance and

materials instructions.

8. Project Closeout for Capital Projects. Notwithstanding the terms set forth in the

CPC or Final CPC, the Customer shall, within the time specified in the Final CPC, (a) repay the

Short-Term Repayment Obligation or (b) convert the Short-Term Repayment Obligation to a

Long-Term Repayment Obligation and enter long term repayment consistent with the Authority's

policies and procedures. The Customer shall make payment of that portion of the Short-Term

Repayment Obligation that is not converted to the Long-Term Repayment Obligation upon receipt

of the Authority's invoice and in accordance with the terms of this Master Agreement. The Short

Term Repayment Obligation, as set forth in the Final CPC, shall include the Authority's estimate

of Short-Term Interest to be accrued between the issuance of the Final CPC and conversion to long
term repayment.

9. Authority Oblications. In addition to the obligations otherwise set forth herein and

the respective CPC, Authority shall require the Service Provider to adhere to the Project's design
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and technical specifications as set forth in the CPC and minimize any interference with the normal

operations at Customer's Facility.

10. Customer Obligations. In addition to the obligations otherwise set forth herein and

the respective CPC, Customer shall promptly review all completed installations. Customer shall

review and approve, as may be required, any corrective or restoration Work resulting from

improper work by the Service Provider.

11. Customer-Supplied Equioment and/or Work. Customer and Authority may agree

in the CPC for the provision of Customer materials and/or completion of Customer work in

connection with a Project, independent of Authority. If so, then Customer shall be responsible for

any changes to the Project schedule, scope of Work or any increase in the Total Reimbursement

Costs caused by Customer due to non-delivery of Customer materials or non- or late performance

of Customer work and Authority shall issue any necessary Contingency Work Order or Change

Order, as applicable. Authority may suspend its Work on the Project until Customer approves

such Change Order. Furthermore, if the Customer does not meet the Project schedüle with respect

to Customer materials and/or Customer work, Authority has the right to terminate the Project if

the delay is not cured within fifteen (15) days of written notice thereof by Authority to Customer

and turn it over to Customer for completion without any liability on the part of Authority.

* * * * *
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EXHIBIT C

ADVISORY SERVICES TERMS AND CONDITIONS

1. Application. In addition to the terms and conditions set forth in the main body of

this Master Agreement, these Advisory Services Terms and Conditions shall apply to all Advisory
Services Projects provided by Authority or Service Provider to Customer pursuant to the Master

Agreement.

2. Advisory Services. Upon Customer's request, Authority may provide any or all of

the Advisory Services described below. Advisory Services may be provided by Aüthu11ty
employees and/or Service Providers with expertise in the area as determiñêd by Authority.

Authority and Customer will cooperate in good faith during the performance of such Advisory
Services.

3. Description of Services

(a) Review. Review of information provided by the Customer regarding,

among other things, Customer's site conditions, future plans for modifications to facilities,

operations and/or usage, historical utility data, any relevant strategic plans or initiatives, and other

relevant requirements that are specific to Customer.

(b) Meetings. Participate in meetings and conference calls as mutually agreed

upon by the parties as being in the best interests of the Project or as otherwise detailed in the

Customer Project Commitment.

(c) Site Observations. Observe Customer's facilities, physically or remotely
via electronic means as deterinined by the Authority to assess the condition of existing equipment

and physical site conditions.

(d) Analysis. Analyze data presented by Customer and/or collected by or on

behalf of the Authority. Outreach to appropriate third parties as necessary to coordinate and/or

collect additional data.

(e) Advice and Guidance. Deliver oral or written advice, guidance and other

recommendations communicated via in person meetings, telephone conversations, or

correspondence.

(f) Deliverables and Revorts. Prepare reports, memorandums, and other

documents that memorialize the advice, guidance and recommendations delivered to the Customer

and support the Customer's underlying project, where applicable.

The foregoing descriptions are given by way of example and not by way of exclusion.

Advisory Services may include services that have not yet been developed or approved by Authority
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to date, provided such services are described in a CPC signed by both Parties to this Master

Agreement.

4. Further Assistance: Information. In addition to the obligations set forth herein and

the respective CPC, Customer shall provide Authority and/or Service Providers with such

assistance as may be required to perform the Advisory Services. This may include, but is not

limited to, providing access to the Customer's Facility(ies), information such as historical utility

data, maintenance logs, existing feasibility studies, reports, equipmêñt drawings or any other

information or services reasonably requested by Authority and/or Service Providers.

* * * * * *

Signature: at5RV/ML/KT5Y Sig.et.re: fA w
mERVINR.LIVSEY(Jul23,2019) JohnCanale(Jul23,2019)

Email: blivsey@highlands-ny.gov Email: john.canale@nypa.gov

Title: Town of Highlands Supervisor Title: VP Strategic Supply Management

Company: Town of Highlands company: New York Power Authority
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Arencibia, Stephanie (Molly)

From: Matthew Christian <mchristian@guthdeconzo.com>

Sent: Tuesday, December 10, 2019 2:01 PM

To: blivsey@highlands-ny.gov; rsullivan@highlands-ny.gov

Cc: Laino, Jeffrey; Hermann, Charles; Bou Reed

Subject: [EXTERNAL]Highlands Kick Off Meeting Minutes

Attachments: Highlands Kick Off Meeting Minutes 12102019 w attachments.pdf

CAUTION - External Email
Suspicious? Click Report Phishing on Outlook toolbar. For Mobile forward to (abuse nypa,gov)

All,

It was great meeting everycñe yesterday and we are excited to get this project started.

Please see attached for the minutes from yesterday's kickoff meeting. Please review and let me know if there are any
additional comments or questions. I received the registry copy from Rich.

Thanks,

Matt Christian

Construction Manager

Guth DeConzo Construction Menegement, Inc.

T: 518-266-9600 X 117

M: 518-596-5996
GuthDeConzo.com

433 River Street, Suite 6004 | Troy NY 12180

CONFIDENTIALITY NOTICE: This e-maillfax and its attachments are confidential information and may be privileged. It is intended solely for the use of
Guth DeConzo Construction Management, Inc. and the recipient(s) named above. If you are not the intended recipient, or the employee or agent
responsible for delivering this message to the intended recipient, you are hereby notified that any review, dissemination, distribution, printing, or copying
of this e-mail message and/or any attachments is strictly prohibited. If you have received this transmission in error, please notify the sender immediately
and permanently delete this e-mail [shred the document] and any attachments.

1
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Guth•DeConzo
CONSTRUCTION MANAGEMENT, INC.

Highlands LED Street Lighting Kick Off Meeting

December 9, 2019

Minutes

LED Street Lighting Project

1) Define Role, Responsibilities and Primary Contact for Each Party

a. Guth DeConzo: Matt Christian - Construction Manager, Bou Reed - Director

Electrical Engineering (absent)

b. NYPA: Jeff Laino - Business Development Representative, Charles Hermann -

Project Manager

c. Town of Highlands: Bob Livsey
- Supervisor, Richard Sullivan - Councilman

2) EstabEsh Scope of Work for Project

a. 1 for 1 LED Street Lighting Conversion: The existing town registry based on O&R

billing indicates approximately 168 cobra head fixtures, with 1 existing LED fixture.

The basis of design will be a one for one conversion of each existing fixture to LED.

Guth DeConzo will design to IES and RP8 standards. Town to provide existing

registry documents.

b. Decorative Light Fixture LED Conversion: There are no decorative street lights

within the town's limits.

c. Miscellaneous Scope - Underground Infrastructure, Parks, Parking Lots, Underpasses,

Etc..: The town would like their DPW, Fort Montgomery residential parking lot (by

intersection of 9W and Firefighters Memorial Drive), Mine Dock Park, Brooks Lake

Parking and the Town Hall building included as additional exterior scope. The Town

Hall building also has interior fixtures to be included as additional scope.

d. Lighting Control Technology & Smart City: The town would like to see options for

both a standard dusk to dawn photocell as well as a lighting control nodes.

3) Open Discussion regarding Design Requirements/Information

a. Discuss existing lighting system including:

242 West 30th Street • New York, NY 10001 • Phone: 212.967.4306 • Fax: 212.967.4309
433 River Street Suite 6004• Troy, NY 12180 • Phone: 518.266.9600 • Fax: 518.266.8938

www.quthdeconzo.com
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Guth•DeConzo
CONSTRUCTION MANAGEMENT, INC.

i. Fuseholder/Fuse Type & System: Guth DeConzo requires installation

contractor to install/replace fuses and fuseholders on all cobra head fixtures.

ii. Photocell (basic or smart): Guth DeConzo will provide pricing for both

options. The town currently has dusk to dawn photocells.

iii. Condition of existing wiring, poles, bases, arms, etc...: Existing infrastructure

is in B grade status. There are no known existing conditions that would

require allowances carried for infrastructure above and beyond standard

practice.

iv. Percentage of poles that are wood versus steel/aluminum: It is believed that

the overwhelming majority of poles are wood. No known steel/aluminum

poles with cobra heads on them.

v. Maintenance (Current, Ongoing, future): O&R currently maintains the

existing system. The town understands they will be responsible for system

once bought out from O&R/after project completion. In order to be eligible

for NYPA's ongoing maintenance agreement the municipality must have

lighting control nodes, not dusk to dawn photocells.

b. Define areas where increased light levels are requested, if applicable: Town requests

insight into Mine Rd. as an area to potentially add lighting. There are no other areas

that will require additional design for increased lighting. There may be some areas

identified during the construction process to add a few lights on existing poles.

c. Discuss smart technology deployment, if applicable: The town will be eligible for

NYPA's Smart City Grant. NYPA will send follow up documentation that explains

the details and qualifications of the grant. Guth DeConzo will be able to guide the

discussion and design process for the grant if the town wishes to pursue.

d. Discuss additional options Village/Town would like to consider: No additional scope

items at this time.

e. Discuss accuracy of Utility Registry and steps taken during design to establish

accuracy: The town acknowledged that is common for there to be a slight discrepancy

between the existing O&R registry and what infrastructure is actually installed. Guth

DeConzo will cross reference O&R data with in-person site visits and use online

242 West 30th Street • New York, NY 10001 • Phone: 212.967.4306 • Fax: 212.967.4309
433 River Street Suite 6004• Troy, NY 12180 • Phone: 518.266.9600 • Fax: 518.266.8938
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Guth•DeConzo
CONSTRUCTION MANAGEMENT, INC.

audit services akin to Google Maps. Guth DeConzo will identify any outstanding

items in the design report.

f. Discuss color temperature (3000K vs. 4000K): Guth DeConzo explained the

differences of color temperatures and the village was satisfied with 3000K for all

fixtures.

g. High resolution street map for each Village/Town: The town is going to provide a

digital version of the town's boundaries and there are also streetlights overlaid on top.

h. Existing utility bills: Town to provide minimum of 1 year's previous utility bills, but

if 2 or more years are available that would be beneficial. Please also provide utility

bills for all areas identified under miscellaneous scope.

4) Construction Related Items

a. Staging location for Fixtures, disposal items, contractor work vehicles: The Fort

Montgomery residential parking lot was discussed and visited post meeting. The area

can provide adequate space, but is not fenced in. This is an open item and will be

discussed in the future.

b. Will police escorts be required for any work areas? No police escorts will be required

for this work, but Canterbury Rd must utilize flagmen and signage at all times. This is

a narrow road that has a lot of turns etc. with steady residential traffic. This is a high

priority safety area.

c. Are there any restrictions in construction hours, days or locations? Permitted work

times are 7am-9am, no work will commence before 7am.

d. List of Projected Bidders. Requests by Village/Town: Town has no specific requests.

e. Discuss complaint protocol.: Current complaint protocol involves standard phone call

procedure when a light is out etc. Reports are then made directly to O&R. Protocol

during construction can be modified depending if the lighting control technology is

being utilized.

f. Discuss verification process of installation and acceptance sign-offs: At the end of

construction completion the town will sign off on substantial completion of a fully

operating lighting system. If the lighting control nodes are used there will be a

separate acceptance sign off and commissioning phase with training.

242 West 30th Street • New York, NY 10001 • Phone: 212.967.4306 • Fax: 212.967.4309
433 River Street Suite 6004• Troy, NY 12180 • Phone: 518.266.9600 • Fax: 518.266.8938
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Guth•DeConzo
CONSTRUCTION MANAGEMENT, INC.

5) General Overview - Design / Bidding / Construction Timeliiic

a. Design Development: Guth DeConzo will begin their design once they have all

proper documentation (registry, bills etc.). This process takes approximately 9

months, but is subject to extend if the scope is expanded. The town simultaneously

needs to begin the purchase of their assets from O&R. NYPA is going to send

documentation that explains the buyout process and what steps need to be take in

order to ensure this is properly complete. Please note construction cannot take place

until the town owns their assets.

A 90% design meeting review will be conducted between the town, NYPA and Guth

DeConzo to review and confirm final scope and projected economics. Estimated cost

will be updated during the design phase based on actual fixture quantities,

addition/removal of project scope by customer, conditions of existing infrastructure,

photometrics, etc. A 100% Design will be submitted to the town and NYPA for

approval.

b. Bidding (ICIC): Once the 100% design is approved, Guth DeConzo will bid out the

labor portion of the work to vetted contractors. The fixture material will be procured

through NYPA's direct purchase agreements. This process takes about a month. It

will take another month to develop the ICIC documentation, which becomes the

contract between the town and NYPA.

c. Contract Awards: This process takes a few weeks to confirm sign off of all parties in

preparation for construction.

d. Start Construction: Once all documentation is signed, NYPA will give Guth DeConzo

authorization to begin construction. At this time Guth DeConzo will place purchase

order for material. When all material is on site installation will begin. Installation

time will vary depending on size of scope additional to one for one replacement.

e. Complete Construction

6) NYPA Discussion Topics

a. Discuss Pending MCRA's and NTP's: NYPA confirmed that all of these forms have

been completed.

242 West 30thstreet • New York, NY 10001 • Phone: 212.967.4306 • Fax: 212.967.4309
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Guth•DeConzo
CONSTRUCTION MANAGEMENT, INC.

b. Discuss Public/Private Use Questionnaires: NYPA will provide any follow up

information and documentation if necessary.

c. Discuss Publicity/Project Announcements: NYPA will provide any follow up

information and documentation if necessary.

7) Open Discussion

a. The town would like to install a mock up of few fixtures in a selected area, potentially

along Firefighters Memorial Drive. Without the town owning their system yet, this

item could be delayed until the town owns their system from O&R. Guth DeConzo

will follow up with NYPA and O&R to see if this is possible and what the interim

steps could be.
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e Guth•DeConzo
CONSTRUCTION MANAGEMENT, INC.

MEETING SIGN-IN SHEET

Project: Town of Highland LED Streetlight Conversion
te

December 9, 2019

Facilitator: Guth DeConzo Place/Room: Town of Highland Hall

Naine . , - Title Company . Phone E-Mail

Matt Christian CM Guth DeConzo 518-596-5996 mchristian@guthdeconzo.com
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Smart Street Lighting NY Grant Program Guidelines | 2

Program Overview

As an enhancement to the Smart Street Lighting
As technology continues to evolve, muricipalities

NY Program, the New York Power Authority
are able to make data driven decisions to enhance

(NYPA) is piessed to announce the Smart City
the operation of their assets and improve public

Technology Grant Program ("Smart City Grant"). services to their residents. Street lighting systems

The Smart City Grant, scheduled to go through are no longer used solely to illuminate roadways,

December 31, 2025, will support the planning and but are now considered vertical assets that can be

instulistion of Smart City sensor hardware and used for a variety of new and innovative functions.

software technology as part of LED street lighting
NYPA will work with program participants

conversions. statewide to enhance LED street lighting
conversions by integrating one or more of the

., ,, . following technology categories:

• Public safety: video analytics, noise and motion

c monitoring, gunshot detection

. • Environmental: air quality, ice and snow

. : detection, sewer and storm water monitoring,
weather detection

• Transportation: traffic optimization, traffic

monitoring, parking management

. . .. • Connectivity: digital kiosks, connected

vehicles, smart phone applicatiaris

. . As new technologies are developed, NYPA will

expand the offerings mentioned above. NYPA will

also provide municipalities with information on the

Applicants that meet all the requirements will be
potential roll out of 5G broadband small cell

eligible to receive a range of grant funding outlined technology and public Wi-Fi. Adequate

in the grant allocation table. Grant amounts will connectivity will be the backbone of how Smart

depend on the quantity of street lights, as well as, City and Internet of Things (loT) sensors

the amount of matching funds the community may
communicate while also enhancing cellular

contribute. If no matching funds are contributed
density.

then the community is eligible to receive the base

grant amount. The community may contribute as
Application Requirements

much as they like but will only receive matchirig The online application must be submitted for

funds from NYPA up to the max amount in their participation. In order for applications to be

tier plus the base grant amount as outline in the considered for award by NYPA, the applicant must

equation below. satisfy the following requirements:

(Base Grant) + (Community Contribution) + • Applications must be submitted by an authorized

(NYPA Match of Contribution) = employee of the municipality implementing the

Total Smart City Cost project. While consultants or third parties may
assist in creating project applications,
applications submitted by third parties on behalf

of the municipality will not be entertained.

NEWYORK NY Power
=L""

Authority CUstomer Energy Solutions
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Smart Street Lighting NY Grant Program Guidelines | 3

• In order to receive an award, the applicant • Eligible Applicants can choose to supplement

("Applicant") must enter into an agreement with NYPA's contributions with 50% matching funds

NYPA for the full tumkey project implementation of the total project cost in order to acquire

of an LED street lighting conversion. The additional grant funds. Matching funds can come

Applicant must also execute a cost recovery from any combinaticñ of capital from the

agreement with NYPA. However, the municipality's budget or NYPA financing, if

municipality is not obligated to use NYPA's low- eligible. Matching funds are to be paid directly to

cost financing. NYPA as defined in the Customer Project

. Commitment (CPC). Customers must decide
• Each Applicant will be limited to submitting one

whether they will contribute matching funds at
application. Each application must include only the time that the Authorization to Proceed (ATP)
one project, but the project can include

for the street lighting conversion is executed.
installations at multiple locations. If the street

lighting conversion is completed in multiple • Once a project has been officially awarded, the

phases additional applications will not be municipality will not be able to modify the project

accepted. scope without approval from NYPA. If the

• Smart City sensors, hardware, and software matching funding option is chosen and upon

completion of the work, the total project cost is
must be preapproved by NYPA before an

application is submitted. Please see the
below what was originally projected and

approved, the municipality must still meet the
attached list of prequalified Smart City solutions.

If there is a system that is not listed that an
50% match requirement of the total project cost

. and NYPA will retain any unused grant funds.
Applicant would like to implement, please send

Any excess funds not used will not be paid to
a comprehensive Scope of Work, respective cut

the Applicant. If upon completion of the work the
sheets, and a project budget to the Program

cost of the Smart City technology is above what
Manager Kevin Luteran (contact information

below)
was originally projected and approved, the

municipality will be responsible for the difference

between what was awarded and the final cost of
Project Parameters

the project. NYPA will not accrue any project

If an application is deemed incomplete, the costs in excess of the criginally agreed upon

applicant will be notified within 30 days of receipt total allocation amount without consent.

of the application. The applicant must then • The municipality will own all hardware and
resubmit the appropriate docurñêñtation to be software associated with the grant program. The
considered for funding. Failure to resubmit revised municipality is also responsible for Operatica

application may result to declination of an and maintenance of the system after the

application. If approved, Applicants will be 60tified respective program warranty expires.

of award decisions with a grant award notmeetion • The municipality will allow NYPA to access non-
within 30 days of applying· sensitive data generated by Smart City systems

. in order to test, learn, and enhance the program
Projects submitted for consideration must satisfy as long as the data is anonymous, non-
the following requirements:

identifiable, and co-mingled with other data.

• The installation of all Smart City devices are to
Municipalities may be required to enter into a

be installed at the time of the installation of the
third party service agreement with a Smart City

LED street lights by NYPA. NYPA will also technology provider.

accept applications from municipalities who

converted their street lights through NYPA after

July 2017.

NEWYORK NY Power

nority Customer Energy Solutions
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Smart Street Lighting NY Grant Program Guidelines | 4

• The program will be offered up to year 2025 or • As with all aspects of the Smart Street Lighting
until the capped program funding is dep!eted NY, all costs incurred to develop Smart City
NYPA does not guarantee this grant amount if projects are subject to cost recovery fees.

the program funds are fully committed at the
• NYPA reserves the right to modify the

time you submit your appucäiion. Awards will be
parameters of the program at any time.

made on a first come first serve basis.

• Awards from NYPA shall follow the chart below
• Grant funds will not be dispersed to the

in total grant allocation amount, per individual
municipality directly, they will be used as credit .

to the project to offset total project costs.
project:

Grant Allocation

Number of Base Grant Amount Matching Amcünt Total Amount

Street Lights (No customer match) (up to 50% match) (Base + Matching)

0 to 500 Up to $20,000 Up to $40,000 Up to $60,000

501 to 1,000 Up to $40,000 Up to $80,000 Up to $120,000

1,001 to 5,000 Up to $75,000 Up to $150,000 Up to $225,000

>5,000 Up to $100,000 Up to $200,000 Up to $300,000

Example Project

Number of Street Lights 3,500

Base project cost for LED conversion $5,000,000

NYPA Base Grant Amount $75,000

NYPA Matching Funds $100,000

City's Contribution $100,000

Total Grant Amount $175,000

Net Project Cost $5,000,000

Gross Project Cost ( LED + Smart City) $5,275,000

For any questions please contact:

Kevin Luteran

Smart Street Lighting NY Pregrarñ Manager

SmartStreetLightingNY@NYPA.gov

(518) 433-6742

Applicaticñs can be submitted here:

https://www.nypa.gcv/ssivicas/customer-

energy-se!utions/smart-street-lighting-ny

EE"
"JTho ty CUstomer Energy Solutions
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Appendix B: Purchasing Street Lights Procedural Framework

Municipality may submit to utility a formal request

to purchase a portion of or entire streetlight

system. Please note, a municipality may request a

purchase price proposal from the utility only once

every 12-month period.2 Utility Contact for Streetlight

Requests

Municipality's formal request may be in the form of

a letter or email, including the date when the Orange and Rockland
request is made. Municipality should state desire Theresa Johnson
to receive a proposal for the entire street light JóhiisciiThe@oru.com

system or include a description of the portion of (845) 577-3193

the system the municipality is interested in

purchasing, such as number of streetlights, National Grid/Niagara Mohawk
geographic region, etc. John Walter

John.walter@nationalqrid.com
Utility company has up to 90 days to provide

(716) 831-7739
proposed purchase price to municipality.2

Utility Purchase proposals must: Rochester Gas & Electric/ New York

State Electric and Gas

• "Separately itemize each cost element of the Kelly Dietrick

proposed purchase price including the book (585) 724-8135

value, original cost, depreciation,
etcetera."2

• Include "an explanation of how each cost is Central Hudson
developed"* Jessica Caserto

Jcaserto@cenhud.com
• "Resolve any confidentiality concerns, the (845) 486-5485

utilities may require execution of a non-

disclosure agreement, as deemed necessary"2

• Municipality has up to 180 days from the receipt

of the purchase price proposal to review and

respond to utility their intent to move forward • Once a purchase price is agreed to, the utility

with the purchase.2 has up to 60 days to file the final sale price for

• Within the 180 days, or after, if communication
the Public Service Commission approval.

was sent to utility about intent to move forward, • Upon the Public Service Commission's

municipality and utility may negotiate and approval, the municipality and utility may move

establish purchase price for the streetlight forward with the streetlight sale.4

system.3

2Case 15-E-0745, 0746, 0747, 0748, 0749, Order variance is primarily due to the depreciation

Approving Tariff Amendments with Modifications, of installed equipment.

New York State Public Service Commission (issued

October 14, 2016).
4 If financing the purchase of the streetlights

through NYPA, NYPA would issue a check to the
3 i Purchase price per streetlight may range municipality and they would then pay the utility.

from $150 - to upwards of $400. The price

50m NY Power CUStOmer energy SolutionsOPPORTUNITY.
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey
Sent: Tuesday, December 10, 2019 2:37 PM

To: Richard Sullivan

Subject: RE: [EXTERNAL]Highlands Kick Off Meeting Minutes

Attachments: existing lights purchase process.pdf; Smart City Grant Guideline.pdf

The smart city technology grant guidelines and fixture purchase process documents.

From: Matthew Christian <mchristian@guthdeconzo.com>

Sent: Tuesday, December 10, 2019 2:01 PM

To: blivsey@highlands-ny.gov; rsullivan@highlands-ny.gov

Cc: Laino, Jeffrey <Jeffrey.Laino@nypa.gov>; Hermann, Charles <Charles.Hermaññ@ñypa.gov>; Bou Reed

<breed@guthdeconzo.com>

Subject: [EXTERNAL]Highlands Kick Off Meeting Minutes

CAUTION - External Email

Suspicious? Click Report Phishing on Outlook too!ber. For Mobile forward to (abuse@nypa,gov)

All,

It was great meeting everycñe yesterday and we are excited to get this project started.

Please see attached for the minutes from yesterday's kickoff meeting. Please review and let me know if there are any
additional comments or questions. I received the registry copy from Rich.

Thanks,

Matt Christian

Construction Manager

Guth DeConzo Construction Man ;;:ssat, Inc.

T: 518-266-9600 X 117

M: 518-596-5996
GuthDeConzo.com

433 River Street, Suite 6004 | Troy NY 12180

CONFIDENTIALITY NOTICE: This e-mail/fax and its attachments are confidential information and may be privileged. It is intended solely for the use of
Guth DeConzo Construction Management, Inc. and the recipient(s) named above. If you are not the intended recipient, or the employee or agent
responsible for delivering this message to the intended recipient, you are hereby notified that any review, dissemination, distribution, printing, or copying
of this e-mail message and/or any attachments is strictly prohibited. If you have received this transmission in error, please notify the sender immediately
and permanently delete this e-mail [shred the document] and any attachments.

1
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Smart Street Lighting NY Grant Program Guidelines | 2

Program Overview

As an enhancement to the Smart Street Lighting
As technology continues to evolve, muricipalities

NY Program, the New York Power Authority
are able to make data driven decisions to enhance

(NYPA) is piessed to announce the Smart City
the operation of their assets and improve public

Technology Grant Program ("Smart City Grant"). services to their residents. Street lighting systems

The Smart City Grant, scheduled to go through are no longer used solely to illuminate roadways,

December 31, 2025, will support the planning and but are now considered vertical assets that can be

instulistion of Smart City sensor hardware and used for a variety of new and innovative functions.

software technology as part of LED street lighting
NYPA will work with program participants

conversions. statewide to enhance LED street lighting
conversions by integrating one or more of the

., ,, . following technology categories:

• Public safety: video analytics, noise and motion

c monitoring, gunshot detection

. • Environmental: air quality, ice and snow

. : detection, sewer and storm water monitoring,
weather detection

• Transportation: traffic optimization, traffic

monitoring, parking management

. . .. • Connectivity: digital kiosks, connected

vehicles, smart phone applicatiaris

. . As new technologies are developed, NYPA will

expand the offerings mentioned above. NYPA will

also provide municipalities with information on the

Applicants that meet all the requirements will be
potential roll out of 5G broadband small cell

eligible to receive a range of grant funding outlined technology and public Wi-Fi. Adequate

in the grant allocation table. Grant amounts will connectivity will be the backbone of how Smart

depend on the quantity of street lights, as well as, City and Internet of Things (loT) sensors

the amount of matching funds the community may
communicate while also enhancing cellular

contribute. If no matching funds are contributed
density.

then the community is eligible to receive the base

grant amount. The community may contribute as
Application Requirements

much as they like but will only receive matchirig The online application must be submitted for

funds from NYPA up to the max amount in their participation. In order for applications to be

tier plus the base grant amount as outline in the considered for award by NYPA, the applicant must

equation below. satisfy the following requirements:

(Base Grant) + (Community Contribution) + • Applications must be submitted by an authorized

(NYPA Match of Contribution) = employee of the municipality implementing the

Total Smart City Cost project. While consultants or third parties may
assist in creating project applications,
applications submitted by third parties on behalf

of the municipality will not be entertained.

NEWYORK NY Power
=L""

Authority CUstomer Energy Solutions
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Smart Street Lighting NY Grant Program Guidelines | 3

• In order to receive an award, the applicant • Eligible Applicants can choose to supplement

("Applicant") must enter into an agreement with NYPA's contributions with 50% matching funds

NYPA for the full tumkey project implementation of the total project cost in order to acquire

of an LED street lighting conversion. The additional grant funds. Matching funds can come

Applicant must also execute a cost recovery from any combinaticñ of capital from the

agreement with NYPA. However, the municipality's budget or NYPA financing, if

municipality is not obligated to use NYPA's low- eligible. Matching funds are to be paid directly to

cost financing. NYPA as defined in the Customer Project

. Commitment (CPC). Customers must decide
• Each Applicant will be limited to submitting one

whether they will contribute matching funds at
application. Each application must include only the time that the Authorization to Proceed (ATP)
one project, but the project can include

for the street lighting conversion is executed.
installations at multiple locations. If the street

lighting conversion is completed in multiple • Once a project has been officially awarded, the

phases additional applications will not be municipality will not be able to modify the project

accepted. scope without approval from NYPA. If the

• Smart City sensors, hardware, and software matching funding option is chosen and upon

completion of the work, the total project cost is
must be preapproved by NYPA before an

application is submitted. Please see the
below what was originally projected and

approved, the municipality must still meet the
attached list of prequalified Smart City solutions.

If there is a system that is not listed that an
50% match requirement of the total project cost

. and NYPA will retain any unused grant funds.
Applicant would like to implement, please send

Any excess funds not used will not be paid to
a comprehensive Scope of Work, respective cut

the Applicant. If upon completion of the work the
sheets, and a project budget to the Program

cost of the Smart City technology is above what
Manager Kevin Luteran (contact information

below)
was originally projected and approved, the

municipality will be responsible for the difference

between what was awarded and the final cost of
Project Parameters

the project. NYPA will not accrue any project

If an application is deemed incomplete, the costs in excess of the criginally agreed upon

applicant will be notified within 30 days of receipt total allocation amount without consent.

of the application. The applicant must then • The municipality will own all hardware and
resubmit the appropriate docurñêñtation to be software associated with the grant program. The
considered for funding. Failure to resubmit revised municipality is also responsible for Operatica

application may result to declination of an and maintenance of the system after the

application. If approved, Applicants will be 60tified respective program warranty expires.

of award decisions with a grant award notmeetion • The municipality will allow NYPA to access non-
within 30 days of applying· sensitive data generated by Smart City systems

. in order to test, learn, and enhance the program
Projects submitted for consideration must satisfy as long as the data is anonymous, non-
the following requirements:

identifiable, and co-mingled with other data.

• The installation of all Smart City devices are to
Municipalities may be required to enter into a

be installed at the time of the installation of the
third party service agreement with a Smart City

LED street lights by NYPA. NYPA will also technology provider.

accept applications from municipalities who

converted their street lights through NYPA after

July 2017.

NEWYORK NY Power

nority Customer Energy Solutions
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Smart Street Lighting NY Grant Program Guidelines | 4

• The program will be offered up to year 2025 or • As with all aspects of the Smart Street Lighting
until the capped program funding is dep!eted NY, all costs incurred to develop Smart City
NYPA does not guarantee this grant amount if projects are subject to cost recovery fees.

the program funds are fully committed at the
• NYPA reserves the right to modify the

time you submit your appucäiion. Awards will be
parameters of the program at any time.

made on a first come first serve basis.

• Awards from NYPA shall follow the chart below
• Grant funds will not be dispersed to the

in total grant allocation amount, per individual
municipality directly, they will be used as credit .

to the project to offset total project costs.
project:

Grant Allocation

Number of Base Grant Amount Matching Amcünt Total Amount

Street Lights (No customer match) (up to 50% match) (Base + Matching)

0 to 500 Up to $20,000 Up to $40,000 Up to $60,000

501 to 1,000 Up to $40,000 Up to $80,000 Up to $120,000

1,001 to 5,000 Up to $75,000 Up to $150,000 Up to $225,000

>5,000 Up to $100,000 Up to $200,000 Up to $300,000

Example Project

Number of Street Lights 3,500

Base project cost for LED conversion $5,000,000

NYPA Base Grant Amount $75,000

NYPA Matching Funds $100,000

City's Contribution $100,000

Total Grant Amount $175,000

Net Project Cost $5,000,000

Gross Project Cost ( LED + Smart City) $5,275,000

For any questions please contact:

Kevin Luteran

Smart Street Lighting NY Pregrarñ Manager

SmartStreetLightingNY@NYPA.gov

(518) 433-6742

Applicaticñs can be submitted here:

https://www.nypa.gcv/ssivicas/customer-

energy-se!utions/smart-street-lighting-ny

EE"
"JTho ty CUstomer Energy Solutions
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Appendix B: Purchasing Street Lights Procedural Framework

Municipality may submit to utility a formal request

to purchase a portion of or entire streetlight

system. Please note, a municipality may request a

purchase price proposal from the utility only once

every 12-month period.2 Utility Contact for Streetlight

Requests

Municipality's formal request may be in the form of

a letter or email, including the date when the Orange and Rockland
request is made. Municipality should state desire Theresa Johnson
to receive a proposal for the entire street light JóhiisciiThe@oru.com

system or include a description of the portion of (845) 577-3193

the system the municipality is interested in

purchasing, such as number of streetlights, National Grid/Niagara Mohawk
geographic region, etc. John Walter

John.walter@nationalqrid.com
Utility company has up to 90 days to provide

(716) 831-7739
proposed purchase price to municipality.2

Utility Purchase proposals must: Rochester Gas & Electric/ New York

State Electric and Gas

• "Separately itemize each cost element of the Kelly Dietrick

proposed purchase price including the book (585) 724-8135

value, original cost, depreciation,
etcetera."2

• Include "an explanation of how each cost is Central Hudson
developed"* Jessica Caserto

Jcaserto@cenhud.com
• "Resolve any confidentiality concerns, the (845) 486-5485

utilities may require execution of a non-

disclosure agreement, as deemed necessary"2

• Municipality has up to 180 days from the receipt

of the purchase price proposal to review and

respond to utility their intent to move forward • Once a purchase price is agreed to, the utility

with the purchase.2 has up to 60 days to file the final sale price for

• Within the 180 days, or after, if communication
the Public Service Commission approval.

was sent to utility about intent to move forward, • Upon the Public Service Commission's

municipality and utility may negotiate and approval, the municipality and utility may move

establish purchase price for the streetlight forward with the streetlight sale.4

system.3

2Case 15-E-0745, 0746, 0747, 0748, 0749, Order variance is primarily due to the depreciation

Approving Tariff Amendments with Modifications, of installed equipment.

New York State Public Service Commission (issued

October 14, 2016).
4 If financing the purchase of the streetlights

through NYPA, NYPA would issue a check to the
3 i Purchase price per streetlight may range municipality and they would then pay the utility.

from $150 - to upwards of $400. The price

50m NY Power CUStOmer energy SolutionsOPPORTUNITY.
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Arencibia, Stephanie (Molly)

From: Kelly Pecoraro <kpecoraro@highlands-ny.gov>

Sent: Wedñésday, December 11, 2019 11:06 AM

To: Richard Sullivan; Bob Livsey
Cc: Laino, Jeffrey; Hermann, Charles; Bou Reed; Matthew Christian

Subject: RE: Highlands Kick Off Meeting Minutes

Attachments: June 2018 through November 2019.pdf

Attached please find Orange & Rockland street light bills from June 2018 through November 2019. Please let me know if

you need anything else.

Regards,

Kelly

Kelly Pecoraro

Comptroller

Town of Highlands

254 Main Street

Highland Falls, NY 1o928

845-446-4280 ext 325|f 845-446-6507

From: Richard Sullivan

Sent: Wednesday, December 11, 2019 7:05 AM

To: Bob Livsey <blivsey@highlands-ny.gov>

Cc: Laino, Jeffrey <Jeffrey.Laino@nypa.gov>; Hermann, Charles <Charles.Hermann@nypa.gov>; Bou Reed

<breed@guthdeconzo.com>; Matthew Christian <mchristian@guthdeconzo.com>

Subject: Re: Highlands Kick Off Meeting Minutes

I haven't reviewed minutes yet, just wanted to let all know I had 3 assignments :
-inventory- done, emailed

-12 months or more of billing - to be done by next Monday
-get O & R buyout price for 167 lights ....

On the last one, Teresa Johnson called me yesterday and acknow|êdged that on July 10th the town did indeed pursue

this task, she is expediting O & R legal Dept to get this done, I will keep pressure on her/them .

Great meeting, my gut trusts what we are doing, expect digital copies of bills soon, and I will send self cartographied

maps soon as well.

Obliged, Richie

Sent from my iPad

On Dec 10, 2019, at 2:01 PM, Matthew Christian <mchristian@guthdeconzo.com> wrote:

All,

It was great meeting everyone yesterday and we are excited to get this project started.

1
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Please see attached for the minutes from yesterday's kickoff meeting. Please review and let me know if

there are any additicñal comments or questions. I received the registry copy from Rich.

Thanks,

Matt Christian

Construction Manager
...........................................................................................................................................................................................

<image001.png> Guth DeConzo Construction Managemo:·:t, Inc.

T: 518-266-9600 X 117

M: 518-596-5996
GuthDeConzo.com

433 River Street, Suite 6004 | Troy NY 12180

CONFIDENTIALITY NOTICE: This e-mail/fax and its attachments are confidential information and may be privileged. It is intended
solely for the use of Guth DeConzo Construction Management, Inc. and the recipient(s) named above. lf you are not the intended
recipient, or the employee or agent responsible for delivering this message to the intended recipient, you are hereby notified that any
review, dissemination, distribution, printing, or copying of this e-mail message and/or any attachments is strictly prohibited. If you have
received this transmission in error. please notify the sender immediately and permanently delete this e-mail [shred the document] and
any attachments.

<Highlands Kick Off Meeting Minutes 12102019 w attachments.pdf>
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Orange & RocKland

Rockland Electric Company
?8r7-434-4100 www.oma-

ToWN OF HIGHLANDS Your next Meter If you haveyuesGons

TOWN RD LITE 2 Reading will be: about Ws bll, call

HIGHLAND FALLS, NY 10928 . . . tou•-free 1-877-434-4100
STREET LIGHTING or go to www.oru.com

BILLING DATE 06/20/1BELEC MUNICIPAL STREET LIGHTING-DELtVERY
aun

BILLING SUMMARYJun

ACCOUNT NUMBERTotal Usage (KWH) 30 Days

Delivery Charges
.

Last Bill .Denvery Cho
Energy Cat Adj KWH @ 0.280004 . PayMeSBC Chg KWH @ 0.58700¢

06/11/16Transition Ad} Chg KWH G. •0100500øNY Assessrnent KWH @ 0.00000¢
Government surcharges - Delivery

Service ChargesTotal Delivery Charges
Ughting

Total Supplier Charge
TOTAL
AMOUNT DUE.CURRENT LIGHTING CHARGES

O&R certifies that the amountof 53,398 11 Is correct that)tems services & .... . . . .disbumements charged were rendered as stated and no part has been paid orsaSalled Exempttaxes are excludedarntthe amount claimedis due On07/1672013.

MANAGER CUSTOMER ACCOUNTINGMARIE QUlGLEY

To avoid a 1.6% late charge, please pay by 07/f 3/2016.
Your fighting service e y su plier is Constellation New Energy C&l..1hey canbe contacted at 1-844-63 37 9.

We offer convenient yment op6ons such as pa b phone ay online or inpersonatVillage of ryas Joel, 61 ForestRd, u e 340, onroe.
Have ur payments deducted from your bankaccount byend'sm In AutomaUc Bill Place an X In the box on your bill stub,Deta!IsTrtwww.oruncom/A
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. . Page 2 or il

TOWN CF HIGHLANDS

TOWN RD LITE 2

HIGHLAND FALLS, NY10928

Account Number

Bilitng Date: 06/20/18

ELEC MUNICIPAL STREET LIGHTING-DELIVERY

From: 06/002018 To: 07/01/2018

1 27500 LUM 8ÈT 141 S

3 46000 LUM 8FT 144 8

26 22500 LUls BFT 121 M

19 5800 LUM 8FT 131 S

. 7 9500 LUM 8FT 134 6

92 79Ô0 LUM 8FT 114 M

19 4000 LUM 8FT i11 M.

Total 167

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0589



v!gityo ot nuuruanu
u _m spnng vaney rm ivun-uow ,

Rockland Emuu Company 3.s77.434-4100 www.oru,com

Constellation New Energy C&I See page 1 for.Total +.-. .
PO Box 49t 1 . Amount Due
Houston TX 77210-4911 ..

Supplemental Statement . .

FOR INFORMATIONAL PURPOSES C NLY

rQWN OF HIGHLANDS Your next Meter For Energy Sup lier'service
FOWN RD LITE 2 . Reading will be: . Wor=stion cal .1-844-836-3749. -
HIGHLAND FALLs, NY 10928 . www.newenergy.com ..

Supplier LIGHTING CHARGES . BILLING DATE 06/20/18 .
Jun 01-Jul01 KWH @. 6.3470ø . .
TOTAL SUPPLIER UNMETERED CHARGE Constellation lew Energy Cal . .

ACCOUNT NUMBER

Current Supplier Charges

Unmetered

8

c

TOTA SUPIELIER
CI-IARGES

DO NOT PAY THESE
SUPPLIE1( CHARGES.. .
SEPARATELY

. They are included in the Total
. . Amount Due ön Page 1 of your ·

O&R bit ·

0000513 .
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Orange & Rockland. 338$We
o977-s32o page at4Rackiniid Electnc Company 1-877-4s4-4100 www.orucom

TOWN OF H IGHLANDS Your next Meter If you have questions ·
TOWN RD LITE 2. Reading will bel • about this bill, call
HIGHLAND FALLS. NY 10928 toll-free 1-877-434-4100
STREET LIGHTING or go to www.oru.com

ELEC MUNICIPAL STREET LIGHTING-DELIVERY BLLING DATE 07/23/18
Aug 1
.Jul 1 BILLING SUMMARY

MBER

Delivery Charges
Last Bill

Delivery Chp
Energy Cst Adj KWH @ 0.18800ø Payments;
SBC Chg KWH Q 0..58700 07/09/18
Transition Adj Chg KWA Q -0.00500ø
NY Assessment KWH @ , 0.00000ø
Govemment eurcharges - Delivery Adjustments
Total Delivery Charges Outage Credit

Total Supplier Charge Seivice Charges
. Ughting

CURRENT LIGHTING CHARGES TOTAL

O&R ceilities that the amount of $3,438.51 is correct, that items, services.& . AMOUNT DUE

disbursements charged were rendered as stated and no part has been paid or --..- - - · - ----
saUsfied. Exempt taxes are excluded and the amount claimed ladue on
06 /17/ 201B.

MANAGER CUSTO MER ACCOUNTING
MARIG QUlGLEY

To avoid a 1.5% tate charge, please pay by 06M6/2018.

Yourtighting service -p!!er is Constellation New Energy C&I.They can RECENED
be contacted at 1-84 iT9.

We offer conveníent yment options such as y b phone online or in dUL 2 7 2018
person at Village of ryas Joel, 61 Forest Rd, Su to 340, onroe.

Haim ut payments elec deduched frorn bank account by
COMPTROLLER'S OFFICE

entoff ng 'n Automa6c BiW Place an X in the box on your blff stub.
Details a www.oru.comfAB

8
8
8
N

Orange & Rockland TOTAL AMOUNT DUE .

WO216 Amount enclosedt

ums n 1,gtp.r.N.At--' [nint--il"-'"'l---" "rts To avoid a late charge
'I71 lid r¶"ir"I'lil .nur rTi u rrr -gg

pay by 08/15/2018
000049701 AB 0.406 01 TR 00004OROLNS12010D000000

TOWN OF HIGHLANDS
*X' to enroll lit ABP

254 MAINST
HIGHLAND FALLS, NY 1092821804 .. rr u.uun an.an in.i nar n

I llP1-'---rur ú=T-riii "i=i ir-urni-i !: -T ma!r
PO Box 1005 .
Spring Valley NY 0977

-a 0009 9991596009 0000000000 000003396 0

0000338 This bill is due on receipt Detach and mail this portion wiih payment..
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Page 2 of 4
TOWN OF HIGHLANDS

TOWN RD LITE2

HIGHLAND FALLS, NYt0928 . e

Account Number: .

Billing Date: 07/23/18

ELEC MUNICIPAL STREET LIGHTING-DELNERY

From: 07/01/2018 To; 08/01/2018

3 46000 LUM.BFT M4 S

27500 LUM 8FT 141 S

26 22500 LUM 8FT 121 M

92 7900 LUM 8FT 114 M

19 4000 LUNI 8FT 1,11 M

7 95001UM BFT 134 S

i9 5800 LUNI BFT 131 8

Total 167
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390 West Route 59_,,, Orange & Rocklanci
ny 10977-5320 Page 3 of 4Rockland Electric Company 1-877-434-4 Do www.oru.corn

Conste!!ation New Energy C&l See page i for Total
PO Box 4911 . . Amount Due
Houston TX 772104911

supplemental statement .

FOR INFORMATIONAL PURPOSES ONLY

TOWN OF HIGHLAND$ Your next Meter For Energy Supplier service
TOWN RD LITE 2 Reading will be: • ·information call 1.844-636-3749
HIGHLAND FALLS, NY10928 www.newenergy.com

Supplier LiGHTING ES BILÙNG DATE 07/23/18
Jul 01-Aug 01 H 4 6.3470%
TOTAl:SUPPLIER UNMETERED CHARGE Constellation New Energy CS

Curnent Supplier Charges

Unmetered

8

M

TOTAL SUPPLIER
CHARGES

D0 NOT PAY THESE
SUPPLIER CHARGES
SEPARATELY.

They are included In the Totai
Amount Due on Page 1 of your
O&R bill.

1
b

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0593



390 West Route 59_ Orange & Rockland
spring vairey NY 1o977-s32o page t or 4Rockland Electric Company 1-sn-434-41oo www.ony.com

TOWN OF HIGHLANDS Your next Meter If you have questions
TOWN RD LITE 2 Reading will be; • about this biti, call .
HIGHLAND FALLS, NY 19928 toll-free 1-877-434-4100

'

STREET LIGHTING . or go to www.oru.com .

ELEC MUNICIPAL STI EET LIGHTING-DELIVERY BILLING DATE 08/22/18 . . .
sep t
Aug 1 BILLING SUMMARY

ACCOUNT k MBER

Delivery Charges

Delivery Cho .
Last BM

Energy Cet Adj KWH @ ( 0.2460oø Payments
SBC Çh KWH @ 0.58700ø 08/08/18
Transition Adj Cha KWH -0.00500ø
NY Assessment KWH @ 0.00000¢ .. .
Government suicharges * livery Adjustments

. Total Delivery Charge outage Credit

Total Supplier Charge . Sen/ice Charges

Lighting
CURRENT LIGHTING CHARGES TOTAL

O&R certitles that the Ä of $3,434.20 is correct, that iterns; services & AMOUNT DUE ·

disbursements charged were rendered as stated and no rthas been paid or . . .
satisñed.Exempt laxes pre excluded and the arnount cla ined is due on
09/172Of 6., , . .. . .. , . . . . .

MANAGER CUSTOMGR ACCOUNTJNG
MARIE QUlGLEY

To avoid a 1.6% late cpgrge, please pay ëý 09M4RO18.

his ce ene y piler ts Constellation New Energy C8& They cari RECElVED

We bifer convenient t options such as by phones y online or in AUG 2 7 20%
person et vittage of r Joet,51 Forest R utte 340,Öroe.

.Ha is et--i•~ deducted frorn bank account by COMPTROLLER's OFF1CE
e in tic Place an X in the box on your bN atub,. 8
Details t..www.oru.conyA

Z

o

Oralige & Racidaild TOTAL AMOUNÈDUE

V00216 Amount enclosedf

,üL..g.a±.mus.mma n•= 6 Toevoid a late charge
n a r rs ar r a a r w r a a a tr - ¬rr

pay by 09/14/2010
0006004Of AB 0.405 01 TR 00017OFt0TNS12.0100000000

TOWN OF HIGHLANDS T toenrolf In ABP

254 MAlli ST
HIGHLAND FALLs, NY 10928-1804 . u L.. ..r m. n un n. _ n. n _. nin win us _,· -ru arsus a • . m .. ¬ -rus ¬ v n scuru

PO Box 1005

Spring Valley NY10977

0009 9991 $ p6009 Q 000000000 00000327893

0001075 This bill is due on receipiDetach and matt this portiort with payment.
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Page 2 of 4

TOWN OF HIGHLANDS

TOWN RD LITE 2

HIGHLAND FALLS, NY10928

Account Number: 99915-96009

Bimng Datef 08/22/18

ELEC MUNICIPAL STREET LIGHTING-DELIVERY

From: 08/01/2018 To: 09/01/2018

17 22500 LUNE8FT121 M

4 46000 LUM 8FT i44 S

6 27500 LÜM 8FT 141 a
'

2 16d00 LUM 8FT 138 S

28 9500 LUM BFT 134 S

22 5800 LUM 8FT 131 S.

2 5800 LÚNI 130 S

68 7900 LUM 8FT 154 M

18. .4000 LÙM 8FT 111 M

*.
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Orange & Rockland a9a west Route $9

Rockland Electric Company SPA°r°‡‡p
3c²o°n. Page 3 of 4

Constellation New Energy C&I See page 1 Iot Total
PO Elox 4911 Amount Due
Houston TX 7t210-4911

'I

Supplemental Statefnent .

FOR INFORMATIONAL PURPOSES ONLY .

TOWN OF HIGH).ANDS Your next Mater For Energy Supplier service
TOWN RD LITE 2 . Reading will be: !±r:m*2ee call 1.844-636-3749
H1GHLAND FALLS, NY 10928 www.newenergy.com

Supplier LlGHTING CHARGES . . BILLING DATE 08/22/18
Aug 01.-Sep 01 KWH @ 6 $470
TOTAL SUPPLIER NMETERED CHARGE . Constellation New Energy C8L

ACCOUNT NUMBER

Cu rent Suppl er Charges

-, . .0

DO NOT PAY THESE
SUPPLIER CHARGES
SEPARATELY

. They are included in the Total
Amount Due on Page of your
C&R bill.

o001079
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us an agu us a:uunsm su .. . .

Rockland sectric Company SPsyr ONO o u co n Page 1 of 4

TOWN OF HIGHLANDS Your next Meter , m if you have questions , ,
TOWN RD LITE 2 Reading will be: • . about this bill, call
HIGHLAND FALLS, NY 19928 . toll-free 1-877-434-4100
STREET LIGHTING . or.go to www.oru.com

ELEC MUNICIPAL STREET LIGHTING-DELIVERY BILLING DATE 09/20/18
oct 1

Sep t BILLING SUMMARY
Total Usage (KWH) 30 Days ACCOUNT NUMBER

Delivery Charges
Last Bill

Delivery Chg
Energy Cst Adj KWH @ . ø 0.23600 Payments . . .
SBC Chg KWH G 0.58700ø 09/04/18 .
TransltIon Adj Chg KWH @ -0.00500ø
NY Assessment: KWH g 0.00000ø .
Government surcharges - Denvery Service Charges

Total Delivery Charges Q ghting

Total Supplier Charge TOTAL
AMOUNTDUE

CURRENT LIGHTING CHARGES . ... ·.

O&R cerliDes that the amount of $3,508.83 is correct, that items, services &
disbursements charged were rendered as stated and no part has been paid or
satisñed. Exempt taxes are excluded and the amount claimed Is due on
10/f S/2010. .. ,,. . .,, . , , . .... .,:- .... . . ........ .,. . .,- .. . .. . . . .... . ., . . . . . .

MANAGER CUSTOMER ACCOUNTING ,
MARIE QUlGLEY

To avoid a 1,5% late charge, please pay by 10 /13/2016.

Your Aghting service ene y su pner is Constellation New Energy C&I. They can .
be contacted at 1-844-63 37 9.

We offer convenient yment options such as pa b phone, y online or in
person at Village of fryas Joel, 51 Forest Rd, u to 340, onroe.

Have payments e½ctronically deducted frorn your bank account by
en in Automatic Bill Pa ent. Place an X in the box on your bill stub.
Details twww.oru.com/AB
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Page 2 of

TOWN OF HIGHLANDS

TOWN RD LITE 2

HIGHLANDFALLS, NY10928

Account Number

Billing Date: 09/20/18

ELEC MUNICIPAL STREET LIGHTING-DEL1VERY

From: 09/01/2018 To: 10/01/2018

4 46000 LUM 8FT 144 S

6 27500 LUM SFT 141 S.

2 16000 LUM 8FT 138 S

17 22500 LUM 8FT 121 M

68 7900 LUM 8FT 114 M.

18 4000 LUM 8FT 111 M

28 9500 LUM 8FT 134 S

.22 5800 [UM 8FT 131 S

2 5800 LUM 130 S

. . -Total ..-167- .. - ------- - -- ----"· ---· -
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GRockiand Electric Company 3 com
Page 3 of 4

Constellation New Energy C&I see page 1 for.Total
PO Box 4911 Amount D e
Houston TX 77210-4911

Supplemental Statement

FOR INFORMATIONAL PURPOSES ONLY

TOWN OF HIGHLAÈ4DS Your next Meter For Energy Supp e service .
TOWN RD LITE 2 '

Reading wl!l be: information call 1-844-636-3749
HIGHLAND FALLS, NY 1D928 . ' sr www.newenergy.com

Supplier LIGHTING CHARGES . . . .c h BILUNG DATE 09/20/18
Sep01-Oct 01 6.3470p.
TOTAL SUPPLIER UNMETERED CHARGE Constellat on New.Ege gy C&l

. . CUSTOMER'S ACCOUNT NUMBER

. o Current Supplier Charges

Unmetered

O

.. - .. DO NOT PAY THESE
SUPPLIER CHARGES
SEPWELY

.. . They are included in the Total
. ... . Amount Due on Page 1 of your

O&R bill
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Spring Valley NY 10977-5320
Rockland Electric Company 1 77-434-4100 www.oru.com

Page of 4

TOWN OF HIGHLANDS Your next Meter If you have questions -.
TOWN RD LITE 2 Readi::g will be: • about this bill, call .
HIGHLAND FALLS, NY 10928 . toll-free 1-877-434-4100
STREET LIGHTING or go to www.oru.com

ELEC MUNICIPAL STREET LIGHTING-DELIVERY BILLING DATE 10/19/18
Nov 1
oct 1 BILLING SUMMARY
Total Usage (KWH) 31 Days BER

Delivery Charges
Last Bill

Delivery Chy
Energy Cst Adj KWH @ ø 0.23500ø Payments:-
SBC Chg . . KWH @ 0.58700¢ 10/04/18
Transition Adj Chg KWH @ -0.00500ø
NY Assessrnent. KWH @ 0.00000¢
Govemmentsurcharges- Delivery Service ChargeS
Total Delivery Charges Lighting

Total Supplier Charge . TOTAL

CURRENT LIGHTING CHARGES . .
. .

O SR certifies that the enment of $3,647..65 is correct, that items, services &
disbarsements chemed were rendered as stated and no part has been paid or . . _ ........ .. ..
satisñed. Exempt taxes are excluded and the amount claimed is due on ..
11/13/2018. . . . ..

MANAGER GUSTO MER ACCOUNTING
MARIE QUIGLEY

To avoid a 1.5% late charge, please pay by 11/11/2018.

Your lighting service ene y su piler is Constellation New Energy C&L They can
be contacted at 1-844-63 37 9..

We offer convenient ayment options such as pay b phone, ay online or in RECE|VED
personatVillage of ryas Joet, 61 Forest Rd, Su te 340, onroe.

Have your payments electronically deducted from your banic account by ()uT 24 Ž018
enm!!:ng in Automatic Bill Pa ent. Place an X in the box on your bill stub
Details at www.oru.com/AB

. COMPTROLLER'S OFFICE
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Pag e 2 of 4

TOWN õF HIGHLANDS

TOWN RD LITE 2

HIGHLAND FALLS, NY10928

Account Number

Bl!ling Date: 10/19/18

. ELEC MUNICIPAL STREET ÙGHTING-DELIVERY

From:10/01/2018 To: 11/01/2018

4 46000 LUM 8FT 144 8

6 27500 LUM 8FT 141 S

2 16000 LUM 8FT 138 5

17 22500 LUM 8PT 121 M

68 7900 LUM BFT 114 M

18 4000 LÙM 8FT 111 M

28 9500 LUM SFT 134 S

22. 5800 LUM SFT 131 S

2 5800 LUM 130 S

F
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- "- --a - · . Spring Valley NY 10977-5320 Page 3 of 4Rocklagid Electric Company 1-877-434-4100 www.oru com

Consiellation Ñew Energy C&l See page 1 for Total
PO Box 4911 Amount Due
Houston TX 77210-4911

. Supplemental Stateme t

FOR INFORMATIONAL PURPOSES ONLY

TOWN OF HIGHLANDS Your next Meter For Ener9y Suppiler service
TOWN RD LITE 2 Reading will be: • !nforrr.ataa call 1-844-636-3749
HIGHLAND FALLS, NY 10928 . . . . . . www.newenergy.com . .

Supplier LIGHTING CHARGES . BILLIÑG DATE 10/19/18
Oct 01-Nov 01 (WH @ 6.3470
TOTAL SUPPLIER UNMETERED CHARGE - . Ocñ5tEllât|ca New Energy C&l .

CUSTOMER'S ACCOUNT NUMBER

Current Supplier Charges

Unmetered

.. . - . , . ,. . .TOTAL SUPPI-lER .
. . . CHARGES · ·

DO NOT PAY THESE
SUPPLIER CHARGES
SEPARATELY .

. . . . . They are included in the Total
Amount Due on Page 1 of your
O&R bill.

.
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. Orange & Rockland 390 west som ea
Spring Valley NY 10977-5320 Page 1 of 4Rockland Electric Company 1-877-434.4100 www.ora.com

TOWN OF HIGHLANDS Your next Meter lf you have questions
TOWN RD LITE 2 Reading will be: ? about this bill, call
HIGHLAND FALLS, NY 10928 toll-free 1-877-434.4100
STREET LtGHTING or go to www.oru.com

ELEC MUNICIPAL STREET LIGHTING-DEL1VERY BILLING DATE 11/20/18

o BILLING SUMMARY
Total Usage (KWHL30 De ACCOUNT NUMBER

Del ry harges

Energy Cst Adj KWH@ 0.24000ø. Payments
SBC Chg KWH @ 0.587004 10/30/18
Transition Ad j Cho KWH @ -0.015004
NY Assessment KWH @ 0.000004.
Govemrnent surcharges - Dewery Service Charges
Total Delivery Charges Lighting

Total Supplier Charge T

CURRENT LIGHTING CHARGES

. ¬O&R certifies that the amount of $3,707.34ls correct, thet items, services &
disbursements charged were rendered as stated and no part has been paki or
satisfied. E xempt taxes am excluded and the amount claimed is due on
12/17/2018.

MANAGER CÜSTO MER ACCOUNTING
MARIE QUIGLEY

To avoid a 1.5% late charge, please pay by 12/13/2018.

Your lighting service energy supplier is Constellation New Energy C&t. They can
be contacted at 1-844-636-3749,

a offer convenient ayment options such as pa b phone ay online or in
ECElVEDperson at Village of Iryas Joel, 51 Forest Rd, u to 34Q onroe.

Ha yments &chnice!!y deducted from your bank account by .
en , Amatic Bill Payment. Place an X in the box on your bill stub..
Details www.oru.com/ABP

COMPTROLLER'S OFFICE o

8
N

o

Orange & Rock!and TOTAL AMOUNT DUE

VD0216 Amount enclosed:

•j
j!l

at
. i:: :±

.'" ! I
!y

To avoid a late charge

000133101 AB 0.40501 TR 00006 ORO6NS120100000000
TOWN OF HIGHLANDS to enroll in ABP

254 MAIN ST
HIGHLAND FALLS, NY 10928.-1804. nu A nu r_i.n n n ... nin.

n un a a i n n rur -r-r r u u
PO Box 1005

Spring Valley NY 10977

0009 9991596009 0000000000 00000370734

o=S61 This bill is due.on receipt Detach and mail this portion with payment.

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0603



Page 2 of 4

TOWN OF HIGHLANDS
TOWN RD LITE 2
HIGHLAND FALLS, NY10928

Account Number

Billing Date: 11/20/18.

ELEC IAUNICIPAL STREET LIGHTING-DELIVERY

From: 11/01/20I8 Tor12/01/2018

7 22500 LUM 8FT 121 M

4 46000 LUM aFT 144 S

6 27500 LUM 8FT 141 8

2, 16000 LUM 8FT 138 S

28 .eti00 LUM 8FT 134 S

22. 5800 LUM 8FT 131 S

2 5800 LUM 130 8

68 7900 LUM 8FT114 M

. u-....,_.18-4000 LUM.8ET.ditAL........... ..-. . ..... . - ... .,.-- ..--.----,

Total 167

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0604



$90 West Route 59_ Orange & Rockland
.Spring Valley NY 1097 5320. Page 1 of 4Rockland Electric Coii1pañy 1-877-4a4.4100 www.oru.com

TOWN OF HIGHLANDS Your next Meter If you have questions .
TOWN RD LITE 2 Reading will be • about this bifi, call
HIGHLAND FALLS, NY 10928 toll-free 1-877-434-4100
.STREET Lt0HTING . or go to www.orn.com

ELEC MUNICIPAL STREET LIGHTING-DELIVERY BILLING DATE 12/20/18

Dec BILLING SUMMARY·

ACCOUNT BER...

Delivery Charges

Delivery Cho ..
Last Bill .

Energy Cat Ad . KWl-l@ ¢ 0.23700ø Payments -
SBC Chg KWH g 0.58700ø 2/ 0
Tensltion Adj Chg KWH @ -0.01500ø
NY Assessment KWH Q 0.00000ø
Government surcharge¼ - Denvery Service Charges
Total Delhery Charges Lighting

Total SupplieŸ Charge .. TOTAL .
N DUE

CURRENT LIGHTING CHARGES .

O&R certtñes Uzat the amountof $3,807.04 is cohrect hatitems, services &
. disbursements charged were rendered as stated and no it has been paid or

satisfied:Exetupt taxes ard excluded and the amountcte mad ts duenn
01/14/2019. ,

MANAGER CUSTOMER ACCOUNTING
, MARIE QUlGLEY

To avoid a 1.5%late charge, please pay by 01M2/2019. . .

e c 4 3 4 . .

offer convenient ayment options suchas phone y onSne or in
person atVillage of ryas Joef, 61 Forest R a 340, roe.

ur p-y•ñ•ds electroricaMy deducted hom your bank sccmmthy .
en In Automatic Bill Pa nt Place an Xin the box on your killstub.
Details twww.oru.com/A DEC 262018

COMPTROLLER'S OFFICE

Orange & Rockland TOTAL AMOUNT DUE

V00216 Amount enclosedr

-!!‰=mm n • • • . To.avoid a late charge
- pay by 01/12/2019

00063760 AB 0.405of TR.00016OROBNS120100000000
. TOWN0F HIGHLANDS . . 'K'

to enroll In ABP

254 IAAINST .. .
HIGHLAND FALLS, NY i0928+1504 n. 1 n n • áwn • un--mi *•• u r

re-n-m -i-iiPH™'r-rm''-r-r ars
. Po Box 1005

Spsing Valley NY 10977

0009 999 15 96009 0000000000 000003 80 704

0000931 , This billis due on receipt. Detach and mail this portion.with payment

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0605



Page 2 of 4

TOWN OF HIGHLANDS

TOWN RD UTE 2

H1GHI.AND FALLS, NY10928

Account Number

Bl10ng Date: 12/20/18

ELEC MUNIClPAL STREET LIGHTING-DELNERY

From: 12101/2018 To: 01101/2019

17 22500 LUM 8FT 121 M

6 27500 LUM 8FT 141 S

2 16000 LUM 8FT 138 S

4 46000 LUM BFT 144 S

28 9500 LUM 8FT 134 S

23 5000 LUM BFT 131 S

2 5800 LUM 130 S

68 7900 LUM 8FT 114 M

18 -4000 LUM 8FT 111 M

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0606



, irange &Rockland $pngweym tum

.9- yckland Bectric Company 1-877-434-4 co www.oru,com

tGHLANDS Your next Meter c) if you nave questions

Reading will be: • about this bill, call .
tott-free 1-877-434-4100

D FALLS, NY 10928 or go to wwware.com
REET UGHTING

ELEC MUNICIPAL STREET LIGHTING-DELIVERY BILLING DATE 0103/19

n
BILLING SUMMARY

DeWery Chy
Last B

Energy CstAdj H@ ø 0.01200ø Payments
SBC Chg @ 0.56200¢ 01/09/ 9
Transition Adj Chg @ -0.01500ø ·

NY Assessment H @ 0.00000¢
Government surcharges - Delivery Adjustments

Total Delivery Charges . . Billing Charge
. Outage Credit . .

CURRENT UNMETERED CHARGE Service Charges

O&R certifies that the amountof $2,775.87 Is conect, that items services & Mghting . .

disbursements charged were rendered as stated and no art hÁs been paid or TOTAL
a sti d E empt taxes are excluded and the amount cla med is due on. AMOUNT DUE

MANAbER CUSTOMER ACCOUNTING .
MARIE QUIGLEY

To avoid a 1.5% tate charge, please pay by 02M5!2019. , ·. . ... .. ... . . . . . . . . .

We offer convenient ayment opUons such as pa b phone y online or in . ..
person at Village of ryas Joet, 51 Forest Rd, u to 340, anroe,

Have ts electronically deducted from bank account
enrvil in malic Bilt Pa nt Place an X in tÃbox on your bill tub. RECElVED
Detaile atwww.orncom/AB

.. .JAN 2t2%

COMPTROLLER'S0FFICE .

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0607



OF HIGHLANDS

.A RD LITE 2

HNHLAND FALLS. NY10928

Account Number:

Billing Date: 01323/19

ELEC MUNICPAL STREET LIGHTING-DELIVERY

From: 01I0172019 Toi 02/01I2019

.4 46000 LUM 8FT 144 S

1, 27500 LUM 15FT 142 S

6 27500 LUM 8FT141 S

2 16000 LUM 8FT 138 S

16. 22500 LUM SFT 121 M.

68 7900 LUM 8FT 114 M

18 4000 LUM 8FT 111 M

28 9500 LUM 8FT 134 S

22 5800 LUM 8FT 131 S

. - - -.--_2,, 5_800LUM 130 8

1 3900 LUM 8FT 194 L -

Total 168

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0608



-.-,.a- - n--. .---"
. Spring Valley NY 10977-5320 Pa e 1 of 4Ockland Electric CoiTipally $877-434-4100 www.oru.com

S

TOWN OF HIGHLANDS . . Your next Meter . If you have questions
TOWN RD LITE 2 Reading will be: • . about this bill, call
HIGHLAND FALLS, NY 10928 toll-free 1-877-434-4100
STREET LIGHTING or go to www.oru.com

ELEG MUNICIPAL STREET LIGHTING-DELIVERY BILLING DATE 02/2t/19

Feb 1 BILLING SUMMARY
Total Usage (KWH) 28 Days

Delivery Charges

Delivery Cho
Last Bill . . . .

Energy Cst Adj KWH @ . ¢ .0.24200ø Payments . .
SBC Chg KWH @ 0.56200ø 02/04/19
Transition Adj Chy KWH @ -0.01500ø
NY Assessment . KWH @ 0.00000ø
Government surcharges - very Adjustments

Total Delivery Charges . Bil!lng Charge .

Service Charges
CURRENT UNMETERED CHARGE .

Ughting .

O&R certiñes that the amount of $2,769.63 is comect, thatitems, services & . TOTAL ·

disbursements charged were rendered as stated and no part has been paid or AMOUNT DUE
satisñed. E xempt taxes are excluded and the amount claimed is due on
03 /18/2019.

MANAGER CUSTOMER ACCOUNTING . ... .. . ... .. . .
MARIE QUlGLEY

To avoid a 1.5% late charge, please pay by 03M6/2019. . . .-.... . . . ... - c

Youcryh s a y su plier is Coilsteii="s New Energy C&I. They càn

Wie offer convenient yment options such as pa b phone, y online or in
person atVillage of ryas Joely 61 Forest Rd, u e 340,Åroe RECEIVED .

Have your ts elect•cnice!!y deducted from ur bank account b .
enrolhng in Sc Bill Pa ment Place an X in e box on your bill Ïtub. . FEB 20 2019
Details at www.oru.com/AB

COMPTROLLER'S OFFICE .

. C

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0609



. Page 2 of 4

TOWN OF HIGHLANDS

TOWN RD LITE 2

HIGHLAND FALLS, NY10928

Account Number:

Billing Date: 02/2 119

ELEC MUNICIPAL STREET LIGHTING-DELIVERY

From: 02/01/2019 To: 03/01/2019

16 22500 LUM 8FT 121 M

4 46000 LUM 8FT 144 $

1 27500 LUM. 15FT 142 S

6 27500 .LUM 8FT i41 S .

2 16000 LUM 8FT 138 $

28 9500 LUM SFT 134 S

22 5800 LUM 8FT 131 S

2 5800 LUM 130 S

1 3900 LUM 8FT 194 L

SS 7900 LUM SFT 114 M
.- *--

-1874000-LUN BFT11iT
-

Total 168

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0610



urange ec noctuariu

Rockland Electric Company "N3 b w‡ru.com

)WN OF HIGHLANDS . Your next Meter If you have questions
)WN RD LITE 2 Reading will be: . • about this bill, call
GHLAND FALLS. NY 10928 toll-free 'i-8TS-434-.4100
TREET LIGHTING or go to www.oru.com

LEC MUNICIPAL STREET LIGHTING-DELIVERY BILLING DATE 03/21/19

ar 1 . . . BILLING SUMMARY
ACCOUNTe NUMBER I

lellvery Charges
Last Bill

elivery Cho. h.
inergy Cat Adj H @ . . ø O 01200ø Payments . .
IBC Chg . g 0.56200ø
'ransition Ac$ Cho H @ -0.01500ø
W Assessment @ 0.00000ø . , . .
3overnment surcharges-Denvery . Adjustments

rotal Delivery Charges Billing Charge

Service Charges
CURRENT UNMETERED CHARGE Lighting W .

O&R certi es that the amount of $2,760.03 is correct that items, servicies a TOTAL
disbursements charged were rendered as stated and no part has been Paid or MOUNT DUE .
satisñed. Exempt taxes are excluded and the amount claimed is due on ,. .

MANAGER CUSTOMER ARCOUNTIN G _ ,. ........ ..4_ ,_,..,.. . . . .. .. . , , a,,.. . , .
MARIE QUIGi-EY . . , . , , .:

To avoid at5% late charge, please pay by 04/13/20.19a . . . . .. .-. .....- -.. .. . .. . . . .. . .. . .., .. - ....

Your ti e y u pfier is Cone*•&½n New Energy C&I They can . ,

We otTer convenient yment options such as pa b phone, y online or In
person at Village of as Joel, 51 Forest Rd, u.te 340, onroa

Coming Soon . we†e making it easier to see your amount due and pay by
date.· . .

Have your payments electronically deducted trom your bank account by
enrollmg in Automatic Bill Pa nt Place an X in the box on your bill stub.. .
Details at www.oru.comfAB . . ·

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0611



Page 2 of 4

TOWN OF HIGHLANDS

TOWN RD LITE 2
'

HIGHLAND FALLS, NYt0928

Account Number

BiIllng Date: 03/21/19 - - .

ELEC MUNICIPAL STREET LIGHTING ELIVERY

From: 03/01(2019 To: 04/01/2019

16 22500 LUM 8FT 121 M

4 46000 LUM 8FT 144 S

1 27500 LUM 15FT 142 S

6 27500 LUM 8FT 141 S . ,
2 16000 LUM SFT 138 S

28 9500 LUM 8FT 134 S

22 5800 LUM 8FT 131 S

2 5800 LUM 130 S .

1 3900 LUM 8FT 194 Ù

68. 7900 LUM 8FT 114 M ..._ .. ... ..... . ..... .. . .

16 4000 LUM 8FT 111 M

Total 168

a

I p

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0612



Uqu Tyt$3L r'kUUlt! Qtf----a- - -P--•••----
Spring Valley NY 10977-5320 Page of 4

Rockland Electnc Company ye77-4s4-410a www.oru.com

TOWN OF HiGHLANDS Your next Mater If you have questions
TOWN RD LtTE 2 Reading wIII be: • , about this bill, call .
HIGHI..AND FALLS, NY 10928

'
ton-free 1-877-434-4100

STREET LIGHTING or go to www.oru.com

ELEC MUNICIPAL STREET LIGHTING-DELIVERY BILLING DATE 04/19/19

Apr 1 . BILLING SUMMARY

Delivery.Cho
Energy Cst Adj KWH @ , ø 0.053004 Payments:.
SBC Cho KWH @ 0.56200¢ 04/01he
DRS RA KWH @ . -0.96100ø
Transition Adj Chg KWH @. . -0.02100ø
NY Assessment KWH @ 0.00000¢ Adjustments
Government surcharges - Denvery Billing Charge
Total Delivery Charges . . Service Charges

. . Lighting
CURRENT UNMETERED CHARGE .

TOTAL
O&R certifies that the amount of $2,401.71 is correct that items, services & MOUNT DU
disburse-ents charged were rendered as stated and no rt has been paid or
satisñed. E xempt taxes are exclucted and the amount cle med is due on . ..
05 /14/2019. .

MANAGER CUSTOMER Ä CCOUNTING .
MARIE QUIGLEY .

To avoid a 1.6°Æ late charge, please pay by 05/12 /2019

Your lighting service upplier is Direct Energy Business. They can pe
contacted at 1-886-9 9 5

We offer convenient yment options such as pa b phone y online or in . . . . .
person atVillage of as Joel, 61 Forest Rd, u to 340, onroe.. .

Have payments electt¤nically deducted from your bank account by
e in Auwe'!c Bill P ment .Place an X in the box on your billatub. .
Details t www.oru.comfA

O

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0613



Page 2 of

TOWNOF HIGHLANDS .

iOWN RD LITE 2 I

HIGHLAND FALLS NY10928

Account Number

Bililng Date: 04/19/19

ELEC MUNICIPAL STREET LIGHTING-DELIVERY

From: 04/01/2019 To: 05/01/2019

4 46000 LÚM 8FT 144 S

1 27500 LUM 15FT 142 S

6 27500 LUM 8FT 14i S

2 16000 LUM 8FT 138 S

1S 22500 LUM 8FT121 M
'

68 7900 LÙM 8FT 114.M

18 4000 LUM 8FT 111 M

28 9500LUM 8FT 134 S

22 5800 LUM 8FT 131 S

2 5800 LUM 130 S . ..
1 3900 LUM 8FT 194 L

Total 168

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0614



Orange
&.Rockland

t-a77-434-

ockland Electric Company .

oÝ M\G½LAMOS RES 9 om

N RD LITE 2
. O 9

GH1.AND FALLS, NY 10928

L C M N C AL S
REETi.1GHTING-DELIVERY . .

ota Usage (KWH) 31 Days

Delivery Charges
Last Blu - .

-0.05800¢
Payments

SBC Chg H @ 0.56200% Q . .

DRS RA H @ -0.961004

Transition Adj Chg H @ -0.02100ø. .

NY Assessment KWH @ 0.00000ø .
Adjustments

Government surcharges - Delivery Billing Charge .

Total Delivery Charges Service Charges

CURRENT UNMETERED CHARGE .
gMng

TOTAL

O&R certities that the amount of $2,394.15 is correct, that items, services & AMOUNT DUE

disbursements charged were rendered as stated and no part has been paid or .

satisñed. Exempttaxes are excluded and the amount claimed is due on

06/17/2019.
.

MANAGER CUSTOMER ACCOUNTING
MARIE QUlGLEY

To avoid a 1.5% late charge, pfease pay by 06/f3/2019

Your lighting service ene y mpp."c is Direct Energy Business. They can be .

contacted at 1-686-925-9 15

We offer convenient yment options such as pa b phone y online or in RECElVED

person atVillage of ryas Joel, 51 Forest Rd, u to 340, onroe.

Beginning with next meter •ædinn ur electric usage will be billed at the . 2O19

summer rate ap icable from June 1 - Uek 30.

Have ur payments elec nically 'chd from your bank accountby
COMPTROLLER'S OFFICE

e m Automatic Bill Place an X in the box on your bill stub.

Details t www.oru-corr/AB

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0615



Page 2 of 4
* TOWN dF HIGHLANDS

TOWN RD LITE 2

HIGHLAND FALLS, NY10928

Account Number

Billing Date: 05/21'I9

ELEC MUNICIPAL STREET LIGHTING-DELIVERY

From: 05/01/2019 To: 06/01/2019

16 22500 LUM 8FT 121 M

4 46000 LUM 8FT 144 S

. 1 27500 LUM 15FT 142 S

6 27500 LUM 8FT 141 S

2 16000 LUM 8FT 138 S

28 9500 LUM 8FT 134 S

22 5800 LUM 8FT 131 S

2 5800 LUM 130 S

3%0 LU 8 194 L

68 7900 LUM 8FT 114 M

18 4000 LUM 8FT 111 M

Total 168

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0616



Oránge & Rockland

TOWN OF HIGHLANDS Your next Meter h
TOWN RD LITE 2 Reading will be: ¬·-

HIGHLAND FALLS, NY 10928 . . ,
STREET LIGHTING

' "'"

ELEC MUNICIPAL STREET LIGHTING-DELIVERY BILLING DATE 06/19/19

Jun 1
BILLING SUMMARY

Tofal Usage (KWH) 30 Days A MBER

Delivery Charges Last Bill
Delivery Chg
Energy Cat Adj KWH é .. ø -0, Payments

.SBC Chg KWH @ 0.562006 06/10/19

T n Adj Chg KWH @ Adjustments
NY Assessment. KWH @ 0.00000p
Govemment surcharges - Delivery Billing Charge

Total Delivery Charges Service Charges

Lighting
CURRENT UNMETERED CHARGE TOTAL

AMOUNT DUE

O&R certities that the amount of $2,403,67 is correct, that items, services &
disbursements charged were rendered as stated and no part has been paid or
satistied. Exempt taxes are excluded and the amount claimed is due on
07/15/20 9,

MÄNAGER CUSTOMER ACCOUNTING
MARIE QUlGLEY

To avoid a 1.5% fate charge, please pay by 07/12/2019,

Your llghting service energy supplier is Direct Energy Business. They can be
contacted at ·l-888-925-9115.

We offerconvenient payment options such as pa by phone, ay online or in
person at Village of Kiryas Joel, 51 Forest Rd, utte 340, onroe.

It's here÷The nrst ste to lm-rcvi-- your bill. We've highlighted the Amount pue
and Pay By Date, anfaddelfcol ÊÏo your energy usage graph..

Have your pa ments electronically deducted from your bank account by enrolling
in Automatic E Payment. Place an X in the box on your bM stub. Detans at
www.ory.com/ABP

z

o

co

Page 1 of 4

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0617



. Page 2 of 4

TOWN OF HIGHLANDS

TOWN RD LITE 2

HIGHLAND FALLS, NY10928

Account Number:

BMing Date: 06/19/19

ELEC MUNICIPAL STREET UGHTING-DELIVERY

From: 06/01/2019 Tot 07/01/2019

4 46000 LUM 8FT 144 S

1 27500 LUM 15FT 142 S

6 .27500 LUM 8FT 141 S

2 16000 LUM 8FT 138 S

16 22500 LUM 8FT 121 M

68 7900 LÙM 8FT 114 M

18 4000 LUM 8FT 111 M

28 9500 LUM SFT 134 S

22 5800 LUM 8FT 131 S

2, 5800 LUM 130 S

1 3900 LUM 8FT 194 L

Total 168

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0618



Orange & Rockland

TOWN OF HIGHLANDS Your next Meter
TOWN RD LITE 2 Reading win be:
HIGHLAND FALLS, NY 0928
STREET LIGHTING

ELEC MUNICIPAL STREET LIGHTING-DELNERY BILLING DATE 07/22/19

Aug 1 -
BILLING SUMMARY

T I Usage (KWH) 3 BER

Delivery Charges Last Bill
Delivery Chg .

Energy Cst Adj KWH @ ø -0.03600¢
Payments:

SBC Chg KWH @ 0.56200$ 07/15/19
DRS RA KWH @ -0.96100p.
Transition Adj Chg KWH @ - -0.02100¢
NY Assessment KWH @ 0,00000ø

Adjustments

Governrnent surcharges - Delivery Manual Adj

Total Delivery Charges
C

CURRENT UNMETERED CHARGE Billing Charge

Service Charges

Lighting
O&R cet1iñes that the amount of $2,391.66 is correct, that items, services & .CFÜEDIT BALANCE .
disbursements charged were ràñdered as stated and no part has been paid or DO NOT PAY
satistiéû. Exempt taxes are excluded and the mmmm+ claimed is due on
08t16/2019.

MANAGER GUSTOMER ACCOUNTING
THERESA MANERA

To avoid a 1.5%late charge, please pay by 08/14/2019.

Your Hghting service energy -upp"Gr Is Direct Energy Business. They can be
contacted at 1-888-925-911

CREblT BAl-ANCE- Öo Not Pay 10.7%

We offer convenient ent options such as pay by phone, onÄne or In
person at Village of s.IoeI,51 Forest Rd, Sutte 340.C.'roe. RECEIVED 8

Have your pa ments electronically deducted from your bank eccount by enrolling
· .

in Automatic É11 ent. Place an X In the box on your bill stub. Details at .RL 26 2019
www.oru.com/AB

COMPTROLLER'S OFFICE
5
Pe
O

Page 1 of 4

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0619



Page 2 of 4

TOW OF HIGH' AUm:

TOWN RD LITE 2

HIGHLAND FALLS, NY10928

Account Númbe

BilRng Datei07/22/19 .

ELEC MUNICIPAL STREET LIGHTING-DELIVERY ,

From: 07/01/2Ó19 To: 08/01/2019

16 22500 LUM 8FT 121 M

4 46000 LUM 8FT 144 s

1 27500 LUM 15FT 142 S

6 27500 LUM SFT 141 S

2. 16000 LUM 8FT 138 5

28 9500 LÜM BFT 134 S

21 5800 LUM 8FT 131 S

+ 2 ' 5800 LUM 130 5

2 .5000 LUM SFT 196 L

1 3900 LUM 8FT 194 L

67 7900 LUM SFT 114 M .. .

18 4000 LUM 8FT 111 M

Total 168

a .

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0620



Orange & Rockland

TOWN OF HIGHLANDS Your next Meter
TOWN RD OTE 2 . . . .. . . Reading will be;
HIGHLAND FALLS, NY. 10928
STPEET LIGHTING

ELEC IVÏÜNICiPAL STREET LIGHTING-DELIVERY BILLING DATE 08/20/19

se
13

· BILLING SUMMARY

Total Usage (K½ÏH) .31 Days

Delivery Charges

Delivery Chg
Energy Cat Adi KWH @ p 4.00300p

Payments as

SBC Chg KWH @ 0.56200 of 08/20/19
DRS RA KWH @ -0.96100ø
Transition Adj Chg KWH @ 4.02100ø
NY Assessment KWH @ 0.00000s. Adjustments

Govemment surcharges - very Billing Charge

Total Delivery Charges Seivice Charg es

Lighting
CURRENT UNMETERED CHARGE TOTAL

AM OUNT DUE

O&R certiñes that the amount of $2,390.18is correct, that iteŸns,.services &
disburzsments chargedwere rendered as stated and no part has been paid or
satisfied. Exempt taxes are excluded and the amount claimed is due on
09/16/2019.

i|4ÄNAGER CUSTOMER NTING
THERESA MANERA

To avoid a 1.5°Älate charge please pay by 09/12/2019.
RECElVED

o h n e e rg ppier is Direct Energy Business.They can be .

AUG 232019We offer ccñveneni payment options such as pay b phone a online or in
person at Village of Kiryas Joel, 51 Forest Rd, Suite 340, onroe.

Nave - mõñts electronicaDy deducted from your bank account by enrolling
LLER'S OFFICE

in Automatic M Payment. Place an X in the box on your biU stube DetaHs at
www.ory.comfABP

. -

Page 1 of

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0621



TOVÏ/N OF HIGHLANDS

Page 2 of 4

TOWN RD LITE 2

HIGHLAND FALLS, NY10928

Account Numbet

Billing Date: 08/20/19

ELEC MUNICIPAL STREET LIGHTING-DELlVERY .

From: 08/01/2019 To: 09/01/2019

4 46000 Î..UM SFT144 S

1 27500 LUM f5FT 142 S

6 27500 LUM 8FT 141 S..
.2 16000 LUM 8FT 138 s

16 22500LUM 8FT 121 M

67 7900 LUM BFT 114 M

18 4000 LUM 8FT 111 M

.28 9500 LUM 8FT 134 S
- 21 5800 LUM 8FT 131 S

2 5800 LUM 130 S .

,. - .... .. 2 -5000LUM6FT 106L- - -- - ¬-- - - - - · --
1 3900 LUM 8FT 194 L ,

Total 168
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Orange & Rockland

TOWN OF HIGHLANDS Your next Meter
TOWN RD LITE 2 Reading will bet WTP
.HIGHLAND FALLS, NY 10928
STREET I...tGHTING

ELEC MUNICIPAL STREET LIGHTING-DELIVERY BILLING DATE 09/19/19

oct 1 - BILLING SUMMARY

IUsage (KWH) 30 Days . MBER

Delivery Charges Last Bill
Delivery Chg
Energy Cat Adj KWH @ ø 0.018009

Payments:.

SBC Chg KWH @ 0.56200ø 09/03/19 .
DRS RA KWH @ -0.961009
Transition Adj Chg KWH @ 4.02100ø AdjustmentsNY Assessment KWH @ 0.00000ø
Govemment surcharges - Ivery Billing Charge

Total Delivery Charges Service Charges

Lighting
CURRENT UNMETERED CHARGE TOTAL

.AMOUNT DUE

O&R ce:tifies that the amount of $2,389.44 is correct, that Items, services &
disbursements charged were rendered as stated and no part has been paid or
satisfied. Exempt taxes are excluded and the amount claimed is due on
10/15/2019.

MANAGER CU STOMER ACCOUNTiÑG
THERESA MANERA

To avoid a 1.5% late charge, please pay by 10/12/2019.

Yourlighting service energy supplier is Direct Energy Business. They can be
contacted at 1-888-925-9115.

We offer convenient payment options such as pa by phone, ay onWne or In
person at Village of Kiryas Joel, 51 Forest Rd, mte 340, onroe.

Have your -ments sisctronically deduded from your bank account by enmHing
In AutomatÏc¯éHI Payment.. Place an X In the box on your bHI stub. Detans at
www.oru.com/ABP

!
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.-- Page 2 of 4

TOWN OF HIGHLANDS

TOWN. RD LITE 2

HIGHLAND FALLS, NY10928

Account Number

Billing Date: 09/1919

ELEC MUNICIPAL STREET LIGHTING-DELIVERY

From:. 09/01/2019 To: 10/01/2019 *

6 22500 LUM 8FT 121 M

4 46000 LUM 8FT 144 S

1 27500 LUM 15FT 142 S

6 27500 LUM8FT 141 S

2. 16000 LUM 8FT 138 S

28 9500 LUM 8FT 134 S

21 6800LUM8FT131 S

· 2 5800 LUM 130 S

2 5000 LUM 8FT 196 L

1 3900 LUM 8FT 194 L

67 7900 LUM 8FT 114 M

18 4000 LUM 8FT 111 M

Total 168
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Orange & Rockland

TOWN OF HIGHLANDS Your next Meter
TOWN RD LITE 2 Reading wii.1be:
HIGHLAND FALLS, NY 10928
STREET UGHUNG

ELEC MUNICIPAL STREET LIGHTING-DELIVERY BILLING DATE 10/18/19

No BILLING SUMMARY
ACCOUNT NUMBER

Delivery Charges LaM BE
Delivery Chg
Energy Cat Adj KWH @ ø -0.00200ø Payments;

SBC Chg KWH @ 0.56200ø 09/30/19
DRS RA KWH @ -0.96100ø
Transman Adj Chg KWH @ -0.02100p
NY Assessment KWH @ 0.00000ø

Adjustments

Govemment surcharges - Delivery Billing Charge

Total Delivery Charges Service Charges

Lighting
CURRENT UNMETERED CHARGE TOTAL

AMOUNT DUE

O&R certifies that
the'

amount of $2,379.04 is correct, that items, services &
disbursements charged were rendered as stated and no part has been paid or
satisfied. Exempt taxes are excluded and the amount claimed is due on
11/12/2019.

MANAGER CUSTOMER ACCOUNTING .
THERESA MANERA

To avoid a 1.5% late charge, please pay by 11/10/2019.

Your Ngh service ene upøer is Direct Energy Business. They can be
contacle 1-888-925-

.We offer convenient payment options such as pa b phone, ey online or in
person at Village of Kiryas Joel, 51 Forest Rd, utte 340, onroe.

Have your ents einctiüñica||y deducted from your bank account b enrolHng
RECElVED

In Automat tÎ Payment. Place an Xin the box on your blil stub, Details at
www.oru.com/ABP

COMPTROLLER'S OFFICE

!2
8

8
8

Page.1 of 4

. .

W
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Page 2 of 4

TOWN OF HIGHLANDS.

TOWN RD LITE 2

HIGHLAND FALLS, NY1Ó928

Account Number

Bitting Datei 10/18/19

.ELEC MUNICIPAL STREET LIGHTING-DELIVERY

From: 10/01/2019 To: 11/01/2019

.. 4 48000 LUM 8FT 144 S:

1 ' 27500 LUM 15FT 142 S

,. 6 27500 LUM 8FT 141 S

2 16000 LUM 8FT 138 S

16 22500 LUM 8FT 121 M

67 7900 LUM 8FT (14 M

18 4000 LUM 8FT 111 M

.28 9500 LUM SFT 134 S

21 5800 LUM 8FT 131 S

2 5800 LUM130 S

2 5000 LUM 8FT 196 L

1 3900 LUM 8FT 194 L

Total 168

b.

h
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Orange & Rackiand

TOWN OF HIGHLANDS Your next Meter
TOWN RD LITE 2 Reading wiR be• 6
HIGHLAND FALLS, NY 10928 Ù .
STREET LIGHTING

ELEC MUNICIPAL STREET LIGHTING-DELIVERY BILLING DATE 11/19/19

D 1 BILLING SUMMARY
BER

Delivery Charges Last Bill
Delivery Chg
Energy Cat Adj KWH @ ø 0.00300¢
SBC Chg KWH @ 0.56200ø 10/28/19
DRS RA KWH @ -0.961009
Tranaition Adj Chg KWH @ -0.02100ø
NY Assessment KWH @ 0.00000ø

Adjustments

Government surcharges - Delivery Billing Charge

Total Delivery Charges . Service Charges

Lighting
CURRENT.UNMETERED CHARGE TOTAL

AMOUNT DUE

O&R certiñes that the amount of $2,373,11 is correct, that items, services &
disburssméñta charged were reñd5réd as stated and no part has been paid or
satisñed. Exempt taxes are exc'uded and the amount claimed Is due on
12/16/2019.

MANAGER CUSTOMER ACCOUNTING
THERESA. MANERA

To avoid a 1,6% late charge, please pay by 12/12/2019.

Your fightin service ene upplier is Direct Energy Business, They can be
contacted at 1-888-925-9Î 5.

We offer convenient ayment options such as pa b phone, ay online or in
person at Village of ryas Joel, 51 Forest Rd, utte 340, onroe.

Have your ps méñts electronically deducted from your bank account by enrolling
in At=m‰ I Payment. Place an X in the box on your bm stub. Details at - . a
www.oru.com/ABP DV 9 a 2019

8
COMPTROLLER'S OFFICE

a
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Page 2 of 4

TOWN OF HIGHLANDS

TOWN RD LITE 2

HIGHLAND FALLS NY10928

Account Numbe

Billing Date:.11/19/19

ELEC MUNICIPAL STREET LIGHTING-DELIVERY

From: 11/01/2019 To: 12/01/2019

4 46000LUM 8FT144 S

1 27500 LUM15FT142 S

6 27500 LUM 8FT 141 S

2 16000 LUM 8FT 138 S

16 22500 LUM 8FT 121 M

67 7900 LUM 8FT 114 M

18 4000 LUM 8FT 111 M

27 9500 LUM 8FT 134 a

21 5800 LUM 8FT 131 S

2 5800 LUM 130 S

2 5000 LUM 8FT 196 L

2 3900 LUM 8FT 194 L

Total 188
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Arencibia, Stephanie (Molly)

From: Kelly Pecoraro <kpecoraro@highlands-ny.gov>

Sent: Wednesday, December 11, 2019 4:21 PM

To: Matthew Christian; Richard Sullivan; Bob Livsey
Cc: Laino, Jeffrey; Hermann, Charles; Bou Reed

Subject: RE: Highlands Kick Off Meeting Minutes

Hi Matt.

We have about 14 O&R accounts. Do you want to see one of each to determine which ones you need?

Kelly

Kelly Pecoraro

Comptroller

Town of Highlands

254 Main Street

Highland Falls, NY 1o928

845-446-4280 ext 325|f 845-446-6507

From: Matthew Christian [mailto:mchristian@guthdeconzo.com]

Sent: Wednesday, December 11, 2019 12:13 PM

To: Kelly Pecoraro <kpecoraro@highlands-ny.gov>; Richard Sullivan <rsullivan@high|ands-ny.gov>; Bob Livsey
<blivsey@highlands-ny.gov>

Cc: Laino, Jeffrey <Jeffrey.Laino@nypa.gov>; Hermann, Charles <Charles.Hermann@ñypa.gov>; Bou Reed

<breed@guthdeconzo.com>

Subject: RE: Highlands Kick Off Meeting Minutes

Thank you for sending that over Kelly. We will review this, but at a quick glance this should suffice for the streetlighting
portion. If the park locations are on metered accounts we will need copies of those bills as well and anything else

included in the additional scope like town hall.

Regards,

Matt

From: Kelly Pecoraro <kpecoraro@highlands-nv.gov>

Sent: Wednesday, December 11, 2019 11:06 AM
To: Richard Sullivan <rsullivan@highlands-ny.gov>; Bob Livsey <blivsey@highlands-ny.gov>

Cc: Laino, Jeffrey <Jeffrey.Laino@nypa.gov>; Hermann, Charles <Charles.Hermann@nypa.gov>; Bou Reed

<breed@authdeconzo.com>; Matthew Christian <mchristian@guthdeconzo.com>

Subject: RE: Highlands Kick Off Meeting Minutes

Attached please find Orange & Rockland street light bills from June 2018 through November 2019. Please let me know if

you need anything else.

Regards,

Kelly

1
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Kelly Pecoraro

Comptroller

Town of Highlands

254 Main Street

Highland Falls, NY 1o928

845-446-4280 ext 325|f 845-446-6507

From: Richard Sullivan

Sent: Wednesday, December 11, 2019 7:05 AM
To: Bob Livsey <blivsey@highlands-ny.gov>

Cc: Laino, Jeffrey <Jeffrey.Laino@nypa.gov>; Hermann, Charles <Charles.Hermann@nypa.gov>; Bou Reed

<breed@guthdeconzo.com>; Matthew Christian <mchristian@guthdeconzo.com>

Subject: Re: Highlands Kick Off Meeting Minutes

I haven't reviewed minutes yet, just wanted to let all know I had 3 assignmêñts :
-inventory- done, emailed
- 12 months or more of billing - to be done by next Monday
-get O & R buyout price for 167 lights ....

On the last one, Teresa Johnson called me yesterday and ackric,wledged that on July 10th the town did indeed pursue

this task, she is expediting O & R legal Dept to get this done, I will keep pressure on her/them .

Great meeting, my gut trusts what we are doing, expect digital copies of bills soon, and I will send self cartographied

maps soon as well.

Obliged, Richie

Sent from my iPad

On Dec 10, 2019, at 2:01 PM, Matthew Christian <mchristian@_guthdeconzo.com> wrote:

All,

It was great meeting everyone yesterday and we are excited to get this project started.

Please see attached for the minutes from yesterday's kickoff meeting. Please review and let me know if

there are any additional comments or questions. I received the registry copy from Rich.

Thanks,

Matt Christian

Construction Manager
.......................... ............................................................................................................................

<image001.png> Guth DeConzo Construction M:=:;;:=3nt, Inc.

T: 518-266-9600 X 117

M: 518-596-5996
GuthDeConzo.com

433 River Street, Suite 6004 | Troy NY 12180

CONFIDENTIALITY NOTICE: This e-mail/fax and its attachments are confidential information and may be privileged. It is intended
solely for the use of Guth DeConzo Construction Management, Inc. and the recipient(s) named above. If you are not the intended
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recipient, or the emp!eyee or agent reonnnoih¹= for dé||ver|ñg this message to the intended recipient, you are hereby notified that any
review, d!onem!nation, d?st±but?e-:, printing, or copying of this e-mail message and/or any attachments is strictly prvb|bitéd. If you have
received this tršr:smiss!en in error, please notify the sender imm=ª=†aly and permanently delete this e-mail [shred the document] and
any attachments.

<Highlands Kick Off Meeting Minutes 12102019 w attachments.pdf>
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey <Jeffrey.Laino@nypa.gov>

Sent: Tuesday, February 26, 2019 11:38 AM

To: Luteran, Kevin; Richard Sullivan

Cc: Bob Livsey
Subject: RE: [EXTERNAL]Street lights

Thanks for making the introduction, happy to develop an initial estimate of project costs and savings. Please send the

items Kevin listed, this will allow me to prepare the estimate.

Looking forward to working with you.

Regards,

Jeff Laino

Customer Business Development Representative New York Power Authority
123 Main Street

White Plains, NY 10601

(914) 287-3351 (office)

(914) 312-1260 (cell)
Jeffrey.Laino@nypa.gov

www.nypa.gov

-----Original Message-----

From: Luteran, Kevin

Sent: Tuesday, February 26, 2019 8:48 AM

To: Richard Sullivan <rsullivan@h|gh|ands-ny.gov>; Laino, Jeffrey <Jeffrey.Laino@nypa.gov>

Cc: Bob Livsey <blivsey@highlands-ny.gov>

Subject: RE: [EXTERNAL]Street lights

Good Morning Richie,

Thank you for reaching out, I would like to introduce you to Jeff Laino, you may have met Jeff at the Association of

Towns conference but he will be able to help put together a proposal for you. To get started we will need a 1-2 copies of

your street light utility bill, as well as any information on any customer-owned lights. Also, please share the purchase

price from the utility, if you havenâ€™t requested this infarination it is not a big deal, we have a pretty good sense of

what the cost will be but I would encourage you to submit your request as soon as possible since it could take up to 90

days to receive. As a reminder there is no commitment to request you purchase price from your utility. For your

convenience I have attached Jeff's contact information below,

Jeff Laino

Customer Business Development Representative New York Power Authority
123 Main Street

White Plains, NY 10601

(914) 287-3351 (office)

(914) 312-1260 (cell)
Jeffrey.Laino@nypa.gov

www.nypa.gov

1

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0632



Feel free to reach out with any other questions,

Kevin

-----Original Message-----

From: Richard Sullivan <rsullivan@highlands-ny.gov>

Sent: Tuesday, February 26, 2019 7:51 AM

To: Luteran, Kevin <Kevin.Luteran@nypa.gov>

Cc: Bob Livsey <blivsey@highlands-ny.gov>

Subject: [EXTERNAL]Street lights

CAUTION â€" External Email

Suspicious? Click Report Phishing on Outlook toolbar. For Mobile forward to (abusê@ñypa,gov)

Greetings,
I attended your presentation at the annual Association of Towns, and asked a few questions, one being the cost of a

proposal ; it was indicated they are free of charge .

I am a town councilman, Town of !|igh|añds, I have more than enough data as per your commêñts at the presentation to

initiate a proposal, and I par ticipated in a webinar last summer given by CT Male. I have a fairly good grasp on places

like Kingston and Rhiñêbeck with thousands of street lights, Town of Highlands has 167 and a very small DPW, there is

public interest in new ways of going Green, lâ€™m concerñêd about pole rental costs and the burden of ownership , I

look forward to discussion with no commitment .

Obliged, Richie Sullivan, Town of Highlands Councilman

8456425587

254 Main Street

Highland Falls, NY 10928

Town Supervisor Bob Livsey ( Ccd)
Sent from my iPad

2
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Arencibia, Stephanie (Molly)

From: Richard Sullivan <rsullivan@highlands-ny.gov>

Sent: Wednesday, July 10, 2019 12:00 PM

To: Kelly Pecoraro; Bob Livsey
Cc: Laino, Jeffrey
Subject: [EXTERNAL]LED process

CAUTION - External Email
99ep!c!ees? Click Report Phishing on Outlook toolbar. For Mobile forward to (abuse@nypa,gov)

Good Morning Kelly ,

The process is something like this, and I've included a few contacts to help lessen the communication wonderment :

We must communicate, officially, our intent to acquire the streetlights from O & R, they have 60 days to respond with a

number; Jeff gave an estimate in the proposal from April based on the 167 inventory I downloaded from O & R's portal

Jeff/NYPA will send an executable document this week, so NYPA administrative work and O & R acquisition happen in

parallel, NYPA will include acquisition costs in our package if we chose, which I believe we will go for that option.

At O & R I have spoken a few times with Teresa Johnson, 8457835573 , JohnsonThe@oru.com is her email , she's on

vacation this week, if desired I'll call her next week to initiate acquisition. I have again included NYPA workup in case

you did not see it , and subsequent to events mentioned NYPA and the town will have a kickoff meeting.

Assuming all goes well, such things as increasing or decreasing # of lights will surface, Jeff mentioned different options

for dimmers, and a pilot area for observance before buildout , but ultimately this is 2-3 weeks work for the contractor

that NYPA assigns to this job, and I fully expect my name to be regularly singled out by opposition, I believe in what we

are doing and hope anyone with concern drives down Strawtown Road in Clarkstown at night to get a true taste of what

will manifest.

Jeff's office is

Customer Business Development Representative

New York Power Authority
123 Main Street

White Plains. NY 10601

(914) 287-3351 (office)
(914) 312-1260 (cell)
Jeffrev.Laino@nvoa.gov

www.nvoa.gov

Kelly and Bob :

Kelly Pecoraro

Comptroller

Town of Highlands

254 Main Street

Highland Falls. NY 10928

845-446-4280 ext 325 If 845-446-6507

Bob x 312 at same address.

Obliged, Richie

1
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey <Jeffrey.Laiñc@ñypa.gov>

Sent: Wednesday, July 10, 2019 1:22 PM

To: Richard Sullivan; Kelly Pecoraro; Bob Livsey
Subject: RE: [EXTERNAL]LED process

Thanks Rich. I put in the contract request and you should receive the contract via email in a few days.

Just a note on the project time line. The physical installs of the new fixtures should indeed take about 3 weeks. The

engineering design work actually takes a bit longer than that, but we can get the project all ready for actual installs while

the purchase details are settled with your utility. NYPA can finance the purchase of the fixtures. That process will be

articulated when we kick off the project but we cannot start installs until the town takes ownership.

Looking forward to the kick off meeting!!

Regards,

Jeff Laino

Customer Business Development Representative

New York Power Authority
123 Main Street

White Plains, NY 10601

(914) 287-3351 (office)

(914) 312-1260 (cell)
Jeffrey.Laino@nypa.gov

www.nypa.gov

From: Richard Sullivan <rsullivan@high|ands-ny.gov>

Sent: Wednesday, July 10, 2019 12:00 PM

To: Kelly Pecoraro <kpecoraro@highlands-ny.gov>; Bob Livsey <blivsey@highlands-ny.gov>

Cc: Laino, Jeffrey <jeffrey.Laino@nypa.gov>

Subject: [EXTERNAL]LED process

CAUTION - External Email
Suspicious? Click Report Phishing on Outlook toolbar. For Mobile forward to (abuse@nypa,gov)

Good Morning Kelly ,

The process is something like this, and I've included a few contacts to help lessen the communication

wonderment :

We must communicate, officially, our intent to acquire the streetlights from O & R, they have 60 days to

respond with a number; Jeff gave an estimate in the proposal from April based on the 167 inventory I

downloaded from O & R's portal .

Jeff/NYPA will send an executable document this week, so NYPA administrative work and O & R acquisition

happeñ in parallel, NYPA will include acquisition costs in our package if we chose, which I believe we will go

for that option.

At O & R I have spoken a few times with Teresa Johnson, 8457835573 , JohnsonThe@oru.com is her email

, she's on vacation this week, if desired I'll call her next week to initiate acquisition. I have again included

1
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NYPA workup in case you did not see it , and subsequent to events mentioned NYPA and the town will have a

kickoff meeting.

Assuming all goes well, such things as increasing or decreasing # of lights will surface, Jeff mentioned different

options for dimmers, and a pilot area for observance before buildout , but ultimately this is 2-3 weeks work for

the contractor that NYPA assigns to this job, and I fully expect my name to be regularly singled out by

opposition, I believe in what we are doing and hope anyone with concem drives down Strawtown Road in

Clarkstown at night to get a true taste of what will manifest.

Jeff's office is

Customer Business Development Representative

New York Power Authority
123 Main Street

White Plains. NY 10601

(914) 287-3351 (office)

(914) 312-1260 (cell)
Jeffrev.Laino@nvoa.gov

www.nvoa.cov

Kelly and Bob :

Kelly Pecoraro

Comptroller

Town of Highlands

254 Main Street

Highland Falls. NY 10928

845-446-4280 ext 325|f 845-446-6507

Bob x 312 at same address.

Obliged, Richie
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Arencibia, Stephanie (Molly)

From: Parille, Lindsay <Lindsay.Parille@nypa.gov>

Sent: Tuesday, July 16, 2019 9:55 AM

To: Bob Livsey
Cc: Paine, John; Laino, Jeffrey
Subject: RE: Please sign Town of Highlands_ES_MCRA_2019

Good morning,

I have canceled the agreement and reissued with the appropriate name. You should have received a new email from

Adobe Sign.

Thank you,

Lindsay Parille

Power Contracts & Tariff Analyst

New York Power Authority

123 Main St.

White Plains, NY 10601

914.681.6256 I Lindsav.Parille@nvoa.aov

www.nvoa.aov

From: Bob Livsey <blivssy@highlands-ny.gov>

Sent: Tuesday, July 16, 2019 8:41 AM
To: Parille, Lindsay <Lindsay.Parillê@ñypa.gov>

Subject: RE: Please sign Town of Highlands_ES_MCRA_2019

On a
"legal"

document I should have my name as printed below, not Bob Livsey. I will cross out Bob Livsey and enter my
proper name.

MERVIN R. LIVSEY

Supervisor, Town of Highlands

254 Main Street

Highland Falls, NY 10928

845 446-4280 x 312

Fax 845 446 4298

Cell 845 238 8074

blivsey@highlands-ny.gov

From: NEW YORK POWER AUTHORITY - Lindsay Parille [mailto:echosign@echosign.com]

Sent: Friday, July 12, 2019 4:48 PM

To: Bob Livsey <blivsey@highlands-ny.gov>

Subject: Please sign Town of Highlands_ES_MCRA_2019

1
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NEW YORK POWER

AUTHORITY -
Lindsay

Parille Has Sent You Town

of

Highlands_ES_MCRA_2019

to Sign

NEW YORK POWER AUTHORITY - Lindsay Parille (New
York Power Authority ) says:
"Please review and complete Town ofHighlands_ES_MCRA_2019."

Click here to review and sign Town of
Highlands_ES_MCRA_2019.

After you sign Town of Highlands_ES_MCRA_2019,
the agreement will be sent to John Canale. Then, all
parties will receive a final PDF copy by email.

I

If you need to delegate this document to an
authorized party for signature, please do not forward
this email. Instead, click here to delegate.

To ensure that you continue receiving our emails, please add echosign@echosign.comto your address book or safe list.
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey <Jeffrey.LaiñG@ñypa.gov>

Sent: Tuesday, July 16, 2019 10:02 AM

To: Richard Sullivan

Subject: FW: Please sign Town of Highlands_ES_MCRA_2019

Attachments: NYPA Street Lighting Authorization to Proceed.pdf

Hi Richie,

Just letting you know that the Town Supervisor has the MCRA. We will need the MCRA and the attached Authorization

to Proceed in order to begin the design and procurement stages of the project, which can happen while the fixture

purchase process with O&R gets completed.

Thank you,

Jeff

From: Parille, Lindsay
Sent: Tuesday, July 16, 2019 9:55 AM
To: Bob Livsey <blivsey@highlands-ny.gov>

Cc: Paine, John <John.Paiñê@ñypa.gov>; Laino, Jeffrey <Jeffrey.Laino@nypa.gov>

Subject: RE: Please sign Town of Highlands_ES_MCRA_2019

Good morning,

I have canceled the agreement and reissued with the appropriate name. You should have received a new email from

Adobe Sign.

Thank you,

Lindsay Parille

Power Contracts & Tariff Analyst

New York Power Authority

123 Main St.

White Plains, NY 10601

914.681.6256 I Lindsav.Parille@nvoa.aov

www.nvoa.cov

From: Bob Livsey <blivsey@highlands-ny.gov>

Sent: Tuesday, July 16, 2019 8:41 AM

To: Parille, Lindsay <Lindsay.Parille@nypa.gov>

Subject: RE: Please sign Town of Highlands_ES_MCRA_2019

On a
"legal"

document I should have my name as printed below, not Bob Livsey. I will cross out Bob Livsey and enter my
proper name.

MERVIN R. LIVSEY

Supervisor, Town of Highlands

254 Main Street

Highland Falls, NY 10928

1
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845 446-4280 x 312

Fax 845 446 4298

Cell 845 238 8074

blivsey@highlands-ny.gov

From: NEW YORK POWER AUTHORITY - Lindsay Parille [mailto:echosign@echosign.com]

Sent: Friday, July 12, 2019 4:48 PM

To: Bob Livsey <blivsey@highlands-ny.gov>

Subject: Please sign Town of Highlands_ES_MCRA_2019

NEW YORK POWER

AUTHORITY -
Lindsay

Parille Has Sent You Town

of

Highlands_ES_MCRA_2019

to Sign

NEW YORK POWER AUTHORITY - Lindsay Parille (New
York Power Authority ) says:
"Please review and complete Town ofHighlands_ES_MCRA_2019."

Click here to review and sign Town of
Highlands_ES_MCRA_2019.

After you sign Town of Highlands_ES_MCRA_2019,
the agreement will be sent to John Canale. Then, all
parties will receive a final PDF copy by email.

I

If you need to delegate this document to an
authorized party for signature, please do not forward
this email. Instead, click here to delegate.

To ensure that you continue receiving our emails, please add echosign@echosign.comto your address book or safe list.
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NEW YORK NY PowerSTATE OFq°"™""
Authority

ANDREW M. CUOMO JOHN R. KOELMEL Gil C. QUINIONES
Governor Chairman President and Chief Executive Officer

April 5, 2019

Supervisor Bob Livsey

Town of Highlands

254 Main Street

Highland Falls NY 10928

RE: Energy Services Program
Authorization to Proceed with turn-key street light project
Town of Hiahlands- LED Street Liahtina

Dear Supervisor Livsey,

The New York Power Authority (NYPA) is excited to support the Town of Highlands in identifying and

implemêñting a comprehensive street lighting upgrade. Improving the existing street lights is a widely used

and effective strategy to achieve the goal of reducing energy consumption, lowering utility costs, and improving

light quality throughout the community.

Consistent with the Master Cost Recovery Agreement, NYPA provides a turn-key solution to upgrade the Town

of Highlands's existing street lights to energy efficient LED techñóiógy. NYPA is pleased to offer these services

to replace approximately 167 existing street light fixtures with new high efficient LED technology.

By signing below, the Town of Highlands authorizes NYPA to proceed with the full turn-key solution of the LED

street lighting project, which includes the final design report, conducting bids for materials and insta!!ation

labor, providing construction management, and commissioning the final project. When the design and bidding
is completed, you will receive an Initial Customer Installation Commitment (ICIC) for your review and signature.

At this point, if you choose to proceed to project implemêñtation all devê|0pment costs will be rolled into the

overall project. Conversely, should you decide not to proceed with the implementation of the project, the Town

of Highlands agrees to reimburse NYPA for all costs incurred up to the termination date for the devê|õpment,
design and bidding of the project. The cost of devê|0piñg the design and for bidding the materials and labor

will be determined during the next phase. NYPA will be fully transparent through this process and provide

complete documentation as to how it determined all project costs.

By signing below, affirm that you agree to these conditions:

123 Main Street, White Plains, NY 10601 | 914-681-6200 | www.nypa.gov
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NEW YORK NY PowerSTATE OFq°"™'"
Authority

ANDREW M. CUOMO JOHN R. KOELMEL Gil C. QUINIONES
Governor Chairman President and Chief Executive Officer

PAGE 2
AUTHORIZATION TO PROCEED - Town of Highlands

Joseph Rende

(Name,printed) (Name,printed)

Senior Director, Customer Business

Development
(Title) (Title)

(Signature) (Signature)

(Date) (Date)

123 Main Street, White Plains, NY 10601 | 914-681-6200 | www.nypa.gov
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Arencibia, Stephanie (Molly)

From: Bob Livsey <blivsey@highlands-ny.gov>

Sent: Tuesday, July 16, 2019 8:41 AM

To: Parille, Lindsay
Subject: RE: Please sign Town of Highlands_ES_MCRA_2019

On a
"legal"

document I should have my name as printed below, not Bob Livsey. I will cross out Bob Livsey and enter my
proper name.

MERVIN R. LIVSEY

Supervisor, Town of Highlands

254 Main Street

Highland Falls, NY 10928

845 446-4280 x 312

Fax 845 446 4298

Cell 845 238 8074

blivsey@highlands-ny.gov

From: NEW YORK POWER AUTHORITY - Lindsay Parille [mailto:echosign@êchcsign.com]

Sent: Friday, July 12, 2019 4:48 PM

To: Bob Livsey <blivsey@highlands-ny.gov>

Subject: Please sign Town of Highlands_ES_MCRA_2019

NEW YORK POWER

AUTHORITY -
Lindsay

Parille Has Sent You Town

of

Highlands_ES_MCRA_2019

to Sign

NEW YORK POWER AUTHORITY - Lindsay Parille (New
York Power Authority ) says:
"Please review and complete Town ofHighlands_ES_MCRA_2019."

Click here to review and sign Town of
Highlands_ES_MCRA_2019.

1
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After you sign Town of Highlands_ES_MCRA_2019,
the agreement will be sent to John Canale. Then, all
parties will receive a final PDF copy by email.

If you need to delegate this document to an
authorized party for signature, please do not forward
this email. Instead, click here to delegate.

To ensure that you continue receiving our emails, please add echosign@echosign.comto your address book or safe list.
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Arencibia, Stephanie (Molly)

From: New York Power Authority <echosign@echosign.com>

Sent: Tuesday, July 23, 2019 8:39 AM

To: Canale, John; Parille, Lindsay; mERVIN R. LIVSEY

Cc: Paine, John; Laino, Jeffrey
Subject: [EXTERNAL]Town of Highlands_ES_MCRA_2019 between New York Power Authority ,

mERVIN R. LIVSEY and John Canale is Signed and Filed!

Attachments: Town of Highlands_ES_MCRA_2019 - signed.pdf

CAUTION - External Email
Suspicices? Click Report Phishing on Outlook toolbar. For Mobile forward to (abusc‡nypa,gov)

Town of

Highlands_ES_MCRA_2019

between New York Power

Authority , mERVIN R.

LIVSEY and John Canale is

Signed and Filed!

From: NEW YORK POWER AUTHORITY - Lindsay Parille
(New York Power Authority )
To: John Canale, NEW YORK POWER AUTHORITY -

Lindsay Parille and mERVIN R. LIVSEY

Cc: New York Power Authority John Paine and
jeffrey.laino@nypa.gov

Attached is a final copy of Town of
Highlands_ES_MCRA_2019.

Copies have been automatically sent to all parties to
the agreement.

You can view the document in your Adobe Sign
account.

Why use Adobe Sign:

• Exchange, Sign, and File Any Document. In Seconds!

• Set-up Reminders. Instantly Share Copies with
Others.

• See All of Your Documents, Anytime, Anywhere.

1
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To ensure that you continue receiving our emails, please add echosignesher!gn.com to your address book or safe tist,
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ORK NY Power
"""

Authority
Master Cost Recovery Agreement No.

Effective Date:

ENERGY SERVICES PROGRAM

MASTER COST RECOVERY AGREEMENT

BETWEEN

POWER AUTHORITY OF THE STATE OF NEW YORK

AND

TOWN OF HIGHLANDS
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ENERGY SERVICES PROGRAM
MASTER COST RECOVERY AGREEMENT

This Master Cost Recovery Agreement (this "Master Agreement"), dated Jul 23, 2019

. is entered into by and between POWER
AUTHORITY OF THE STATE OF NEW YORK, a corporate municipal instrumentality of the

State of New York with offices located at 123 Main Street, White Plains, New York 10601

("Authority") and the Town of Highlands, a municipality with offices located at 254 Main Street,
Highland Falls, NY 10928 ("Customer").

WHEREAS, Public Authorities Law §1005(17) permits the Authority, as deemed feasible

and advisable by the Trustees, to finance and design, develop, construct, implement, provide and

administer energy-related projects, programs and services for any public entity and certain other

specified entities; and

WHEREAS, the Trustees have authorized the establishment of the Authority's Energy
Services Program ("ESP") to include, among other things, energy efficiency projects and services,
clean energy technology projects and services and high-performance and sustainable building
projects and services (including technologies that reduce air and other pollution and conserve

materials and resources such as water); and the construction, installation and/or operation of

facilities or equipment done in connection with any such projects, programs or services; and

WHEREAS, Public Authorities Law §1005(17) permits Customer, a public entity, to enter

into an energy services contract with the Authority for such energy-related projects, programs and

services as authorized by Public Authorities Law; and

WHEREAS, Authority and Customer desire to work together to develop and implemêñt

Projects contemplated under the ESP and to enter into this Master Agreement as more particularly
set forth herein.

NOW, THEREFORE, Authority and Customer (sometimes referred to herein collectively
as the

"Parties"
and individually as a "Party"), in consideration of the mütüãl covenants and

conditions contained herein and in these recitals, hereby agree as follows:

DEFINITIONS

The following definitions apply for all purposes of this Master Agreement:

"Advisory
Services"

means the consulting services provided by Authority or Service

Providers to assist Customer in its efforts to reduce energy consumption and associated operations

and maintenance costs, to realize environmental benefits, including but not limited to the reduction

of air pollution; to conserve natural resources; and/or facilitate the use of clean energy sources at

Customer's Facilities.

"Advisory Services Terms and
Conditions"

means the additional terms and conditions set

forth in Exhibit C applicable to Advisory Services Projects provided by Authority or Service

Provider to Customer hereunder.

Page 1 of 27
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"Ancillary
Docüilici1ts"

means documents, other than this Master Agreement and the

Customer Project Commitment (and documents that modify them, such as Change Orders and

Contingent Work Orders), covering information necessary for the implementation of a specific

Project, such as authorizations, Substantial Completion and Operation Transfer Reports, Milestone

Completion Reports and Final Inspection Reports, etc.

"Authority's Authorized
Representative"

means an individual designated by Authority in

accordance with Section 10.1(b) to coordinate a Project on behalf of Authority and to commimicate

with Customer concerning such Project.

"Authority Implemented
Work"

means Work undertaken by Authority for Customer as

more fully set forth in a CPC (subject to the terms and conditions of this Master Agreement and

any applicable Transaction Document) through the services of qualified Service Providers or

Subproviders engaged by Authority.

"Authority Material Handling
Fee"

is a fee applied by the Authority to the cost of materials

purchased directly by the Authority for a Project, where applicable, to reimburse the Authority for

procurement, material handling, storage and/or restocking. The amount of such fee, when

applicable to a Project, will be set forth in the CPC, as superseded by the Final CPC.

"Authority Program
Fee"

mean Authority's fee applicable to each Project. Details of the

Authority Program Fee will be set forth in the Compensation Schedule, attached hereto as Exhibit

A, and the amount of such fee will be set forth in the CPC, as superseded by the Final CPC.

"Background Intellectual Property
Rights"

means Intellectual Property Rights of a Party

owned, controlled, acquired, developed, invented, generated, authored, conceived or reduced to

practice prior to the date of this Master Agreement, or acquired parallel to and independent of this

Master Agreement or any Transaction Documents entered into under this Master Agreement.

"Capital
Project"

is a Project involving the design, construction, installation and/or

modification of facilities and/or equipment in Customer's Facility.

"Capital Project Terms and
Conditions"

means the additional terms and conditions set forth

in Exhibit B applicable to Capital Projects provided by Authority or Service Provider to Customer

hereunder.

"Change
Order"

is a Transaction Document that memorializes a modification to the CPC

that cannot be made by Contingency Work Order, setting forth agreed-upon additions, deletions

or revisions to the Work, and the cost and/or time impact to the Project.

"Coñipei1sation
Schedule"

is a schedule attached hereto as Exhibit A setting forth details

about the Authority Program Fee and other relevant Project costs, where applicable, for the

different services offered by Authority under this Master Agreement.

"Contingency Work
Order"

is a Transaction Document that memorializes the Authority's

use of the Project Contingency for a Project, such use to be reflected on subsequent CPCs that are

executed for the particular Project.

Page 2 of 27
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"Customer's Authorized
Recresentative"

means an individual designated by Customer in

accordance with Section 10.1(a), to coordinate a Project on behalf of Customer and to assist

Authority, its Service Providers and Subproviders with the implementation of the Project.

"Customer Project
Commitment"

or
"CPC"

is a Transaction Document containing terms

and conditions for one or more specific Projects at a Customer's Facility(ies) that includes, at a

minimum, the location of Customer's Facility, a detailed scope of Work (including a description

of milestones, if any), the projected Project costs and any specific payment terms applicable to the

Project.

"Debris"
shall mean unregulated materials removed from a Customer Facility and

unsuitable for further use.

"Environmental
Laws"

means all current and future federal, state and local laws (including
common law), treaties, regulations, rules, ordinances, codes, decrees, judgments, directives, orders

(including consent orders), environmental permits, and obligations and other requirements

imposed by any "Governmental
Authority"

(as defined herein), including New York State

Department of Environmental Conservation ("NYS DEC") Tea C Administrative Guidance

Memoranda and other guidance documents issued or published by any Governmental Authority,
in each case, relating to pollution, protection of the environment, natural resources, or protection

ofhuman health and safety from conditions in the environment, the presence,
"Release"

(as defined

herein) of, threatened Release of, or exposure to, "Hazardous
Substances"

(as defined herein), or

to the generation, manufacture, processing, distribution, use, treatment, storage, transport,

recycling or handling of, or arrangement for such activities with respect to, Hazardous Substances.

"Environmental
Liabilities"

means all liabilities, obligations, damages, losses, claims,

actions, suits, judgments, orders, fines, penalties, fees, expenses, and costs, relating to

environmental conditions or activities, including (i) Remediation costs, engineering costs,
environmental consultant and expert fees, laboratory fees, permitting fees, investigation costs,

defense costs, and reasonable
attorneys'

fees and expenses; (ii) any claims, demands, and causes

of action relating to or resulting from any personal injury (including wrongful death), property
damage (real or personal) or natural resource damage; and (iii) any penalties, fines or costs

associated with the failure to comply with any Environmental Law.

"Energy Services
Program"

or
"ESP"

includes energy efficiency projects and services;
clean energy technology projects and services; high-performance and sustainable building

programs and services (including technologies that reduce air and other pollution, conserve

materials and resources such as water); and the construction, installation and/or operation of

facilities or equipment done in connection with any such project, programs and services.

"Facility"
means the building, structure or premises owned and/or operated by Customer

that may benefit from Customer's participation in Authority's ESP Program.

"Final
CPC"

means the document that reflects the final reconciliation of Project costs and

all amendments to the CPC that is issued by Authority to Customer upon completion of the Work

for a Project.
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"Final Insoection Report"
means the report, if any, to be executed by Authority and

Customer after completion of a Project.

"Hazardous
Substances"

means (i) any petroleum, petroleum products or byproducts, and

all other regulated hydrocarbons (including without limitation, petrochemicals and crude oil), or

any fraction thereof, coal ash, radon gas, asbestos, asbestos-containing material, urea

formaldehyde, polychlorinated biphenyls, chlorofluorocarbons, and other ozone-depleting

substances; and (ii) any chemical, material, substance, product or waste (including thermal

discharges and hazardous waste) that is prohibited, limited, or regulated by or pursuant to any
Environmental Laws.

"Intellectual Property
Rights"

means any and all intellectual property rights, including, but

not limited to rights in any and all of the following: (i) technical information and know-how; (ii)

discoveries, improvements, enhancements, upgrades, inventions, (whether or not patentable); (iii)

patents, patent applications, patent disclosures, and any other patentable subject matter; (iv)

copyrights, applications to register copyrights, works of authorship and any other copyrightable

works; (v) trademarks, trade names, trade dresses, brand names, logos and similar marks; (vi) any

sketches, drawings, outlines, drafts; (vii) computer software (including source code, executable

code, databases, data and related documentation); (viii) trade secrets and know-how; and (ix) all

improvements or modifications to any of the foregoing.

"Labor
Cost"

is that portion of the Total Reimbursement Costs for installation labor

performed by Service Provider and Subprovider in connection with the Work performed in

connection with a Project pursuant to a CPC based on this Master Agreement. Such costs will be

detailed in each CPC.

"Long-Term Repayment
Obligation"

means the obligation of Customer to repay Authority
in accordance with and subject to the terms of a loan agreement after conversion of a Short-Term

Repayment Obligation.

"Material
Cost"

is that portion of the Total Reimbursement Costs related to equipment,

materials and supplies in connection with the Work performed in connection with a Project

pursuant to a CPC based on this Master Agreement. Such costs will be detailed in each CPC.

"Milestone Completion
Rep_ort"

means a document generated by Authority or Service

Provider that identifies a milestone(s) satisfactorily completed during the progress of a Project or

phase of a Project (i.e., design, construction, or otherwise), signifies Customer's concurrence with

the completion of such milestone and represents Customer's authorization to proceed to the next

milestone or phase of the Work, as applicable.

"Other
Agreement"

means any stand-alone agreements entered into between the Parties at

any time, including, without limitation, non-disclosure agreements, privacy agreements, or grant

agreements, but shall not include any Master Cost Recovery Agreement, Energy Efficiency
Services Agreement or other agreements governing services under the ESP entered into by the

Parties prior to the execution of this Master Agreement.

"Project"
means any project or service undertaken through Authority's ESP pursuant to a

CPC based on this Master Agreement.
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"Project Contingency"
means a defined budget to be utilized at the Authority's discretion

in accordance with Section 2.3 hereof for, among other things, unexpected costs and expemes that

may arise during the performance of a Project (usually calculated as a percentage of Material Cost

and Labor Cost).

"Release"
means any actual or threatened release, spill, emission, emptying, escape,

leaking, dumping, injection, pouring, deposit, disposal, discharge, dispersal, leaching, or migration

into the environment or within any building, structure, facility, or fixture and/or the exacerbation

of any preexisting condition of Hazardous Substances.

"Remediation"
means the investigation (including any feasibility studies or reports),

cIcanup, removal, abatement, transportation, disposal, treatment (including in-situ treatment),

management, stabilization, neutralization, collection, or containment of Hazardous Substances and

any Release(s), that may be required to satisfy Environmental Laws, in each case, including,
without limitation, any closure, restoration or monitoring, operations and maintenance activities,

including any engineering or institutional controls, that may be required by any Governmental

Authority after the completion of such investigation, study, cleanup, removal, transportation,

disposal, treatment, neutralization, collection, or containment activities as well as the performance

of any and all obligations imposed by any Governmental Authority in connection with such

investigation, cleanup, removal, transportation, disposal, treatment (including in situ treatment),

management, stabilization, neutralization, collection, or containment (including any such

obligation that may be imposed pursuant to an Environmental permit or a consent order).

"Service
Provider(s)"

means a third party provider of goods and/or services that Authority,

acting as the contracting entity, contracts with through its procurement policies, procedures and

guidelines to perform Work in connection with a Project at Customer Facilities.

"Service Provider
Fees"

means the costs associated with the payment to Service Providers,

its Subproviders and other third party professionals for Work performed with respect to a specific

Project. Service Provider Fees will be detailed in each CPC.

"Short-Term
Interest"

is a cost component of the Total Reimbursement Costs of a Project

representing the costs incurred by the Authority in connection with financing the delivery of a

Project during the time within which such funds remain unpaid by Customer.

"Short-Term Repayment
Obligation"

refers to Customer's obligation to reimburse

Authority for the costs of delivering a Project, as identified in the Final CPC.

"Short-Term Reoayment Obligation Maturity
Date"

means the date set forth in the Final

CPC, no later than ninety (90) days following the approval of the Final CPC.

"Soecific Subject Matter"
shall mean intellectual property rights, Authority's liability and

limitation thereof, Project warranties, and amendments to this Master Agreemeñt and/or any
Transaction Documents.

"Subprovider(s)"
refers to individuals or entities retained by the Service Provider(s) to

perform all or part of the Work.
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"Substantial Completion and Ooeration Transfer
Recort"

is a document signed by the

Parties signifying that the equipment and/or facilities installed at the Project have been inspected,
tested and accepted by Customer.

"Third
Party"

means any utility c0ñ1pañy, permit agency, governmental authority having
jurisdiction over a Project, any contractor or service provider hired by Customer, or any other third

party that is not a Service Provider or Subprovider but is, directly or indirectly, involved in or

whose approval is required in connection with, a Project and not under contract, directly or

indirectly, with the Authority.

"Total Annual Energy
Savings"

is the estimated net reduction in Customer's annual usage

of (a) energy service, (b) other utilities including, but not limited to, water and sewer, and (c) any
related operation or maintenance savings, if applicable, resulting from the installation of one or

more energy conservation measures in accordance with this Master Agreement.

"Total Reimbursement Costs"
is the sum of all of the costs of a Project as set forth in the

CPC and Final CPC, including, but not limited to, to the extent applicable to such Project: (1)
Material Cost; (2) Labor Cost; (3) the amount of the Project Contingency applied as a Project cost;

(4) Service Provider Fees; (5) Authority Program Fee; (6) Short-Term Interest; and (7) other

Project-related costs and expenses.

"Transaction
Documentfs)"

means with respect to a Project, this Master Agreement and

any related Customer Project Commitment and any document that modify them, such as Change

Orders and Contingency Work Orders.

"Waste"
refers to waste PCBs (as defined by the United States Environmental Protection

Agency ("USEPA") in 40 CFR Part 761) and hazardous waste (as defined by the USEPA in 40

CFR Part 261 and the NYS DEC in 6 NYCRR Part 371) as well as other material regulated for

purposes of release, reuse, disposal, or recycling (e.g. CFCs, ethylene glycol, mercury, oil,

asbestos), which form a part of the equipment removed from Customer Facilities due to

implementing the Work. Disposal of such Waste shall be conducted in accordance with the

provisions set forth in Article IV.

"Work"
means the services performed for Customer for a selected Customer Facility

pursuant to this Master Agreement and the other Transaction Documents for a Project. The scope

of Work shall be described in the CPC, as amended by subsequent Change Orders, Contingency
Work Orders, and the Final CPC.

ARTICLE I

SCOPE AND APPLICATION OF AGREEMENT;
ORDER OF PRECEDENCE

1.1 Transaction Documents. In connection with each Project, the Parties will, either

concurrently with or subsequently to this Master Agreement, enter into one or more Customer

Project Commitments, or similar memoranda, that define a specific Project(s) and the costs and

fees associated with such Project, and associated Ancillary Documents. Except as otherwise

expressly set forth therein, all Transaction Documents, upon execution by the Parties, shall be
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governed by the terms and conditions of this Master Agreement. Each Transaction Document

shall contain a specific reference to this Master Agreemeñt and CPC, as applicable. This Master

Agreement does not obligate Authority to accept requests for Projects issued by Customer or

obligate any Party to enter into a CPC.

1.2 Entire Agreement. Subject to the provisions of Section 1.4 below, with respect to

a Project, this Master Agreement (including Exhibits A, B, and C and any other exhibits, schedules

or appendices hereto) and any Transaction Document which specifically references a Project,

constitute the entire agreement between Authority and Customer concerning such Project, and

supersedes all prior negotiations, representations, contracts and agreements concerning such

Project.

1.3 Conflict and Order of Precedence. In the event of a conflict between the terms of

this Master Agreement and the terms and conditions set forth in another Transaction Docümeñt,
or between the terms of two or more Transaction Documents in effect for a Project, the order of

precedence shall be a follows: (i) the terms of the CPC for such Project (as amended by

Contingency Work Orders and/or Change Orders and as superseded by the Final CPC) but solely
with respect to the price (i.e., the Project's Total Reimbursement Costs), payment terms, and scope

of Work (including description of milestones) of the Project; (ii) the terms of this Master

Agreement; (iii) the remaining terms of the Project CPC; and (iv) the terms of any Ancillary
Document. Notwithstanding the foregoing, the Parties agree that with respect to Specific Subject

Matters, if the terms of a Transaction Document concerning a Specific Subject Matter are more

favorable to Authority than the respective terms set forth in this Master Agreement, the more

favorable terms of the Transaction Document shall prevail with respect to the Project to which it

relates. (By way of example, if a Transaction Document includes a term that disclaims any
warranties by Authority (or Service Provider) for Work performed, such term would prevail over

the warranties set forth in Section 7.1. hereof.)

1.4 Other Aereements. This Master Agreement süpersedes all Master Cost Recovery

Agreements, Energy Services Agreements or other agreemeñts governing services under the ESP

entered into by the Parties prior to the execution of this Master Agreement. Notwithstanding the

foregoing, this Master Agreement does not supersede and does not apply to any Other Agreements

existing between Customer and Authority. Any projects which Authority has undertaken or

undertakes at Customer Facilities pursuant to such Other Agreements, or under prior Energy
Services Agreements under which projects remain incomplete as of the date of this Master

Agreement, shall be governed by those agreements and related documents, unless otherwise agreed

in writing. Termination of this Master Agreement shall have no effect on the Other Agreements

which will remain in full force and effect according to their respective terms.

1.5 Amendments. This Master Agreement and any other Transaction Document

executed in connection herewith may be amended only in writing signed by an authorized officer

or designee of Authority and Customer.
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ARTICLE II

GENERAL PROJECT STRUCTURE

2.1 Customer Project Commitment or CPC. For each Project undertaken under this

Master Agreement, the parties will enter into one or more CPC(s), each of which will state the

specific terms and conditions applicable to such Project, segregating the Project into logical phases

to be performed consecutively. Each CPC will include, at a minimum, the phasing plan setting
forth how the Project will proceed, the location of Customer's Facility, scope of Work, (including
description of milestones, if any), projected Total Reimbursement Costs, and payment terms.

The Authority is not obligated to commêñce any Work for a particular Project unless or

until a CPC is executed by Authority and Customer. Notwithstanding the foregoing, the Parties

may agree to expedite the commencement of a portion of the Work associated with a particular

Project prior to the execution of a CPC provided that the Parties memorialize such agreement prior

to the commencement of such Work in a writing that sets forth the specific items of Work to be

commêñced and the associated cost of such Work. In such event, Customer agrees to bear the

costs of any Work undertaken by Authority or its Service Providers for Customer in preparation

for or with respect to such Project or potential Project even if no CPC is ultimately executed.

2.2 Final CPC. As soon as practicable following completion of the Work and receipt

of all invoices associated with a Project, Authority will generate a Final CPC which will include

all Contingency Work Orders, and all agreed-upon Change Orders, if any. The Final CPC will

reconcile the Total Reimbursement Costs set forth in the CPC on the basis of Authority's actual

costs and will supersede all prior CPCs. The Final CPC shall also describe the Project-specific

terms for the Work completed at the Facility or Facilities, Customer's Short-Term Repayment

Obligation, and the final repayment terms. Authority and Customer shall execute such Final CPC,

which shall be "deemed
executed"

unless Customer disputes such Final CPC in writing within

forty-five (45) days of the Authority's transmission thereof. If Customer timely disputes the Final

CPC, then the Parties shall endeavor to resolve the dispute as expeditiously as possible in

accordance with the procedures set forth in Section 11.2; provided, however, that Customer shall

pay any undisputed amounts of Customer's Short-Term Repayment Obligations set forth in the

Final CPC in accordance with Article V hereof.

2.3 Contingency Work Order. If unexpected costs and expenses arise during the

performance of a Project, the Authority may utilize the Project Contingency, provided that (i) the

scope modifications, if any, are consistent with the general nature of the Project; (ii) the

modifications do not render the Project ineligible under the Authority's Energy Services Program

requirements; and (iii) the cumulative increased Project costs do not exceed the Project

Contingency. Contingency Work Orders may be utilized to account for, among other things,
remedial work required due to design or construction omissions (whether remedial work is caused

by omissions of Authority, its Service Providers or Customer) to the extent that the requirements

set forth above are met. If the requirements for a Contingency Work Order are not met, Authority
and Customer may negotiate a Change Order as described in Section 2.4 below.

Page 8 of 27

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0658



As the Project Contingeñcy is utilized, the Authority will issue a Contingency Work Order,

which shall be effective upon issüañce and automatically update the terms of the respective CPC

without the need for express Customer approval. Any objections to the manner in which the

Authority is utilizing the Project Contingency must be raised by the Customer in writing to the

Authority within seven (7) days of the Authority's issuance of any such Contingency Work Order,
or such other period of time identified in the Contingency Work Order. Failure to comply with

this notice requirement by the Customer will be deemed a waiver of any claim that (i) the Project

Contingency was used improperly; or (ii) that payment on account of such Contingency Work

Order is disputed. Upon request, the Authority will provide Customer with periodic reports that

establish an accounting of how the Project Contingency is being utilized.

2.4 Change Order. Any party to a CPC may at any time by written notice to the other

party request modifications to the Work described in the executed CPC. Authority shall provide

Customer with a written analysis of the effects of the requested modification(s) and, provided that

the requested modification(s) do not materially alter the general scope of the Project, the Parties

will negotiate a Change Order to the CPC. No Change Order shall take effect until it is approved

within the time period specified in the Change Order by Authority and by Customer in accordance

with Customer's procedures to authorize amendments to the CPC. In the event of a dispute over

a request for a Change Order, Authority may elect to proceed with the Work in accordance with

the scope of Work as set forth in the CPC (as revised by agreed-upon Change Orders and/or

Contingency Work Orders), or the dispute may be treated under the provisions of Section 11.1

hereof.

2.5 Unforeseen Circumstances or Conditions. In the event that circumstances or

conditions at Customer's Facility are encountered after a CPC is executed, that may require

changes to the Project schedule and/or result in an increase to the Total Reimbursement Costs of

the Project, Authority shall as soon as practicable notify Customer. The CPC shall be revised by
a Contingency Work Order or a Change Order, as applicable, to incorporate necessary changes to

the Project schedule, the scope of Work and/or any increase in the Total Reimbursement Costs, as

a result of the existence of the unforeseen circumstance or condition. Customer shall assume any
increase in costs as part of its Short-Term Repayment Obligation.

2.6 Third Party Obligations. The Authority shall not be held responsible for any action

or failure to act of Customer, its officers, employees, agents, representatives or any Third Party,

including, but not limited to, any delay in issuance or any non-issuance of a permit or approval

necessary to perform or close out the Work under a Project. Any changes to the Project schedule

or scope of Work or any increase in the Total Reimbursement Costs caused by such act or failure

to act, shall be Customer's responsibility. If the Third Party conduct necessitates the issuance of

a Change Order to compensate the Authority for any changes to the Project schedule, scope of

Work or Total Reimbursement Costs resulting from such act or failure to act, Authority may
suspend its Work on the Project until Customer approves such Change Order. If Customer fails to

approve the Change Order within thirty (30) days of its issuance or the Project is suspended as a

result for more than ninety (90) days, Authority, in its sole discretion, may terminate all Project

Work and issue a Final CPC as provided in Section 3.4(d) below.

2.7 Execution and Disoutes Regarding Reoorts. The execution of a Milestone

Completion, Final Inspection, Substantial Completion and Operation Transfer Report or similar
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report(s) shall not be unreasonably withheld by either Party, and the Parties shall endeavor to fully
execute such report within thirty (30) days after its submittal to Customer or it shall be deemed

executed unless it was disputed by Customer in writing within such thirty (30) day period. In the

event of any disputes by Customer with respect to such report(s), the Parties shall endeavor to

resolve such dispute as expeditiously as possible in accordance with Sec. 11.1 hereof.

2.8 Limitation on Work in Certain Piersises. Absent the express written consent of

Authority, no Work of any kind shall be performed in any premises of Customer used for private

business use within the meaning of Section 141(b) of the U.S. Internal Revenue Code of 1986, as

amended.

2.9 Eligibility Criteria. Projects will be undertaken on an individual basis in

Customer's Facilities as deemed feasible and advisable by Authority and mutually agreed to by

Authority and Customer. A Project will not proceed unless it satisfies (as determined by Authority
in its sole discretion) Authority's requirements related to reduction in overall primary energy costs,

energy conservation, results in environmental benefits and/or other requirements of the Authority's

Energy Services Program, then in effect.

ARTICLE III

SUSPENSION AND TERMINATION OF PROJECTS

3.1 Susoension of Work.

(a) Susoension by Customer. Customer may direct Authority to suspend Work

at any Customer Facility by written notice to Authority. Authority, and the Service Providers and

Subproviders, will thereupon cease Work at that Facility as soon as practicable.

(b) Suspension by Authority. In addition to any other right by Authority to

suspend Work on a Project set forth herein, Authority may suspend Work at any Customer Facility
if any of the following occurs: (i) Customer fails to make payment to Authority when due; and

such payment default continues for a period of ten (10) days after written notice thereof by

Authority to Customer; (ii) circumstances or conditions at Customer's Facility are discovered after

a CPC is executed which require changes to the Project and/or result in an increase to the Project's

Total Reimbursement Costs that cannot be covered by the use of any remaining Project

Contingency budgeted for the Project; (iii) a Third Party's act or failure to act causes a delay to

the critical path of the Project schedule that continues for a period of thirty (30) days after written

notice thereof by Authority to Customer; (iv) a delay caused by a Force Majeure event continues

for a period of fifteen (15) consecutive days; (v) the existence of a hazard not caused by Authority
or its Service Provider(s) that threatens the safety and protection of the site, its inhabitants or the

public; or (vi) the existence of an unforeseen circumstance or condition the correction of which

could reasonably be expected to (A) create an unreasonable risk for Authority or Service Provider

not ordinarily associated with projects of similar size and scope (as dctcrmined by Authority); (B)
create a threat to life or safety of the inhabitants or the public in general, or (C) violate applicable

federal, state or local laws, regulations, codes or standards.
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(c) Liability for Cost Increase as Result of Susoension, The suspension of

Work by either Party pursuant to the provisions of this Section 3.1 may adversely impact the

Project schedule, the scope of Work and/or the Total Reimbursement Costs. The CPC may be

revised by a Contingency Work Order or Change Order, as applicable, to incorporate any necessary
changes. Customer shall assume any increase in the Total Reimbursement Costs in full as part of

its Short-Term Repayment Obligation unless the suspension was caused by the gross negligence

or willful misconduct of Authority, its Service Provider or Subprovider, in which case Customer

will not be responsible for any increase in the Total Reimbursement Costs to the extent such

increase is caused by such gross negligence or willful misconduct.

(d) Resumption of Work After Suspension. In the event Work on a Project was

suspended by a Party (whether pursuant to this Section 3.1 or otherwise), Authority and Customer

have to agree in writing that Work shall resume before any Work on the Project can continue. In

the event Work is suspended for more than ninety (90) days, Authority, in its sole discretion, may
terminate Work for that Project and Authority shall issue a Final CPC as provided in Section 3.4(d)
below.

3.2 Emergency. If an emergency results in or could reasonably be expected to result in

personal injury or loss of life or damage or harm to property or public safety, Customer, acting in

good faith in order to prevent, avoid or mitigate personal injury or loss of life or damage or harm

to property or public safety may direct a Service Provider to suspend Work. Customer shall

provide written notification to Authority of the suspension and events leading up to the suspension

within eight (8) hours after the emergency has been stabilized. Sections 3.1(c) and (d) shall also

be applicable to a suspension under this Section 3.2.

3.3 Termination of a Project. Authority may terminate a Project (and the related CPC)
at any time upon thirty (30)

days'
prior written notice to Customer. In addition, the following

incidents shall be deemed to immediately terminate a Project: (i) closure, abandonment,
destruction or material damage to the Facility for which Project Work is being performed; (ii)
reduction or elimination of energy savings or other modification to the Project that, in the

Authority's opinion, renders the Project ineligible under the Authority's requirements for inclusion

in its Energy Services Program , whether due to removal, by-passing or alteration of equipment or

due to any unforeseen event; (iii) discovery of asbestos or other hazardous material in Customer's

Facility that impedes the execution of the Work; and (iv) failure by Customer to make payment to

Authority when due and such payment default continues for a period of thirty (30) days after

written notice thereof by Authority to Customer.

3.4 Actions Unon Project Termination or Cancellation. In the event that a Project is

canceled or termiñated in whole or in part subsequent to execution ofa CPC but prior to completion

of such Project, Authority shall:

(a) Discontinue or direct Service Provider(s) to discontinue all Work and the

placement of all orders for materials, equipment or labor otherwise required for the Project or

terminated part of the Project, as applicable;

(b) Cancel or direct Service Provider to cancel all existing orders and

subcontracts related to performance of the Project or terminated part of the Project, as applicable;
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(c) Take actions reasonably necessary, or as directed by Customer in writing,

for the protection and preservation of the Work and all Project-related equipment, materials and

property within Authority's or Service Provider's possession and control; and

(d) Issue a Final CPC covering (i) that portion ofthe Total Reimbursement Cost

(excluding the Authority Program Fee) actually incurred by Authority at or prior to such

termination/cancellation both for the performed and for the terminated portion(s) of the Work

(including, but not limited to, non-cancelable material and equipment not yet incorporated into the

Work); (ii) the costs for any additional services performed by Authority or Service Provider

pursuant to 3.4(c) hereof; (iii) any wind-down costs incurred by Authority and its Service Providers

and Subproviders as a result of the termination/cancellation, along with Service
Providers'

and
Subproviders'

reasonable and customary overhead and profit on the Work not executed; and (iv)
the Authority Program Fee. The Authority Program Fee for a Project that is terminated or canceled

prior to completion shall be as set forth in the Compensation Schedule, unless otherwise agreed

upon by the Parties in the CPC.

ARTICLE IV

ENVIRONMENTAL PROVISIONS

4.1 Hazardous Materials and Disoosal of Waste and Debris.

(a) General Responsibilities. With respect to Authority Implemented Work,

Authority shall require that Service Provider and/or Subprovider (as applicable) be responsible for

environmental air monitoring and thoroughly cleaning the job site, including the removal of Waste

and Debris generated as a result of a Project. Such removal may involve the management,
transportation and disposal of Waste and Debris. If in the course of performing the scope of the

Project Work as described in the CPC for any Authority Implemented Work, Authority caccunters

existing Hazardous Materials, including but not limited to Waste, any such materials shall be

handled, transported and disposed of in accordañce with applicable local, state and federal laws

and regulations, as well as Authority's policies and procedures.

(b) Customer is Generator of Waste. The Customer acknowledges that, in

accordance with USEPA and NYS DEC regulations, it is, and remains the Generator of, and holds

title to, any Waste encountered during Work performed pursuant to this Master Agreement. If the

Customer holds a Hazardous Waste "Generator Identification
Number"

for the specific site where

work is being performed (as defined in Section 3010 of Subtitle C of RCRA), that number will be

utilized for any and all hazardous waste disposal. If a Hazardous Waste "Generator Identification
Number"

does not exist, one may need to be obtained from the USEPA for each site from which

Authority removes Waste. The Customer authorizes Authority, where required by USEPA and/or

NYS DEC regulations, to apply in the name of the Customer for Hazardous Waste Generator

Identification Numbers in order to dispose of Waste pursuant to this Master Agreement and to act

as the contact Party for such applications. To the extent that the Customer is the generator of the

Waste, a duly authorized representative of the Customer must sign such applications when

requested by Authority. The Customer also authorizes Authority, where required by USEPA

and/or NYS DEC regulations, to prepare, in the name of the Customer, any manifests or other

forms required for the disposal of the Waste generated pursuant to activities under this Master
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Agreement. A duly authorized representative of the Customer shall sign any manifests or other

shipping records required to ship Waste offsite for disposal.

(c) Notification and Cost of Waste Disoosal. With respect to Authority
Implemêñted Work, Authority shall advise Customer (whêñever possible, in advance of removal)
where material determined to be Waste has been encountered which must be disposed of pursuant

to USEPA and NYS DEC regulations. Authority shall keep the Customer fully informed of

Authority's activities on its behalf and shall provide the Customer with copies of all applications

and other materials provided or received in connection with actions taken pursuant to this

authorization. The direct costs of Waste disposal will be included in the Final CPC. Any costs to

Authority relating to the Project that may arise subsequent to the time the Final CPC is executed

(or deemed executed) under present or future laws or regulations due to pollution, clean-up or

otherwise at the site of disposal shall be borne by the Customer. If, however, such costs are due

to the negligence or willful acts of Authority's Service Provider or Subprovider or due to the willful

acts of Authority, the Customer shall not be responsible. With respect to Authority Implemented

Work, Authority shall use reas0ñable diligence in overseeing the removal and disposal of Waste,

shall maintain complete and accurate records thereof, and shall make those records available to the

Customer upon request. In addition, any existing equipment determined by the Customer to be

useful to the Customer may, at the Customer's request, be retained by the Customer and shall be

the sole responsibility of the Customer.

(d) Customer Disoosal of Waste. Notwithstanding the foregoing, the Customer

shall have the option of disposing of Waste and Debris generated as a result of a Project at its own

expense in accordance with all applicable local, state and federal laws and regulations, as well as

Authority's policies and procedures.

4.2 Remediation. The Customer shall be responsible for the performance of any
Remediation required under applicable local, state and federal Environmental Laws in order to

address the existence or suspected existence of Hazardous Substances in, on, or under the job site

that are discovered or encountered during Work performed and any Release or threatened Release

in, on, under, over or migrating to, from or through the job site. The Customer shall promptly take

all actions as are necessary to perform Remediation of any such Release or Discovery, and such

other work as may be required by any Governmental Authority to safeguard the health, safety or

welfare of any persons, the land and any improvements thereon or there under, from any Release

or threatened Release or Discovery. In the case any Remediation is required, the Customer shall

be responsible for restoring the affected portion or portions of the job site, together with any and

all affected soil and groundwater, to the functional and topographical condition that existed prior

to the Release and Remediation, as well as to the condition required by Environmental Laws, and

as necessary to satisfy the requirements of any Governmental Authority exercising jurisdiction

with respect to the job site for such Release or Discovery.

4.3 Environmental Indemnification. Customer shall be solely responsible for any and

all loss, damage or injury to persons or property and for any cleanup costs associated with any site

where Waste and Debris are disposed of or comes to be situated including, but not limited to,
response and remedial costs. In addition, to the extent permitted by law, the Customer shall, at its

sole cost and expense, indemnify, defend and hold harmless Authority and the State of New York

against any loss, liability (including, without limitation, judgments, attorney's fees, court costs,
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penalties or fines), or expenses of any type (including, but not limited to, required corrective

actions) which Authority or the State of New York incurs because of injury to, or death of any

person, or on account of damage to property, or any other claim arising out of, in connection with,
or as a consequence of (a) the disposition or use of retained equipment by the Customer or anyone

for whose acts the Customer may be liable, and (b) any cleanup costs associated with any site

where Waste and Debris are disposed of or come to be situated traceable to such Waste and Debris

including, but not limited to, response and remedial costs.

ARTICLE V

RECOVERY OF COSTS/REPAYMENT OBLIGATION

5.1 Project Cost. Authority shall initially pay for and/or incur costs for all components

of the Total Reimbürsement Costs applicable to a Project at the selected Customer Facility.

Customer agrees to pay the Authority the Total Reimbursement Costs specified in the respective

CPC as reconciled by the Final CPC.

5.2 Total Reimbursement Costs. The following components of the Total

Reimbursement Costs may be delineated in a CPC for a particular Project:

(a) Material Cost. The Material Cost represents the cost of materials,

equipment, fixtures, tools, construction equipment and machinery, water, heat, utilities,
transportation and other facilities necessary for the proper execution and completion of the Work,
whether temporary or permanent and whether or not incorporated or to be incorporated into the

Work.

(b) Labor Cost. The Labor Cost represents (i) the sum of all wages paid to

skilled trade and craft workers, plus employee benefits, payroll taxes, insurance and related costs;
or (ii) the fees paid to skilled trade and craft workers that are not employees, in each case as

represented on the Service
Providers'

or
Subproviders'

invoice.

(c) P_roject Contingency. The Project Contingency, or a portion thereof,

actually applied by the Authority to the Project as set forth in a Contingency Work Order.

(d) Service Provider Fees, The Service Provider Fees represent the costs

associated with the payment of Service Providers, Subproviders and other third party professionals

based on actual invoices, individual billing rates based on hourly increments, or a percentage fee

applied to certain Project costs, plus reimbursable expenses;

(e) Authority Program Fee. The Authority Program Fee reimburses Authority
for services provided by Authority during the implementation of a Project. The Authority Program

Fee can be based on a percentage fee applied to certain Project costs, a lump sum fee, individual

billing rates based on hourly increments and/or other fee arrangements identified in the

Compensation Schedule.

(f) Short-Term Interest. Short-Term Interest reimburses the Authority for costs

incurred in coruieetion with financing the delivery of a Project. It is based on the underlying source

of funds chosen by the Authority, in its sole discretion, to finance a Project during its
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implementation and may vary depending upon the actual financing product the Authority selects.

In addition to the actual interest expense incurred by the Authority on the short-term debt issued

for Project expenses, Short-Term Interest may include additional fees for administering the

financing program including but not limited to costs incurred to secure liquidity facilities,

remarketing services, purchase of an interest rate cap(s), issuing and payment agents and other

financing related costs and credit premiums, if any.

(g) Other Project-Related Costs. Other Project-related costs may include

Authority Material Handling Fee, Waste disposal costs, additional Project-specific iñsürañce,

surety bond costs, specialty services and other Project-specific costs not otherwise included in any
of the above categories.

5.3 Billing. The specific billing method for each Project is set forth in the CPC and/or

the long-term financing agreement associated with the particular Project. The final repayment

amount due to the Authority will be the Total Reimbursement Costs as reconciled in a Final CPC

to reflect adjustments to account for payments made or additional charges incurred by Customer

and will constitute the Customer's Short-Term Repayment Obligation. In the event a Project is

terminated before completion, Authority shall issue a Final CPC as provided in Section 3.4(d).

5.4 Payment.

(a) Payments. Customer shall pay any invoiced amounts to Authority within

thirty (30) days of Customer's receipt of Authority's invoice. Any outstanding amounts not paid

within such thirty (30) day period shall accrue additional Short-Term Interest until the date when

payment is made in full. Such additional Short-Term Interest will be reflected on subsequent

invoices and/or the Final CPC.

(b) Late Payment. Customer's final Short-Term Repayment Obligation shall

be fully repaid on or before the Short-Term Repayment Obligation Maturity Date. Any amount

due and unpaid on the Short-Term Repayment Obligation Maturity Date shall be subject to a late

payment charge determined as the greater of (i) interest in accordance with the late payment rate

set forth in State Finance Law §179(g); or (ii) the late charges payable under the terms of

Authority's electric service, in accordance with provision 454.6 (b) of Authority's Rules and

Regulations for Power Service, as such regulation may be amended from time to time. Authority,
in its sole discretion, may waive the application of such late payment charge for a Project upon

sufficient justification demonstrated by Customer.

5.5 Grants and Funding. Authority may pursue and apply for grants or other available

funding for the respective Project, where applicable, when authorized by Customer. The Customer

may assign the right to receive such grants or other available funding to the Authority, and the

Authority may, at its sole discretion, accept such assignment. IfAuthority accepts such assignment,

the Authority will apply the funds to reduce the Total Reimbursement Costs, provided the funds

are actually received by the Authority by the Short Term Repayment Obligation Maturity Date.

5.6 Long-Term Financin a for Capital Projects. Should Customer require financing to

satisfy its Short Term Repayment Obligation for a Capital Project, the Customer may apply for

permañêñt long-term financing through any of the financing products offered by the Authority to
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convert Customer's Short-Term Repayment Obligation to a Long-Term Repayment Obligation.

Authority may agree to such financitig, in its sole discretion. Regardless of whether the Customer

elects to utilize any of the Authority's available financing products, the Customer is responsible

for satisfying its Short Term Repayment Obligation within the time constraints set forth herein.

Ifthe Customer is interested in any of the Authority's long-term financing products, it must

indicate its interest by marking the appropriate section ofthe CPC for the design phase of a Capital

Project. To be eligible for the Authority's long-term financing products, Customer must comply
with the Authority's policies and procedures for long term repayñieñt. If Customer's long-term

financing application is approved by the Authority, the
Parties'

obligations with respect to long-

term fiñañcliig will be set out in a separate loan agreemeñt with terms and conditions agreed to by
the Parties. This long-term financing option will allow the Customer to convert the Short-Term

Repayment Obligation to a Long-Term Repayment Obligation.

ARTICLE VI

INSURANCE REQUIREMENTS.

Authority's agreemem with the Service Providers shall provide that the Service Provider

or Subproviders shall obtain and maintain the policies of iñsürañce with the identified limits set

forth in Section 6.1, unless additional policies of insurance and/or higher limits are required under

the applicable CPC. The costs of such insurance will be part of the Total Reimbursement Costs.

6.1 Insurance Reauirements:

(a)
Workers'

Compensation (inclusive of New York State disability benefits)
and Employer's Liability coverage;

(b) Commercial General Liability insurance policy, including Contractual

Liability and Products/Completed Operations Liability coverages, with limits of not less than

$2,000,000 per occurrence for bodily injury and not less than $2,000,000 for property damage,
such policies naming Authority, Customer and the State ofNew York as additional iñsüreds under

the policy;

(c) Automobile Liability coverage with a minimum limit of $1,000,000 per

accident; and

(d) if required under the applicable CPC:

(i) Pollution Liability, including coverage for asbestos abatement, with

minimum limits of $1,000,000 per occurrence;

(ii) Professional Liability insurance with a minimum limit of

$1,000,000; and

(iii) Builder's risk insurance in the amount of the estimated Total

Reinibürseñient Cost to be issued on a replacement cost basis without optional deductibles and
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will include the interests of Customer, Authority, and the Service Providers. Such insurance shall

be maintained until final payment has been made by Customer to Authority.

6.2 Adjustments. The types of insurances required and/or policy limits listed in

Sections 6.1 above may be adjusted as Customer and Authority deem appropriate in connection

with a specific CPC. The form and sufficiency of each insurance policy required to be obtained

hereunder by the Service Provider or Subprovider shall be subject to approval by Authority.

Authority shall hold all Certificates of Insurance submitted to the Authority by its Service

Providers and Subproviders with respect to any Project implemented under this Master Agreement.

6.3 Customer Insurance Reauirements. With specific regard to the ESP equipment, for

so long as any portion of Customer's Short-Term or Long-Term Repayment Obligation, as

applicable, remains unpaid, Customer shall procure an all risk policy of insurance which will

insure the equipment for full replacement cost value against loss while the equipment is in

Customer's care, custody and control. The insurance policy shall name Authority and the State of

New York as additional insured and loss payees, and shall contain a full waiver of subrogation

against Authority, its agents, Service Providers, Subproviders and the State of New York.

Customer shall also procure a Commercial General Liability insurance policy with minimum limits

of $5,000,000 per occurrence for bodily injury and property damage naming Authority and the

State of New York as additional insured. In lieu of obtaining all risk and commercial general

liability insurance, Customer may request in writing to Authority to self-insure against risk of loss.

Authority may approve or deny such request in its sole discretion. Customer agrees to provide any
relevant documents or information requested by Authority in order for Authority to make the

determination that Customer has sufficient resources to self-insure. The decision to self-insure

will not relieve Customer of any of the obligations imposed herein and shall afford Authority the

protection against loss and rights it would have received, if Customer had obtained such policies

of insurance.

ARTICLE VII

WARRANTIES, DAMAGES, LIABILITY, ETC.

7.1 Service Provider's Warranty Requirements. Authority's agreements with its

Service Providers shall provide that all Work performed and any materials provided by the Service

Providers under the agreements shall be free from any defects. Such agreements shall further

provide that any defective Work or materials identified within one (1) year after (i) execution (or

deemed execution) by the Parties of a Substantial Completion and Operation Transfer Report or

(ii) if no such report must be signed, completion of the Project, shall be promptly corrected,

repaired, replaced, re-performed or otherwise remedied by the Service Provider and/or

Subprovider(s) at no additional expense to Customer. Authority's agreements with Service

Providers shall also provide that any
manufacturers'

warranties for equipment installed at

Customer's Facilities be assigned to Customer.

Authority shall have no obligation to assist Customer with any warranty claims against a

Service Provider or equipment manufacturer. Customer shall coordinate any warranty claims

directly with the respective Service Provider or equipment manufacturer.
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7.2 Authority Warranty Disclaimer. THE WARRANTY PROVIDED BY SERVICE

PROVIDER AND THE ASSIGNED WARRANTIES OF THE EQUIPMENT

MANUFACTURERS ARE EXPRESSLY IN LIEU OF ALL OTHER WARRANTIES.
AUTHORITY EXPRESSLY EXCLUDES ALL OTHER WARRANTIES, EXPRESSED OR

IMPLIED, INCLUDING ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE, DESCRIPTION OR QUALITY NOT EXPRESSLY SET FORTH

HEREIN, TO THE EXTENT PERMITTED BY LAW. NO AFFIRMATION OF AUTHORITY,
BY WORDS OR ACTION, SHALL CONSTITUTE A WARRANTY. DESCRIPTIONS,

SPECIFICATIONS, DRAWINGS, AND OTHER PARTICULARS FURNISHED TO
CUSTOMER ARE ONLY ESTIMATES AND DO NOT CREATE A WARRANTY.

7.3 Projected Energy Savines. Authority and its Service Providers shall use their best

efforts to prepare accurate engineering estimates. After energy efficiency Work is corñpleted in

Customer's Facility, it is the intent and expectation of the Parties that Customer's annual energy
usage for that Facility shall not increase above the pre-installation level except due to changes in

rates or increases in usage not related to the implementation of the ESP Work. Customer is

responsible for providing Authority with accurate information concerning the operation of its

Facility. Customer understands that the projected energy savings are based upon such Customer

input. It is Customer's sole responsibility to ensure that the expected energy savings meet

Customer's satisfaction at the time the CPC for a Project is executed.

AUTHORITY HEREBY DISCLAIMS ANY AND ALL LIABILITY FOR ANY
ENERGY SAVINGS PROJECTED BY AUTHORITY OR OTHERWISE EXPECTED BY
CUSTOMER THAT CANNOT BE ACHIEVED.

7.4 Uncontrollable Forces. Authority shall not be responsible for delays or failures in

performance resulting from occurrences beyond its reasonable control Mcluding, but not limited

to, acts of God, strikes, walkouts, acts of war, or any law, regulation, or action of any court or

governmental authority, fire, malfunctions in communication lines or computer hardware, power

failures, shipping or delivery delays or other events caused by those not party to this Master

Agreement (including, without limitation, any Third Parties, and any Service Providers or

Subproviders of Authority). In the event Authority or the Service Providers or Subproviders are

unable to fulfill any obligations hereunder by reason of such uncontrollable forces, Customer will

be notified in writing and the completion dates described in the CPC will be extended by the

amount of additional time reasonably necessary to complete the Work. If necessary, Authority
will issue a Contingency Work Order or a Change Order, as applicable.

7.5 Damages. Indemnification by Service Provider.

(a) Damages. Authority's agreements with the Service Providers shall include

a provision that all damage of whatever nature resulting from the performance of the Work or

resulting to the Work during its progress, from whatever cause shall be borne by the Service

Provider, and all Work performed shall be solely at the Service Provider's risk until the Work has

been finally inspected and accepted by Authority. The Service Provider, however, shall not be

responsible for damages resulting from gross negligence or willful misconduct of officials or

employees of Authority or Customer.
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(b) Indemnification. Authority's agreements with the Service Providers will

include a provision that to the extent permitted by law, the Service Provider shall assume the entire

responsibility and liability for and defense of, and pay and indemnify, Authority, Customer, and

the State of New York (where a Project undertaken for Customer is located on property of New

York State), against any loss, damage, expense or liability and will hold each of them harmless

from and pay any loss, damage, cost or expense (Meluding without limitation, judgments,

attorney's fees, and court costs) which Authority, Customer or the State of New York incur

because of injury to or death of any person or on account of damage to property, or any claim

arising out of, in connection with, or as a consequence of, the performance of the Work and/or any
act or omission of the Service Provider or any of its Subproviders, employees, agents or anyone

directly or indirectly employed by the Service Provider or anyone for whose acts the Service

Provider may be liable.

7.6 Limitation of Authority's Liability.

(a) Obligation to Exhaust Remedies against Service Provider. In the event of

any alleged Authority liability to Customer, Customer shall first pursue and exhaust all remedies

in law against the Service Providers and Subproviders and under the insurance identified in Article

VI above and carried by the Service Providers and Subproviders before making any claim or taking

any action against Authority.

(b) Exclusion of Indirect. Incidental. Conseauential Damages. To the fullest

extent permitted by law, Authority shall not be liable to Customer, for any indirect, special,

incidental, or consequential damages of any kind (Meluding without limitation, any loss of

property or equipment, loss of profits or rcycñüc, loss of use of equipment or power systems, cost

of capital, cost of purchased or replacemêñt power or temporary equipment, including additional

expenses incurred in using existing facilities) related to or arising in connection with this Master

Agreement or any other Transaction Document executed in connection herewith, regardless of the

form of action (whether in contract, tort or otherwise), even if Authority has been advised of the

possibility of such damages.

(c) Total Liability Cap. The Parties agree that in no event shall Authority's

total liability (whether in contract, tort or otherwise) for all claims relating to a Project exceed ten

percent (10%) of the Total Reimbursement Costs for such Project set forth in the respective CPC.

(d) No Limitation of Service Provider/Suborovider Liability. Nothing in this

Section 7.6 shall be construed as limiting the liability of a Service Provider or Subprovider to

Authority or Customer in connection with the performance of such Service Provider's or

Subprovider's Work on Customer's premises.

7.7 Customer's Resoonsibility for Project Equipment and Performed Work. Upon

delivery at Customer's Facility, Customer shall be responsible for all damage to all Project

materials, supplies and equipment of every description and all Work performed at Customer's site

unless such damages are caused by Authority or its Service Providers or Subproviders.
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ARTICLE VIII

INTELLECTUAL PROPERTY RIGHTS

8.1 Intellectual Prooertv: Proorietary Information.

(a) Intellectual Prooerty Rights. Neither Party shall acquire, directly or by

implication, any ownership of any Background Intellectual Property Rights of the other Party.

Each Party shall retain title to any Intellectual Property Rights developed, authored, conceived or

reduced to practice independently and solely by that Party during the performance of this Master

Agreement without the other Party's Background Intellectual Property Rights. Notwithstanding

any of the foregoing, it is agreed by the Parties that Authority shall be the sole owner of all

Intellectual Property Rights related to any Project which is jointly developed, invented or

otherwise generated during the performance of this Master Agreement or any Transaction

Document.

(b) Work Product; Proorietary Information. Unless and until Customer has

repaid its Short-Term or Long-Term Repayment Obligation, as applicable, the Facility data,

evaluations, design and other information produced by Authority or its Service Providers in

connection with a Project shall be the property of Authority. Customer shall have the right to use

any such proprietary information for the maintenance of Project installations in its Facilities. Upon

payment in full by Customer, such information shall become the property of Customer. Any
information identified as confidential which is exchanged by Authority and Customer shall be duly
protected by the recipient to the extent permitted by law. It is understood that the Public Officers

Law and other statutes and regulations regarding Freedom of Information may require the

disclosure of information in certain situations.

ARTICLE IX

TERM AND TERMINATION

9.1 Term. This Master Agreement shall end on the tenth anniversary of the date first

shown in the preamble above unless earlier terminated in writing by either Party in accordance

with the terms of this Master Agreement.

9.2 Termination of Master Agreement. Unless otherwise provided in this Master

Agreement, either Authority or Customer may terminate this Master Agreement at any time upon

one hundred twenty (120)
days'

prior written notice to the other Party.

9.3 Pending Projects. Authority and Customer acknowledge that a Project

implemented pursuant to a CPC executed during the Term of this Master Agreement may extend

beyond the expiration or early termination of this Master Agreement. Provided that the Project

was commenced pursuant to a CPC that was executed during the Term of this Master Agreement,
then this Master Agreement will be extended, as it applies to such CPC only and for the sole

purpose of completing the Project. The Project implemented pursuant to such CPC may continue

until completed or otherwise terminated earlier pursuant to the terms and conditions of this Master

Agreement.
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9.4 Extension. This Master Agreement may be renewed at the end of the current term

for an additional period, such additional period not to exceed a period equal to the original Term,
to be mutually determined by the Parties in writing and signed by an authorized officer or designee

of Authority and Customer.

ARTICLE X

GENERAL OBLIGATIONS OF THE PARTIES

10.1 Authorized Representatives.

(a) Customer's Authorized Representative. For each Project, Customer shall

designate a Customer's Authorized Representative and shall inform Authority in writing
accordingly. If Customer desires to change its Customer Authorized Representative, it must notify

Authority in writing (in accordance with notice requirements set forth herein) at least five (5)
business days prior to such change. Customer's Authorized Representative shall coordinate the

Project on behalf of Customer and assist Authority and the Service Providers and Subproviders

with the implementation of the Project in the selected Facilities of Customer. Customer's

Authorized Representative shall be responsible to obtain all necessary approvals, authorizations,

and signatures of Customer with respect to any CPC, Change Order, Final CPC and other

Transaction Document.

(b) Authority's Authorized Representative. For each Project, Authority shall

designate an Authority's Authorized Representative and shall inform Customer accordingly.

Authority's Authorized Representative shall coordinate the Project on behalf of Authority and

communicate with Customer. Authority will inform Customer of any changes to its Authorized

Representative.

10.2 Authority Obligations. With respect to any Authority Implemented Work,

Authority shall comply with the following:

(a) Reporting and Information. Authority shall keep Customer informed as to

the progress of the Work and shall provide Customer with periodic reports of all activities by the

Service Providers and Subproviders at Customer's Facilities. Authority and its Service Providers

shall meet with representatives of Customer upon reasonable notice to discuss any matters

concerning the Projects.

(b) Permits, Licenses. Authorizations. Authority shall require that the Service

Providers and Subproviders obtain and maintain all permits, licenses and authorizations required

to perform the Work in Customer's Facilities and that they will comply with all applicable local,

state and federal laws, guidelines and regulations, including applicable local, state and federal

building, fire and electrical codes and standards. Any costs associated with permits and licenses

that must be obtained by Service Provider or Subprovider for a specific Project will be reflected

in the Total Reimbursement Costs. Notwithstanding the foregoing, neither Authority nor Service

Provider (or Subprovider) shall be responsible for closing out open permits obtained by Service

Provider (or Subprovider) due to existing deficiencies or code violations in Customer's Facility
which are outside the Project scope.
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(c) Service Provider/Suborovider Performance. Authority shall require its

Service Providers and Subproviders to comply with regulations governing access to and

performance of the Work in the selected Customer Facilities and to perform such Work in such a

manner as not to unreasonably interfere with Customer's business at the Facilities. Authority shall

also require its Service Providers and Subproviders to comply with Customer's operational and

safety requirements, which in certain instances may require substantial supervision and control

over the site by Customer.

(d) Records. Authority's Service Providers shall maintain accurate records of

Project Work for a period of six (6) years after completion of a Project.

10.3 Customer Obligations. With respect to any Project entered into in connection with

this Master Agreement, Customer shall have the following rights and obligations:

(a) Right to Inspect. Customer and Customer's Authorized Representative may
observe and inspect all Work in any of Customer's Facilities and shall have the right to attend all

Project job meetings, upon written notice of its intent to attend a particular meeting.

(b) Attendance at Meetings. Upon reasonable request and notice from

Authority or Service Provider, Customer shall attend meetings scheduled by Authority or Service

Provider to discuss any Project-related matters.

(c) Site Rules and Regulations. Customer must promptly notify Authority of

any site specific construction, safety, technical or other requirements and restrictions related to its

Facility(ies) prior to the start and during the Project. If Customer becomes aware of any defect in

the Work or any failure of Authority or the Service Provider or Subprovider to meet the respective

Project requirements, the Customer shall give prompt notice to Authority.

(d) Access. Customer shall provide Authority and its Service Providers safe,

proper and timely access to the Facility as necessary to perform the Work. Upon Authority's

request, Customer's Authorized Representative will accoñ1pany Authority and its Service

Providers to Customer Facilities. Customer shall promptly provide verbal and written notice of

limitations or changes in site access.

(e) Permits and Licenses.

(i) Customer shall provide Authority or Service Provider with such

assistance (including, but not limited to, all necessary information requested by Service Provider)
as may be required for Authority or Service Provider to obtain all permits, licenses and

authorizations necessary to perform the Work in accordance with all applicable local, state and

federal laws, regulations, codes and standards applicable to the Facility.

(ii) Customer shall be responsible and shall hold all licenses, permits,

authorizations and regulatory approvals necessary for the lawful conduct of its business as

presently conducted, and shall comply with all applicable statutes, laws, ordinances, rules and

regulations of all governmental bodies, agencies and subdivisions having, asserting or claiming
jurisdiction over it, with respect to any part of the conduct of its business and corporate affairs.
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(f) Project Equipment. As long as Customer's Short-Term or Long-Term

Repayment Obligation, as applicable, remains outstanding, (i) Customer will keep all Project-

related equipment free from any and all liens, claims, encumbrances, and the like; (ii) Customer

will not grant a security interest in such equipment to any party without the prior written consent

of Authority; (iii) the equipment will remain at the Facility site as designated in a CPC; (iv)
Customer will not sell, offer for sale, transfer, or dispose of such equipment without notice to

Authority; (v) Customer will not use or permit any person to use the equipment in a manner

prohibited by law or in a manner which would void any manufacturer's warranty; (vi) Customer

agrees to maintain the equipment in good order and repair at all times, and will not waste or destroy
the equipment or any part of it; and (vii) Customer will keep the equipment insured in accordance

with the requirements set forth in Section 6.3 hereof.

(g) Coordination. Customer shall be responsible for facilitating coordination

with Third Parties as required. Furthermore, Customer shall promptly resolve any disputes or

issues that arise with any Third Parties. Customer shall be responsible for any changes to the

Project schedule, the scope of Work and/or the Total Reimbursement Costs resulting from any
delays due to unresolved disputes or issues with Third Parties pursuant to Section 2.6 hereof.

(h) Review and Approval. Customer will promptly review any documents

submitted to it by Authority requiring Customer's decision and shall render any required decision

pertaining thereto without undue delay.

(i) Assistance: Timely Performance. Customer shall cooperate with Authority
and its Service Providers and Subproviders and provide Authority with such other assistance as

necessary to facilitate the performance of the Work. Customer shall perform all obligations set

forth in this Master Agreement and any other Transaction Document in a timely manner so as to

permit the orderly progress of the Projects. Authority shall not be responsible for any Project

delays due to Customer's non-compliance with its obligations set forth herein or in a Transaction

Document.

ARTICLE XI

MISCELLANEOUS

11.1 Disputes. In the event of any dispute regarding ESP Work at any Customer Facility,
Work there may be suspended by Authority until the matter is resolved to the mutual satisfaction

of the Parties in accordance with the procedures set forth in Section 11.2 hereof. In the event the

Parties are unable to resolve any such dispute after good faith efforts, the Work at that Facility
shall terminate and Authority shall issue a Final CPC as provided in Section 3.4(d) hereof.

11.2 Dispute Resolution. The Parties shall use good faith efforts to settle promptly all

disputes arising under this Master Agreement or in connection with any ESP Work. In the event

that any dispute, including but not limited to a billing dispute, a dispute regarding the quality of

the Work, or a dispute regarding the interpretation of this Master Agreement, arises and can-not be

resolved in the normal course of business by operating personnel within twenty (20) days after

commencement of a dispute, either Party may give the other Party formal notice of the dispute in

accordance with the notice requirements set forth herein. In the event that such notice is given,
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the Parties shall attempt to resolve the dispute by negotiation between representatives who have

the necessary authority to resolve the dispute in question. Within twenty (20) days after delivery
of the notice, the receiving Party shall consider all information relevant to the dispute and shall

submit to the other Party (in accordance with the notice requirements set forth herein) a proposal

for resolution. Thereafter, the representatives shall confer in person or by telephone, promptly and

no later than five (5) days after receipt of the proposal for resolution, to attempt to resolve the

dispute. All reasonable requests for information by one Party to another Party will be honored.

To the extent that disputes are not resolved pursuant to this process, the Parties reserve all rights

under law or equity to seek and pursue remedies through the judicial process.

11.3 Publicity.

(a) Public Announcements. No marketing, publicity, promotion, social media,

or advertising regarding this Master Agreement, or any Project undertaken pursuant to this Master

Agreement, will be issued by Customer without Authority's prior written approval, which approval

will not be unreasonably withheld. Any responses to news media inquiries or social media

activities developed by Customer, related to this Master Agreement, or any Project undertaken

pursuant to this Master Agreement, must be coordinated with Authority for review and approval

prior to their release. Letters, speeches, news and/or press releases, articles for publication, website

and social media postings, etc., related to this Master Agreement, or any Project undertaken

pursuant to this Master Agreement, must be coordinated with Authority for review and approval

prior to their release. Any and all communications, whether verbal, electronic or written, must be

submitted to Authority's Corporate communication Business Unit for prior review and approval.

Customer agrees to abide by these terms regarding public announcements during the term of this

Master Agreement and for a period of two (2) years following the expiration or termination of this

Master Agreement.

(b) Sienage. The parties agree that Authority may, at no cost to Customer,
install and maintain appropriate publicity signage at or in the vicinity of a Project. Customer will

cooperate with Authority, and/or any third-party vendor designated by Authority, by timely

responding to any questions regarding the design, manufacture, installation and maintenance of

the signage. Customer will provide ordinary maintenance to the signage and promptly notify

Authority after Customer becomes aware of any damage that may occur to the signage. The

publicity signage may include the identity of the Project, including a brief statement highlighting
the Project, any applicable Authority program, New York State program or other initiative under

which the Project is implemented and the identity of the parties supporting the Project, including
those

parties'
respective logos. The publicity signage is intended to be placed in an area of

Customer's designation with significant public visibility within close proximity to the Project.

Authority will be responsible for removing the publicity signage upon the conclusion of a Project,

or such earlier time as either Party deems it appropriate.

11.4 Notices. All notices permitted or required hereunder or in connection with any
Transaction Document shall be in writing and transmitted either: (i) via certified or registered

United States mail, return receipt requested; (ii) by personal delivery; (iii) by expedited delivery

service; or (iv) by e-mail, with a copy sent via U.S. Mail.
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Such notices shall identify the Master Agreement and the Transaction Document to which

it relates, and be addressed as follows or to such different addresses as the Parties may from time-

to-time designate in accordance herewith:

To Authority_:

NEW YORK POWER AUTHORITY

PROCUREMENT DIVISION

Name: John Canale

Title: Vice President, Strategic Supply Management

Address: 123 Main Street,
5*

Floor, White Plains, NY 10601

E-Mail Address: iohn.canale@nvoa.cov

with a copy to:

NEW YORK POWER AUTHORITY

LAW DEPARTMENT

Name: Debra Hopke, Esq.

Title: Principle Attorney
Address: 123 Main Street,

11*
Floor, White Plains, NY 10601

E-Mail Address: debra.hooke(alnypa.gov

To Customer:

TOWN OF HIGHLANDS

Name: Kelly Pecoraro

Title: Comptroller

Address: 254 Main Street, Highland Falls, NY 10928

E-Mail Address: knecoraro@highlands-ny.cov

Any such notice shall be deemed to have been given either at the time of personal delivery

or, in the case of expedited delivery service or certified or registered United States mail, as of the

date of first attempted delivery at the address and in the manner provided herein, or in the case of

email, upon receipt. The Parties may, from time to time, specify any new or different address in

the United States as their address for purpose of receiving notice under this Master Agreement

(and any Transaction Document) by giving fifteen (15) days written notice to the other Party sent

in accordance herewith. The Parties agree to mutually designate individuals as their respective

representatives for the purposes of receiving notices under this Master Agreement.

11.5 No Waiver. The failure of any Party to insist upon strict adherence to any term of

this Master Agreement or any Transaction Document executed in connection herewith on any
occasion shall not be considered a waiver nor deprive that Party of the right thereafter to insist

upon strict adherence to that term or any other term of this Master Agreement.

11.6 Assignment. This Master Agreement and any Transaction Document executed in

connection herewith may not be assigned, transferred nor conveyed by either Party without the

prior written consent of the other Party. Any attempted assigmnent, transfer or conveyance

without such consent shall be entirely void ab initio and have no force or effect.
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11.7 Governing Law; Venue. This Master Agreement (and any Transaction Document

executed in connection herewith) and any and all disputes arising in connection herewith (whether

in contract, tort or otherwise) shall be governed by and construed in accordance with the laws of

the State ofNew York without giving effect to any choice or conflict of laws provision or rule that

would cause the application of the laws of any jurisdiction other than New York. Any action at

law, or in equity, for the enforcement of this Master Agreement (and any Transaction Document

executed in connection herewith) or any dispute arising in connection herewith shall be instituted

only in a court of competent jurisdiction located in the County of Albany, State of New York.

11.8 No Third Party Beneficiaries. Nothing contained in this Master Agreement shall,

directly or indirectly, create a contractual relationship with, or give any claim or right of action in

favor of, any third party (including, without limitation, any Service Provider or Subprovider)
against Authority.

11.9 Severability. The invalidity or unenforceability of any provisions of this Master

Agreement or of any Transaction Document executed in connection herewith shall not affect the

validity or enforceability of any other provisions of this Master Agreement or Transaction

Document, as applicable, which other provisions shall remain in full force and effect.

11.10 Survival of Provisions. The articles that contain provisions related to the following
will survive the expiration, termination or completion of this Master Agreement: Conflict and

Order of Precedence; Recovery of Costs and Repayment Obligation, Warranty, Damages,

Liability, Ownership of Installed Work and Intellectual Property, Publicity; and Governing Law,
Venue.

11.11 Not Construed Against Drafter. Authority and Customer acknowledge that they
have read this Master Agreemeñt, have had the opportunity to review it with an attorney of their

respective choice, and have agreed to all its terms. Under these circumstances, Authority and

Customer agree that the rule of construction that a contract be construed against the drafter shall

not be applied in interpreting this Master Agreement and that in the event of any ambiguity in any
of the terms or conditions of this Master Agreement, including any exhibits or schedules hereto,
such ambiguity shall not be construed for or against any Party hereto on the basis that such Party
did or did not author same.

11.12 Headings. The articles and section headings contained in this Master Agreement

are for reference purposes only and shall not affect the meaning or interpretation of this Master

Agreement.

11.13 Counterparts. This Master Agreenieiit may be executed in counterparts via inked

signature or electronic mark, each of which shall be deemed an original, but all of which together

shall constitute one and the same instrument. The fully executed Master Agreement may be

delivered using pdf or similar file type transmitted via electronic mail, cloud based server, e-

signature technology or other similar electronic means.

(SIGNATURE PAGE FOLLOWS)
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IN WITNESS WHEREOF, the parties hereto have duly executed this Master Agreement

as of the effective date first written above.

POWER AUTHORITY OF THE STATE OF TOWN OF HIGHLANDS

NEW YORK

7dur-cana/r M6TV/# f UKfff
By: JohnCanate(Jul23,2019) By: mERVINR.LIVSEY(Jul23,2019)

Name: John Canale Name: Mervin Livsey

Title: Vice President, Strategic Supply Title: Supervisor

Management

Date: Jul 23, 2019 Date: Jul 23, 2019

Signature Page to Master Cost Recovery Agreement No.
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Eg¶ORK NY Power
q""""

Authority

EXHIBIT A

STATEWIDE COMPENSATION SCHEDULE

As compensation for services rendered by the Authority under the Master Agreement, the Customer will

pay the Authority Program Fee as set forth below.

A. CAPITAL PROJECTS

I. AUTHORITY PROGRAM FEE

For Capital Projects, the Authority Program Fee is calculated as a percentage of the cunmlative sum of all

costs related to a Project, including, but not limited to all Material Costs; Labor Costs; Service Provider

Fees; the amount of the Project Contingency applied as a Project cost; and other Project-related costs and

expenses. The Authority Program Fee is in addition to all such costs related to a Project. The Authority
Program Fee percentage will be fixed upon execution of the CPC for the installation phase.

1. Authority Program Fee when Service Provider nerforms Work

The following table sets forth the Authority Program Fee where the Authority delivers a Project using one

or more Service Providers to perform audit, design, construction managemêñt and/or installation.

$0 - $3M 12.5%

$3M - $6M 12.0%

$6M - $12.5M 11.5%

$12.5M - $40M 11.0%

$40M- $60M 10.5%

> $60M 10.0%

2. Authority Program Fee when Authority and Service Provider perform Work

The following table sets forth the Authority Program Fee where the Authority will be performing design

and construction management with its own forces using one or more Service Providers to perform

inutallation. If the Authority procures material directly in lieu of using one of its Service Providers, there

will be an additional Material Handling Fee of 1.5% charged on the Material Cost of the Project.

$0 - $3M 27.5%

$3M - $6M 27.0%

$6M - $12.5M 26.5%

$12.5M - $40M 26.0%
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$40M - $60M 25.5%

> $60M 25.0%

3. Authority Program Fee when Authority nrovides Audit Services Only

The Authority Program fee for providing Audit services not contemplated as part of a full project

(i.e. design, construction management and/or installation) is calculated as twenty-five percent

(25%) of the costs related to the Audit.

II. MILESTONE PAYMENTS

To the extent applicable, the Authority Program Fee will be paid on milestones as detailed in the CPC or

as otherwise mutually agreed upon.

III. AUTHORITY FEE IN THE EVENT OF PROJECT TERMINATION

1. Termination at or after Audit Phase

If a Project is terminated at or after the audit phase, but prior to moving forward with any design or

implementation, the Authority's Program Fee is calculated as twenty-five percent (25%) of the actual costs

associated with such audit.

2. Termination during Design. Procurement or Installation Phase

If a Project is tenñated in whole or part during the design, procurement or installation phase, the

Authority's Program Fee for the Project will be the cumidative percentage value at the current milestone

(as if it had been achieved) and calculated based on the estimated Project costs, including, but not limited

to all Material Costs; Labor Costs; Service Provider Fees; the amount of the Project Contingêñcy applied

as a Project cost; and other Project-related costs and expenses up through the current milestone (as if it had

been achieved). For the purposes of calculating the Authority's Program Fee, the then current milestone

is assumed complete once the Project is canceled.

The following table sets forth the Authority Program Fee percentage segmcñted by milestone.

30% Design 10% 10% + (audit cost)

90% Design 15% 25% + (audit cost)

100% Design & 15% 40% + (audit cost)
Bidding

Construction CPC 10% 50% + (audit cost)
Preparation

Construction (25% 10% 60% + (audit cost)
completion)

Construction (50% 15% 75% + (audit cost)
completion)
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Construction (75% 15% 90% + (audit cost)
completion)

Construction (100% 10% 100% + (audit cost)
completion)

B. ADVISORY SERVICES PROJECTS

L AUTHORITY PROGRAM FEE

The Authority P1vy,ram Fee for the Advisory Services will be calculated according to one of the following
methods as set forth in the CPC for the Project:

Time and Materials: The Authority's Program Fee maybe based on actual time and cost of material

incurred by Authority or its Service Providers in connection with a Project based on rates defined in the

Project CPC.

Lump Sum: The Authority's Program Fee may be based on the percentage complete of a lump sum

or milestones defmed in the Project CPC.

Unit Price: The Authority's Program Fee maybe based on the unit prices defined in the Project

CPC.

Percent of Materials and Labor: The Authority's Program Fee maybe based on a percentage of

Service Provider Material Costs and Labor Costs as defmed in the Project CPC.

Other Mechanisms: The Authority's Program Fee may be based on an evolving cost recovery
mechanisms not defined in this Master Agreement. If other mcc¹=kms are selected, the Authority's

Program Fee will be based on mutual Authority and Customer agreement and will be defined in the Project

CPC.

II. PROJECT TERMINATION

If a Project is tenrdnated in whole or part prior to completion of a Project, the Authority's Program Fee will

be based on the Project costs incurred by Authority up until the date of termination. For the purposes of

calculating the Authority's Program Fee, as applica'ule, the then current milestone is assun1ed complete

once the Project is canceled.
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o
ORK NY Power

°"""-
Authority

EXHIBIT B

CAPITAL PROJECT TERMS AND CONDITIONS

1. Application. In addition to the terms and conditions set forth in the main body of

this Master Agreement, these Capital Project Terms and Conditions shall apply to all Capital

Projects provided by Authority or Service Provider to Customer under the Master Agreement.

2. Caoital Project Services. Capital Projects are generally delivered through the

services of qualified installation Service Providers or Subproviders under contract with the

Authority. Capital Project services may include any or all of the following services (as more fully
described below): audit, design, construction management, equipment procuremêñt, installation,

commissioning, disposal of Waste, financing and other Project related services required to install

a Project.

3. Audit.

(a) Scope. After Customer has identified potential Projects for Authority's and

Customer's consideration, Customer may request that Authority perform an audit of the Facility.

The audit will help identify opportunities for implementing ESP measures and will be scheduled

by Customer's Authorized Representative and/or the appropriate Facility manager. The scope of

the audit will be set forth in a CPC which shall be executed by an authorized officer or designee

of Authority and Customer prior to commencement of any audit Work. In some instances, the

audit will involve a complete inventory of the systems which are currently used in normal

operation, while in others a more targeted approach will be taken. The audit may also include an

analysis of whether hazardous materials and Waste related to those systems are likely to be present

or generated as a result of installing a Project.

(b) Audit Report. Based upon the results of the audit, a written report will be

furnished to Customer. The report will include an estimate of the Total Reimbürsemêñt Costs as

well as estimates of the potential Total Annual Energy Savings and environmental or sustaiñability

benefits, as applicable, that Customer can reasonably expect through implementation of the

recommendations made in the report. If, after analysis of the report by Authority and Customer,

Authority, in its sole discretion, determines that the Project either (1) does not meet Authority's

eligibility criteria, or (2) is not appropriate at such Facility, activity there will cease.

(c) Deferment of Total Reimbursement Costs for Audit Work. Upon

completion of the audit Work, if Customer and Authority decide to proceed to the next phase,
Customer and Authority will execute a CPC reflecting the scope of such next Project phase. By
executing the CPC, Customer acknowledges its concurrence with the audit results. Subject to

Authority's approval, Customer may request that payment of the Total Reimbursement Costs for

the audit Work, be deferred and included in the Total Reimbursement Costs of the CPC for the

next Project phase.
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4. Project Design.

(a) General. If agreed upon by the Parties in a CPC, Authority shall prepare a

Project design. Customer will be asked to review all aspects of the design and specifications.

Where deemed appropriate by Authority and Customer, the Service Provider will arrange for

geotechnical surveys (i.e., soil tests, borings, and related evaluations), surveys of the site (i.e., to

determine physical characteristics of the site, such as utility locations), and/or demonstration

installations (i.e., the installation of sample lighting fixtures or other equipment) of selected

measures in Customer's Facility, all at Customer's sole risk.

(b) Milestones and Milestone Comoletion Reoorts. Authority will submit the

Project design documents to the Customer at 30%, 60%, 90% and
"final"

design milestones, or

according to the milestone schedule set forth in the respective CPC. Upon completion of each

design milestone, Customer and Authority (or their duly authorized representatives) shall promptly
review the design Work, or applicable portions thereof and Customer and Authority shall jointly
sign a Milestone Completion Report. It shall be Customer's responsibility to determine that the

proposed design meets Customer's needs.

(c) Deferment of Total Reimbursement Costs for Design Work. Unless

otherwise set forth in the CPC for a Project, Authority may invoice the Customer for the Total

Reimbursement Costs for the performed design Work through the milestone(s), if any, set forth in

the CPC (plus any Total Reimbursement Costs incurred during the audit, if such costs were

deferred and rolled over). Customer may request payment deferral if Customer approves Authority
to proceed to the next milestone or the next Project phase. With Authority's approval, Customer's

Short-Term Repayment Obligation will be deferred and rolled into the next milestone invoice, or

at design completion, become part of the Total Rêimbürsement Costs of the CPC for the next

Project phase.

(d) Ownershio of Design Work Upon Early Termination. If Customer

terminates the design Project prior to its completion, upon receipt of Customer's final payment,

Authority will deliver to Customer all design plans and documents completed through the date of

termination. Customer's use of such design plans and documents will be subject to any copyrights

of the Authority and/or the designer. By using any incomplete or unfinished design plans and/or

documents that have not been sealed with the licensed design professional's stamp upon delivery
to Customer, Customer accepts full and complete responsibility for such design and further agrees

to hold Authority harmless from its use of such incomplete or unfinished design plans and/or

documents.

5. Procurement. After Authority and Customer agree on the Project's design and

technical specifications, Authority or the Service Provider will competitively solicit, using the

Authority's procurement guidelines, bids for the Work as set forth in the design documents. The

resulting final design, specifications and bid price shall be incorporated into a CPC for the Project.

Authority's contracts with its Service Providers will require compliance with the Authority's

guidelines regarding the competitive solicitation of the services of Subproviders for Customer's

Facilities, including the selection of minority and women-owned business enterprises. The

services of Subproviders and equipment procurement will be obtained through a competitive bid

process conducted by the Service Provider with Authority oversight. In the event Customer
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decides not to proceed with the installation Project, Customer shall reimburse Authority for the

costs of any Work undertaken by Authority and/or its Service Provider in connection with the

procurement process and the associated cost and expense of same.

6. Installation.

(a) General. After Authority and Customer have entered into a CPC for

installation Work, the Service Provider and/or its Subproviders will perform the Work pürsüãñt to

the design and technical specifications set forth in such CPC.

(b) Substantial Completion and Operation Transfer Rep_ort. After Customer has

inspected, tested and accepted the Project equipment, or portion thereof, installed by the Service

Provider, the Parties will execute a Substantial Completion and Operation Transfer Report for the

coropleted portion of the Work signifying (i) that Customer accepts responsibility for operation

and maintenance of the installed equipment, (ii) that the Project, or specified portion thereof, is

substantially complete, and (iii) the commencement of any warranty period.

(c) Final Insoection Recort. Upon completion of the Work, Customer and

Authority (or their duly authorized representatives) shall promptly inspect the entire Facility, or

applicable portions thereof. Authority or its Service Providers will confinn that the Work has been

satisfactorily completed according to the provisions of this Master Agreement and the applicable

CPC. Authority and Customer shall jointly sign a Final Inspection Report.

7. Mainteñañce and Post-Installation Audit. Authority will provide Customer with

information regarding the maintenance of Project installations and recommendations for

appropriate replacement equipment to be used in those installations to facilitate proper usage and,

if applicable, energy savings at Customer's Facilities. After the Project installations are

completed, Customer shall use reasonable efforts to see that such maintenance and materials

instructions are followed at its Facilities. While any portion of the Customer's Short-Term

Repayment Obligation remains outstanding, Authority may, upon reasonable notice to Customer,

audit installations in Customer's Facilities to evaluate compliance with such maintenance and

materials instructions.

8. Project Closeout for Capital Projects. Notwithstanding the terms set forth in the

CPC or Final CPC, the Customer shall, within the time specified in the Final CPC, (a) repay the

Short-Term Repayment Obligation or (b) convert the Short-Term Repayment Obligation to a

Long-Term Repayment Obligation and enter long term repayment consistent with the Authority's

policies and procedures. The Customer shall make payment of that portion of the Short-Term

Repayment Obligation that is not converted to the Long-Term Repayment Obligation upon receipt

of the Authority's invoice and in accordance with the terms of this Master Agreement. The Short

Term Repayment Obligation, as set forth in the Final CPC, shall include the Authority's estimate

of Short-Term Interest to be accrued between the issuance of the Final CPC and conversion to long
term repayment.

9. Authority Oblications. In addition to the obligations otherwise set forth herein and

the respective CPC, Authority shall require the Service Provider to adhere to the Project's design
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and technical specifications as set forth in the CPC and minimize any interference with the normal

operations at Customer's Facility.

10. Customer Obligations. In addition to the obligations otherwise set forth herein and

the respective CPC, Customer shall promptly review all completed installations. Customer shall

review and approve, as may be required, any corrective or restoration Work resulting from

improper work by the Service Provider.

11. Customer-Supplied Equioment and/or Work. Customer and Authority may agree

in the CPC for the provision of Customer materials and/or completion of Customer work in

connection with a Project, independent of Authority. If so, then Customer shall be responsible for

any changes to the Project schedule, scope of Work or any increase in the Total Reimbursement

Costs caused by Customer due to non-delivery of Customer materials or non- or late performance

of Customer work and Authority shall issue any necessary Contingency Work Order or Change

Order, as applicable. Authority may suspend its Work on the Project until Customer approves

such Change Order. Furthermore, if the Customer does not meet the Project schedüle with respect

to Customer materials and/or Customer work, Authority has the right to terminate the Project if

the delay is not cured within fifteen (15) days of written notice thereof by Authority to Customer

and turn it over to Customer for completion without any liability on the part of Authority.

* * * * *
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Authority

EXHIBIT C

ADVISORY SERVICES TERMS AND CONDITIONS

1. Application. In addition to the terms and conditions set forth in the main body of

this Master Agreement, these Advisory Services Terms and Conditions shall apply to all Advisory
Services Projects provided by Authority or Service Provider to Customer pursuant to the Master

Agreement.

2. Advisory Services. Upon Customer's request, Authority may provide any or all of

the Advisory Services described below. Advisory Services may be provided by Aüthu11ty
employees and/or Service Providers with expertise in the area as determiñêd by Authority.

Authority and Customer will cooperate in good faith during the performance of such Advisory
Services.

3. Description of Services

(a) Review. Review of information provided by the Customer regarding,

among other things, Customer's site conditions, future plans for modifications to facilities,

operations and/or usage, historical utility data, any relevant strategic plans or initiatives, and other

relevant requirements that are specific to Customer.

(b) Meetings. Participate in meetings and conference calls as mutually agreed

upon by the parties as being in the best interests of the Project or as otherwise detailed in the

Customer Project Commitment.

(c) Site Observations. Observe Customer's facilities, physically or remotely
via electronic means as deterinined by the Authority to assess the condition of existing equipment

and physical site conditions.

(d) Analysis. Analyze data presented by Customer and/or collected by or on

behalf of the Authority. Outreach to appropriate third parties as necessary to coordinate and/or

collect additional data.

(e) Advice and Guidance. Deliver oral or written advice, guidance and other

recommendations communicated via in person meetings, telephone conversations, or

correspondence.

(f) Deliverables and Revorts. Prepare reports, memorandums, and other

documents that memorialize the advice, guidance and recommendations delivered to the Customer

and support the Customer's underlying project, where applicable.

The foregoing descriptions are given by way of example and not by way of exclusion.

Advisory Services may include services that have not yet been developed or approved by Authority
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to date, provided such services are described in a CPC signed by both Parties to this Master

Agreement.

4. Further Assistance: Information. In addition to the obligations set forth herein and

the respective CPC, Customer shall provide Authority and/or Service Providers with such

assistance as may be required to perform the Advisory Services. This may include, but is not

limited to, providing access to the Customer's Facility(ies), information such as historical utility

data, maintenance logs, existing feasibility studies, reports, equipmêñt drawings or any other

information or services reasonably requested by Authority and/or Service Providers.

* * * * * *

Signature: at5RV/ML/KT5Y Sig.et.re: fA w
mERVINR.LIVSEY(Jul23,2019) JohnCanale(Jul23,2019)

Email: blivsey@highlands-ny.gov Email: john.canale@nypa.gov

Title: Town of Highlands Supervisor Title: VP Strategic Supply Management

Company: Town of Highlands company: New York Power Authority
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey <Jeffrey.Laino@nypa.gov>

Sent: Tuesday, July 23, 2019 8:52 AM
To: Richard Sullivan

Subject: FW: [EXTERNAL]Town of Highlands_ES_MCRA_2019 between New York Power Authority

, mERVIN R. LIVSEY and John Canale is Signed and Filed!

Attachments: Town of Highlands_ES_MCRA_2019 - signed.pdf; NYPA Street Lighting Authorization to

Proceed.pdf

Hi Richie,
See attached signed MCRA. Also attached is the Authorization to Proceed. Once I receive the ATP I can initiate the

project and get an engineer assigned to the project so we can schedule a kick off meeting.

Thank you for your help with moving this along!!

Jeff

From: New York Power Authority <echosign@echosign.com>

Sent: Tuesday, July 23, 2019 8:39 AM
To: Canale, John <John.Canale@nypa.gov>; Parille, Lindsay <Lindsay.Pari||é@ñypa.gov>; mERVIN R. LIVSEY

<blivsey@highlands-ny.gov>

Cc: Paine, John <John.Paine@nypa.gov>; Laino, Jeffrey <Jeffrey.Laiñ0@ñypa.gov>

Subject: [EXTERNAL]Town of Highlands_ES_MCRA_2019 between New York Power Authority , mERVIN R. LIVSEY and

John Canale is Signed and Filed!

CAUTION - External Email
Suspicious? Click Report Phishing on Outlook toolbar. For Mobile forward to (abuse@nypa,gov)

1
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Town of

Highlands_ES_MCRA_2019

between New York Power

ÿ Authority , mERVIN R.

LIVSEY and John Canate is

Signed and Filed!

From: NEW YORK POWER AUTHORITY - Lindsay Parille
(New York Power Authority )
To: John Canale, NEW YORK POWER AUTHORITY -

Lindsay Parille and mERVIN R. LIVSEY

Cc: New York Power Authority John Paine and
jeffrey.laino@nypa.gov

Attached is a final copy of Town of
Highlands_E5_MCRA_2019.

Copies have been automatically sent to all parties to
the agreement.

You can view the document in your Adobe Sign
account.

Why use Adobe Sign:

• Exchange, Sign, and File Any Document. In Seconds!

• Set-up Reminders. Instantly Share Copies with
Others.

• See All of Your Documents, Anytime, Anywhere.

To ensure that you continue receiving our emails, please add echosign@echosign.comto your address book or safe list.
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NEW YORK NY PowerSTATE OFq°"™""
Authority

ANDREW M. CUOMO JOHN R. KOELMEL Gil C. QUINIONES
Governor Chairman President and Chief Executive Officer

April 5, 2019

Supervisor Bob Livsey

Town of Highlands

254 Main Street

Highland Falls NY 10928

RE: Energy Services Program
Authorization to Proceed with turn-key street light project
Town of Hiahlands- LED Street Liahtina

Dear Supervisor Livsey,

The New York Power Authority (NYPA) is excited to support the Town of Highlands in identifying and

implemêñting a comprehensive street lighting upgrade. Improving the existing street lights is a widely used

and effective strategy to achieve the goal of reducing energy consumption, lowering utility costs, and improving

light quality throughout the community.

Consistent with the Master Cost Recovery Agreement, NYPA provides a turn-key solution to upgrade the Town

of Highlands's existing street lights to energy efficient LED techñóiógy. NYPA is pleased to offer these services

to replace approximately 167 existing street light fixtures with new high efficient LED technology.

By signing below, the Town of Highlands authorizes NYPA to proceed with the full turn-key solution of the LED

street lighting project, which includes the final design report, conducting bids for materials and insta!!ation

labor, providing construction management, and commissioning the final project. When the design and bidding
is completed, you will receive an Initial Customer Installation Commitment (ICIC) for your review and signature.

At this point, if you choose to proceed to project implemêñtation all devê|0pment costs will be rolled into the

overall project. Conversely, should you decide not to proceed with the implementation of the project, the Town

of Highlands agrees to reimburse NYPA for all costs incurred up to the termination date for the devê|õpment,
design and bidding of the project. The cost of devê|0piñg the design and for bidding the materials and labor

will be determined during the next phase. NYPA will be fully transparent through this process and provide

complete documentation as to how it determined all project costs.

By signing below, affirm that you agree to these conditions:

123 Main Street, White Plains, NY 10601 | 914-681-6200 | www.nypa.gov
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NEW YORK NY PowerSTATE OFq°"™'"
Authority

ANDREW M. CUOMO JOHN R. KOELMEL Gil C. QUINIONES
Governor Chairman President and Chief Executive Officer

PAGE 2
AUTHORIZATION TO PROCEED - Town of Highlands

Joseph Rende

(Name,printed) (Name,printed)

Senior Director, Customer Business

Development
(Title) (Title)
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ENERGY SERVICES PROGRAM
MASTER COST RECOVERY AGREEMENT

ThisMas1er Cost Recovery Agreement (this "Mas1er Agreement"), dated Jul23,2019

. is entered in1o by and betaeen POWER

AUTHORITY OF THE STATE OF NEW Y ORK, acorporatemunicipal instrumen1ality of the

State of New York Wth offices located at 123 Main Street White Plains, Nea/ York 10601

("Authority") and theTovmofHighlands, a municipality Wthofficeslocated at 254MainStreet

HighlandFalls, NY 10928("Customer").

WHEREAS,PublicAuthorites taw§1005(17) permits theAuthority,asdeemed feadble

and advisable by theTrustees, tofinanmand design, develop, construct implement provide and

adminisler energy-related project programs and ærvims for any public ent ty and cer1ain other

gacified ent ties and

WHEREAS, the Trus1ees have authorized the es1ablishmentof the Authority's Energy
Services Program ("ESP") to include, among other things, energy efficiency projects and services,
dean energy technology projects and ærvices and high-performanœ and sus1ainable building
projects and services (induding technologies thatredum air and other polluton and onserve

materials and remurces such as water); and the constructon, installaton andhr operaton of

facilitesor equipmentdone in connecton Wthanysuchproject programsorservices and

WHEREAS,PublicAuthorites taw§1005(17) permits Customer, a publicenity, to enter

into an energyservimscontractWththeAuthorityforsuchenergy-related project programsand

ærvimsasauthorizedbyPublicAuthoriteslave and

WHEREAS, Authority and Cus1omer dedre10verk tgether 1o da/elop and implement

Projectscontemplated undertheESP and1o enterin10thisMas1erAgreementasmoreparicularly
stforthherein.

NOW, THEREFORE, Authority and Cus1omer (æmetmes referred10hereincollectvely
as the

"Parties"
and individually as a "Party"), in consideration of the mutual covenants and

anditonscontainedhereinand in theserecitals, herebyagreasfollows

DEFINITIONS

The follovüng definitonsapply for all purpossof thisMas1erAgreement

"Advimry
Services"

means the consulting services provided by Authority or Service

Providers10asist Cus1omer in itsefforts to redumenergy consumpton and as-ociated operatons

and maintenanœcos$ 1orealizeenvironmen1al benefit induding butnotlimited10thereducton

of air polluton; to conserve natural remurces andhr facilitate theuseofdean energy murms at

Customer's Facilities.

"AdvimryServicesTermsand
Conditons"

means the additional terms and conditionsset

forth in Exhibit C applicable to Advimry Services Projects provided by Authority or Serviœ

Provider to Customerhereunder.
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"Ancillary
Documents'

means documents, other than this Mas1er Agreement and the

Custmer ProjectCommitment (and documents thatmodify them, such as ChangeOrders and

Contngent Work Orders), overing informaton necessary for theimplementaton of a specific

Projectsuchasauthorizatons,SubstantalCompletonandOperatonTransferReports, Milestone

CompletonReportsand Final InpectonReports, et

"Authority's Authorized
Reoresentative"

means an individual designated by Authority in

amordancevdthSecton101(b) bcoordinaleaProjectonbehalfofAuthority and tocommunicate

vdthCus1omeroncerningsuchProject

"Authority Implemented
Work"

means Work undertaken by Authority for Customer as

more fully st forthinaCPC (subjectt the terms and conditonsof thisMas1erAgreementand

any applicable Transacton Document) through the ærvices of qualified Service Providers or

Subprovidersengaged byAuthority.

"AuthorityMaterial
HandlinaFee"

is a fee applied by the Authority to the cost of materials

purchased directy by theAuthorityforaProject vvhereapplicable, toreimbursetheAuthorityfor

procurement material handling, storage andhr restocking. The amount of such fe, vvhen

applicabletoaProject will besetforthintheCPC, assuperseded by theFinal CPC.

"AuthorityProgram
Fee"

mean Authority's fee applicable10eachProject Detailsofthe

AuthorityProgramFevüll besetforthintheCompensatonSchedule, attachedheretoasExhibit

A, andtheamountofsuchfeevüII bestforthintheCPC, assupersdedby theFinal CPC.

"Background Intellectual Property
Rights"

means Intellectual Property Rights of a Party

omed, controlled, acquired, developed, invented, generated, authored, cuiwived or reduced t
practœpriorlothe dateofthisMas1erAgreement or acquired parallel 10andindependentofthis

MasterAgreementoranyTransacton Documentsentered into under thisMasterAgreement

"Capital
Project"

is a Project involving the design, construction, installation and/or

modification of facilities and/or equipment in Customer's Facility.

"Capital
ProjectTermsandConditionS'

means the additional terms and conditions set forth

inExhibitB applicabletoCapital Projectsprovided byAuthorityorServimProvider to Customer

hereunder.

"ChangeOrder"
is a Transaction Document that memorializes a modification to theCPC

thatcannotbemade by Coningency Work Order, settng forthagreed-upon additons, deletons

orrevisionsiotheWork, and thecostandhr Umeimpactio theProject

"CompensatonSchedule"
is a schedule attached hereto as Exhibit A settng forthdetails

about the Authority Program Fe and other relaant Project costs, vvhere applicable, for the

differentærvicesofferedbyAuthority underthisMas1erAgreement

"ContnqencyWork
Order"

is a Transaction Document that memorializes the Authority's

uæof theProjectContngencyforaProject suchuæ10bereflected on sub pentCPCsthatare

executedfortheparicularProject
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"Customer's Authorized
Representative"

means an individual designated by Customer in

amordance Wth Secton 101(a) , to mordinate a Project on behalf of Customer and to assist

Authority, itsServiœ Providersand SubprovidersWth the implementaton of the Project

"Customer Project
Commitment'

or
"CPC"

is a Transaction Document containing terms

and conditions for one or more specific Projects at a Customer's Facility(ies) that includes, at a

minimum, the location of Customer's Facility, a detailed scope of Work (including a description

of milestnes if any), the projected Projectcostsand any specificpaymenttermsapplicable t the

Project

"Debris"
shall mean unregulated materials removed from a Customer Facility and

unsuilable for further us.

"Environmen1al
Law5'

means all current and future federal, state and local laws (including
ammon law), treates, regulatons, rules, ordinances, odes, decrees, judgment directves, orders

(including onænt orders), environmen1al permit and obligatons and other requirements

imposed by any "Governmental
Authority"

(as defined herein), including New York State

Department of Environmental Conservation ("NY S DEC") Technical Administrative Guidance

Memoranda and other guidance documents issued or published by any Govemmental Authority,

in each cas, relatng 10 polluton, protecton of the environment natural resources, or protecton

ofhuman health and safety from conditions in the environment, the presence,
"Release"

(as defined

herein) of, threatened Release of, or exposure to, "Hazardous
Substances"

(as defined herein), or

10 the generaton, manufacture, processng, distributon, use, treatment storage, transport

recyding or handlingof, orarrangementforsuch actvitiesWth respectto, HazardousSubstances

"Environmental
LiabilitieS'

means all liabilities, obligations, damages, losses, claims,

actons, suit judgment orders, fines, penaltes, fees, expenss, and cost relatng to

environmen1al conditons or actvites, induding (i) Remediaton asts, engineering cost

environmen1al consullant and expert fees, labora1ory fees, permittng fees, investigaton cost

defense costs, and reasonable
attorneys'

fees and expenses; (ii) any claims, demands, and causes

of acton relatng to or resuling from any permnal injury (induding wongful death), property
damage (real or permnal) or natural remurce damage; and (iii) any penaltes, fines or costs

aszciated Wth the failure to comply with any Environmental Law

"Enerqv Servims
Proaram"

or
"ESP"

includes energy efficiency projects and services;
dean energy technology projects and services high-performance and sustainable building
programs and ærvims (induding technologies that reduce air and other polluton, conærve

materials and remurces such as water); and the constructon, installaton andhr operaton of

facilitesor equipmentdonein connecton Wth any such project programsand ærvices

"Facility"
means the building, structure or premises owned and/or operated by Customer

that may benefit from Customer's participation in Authority's ESP Program.

"Final
CPC"

means the document that reflects the final reconciliaton of Projectcostsand

all amendments10 the CPC thatisimued by Authority 10 Cusiomer upon completon of the Work

for a Project
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"Final Inspecton
Report"

means the report, if any, to be executed by Authority and

Custmer after completon of a Project

"Hazardous Substances"
means (i) any petroleum, petroleum products or byproducts, and

all other regulated hydrocarbons (induding vdthout limitaton, petrochemicals and crude oil), or

any fract on thereof, wal ash, radon gas, asbests, asbestos-containing material, urea

formaldehyde, pdychlorinated biphenyls, chlorofluorocarbons, and other ozone-depletng

sJbs1ances and (ii) any chemical, material, subs1ance, product or wasle (induding thermal

disharges and hazardous wasle) that is prohibited, limited, or regulated by or pursuant 10 any
Environmen1al Laws

"Intellectual Property
Riahts"

means any and all intellectual property rights, including, but

notlimited 10 rightsin any and all of the follovdng: (i) technical informaton and know-hove (ii)

diroveries, improvement enhancement upgrades, inventons, (vvhether or not patentable); (iii)

patent patent applicat ons, patent dislosures, and any other patentable subject matter, (iv)

mpyright applicatons to register copyright verks of author ip and any other copyrightable

vorks (v) trademarks, tradenames, trade dreæes, brand names, logosand smilar marks (vi) any

te1ches, dravüngs, outines, drafts (vii) computer æftware (induding murm code, execulable

ade, databass, dala and related documen1aton); (viii) trade screts and know-hovv and (ix) all

improvemen1sor modificatons to any of the foregoing.

"Labor
Cost"

is that portion of the Total Reimbursement Costs for installation labor

performed by Serviœ Provider and Subprovider in connecton vdth the Work performed in

œnnect on vd th a Project pursuant to a CPC bawd on this Master A greement Such costs vdll be

detailed in each CPC.

"Long-Term Reoayment Obliaat
on"

means the obligation of Customer to repay A uthority
in accordanœvdth and subject io the terms of a loan agreementafter conversion of a Short-Term

RepaymentObligaton.

"Material
Cost'

is that portion of the Total Reimbursement Costs related to equipment,

materials and supplies in connecton vd th the Work performed in connecton vd th a Project

pursuant 10 a CPC bawd on this Mas1er Agreement Such costs vdll bedelailed in each CPC.

"Milestone Complet on
Report"

means a document generated by Authority or Service

Provider thatidentfiesa milestone(s) satsFactorily compleled during the progres of a Project or

phase of a Project (i.e., design, construction, or otherwise), signifies Customer's concurrence with

the completion of such milestone and represents Customer's authorization to proceed to the next

milestone or phase of the Work, as applicable

"Other A greement"
means any stand-aloneagreementsentered into between the Partes at

any ime, including, vdthout limitat on, non-dislosure agreement privacy agreement or grant

agreement but shall not include any Mas1er Cost Recovery A greement Energy Efficiency
Services A greement or other agreements goveming ærvices under the ESP entered into by the

Parties prior 10 the executon of this Mas1er A greement

"Project"
means any project or service undertaken through Authority's ESP pursuant to a

CPC bawd on this Mas1er A greement
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"ProjectContngency"
means a defined budget to be utilized at the Authority's discretion

inaccordanœWthSecton23hereoffor,amongotherthings, unexpected costsand expenses that

may ariseduring theperformanceofaProject(usuallycalculated asapercentage ofMaterial Cost

andLaborCost).

"Release"
means any actual or threatened release, spill, emission, emptying, escape,

leaking,dumping, injecton, pouring, deposit disposal, dimharge,dispersal, leaching,ormigraton

inlotheenvironmentorWthinanybuilding, structure, facility, or fixture andhrtheexacerbaton

of any preexistng conditonofHazardousSubs1ances

"Remediaton"
means the investigaton (induding any feadbility studies or reports),

deanup, removal, abatement trangor1aton, disposal, treatment (including in-situ treatment),

management slabilizaton, neutralizaton, collecton, orcon1ainmentofHazardousSubs1anœsand

any Release(s), that may be required b satsfy Environmental Laws, in each cas, including,

Wthoutlimitaton, any dosure, restraton or monitoring, operatons and maintenanœ actvites,

induding any engineering or insttutonal controls, thatmay be required by any Govemmental

Authority after the completon of such investgaton, study, cleanup, removal, transpor1aton,

disposal, treatment neutralizaton, collecton, orcon1ainmentactvitesasvdlastheperformance

of any and all obligatons impowd by any Govemmen1al Authority in connecton Wth such

investigaton, cleanup, removal, transportaton, disposal, treatment (induding in situ treatment),

management stabilizaton, neutralizaton, collecton, or containment (induding any such

obligatonthatmaybeimposed pursuantb anEnvironmental permitor a ansentorder).

"ServiœProvider(s)"
means a third party provider of goods and/or services that Authority,

acing asthecontracing ently, contractsWth through its procurement policies, procedures and

guidelines10perform Work in onnectonWthaProjectatCus1omerFacilites

"ServiœProviderFees"
means the costs associated with the payment to Service Providers,

itsSubprovidersandotherthird party profemionalsforWork performedWth respectio aspecific

Project ServiœProviderFeesvdll bedelailed ineachCPC.

"Short-Term
In1erest"

is a cost component of the Total Reimbursement Costs of a Project

repreæntng the costs incurred by the Authority in onnecton Wth financing the delivery of a

Projectduring theimeWthinwhichsuchfundsremain unpaid by Custmer.

"Short-Term Repayment
Obliaalion"

refers to Customer's obligation to reimburse

Authorityforthecostsofdelivering aProject asidentfied in theFinal CPC.

"Short-Term RepaymentObliaaton Malurity
Date"

means the date set forth in the Final

CPC,nolaterthanninety (90) daysfollovüng theapproval oftheFinal CPC.

"SpecificSubjectMatter"
shall mean intellectual property rights, Authority's liability and

limitaton thereof, Project vvarrantes, and amendments to this Master Agreement andhr any
Transacton Documents

"Subprovider(s)"
refers to individuals or entities retained by the Service Provider(s) to

perform all or partof theWork.
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"Substant al Complet on and Operat on Transfer
Report"

is a document signed by the

Part es signifying that theequipmentandhr facilites installed at the Project have been inspected,

lested and accepted by Custmer.

"Third
Party"

means any utility company, permit agency, governmental authority having
jurisjicton over a Project any ontractr or serviœ provider hired by Custmer, or any other third

party that is not a Serviœ Provider or Subprovider but is, directy or indirecty, involved in or

whow approval is required in onnecton vd th, a Project and not under contract directy or

indirect y, vd th the A uthori ty.

"Total A nnual E nerav
Savings"

is the estimated net reduction in Customer's annual usage

of (a) energy ærvice, (b) other ut litesincluding, butnotlimited 10, water and smer, and (c) any
related operaton or maintenanœ savings, if applicable, resuling from the installat on of one or

more energy onservat on measures in amordanœ Wth this Master A greement

"Total Reimbursment
Costs"

is the sum of all of the costs of a Project as st forth in the

CPC and Final CPC, induding, but not limited to, to the extent applicable to sJch Project (1)
Material Cost (2) Labor Cost (3) the amountof the Project Cont ngency applied asa Project cost

(4) Serviœ Provider Fees; (5) A uthority Program Fee; (6) Short-Term Inierest and (7) other

Project-related costsand expenæs

"Transact on
Document(s)"

means with respect to a Project, this Master A greement and

any related Cus1omer Project Commitmentand any document that modify them, such as Change

Orders and Contngency Work Orders

"Waste"
refers to waste PCBs (as defined by the United States Environmental Protection

Agency ("USEPA") in 40 CFR Part 761) and hazardous waste (as defined by the USEPA in 40

C FR Part 261 and the NY S D EC in 6 NY C R R Part 371) as vall as other material regulated for

purposes of releas, reuse, disposal, or recycling (ag. C FCs, ethylene gl ycol, mercury, oil ,

asbestos), which form a part of the equipment removed from Custmer Facil it es due to

implemening the Work. Disposal of such Wasle shall be onduc†pd in accordance W th the

provisionsstforth in A rt cle I V .

"Work"
means the services performed for Customer for a selected Customer Facility

pursuant le this Mas1er Agreementand the other T mosact on Documentsfor a Project The Rope

of Work shall be derribed in the CPC, asamended by submquent Change Orders, Contngency
Work Orders, and theFinal CPC.

A R T I C L E I

SC OPE A N D A PPL I C A T ION O F AG R E E M E NT ;

O R D E R O F PR E C E D E NC E

1.1 Transact on Documents In connect on W th each Project the Part es vü II, either

œncurrent y W th or subsequent y t this Master A greement, enter into one or more Customer

Project Commitments, or similar memoranda, that define a specific Project(s) and the costs and

fees as ociated vd th such Project and a&ociated A ncillary Documents E xcept as othervds

expresdy st forth therein, all Transact on Documents, upon executon by the Part es, shall be
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governed by the terms and anditons of this Mas1er Agreement Each Transacton Document

all contain a specific reference to this Master Agreement and CPC, as applicable This Master

Agreement does not obligate Authority to amept requests for Projects issued by Customer or

obligate any Party to enter into a CPC.

1.2 Entre Agreement Subject to the provisions of Secton 1.4 below, Wth respect to

aProject thisMaster Agreement (including ExhibitsA, B, and C and any other exhibit Thedules

or appendiœs heret) and any Transacton Document which specifically references a Project,

anst tute the ent re agreement betveen Authority and Custmer oncerning such Project and

sJpersdes all prior negotatons, repreænlatons, contracts and agreements concerning such

Project

1.3 Conflictand Order of Prewdence In the eventof a conflict betveen the terms of

this Master Agreement and the terms and conditons set forth in another Transacton Document

or betveen the terms of tvo or more Transacton Documents in effect for a Project the order of

precedence shall be a follows (i) the terms of the CPC for such Project (as amended by

Contngency Work Orders andhr Change Ordersand assupersded by the Final CPC) but mlely
with respect to the price (i.e., the Project's Total Reimbursement Costs), payment terms, and scope

of Work (including derripton of milesiones) of the Project (ii) the terms of this Mas1er

Agreement (iii) the remaining terms of the Project CPC; and (iv) the terms of any Ancillary
Document NotWthstanding the foregoing, the Partesagre that Wth respect to SpecificSubject

Matters, if the terms of a Transacton Document conceming a Specific Subject Matter are more

favorable 10 Authority than the respectve terms st forth in this Mas1er Agreement the more

favorable termsof the Transacton Documentshall prevail Wth respectio the Project t which it

relates (By way of example, if a Transacton Document includes a term that dialaims any
verrantes by Authority (or Serviœ Provider) for Work performed, such term vould prevail over

the warrantessetforth in Secton 7.1. hereof.)

1.4 Other Agreements This Master Agreement supersedes all Master Cost Reœvery

Agreement Energy Services Agreements or other agreements goveming servims under the ESP

entered in1o by the Partes prior 10 the executon of this Mas1er Agreement NotWths1anding the

foregoing, thisMas1er Agreementdoesnotsupersdeand doesnotapply10any Other Agreements

existng betveen Cus1omer and A uthority. Any projects which A uthority has under1aken or

undertakes at Customer Facilites pursuant to such Other Agreement or under prior Energy
Services Agreements under which projects remain incomplete as of the date of this Master

Agreement, shall begovemed by thoseagreementsand relateddocument unlessotherWseagreed

in witng. Terminaton of this Mas1er Agreement shall have no effecton the Other Agreements

which Wll remain in full force and effectaccording 10 their respectve terms

1.5 Amendments This Mas1er Agreement and any other Transacton Document

executed in onnecton heredth may be amended only in witng signed by an authorized officer

or designee of Authority and Cus1omer.
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A RT ICL E II

GENERAL PROJECTSTRUCTURE

21 Customer Proiect Commitment or CPC. For each Project undertaken under this

Master Agreement the partes vüll enter into one or more CPC(s), each of which Wll state the

pecifictermsand conditonsapplicable tosuchProject segregaing theProjectinto logical phams

to be performed consecutvely. Each CPC vüll include, at a minimum, the phadng plan settng
forth howthe Project will proceed, the location of Customer's Facility, scope of Work, (including
derripton of milesiones, if any), projected To1al Reimburument Costs, and payment terms

The Authority is not obligated 10 commenœ any Work for a partcular Project unles or

untl a CPC is executed by Authority and Custmer. NotWths1anding the foregoing, the Partes

may agree t expedite the commencement of a porton of the Work amciated vdth a partcular

Projectprior to theexecuton of a CPC provided that thePartesmemorializesuch agreementprior

10 the ammencement of such Work in a vwitng thatsets forth the specific items of Work to be

œmmenœd and the aszciated cost of such Work. In such event Customer agrees to bear the

astsof any Work underlaken by Authority or its Serviœ Providersfor Cus1omer in preparaton

for or Wth respect t such Projector potental Projecteven if no CPC is ultmately executed.

22 Final CPC. As mon as practcable follovdng completon of the Work and receipt

of all invoices amciated Wth a Project Authority WII generate a Final CPC which vüII include

all Coningency Work Orders, and all agreed-upon Change Orders, if any. The Final CPC vdll

remncile the Total Reimbursement Costs set forth in the CPC on the basis of Authority's actual

asts and vdll mpersede all prior CPCs The Final CPC shall alm derribe the Project-specific

terms for the Work completed at the Facility or Facilities, Customer's Short-Term Repayment

Obligaton, and thefinal repaymentlerms Authority and Cus1omershall execulesuch Final CPC,

which shall be "deemed
executed"

unless Customer disputes such Final CPC in writing within

forty-five (45) days of the Authority's transmission thereof. If Customer timely disputes the Final

CPC, then the Partes shall endeavor to remlve the dispute as expeditousy as possble in

amordance vdth the procedures set forth in Secton 11.2, provided, hoever, that Customer shall

pay any undisputed amounts of Customer's Short-Term Repayment Obligatons st forth in the

Final CPC in accordanœ Wth Artcle V hereof.

23 Contngency Work Order. If unexperi costs and expenss aris during the

performanœ of a Project the Authority may utlize the Project Coningency, provided that (i) the

mope modificatons, if any, are condslent Wth the general nature of the Project (ii) the

modifications do not render the Project ineligible under the Authority's Energy Services Program

requirements and (iii) the cumulatve increamd Project osts do not exœed the Project

Contngency. Contngency Work Orders may be utlized to acount for, among other things,

remedial verk required duelo design or constructon omimions (whether remedial verk iscauæd

by omimions of Authority, its Serviœ Providers or Cus1omer) 10 the extent that the requirements

stforth above are met If therequirementsfor a Coningency Work Order arenotmet Authority
and Customer may negotate a Change Order asderribed in Secton 24 below
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As the Project Cont ngency is ut lized, the A uthority W II imue a Cont ngency Work Order,

vvhich shall be effect ve upon issuanœ and automatcally update the terms of the respect ve CPC
W thout the need for express Custmer approval. A ny object ons to the manner in vthich the

A uthority is ut lizing the Project Cont ngency must be raised by the Custmer in wit ng 10 the

Authority within seven (7) days of the Authority's issuance of any such Contingency Work Order,
or such other period of ime identfied in the Cont ngency Work Order. Failure 10 mmply W th

this not m requirement by the Custmer vdll bedeemed a waiver of any claim that (i) the Project

Contngency was used improperiy; or (ii) that payment on acount of such Cont ngency Work

Order is disputed. Upon rmumt the A uthority will provide Customer Wth periodic reports that

establish an account ng of how the Project Cont ngency is being ut lized.

24 Change Order. A ny party to a CPC may at any t me by witten notm b the other

party request modificatons to the Work derribed in the executed CPC. A uthority shall provide

Custmer W th a witten analysis of the effects of the requmtM modificaton(s) and, provided that

the reques1ed modificaton(s) do not materially al ter the general mope of the Project the Partes

vüII negotate a Change Order to the CPC. No Change Order shall lake effect unt I itisapproved

W thin the t me period specified in the Change Order by A uthority and by Custmer in acordanœ

with Customer's procedures to authorize amendments to the CPC. In the event of a dispute over

a request for a Change Order, A uthority may elect b proceed Wth the Work in amordanœ W th

the zpe of Work as st forth in the CPC (as revisd by agreed-upon Change Orders andhr

Contngency Work Orders), or the dispute may be treated under the provisions of Secton 11.1

hereof.

25 Unforemen Circums1ances or Conditons In the event that circumstances or

conditions at Customer's Facility are encountered after a CPC is executed, that may require

changes to the Project Thedule andhr resultin an incream to the Total Reimburæment Costs of

the Project A uthority shall as mon as pract cable not fy Custmer. The CPC shall be revised by
a Contngency Work Order or a Change Order, asapplicable, 10incorporate necesary changes10

the Project Thedule, the speof Work andhr any increasin the To1al Reimburæment Costs as

a resultof the exis1ence of the unforemen circumstanceor conditon. Custmer shall amume any
increase in costs as part of its Short-Term Repayment Obligat on.

26 Third Party Obliqat ons The A uthority shall not be held respondble for any acton

or failure to act of Custmer, its officers, employees, agents, representat ves or any Third Party,

including, but not limited b, any delay in issuanœ or any non-issuanœ of a permit or approval

necessary to perform or close out the Work under a Project A ny changes b the Project zhedule

or mope of Work or any increas in the Tolal Reimburument Costscauæd by such act or failure

to act, shall be Customer's responsibility. If the Third Party conductnecemilates the imuanœ of

a Change Order 10 compensate the A uthority for any changes 10 the Project Thedule, mope of

Work or Total Reimbursement Costs resul t ng from such act or failure to act A uthority may
uspend itsWork on the Project until Custmer approves such Change Order. If Custmer fails to

approve the Change Order Wthin thirty (30) days of its issuanœ or the Projectis suspended as a

result for more than ninety (90) days, A uthority, in its sle diareton, may terminate all Project

Work and imue aFinal CPC asprovided in Secton 34(d) below

27 Executon and Dispu1es Reaarding Reports. The execut on of a Milestne

Completon, Final Inspecton, Substantal Completon and Operaton Transfer Report or smilar
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report(s) shall not be unrearnably vd thheld by either Party, and the Partesshall endeavor 0fully
execute such report vd thin thirty (30) days after its submittal t Custmer or it shall be deemed

executed unlessitwasdisputed by Custmer in witng vdthin such thirty (30) day period. In the

event of any disputes by Custmer Wth respect t such report(s), the Partes shall endeavor to

remlvesuch disputeas expeditously aspossblein acordanœ vd th Sec. 11.1 hereof.

2 8 Limitat on on Work in Certain Premises. A bsent the express witten consent of

A uthority, no Work of any kind shall be performed in any premissof Cus1omer uæd for private

busines um vdthin the meaning of Secton 141(b) of the U.S. Internal Revenue Codeof 1986, as

amended.

29 Eligibility Criteria Projects vdll be underlaken on an individual bass in

Customer's Facilities as deemed feasible and advisable by Authority and mutually agreed to by
A uthority and Custmer. A Projectvdll not promed unlessitsatisfies (asdetermined by A uthority
in its sole discretion) Authority's requirements related to reduction in overall primary energy costs,

energy conservation, results in environmental benefits and/or other requirements of the Authority's

Energy Services Program, then in effect

A R T I CL E I l l

SUSPE NSI ON A ND T E R MI NA T I ON OF PR OJ E CT S

31 Suspension of Work.

(a) Suspension by Customer. Custmer may direct A uthority to suspend Work

atany Custmer Facility by witten not w 1o A uthority. A uthority, and the Service Providersand

Subproviders, vdll thereupon ceaæ Work at that Facility as mon as pract cable

(b) Susoension by A uthority. In additon 10 any other right by A uthority t
mspend Work on a Projectstforth herein, A uthority may suspendWork atany Cus1omer Facility
if any of the follovüng occurs (i) Customer fails to make payment io A uthority vthen due; and

sch payment default congnues for a period of ten (10) days after witten notœ thereof by

Authority to Customer; (ii) circumstances or conditions at Customer's Facility are discovered after

a CPC isexecuted which require changes to the Project and/or result in an increase to the Project's

To1al Reimbursment Costs that cannot be covered by the us of any remaining Project

Contingency budgeted for the Project; (iii) a Third Party's act or failure to act causes a delay 10

the crit cal path of the Project zhedule that cont nues for a period of thirty (30) daysafter witten

not œ thereof by A uthority to Custmer, (iv) a delay caused by a Form Majeure event cong nues

for a period of fifteen (15) onscutvedays (v) the existenw of a hazard notcaused by A uthority
or its Service Provider(s) that threatens the safety and protecton of the dle, its inhabilants or the
public· or (vi) the exis1ence of an unforemen circums1ance or conditon the orrect on of vvhich

œuld rearnably be expec1ed t (A) create an unreamnable risk for A uthority or Serviœ Provider

notordinarily asæciated vdth projects of similar size and mope (asdetermined by A uthority); (B)
create a threat to life or safety of the inhabitanis or the public in general, or (C) violate applicable

federal, state or local lavvs, regulatons, codesor standards
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(c) Liability for Cost Incream as Resul t of Suspension. The suspension of

Work by either Party pursuant to the provisions of this Sect on 31 may adversely impact the

Project Thedule, the mope of Work andhr the T otal Reimbursement Costs The CPC may be

revised by a Contngency Work Orderor ChangeOrder, asapplicable, tinorporateany necessary
changes Custmer shall amume any incream in the Tolal Reimbursment Costs in full as partof

its Short-Term Repayment Obligaton unles the suspension was cauæd by the groæ negligence

or vdllful misonduct of A uthority, its Service Provider or Subprovider, in which cas Custmer

vüll not be reqx)nsible for any increase in the Total Reimbursement Costs to the extent such

increase iscaused by such gross negligenœ or vúllful misonduct

(d) Resumoton of Work A fier Susoension. In the eventWork on a Projectwas

æspended by a Party (whether pursuant to this Secton 31 or othervdse), A uthority and Customer

have t agre in wit ng that Work shall resume before any Work on the Project can cont nue In

the event Work issuspended for more than ninety (90) days, A uthority, in itsæle disreton, may
1erminateWork for thatProjectand A uthority shall imue a Final CPC asprovided inSecton 34(d)
below.

32 Emergency. If an emergency resultsin or could rearnably be expected10resul tin

permnal injury or loæof life or damage or harm 10 property or public safety, Custmer, actng in

good faith in order to prevent avoid or mitgate permnal injury or lossof life or damage or harm

10 property or public safety may direct a Serviœ Provider to suspend Work. Customer shall

providewitten nof ficaton to A uthority of thesuspension and eventsleading up to thesuspension

vdthin eight (8) hours after the emergency has been stabilized. Sectons 31(c) and (d) shall als

beapplicable lo a suspension under thisSecton 32

33 Terminaton of a Proiect A uthority may terminate a Project (and the related CPC)

at any time upon thirty (30)
days'

prior written notice to Customer. In addition, the following
incidents shall be deemed to immediately terminate a Project (i) closure, abandonment

destructon or material damage to the Facility for which Project Work is being performed; (ii)
reducton or eliminaton of energy savings or other modificaton to the Project that in the

Authority's opinion, renders the Project ineligible under the Authority's requirements for inclusion

in its Energy Servims Program , whether due10removal, by-paming or alteraton of equipmentor

due to any unforeseen event; (iii) discovery of asbestos or other hazardous material in Customer's

Facility thatimpedes the execut on of the Work; and (iv) failure by Customer to make payment io

A uthority when due and such payment default contnues for a period of thirty (30) days after

witten not m thereof by A uthority 10 Customer.

34 Act ons U Don Project Terminat on or CanœIlaton. In the event that a Project is

canceled or terminatedinwholeorin partsubsequentioexecutonofa CPC butprior to complet on

of such Project A uthority shall:

(a) Dixont nue or direct Serviœ Provider(s) to dirongnue all Work and the

plamment of all orders for materials, equipment or labor othervds required for the Project or

1erminated partof the Project as applicable;

(b) CanœI or direct Serviœ Provider 10 cancel all exising orders and

mbcontractsrelated t performance of the Projector terminated partof the Project asapplicable;
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(c) Take actons reaænably newmary, or as directed by Custmer inwitng,

for the protect on and preservaton of the Work and all Project-related equipment materials and

property within Authority's or Service Provider's possession and control; and

(d) Issuea Final CPC overing (i) thatporton of theTotal Reimbursement Cost

(exduding the A uthority Program Fe) actually incurred by A uthority at or prior t such

1erminatontancellaton both for the performed and for the terminated porton(s) of the Work

(induding, butnotlimited10, non-canœlable material and equipmentnotyetincorporated in10 the

Work); (ii) the costs for any additonal ærvices performed by A uthority or Serviœ Provider

pursuant1034(c) hereof; (iii) any Wnd-dovmcostsincurred by A uthority anditsService Providers

and Subproviders as a result of the termination/cancellation, along with Service
Providers'

and
Subproviders'

reasonable and customary overhead and profit on the Work not executed; and (iv)
the A uthority Program Fee. The A uthority Program Fee for a Project thatis terminated or canceled

prior 10 completon shall be as st forth in the Compensaton Schedule, unles otherWs agreed

upon by the Part es in the CPC.

A R T I CL E I V

E NV I R ONME NT A L PR OV I SI ONS

4.1 Hazardous Materials and Disposal of Waste and Debris

(a) General Responsibilit es With respect t A uthority Implemented Work,

A uthority shall require thatServiœ Provider andhr Subprovider (asapplicable) beresponsible for

environmen1al air moniloring and thoroughly deaning thejob site, induding the removal of Waste

and Debris generated as a result of a Project Such removal may involve the management

transportaton and disposal of Waste and Debris If in the course of performing the mope of the

ProjectWork asderribed in the CPC for any A uthority Implemented Work, A uthority enounters

existng Hazardous Materials, induding but not limited 10 Wasle, any such materials shall be

handled, transported and dispowd of in accordanœ W th applicable local, state and federal laws

and regulations, as well as Authority's policies and procedures.

(b) Custmer is Generatr of Wasta The Custmer acknovUedges that in

amordance Wth USEPA and NY S D EC regulatons, itis, and remains the Generabr of, and holds

t te t, any Waste encountered during Work performed pursuantio this Master A greement If the

Customer holds a Hazardous Waste "Generator Identification
Number"

for the specific site where

vork isbeing performed (asdefined in Secton 3010of Subt t e C of RCRA), that number W II be

utilized for any and all hazardous waste disposal. If a Hazardous Waste "Generator Identification
Number"

does not exist, one may need to be obtained from the USEPA for each site from which

A uthority removes Waste The Customer authorizes A uthority, where required by USEPA andhr

NY S DEC regulatons, 10 apply in the name of the Custmer for Hazardous Waste Generator

Identficaton Numbers in order to dispose of Waste pursuant to this Master A greement and to act

as the con1act Party for such applicatons To the extent that the Custmer is the generatr of the

Wasle, a duly authorized repreænlat ve of the Cus1omer must sign such applicat ons when

requmtwi by A uthority. The Cus1omer alm authorizes A uthority, where required by USE PA

andhr NY S DEC regulat ons, t prepare, in the name of the Custmer, any manifests or other

forms required for the disposal of the Waste generated pursuant to actvites under this Master
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Agreement A duly authorized repreæntat ve of the Custmer shall sign any manifests or other

ipping records required to shipWaste offsite for disposal.

(c) Notficaton and Cost of Waste DisposaL With respect 10 Authority
Implemented Work, Authority shall advise Customer (vvhenever possible, in advance of removal)
vvhere material determined to be Waste has been enountered vvhich mustbe disposed of pursuant

10 USEPA and NY S DEC regulatons Authority shall keep the Custmer fully informed of

Authority's activities on its behalf and shall provide the Customer with copiesof all applicatons

and other materials provided or received in connecton Wth actons laken pursuant 10 this

authorizaton. The directcosts of Wasle disposal WII be induded in the Final CPC. Any costs10

Authority relatng to the Project that may arise mbsequent t the tme the Final CPC isexecuted

(or deemed executed) under present or future laws or regulat ons due to polluton, dean-up or

otherWse at the site of disposal shall be bome by the Custmer. If, hovover, such costs are due

to the negligence or willful acts ofAuthority's Service Provider or Subprovider or due to the willful

acts of Authority, the Cus1omer shall notbe responsible With respect10 Authority Implemented

Work, Authority all us reaænable diligenœ in overseeing the removal and disposal of Wasle,

all maintain œmplete and accurate records thereof, and shall make thoserecordsavailable to the

Custmer upon request In addit on, any exist ng equipment determined by the Customer to be

useful to the Customer may, at the Customer's request, be retained by the Customer and shall be

the sle respondbility of the Customer.

(d) Custmer Disposal of Wasia NotWthstanding the foregoing, the Customer

all have the opton of dispodng of Was1e and Debris generated as a resultof aProjectatitsovm

expens in acardance Wth all applicable local, state and federal laws and regulat ons, as voll as

Authority's policies and procedures.

4.2 Remediaton. The Customer shall be responsible for the performanœ of any
Remediat on required under applicable local, state and federal Environmental Laws in order to

address the existence or suspected existence of Hazardous Substances in, on, or under thejob site

thataredirovered or encountered during Work performed and any Releaseor threatened Releam

in, on, under, over or migraing 10, from or through thejob sla The Cus1omershall prompty lake

all act ons as are necesary 10 perform Remediat on of any such Releaæ or Disovery, and such

other verk as may be required by any Govemmen1al Authority t safeguard the health, safety or

volfare of any permns, the land and any improvements thereon or there under, from any Release

or threatened Releam or Disœvery. In the case any Remediat on is required, the Customer shall

be responsible for restoring the affected porton or port ons of the job site, together Wth any and

all affected wil and groundwater, 10 the funct onal and lopographical conditon that exisled prior

10 the Releam and Remediat on, asvell as10 the andit on required by Environmen1al Laws, and

as necemary 10 satsfy the requirements of any Govemmen1al Authority exercising jurisjicton

Wth respectio thejob die for such Releaseor Di xovery.

4.3 Environmental Indemnificaton. Cus1omer shall be slely respondble for any and

all loss, damage or injury to permns or property and for any deanup costs aszciated W th any site

vvhere Waste and Debris are disposed of or mmes to be s tuated induding, but not limited to,

responseand remedial costs In addit on, to the extent permitted by law, the Custmer shall, atits

æle costand expens, indemnify, defend and hold harmlesAuthority and the S1ate of NewY ork

against any loss, liability (including, without limitation, judgments, attorney's fees, court costs,
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penalt es or fines), or expenæs of any type (including, but not limited 10, required correct ve

actons) which Authority or theStateof NewYork incursbecauseofinjury to, ordeath ofany

permn, or on account of damage t property, or any otherd aim aridng out of, in annecton W th,

or as a consequenwof(a) thedispos t on or use of retained equipment by theCustmeroranyone

forwhowacts the Custmer may be liable, and (b) any cleanup costs amciated Wth any site

where Was1e andDebris are dispowd of or come to be s tuatedtraceablelosuch Waste andDebris

including, butnot limited 10, respons and remedial costs

ARTICLE V

RECOVERY OF COST S/REPAYMENT OBLIGATION

5.1 ProjectCost Authorityshall init ally pay for andhr incur asts for all components

of the Total Reimbursement Costs applicable to a Project at the selected Customer Facility.

Customer agrees to pay theAuthority theTotal Reimbursement Costs specified in therespective

CPCasreconciled by theFinal CPC.

5.2 Total Reimbursement Costs The follovüng amponents of the Total

ReimbursementCostsmaybe delineated in a CPCforaparicularProject

(a) Material Cost The Material Cost represents the cost of materials,

equipment, fixtures, tools, construcdon equipment and machinery, water, heat utlites,

transpor1aton andotherfacilitiesnecesaryforthe proper execut on and amplet onoftheWork,

whether temporary or permanent andwhether or not incorporated or 10 be incorporated in10 the

Work.

(b) Labor Cost The Labor Costrepreænts (i) the sum of all wages paid 10

skilled trade and craftvorkers, plusemployebenefits, payroll taxes,insuranœand related costs;

or (ii) the fees paid to skilled trade and craftverkers thatare notemployees, in each cas as

represented on
theServiœProviders'

or
Subproviders'

invoice.

(c) Proiect Contnaency. The Project Coningency, or a porton thersf,

actually applied by theAuthoritytotheProjectassetforthinaContngencyWork Order.

(d) Serviœ Provider Fees The Serviœ Provider Fees represent the costs

aszciated W ththepaymentofServiœProviders, Subprovidersand otherthird party professionals

bawd on actual invoices, individual billing rates bawd onhourly increments, or a percentage fee

applied 10 cer1ainProjectcosts plusreimbursable expenss;

(e) AuthorityProaram Fee TheAuthorityProgramFeereimburæsAuthority
for ærvicesprovidedbyAuthority duringtheimplemen1atonofaProject TheAuthorityProgram

Fee can be bawd on a permnlage fee applied 10 cer1ainProjectcosts, alump sum fee, individual

billing rates bawd on hourly increments andhr other fee arrangements ident fied in the

Compensat on Schedule

(f) Short-TermInterest Short-TermInterestreimbursestheAuthorityforcosts

incurred in connect on W thfinancingthedelivery of aProject ltisbased on theunderlying murce

of funds chosen by the Authority, in its sle disreton, to finance a Project during its
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implemen1aton and may vary depending upon the actual financing product the Authority ælects

In additon t the actual interestexpense incurred by the Authority on the short-term debtissued

for Project expenses, Short-Term Interest may indude additonal fees for administering the

financing program including but not limited to costs incurred to secure liquidity facilites,

remarketng ærvices, purchas of an interest rate cap(s), imuing and payment agents and other

financing related costsand creditpremiums, if any.

(g) Other Proiect-Related Costs Other Project-related costs may include

Authority Material Handling Fee, Was1e disposal costs, additonal Project-specific insurance,

wrety bond costs, specialty ærvicesand otherProject-specificcostsnototherWmincludedin any
of the above categories

5.3 Billina Thespecific billing method foreach Projectisztforth in the CPC andhr

the long-term financing agreement aszciated Wth the paricular Project The final repayment

amountdue to theAuthority WII be the Total ReimbursementCostsasreconciled in a Final CPC

10 reflectadjustmenis to account for payments made or additonal chargesincurred by Custmer

and will constitute the Customer's Short-Term Repayment Obligaton. In the event a Project is

1erminated beforecompleton, Authority shall imue a Final CPC asprovided in Secton 34(d).

5.4 Payment

(a) Payments Customer shall pay any invoiœd amounts t Authority Wthin

thirty (30) days of Customer's receipt of Authority's invoice. Any outstanding amounts not paid

vdthin such thirty (30) day period shall accrue additonal Short-Term Interestuntl the datewhen

payment is made in full. Such additonal Short-Term Interest Wll be reflected on submquent

invoimsandhr the Final CPC.

(b) Late Payment Customer's final Short-Term Repayment Obligaton shall

be fully repaid on or before the Short-Term RepaymentObligaton Maturity Date Any amount

due and unpaid on theShort-Term RepaymentObligaton Maturity Date shall be subjectio a late

paymentcharge determined as the greater of (i) interestin accordanœ Wth the late paymentrate

st forth in S1ate Finanœ Law §179(g); or (ii) the late charges payable under the terms of

Authority's electric service, in accordance with provision 454.6 (b) of Authority's Rules and

RegulatonsforPover Serviœ, assuch regulaton may beamended from ime to tme Authority,

in its sle dimreton, may vvaive the applicaton of such late payment charge for a Project upon

mfficientjustficaton demonstrated by Customer.

5.5 Grantsand Funding. Authority may pursue and apply for gran1sor other available

funding for therespectveProject whereapplicable, when authorized by Custmer. TheCustmer

may amign the right 10 receive such grants or other available funding 10 the Authority, and the

Authority may, atitszlediareton, ameptsuchasignment IfAuthorityacceptssuchasignment

the Authority Wll apply the funds to reduce the To1al Reimburument Costs, provided the funds

are actually reœived by the Authority by the ShortTerm RepaymentObligaton Maturity Data

5.6 Lonq-Term Financina for Capital Projects Should Cus1omer require financing 10

satsfy its ShortTerm Repayment Obligaton for a Capital Project the Customer may apply for

permanentlong-term financing through any of the financing products offered by the Authority to
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convert Customer's Short-Term Repayment Obligaton 10 a Long-Term Repayment Obligaton.

A uthority may agre b such financing, in its mledimreton. Regardlessof vuhether the Custmer

elects to utilize any of the Authority's available financing products, the Customer is responsible

for satsfying its Short Term Repayment Obligat on W thin the t me constraints set forth herein.

If the Custmer isinterested in any of the Authority's long-term financing products, itmust

indicateitsinterestby marking theappropriate sect on of the CPC for the design phaæof a Capital

Project To be eligible for the Authority's long-term financing products, Cus1omer must comply
with the Authority's policies and procedures for long term repayment. If Customer's long-term

financing applicaton is approved by the A uthority, the Part
es'

obligat ons W th respect b long-

1erm financing WII besetoutin a separate loan agreement W th terms and conditonsagreed to by
the Partes This long-term financing opton W II allow the Custmer to convert the Short-Term

Repayment Obligat on b a Long-Term Repayment Obligaton.

A R T I CL E V I

I NSU R A NC E R EQ U I R E ME NT S.

Authority's agreements with the Service Providers shall provide that the Service Provider

or Subproviders shall ob1ain and mainlain the policies of insuranœ W th the identfied limits st
forth in Secton 61, unlesadditonal policiesof insuranceandhr higher limitsare required under

the applicable CPC. The costs of such insuranœ W II be partof the To1al Reimbursment Costs

61 Insuranœ Reauirements

(a)
Workers'

Compensat on (inclus ve of Neev Y ork S1ate disability benefits)

and Employer's Liability coverage;

(b) Commercial General Liability insurance policy, including Contractual

Liability and Products.Completed Operatons Liability coverages, W th limits of not les than

$2,000,000 per ocurrenœ for bodily injury and not less than $2,000,000for property damage,

sch policiesnaming A uthority, Customer and the State of NewY ork as additonal insuredsunder

the policy;

(c) A utomobile Liability coverage W th a minimum limit of $1,000,000 per

amident, and

(d) if required under the applicable CPC:

(i) Pollut on Liability, including overage for asbestosabatement Wth

minimum limitsof $1,000,000per occurrenœ;

(ii) Professional Liability insuranœ W th a minimum limit of

$1,000,00Q and

(iii) Builder's risk insurance in the amount of the estimated Total

Reimbursment Cost to be issued on a replacement ast basis Wthout optonal deducibles and
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Wll include the interests of Custmer, A uthority, and theService Providers Such insuranœ shall

be maintained untl final payment has been made by Custmer t A uthority.

62 Adjustments The types of insurances required andhr policy limits lisled in

Sectons61 above may be adjusted as Custmer and A uthority deem appropriate in connecton

W th a specific CPC. T he form and sufficiency of each insuranœ policy required to be obtained

hereunder by the Serviœ Provider or Subprovider shall be subject to approval by A uthority.

A uthority shall hold all Certficates of Insuranœ submitted t the A uthority by its Serviœ

ProvidersandSubprovidersW th respect0any Projectimplementedunder this Mas1er A greement

63 Custmer Insuranœ Requirements Withspecificregard 10 the ESP equipment for

so long as any portion of Customer's Short-Term or Long-Term Repayment Obligaton, as

applicable, remains unpaid, Cus1omer shall procure an all risk policy of insurance which W II

insure the equipment for full replamment ost value against loss while the equipment is in

Customer'scare,custody and control. Theinsuranœpolicy shall name A uthority and the State of

New Y ork as additonal insured and loss payees, and shall contain a full waiver of subrogaton

against A uthority, its agents, Serviœ Providers, Subproviders and the Slate of New Y ork.

Custmer shall alsprocureaCommercial General Liabilityinsurancepolicy W th minimum limits

of $5,000,000per ocurrence for bodily injury and property damage naming A uthority and the

State of New Y ork as additonal insured. In lieu of obtaining all risk and commercial general

liability insuranœ, Custmer may requestin writ ng to A uthority to self-insure againstrisk of loss

A uthority may approve or denysuch requestin its zle dimreton. Customeragreestoprovideany
relevant documents or informaton requested by A uthority in order for A uthority 10 make the

determinaton that Custmer has sufficient remurces t ælf-insure The decision 10 TIf-insure

WII notrelieve Custmer of any of the obligat ons impowd herein and shall afford A uthority the

protecton against loss and rights it vould have reœived, if Custmer had obtained such policies

of insurance

A R T I CL E V I I

WA R R A NT I ES, DA MAG E S, L I A B I L I T Y , E T C.

7.1 Service Provider's Warranty Requirements. Authority's agreements with its

Service Providers shall provide thatall Work performedandany materialsprovided by the Serviœ

Providers under the agreements shall be free from any defects Such agreements shall further

provide thatany defectveWork or materialsidentfied W thin one (1) year after (i) executon (or

deemed executon) by the Part es of a Substant al Completon and Operaton TransFer Reportor

(ii) if no such report must be signed, ampleton of the Project shall be prompty corrected,

repaired, replaced, re-performed or othervdse remedied by the Serviœ Provider andhr

Subprovider(s) at no additional expense to Customer. Authority's agreements with Service

Providers shall also provide that any
manufacturers'

warranties for equipment installed at

Customer'sFacilitiesbeassignedtoCustomer.

A uthority shall have no obligat on 0 amist Custmer W th any warranty daims againsta

Service Provider or equipment manufacturer. Cus1omer shall coordinate any warranty claims

directy Wth the respect ve Serviœ Provider orequipmentmanufacturer.
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7.2 Authority Warranty Dimlaimer. THE WARRANTY PROV IDED BY SERVICE

PROVIDER AND THE ASSIGNED WARRANTIES OF THE EQUIPMENT

MANU FACTURERS ARE EXPRESSLY IN LIEU OF ALL OTHER WARRANTIES.

AUTHORITY EXPRESSLY EXCLUDES ALL OTHER WARRANTIES, EXPRESSED OR

IMPLIED, INCLUDING ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR A

PARTICULAR PURPOSE, DESCRIPTION OR QUALITY NOT EXPRESSLY SET FORTH

HEREIN, TO THE EXTENT PERMITTED BY LAW. NO AF FIRMATION OF AUTHORITY,
BY WORDS OR ACTION, SHALL CONSTITUTE A WARRANTY. DESCRIPTIONS,

SPECIFICATIONS, DRAWINGS, AND OTHER PARTICULARS FURNISHED TO
CUSTOMER ARE ONLY ESTIMATES AND DO NOT CREATE A WARRANTY.

7.3 Projected Energy Savings Authority and itsServiœProviders shall usetheir best

efforts to prepareaccurateengineering estmates After energy efficiency Work iscompleted in

Customer's Facility, it is the intent and expectation of the Parties that Customer's annual energy
usage for thatFacility shall notincreaæabove the pre-ins1allaton level exœptduelochangesin

rates or increams in usage not related 10 the implemen1aton of the ESP Work. Cus1omer is

respondble for providing Authority vdth accurate informaton oncerning the operaton of its

Facility. Customer understands thattheprojected energy savings are bamd upon such Customer

input It is Customer's sole responsibility to ensure that the expected energy savings meet

Customer's satisfaction at the time the CPC for a Project is executed.

AUTHORITY HEREBY DISCLAIMS ANY AND ALL LIABILITY FOR ANY

ENERGY SAVINGS PROJECTED BY AUTHORITY OR OTHERWISE EXPECTED BY

CUSTOMER THAT CANNOT BE ACHIEVED.

7.4 Unontrollable Forces Authority shall notberespondble for delaysor failuresin

performanœ resultng from occurrences beyond its reaænable œntrol including, butnot limited

10, acts of God, strikes, walkouts, acts of vvar, or any law, regulaton, or acton of any courtor

governmental authority, fire, malfunctonsin communicaton linesor amputer hardvvare, pover

failures, shipping or delivery delays or other events caused by those not party to this Master

Agreement (including, vdthout limilaton, any Third Partes, and any Serviœ Providers or

Subprovidersof Authority). In theeventAuthority or theServiceProvidersor Subproviders are

unable10fulfill any obligatonshereunder by rearn ofsuch unontrollableforces, Cus1omervdll

be notfied in witng and the completon dates derribed in the CPC vüll be extended by the

amountof additional tme rearnably necessary to complete the Work. If necessary, Authority
vüll issuea Contngency Work Order or a Change Order, asapplicable

7.5 Damages, Indemnificaton by ServiœProvider.

(a) Damages Authority's agreements with the Service Providers shall include

a provision that all damage of vvhatever nature resuling from the performance of the Work or

resuling to the Work during its progress, from vthatever cause shall be borne by the Serviœ

Provider, and all Work performed shall be solely at the Service Provider's risk until the Work has

been finally inspected and acœpted by Authority. The Serviœ Provider, hove/er, shall not be

respondble for damages resultng from groæ negligence or vdllful mironduct of officials or

employeesofAuthorityor Customer.
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(b) Indemnificaton. Authority's agreements with the Service Providers will

indudeaprovision thatio theextentpermitted by law, theServimProvidershall assume theentre

responsibility and liability for and defense of, and pay and indemnify, Authority, Customer, and

the State of New Y ork (vthere a Project undertaken for Customer is located on property of New

Y ork Slate), against any los damage, expens or liability and WII hold each of them harmles

from and pay any los damage, ost or expens (induding Wthout limilaton, judgments,

attorney's fees, and court costs) which Authority, Customer or the Slate of Nea/ Y ork incur

because of injury b or death of any permn or on acount of damage to property, or any daim

aridng outof, in connecton Wth, or asa consequenwof, theperformanwof theWork andhrany
act or omission of the Serviœ Provider or any of its Subproviders, employees, agents or anyone

directy or indirecty employed by the Serviœ Provider or anyone for vthoæ acts the Service

Provider may be liable

7.6 Limitation of Authority's Liability.

(a) Obliaaton to Exhaust Remedies against Serviœ Provider. In the a/ent of

any alleged Authority liability 10 Cus1omer, Cus1omer shall firstpursue and exhaustall remedies

in lawagainsttheServiceProvidersand Subprovidersand under theinsuranwidentfied in Aride

V I aboveandcarried by theServiœProvidersand Subprovidersbeforemaking any daim orlaking

any acton against Authority.

(b) Exdusion of Indirect Incidental Conæauential Damauts To the fullest

extent permitted by law, Authority shall not be liable to Customer, for any indirect special,

incidental, or consequental damages of any kind (induding Wthout limitaton, any loss of

property or equipment lossof profitsor revenue, lossof useof equipmentor pover systems, cost

of capi1al, costof purchamd or replacementpover or temporary equipment induding additonal

expenssincurred in using exising facilites) related 10 or aridng in annecton W th this Mas1er

Agreementor any other Transacdon Documentexecuted in connecton hereWth, regardlessof the

form of acton (vthether in contract tort or otherWse), even if Authority has been advised of the

possbility of such damages

(c) Total Liability Cap, The Parties agree that in no event shall Authority's

total liability (vthether in contract tortor otherWse) for all daimsrelatng to a Projectexceed ten

percent(1CP/o) of the Total ReimbursmentCosts for such Projectstforth in therespectve CPC.

(d) No Limitaton of Serviœ Provider/Suborovider Liability. Nothing in this

Secton 7.6 shall be construed as limiting the liability of a Service Provider or Subprovider 10

Authority or Customer in connection with the performance of such Service Provider's or

Subprovider's Work on Customer's premises.

7.7 Customer's Responsibility for Project Equipment and Performed Work. U pon

delivery at Customer's Facility, Customer shall be responsible for all damage to all Project

materials, supplies and equipment of every description and all Work performed at Customer's site

unlesssuch damagesare caused by Authority or itsServiœ Providersor Subproviders
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A RT I CL E V i l l

INTELLECTUAL PROPERTY RIGHTS

81 Intellectual Procertv: Proprietarv informat on

(a) Intellectual Property Rights Neither Party shall acquire, directy or by

implicaton, any ovmership of any Background Intellectual Property Rights of the other Party.

Each Party shall retain t tle to any Intellectual Property Rights da/eloped, authored, conwived or

reduced to practœindependenty and slely by that Party during theperformanw of this Master

Agreement without the other Party's Background Intellectual Property Rights. Notwithstanding

any of the foregoing, it is agreed by the Partes that A uthority shall be the sole ovmer of all

Intellectual Property Rights related t any Project which is jointy developed, invented or

otherWse ger uaied during the performanœ of this Master A greement or any Transact on

Document

(b) Work Product Proorietary Information. Unless and untI Customer has

repaid its Short-Term or Long-Term Repayment Obligat on, as applicable, the Facility data,

avaluat ons, design and other informat on produced by A uthority or its Serviœ Providers in

annecton Wth a Projectshall be the property of A uthority. Custmer shall have the right t us

any such proprielary informat on for the maintenance of Projectins1allat onsin its Facilites Upon

payment in full by Custmer, such informaton shall become the property of Custmer. A ny
informaton identfiedasconfidental which isexchangedby A uthority and Customershall beduly
protected by the recipient io theextentpermitted by law Itisunderstood that the Public Officers

Law and other statutes and regulatons regarding Freedom of Informaton may require the

didosureof informaton in wr1ain situatons

A R T I CL E I X

T E R M A ND T E R MI NA T I O N

9.1 Term. This Mas1er A greement shall end on the tenth anniversary of the date first

ovm in the preamble above unles earlier terminated in witing by either Party in accordance

W th the terms of this Master A greement

9.2 Terminat on of Master Agreement Unles othervds provided in this Mas1er

Agreement either A uthority or Customer may terminate this Master A greement at any imeupon

one hundred twenty (120)
days'

prior witten not ce to the other Party.

9.3 Pending Projects A uthority and Customer acknovdedge that a Project

implemented pursuantio a CPC executed during the Term of this Master A greement may extend

beyond the expirat on or early terminat on of this Master A greement Provided that the Project

vescommenœd pursuant b a CPC thatwasexecuted during the Term of this Mas1er A greement

then this Mas1er A greement vdll be extended, as it applies t such CPC only and for the sle

purpomof completng the Project The Projectimplemented pursuantto sJch CPC may cong nue

untl ampletedorothervdse terminatedearlierpursuantto the termsandconditonsof this Master

Agreement
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9.4 Extnsion. This Mas1er Agreement may be reneved at the end of the current lerm

for an additonal period, such additonal period not to excmri a period equal to the original Term,

10 be mutually determined by thePartesin witng and signed by an authorized officer or designee

of Authority and Customer.

A RT I CL E X

GENERAL OBLIGATIONSOF THE PARTIES

101 Authorized Representatves

(a) Customer's Authorized Reoresentative. For each Project Customer shall

designate a Customer's Authorized Representative and shall inform Authority in writing
amordingly. If Custmer dedres t changeitsCustmer Authorized Repremnlatve, itmustnotify

Authority in witng (in acordance Wth notce requirements st forth herein) at least five (5)

business days prior to such change. Customer's Authorized Representative shall coordinate the

Project on behalf of Custmer and asdst Authority and the Serviœ Providers and Subproviders

with the implementation of the Project in the selected Facilities of Customer. Customer's

Authorized Representatve shall be respondble to obtain all necessary approvals, authorizatons,

and signatures of Cus1omer W th respect 10 any CPC, Change Order, Final CPC and other

Transacton Document

(b) Authority's Authorized Reoresentative. For each Project Authority shalI

designate an Authority's Authorized Representative and shall inform Customer amordingly.

Authority's Authorized Representative shall coordinate the Project on behalf of Authority and

œmmunicate Wth Custmer. Authority Wll inform Custmer of any changes t its Authorized

Representatve

102 Authority Obligatons With respect t any Authority Implemented Work,

Authority shall comply Wth the follovüng:

(a) Reporing and Informaton. Authority shall keep Custmer informed as to

the progress of the Work and shall provide Custmer W th periodic reports of all activites by the

Serviœ Providers and Subproviders at Customer's Facilities. Authority and its Service Providers

all meet Wth repreænlat ves of Custmer upon rearnable notœ to dimus any mat1ers

anceming the Projects

(b) Permits, Licenes Authorizatons A uthority shall require that the Serviœ

Providers and Subproviders ob1ain and main1ain all permits, limnss and authorizatons required

to perform the Work in Customer's Facilities and that they will comply with all applicable local,

state and federal laws, guidelines and regulatons, including applicable local, state and federal

building, fire and electrical codes and standards Any costs assciated Wth permits and licenses

that must be obtained by Serviœ Provider or Subprovider for a specific Project Wll be reflected

in the Tolal Reimbursment Costs NotWths1anding the foregoing, neither Authority nor Service

Provider (or Subprovider) shall be responsible for clodng out open permits ob1ained by Service

Provider (or Subprovider) due to existng deficiencies or ode violations in Customer's Facility
which are outside the Projectrope.

Page 21 of 27

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0715



(c) Serviœ Provider/Suborovider Performanœ. Authority shall require its

Serviœ Providers and Subproviders to comply Wth regulatons governing access t and

performanœoftheWorkintheselected CustomerFacilitesand to perform suchWorkinsuch a

manner as not to unreasonably interfere with Customer's business at the Facilities. Authority shall

also require its Service Providers and Subproviders to comply with Customer's operational and

afety requirement vvhich in cer1ain ins1ancesmay requiresubs1antal supervision and control

overthesitebyCustmer.

(d) Records Authority's Service Providers shall maintain accurate records of

ProjectWork for a period of six (6) years after œmpleton ofaProject

103 Custmer Obligatons Withrespect1oanyProjectentered int in connectonWth

thisMas1erAgreement Custmershall havethefollovüngrightsand obligatons

(a) RightleInspec_t Customer and Customer's Authorized Representative may
observe and inspect all Work in any of Customer's Facilities and shall have the right to attend all

Projectjobmeetngs, uponvwittennotceofitsintenticattend aparicular meetng.

(b) Attendanœ at Meetnas Upon rearnable request and notœ from

AuthorityorServiœProvider, Custmer shall attend mœtingssheduled byAuthorityorServiœ

Provider to dimussanyProject-related matters

(c) Site Rulesand Reaulatons Customermustprompty notfyAuthorityof

any diespecificconstructon, safety, technical orotherrequirementsand restrictonsrelated toits

Facility(ies) prior10thestartand during theProject lfCustomerbecomesawareofanydefectin

theWorkoranyfailureofAuthorityortheServiœProvider orSubprovider10meettherespectve

Projectrequirement theCustmershall givepromptnotcetAuthority.

(d) Access Custmershall provideAuthority anditsServiœProviders safe,

proper and timely access to the Facility as necessary to perform the Work. Upon Authority's

request, Customer's Authorized Representative will accompany Authority and its Service

Providers10 CustmerFacilites Custmershall prompty provide verbal and vwitten notœ of

limitatonsorchangesinsteaccess

(e) PermitsandLicenses

(i) Custmer shall provide Authority or Serviœ Provider Wth such

assistanm(including, butnotlimited 10, all newssary informaton requested by ServiœProvider)
as may be required for Authority or Serviœ Provider to obtain all permit licenses and

authorizatons necesary 10 perform the Work in accordanceWth all applicablelocal, slate and

federal laws, regulatons, codesand s1andardsapplicablettheFacility.

(ii) Cus1omer shall be responsible andshall hold all licenss, permit

authorizatons and regula1ory approvals necemary for the lavgful anduct of its busines as

preænty corv1uctd, and shall mmply Wth all applicable slatutes, lavvs, ordinanœs, rules and

regulatons of all govemmental bodies, agencies and subdivisionshaving, assering or claiming

jurisjictonoverit Wthrespectioanypartoftheconductof itsbusinessand arporate affairs
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(f) Project Equipment As long as Customer's Short-Term or Long-Term

Repayment Obligaton, as applicable, remains outstanding, (i) Custmer WII keep all Project-

related equipment fre from any and all liens, claims, encumbrances, and the like; (ii) Custmer

vüII notgranta security interestin such equipment t any party Wthout the prior vwitten consent

of Authority; (iii) the equipment vdll remain at the Facility site as designated in a CPC; (iv)
Custmer vüII not æll, offer for sale, transfer, or dispoæ of such equipment Wthout notœ 10

Authority; (v) Custmer vdll not us or permit any permn 10 us the equipment in a manner

prohibited by law or in a manner which would void any manufacturer's warranty; (vi) Customer

agreestomaintain theequipmentin goodorderandrepairatall imes, and WII notwasteordestroy
the equipmentor any partof it and (vii) Customer WII keep theequipmentinsured in amordanœ

vdth the requirementsæt forth in Secton 63hereof.

(g) Coordinaton. Custmer shall be responsible for facilitaing coordinaton

vdth Third Partes as required. Furthermore, Custmer shall prompty remlve any disputes or

imues that aris vdth any Third Partes Custmer shall be responsible for any changes t the

Project Thedule, the mope of Work andhr the Tolal Reimbursment Costs resultng from any
delaysdue to unremlved disputesor issuesvdth Third Partespurmant to Secton 26hereof.

(h) Review and A Doroval Custmer vdll prompty review any documents

submitted to it by Authority requiring Customer'sdecision and shall render any required decision

pertaining thereto vdthoutundue delay.

(i) Assistanœ: Timely Performance Custmershall cooperate Wth Authority
and its Serviœ Providers and Subproviders and provide Authority Wth such other assistance as

necessary to facilitate the performance of the Work. Custmer shall perform all obligatons set

forth in this Mas1er Agreementand any other Transacton Documentin a timely manner m as0

permit the orderly progres of the Projects Authority shall not be responsible for any Project

delays due to Customer's noncomplianœ Wth itsobligatonsset forth herein or in a Transacton

Document

A RT ICL E X I

MISCEL L ANEOUS

11.1 Disputes In thewentofanydiputeregarding ESPWork atany Customer Facility,

Work there may be suspended by Authority untl the matter isremlved to the mutual satsFacton

of the Partesin accordance vdth the proceduresst forth in Secton 11.2 hereof. In theevent the

Partes are unable t remlve any such dispute after good faith efforts, the Work at that Facility
all terminate and Authority shall imuea Final CPC asprovided in Secton 34(d) hereof.

11.2 Dispule Remluton. The Partes shall us good faith efforts10 ætte prompty all

disputesarising under this Mas1er Agreementor in connecton vdth any ESP Work. In the went

that any dispute, including but not limited to a billing dispute, a dispute regarding the quality of

the Work, or adisputeregarding theinterpretaton of thisMaster Agreement, arisesand cannotbe

remlved in the normal course of busness by operaing permnnel Wthin tventy (20) days after

ammenœmentof a dispute, either Party may give the other Party formal notœ of the dispute in

amordance Wth the notce requirements st forth herein. In the event that such notce is given,

Page 23of 27

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0717



the Partes shall attempt 10 remlve the dispute by negotaton betveen repreænlat ves vvho have

the necessary authority to remlve the dispute in queston. Within tventy (2)) daysafter delivery
of the not ce, the reœiving Party shall consider all informaton rela ant to the dispute and shall

mbmit to the other Party (in acardance Wth the not ce requirements set forth herein) a proposal

forremluton. Thereafter, the repremnlat vesshall œnferin permn orby telephone, prompty and

no later than five (5) days after receipt of the proposal for remluton, 10 at1empt io remlve the

dispula A II reaænable requests for informaton by one Party 0 another Party W II be honored.

To the extent that disputes are not remlved pursuantio this process, the Part es reserve all rights

under lawor equity t seek and pursue remedies through the judicial process

11.3 Publicity.

(a) Public A nnounœments No marketng, publicity, promoton, scial media,

or adverising regarding this Master A greement or any Project undertaken pursuant to this Master

Agreement, will be issued by Customer without Authority's prior written approval, which approval

vüII not be unrearnably W thheld. A ny responses to neevs media inquiries or scial media

actvites developed by Custmer, related 10 this Mas1er A greement, or any Project underlaken

pursuant 10 this Mas1er Agreement must be coordinated vü th A uthority for revies/ and approval

prior10theirreleam. Letters, speeches, newsandhrprewreleams, aridesforpublicaton, vebsite

and æcial media postngs, et., related to this Master A greement, or any Project undertaken

pursuant to this Master A greement must be coordinated vdth A uthority for revieA/ and approval

prior to their releam. A ny and all communicatons, vthether verbal, electronic or vwitten, must be

submitted to Authority's Corporate Communication Business Unit for prior review and approval.

Custmer agrees10 abide by theæ1ermsregarding public announœmentsduring the term of this

Mas1er Agreementand fora period of tvo (2) yearsfollovüng the expiraton or terminat on of this

Master A greement

(b) Signaaa The paries agree that A uthority may, at no cost t Custmer,

install and maintain appropriate publicity signage ator in the vicinity of a Project Customer vüll

moperate W th A uthority, andhr any third-party vendor designated by A uthority, by t mely

responding 10 any questons regarding the design, manufacture, ins1allaton and maintenanœ of

the signage. Custmer vüII provide ordinary maintenance 10 the signage and prompty notfy
A uthority after Custmer becomes avvare of any damage that may occur 10 the signage. The

publicity signage may indude the idently of the Project ind uding a brief statement highlight ng
the Project any applicable A uthority program, New Y ork State program or other initat ve under

vvhich the Project is implemented and the identty of the part es supporing the Project induding
those

parties'
respective logos. The publicity signage is intended to be placed in an area of

Customer's designation with significant public visibility within close proximity to the Project.

A uthority vüII be responsible for removing the publicity signage upon the cond usion of a Project

or such earlier t me as either Party deemsitappropriate.

11.4 Notces A II notces permit1ed or required hereunder or in connecton W th any
Transacton Document shall be in vwit ng and transmitted either: (i) via cerified or registered

United States mail, retum receipt requested; (ii) by peronal delivery; (iii) by expedited delivery

ærvim; or (iv) by e-mail, vü th a copy sentvia U.S. Mail.
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Such notices shall iden%fy the Master A greement and the Transaction Document10 which

itrelates, and be addressed as follows or 10 such different addresses as the Parties may from ime-

10-time designate in accordanw herewith:

T o A uthority:

NEW Y ORK POWER A UTHORITY

PROCU REMENT DIV ISION

Name John Canale

Tite V im President Strategic Supply Management

A ddress 123 Main Strot
55

Floor, White Plains, NY 10601

E-Mail Address iohn.canale@ nyoaaov

with a copy to:

NEW Y ORK POWER A UTHORITY

LAW DEPA RTMENT

Name Debra Hopke, Esq.

Tite Principle A ttomey
A ddress 123 Main Street

11*¹
Floor, White Plains, NY 10601

E-Mail A ddress debrahooke@ nveaaov

T o Customer:

TOWN OF HIGHLA NDS

Name K elly Pecoraro

Title Comptroller

A ddress 254 Main Street Highland Falls, NY 10928

E-Mail A ddress koecoraro@ highlands-nv.aov

Any such notimshall be deemed 1o have been given either at the ime of personal delivery

or, in the case of expedited delivery serviœ or certified or registered United States mail, as of the

date of first attempted delivery at the address and in 1he manner provided herein, or in the case of

email, upon receipt The Parties may, from ime to ime, specify any new or different address in

the United States as their address for purpose of receiving notœ under this Master A greement

(and any Transaction Document) by giving fifteen (15) days written notœ to the other Party sent

in accordanw herewith. The Parties agree to mutually designate individuals as their respecive

representatves for the purposes of receiving not ces under this Master A greement

11.5 No Waiver. The failure of any Party to insist upon strict adherence lo any term of

this Master A greement or any Transacton Document executed in connection herewith on any
occasion shall not be considered a waiver nor deprive that Party of the right thereafter to insist

upon strict adherenm10 that term or any other term of this Master A greement

11.6 A ssignment This Master A greement and any Transaction Document executed in

connection herewith may not be amigned, transferTed nor conveyed by either Party without the

prior written conænt of the other Party. Any attempted assignment transfer or conveyanœ

withoutsuch consentshall be entirely void ab inito and have no form or effect

Page 25 of 27

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0719



11.7 Governing Lave Venue This Mas1er Agreement (and any Transacton Document

executed in connecton herewth) and any and all disputesaridng in connecton herewth (vvhether

in contract tortor otherWse) shall be governed by and construed in acardanœ W th the lawsof

theState of NewY ork Wthoutgiving effect to any choiœor conflictof laws provision or rule that

vould caus the applicaton of the laws of any juridicton other than Ne/vY ork. Any acton at

law, or in equity, for the enforcementof this Mas1er Agreement (and any Transacton Document

executed in onnecton heredth) or any dispute arising in connecton herewth shall be instituted

only in a courtof mmpetentjuridicton located in the County of AIbany, State of NewY ork.

11.8 No Third Party Beneficiaries Nothing contained in this Mas1er Agreement shall,

directy or indirecty, create a contractual relatonship Wth, or give any claim or rightof acton in

favor of, any third party (induding, Wthout limitaton, any Serviœ Provider or Subprovider)
againstAuthority.

11.9 Severability. The invalidity or unenforceability of any provisions of this Master

Agreement or of any Transacton Document executed in connecton herewth shall notaffect the

validity or enforceability of any other provisions of this Mas1er Agreement or Transacton

Document asapplicable, which other provisionsshall remain in full force and effect

11.10 Survival of Provisions Theartdesthatcon1ain provisionsrelated 10 thefolloWng
Wll survive the expiraton, terminaton or completon of this Mas1er Agreement Conflict and

Order of Precedence; Recovery of Costs and Repayment Obligaton, Warranty, Damages,

Liability, Ovmership of Installed Work and Intellectual Property, Publicity; and Governing Law,

Venue

11.11 Not Construed Aaainst Drafter. Authority and Customer acknoWedge that they
have read this Master Agreement have had the opportunity to reviewit Wth an attomey of their

respectve choice, and have agreed 10 all its terms Under them circums1ances, Authority and

Cus1omer agree that the rule of constructon that a contract be construed against the drafter shall

notbeapplied in interpregng thisMas1er Agreementand thatin theeventof any ambiguity in any
of the terms or conditons of this Master Agreement, including any exhibits or Thedules hereto,

sch ambiguity shall notbe onstrued for or againstany Party hereto on the basis thatsuch Party
did or did notauthor same

11.12 Headings The artdes and secton headings contained in this Master Agreement

are for referenœ purposes only and shall not affect the meaning or interpretaton of this Master

Agreement

11.13 Counterparts This Master Agreement may be executed in œunterpartsvia inked

signature or electronic mark, each of which shall be deemed an original, butall of which logether

57all const tute one and the same instrument The fully executed Master Agreement may be

delivered using pdf or smilar file type transmit1ed via electronic mail, doud bawd ærver, e-

signature technology or other similar electronic means

(SIGNAT URE PAG E FOL L OWS)
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IN WITNESS WHEREOF, the par1ieshereto have duly executed this Master Agreement

as of theeffectivedate firstwitten above

POWER AUTHORITY OF THE STATE OF TOWN OF HIGHLANDS

NEW Y ORK

Sw M5FV/A / 2 2 / K f57
By: JohnCanate(Jul23,2019) By: mERVINR.LIVSEY(Jul23,2019)

Name: John Canale Name Mervin Livsey
Tite ViœPresident Strategic Supply Tige Supervisor

Management

Date Jul 23, 2019 Date Jul 23, 2019

Signature Page to Master Cost Recovery Agreement No.
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yo¶ORK NY Power
"""Y

Authority

EXHIBIT A

ST ATEWIDE COMPE NSATION SCHE DUL E

As compensation for services rendered by the A uthority under the Master Agreement the Customer W II

pay the A uthority Program Fee as set forth below.

A. CAPI TA L PR O JE CTS

I . A UT H ORI T Y PR OG R A M FE E

For Capital Projects, the A uthority Program Fee iscalculated as a percentage of the cumulatve sum of all

costs related 10 a Project including, but not limited 10 all Material Costs Labor Costs Serviœ Provider

Fees the amount of the Project Contingency applied as a Project cost and other Project-related costs and

expenses The A uthority Program Fee is in addition 10 all such costs related 10 a Project The A uthority
Program Fe percentage will be fixed upon execution of the CPC for the installation phase.

1. A uthority Proaram Fee vhan Serviœ Provider Derforms Work

The following table sets forth the A uthority Program Fæ where the A uthority delivers a Project using one

or rnore Serviœ Providers10 perform audit design, construction management andhr installation.

$O- $3M 12T/o

$3M - $6M 127/o

$6M - $125M 11.T/o

$125M - $40M 11.7/o

$40M - $6WI 10T/o

> $æM 107/o

2 A uthority Program Fee when A uthority and Serviœ Provider perform Work

The following table sets forth the A uthority Program Fee where the A uthority will be performing design

and construction management with its own forces using one or more Serviœ Providers to perform

installation. If the A uthority procures material direc1y In lieu of using one of i1s Serviœ Providers, there

WII be an additional Ma1erial Handling Fee of 1.5/o charged on the Material Costof the Project

$0- $3M 27.T/o

$3M - $6M 27.7/o

$6d - $125M 26T/o

$125M - $40M 26Œ/o
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$40M - $æM 25 T/o

> $æM 25.0Yo

3 A uthority Proaram Fee v±en A uthority orovides A udit Servims Only

The A uthority Program fe for providing A udit services not conternplated as part of a full project

(i.e design, construction management and/or installation) is calculated as twenty-five percent

(25P/o) of the costs related 10 the A udit

I I. MI L E ST ONE PA Y ME NT S

To the extent applicable, The A uthority Program Fee vull be paid on milestones as detailed in the CPC or

as othervuse mutually agreed upon.

I I I . A UT H O RIT Y FE E I N T H E E V E NT OF PROJE CT T E R MI NA T I ON

1. Termination at or after Audit Phase

If a Project is termina1ed at or after the audit phase, but prior 10 moving forward with any design or

implementation, the Authority's Program Fee is calculated as twenty-five percent (25P/o) of the actual costs

associated with such audit

2 Termination durina Desian. Procurement or Installation Phase

If a Project is terminatEd in whole or part during the design, procurement or installation phase, the

Authority's Program Fee for the Project will be the cumulative percentage value at the current milestone

(as if it had been achieved) and calculated based on the estimated Project costs, including, but not limited

10 all Material Costs Labor Costs Serviœ Provider Fees the amount of the Project Contingency applied

as a Project cost and other Project-related costs and expenses up through the current milestone (as if it had

been achieved). For the purposes of calculating the Authority's Program Fee, the then current milestone

is assumed complete once the Project is canceled.

The follovüng table sets forth the A uthority Program Fee percentage segmented by milestone.

30Yo Dedgn 10Fo 10Yo + (auditcost)

90Yo Design 19/o 25% + (auditcost)

100Fo Design & 19/o 40P/o + (auditcost)

Bidding

Construction CPC 10Yo 50Yo + (auditcost)
Preparation

Construction (2T/o 10Fo &P/o + (auditcost)
completion)

Construction (50Fo 19/o 79/o + (auditcost)
completion)
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Construction (75% 15% U/o + (auditcost)
completion)

Construction (10CP/o 1CP/o 10CP/o + (auditcost)
completion)

B. A DV ISORY SE RV I CE S PR OJE CT S

I. A UT HOR ITY PROG RA M FEE

The A uthority Program Fee for the A dviæry ServicesWII be calculalaf according to one of the following
methods as set forth in the CPC for the Project

Time and Materials: The Authority's Program Fee maybe based on actual time and cost of material

incurred by A uthority or 11s Serviœ Providers in connœt on W th a Project basaf on rales defined in the

Projœt CPC.

Lump Sum: The Authority's Program Fee may be basaf on the percen1agecomplete of a lump sum

or milestones definaf in the Projst CPC.

Unit Price: The Authority's Program Fee maybe based on the unit prices defined in the Project

CPC.

Percent of Materials and Labor: The Authority's Program Fee maybe based on a percentage of

Serviœ Provider Ma1erial Cosis and Labor Cosis as defined in the Projœt CPC.

Other Mechanisms: The Authority's Pragram Fee may be based on an evolving cost recovery
mechanisms not defined in this Master A greement If other mcch=kms are selected, the Authority's

Program FeewilI be bawd on mutual A uthority and Customer agreementand WII be defined in theProjat

CPC.

I I. PROJE CT TE RMI NA T I ON

If a Projœt is terminated in whole or partprior10completion of a Project, the Authority's Program Fee will

be bastl on the Project cosis incurred by A uthority up until the date of 1erminalon. For the purpors of

calculating the Authority's Program Fee, as applicable, the then current milesione is amumed complete

once the Projst is canceled.
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yJORK NY Power
°"""

Authority

EXHIBIT B

CAPlTAL PROJECT TERMSAND CONDITIONS

1. Application. In additon to the terms and conditons set forth in the main body of

this Master Agreement them Capital Project Terms and Conditons shall apply to all Capital

Projects provided by Authority or ServiceProvider t Cus1omer under the Master A greement

2 Capital Project Services. Capital Projects are generally delivered through the

services of qualified installaton Service Providers or Subproviders under contract with the

Authority. Capital Projectservices may indudeany orall of the follovdng services (asmorefully
described below): audit design, constructon management equipment procurement ins1allation,

commissioning, disposal of Waste, financing and other Projectrelated services required 10 install

a Project

3 Audit

(a) Scope. After Customer has identified potential Projects for Authority's and

Customer's consideration, Customer may request thatAuthority perform an audit of the Facility.

The audit will help identify opportunites for implementng ESP measures and will be scheduled

by Customer's Authorized Representative and/or the appropriate Facility manager. The scope of

the audit will be set forth in a CPC v±ich shall be executed by an authorized officer or dedgnee

of Authority and Customer prior to tununencement of any audit Work. In some instances, the

audit will involve a comple1e inventory of the systems which are currenty used in normal

operaton, v©ile in others a more targeted approach will be taken. The audit may als indude an

analysisofwhether hazardousmaterialsand Wasterelated io thosesystemsarelikely iobepresent

or genera1ed as a result of ins1alling a Project

(b) Audit Report Based upon the resulisof the audit a written report will be

fumished 10 Cus1omer. The reportvdll indude an est mate of the Total Reimbursement Costsas

voll asest matesof thepotential To1al Annual Energy Savingsand environmen1al orsus1ainability

benefits, as applicable, 1hat Customer can reasonably expect through implemen1ation of the

recommendatons made in the report If, after analysis of the report by Authority and Customer,

Authority, in its sole discreton, determines that the Project either (1) does not meet Authority's

eligibility criteria, or (2) isnotappropriateatsuch Facility, activity There will ceam.

(c) Deferment of Toial Reimburement Costs for Audit Work. Upon

completion of the audit Work, i f Customer and Authority decide to proceed to the next phase,

Customer and Authority will execute a CPC reflectng the scope of such next Project phase. By

executng the CPC, Cus1omer acknowledges its concurrenœ with the audit results Subject 10

Authority's approval, Customer may request that payment of the Total Reimbursement Cosisfor

the audit Work, be deferred and induded in the Total Reimbursement Costs of the CPC for the

nextProjectphase.
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4. Project Design.

(a) General. If agreed upon by thePartesin a CPC, Authority shall prepare a

Project design. Custmer vüll be asked t review all aspects of the design and specificatons

Where deemed appropriate by Authority and Custmer, the Serviœ Provider vüll arrange for

geotechnical surveys (i.e, wil tests, borings, and related evaluatons), surveys of the die (i.e., to

determine physical characteristcs of the site, such as utlity locatons), andhr demonstraton

ins1allatons (i.e, the ins1allaton of sample lightng fixtures or other equipment) of ælected

measuresin Customer's Facility, all at Customer's sole risk.

(b) Milestnes and Milestne Completon Recorts. Authority vüII submit the

Project design documents to the Customer at 30%, 60%, 90% and
"final"

design milestones, or

amording 10 the milestne Thedule st forth in the respectve CPC. Upon completon of each

design milestne, Custmer and Authority (or theirduly authorized representatves) shall prompty
review the design Work, or applicable portons thereof and Custmer and Authority shall jointy
sign a Milestone Completion Report. It shall be Customer's responsibility to determine that the

proposed design meets Customer's needs.

(c) Deferment of Total Reimbursement Costs for Design Work. Unless

othervüæ st forth in the CPC for a Project Authority may invoice the Custmer for the Total

ReimbursmentCostsfor the performed design Work through the milestne(s), if any, stforth in

the CPC (plus any To1al Reimburument Costs incurred during the audit if such costs vere

deferred and rolledover). Customer may requestpaymentdeferral if CustomerapprovesAuthority
to proceed to the next milestone or the next Project phase. With Authority's approval, Customer's

Short-Term Repayment Obligaton vüll be deferred and rolled into the nextmilestneinvoim, or

at design completon, become part of the To1al Reimbursment Costs of the CPC for the next

Projectpham.

(d) Ovmership of Design Work UDon Ear v Terminaton. If Custmer

terminates the design Project prior to its completion, upon receipt of Customer's final payment

Authority vüll deliver to Custmer all design plans and documentscompleted through thedate of

termination. Customer's use of such design plans and documents will be subject to any copyrights

of theAuthority andhr the designer. By using any incomplete or unfinished design plans andhr

documents that have not been sealed with the licensed design professional's stamp upon delivery
t Custmer, Custmer accepts full and œmpleterespondbility for such design and furtheragrees

t hold Authority harmles from its um of such incomplete or unfinished design plans andhr

documents

5. Procurement After Authority and Customer agree on the Project's design and

lechnical specificatons, Authority or the Serviœ Provider vdll compet tvely slicit, usng the

Authority's procurement guidelines, bids for the Work as set forth in the design documents. The

resultng final design, specificatonsand bid primshall beinorporated into a CPC for theProject

Authority's contracts with its Service Providers will require compliance with the Authority's

guidelines regarding the competitive solicitation of the services of Subproviders for Customer's

Facilites, including the æIecton of minority and vomen-ovmed busines enterprims The

wrvices of Subproviders and equipment procurementwill be obtained through a compet tve bid

process onducted by the Serviœ Provider vdth Authority oversight In the event Custmer
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decides not t proceed vd th the ins1allat on Project Custmer shall reimburs A uthority for the

asts of any Work undertaken by A uthority andhr its Serviœ Provider in connecton Wth the

procurement process and the asæciated costand expense of same

6 Installat on.

(a) General. A fter A uthority and Custmer have entered in1o a CPC for

installat on Work, the Serviœ Provider andhr its Subprovidersvüll perform the Work pursuant io

the design and technical specificat ons set forth in such CPC.

(b) Substant al Compl et on and Ooerat on Transfer Recort A fier Custmer has
inspm†«l tested and amepted the Project equipment or port on thereof, installed by the Serviœ

Provider, the Part es W II execute a Substant al Complet on and Operaton TransFer Report for the

ampleted porton of the Work signifying (i) that Custmer accepts responsibility for operaton

and maintenance of the installed equipment (ii) that the Project or specified porton thereof, is

obs1antally complete, and (iii) the commenœmentof any warranty period.

(c) Final Inspect on Report Upon completon of the Work, Custmer and

A uthority (or their dul y authorized repreænlat ves) shall prompt y inspect the ent re Facility, or

applicable portons thereof. A uthority or its ServiœProvidersWII confirm that the Work has been

satsFactrily completed amording t the provisions of this Master A greement and the applicable

CPC. A uthority and Customer shal l joint y sign a Final Inspecd on Report

7. Maintenance and Post-Installat on A udB A uthority W II provide Custmer Wth

informat on regarding the maintenanœ of Project install at ons and recommendatons for

appropriate replacementequipment t be uæd in thoæ installat ons to facili1ate proper usage and,

if applicable, energy savings at Customer's Facilities. After the Project installations are

mmpleted, Customer all use rearnable efforts to see that such maintenanœ and materials

instructions are followed at its Facilities. While any portion of the Customer's Short-Term

Repayment Obligat on remains outstanding, A uthority may, upon rearnable not m 10 Custmer,

audit installat ons in Customer's Facilities to evaluate compliance with such mainteñañce and

materialsinstructons

8 Project Clomout for Capital Projects Notvd thstanding the terms st forth in the

CPC or Final CPC, the Custmer shall, vd thin the t me specified in the Final CPC, (a) repay the

Short-Term Repayment Obligaton or (b) convert the Short-Term Repayment Obligaton 10 a

Long-Term Repayment Obligation and enter long term repayment consistent with the Authority's

policies and prowdures The Custmer shall make payment of that portion of the Short-Term

Repayment Obligat on thatis not converted to the Long-Term Repayment Obligat on upon receipt

of the Authority's invoice and in accordance with the terms of this Master Agreement. The Short

Term Repayment Obligaton, as set forth in the Final CPC, shall include the Authority's estimate

of Short-Term Interest t beaccrued betveen the issuance of the Final CPC and conversion t long
term repayment

9. A uthori ty Obligatons In additon 10 the obligat ons othervds st forth herein and

the respect ve CPC, A uthority shall require the Serviœ Provider to adhere to the Project's design
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and technical specificatonsasstforth in the CPC and minimize any interferenœ W th the normal

operations at Customer's Facility.

10 Custmer Obliaatons In additon 10 the obligat ons otherWæ stforth herein and

the respect ve CPC, Custmer shall prompt y review all completed installatons Custmer shall

revieev and approve, as may be required, any orrectve or restraton Work resul t ng from

improper wrk by the Serviœ Provider.

11. Customer-Supplied Equipment andhr Work, Custmer and A uthority may agre

in the CPC for the provision of Custmer materials andhr ampleton of Custmer wrk in

annecton Wth a Project, independentof A uthority. If m, then Custmer shall be respondble for

any changes 10 the Project Thedule, mope of Work or any incream in the T o1al Reimbursment

Costscaumd by Cus1omer due tonon-delivery of Custmer materialsor non-or late performanœ

of Custmer wrk and A uthority shal I issue any newssary Cont ngency Work Order or Change

Order, as applicable A uthority may suspend its Work on the Project unt I Custmer approves

sch Change Order. Furthermore, if the Custmer doesnotmœtthe Project TheduleWth respect

10 Cus1omer materials andhr Custmer wrk, A uthority has the right 10 terminate the Project if

the delay isnotcured W thin fifteen (15) daysof witten notæ thereof by A uthority 10 Custmer

and tum itover lo Cus1omer for completon W thout any liability on the partof A uthority.
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ORK NY Power
°"""-

Authority

E X H I BI T C

A DVISORY SE RV i CE S T E RMS A ND CONDI TIONS

1. Application. In additon io the terms and conditons set forth in the main body of

this Master A greement these Advisory Services Termsand Conditions shall apply 10 all Advimry
Services Projects provided by A uthority or Serviœ Provider to Customer pursuant to the Master

A greement

2 A dvisory Services. Upon Customer's request, A uthority may provideany orall of

the A dvisory Services described below. A dvisory Services may be provided by A uthority
employees andbr Serviœ Providers with expertise in the area as determined by A uthority.

A uthority and Customer vdll cooperate in good faith during the performance of such Advisory
Services

3 Derriotion of Services

(a) Review. Review of informat on provided by the Customer regarding,

among other things, Customer's site conditions, future plans for modifications to facilities,
operatonsandbr usage, historical utility data, any relevantstrategicplansorinitatives, and other

relevant requirements thatarespecific to Customer.

(b) Meedngs. Participate in meetngsand conference callsas mutually agreed

upon by The parties as being in the best inierests of the Project or as otherwis detailed in the

Customer Project Commitment

(c) Site Observations. Observe Customer's facilities, physically or remotely
via electronic means as determined by the A uthority 10 assess the conditon of existing equipment

and phys cal site conditons

(d) Analysis. A nal yze data premnied by Customer andbr collected by or on

behal f of the A uthority. Ouireach to appropria1e third partes as nmumry to coordinate andbr

collectadditonal data

(e) Advice and uidance. Deliver oral or written advim, guidanœ and other

recommendatons communicaled via in person meetngs, telephone conversations, or

correspondence

(f) D eliverables and RecoA Prepare reports, memorandums, and other

documen1sthatmemorializetheadvice, guidanwandrecommendatonsdelivered to the Cus1omer

and support the Customer's underlying project, where applicable.

The foregoing derriptons are given by vvay of example and not by voy of exclusion.

Advimry Servicesmay includeservicesthathavenotyetbeendevelopedorapproved by A uthori ty
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to date, provided such services are described in a CPC signed by both Parties to this Master

Agreement

4. FurtherAssistance Informaton. Inadditon10theobligatonssetforth hereinand

the respective CPC, Customer shall provide Authority andhr Serviœ Providers with such

assistanceasmay berequired toperform the Advimry Services This may include, butisnot

limited to, providing access to the Customer's Facility(ies), informaton such ashistorical utlity

data, maintenance logs, exising feasibility studies, reports, equipment drawings or any other

informatonorservicesreasonablyrequestedbyAuthorityandhrServiœProviders

* * * * * *

Signature: at5RV/ML/KT5Y Sig..t.re: fA w
mERVINR.LIVSEY(Jul23,2019) JohnCanale(Jul23,2019)

Email: blivsey@highlands-ny.gov Email: john.canale@nypa.gov

Title: Town of Highlands Supervisor Title: VP Strategic Supply Management

company: Town of Highlands Company: New York Power Authority
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Arencibia, Stephanie (Molly)

From: Laino effrey
Sent: Thursday No ember 2019 9: AM
To: Richard Sulli an

Subject: Setting u the kick off mtg

1
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Arencibia, Stephanie (Molly)

From: M
Sent: M
To: M M
Subject:

D a w
W

W

From: W
Sent: b a

To: w
Subject:

I w

5

a

a

a

W
W

W
Y 9 Y a

b t

a

t b

W
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Arencibia, Stephanie (Molly)

From: laino, Jeffrey
Sent: Thursday, Novem er 21, 2019 3:50 PM

To: Richani Sullivan

Subject: RE: Setting up the ic off mtg

Hey Richie, let's look at these days for the kick off meeting:

12/9-2PM

12/10-10:30AM

12/16 - 11:30AM

Hopefully one of these works, otherwise it would have to be after the new year.

Thanks,
Jeff

From: Laino, Jeffrey
Sent: Thursday, November 14, 2019 8:40 AM

To: Richard Sullivan <rsullivan@highlands-ny.gov>

Subject: RE: Setting up the kick off mtg

Good Morning Richie,
Just checking back with you on setting up the project kick off.

Let me know if one of these days works or suggest alternates for the following week.

Thanks,
Jeff

From: Laino, Jeffrey
Sent: Thursday, November 7, 2019 9:33 AM
To: Richard Sullivan <rsullivan@highlands-ny.gov>

Subject: Setting up the kick off mtg

Hi Richie,
We are looking to set up the street lighting project kick off rñêétiñg.

Does 1 of these dates work:

12/2-11:00AM

12/3-11:30AM

12/4-11:30AM

We need about 90 minutes to review the logistics of the project and plan field work and any special considerations

related to your towns project.

Regards,
Jeff

Jeff Laino

Senior Key Account Executive, Key Account Managêméñt

New York Power Authority
123 Main Street

White Plains, NY 10601

1
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(914) 287-3351 (office)

(914) 312-1260 (cell)
Jeffrev.Laino@nypa.gov

www.nvpa.gov
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Arencibia, Stephanie (Molly)

From: Richard Sullivan <rsullivan@highlands-ny.gov>

Sent: Saturday, November 23, 2019 2:31 PM

To: Laino, Jeffrey
Subject: Re: Setting up the kick off mtg

Hi Jeff,

My apcIcgies, my work schedule for last month has been berserk , I've responded to few emails.

Originally I told supervisor 12/4, that date is gone so based on the fact that the supervisor owns a Restarant closed on

Mondays, let's go with 12/9 afterñ00ñ 2:00 timeframe , Ill make sure Mr Livsey can do that time, we have a town board

meeting that evening .

Expect a call Monday or Tuesday, let's go with 12/9, a new board will be in place as of 1/1/2020, I don't wish to wait

until then, and apologize for my lack of time recently.

Obliged, Richie

Sent from my iPad

On Nov 21, 2019, at 3:50 PM, Laino, Jeffrey <Jeffrey.Laiñ0@ñypa.gov> wrote:

Hey Richie, let's look at these days for the kick off meeting:

12/9-2PM

12/10-10:30AM

12/16 - 11:30AM

Hopefully one of these works, otherwise it would have to be after the new year.

Thanks,
Jeff

From: Laino, Jeffrey
Sent: Thursday, November 14, 2019 8:40 AM
To: Richard Sullivan <rsullivan@highlands-ny.gov>

Subject: RE: Setting up the kick off mtg

Good Morning Richie,
Just checking back with you on setting up the project kick off.

Let me know if one of these days works or suggest alternates for the following week.

Thanks,
Jeff

From: Laino, Jeffrey
Sent: Thursday, November 7, 2019 9:33 AM

To: Richard Sullivan <rsullivan@highlands-ny.gov>

Subject: Setting up the kick off mtg

Hi Richie,

We are looking to set up the street lighting project kick off meeting.

Does 1 of these dates work:

12/2-11:00AM

1
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12/3-11:30AM

12/4-11:30AM

We need about 90 minutes to review the logistics of the project and plan field work and any special

considerations related to your towns project.

Regards,
Jeff

Jeff Laino

Senior Key Account Executive, Key Account Management

New York Power Authority
123 Main Street

White Plains, NY 10601

(914) 287-3351 (office)

(914) 312-1260 (cell)
Jeffrev.Laino@nvoa.aov

www.nypa.gov
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey
Sent: Monday, November 25, 2019 7:49 AM
To: Richard Sullivan

Subject: RE: Setting up the kick off mtg

Sounds good, please confirm so I can lock in the date with the project managers/engineer

From: Richard Sullivan <rsullivan@highlands-ny.gov>

Sent: Saturday, November 23, 2019 2:31 PM

To: Laino, Jeffrey <Jeffrey.Laino@nypa.gov>

Subject: Re: Setting up the kick off mtg

Hi Jeff,

My apalogies, my work schedule for last month has been berserk , I've respcaded to few emails.

Originally I told supervisor 12/4, that date is gone so based on the fact that the supervisor owns a Restarant closed on

Mondays, let's go with 12/9 afternoon 2:00 timeframe , Ill make sure Mr Livsey can do that time, we have a town board

meeting that evening .

Expect a call Monday or Tuesday, let's go with 12/9, a new board will be in place as of 1/1/2020, I don't wish to wait

until then, and apologize for my lack of time recently.

Obliged, Richie

Sent from my iPad

On Nov 21, 2019, at 3:50 PM, Laino, Jeffrey <Jeffrey.Laino@nvpa.Rov> wrote:

Hey Richie, let's look at these days for the kick off meeting:

12/9-2PM

12/10-10:30AM

12/16 - 11:30AM

Hopefully one of these works, otherwise it would have to be after the new year.

Thanks,
Jeff

From: Laino, Jeffrey
Sent: Thursday, November 14, 2019 8:40 AM

To: Richard Sullivan <rsullivan@highlands-ny..gov>

Subject: RE: Setting up the kick off mtg

Good Morning Richie,

Just checking back with you on setting up the project kick off.

Let me know if one of these days works or suggest alternates for the following week.

Thanks,

Jeff

From: Laino, Jeffrey
Sent: Thursday, November 7, 2019 9:33 AM
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To: Richard Sullivan <rsullivan@highlands-ny.gov>

Subject: Setting up the kick off mtg

Hi Richie,
We are looking to set up the street lighting project kick off meeting.

Does 1 of these dates work:

12/2-11:00AM

12/3-11:30AM

12/4-11:30AM

We need about 90 minutes to review the logistics of the project and plan field work and any special

considerations related to your towns project.

Regards,
Jeff

Jeff Laino

Senior Key Account Executive, Key Account Management

New York Power Authority
123 Main Street

White Plains, NY 10601

(914) 287-3351 (office)

(914) 312-1260 (cell)
Jeffrev.Laino@nypa.gov

www.nypa.gov
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Arencibia, Stephanie (Molly)

Subject: Town of Highlands Street Lighting kick off meeting
Location: 254 Main Street Highland Falls NY 10928

Start: Mon 12/9/2019 2:00 PM

End: Mon 12/9/2019 3:30 PM

Recurrence: (none)

Meeting Status: Meeting organizer

Organizer: Laino, Jeffrey
Required Attendees: Richard Sullivan; Maya, David; Hermann, Charles; 'Bob

Livsey'

-- Do not delete or change any of the following text. --

:KHQ LW V WLP H MRLO \R

Meeting number (access code): 733 615 782

Meeting password: 3CKYf2SM

Join meeting

- R L Q E \ S K R Q H

Tap to call in from a mobile device (attendees only)
+1-415-655-0003 US Toll

Global call-in numbers

If you are a host, go here to view host information.

Need help? Go to https://uridefense.proofpoint.com/v2/url?u=http-

3A__help.webex.com&d=DwlGAg&c=7ytEQYGYryRPQxlWLDrn2g&r=FfnFA8xrXNwbDye5MvjW0tKo7DoKZq3TlG5ztea

nvZ7ppAQ3Ad101dXWWghc-0IbbSadWj4g&s=fvG90ov0NPAelBiHRJTCdyA8TL5Jqi-Lxk0rcnYI8IE&e=
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Arencibia, Stephanie (Molly)

From: r r

Sent: d r M

To: r

Subject: d d r
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Arencibia, Stephanie (Molly)

From: Bob Livsey <blivsey@highlands-ny.gov>

Sent: Tuesday, November 2 , 2019 12: 2 PM

To: Laino, Jeffrey
Subject [EXTERNAL]Accepted: Town of Highlands treet Lighting kick off meeting

CAUTION - External Email
Suspicices? Click Report Phishing on Outlook toolbar. For Mobile forward to (abusc@nypa,gov)
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Arencibia, Stephanie (Molly)

From: Maya, David

Sent: Tuesday, Novernbêr 26, 2019 1:11 PM

To: Laino, effrey
Subject: Teñtativ6: Town of Highlands Street Ughting kick off mêêting
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Arencibia, Stephanie (Molly)

From: 1M I M M

Sent: M P

To: M M
Subject: R M

Attachments:

w L

From: w W
Sent: h t a

To: W W
Cc: W W Y Y . 5

5 .

Subject: I t

I W L D Y W

w W
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NEW YORK NY PowerSTATEOF--q°"""
Authority

ANDREW M. CUOMO JOHN R. KOELMEL Gil C. QUINIONES
Govemor Chairman President and Chief Executive Officer

April 5, 2019

Supervisor Bob Livsey

Town of Highlands

254 Main Street

Highland Falls NY 10928

RE: Energy Services Program
Authorization to Proceed with turn-key street light project
Town of Highlands- LED Street Lighting

Dear Supervisor Livsey,

The New York Power Authority (NYPA) is excited to support the Town of :::g|ilâñds in identifying and

inip|en sñting a comprehensive street lighting upgrade. Ireprûviiig the existing street lights is a widely used

and effective strategy to achieve the goal of reducing energy consumption, towering utility costs, and improving

light quality throughout the community.

Consistêñt with the Master Cost Recovery Agreement, NYPA provides a turn-key solution to upgrade the Town

of HigNêñds's existing street lights to energy efficient LED techne!ogy. NYPA is pleased to offer these services

to replace approximately 167 existing street light fixtures with new high efficient LED techriology.

By signing below, the Town of Highlands authorizes NYPA to proceed with the full turn-key solution of the LED

street lighting project, which includes the final design report, conducting bids for materials and installation

labor, providing construction manageiiient, and commiccinning the final project. When the design and bidding
is comp:êted, you will receive an Initial Customer !nsta!!ation Commitment (ICIC) for your review and signature.

At this point, if you choose to praceed to project implementation all develepñieiit costs will be rolled into the

overall project. Canverse|y, should you decide not to proceed with the implementation of the project, the Town

of Hig:ilãiids agrees to reimburse NYPA for all costs incurred up to the termination date for the development,
design and bidding of the project. The cost of developing the design and for bidding the mâteriâ:s and labor

will be determ|ñêd during the next phase. NYPA will be fully trâñ5pârent through this process and provide

complete documentation as to how it determined all project costs.

By signing below, affirm that you agree to these conditions:

123 Main Street, White Plains, NY 10601 914-G81-G200 | www.nypa.gov
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5!fo¶ORK NY Power
OPPORTUNITY

ANDREW M. CUOMO JOHN R, KOELMEL GIL C. QUlNIONES
Governor Chairman President and Chief Executive Officer

PAGE 2
AUTHORIZATIONTO PROCEED- Town of Highlands

Joseph Rende 5/WtN 2. / .IT/SF
(Name,printed) (Narbeprihted)

Senior Director, Customer Business

Dêvê|Gpment f dus { 6
(Title) (Tltle)

Signat ) (SIgn

a (Date)

123 Main Street, W te Plains, NY 10601 | 914-681-6200 | www.nypa.gov
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Arencibia, Stephanie (Molly)

From: Laino effmy effreyLaino ny ago

Sent: Wednesday Se te er M
To: RichardSulli an

Subject: RE E TERN LTownofHigh!aadsESMCR etweenNewYork ower uthority
ER INRLI SEYand ohnCanaleisagnedandFiled

e c e

o e e n ne on ettn t e ut or tonto roceed ned

e rd

e

From: no e re

Sent:Mond u u t : M
To: c rdSu n r u n nd n o

Subject:F : T To no nd S MC bet een e or o er ut ort m S

nd o n C n e S ned nd F ed

c e

u tc ec n ont e ned T iiêêdedto c o t e roject

o e e

e

From: no e re

Sent:Tue d u : M
To: c rdSu n r u n nd n o

Subject:F : T To no nd S MC bet een e or o er ut ort m S

nd o n C n e S ned ndF ed

c e

See tt c ed nedMC o tt c ed t e ut or tonto roceed nce rece et e T c n nt tet e

roject nd et nen neer nedtot e roject o ec n c edue c o meetn

T n ou or our e t mo n t on

e

From: e or o er ut ort ec o n ec o ncom

Sent:Tue d u : M
To:C n e o n o nC n e n o r e nd nd r e n o m S

b e nd n o

Cc: ne o n o n ne n o no e re e re no n o

Subject: T To no nd S MC bet een e or o er ut ort m S nd

o nC n e S ned ndF ed

CAUTION- External Email
Suspicious? Click Report Piiis|iliig on Outlook toolbar. For Mobile forward to (abusc‡nypa,gov)

1

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0747



Town of

Highlands_ES_MCRA_2019

between New York Power

ÿ Authority , mERVIN R.

LIVSEY and John Canate is

Signed and Filed!

From: NEW YORK POWER AUTHORITY - Lindsay Parille
(New York Power Authority )
To: John Canale, NEW YORK POWER AUTHORITY -

Lindsay Parille and mERVIN R. LIVSEY

Cc: New York Power Authority John Paine and
jeffrey.taino@nypa.gov

Attached is a final copy of Town of
Highlands_ES_MCRA_2019.

Copies have been automatically sent to all parties to
the agreement.

You can view the document in your Adobe Sign
account.

Why use Adobe Sign:

• Exchange, Sign, and File Any Document. In Seconds!

• Set-up Reminders. Instantly Share Copies with
Others.

• See All of Your Documents, Anytime, Anywhere.

To ensure that you continue receiving our emails, please add echosign@echosign.comto your address book or safe list.
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Arencibia, Stephanie (Molly)

From: ichard ullian<rsullian highlandsn.g >

Sent: rida eptem er 2019 M
To: ain effre

Subject e wn fHighlands M 2019 etween ew rk wer uth rit

m . and hn analeis ignedand iled

Hi e ,

I m s am ed m or , a NY A ro ect in Yon ersactua , I ca toda and get things or ed out .

Than s or atience, Richie

Sent rom m i hone

On Se , , at : M, Laino, e re e re .Laino n ago rate:

I w

w
W

[ W
a a

w

C 9 990 [ I 9 a / w b t

9w lb w [L 9 W / C

I w

W t

W

[ W
W a

w
C 9 9v© [ I 9 a / w b t

9w lb w [L 9 W / C

I w
a/w t h L t L

W

b t

W a

/ W W / t [ [ t 9w lb w

[L 9

t W W t [ W W [
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9 9mb [ I 9 a / w b t 9w lb

w [L 9 W / C

H P M M
Suspicious? Click Report Phishing on Outlook toolbar. For N forward to (abuse@ nypa,gov)

own of

Highlands ES MCR 2019

between ew ork Power

uthority , mER R.

L SE and John Canale is

Signed and iled

From: NEW YORK POWER AUTHORITY - Lindsay Parille
(New York Power Authority )
To: John Canale, EW ORK POWER HOR -

Lindsay Parille and mER R. L SE

Cc: ew ork Power uthority John Paine and
effrey.Iaino@nypa.gov

ttached is a final copy of Town of
Highlands_ES_MCRA_2019.

Copies have been automatically sent to all parties to
the agreement.

ou can view the document in your dobe Sign
account.

Why use Adobe Sign:

• E change, Sign, and ile ny Document. n Seconds

• Set-up Reminders. nstantly Share Copies with
Others.

• See II of our Documents, nytime, nywhere.

o ensure that you continue receiving our emails, please add echosign@chosign.com to your address book or safe list.
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey <Jeffrey.Laino@ nypa.gov>

Sent: Monday, September 9, 2019 7:12 AM
To: Richard Sullivan

Subject: RE: [EXTERNAL]Towl of Highlands_ES-MCRA-2019 betveen New York Power Authority ,

mERVIN R. LIVSEY and John Canale is Signed and Filed!

Attachments: NYPA Street Lighting Authorization to Promed.pdf

Richie, I reœived your voim mail, attached is what is needed, the Authorization to Promed with the engineering design

and bidding phases of the project. Onœ we reœive this, a set up the project kick ofFmeeting and mobilize.

Regards,

Jeff

From: Laino, Jeffrey
Sent: Friday, September 6 2019206PM

To: 'Richard
Sullivan'

<rsullivan@ highlandsay.gov>

Subject: RE: [EXTERNAL]Town of Highlands_ES_MCRA_2019beteen NewYork Pour Authority , mERVIN R. LIVSEY and

John Canale isSigned and Filed!

Thanks Richie!

From: Richard Sullivan <rsullivan@ highlands-ny.gov>

Sent: Friday, September 6 20195:57 AM
To: Laino, Jeffrey <JefFrey.Laino@ nypa.gov>

Subject: Re: [EXTERNAL]Town of Highlands_ES_MCRA_2019 between NewYork Pour Authority , mERVIN R. IJVSEY and

John Canale isSgned and Filed!

Hi Jeff,
I' m swamped at vork, a NY PA project in Y onkers actually, III call today and get things vorked out.

Thanks for patience, Richie

Sent from my iPhone

On Sep 4, 2019, at 4:15 PM, L aino, Jeffrey <Jeffrey.L aino@ nypagov> wrote

Hey Richie,

I hope all is well, any newson getting the authorization to proceed signed?

Regards,

JefF

From: Laino, Jeffrey
Sent: Monday, August 12, 2019956 AM
To: 'Richard

Sullivan'
<rsullivan@ highlands-ny.gov>

Subject: FW: [EXTERNAL]Town of Highlands_ES_MCRA_2019beteen NewYork Pour Authority ,

mERVIN R. LIVSEY and John Canale is Sigled and Filed!

Hi Richie,

1
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Just checking on the signed ATP, needed to kick off the project.

Hope all is well.

Jeff

From: Laino, Jeffrey
Sent: Tuesday, July 23, 2019 852 AM
To: 'Richard

Sullivan'
<rsullivan@ highlands-ny.gov>

Subject: FW: [EXTERNAL]Town of Highlands_ES_MCRA_2019 between NewYork Power Authority ,

mERVIN R. LIVSEY and John Canale is Sgned and Filed!

Hi Richie,

See attached signed MCRA. Also attached is the Authorization to Proceed. Onœ I reœive the ATP I can

initiate the project and get an engneer amig1ed to the project so we can schedule a kick off meeting.

Thank you for your help with moving this along !

Jeff

From: NewYork Povier Authority <echosign@ echosign.com>

Sent: Tuesday, July 23, 2019 839 AM
To: Canale, John <John. Canale@ nypa.gov>; Parille, Lindsay <Lindsay.Parille@ nypa.gov>; mERVIN R
LIVSEY <blivsey@ highlands-ny.gov>

Cc: Paine, John <John.Paine@ nypa.gov>; Laino, Jeffrey <Jeffrey.Laino@ nypa.gov>

Subject: [EXTERNAL]Tovgo of Highlands_ES_MCRA_2Ol9 betvieen New York Power Authority , mERVIN

R LIVSEY and John Canale is Sgned and Filed!

H P M M
Suspicious? Click Report Phishing on Outlook toolbar. For N forward to (abuse@ nypa,gov)
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own of

Highlands ES MCR 2019

between ew ork Power

uthority , mER R.

L SE and John Canale is

Signed and iled

From: NEW YORK POWER AUTHORITY - Lindsay Parille
(New York Power Authority )
To: John Canale, EW ORK POWER HOR -

Lindsay Parille and mER R. L SE

Cc: ew ork Power uthority John Paine and
effrey.Iaino@nypa.gov

ttached is a final copy of Town of
Highlands_ES_MCRA_2019.

Copies have been automatically sent to all parties to
the agreement.

ou can view the document in your dobe Sign
account.

Why use Adobe Sign:

• E change, Sign, and ile ny Document. n Seconds

• Set-up Reminders. nstantly Share Copies with
Others.

• See II of our Documents, nytime, nywhere.

o ensure that you continue receiving our emails, please add echosign@echosign.com to your address book or safe list.
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NEW YORK NY PowerSTATE OFq°"™""
Authority

ANDREW M. CUOMO JOHN R. KOELMEL Gil C. QUINIONES
Governor Chairman President and Chief Executive Officer

April 5, 2019

Supervisor Bob Livsey

Town of Highlands

254 Main Street

Highland Falls NY 10928

RE: Energy Services Program
Authorization to Proceed with turn-key street light project
Town of Hiahlands- LED Street Liahtina

Dear Supervisor Livsey,

The New York Power Authority (NYPA) is excited to support the Town of Highlands in identifying and

implemêñting a comprehensive street lighting upgrade. Improving the existing street lights is a widely used

and effective strategy to achieve the goal of reducing energy consumption, lowering utility costs, and improving

light quality throughout the community.

Consistent with the Master Cost Recovery Agreement, NYPA provides a turn-key solution to upgrade the Town

of Highlands's existing street lights to energy efficient LED techñóiógy. NYPA is pleased to offer these services

to replace approximately 167 existing street light fixtures with new high efficient LED technology.

By signing below, the Town of Highlands authorizes NYPA to proceed with the full turn-key solution of the LED

street lighting project, which includes the final design report, conducting bids for materials and insta!!ation

labor, providing construction management, and commissioning the final project. When the design and bidding
is completed, you will receive an Initial Customer Installation Commitment (ICIC) for your review and signature.

At this point, if you choose to proceed to project implemêñtation all devê|0pment costs will be rolled into the

overall project. Conversely, should you decide not to proceed with the implementation of the project, the Town

of Highlands agrees to reimburse NYPA for all costs incurred up to the termination date for the devê|õpment,
design and bidding of the project. The cost of devê|0piñg the design and for bidding the materials and labor

will be determined during the next phase. NYPA will be fully transparent through this process and provide

complete documentation as to how it determined all project costs.

By signing below, affirm that you agree to these conditions:

123 Main Street, White Plains, NY 10601 | 914-681-6200 | www.nypa.gov
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NEW YORK NY PowerSTATE OFq°"™'"
Authority

ANDREW M. CUOMO JOHN R. KOELMEL Gil C. QUINIONES
Governor Chairman President and Chief Executive Officer

PAGE 2
AUTHORIZATION TO PROCEED - Town of Highlands

Joseph Rende

(Name,printed) (Name,printed)

Senior Director, Customer Business

Development
(Title) (Title)

(Signature) (Signature)

(Date) (Date)

123 Main Street, White Plains, NY 10601 | 914-681-6200 | www.nypa.gov
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey <Jeffrey.Laino@ nypa.gov>

Sent: Friday, September 6, 2019 206 PM

To: Richard Sullivan

Subject: RE: [EXTERNAL]Towl of Highlands_ES-MCRA-2019 betveen New York Power Authority ,

mERVIN R. LIVSEY and John Canale is Signed and Filed!

Thanks Richie!

From: Richard Sullivan <rsullivan@ hi(filands-ny.gov>

Sent: Friday, September 6, 20195:57 AM

To: Laino, Jeffrey <Jeffrey.Laino@ nypagov>

Subject: Re: [EXTERNAL]Towl of Highlands_ES_MCRA_2019 between NewYork Power Authority , mERVIN R LIVSEY and

John Canale isSigned and Filed!

Hi Jeff,
I' m swamped at viork, a NY PA projectin Y onkers actually, III call today and get things viorked out .

Thanks for patience, Richie

Sent from my iPhone

On Sep 4, 2019, at 4:15 PM, L aino, Jeffrey <Jeffrey.L aino@ nypagov> vwote

Hey Richie,

I hope all is all, any newson getting the authorization to proceed signed?

Regards,

Jeff

From: Laino, Jeffrey
Sent: Monday, August 12, 2019956 AM

To: 'Richard
Sullivan'

<rsullivan@ highlands-ny.gov>

Subject: FW: [EXTERNAL]Towl of Highlands_ES_MCRA_2019beteen NewYork Pour Authority ,

mERVIN R. LIVSEY and John Canale is Signed and Filed!

Hi Richie,

Just checking on the sigied ATP, needed to kick off the project.

Hope all iswell.

Jeff

From: Laino, Jeffrey
Sent: Tuesday, July 23, 2019 852 AM
To: 'Richard

Sullivan'
<rsullivan@ highlands-ny.gov>

Subject: FW: [EXTERNAL]Town of Highlands_ES_MCRA_2019beteen NewYork Pour Authority ,

mERVIN R. LIVSEY and John Canale is Signed and Filed!

Hi Ridlie,

See attached signed MCRA. Also attached is the Authorization to Promed. Onœ I receive the ATP I can

initiate the project and get an ençjneer assigned to the project so we can schedule a kick off meeting.

1
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Thank you for your help vUth moving this along! !

Jeff

From: NewYork Pover Authority <echosign@ echosign.com>

Sent: Tuesday, July 23, 2019 839 AM

To: Canale, John <John. Canale@ nypa.gov>; Parille, Lindsay <Lindsay.Parille@ nypa.gov>; mERVIN R.

UVSEY <blivsey@ highlands-ny.gov>

cc: Paine, John <John.Paine@ nypa gov>; Laino, Jeffrey <Jeffrey.Laino@ nypa gov>

Subject: [EXTERNAL]Tovw1 of Highlands_ES_MCRA_2019 between New York Pover Authority , mERVIN

R UVSEY and John Canale is Signed and Filed!

H P M M
Suspicious? Click Report Phishing on Outlook toolbar. For N forward to (abuse@ nypa,gov)

own of

Highlands ES MCR 2019

between ew ork Power

uthority , mER R.

L SE and John Canale is

Signed and iled

From: NEW YORK POWER AUTHORITY - Lindsay Parille
(New York Power Authority )
To: John Canale, EW ORK POWER HOR -

Lindsay Parille and mER R. L SE

Cc: ew ork Power uthority John Paine and
effrey.Iaino@nypa.gov

ttached is a final copy of Town of
Highlands_ES_MCRA_2019.

Copies have been automatically sent to all parties to
the agreement.

ou can view the document in your dobe Sign
account.

Why use Adobe Sign:

• E change, Sign, and ile ny Document. n Seconds

• Set-up Reminders. nstantly Share Copies with
Others.

• See ll of our Documents, nytime, nywhere.
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o ensure that you continue receiving our emails, please add echosign@kchosign.com to your address book or safe list.

3
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Arencibia, Stephanie (Molly)

From: Hermann, Charles

Sent: Monday, December 9, 2019 3:26 PM

To: rsu|||van |ily|ilo ds-ny.gov; blivscy‡| |glilands-ny.gov

Subject: Public-Private Use Certification

Attachments: ES-E5N-0862 Town of Highlai ds - LED Street Lighting Public-Private Use Form

20191205.pdf

Richard, Bob,
Attached is the PPUC we spoke about at the meeting today to certify that the town (will) own the lights we will be

replacing.

Please signa and return and let me know if you have any questions.

Chuck

1
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey
Sent: Thursday, October 3, 2019 5:11 PM

To: Richard Sullivan

Subject: FW: Town of Highlands ATP

Attachments: 20191003165155248.pdf

Received today.......I'll be in touch soon to set up the engineering meeting.

From: Rende, Joseph

Sent: Thursday, October 3, 2019 5:07 PM

To: Laino, Jeffrey <Jeffrey.Laino@nypa.gov>

Cc: Scott, Jesse <Jesse.Scott@nypa.gov>; Luteran, Kevin <Kevin.Luteran@nypa.gov>; Benjamin, David

<David.Benjamin@nypa.gov>

Subject: Town of Highlands ATP

Hi Jeff. I got this today in the mail. Countersigned. Good work. Keep them coming. Looking for a Jeff Laino hot streak!!!!

Regards, Joe.

2
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Arencibia, Stephanie (Molly)

From: Bob Livsey <bliv:cy@highlands-ny.gov>

Sent: Thursday, September 26, 2019 1:41 PM

To: Laino, Jeffrey
Cc: Richard Sullivan; Justin Rider

Subject: Re: [EXTERNAL]FW: Agieement

It's signed and in the mail

Sent from my iPhone

> On Sep 26, 2019, at 1:31 PM, Laino, Jeffrey <jeffrey.Laino@ñypa.gov> wrote:

>

> Good afternoon, Just following up on receipt of the attached.

> Thank you,
> Jeff

>

> -----Original Message-----

> From: Laino, feffrey
> Sent: Friday, September 20, 2019 9:56 AM
> To: 'Bob Livsey'

<blivsey@highlands-ny.gov>; Justin Rider <JRider@riderweiner.com>; Richard Sullivan

<rsullivan@highlands-ny.gov>

> Subject: RE: [EXTERNAL]FW: Agreement

>

> Bob, see attached. We have the Energy Services Agreemêñt(MCRA) signed. The MCRA is a general terms and

ccaditicñs document and is non binding. It governs any actual project the Town and NYPA implêmêñt. In your case, the

street lighting project now needs the Authorization to Proceed(ATP) document to commit the Town to wOrking with

NYPA on engineering and procurement phases of the work.

> So, no need to sign the MCRA again, just the ATP, then we will schedule a project kick off meeting and start working on

the project.

> Regards,
> Jeff

>

>-----Original Message-----

> From: Bob Livsey <blivsey@highlands-ny.gov>

> Sent: Friday, September 20, 2019 9:48 AM
> To: Justin Rider <JRider@riderwé|ñêr.com>; Richard Sullivan <rsu||ivañ@high|ands-ny.gov>; Laino, Jeffrey
<feffrey.Laino@nypa.gov>

> Subject: [EXTERNAL]FW: Agréêmêñt

>

>

>

>

> CAUTION - External Email

>

> Suspicious? Click Report Phishing on Outlook toolbar. For Mobile forward to (abusê@ñypa,gov)
>

>

>

3
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>

> Attached is permission to sign the agreeiiient as per the minutes of July 22nd. I know I signed it, I don't know if it was

mailed or emailed to the NYPA. This is the meetiiig that Deborah did the yelling at the end of the meeting while we

were proceediiig with passing the permission to sign. I will sign again and see that it is mailed and emailed.

>

> bob

>

> MERVIN R. LIVSEY

> Supervisor, Town of Highlands

> 254 Main Street

> Highland Falls, NY 10928

> 845 446-4280 x 312

> Fax 845 446 4298

> Cell 845 238 8074

> blivsey@highlands-ny.gov

>

> -----Original Message-----

> From: highlandscopier@tawñ.new-windsor.ny.us [mailto:highlandscopier@town.new-windsor.ny.us]
> Sent: Friday, September 20, 2019 9:40 AM
> To: Bob Livsey <blivsey@highlands-ny.gov>

> Subject:

>

> ------

> CS 3501i

> [00:17:c8:24:7f:a9]
> -------------------

> <Town of Highlands_ES_MCRA_2019 - signed.pdf>
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Arencibia, Stephanie (Molly)

From: Bob Livsey <blivsey@highlands-ny.gov>

Sent: Thursday, September 26, 2019 1:41 PM

To: Laino, Jeffrey
Cc: Richard Sullivan; Justin Rider

Subject: Re: [EXTERNAL]FW: Agreement

Itâ€™s signed and in the mail

Sent from my iPhone

> On Sep 26, 2019, at 1:31 PM, Laino, Jeffrey <jeffrey.Laino@nypa.gov> wrote:

>

> Good afternoon, Just fol|0wing up on receipt of the attached.

> Thank you,
> Jeff

>

> -----Original Message-----

> From: Laino, feffrey
> Sent: Friday, September 20, 2019 9:56 AM
> To: 'Bob Livsey'

<blivsey@high|ands-ny.gov>; Justin Rider <JRider@riderwéiner.com>; Richard Sullivan

<rsullivan@highlands-ny.gov>

> Subject: RE: [EXTERNAL]FW: Agreement

>

> Bob, see attached. We have the Energy Services Agreement(MCRA) signed. The MCRA is a general terms and

condiiicñs document and is non binding. It governs any actual project the Town and NYPA implemêñt. In your case, the

street |ighting project now needs the Authorization to Proceed(ATP) document to commit the Town to working with

NYPA on engineering and procurement phases of the work.

> So, no need to sign the MCRA again, just the ATP, then we will schedule a project kick off meeting and start working on

the project.

> Regards,
> Jeff

>

>-----Original Message-----

> From: Bob Livsey <blivsey@highlands-ny.gov>

> Sent: Friday, September 20, 2019 9:48 AM
> To: Justin Rider <JRider@riderwaiñêr.com>; Richard Sullivan <rsullivañ@high|ands-ny.gov>; Laino, Jeffrey
<feffrey.Laino@nypa.gov>

> Subject: [EXTERNAL]FW: Agreement

>

>

>

>

> CAUTION â€" External Email

>

> Suspicious? Click Report Phishing on Outlook toolbar. For Mobile forward to (abusê@ñypa,gov)
>

>

>
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>

> Attached is permission to sign the agreeiiient as per the minutes of July 22nd. I know I signed it, I don't know if it was

mailed or emailed to the NYPA. This is the meeting that Deborah did the yelling at the end of the meetiiig while we

were proceediiig with passing the permission to sign. I will sign again and see that it is mailed and emailed.

>

> bob

>

> MERVIN R. LIVSEY

> Supervisor, Town of Highlands

> 254 Main Street

> Highland Falls, NY 10928

> 845 446-4280 x 312

> Fax 845 446 4298

> Cell 845 238 8074

> blivsey@highlands-ny.gov

>

> -----Original Message-----

> From: highlaiidscopier@town.ñêw-windsor.ny.us [mailto:highlandscopier@town.ñêw-windsor.ny.us]
> Sent: Friday, September 20, 2019 9:40 AM
> To: Bob Livsey <blivsey@highlands-ny.gov>

> Subject:

>

> ------

> CS 3501i

> [00:17:c8:24:7f:a9]
> ---------

> <Town of ||igh|aiids_ES_MCRA_2019 - signed.pdf>
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey
Sent: Thursday, September 26, 2019 1:32 PM

To: Bob Livsey; Richard Sullivan; Justin Rider

Subject: RE: [EXTERNAL]FW: Agreerment

Attach=êñts: NYPA Street Lighting Authorization to Proceed-pdf

I meant the attached ATP

-----Original Message-----

From: Laino, Jeffrey
Sent: Thursday, September 26, 2019 1:32 PM

To: 'Bob Livsey'
<blivsey@highlands-ny.gov>; Richard Sullivan <rsullivan@high|ands-ny.gov>; Justin Rider

<JRider@riderweiner.com>

Subject: FW: [EXTERNAL]FW: Agreement

Good afterñ00ñ, Just following up on receipt of the attached.

Thank you,
Jeff

-----Original Message-----

From: Laino, Jeffrey
Sent: Friday, September 20, 2019 9:56 AM

To: 'Bob Livsey'
<blivsêy@h|gh|ands-ny.gov>; Justin Rider <JRider@riderweiner.com>; Richard Sullivan

<rsullivan@highlands-ny.gov>

Subject: RE: [EXTERNAL]FW: Agreement

Bob, see attached. We have the Energy Services Agreement(MCRA) signed. The MCRA is a gêñêral terms and conditions

document and is non binding. It governs any actual project the Town and NYPA imp|êmêñt. In your case, the street

lighting project now needs the Authcrization to Picceed(ATP) document to commit the Town to working with NYPA on

engineering and procurement phases of the work.

So, no need to sign the MCRA again, just the ATP, then we will schedule a prcject kick off meeting and start w0rking on

the project.

Regards,
Jeff

-----Original Message-----

From: Bob Livsey <blivsey@highlands-ny.gov>

Sent: Friday, September 20, 2019 9:48 AM

To: Justin Rider <JRider@riderweiñêr.com>; Richard Sullivan <rsullivañ@high|ands-ny.gov>; Laino, Jeffrey
<Jeffrey.Laino@nypa.gov>

Subject: [EXTERNAL]FW: Agreement

CAUTION - External Email

Suspicious? Click Report Phishing on Outlook toolbar. For Mobile forward to (abuse@ñypa,gov)
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Attached is permission to sign the agreement as per the minutes of fuly 22nd. I know I signed it, I don't know if it was

mailed or emailed to the NYPA. This is the meeting that Deborah did the yelling at the end of the mêêtiñg while we

were proceeding with passing the permission to sign. I will sign again and see that it is mailed and emailed.

bob

MERVIN R. LIVSEY

Supervisor, Town of Highlands

254 Main Street

Highland Falls, NY 10928

845 446-4280 x 312

Fax 845 446 4298

Cell 845 238 8074

blivsêy@highlands-ny.gov

-----Original Message-----

From: highlandscopier@tawñ.new-windsor.ny.us [mailtû:highlandscopier@town.new-windsor.ny.us]

Sent: Friday, September 20, 2019 9:40 AM

To: Bob Livsey <blivsey@highlands-ny.gov>

Subject:

___________________

CS 3501i

[00:17:c8:24:7f:a9]
____ ___
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey
Sent: Thursday, September 26, 2019 1:32 PM

To: Bob Livsey; Richard Sullivan; Justin Rider

Subject: FW: [EXTERNAL]FW: Agreement

Attachments: Town of Highlands_ES_MCRA_2019 - signed-pdf

Good afternocñ, Just foliewiiig up on receipt of the attached.

Thank you,
Jeff

-----Original Message-----

From: Laino, Jeffrey
Sent: Friday, September 20, 2019 9:56 AM

To: 'Bob Livsey'
<blivsêy@high|ands-ny.gov>; Justin Rider <JRider@riderweiiier.com>; Richard Sullivan

<rsullivan@highlands-ny.gov>

Subject: RE: [EXTERNAL]FW: Agreement

Bob, see attached. We have the Energy Services Agreerñéiit(MCRA) signed. The MCRA is a gêñéral terms and conditions

document and is non binding. It governs any actual project the Town and NYPA implement. In your case, the street

lighting project now needs the Authorization to Proceed(ATP) document to commit the Town to working with NYPA on

engineering and procurement phases of the work.

So, no need to sign the MCRA again, just the ATP, then we will schedule a project kick off rñêêting and start working on

the project.

Regards,

Jeff

-----Original Message-----

From: Bob Livsey <blivsey@highlands-ny.gov>

Sent: Friday, September 20, 2019 9:48 AM

To: Justin Rider <JRider@riderweiñêr.com>; Richard Sullivan <rsullivañ@highlands-ny.gov>; Laino, Jeffrey
<Jeffrey.Laino@nypa.gov>

Subject: [EXTERNAL]FW: Agreement

CAUTION - External Email

Suspicious? Click Report Phishing on Outlook toolbar. For Mobile forward to (abusê@ñypa,gov)

Attached is permission to sign the agreement as per the minutes of July 22nd. I know I signed it, I don't know if it was

mailed or emailed to the NYPA. This is the mêêting that Deborah did the yelling at the end of the meeting while we

were proceeding with passing the permission to sign. I will sign again and see that it is mailed and emailed.

bob
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MERVIN R. LIVSEY

Supervisor, Town of Highlands

254 Main Street

Highland Falls, NY 10928

845 446-4280 x 312

Fax 845 446 4298

Cell 845 238 8074

blivsêy@high|ands-ny.gov

-----Original Message-----

From: highlandscopier@tGwñ.new-windsor.ny.us [mailto:highlandscopier iewn.new-windsor.ny.us]

Sent: Friday, September 20, 2019 9:40 AM

To: Bob Livsey <blivsey@highlands-ny.gov>

Subject:

___________________

CS 3501i

[00:17:c8:24:7f:a9]
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Arencibia, Stephanie (Molly)

From: Bob Livsey <blivsey@highlands-ny.gov>

Sent: Friday, September 20, 2019 10:03 AM

To: Justin Rider; Richard Sullivan; Laino, Jeffrey
Subject: [EXTERNAL]FW: [EXTERNAL]FW: Agreement

Attachmêñts: Town of Highland3_ES_MCRA_2019 - signed-pdf

CAUTION
â€"

External Email

Suspicious? Click Report Phishing on Outlook toolbar. For Mobile forward to (abuse@nypa,gov)

Gets more confusing as we move along. I already have the attached agreenient. It was electrciiically signed by me and

John Cananle.

MERVIN R. LIVSEY

Supervisor, Town of Highlands

254 Main Street

Highland Falls, NY 10928

845 446-4280 x 312

Fax 845 446 4298

Cell 845 238 8074

blivsey@highlands-ny.gov

-----Original Message-----

From: Laino, Jeffrey [mailto:Jeffrey.Laino@nypa.gov]

Sent: Friday, September 20, 2019 9:56 AM

To: Bob Livsey <blivsey@highlands-ny.gov>; Justin Rider <JRider@riderweiner.com>; Richard Sullivan

<rsullivan@highlands-ny.gov>

Subject: RE: [EXTERNAL]FW: Agreement

Bob, see attached. We have the Energy Services Agreernent(MCRA) signed. The MCRA is a géneral terms and cGaditiciis

document and is non 'sinding. It g0verns any actual project the Town and NYPA implement. In your case, the street

lighting project now needs the Authorization to Proceed(ATP) document to commit the Town to working with NYPA on

engineering and procurement phases of the work.

So, no need to sign the MCRA again, just the ATP, then we will schedule a project kick off meeting and start working on

the project.

Regards,
Jeff

-----Original Message-----

From: Bob Livsey <blivsey@highlands-ny.gov>

Sent: Friday, September 20, 2019 9:48 AM
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To: Justin Rider <JRider@riderweiñêr.com>; Richard Sullivan <rsullivan@highlañds-ny.gov>; Laino, Jeffrey
<Jeffrey.Laino@nypa.gov>

Subject: [EXTERNAL]FW: Agreement

CAUTION â€" External Email

Suspicious? Click Report Phishing on Outlook tac|bar. For Mobile fGrward to (abuse@nypa,gov)

Attached is permission to sign the agreerñéñt as per the minutes of July 22nd. I know I signed it, I don't know if it was

mailed or emailed to the NYPA. This is the meeting that Deborah did the yelling at the end of the meeting while we

were proceeding with passing the permission to sign. I will sign again and see that it is mailed and erñailed.

bob

MERVIN R. LIVSEY

Supervisor, Town of Highlands

254 Main Street

Highland Falls, NY 10928

845 446-4280 x 312

Fax 845 446 4298

Cell 845 238 8074

blivsey@highlands-ny.gov

-----Original Message-----

From: highlandscopier@town.new-windsor.ny.us [reallt0;highlandscopier@town.new-windsor.ny.us]
Sent: Friday, September 20, 2019 9:40 AM

To: Bob Livsey <blivsêy@highlands-ny.gov>

Subject:

__

CS 3501i

[00:17:c8:24:7f:a9]
___
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey <Jeffrey.Lainõ@ñypa.gov>

Sent: Friday, September 20, 2019 9:56 AM

To: Bob Livsey; Justin Rider; Richard Sullivan

Subject: RE: [EXTERNAL]FW: Agrêêmen t

Attachments: Town of Highlands_ES_MCRA_2019 - signed-pdf

Bob, see attached. We have the Energy Services Agrêêrñêñt(MCRA) signed. The MCRA is a general terms and ccñditicñs

document and is non binding. It governs any actual project the Town and NYPA implemêñt. In your case, the street

lighting project now needs the Authorization to Proceed(ATP) document to commit the Town to working with NYPA on

enginêêring and procurement phases of the work.

So, no need to sign the MCRA again, just the ATP, then we will schedule a project kick off meeting and start w0rking on

the project.

Regards,
Jeff

-----Original Message-----

From: Bob Livsey <blivsey@highlands-ny.gov>

Sent: Friday, September 20, 2019 9:48 AM

To: Justin Rider <JRider@riderweiner.com>; Richard Sullivan <rsu||ivañ@highlañds-ny.gov>; Laino, Jeffrey
<Jeffrey.Laiñ0@ñypa.gov>

Subject: [EXTERNAL]FW: Agreement

CAUTION â€" External Email

Suspicious? Click Report Phishing on Outlook tGolbar. For Mobile forward to (abusc@ñypa,gov)

Attached is permission to sign the agrêêmêñt as per the minutes of July 22nd. I know I signed it, I don't know if it was

mailed or emailed to the NYPA. This is the meeting that Deborah did the yelling at the end of the meeting while we

were proceeding with passing the permission to sign. I will sign again and see that it is mailed and emailed.

bob

MERVIN R. LIVSEY

Supervisor, Town of Highlands

254 Main Street

Highland Falls, NY 10928

845 446-4280 x 312

Fax 845 446 4298

Cell 845 238 8074

blivsey@highlands-ny.gov

-----Original Message-----
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From: highlandscopier@town.new-windsor.ny.us [mailto:highlandscopier@icwn.new-windsor.ny.us]

Sent: Friday, September 20, 2019 9:40 AM

To: Bob Livsey <blivsey@highlands-ny.gov>

Subject:

___________________

CS 3501i

[00:17:c8:24:7f:a9]
___________________
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Arencibia, Stephanie (Molly)

From: Bob Livsey <blivsey@highlands-ny.gov>

Sent: Friday, September 20, 2019 9:48 AM

To: Justin Rider; Richard Sullivan; Laino, Jeffrey
Subject: [EXTERNAL]FW: Agreement

Attachments: Scan20190920094019.pdf

CAUTION
â€"

External Email

Suspicious? Click Report Phishing on Outlook toolbar. For Mobile forward to (abusê@nypa,gov)

Attached is permission to sign the agiéemeiit as per the minutes of fuly 22nd. I know I signed it, I don't know if it was

mailed or emailed to the NYPA. This is the meeting that Deborah did the yelling at the end of the meeting while we

were proceeding with passing the permission to sign. I will sign again and see that it is mailed and emai|ed.

bob

MERVIN R. LIVSEY

Supervisor, Town of Highlands

254 Main Street

Highland Falls, NY 10928

845 446-4280 x 312

Fax 845 446 4298

Cell 845 238 8074

blivsey@highlands-ny.gov

-----Original Message-----

From: highlandscopier@iowñ.ñêw .. ;idsor.ny.us [mai|to:highlandscopier@town.new-windsor.ny.us]

Sent: Friday, September 20, 2019 9:40 AM

To: Bob Livsey <blivsey@highlands-ny.gov>

Subject:

___

CS 3501i

[00:17:c8:24:7f:a9]
___________________
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey <Jeffrey.Lainõ@nypa.gov>

Sent: Friday, September 20, 2019 9:23 AM

To: Bob Livsey
Cc: Richard Sullivan

Subject: LED Street lighting Authorization to Proceed

Attachmants: NYPA Street Lighting Authorization to Proceed.pdf

Good Morning Supervisor,
Attached is the LED Street lighting Authorization to Proceed. After we receive this back from the Town, we will schedule

a kick off meeting with the NYPA engineering team and start the project.

We did receive the Master Cost recovery Agreement last month. That is the general terms and conditions agreement

under which the street lighting project falls.

Regards,

Jeff Laino

Business Deve|üprñént Representative, Key Account Management

New York Power Authority
123 Main Street

White Plains, NY 10601

(914) 287-3351 (office)

(914) 312-1260 (cell)
Jeffrey.Laino@nypa.gov

www.nypa.gov
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey <Jeffrey.Laino@nypa.gov>

Sent: Wednesday, September 18, 2019 12:33 PM

To: Richard Sullivan

Subject: Signed MCRA

Attachmêñts: Town of Highlands_ES_MCRA_2019 - signed-pdf

Jeff Laino

Business Deve|0prñêñt Representative, Key Account Management

New York Power Authciity

123 Main Street

White Plains, NY 10601

(914) 287-3351 (office)

(914) 312-1260 (cell)
Jeffrey.Laino@nypa.gov

www.nypa.gov
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey <Jeffrey.Laino@nypa.gov>

Sent: Monday, September 9, 2019 7:12 AM
To: Richard Sullivan

Subject: RE: [EXTERNAL]Town of Highlands_ES_MCRA_2019 between New York Power Authority ,
mERVIN R. LIVSEY and John Canale is Signed and Filed!

Attachmen+s: NYPA Street Lighting Authorization to Proceed.pdf

Richie, I received your voice mail, attached is what is needed, the Authorization to Proceed with the engineering design

and bidding phases of the project. Once we receive this, we set up the project kick off meeting and mobilize.

Regards,
Jeff

From: Laino, Jeffrey
Sent: Friday, September 6, 2019 2:06 PM

To: 'Richard
Sullivan' <rsullivan@highlands-ny.gov>

Subject: RE: [EXTERNAL]Town of Highlands_ES_MCRA_2019 between New York Power Authority , mERVIN R. LlVSEY and

John Canale is Signed and Filed!

Thanks Richie!

From: Richard Sullivan <rsullivan@highlands-ny.gov>

Sent: Friday, September 6, 2019 5:57 AM
To: Laino, Jeffrey <Jeffrey.Laino@nypa.gov>

Subject: Re: [EXTERNAL]Town of Highlands_ES_MCRA_2019 betweeñ New York Power Authority , mERVIN R. LIVSEY and

John Canale is Signed and Filed!

Hi Jeff,

I'm swamped at work, a NYPA project in Yonkers actually, Ill call today and get things worked out .

Thanks for patience, Richie

Sent from my iPhone

On Sep 4, 2019, at 4:15 PM, Laino, Jeffrey <Jeffrey.Laino@nypa.gov> wrote:

Hey Richie,
I hope all is well, any news on getting the authorization to proceed signed?

Regards,

Jeff

From: Laino, Jeffrey
Sent: Monday, August 12, 2019 9:56 AM
To: 'Richard

Sullivan' <rsullivan@highlands-ny.gov>

Subject: FW: [EXTERNAL]Town of Highlands_ES_MCRA_2019 between New York Power Authority ,

mERVIN R. LIVSEY and John Canale is Signed and Filed!

Hi Richie,
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Just checking on the signed ATP, needed to kick off the project.

Hope all is well.

Jeff

From: Laino, Jeffrey
Sent: Tuesday, July 23, 2019 8:52 AM
To: 'Richard

Sullivan' <rsullivan@highlands-ny.gov>

Subject: FW: [EXTERNAL]Town of Highlands_ES_MCRA_2019 betwêêñ New York Power Authority ,
mERVIN R. LIVSEY and John Canale is Signed and Filed!

Hi Richie,
See attached signed MCRA. Also attached is the Authorization to Proceed. Once I receive the ATP I can

initiate the project and get an engineer assigned to the project so we can schedule a kick off meeting.

Thank you for your help with moving this along!!

Jeff

From: New York Power Authority <echosign@echosign.com>

Sent: Tuesday, July 23, 2019 8:39 AM

To: Canale, John <John.Canale@nypa.gov>; Parille, Lindsay <Lindsay.Parille@nypa.gov>; mERVIN R.

LIVSEY <blivsey@highlands-ny.gov>

Cc: Paine, John <John.Paine@nypa.gov>; Laino, Jeffrey <Jeffrey.Laino@nypa.gov>

Subject: [EXTERNAL]Town of Highlands_ES_MCRA_2019 between New York Power Authority , mERVIN

R. LIVSEY and John Canale is Signed and Filed!

CAUTION - External Email
Suspicices? Click Report Phishing on Outlook toolbar. For Mobile forward to (abusc‡nypc,gov)
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Town of

Highlands_ES_MCRA_2019

between New York Power

Authority , mERVIN R.

LIVSEY and John Canate is

Signed and Filed!

: fca . B9K M'F? DCK 9F 5I He CF=I-M! CalbXgllriDlI]"Y
fBYk Mf_ Ikk Yf 5i It cf]hriL
I-L. John Canale, NEW YORK POWER AUTHORITY -

Lindsay Parille and mERVIN R. LIVSEY

7WNew York Power Authority John Paine and
jeffrey.laino@nypa.gov

Attached is a final copy of I-Lk b cZ
< ][ \ 'lbXp9ŒA7F5S&S% .

Copies have been automatically sent to all parties to
the agreement.

You can view It Y XcWa Ybhin your Adobe Sign
account.

K \ nii gY 5XcVY Q[ b.

x Exchange, Sign, and File Any Document. In Seconds!

x Set-up Reminders. Instantly Share Copies with
Others.

x See All of Your Documents, Anytime, Anywhere.

To ensure that you continue receiving our emails, please add echosign@echosign.comto your address book or safe list.
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey <Jeffrey.Laino@nypa.gov>

Sent: Wednesday, September 4, 2019 4:15 PM

To: Richard Sullivan

Subject: RE: [EXTERNAL]Town of Highlands_ES_MCRA_2019 between New York Power Authority ,
mERVIN R. LIVSEY and John Canale is Signed and Filed!

Hey Richie,

I hope all is well, any news on getting the authorization to proceed signed?

Regards,
Jeff

From: Laino, Jeffrey
Sent: Monday, August 12, 2019 9:S6 AM
To: 'Richard

Sullivan' <rsullivan@highlands-ny.gov>

Subject: FW: [EXTERNAL]Town of Highlands_ES_MCRA_2019 between New York Power Authority , mERVIN R. LIVSEY

and John Canale is Signed and Filed!

Hi Richie,
Just checking on the signed ATP, needed to kick off the project.

Hope all is well.

Jeff

From: Laino, Jeffrey
Sent: Tuesday, July 23, 2019 8:52 AM
To: 'Richard

Sullivan' <rsullivan@highlands-ny.gov>

Subject: FW: [EXTERNAL]Town of Highlands_ES_MCRA_2019 betweeñ New York Power Authority , mERVIN R. LIVSEY

and John Canale is Signed and Filed!

Hi Richie,
See attached signed MCRA. Also attached is the Authorization to Proceed. Once I receive the ATP I can initiate the

project and get an engineer assigned to the project so we can schedule a kick off meeting.

Thank you for your help with moving this along!!

Jeff

From: New York Power Authority <echosign@echosign.com>

Sent: Tuesday, July 23, 2019 8:39 AM
To: Canale, John <John.Canale@nypa.gov>; Parille, Lindsay <Lindsay.Parille@nypa.gov>; mERVIN R. LIVSEY

<blivsey@highlands-ny.gov>

Cc: Paine, John <John.Paine@nypa.gov>; Laino, Jeffrey <Jeffrey.Laino@nypa.gov>

Subject: [EXTERNAL]Town of Highlands_ES_MCRA_2019 between New York Power Authority , mERVIN R. LIVSEY and

John Canale is Signed and Filed!

CAUTION - External Email
S spicious? Click Report Phishing on Outlook toolbar. For Mobile forward to (abuse@nypa,gov)
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Town of

Highlands_ES_MCRA_2019

between New York Power

y Authority , mERVIN R.

LIVSEY and John Canate is

Signed and Filed!

: fca . B9K M'F? DCK 9F 5I I-k CF+M! CalbXghiIX F]"Y
fBYk Mf Dek Yf 51thcf]tniL
HC. John Canale, NEW YORK POWER AUTHORITY -

Lindsay Parille and mERVIN R. LIVSEY

7WNew York Power Authority John Paine and
jeffrey.taino@nypa.gov

Attached is a final copy of Itkb cZ
<][\'lbX 9ŒA7F5S&S% .

Copies have been automatically sent to all parties to
the agreement.

You can view ItY XcWa Ybhin your Adobe Sign
account.

K \nii gY5XcVYQ[b.

x Exchange, Sign, and File Any Document. In Seconds!

x Set-up Reminders. Instantly Share Copies with
Others.

x See All of Your Documents, Anytime, Anywhere.

To ensure that you continue receiving our emails, please add echosign@echosign.comto your address book or safe list.
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey <Jeffrey.Laino@nypa.gov>

Sent: Monday, August 12, 2019 9:56 AM

To: Richard Sullivan

Subject: FW: [EXTERNAL]Town of Highlands_ES_MCRA_2019 between New York Power Authority

, mERVIN R. LIVSEY and John Canale is Signed and Filed!

Attachment: Town of Highlands_ES_MCRA_2019 - signed.pdf NYPA Street Lighting Authorization to

Proceed.pdf

Hi Richie,
Just checking on the signed ATP, needed to kick off the project.

Hope all is well.

Jeff

From: Laino, Jeffrey
Sent: Tuesday, July 23, 2019 8:52 AM
To: 'Richard

Sullivan' <rsullivan@highlands-ny.gov>

Subject: FW: [EXTERNAL]Town of Highlands_ES_MCRA_2019 between New York Power Authority , mERVIN R. LIVSEY

and John Canale is Signed and Filed!

Hi Richie,
See attached signed MCRA. Also attached is the Authorization to Proceed. Once I receive the ATP I can initiate the

project and get an engineer assigned to the project so we can schedule a kick off meeting.

Thank you for your help with moving this along!!

Jeff

From: New York Power Authority <echosign@echosign.com>

Sent: Tuesday, July 23, 2019 8:39 AM

To: Canale, John <John.Canale@nypa.gov>; Parille, Lindsay <Lindsay.Parille@nypa.gov>; mERVIN R. LIVSEY

<blivsey@highlands-ny.gov>

Cc: Paine, John <John.Paine@nypa.gov>; Laino, Jeffrey <Jeffrey.Laino@nypa.gov>

Subject: [EXTERNAL]Town of Highlands_ES_MCRA_2019 between New York Power Authority , mERVIN R. LIVSEY and

John Canale is Signed and Filed!

CAUTION - External Email
Suspicious? Click Report Phishing on Outlook toolbar. For Mobile forward to (abuse r.ypâ,gov)
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Town of

Highlands_ES_MCRA_2019

between New York Power

ÿ Authority , mERVIN R.

LIVSEY and John Canate is

Signed and Filed!

: fca . B9K l\CF? DCK 9F 5I I-k CFd-M! CalbXgthillf]"Y
fBYk Mf Dek Yf 5i It cf]hriL
I-t. John Canale, NEW YORK POWER AUTHORITY -

Lindsay Parille and mERVIN R. LIVSEY

7WNew York Power Authority John Paine and
jeffrey.laino@nypa.gov

Attached is a final copy of Itk b cZ
< ][ \ 'LbXp9ŒA7F5S&S% .

Copies have been automatically sent to all parties to
the agreement.

You can view It Y XcWa Ybhin your Adobe Sign
account.

K \ rrii gY 5XcVY Q[ b.

x Exchange, Sign, and File Any Document. In Seconds!

x Set-up Reminders. Instantly Share Copies with
Others.

x See All of Your Documents, Anytime, Anywhere.

To ensure that you continue receiving our emails, please add echosign@echosign.comto your address book or safe list.
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey <Jeffrey.Laino@nypa.gov>

Sent: Tuesday, July 23, 2019 8:52 AM
To: Richard Sullivan

Subject: FW: [EXTERNAL]Town of Highlands_ES_MCRA_2019 between New York Power Authority

, mERVIN R. LIVSEY and John Canale is Signed and Filed!

At+echment: Town of Highlands_ES_MCRA_2019 - signed.pdf; NYPA Street Lighting Authorization to

Proceed.pdf

Hi Richie,
See attached signed MCRA. Also attached is the Authorization to Proceed. Once I receive the ATP I can initiate the

project and get an engineer assigned to the project so we can schedule a kick off meeting.

Thank you for your help with moving this along!!

Jeff

From: New York Power Authority <echosign@echosign.com>

Sent: Tuesday, July 23, 2019 8:39 AM
To: Canale, John <John.Canale@ñypa.gov>; Parille, Lindsay <Lindsay.Pari||e@ñypa.gov>; mERVIN R. LIVSEY

<blivsey@highlands-ny.gov>

Cc: Paine, John <John.Paine@nypa.gov>; Laino, Jeffrey <Jeffrey.Laiñc@ñypa.gov>

Subject: [EXTERNAL]Town of Highlands_ES_MCRA_2019 between New York Power Authority , mERVIN R. LIVSEY and

John Canale is Signed and Filed!

CAUTION - External Email
Sü±; Meüs? Click Report Phishiiig on Outlook toolbar. For Mobile forward to (ab c.yps,gov)
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Town of

Highlands_ES_MCRA_2019

between New York Power

ÿ Authority , mERVIN R.

LIVSEY and John Canate is

Signed and Filed!

: fca . B9K l\CF? DCK 9F 5I I-k CFd-M! CalbXgthillf]"Y
fBYk Mf Dek Yf 5i It cf]hriL
I-t. John Canale, NEW YORK POWER AUTHORITY -

Lindsay Parille and mERVIN R. LIVSEY

7WNew York Power Authority John Paine and
jeffrey.laino@nypa.gov

Attached is a final copy of Itk b cZ
< ][ \ 'LbXp9ŒA7F5S&S% .

Copies have been automatically sent to all parties to
the agreement.

You can view It Y XcWa Ybhin your Adobe Sign
account.

K \ rrii gY 5XcVY Q[ b.

x Exchange, Sign, and File Any Document. In Seconds!

x Set-up Reminders. Instantly Share Copies with
Others.

x See All of Your Documents, Anytime, Anywhere.

To ensure that you continue receiving our emails, please add echosign@echosign.comto your address book or safe list.
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey <Jeffrey.Laino@nypa.gov>

Sent: Tuesday, July 16, 2019 10:02 AM

To: Richard Sullivan

Subject: FW: Please sign Town of Highlands_ES_MCRA_2019

Attachmenh: NYPA Street Lighting Authorization to Proceed.pdf

Hi Richie,

Just letting you know that the Town Supervisor has the MCRA. We will need the MCRA and the attached Authorization

to Proceed in order to begin the design and procurement stages of the project, which can happen while the fixture

purchase process with O&R gets completed.

Thank you,

Jeff

From: Parille, Lindsay
Sent: Tuesday, July 16, 2019 9:55 AM
To: Bob Livsey <blivsey@highlands-ny.gov>

Cc: Paine, John <John.Paiñê@ñypa.gov>; Laino, Jeffrey <Jeffrey.Laino@nypa.gov>

Subject: RE: Please sign Town of Highlands_ES_MCRA_2019

Good morning,

I have canceled the agreement and reissued with the appropriate name. You should have received a new email from

Adobe Sign.

Thank you,

Lindsay Parille

Power Contracts & Tariff Analyst

New York Power Authority

123 Main St.

White Plains, NY 10601

914.681.6256 I Lindsav.Parille@nvoa.aov

www.nvoa.cov

From: Bob Livsey <blivsey@highlands-ny.gov>

Sent: Tuesday, July 16, 2019 8:41 AM

To: Parille, Lindsay <Lindsay.Parille@nypa.gov>

Subject: RE: Please sign Town of Highlands_ES_MCRA_2019

On a
"legal"

document I should have my name as printed below, not Bob Livsey. I will cross out Bob Livsey and enter my
proper name.

MERVIN R. LIVSEY

Supervisor, Town of Highlands

254 Main Street

Highland Falls, NY 10928

27

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0785



845 446-4280 x 312

Fax 845 446 4298

Cell 845 238 8074

blivsey@highlands-ny.gov

From: NEW YORK POWER AUTHORITY - Lindsay Parille [mailto:echosign@echosign.com]

Sent: Friday, July 12, 2019 4:48 PM

To: Bob Livsey <blivsey@highlands-ny.gov>

Subject: Please sign Town of Highlands_ES_MCRA_2019

NEW YORK POWER

AUTHORITY -
Lindsay

Parille Has Sent You I-tkb

cZ

<][\'LbX 9GSA7F5S&$%

to Sign

NEW YORK POWER AUTHORITY - Lindsay Parille (New
York Power Authority ) says:
"Please review and complete Town ofHighlands_ES_MCRA_2019."

Click here to review and sign Itk b cZ
< j[ \ 'lbX 9ŒA7F5S&S% .

After you sign I-tk b cZ< ][ \ 'lbXp9ŒA7F5S&S% ,
the agreement will be sent to >c\b 7tbUY. Then, all
parties will receive a final PDF copy by email.

I

If you need to delegate this document to an authorized

party for signature, d'Yl¾yXc behafk ifXu]gYa U]'.

Instead, click here to delegate.

To ensure that you continue receiving our emails, please add echosign@echosign.comto your address book or safe list.
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Arencibia, Stephanie (Molly)

From: Parille, Lindsay <Lindsay.Parille@nypa.gov>

Sent: Tuesday, July 16, 2019 9:55 AM

To: Bob Livsey
Cc: Paine, John; Laino, Jeffrey
Subject: RE: Please sign Town of Highlands_ES_MCRA_2019

Good morning,

I have canceled the agreement and reissued with the appropriate name. You should have received a new email from

Adobe Sign.

Thank you,

Lindsay Parille

Power Contracts & Tariff Analyst

New York Power Authority

123 Main St.

White Plains, NY 10601

914.681.6256 I Lindsay.Parille@nvpa.cov

www.nvoa.gov

From: Bob Livsey <blivsey@highlands-ny.gov>

Sent: Tuesday, July 16, 2019 8:41 AM
To: Parille, Lindsay <Lindsay.Parille@nypa.gov>

Subject: RE: Please sign Town of Highlands_ES_MCRA_2019

On a
"legal"

document I should have my name as printed below, not Bob Livsey. I will cross out Bob Livsey and enter my
proper name.

MERVIN R. LIVSEY

Supervisor, Town of Highlands

254 Main Street

Highland Falls, NY 10928

845 446-4280 x 312

Fax 845 446 4298

Cell 845 238 8074

blivsey@highlands-ny.gov

From: NEW YORK POWER AUTHORITY - Lindsay Parille [mailto:echosign@echosign.com]

Sent: Friday, July 12, 2019 4:48 PM

To: Bob Livsey <blivsey@highlands-ny.gov>

Subject: Please sign Town of Highlands_ES_MCRA_2019
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NEW YORK POWER

AUTHORITY -
Lindsay

Parille Has Sent You Itk b

cZ

< ][ \'IbX 9GSA7F5S&$%

to Sign

NEW YORK POWER AUTHORITY - Lindsay Parille (New
York Power Authority ) says:
"Please review and complete Town ofHighlands_ES_MCRA_2019."

Click here to review and sign Rk b cZ
< ][ \ lbXg9ŒA7F5S&6% .

After you sign Rk b cZ<][ \ lbX 9ŒA7F5S&S% ,
the agreement will be sent to >c\b 7tbUY. Then, all
parties will receive a final PDF copy by email.

I

If you need to delegate this document to an authorized

party for signature, d'Yt Y Xc bchZcfk IfXIt ]g Ya U]'.

Instead, click here to delegate.

To ensure that you continue receiving our emails, please add echosign@echosign.comto your address book or safe list.
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Arencibia, Stephanie (Molly)

From: Bob Livsey <blivsey@highlands-ny.gov>

Sent: Tuesday, July 16, 2019 8:41 AM

To: Parille, Lindsay
Subject: RE: Please sign Town of Highlands_ES_MCRA_2019

On a
"legal"

document I should have my name as printed below, not Bob Livsey. I will cross out Bob Livsey and enter my
proper name.

MERVIN R. LIVSEY

Supervisor, Town of Highlands

254 Main Street

Highland Falls, NY 10928

845 446-4280 x 312

Fax 845 446 4298

Cell 845 238 8074

blivsey@highlands-ny.gov

From: NEW YORK POWER AUTHORITY - Lindsay Parille [mailto:echosign@êch0sign.com]

Sent: Friday, July 12, 2019 4:48 PM

To: Bob Livsey <blivsey@highlands-ny.gov>

Subject: Please sign Town of Highlands_ES_MCRA_2019

NEW YORK POWER

AUTHORITY -
Lindsay

Parille Has Sent You Itk b

cZ

< ][ \ 'LbX 9ŒA7F5S&$%

•
to Sign

NEW YORK POWER AUTHORITY - Lindsay Parille (New
York Power Authority ) says:
"Please review and complete Town ofHighlands_ES_MCRA_2019."

Click here to review and sign Itk b cZ
< ][ \1bXgs9ŒA7F5S&S% .
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After you sign Itk b cZ< ][ \ 'lbXg9ŒA7F5S&S% ,
the agreement will be sent to ×\ b 7tbUY. Then, all
parties will receive a final PDF copy by email.

If you need to delegate this document to an authorized

party for signature, d'Yl Y Xc bchZcfk lfX% ]gYa Uj'.

Instead, click here to delegate.

To ensure that you continue receiving our emails, please add echosign@echosign.comto your address book or safe list.
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey <Jeffrey.LaiñG@ñypa.gov>

Sent: Wednesday, July 10, 2019 1:22 PM

To: Richard Sullivan; Kelly Pecoraro; Bob Livsey
Subject: RE: [EXTERNAL]LED process

Thanks Rich. I put in the contract request and you should receive the contract via email in a few days.

Just a note on the project time line. The physical installs of the new fixtures should indeed take about 3 weeks. The

engineering design work actually takes a bit longer than that, but we can get the project all ready for actual installs while

the purchase details are settled with your utility. NYPA can finance the purchase of the fixtures. That process will be

articulated when we kick off the project but we cannot start installs until the town takes ownership.

Looking forward to the kick off meeting!!

Regards,

Jeff Laino

Customer Business Development Representative

New York Power Authority
123 Main Street

White Plains, NY 10601

(914) 287-3351 (office)

(914) 312-1260 (cell)
Jeffrey.Laino@nypa.gov

www.nypa.gov

From: Richard Sullivan <rsullivan@highlands-ny.gov>

Sent: Wednesday, July 10, 2019 12:00 PM

To: Kelly Pecoraro <kpecoraro@highlands-ny.gov>; Bob Livsey <blivsey@highlands-ny.gov>

Cc: Laino, Jeffrey <jeffrey.Laino@nypa.gov>

Subject: [EXTERNAL]LED process

CAUTION - External Email
Suspicious? Click Report Phishing on Outlook toolbar. For Mobile forward to (abuss@ñypa,gov)

Good Morning Kelly ,

The process is something like this, and I've included a few contacts to help lessen the communication

wonderment :

We must communicate, officially, our intent to acquire the streetlights from O & R, they have 60 days to

respond with a number; Jeff gave an estimate in the proposal from April based on the 167 inventory I

downloaded from O & R's portal .

Jeff/NYPA will send an executable document this week, so NYPA administrative work and O & R acquisition

happen in parallel, NYPA will include acquisition costs in our package if we chose, which I believe we will go

for that option.

At O & R I have spoken a few times with Teresa Johnson, 8457835573 , JohnsonThe@oru.com is her email

, she's on vacation this week, if desired I'll call her next week to initiate acquisition. I have again included
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NYPA workup in case you did not see it , and subsequent to events mentioned NYPA and the town will have a

kickoff meeting.

Assuming all goes well, such things as increasing or decreasing # of lights will surface, Jeff mentioned different

options for dimmers, and a pilot area for observance before buildout , but ultimately this is 2-3 weeks work for

the contractor that NYPA assigns to this job, and I fully expect my name to be regularly singled out by

opposition, I believe in what we are doing and hope anyone with concem drives down Strawtown Road in

Clarkstown at night to get a true taste of what will manifest.

Jeff's office is

Customer Business Development Representative

New York Power Authority
123 Main Street

White Plains. NY 10601

(914) 287-3351 (office)

{914) 312-1260 (cell)
Jeffrev.Laino@nvoa.gov

www.nvoa.cov

Kelly and Bob :

Kelly Pecoraro

Comptroller

Town of Highlands

254 Main Street

Highland Falls. NY 10928

845-446-4280 ext 325|f 845-446-6507

Bob x 312 at same address.

Obliged, Richie
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey <Jeffrey.La|ñõ@ñypa.gov>

Sent: Thursday, April 11, 2019 8:22 AM

To: Richard Sullivan

Subject: RE: [EXTERNAL]Presentation

No worries, my days get crazy too at times.

Whatever timeline the Town to make a decision is fine.

The Town should be requesting a purchase price from O&R by sending a letter to the Account Manager requesting a

purchase price for the street lights. It is non binding but the process of purchasing takes about 6 months and NYPA

cannot installing lights until the Town owns the old ones. We can do the design and bidding, but wouldnâ€™t be

permitted to start installs.

-----Original Message-----

From: Richard Sullivan <rsullivan@highlands-ny.gov>

Sent: Wednesday, April 10, 2019 8:51 PM

To: Laino, Jeffrey <jeffrey.Laino@nypa.gov>

Cc: Luteran, Kevin <Kevin.Luteran@nypa.gov>

Subject: Re: [EXTERNAL]Presentation

Pleasant Wednesday Jeff,

Sometimes I have days where I have no free time, sorry for delay .
Timê|iñê- next meeting ( Earth Day) after community input it is my job to steer public perception so no one kills this

effort, I expect that to go well, and last eve I spoke with the supervisor, he really likes the project. The supervisorâ€™s

son is on the Village of HF board, and that is who referred a bright LED in his backyard to me, the light was installed by O

& R and lâ€™ve subdued the original concern to both supervisor and his son based on options you presented.

In doing my di|igêñce, Iâ€™ve contacted ( long before you) O & R to see what they may offer, so my very best guess is

either first meeting in May or possibly the second ( near Mêñ70rial Day) the decision will be final, I wonâ€™t let it go

beyond that timeframe.

Iâ€™ll send tóñ7criewâ€™s article in the local paper to you, and I may have a question or two over the next few weeks, I

hope that timeline is plausible.

Obliged, Richie

Sent from my iPad

> On Apr 9, 2019, at 9:23 AM, Laino, Jeffrey <jeffrey.Laino@nypa.gov> wrote:

>

> Good Morning Richie,
> Thank you for the email, it was my pleasure to present the NYPA street |ighting proposal to the Supervisor and Council

members last night. I hope all their questions were answered but please reach out to me if any additional questions

arise.

> I am attaching the Authorization to Proceed and a sample Master Cost Recovery Agreement(MCRA). These are the 2

documents NYPA will need executed in order to begin the project imp|êmêñtation. I will have the contracting unit at

NYPA email you an executable version of the MCRA upon request.

> What do you think the timeline is for the Town to make a decision on moving farward with the project?

> Let me know if there is anything else you need and please send me a link to any news articles regarding the project.

> Thank you and looking forward to working with you.

>

> Jeff Laino
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> Customer Business Development Representative New York Power Authority
> 123 Main Street

> White Plains, NY 10601

> (914) 287-3351 (office)
> (914) 312-1260 (cell)
> Jeffrey.Laino@nypa.gov

> www.nypa.gov

>

>

>

>

> -----Original Message-----

> From: Richard Sullivan <rsullivan@highlands-ny.gov>

> Sent: Tuesday, April 9, 2019 5:37 AM
> To: Laino, Jeffrey <Jeffrey.Laino@ñypa.gov>

> Cc: Luteran, Kevin <Kevin.Luteran@nypa.gov>

> Subject: [EXTERNAL]Presentation

>

>

>

>

> CAUTION â€" External Email

>

> St!spiciot!s? Click Report Phishing on Outlook toolbar. For Mobile

> forward to (abuse@nypa,gov)
>

>

>

>

> Jeff,
> Not sure if Kevin is your associate, subcrdiiiate, or supervisor, but I waiited to let you know you were concise, germane

, well poised and delivered a very well received workup, thank you.

> Just a bit on the Village of Highland Falls- in 2016 there was a different team in place, they had an electrician as a

trustee who invited NYPA to liiip|éiiaent a similar program , but once rêrñoved from power, the current team , who I like,
ended that effort.

> I did speak with the village liaison to streetlights yesterday, and the village has over 250 lights , O and R is changing 7

per year , that would be a lame 30 year effort, and savings would be barely recognized. O and R does have some deal

where for an extra $169 per light they will do more per year, and thatâ€™s about all I know about their prGgram, or lack

thereof.

> So as a good neighbar I kept the village out of it, I tried contacting their Point man since late Feb., no response until

yesterday so the citizens you met last night will be charged with the task of inviting/ pressuring the village to participate,
either way that is a separate body of government .

> I / we look farward to advancing this effort, and with a trustw0rthy body like NYPA , and the issue of maintenance

after ownership being addressed by NYPA and included in your workup, I believe this will be at least p!at!sibla, hopefully
executable project, and again thank you. When the local paper does an article on this ( this Thursday), lâ€™ll share an

online copy if you desire.

> Have a great day, Richie

>

> Sent from my iPad

> <Sample 2017 MCRA - Statewide 07242017.pdf> <NYPA Street Lighting
> Authorization to Proceed.pdf>
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey <Jeffrey.Laino@nypa.gov>

Sent: Tuesday, April 9, 2019 9:23 AM

To: Richard Sullivan

Cc: Luteran, Kevin

Subject: RE: [EXTERNAL]Presentation

Attachmants: Sample 2017 MCRA - Statewide 07242017.pdf; NYPA Street Lighting Authorization to

Proceed.pdf

Good Morning Richie,
Thank you for the email, it was my pleasure to present the NYPA street lighting proposal to the Supervisor and Council

members last night. I hope all their questions were answered but please reach out to me if any additional questions

arise.

I am attaching the Authorization to Proceed and a sample Master Cost Recovery Agreeiiieiit(MCRA). These are the 2

documents NYPA will need executed in order to begin the project implementation. I will have the contracting unit at

NYPA email you an executable version of the MCRA upon request.

What do you think the timelinê is for the Town to make a decision on moving forward with the project?

Let me know if there is anything else you need and please send me a link to any news articles regarding the project.

Thank you and looking forward to working with you.

Jeff Laino

Customer Business Devel0pment Representative New York Power Authority
123 Main Street

White Plains, NY 10601

(914) 287-3351 (office)

(914) 312-1260 (cell)

Jeffrey.Laino@nypa.gov

www.nypa.gov

-----Original Message-----

From: Richard Sullivan <rsullivan@highlands-ny.gov>

Sent: Tuesday, April 9, 2019 5:37 AM

To: Laino, Jeffrey <jeffrey.Laino@ñypa.gov>

Cc: Luteran, Kevin <Kevin.Luteran@ñypa.gov>

Subject: [EXTERNAL]Presentation

CAUTION
â€"

External Email

Suspicious? Click Report Phishing on Outlook toolbar. For Mobile forward to (abuse@nypa,gov)
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Jeff,

Not sure if Kevin is your associate, subórdinate, or supervisor, but I wanted to let you know you were concise, germane ,
well poised and delivered a very well received workup, thank you.

Just a bit on the Village of Highland Falls-in 2016 there was a different team in place, they had an electrician as a trustee

who invited NYPA to implement a similar program , but once removed from power, the current team , who I like, ended

that effort.

I did speak with the village liaison to streetlights yesterday, and the village has over 250 lights, O and R is changing 7 per

year , that would be a lame 30 year effort, and savings would be barely recognized. O and R does have some deal where

for an extra $169 per light they will do more per year, and thatâ€™s about all I know about their program, or lack

thereof.

So as a good neighbor I kept the village out of it, I tried contacting their Point man since late Feb., no response until

yesterday so the citizens you met last night will be charged with the task of inviting/ pressuring the village to participate,

either way that is a separate body of government .

I / we look forward to advancing this effort, and with a trustworthy body like NYPA , and the issue of maintenance after

ownership being addressed by NYPA and included in your workup, I bê|iêve this will be at least plausibla, hopefully
executable project, and again thank you. When the local paper does an article on this ( this Thursday), lâ€™ll share an

online copy if you desire.

Have a great day, Richie

Sent from my iPad

38

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0796



Arencibia, Stephanie (Molly)

From: Laino, Jeffrey <Jeffrey.La|ñõ@ñypa.gov>

Sent: Tuesday, March 19, 2019 2:43 PM

To: Richard Sullivan

Subject: RE: [EXTERNAL]Streetlights

Attachments: NYPA LED Street Lighting Cost and Savings Summary Town of Highlands.pdf; NYPA LED

Street Lighting proposalpdf

Hi Richie,
Attached is a project cost and savings summary and proposal to have the New York Power Authority imp|êmêñt a street

lighting conversion project for the Town of Highlands.

NYPA proposes a turnkey project which means we will access one of our procured design engineering firms to be

êñgiñêêr of record, perform a design, recommend materials from our procured vendor, Philips, procure a labor installer

by bidding the prcject to a pre vetted list of installation contractors , manage the installation of the new fixtures and

finance the project. We can include the purchase of the existing fixtures from O&R in the financing as well so the Town

has no out of pocket expense until the project is done.

All costs are estimated, including the purchase price of your old fixtures.

I am happy to meet to discuss the proposal and irñplerñentation process and attend a Board meeting as needed.

Looking forward to hearing back regarding next steps.

Regards,
Jeff

-----Original Message-----

From: Richard Sullivan <rsullivan@highlands-ny.gov>

Sent: Tuesday, March 12, 2019 9:00 AM

To: Laino , Jeffrey <jeffrey.Laino@nypa.gov>

Subject: Re: [EXTERNAL]Streetlights

Good Morning Jeff,
I announced at last nights mêêting that you are working up a proposal for us. When complete, we will talk, if part of the

protocol is a town board meeting I want to insure interested public are present . Until then we look forward to your

proposal, no urgency from our camp.

Richie

Sent from my iPhone

> On Mar 7, 2019, at 10:16 AM, Laino , Jeffrey <Jeffrey.Lain0@ñypa.gov> wrote:

>

> Thanks Richie, I think I have what I need to send you an estimate of the project costs and savings, should have to you

by the end of next week.

> Regards,
> Jeff

>

> -----Original Message-----

> From: Richard Sullivan <rsullivan@highlands-ny.gov>

> Sent: Wednesday, March 6, 2019 3:48 PM

> To: Laino, Jeffrey <Jeffrey.Laiñ0@ñypa.gov>

> Cc: Kelly Pecoraro <kpecoraro@highlands-ny.gov>

> Subject: [EXTERNAL]Streetlights
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>

>

>

>

> CAUTION â€" External Email

>

> Suspicious? Click Report Phishing on Outlook toolbar. For Mobile forward to (abusê@nypa,gov)
>

>

>

>

> Mr Jeff Laino,
> Wish I had more time, but Iâ€™m sending what I have , raw data with limited review.

> There are 3 months of bills, the town changed electric vendor in 2019 so fan bill is incomplete.

> In reviewing conversions from lumens to watts for Tungsten to LED to Mercury Vapor, the O and R spreadsheet has

watts attached to lamp lumens, those wattages donâ€™t always seem accurate, but my 31000 watts of total lighting

comes from O and Râ€™s data.

> Also, some of that data varies from 2018 to 2019; the utility analysis group working on the towns analysis is nearly

done, I suspect they have brought errors in inventory to the surface, hence.

> Please be it known that

> -no authority by the town board has been rêñdered to allow any money toward this proposal at this time.

> -the Village of Highland Falls is also looking into this, if this were to happei , I suspect equipiiaeid/ repairs after project

were done would be shared, 167 lights is hard to justify a bucket truck just for that inveiit Oi-y. Your analysis may advise

outside contractors for said repairs, I look forward to the full gambit of options.

> -the town has limited personnel in its DPW and many eiiip|Oyees are part timers, in other words, we arenâ€™t

wealthy, 93% of our land is PIPC and USMA lands.

>

> The quality of LED lights, expense associated, attractica for insects ( or not), timeline, grant likelihood and amount,
pole rental costs, sleep interference asserted by some studies, etc, I look forward to the p!ausibility of change.

> I have copied the comptroller and supervisor Bob Livsey, you initial findings can come to me, the liaison for this

matter.

>

> Obliged, Richie

> 8456425587

> ( any formats that arenâ€™t retrievable Iâ€™ll resend)
>
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Arencibia, Stephanie (Mc!ly)

From: Richard Sullivan <rsullivan@highlands-ny.gov>

Sent: Tuesday, March 12, 2019 9:00 AM

To: Laino, Jeffrey
Subject: Re: [EXTERNAL]Streetlights

Good Morning Jeff,
I announced at last nights meeting that you are working up a proposal for us. When complete, we will talk, if part of the

protocol is a town board meeting I want to insure interested public are present . Until then we look forward to your

proposal, no urgency from our camp.

Richie

Sent from my iPhone

> On Mar 7, 2019, at 10:16 AM, Laino, Jeffrey <Jeffrey.Laino@nypa.gov> wrote:

>

> Thanks Richie, I think I have what I need to send you an estimate of the project costs and savings, should have to you

by the end of next week.

> Regards,
> Jeff

>

> -----Original Message-----

> From: Richard Sullivan <rsullivan@highlands-ny.gov>

> Sent: Wednesday, March 6, 2019 3:48 PM

> To: Laino, feffrey <feffrey.Laino@nypa.gov>

> Cc: Kelly Pecoraro <kpecoraro@highlands-ny.gov>

> Subject: [EXTERNAL]Streetlights

>

> __
>

>

> CAUTION
â€"

External Email

>

> Suspicious? Click Report Phishing on Outlook toolbar. For Mobi|ê forward to (abusê@ñypa,gov)
>

>

>

>

> Mr feff Laino,
> Wish I had more time, but Iâ€™m sending what I have , raw data with limited review.

> There are 3 months of bills, the town changed electric vendor in 2019 so fan bill is incomplete.

> In rev|cw|ñg conversions from lumens to watts for Tungsten to LED to Mercury Vapor, the O and R spreadsheet has

watts attached to lamp lumens, those wattages donâ€™t always seem accurate, but my 31000 watts of total lighting
comes from O and Râ€™s data.

> Also, some of that data varies from 2018 to 2019; the utility analysis group working on the towns analysis is nearly

done, I suspect they have brought errors in inventcry to the surface, hence.

> Please be it known that

> - no autherity by the town board has been rendered to allow any money tüward this proposal at this time.
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> -the Village of Highlaiid Falls is also looking into this, if this were to happen, I suspect equipmêñt/ repairs after project

were done would be shared, 167 lights is hard to justify a bucket truck just for that inveiitOi-y. Your analysis may advise

outside contractors for said repairs, I look forward to the full gambit of options.

> -the town has limited personnel in its DPW and many employees are part timers, in other words, we arenâ€™t

wealthy, 93% of our land is PIPC and USMA lands.

>

> The quality of LED lights, expense associated, attraction for insects ( or not), timeline, grant liké|i|iOOd and amount,

pole rental costs, sleep interference asserted by some studies, etc, I look forward to the p!ausibility of change.

> I have copied the comptr0||êr and supervisor Bob Livsey, you initial findings can come to me, the liaison for this

matter.

>

> Obliged, Richie

> 8456425587

> ( any formats that arenâ€™t retrievable lâ€™ll resend)
>
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey <Jeffrey.Laino@nypa.gov>

Sent: Thursday, March 7, 2019 10:16 AM

To: Richard Sullivan

Cc: Kelly Pecoraro

Subject: RE: [EXTERNAL]Streetlights

Thanks Richie, I think I have what I need to send you an estimate of the project costs and savings, should have to you by
the end of next week.

Regards,
Jeff

-----Original Message-----

From: Richard Sullivan <rsullivan@high|ands-ny.gov>

Sent: Wednesday, March 6, 2019 3:48 PM

To: Laino, Jeffrey <jeffrey.Laino@nypa.gov>

Cc: Kelly Pecoraro <kpecoraro@highlands-ny.gov>

Subject: [EXTERNAL]Streetlights

CAUTION
â€"

External Email

Suspicious? Click Report Phishing on Outlook toolbar. For Mobile fórward to (abuse@nypa,gov)

Mr Jeff Laino,
Wish I had more time, but Iâ€™m sending what I have , raw data with limited review.

There are 3 months of bills, the town changed electric vendor in 2019 so Jan bill is incomplete.

In rev|cre|ng conversions from lumens to watts for Tungsten to LED to Mercury Vapor, the O and R spreadsheet has

watts attached to lamp lumens, those wattages donâ€™t always seem accurate, but my 31000 watts of total |ighting
comes from O and Râ€™s data.

Also, some of that data varies from 2018 to 2019; the utility analysis group working on the towns analysis is nearly done,
I suspect they have brought errors in inventory to the surface, hence.

Please be it known that

-no authority by the town board has been rendered to allow any money toward this proposal at this time.

-the Village of Highland Falls is also looking into this, if this were to happen, I suspect equipinent/ repairs after prGject

were done would be shared, 167 lights is hard to justify a bucket truck just for that invent Oi-y. Your analysis may advise

outside contractors for said repairs, I look forward to the full gambit of options.

-the town has limited personnel in its DPW and many emplóyees are part timers, in other words, we arenâ€™t wealthy,

93% of our land is PIPC and USMA lands.

The quality of LED lights, expense associated, attraction for insects ( or not), timeline, grant likc|ihó0d and amount, pole

rental costs, sleep interference asserted by some studies, etc, I look fGrward to the plausibility of change.

I have copied the cGraptr0||êr and supervisor Bob Livsey, you initial findings can come to me, the liaison for this matter.

43

FILED: ORANGE COUNTY CLERK 07/31/2020 08:35 PM INDEX NO. EF004088-2020

NYSCEF DOC. NO. 46 RECEIVED NYSCEF: 07/31/2020

0801



Obliged, Richie

8456425587

( any formats that arenâ€™t retrievable Iâ€™ll resend)
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Arencibia, Stephanie (Molly)

From: Richard Sullivan <rsullivan@highlands-ny.gov>

Sent: Wednesday, March 6, 2019 3:48 PM

To: Laino, Jeffrey
Cc: Kelly Pecoraro

Subject: [EXTERNAL]Streetlights

Attachmsats: Light pole analysis.pages; Street|ight inventory copy.numbers; ATT00001.txt; Deborah_

000484.pdf; ATT00002.txt

CAUTION
â€"

External Email

Suspicious? Click Report Phishing on Outlook toolbar. For Mobile forward to (abuse@nypa,gov)

Mr feff Laino,
Wish I had more time, but Iâ€™m sending what I have , raw data with limited review.

There are 3 months of bills, the town changed electric vendor in 2019 so fan bill is incomplete.

In reviewing conversions from lumens to watts for Tungsten to LED to Mercury Vapor, the O and R spreadsheet has

watts attached to lamp lumens, those wattages donâ€™t always seem accurate, but my 31000 watts of total lighting
comes from O and Râ€™s data.

Also, some of that data varies from 2018 to 2019; the utility analysis group working on the towns analysis is nearly done,

I suspect they have brought errors in inventory to the surface, hence.

Please be it known that

-no authority by the town board has been rendered to allow any money toward this proposal at this time.

-the Village of Highland Falls is also looking into this, if this were to happen, I suspect equipinent/ repairs after prGject

were done would be shared, 167 lights is hard to justify a bucket truck just for that inventory. Your analysis may advise

outside contractors for said repairs, I look forward to the full gambit of options.

-the town has limited personnel in its DPW and many erap|õyees are part timers, in other words, we arenâ€™t wealthy,

93% of our land is PIPC and USMA lands.

The quality of LED lights, expense associated, attraction for insects ( or not), timeline, grant likelihood and amount, pole

rental costs, sleep interference asserted by some studies, etc, I look farward to the p!ausibility of change.

I have copied the comptroller and supervisor Bob Livsey, you initial findings can come to me, the liaison for this matter.

Obliged, Richie

8456425587

( any formats that arenâ€™t retrievable Iâ€™ll resend)
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Arencibia, Stephanie (Molly)

From: Laino, Jeffrey <Jeffrey.Laino@nypa.gov>

Sent: Tuesday, February 26, 2019 11:38 AM

To: Luteran, Kevin; Richard Sullivan

Cc: Bob Livsey
Subject: RE: [EXTERNAL]Street lights

Thanks for making the introduction, happy to develop an initial estimate of project costs and savings. Please send the

items Kevin listed, this will allow me to prepare the estimate.

Looking forward to working with you.

Regards,

Jeff Laino

Customer Business Devel0pmêñt Representative New York Power Authority
123 Main Street

White Plains, NY 10601

(914) 287-3351 (office)

(914) 312-1260 (cell)
Jeffrey.Laino@nypa.gov

www.nypa.gov

-----Original Message-----

From: Luteran, Kevin

Sent: Tuesday, February 26, 2019 8:48 AM

To: Richard Sullivan <rsu||ivan@high|a n ds-ny.gov>; Laino, Jeffrey <Jeffrey.Laiñü@ñypa.gov>

Cc: Bob Livsey <blivsey@highlands-ny.gov>

Subject: RE: [EXTERNAL]Street lights

Good Morning Richie,

Thank you for reaching out, I would like to introduce you to Jeff Laino, you may have met Jeff at the Association of

Towns conference but he will be able to help put tagêther a proposal for you. To get started we will need a 1-2 copies of

your street light utility bill, as well as any information on any customer-owned lights. Also, please share the purchase

price from the utility, if you havenâ€™t requested this infarrñatian it is not a big deal, we have a pretty good sense of

what the cost will be but I would encourage you to submit your request as soon as possible since it could take up to 90

days to receive. As a reminder there is no commitrñent to request you purchase price from your utility. For your

convenience I have attached Jeff's contact information below,

Jeff Laino

Customer Business Developmêñt Representative New York Power Authority
123 Main Street

White Plains, NY 10601

(914) 287-3351 (office)

(914) 312-1260 (cell)
Jeffrey.Laino@nypa.gov

www.nypa.gov
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Feel free to reach out with any other questions,

Kevin

-----Original Message-----

From: Richard Sullivan <rsullivañ@highlands-ny.gov>

Sent: Tuesday, February 26, 2019 7:51 AM

To: Luteran, Kevin <Kevin.Luterañ@ñypa.gov>

Cc: Bob Livsey <blivscy‡highlands-ny.gov>

Subject: [EXTERNAL]Street lights

CAUTION â€" External Email

Suspicious? Click Report Phishing on Outlook tGalbar. For Mobile forward to (abusê@ñypa,gov)

Greetings,
I attended your presentation at the annual Association of Towns, and asked a few questions, one being the cost of a

proposal ; it was indicated they are free of charge .

I am a town councilman, Town of Highlands, I have more than enough data as per your commêñts at the presentation to

initiate a proposal, and I participated in a webinar last summer given by CT Male. I have a fairly good grasp on places

like Kingston and Rhinebeck with thousands of street lights, Town of Highlands has 167 and a very small DPW, there is

public interest in new ways of going Green, lâ€™m concerned about pole rental costs and the burden of ownership , I

look forward to discussion with no commitment .

Obliged, Richie Sullivan, Town of Highlands Councilman

8456425587

254 Main Street

Highland Falls, NY 10928

Town Supervisor Bob Livsey ( Ccd)
Sent from my iPad
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Arencibia, Stephanie (Molly)

From: Luteran, Kevin <Kevin.Luteran@nypa.gov>

Sent: Tuesday, February 26, 2019 8:48 AM

To: Richard Sullivan; Laino, Jeffrey
Cc: Bob Livsey
Subject: RE: [EXTERNAL]Street lights

Good Morning Richie,

Thank you for reaching out, I would like to introduce you to Jeff Laino, you may have met Jeff at the Association of

Towns conference but he will be able to help put together a proposal for you. To get started we will need a 1-2 copies of

your street light utility bill, as well as any information on any customer-owned lights. Also, please share the purchase

price from the utility, if you havenâ€™t requested this infarrñation it is not a big deal, we have a pretty good sense of

what the cost will be but I would encourage you to submit your request as soon as possible since it could take up to 90

days to receive. As a reminder there is no commitment to request you purchase price from your utility. For your

convenience I have attached Jeff's contact information below,

Jeff Laino

Customer Business Development Representative New York Power Authority
123 Main Street

White Plains, NY 10601

(914) 287-3351 (office)

(914) 312-1260 (cell)
Jeffrey.Laino@nypa.gov

www.nypa.gov

Feel free to reach out with any other questions,

Kevin

-----Original Message-----

From: Richard Sullivan <rsullivan@highlands-ny.gov>

Sent: Tuesday, February 26, 2019 7:51 AM

To: Luteran, Kevin <Kevin.Luteran@nypa.gov>

Cc: Bob Livsey <blivse y@high|ands-ny.gov>

Subject: [EXTERNAL]Street lights

CAUTION
â€"

External Email

Suspicious? Click Report Phishing on Outlook toolbar. For Mobile fórward to (abusê@ñypa,gov)

Greetings,
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I attended your presentation at the annual Association of Towns, and asked a few questions, one being the cost of a

proposal ; it was indicated they are free of charge .

I am a town councilman, Town of Highlands, I have more than enough data as per your comments at the presentation to

initiate a proposal, and I participated in a webinar last summer given by CT Male. I have a fairly good grasp on places

like Kingston and Rhinebeck with thousands of street lights, Town of Highlands has 167 and a very small DPW, there is

public interest in new ways of going Green, lâ€™m concerned about pole rental costs and the burden of ownership , I

look forward to discussion with no commitment .

Obliged, Richie Sullivan, Town of Highlands Councilman

8456425587

254 Main Street

Highland Falls, NY 10928

Town Supervisor Bob Livsey ( Ccd)
Sent from my iPad
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Arencibia, Stephanie (Molly)

From: Luteran, Kevin <Kevin.Luteran@nypa.gov>

Sent: Tuesday, February 26, 2019 8:48 AM

To: Richard Sullivan; Jeffrey Laino (Jeffrey.Laino@nypa.gov)
Cc: Bob Livsey
Subject: RE: [EXTERNAL]Street lights

Good Morning Richie,

Thank you for reaching out, I would like to introduce you to Jeff Laino, you may have met Jeff at the Association of

Towns conference but he will be able to help put together a proposal for you. To get started we will need a 1-2 copies of

your street light utility bill, as well as any information on any customer-owned lights. Also, please share the purchase

price from the utility, if you havenâ€™t requested this information it is not a big deal, we have a pretty good sense of

what the cost will be but I would encourage you to submit your request as soon as possible since it could take up to 90

days to receive. As a reminder there is no commitment to request you purchase price from your utility. For your

convenience I have attached Jeff's contact information below,

Jeff Laino

Customer Business Development Representative New York Power Authority
123 Main Street

White Plains, NY 10601

(914) 287-3351 (office)

(914) 312-1260 (cell)
Jeffrey.Laino@nypa.gov

www.nypa.gov

Feel free to reach out with any other questions,

Kevin

-----Original Message-----

From: Richard Sullivan <rsu||ivan@highlands-ny.gov>

Sent: Tuesday, February 26, 2019 7:51 AM

To: Luteran, Kevin <Kevin.Luterañ@nypa.gov>

Cc: Bob Livsey <blivsey@highlands-ny.gov>

Subject: [EXTERNAL]Street lights

CAUTION
â€"

External Email

Suspicious? Click Report Phishing on Outlook toolbar. For Mobile forward to (abuse@nypa,gov)

Greetings,
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I attended your presentation at the annual Association of Towns, and asked a few questions, one being the cost of a

proposal ; it was indicated they are free of charge .

I am a town councilman, Town of Highlands, I have more than enough data as per your commêñts at the presentation to

initiate a proposal, and I participated in a webinar last summer given by CT Male. I have a fairly good grasp on places

like Kingston and Rhiñébeck with thousands of street lights, Town of Highlands has 167 and a very small DPW, there is

public interest in new ways of going Green, lâ€™m concerned about pole rental costs and the burden of ownership , I

look forward to discussion with no commitment .

Obliged, Richie Sullivan, Town of Highlands Councilman

8456425587

254 Main Street

Highland Falls, NY 10928

Town Supervisor Bob Livsey ( Ccd)
Sent from my iPad
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