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IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 

 
SAFE SKIES CLEAN WATER WISCONSIN, ) 
      INC.,      ) 
 Plaintiff,     ) 
  v.     )        No. 1:21-cv-00634-CKK 
       ) 
UNITED STATES AIR FORCE, et al.,  ) 
 Defendants.     ) 
 

PLAINTIFF’S MOTION TO SUPPLEMENT THE ADMINISTRATIVE RECORD 
 
 Comes now Plaintiff, and pursuant to Fed.R.Civ.P. 7 and 56(e), requests that the Court 

allow it to supplement the record. In support of its motion, Plaintiff files the accompanying 

Memorandum of Points and Authorities. 

 

 

 

 

 Dated: August 20, 2021. 

       /s/ Kathleen Henry 
       Kathleen Henry (Bar No. MO0001) 
       Dairyland Public Interest Law 
       PO Box 352 
       Madison, WI 53701 
       (608) 213-6857 
       khenry@dairylandpublicinterestlaw.com 
       Attorneys for Plaintiff 
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 Plaintiff files this Memorandum of Points and Authorities in Support of Plaintiff’s 

Motion to Supplement the Record. 

INTRODUCTION 

 Plaintiff, Safe Skies Clean Water Wisconsin, Inc., (“Safe Skies”), challenges a decision 

by the Air Force to bring F-35A fighter jets to Truax Field in Madison, Wisconsin. Plaintiff 

argues the defendants violated NEPA in preparing the Environmental Impact Statement in 

numerous ways, including by failing to take a hard look at noise and environmental pollution. 

Plaintiff also argues defendants should prepare a Supplemental Impact Statement accounting for 

information released after the ROD was issued that provides further information about noise 

pollution and climate change-causing pollutants, and that sheds light on the already existing 

PFAS pollution that the National Guard Bureau and Air Force have still not cleaned up, and that 

will be increased with the F-35As. 

BACKGROUND 

 Defendants filed a 71,897-page record in this case. Plaintiff seeks additional documents 

that were relied on in defendants’ decision but not included. Plaintiff also seeks additional 

documents relating to the issues that were released after the ROD was issued. Plaintiff and 

defendants engaged in consultation and defendants provided many more documents. The parties 

were unable to reach an agreement on the documents named in this Memorandum. 

ARGUMENT 

I. Defendants Should Supplement the Record with Documents Relied on in their Decision 

 Federal courts hold that, “[A] complete administrative record should include all materials 

that might have influenced the agency’s decision.” Amfac Resorts, LLC v. U.S. Dep’t of the 

Interior, 143 F. Supp. 2d 7, 12 (D.D.C. 2001). 
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 Plaintiff seeks specifically materials actually considered by the agency but omitted from 

the record. These include: documents that led to the decision in 2016 to select Truax; the full 

document of AR0068766, the unredacted version of AR0068772, and the FAA’s comments 

stating its reasons for disapproval of the project. The documents omitted are “materials that 

might have influenced the agency’s decision,” Amfac Resorts, 143 F. Supp. 2d at 12, and so 

should be included in the Record. These documents would support Count I of the Complaint. 

A. Documents that led to the decision in 2017 to select Truax 

 The Air Force announced in 2017 it had selected Madison, but very few pages of the 

entire 71,897 pages are dated before 2017. Plaintiff seeks documents that would show the 

reasons the Air Force selected Madison. 

B. The Full Document of AR0068766 
 
 AR0068766 is one of very few documents that are dated before 2017. It is attached to this 

document as Exhibit 1, pp. 1-6. It appears to be an email from “System” to the Pentagon, and has 

a header of “Simmons Deametreyess D MSgt USAF AF-CC (US).” It discusses, “Basing criteria 

for the fifth and sixth F-35A operational locations (ANG) / basing candidates for the seventh F- 

35A operational location (AFRC),” yet is heavily redacted. (Ex. 1, p. 1.) Pages 2, 4 and 5 are 

redacted in their entirety. Page 3 is mostly redacted, but leaves in a sentence making it clear that 

this document is an approval of the basing decision of the F-35 at Truax: “Approve Basing 

Criteria/Candidates - F-35A fifth and sixth operational locations.” Page 6 is mostly redacted, but 

shows that on May 9, 2016, the Secretary of the Air Force ordered, “Implement my approval 

actions as indicated above.” (Ex. 1, p. 6.) 

 Citizens deserve to know why their community was selected to receive the F-35. This 

decision was made in 2016 but this supporting document is heavily redacted. 

Case 1:21-cv-00634-CKK   Document 20   Filed 08/20/21   Page 6 of 14



3 

C. The Unredacted Version of Document AR0068772 
 
 AR0068772 is attached to this document as Exhibit 1, p. 7. This document is another one 

of the very few documents out of the thousands filed in the Record that is dated before 2017. 

This document is prepared by the Air Force and lists 18 Air Force bases in the United States and 

ranks them for their suitability to, “Obtain SecAF approval of way ahead for F-35A Ops 5&6 

candidate installations.” Page 2 (Ex. 1, p. 8) is heavily redacted. Citizens cannot learn why Truax 

is ranked number 1. This Court should require defendants to provide the unredacted document. 

D. The FAA’s Comments Stating its Reasons for Disapproval of the Project 
 
 In document AR0004270, the Air Force requested the FAA to be a cooperating agency. 

(Ex. 1, p. 9.) In document AR0004461, the FAA says it will be a cooperating agency. (Ex. 1, p. 

10.) In document AR0004434, FAA says its comments were not resolved and it could not 

comply with its own NEPA. (Ex. 1, p. 12.) There are no further documents from the FAA and its 

comments are not included in the record. In consultation, defendants claimed the comments are 

“inter-agency deliberative materials.” However, plaintiff believes the comments are like other 

agency comments, such as those filed by the EPA, and must be released. Furthermore, if a lead 

agency leaves out or ignores a cooperating agency, an EIS may later be found to be inadequate. 

Plaintiff has a right to see what the FAA believes violates NEPA. 

II. The Court Should allow Plaintiff to Supplement the Record with Materials that 
were Not Considered by Defendants but are Necessary for the Court to Conduct the 
Appropriate Inquiry 

 
 Plaintiff files with this Motion and Memorandum a Supplemental Record of 612 pages of 

documents that show that the Air Force did not take a hard look at the environmental impacts of 

basing the F-35s in Madison, and that the Air Force needs to conduct a Supplemental 

Environmental Impact Statement because of new evidence of environmental harms. 
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 Federal courts hold that: 

It may sometimes be appropriate to resort to extra-record information to enable 

judicial review to become effective….[C]ourts have developed a number of 

exceptions countenancing use of extra-record evidence to that end. As recently 

summarized by two commentators, exceptions to the general rule have been 

recognized: (1) when agency action is not adequately explained in the record 

before the court; (2) when the agency failed to consider factors which are relevant 

to its final decision; (3) when an agency considered evidence which it failed to 

include in the record; (4) when a case is so complex that a court needs more 

evidence to enable it to understand the issues clearly; (5) in cases where evidence 

arising after the agency action shows whether the decision was correct or not; (6) 

in cases where agencies are sued for a failure to take action; (7) in cases arising 

under the National Environmental Policy Act; and (8) in cases where relief is at 

issue, especially at the preliminary injunction stage. 

Esch v. Yeutter, 876 F.2d 976, 991 (D.C. Cir. 1989). 

In addition: 
 
Preparation of an EIS does not alone complete an agency’s NEPA duties; NEPA 

requires agencies to review the environmental consequences of their projects after 

preparation of an EIS and to: (1) ... prepare supplements to either draft or final 

environmental impact statements if: (i) The agency makes substantial changes in 

the proposed action that are relevant to environmental concerns; or (ii) There are 

significant new circumstances or information relevant to environmental concerns 

and bearing on the proposed action or its impacts. 40 C.F.R. § 1502.9(c)(1). 
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Supplemental EIS reports may be required, moreover, if the new information 

shows that remaining government action will “ ‘affec[t] the quality of the human 

environment’ in a significant manner or to a significant extent not already 

considered” in the original EIS. Marsh v. Oregon Natural Res. Council, 490 U.S. 

360, 374, 109 S.Ct. 1851, 104 L.Ed.2d 377 (1989). 

Chemical Weapons Working Group v. U.S. Dept. of Def., 655 F.Supp.2d 18, 23 (D.D.C. 2009). 

 In this case, exceptions 1, 2, 3, 5 and 7 as explained in the Esch case apply: (1) when 

agency action is not adequately explained in the record before the court; (2) when the agency 

failed to consider factors which are relevant to its final decision; (3) when an agency considered 

evidence which it failed to include in the record; (5) in cases where evidence arising after the 

agency action shows whether the decision was correct or not; and (7) in cases arising under the 

National Environmental Policy Act. 

 In addition, under the Chemical Weapons Working Group case test, “There are significant 

new circumstances or information relevant to environmental concerns and bearing on the 

proposed action or its impacts [and] …[T]he new information shows that remaining government 

action will “ ‘affec[t] the quality of the human environment’ in a significant manner or to a 

significant extent not already considered in the original EIS.” Chemical Weapons Working 

Group, 655 F.Supp.2d at 23. 

 The following is a list of documents plaintiff seeks to be admitted, as stated in the Table 

of Contents of the Supplemental Record. 

TABLE OF CONTENTS 
             SR Page No. 
1. Air Force Public Affairs, Frequently Asked Questions about PFAS and PFOA 
 November 20, 2017, 
 https://www.afcec.af.mil/Portals/17/documents/Environment/FAQ_PFOS-PFOA.pdf......1 
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2. Environ. Sci. Technol. 2020, 54, 14, 8580–8588, “Impacts of Aviation Emissions on 
Near-Airport Residential Air Quality,” https://pubs.acs.org/doi/pdf/10.1021/acs.est.0c01859# ..13 
 
3. Environ. Sci. Technol. 2014, 48, 6628−6635, “Emissions from an International Airport 
Increase Particle Number Concentrations 4‑fold at 10 km Downwind,” 
https://pubs.acs.org/doi/full/10.1021/es5001566 ...........................................................................22 
 
4. Environ. Sci. Technol. 2018, 52, 1765−1772, “Aviation-Related Impacts on Ultrafine Particle 
Number Concentrations Outside and Inside Residences near an Airport,” 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5822220/  .........................................................30 
 
5. 2019-10-31: DNR to WIANG: Notice of Violation ..................................................................38 
 
6. 2020-03-13: DNR to WIANG: Out of Compliance ...................................................................42 
 
7. 2020-04-09: DNR to WIANG: Requires Plan to Stop PFAS ....................................................44 
 
8. 2020-12-15: DCRA: Soil and Groundwater Sampling Summary .............................................46 
 
9. 2021-04-28: DNR to DCRA: Proposed Interim Action Plan for PFAS Contamination at 
Starkweather Creek ......................................................................................................................243 
 
10. 2021-06-29: DCRA – Dye Test PFAS Results ......................................................................245 
 
11. 2021-01-21-DNR to DCRA, Requirement for Interim Action Plan for Treating PFAS 
Contaminated Water in Starkweather Creek................................................................................254 
 
12. 2021-01-21-DNR to City of Madison, Requirement for Interim Action Plan for Treating 
PFAS Contaminated Water in Starkweather Creek .....................................................................256 
 
13. DCRA, Airport PFAS Information Web Site, 
https://www.msnairport.com/about/ecomentality/PFAS-Information .........................................258 
 
14. 2021-04-06 - USEPA, Basic Information on PFAS ..............................................................264 
 
15. 2016-11-01 - USEPA, Fact Sheet for PFOA & PFOS Drinking Water Health Advisories ..268 
 
16. 2018 – World Health Organization Environmental Noise Guidelines ..................................273 
 
17. 2021-06-09 – Madison Water Utility Web Site - Perfluorinated Compounds ......................454 
 
18. 2021-06-09 - Madison Water Utility - PFAS at Well 15 .......................................................457 
 
19. 2020-07-28 - Madison Water Utility 2020 PFAS Test Results .............................................459 
 
20. 2021-06-09 - Madison Water Utility - Location of Water_Facilities_2020_wells_only ......460 
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21. 2021-06-09 - Wisconsin State Journal - DNR_ Fish from Yahara chain of lakes contaminated 
with PFAS; anglers warned to limit consumption .......................................................................461 
 
22. 2019-10-09 - Wisconsin State Journal - Madison mayor calls on National Guard to speed up 
Truax investigation after PFAS found in Starkweather Creek ....................................................468 
 
23. 2020-11-10 - Wisconsin State Journal - Madison mayor, City Council members seek funds 
for PFAS testing at airport training areas ....................................................................................475 
 
24. 2019-11-01 - Wisconsin State Journal - DNR says Air Force F-35 study didn't address PFAS 
contamination at Truax ................................................................................................................480 
 
25. 2021-08-17 – Wisconsin State Journal - EPA adds Lake Monona to Impaired Waters List 
over PFAS Contamination ...........................................................................................................483 
 
26. 2021-04-15 – Wisconsin State Journal – City Halts Development over F35s ......................486 
 
27. 2021-01-27 – Wisconsin State Journal – DNR Orders New Plan to Stop Spread of PFAS at 
Airport ..........................................................................................................................................489 
 
28. 2021-06-04 - Capital Times - Long road ahead for addressing PFAS contamination at Dane 
County airport ..............................................................................................................................493 
 
29. 2021-08-09 - IPCC Summary Report Climate Change .........................................................499 
 
30. 2020-09-27 VTDigger “Panic Attacks. Ringing Ears. Shaking Walls. Happy 1-year 
Anniversary to the F-35s”  ...........................................................................................................541 
 
31. Burlington, VT, F-35 Spring-Summer 2021 Report and Complaint Form Results ...............548 
 

A. Documents Relating to Counts III and IX of the Complaint 

 Documents numbered 1, 5-15, 17-25, 27 and 28 are necessary to add to the Record 

because they show that PFAS cause more harm to human health than the Air Force has 

acknowledged, and that the NGB has not completed the clean-up of PFAS as ordered by the 

Wisconsin Department of Natural Resources. These are relevant to Counts III and IX of 

plaintiff’s complaint. More and more evidence of PFAS contamination has been found since the 

ROD was completed and just because the ROD was issued in 2020 does not meant the Air Force 

has to stop looking at the environmental impacts of the project supported by the EIS. 
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 Document 1 is issued by the Air Force and spells out the dangers of PFAS to human 

health, but says the Air Force will continue to emit them with the fire-fighting foam it uses. The 

Air Force did not take a hard look at the health impacts of PFAS. 

 Documents 5-12 are from the Wisconsin Department of Natural Resources to the Air 

National Guard telling the ANG to clean up the PFAS, and telling it the ANG has repeatedly 

failed to clean up the water and soil. By omitting them from their review, the Air Force paints an 

incomplete picture of the environmental impacts of its actions. 

 Documents 14 and 15 are EPA documents that provide basic information about the harms 

PFAS cause to human health. The Air Force does not take a hard look at the health impacts of 

the pollutants it is emitting and that will be increased with the F-35s. 

 Documents 17-20 show the extent of the PFAS contamination in Madison’s drinking 

wells. This is a serious problem as one well has already been closed. The Air Force glosses over 

the harmful impacts of its pollutants. 

 Documents 21-24 are articles from the Wisconsin State Journal showing that the Air 

National Guard is not cleaning up the PFAS, and that the ANG is ignoring calls from the City 

and State to do so. Document 25 shows that in August, 2021, the EPA added Lake Monona to 

the list of Impaired Waters due to the PFAS contamination. The PFAS pollution is increasing in 

water bodies off of Truax and the Air Force needs to account for this. 

 Document 26 is a newspaper article showing the City of Madison denied a permit to a 

developer proposing to build a housing development near the airport. The City denied it because 

of PFAS pollution. This denial harms the City’s revenue. The Air Force did not take a hard look 

at impacts on the City. 
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 Documents 27 and 28 are newspaper articles from January and June, 2021, well after the 

ROD was released, showing that the PFAS are still spreading from the airport into the public 

waters and wells, and that the Air Force is not adequately addressing the contamination. 

 Plaintiff argues the NGB and Air Force should not be allowed to increase the amount of 

PFAS-containing chemicals they disperse into the air, soil and groundwater until they have 

complied with WI DNR orders to clean up Truax. The foregoing documents show  that “the 

decision was not correct” (Esch, 876 F.2d at 991), and that, “[the] government action will 

“‘affec[t] the quality of the human environment’ in a significant manner or to a significant extent 

not already considered” in the original EIS” (Chemical Weapons Group, 655 F.Supp.2d at 23). 

B. Documents Relating to Count V of the Complaint 

 Documents numbered 2-4 should be added because they relate to plaintiff’s Count 

V and show defendants did not take a hard look at the air pollutants emitted by F-35s and 

the harm the pollutants cause to human health. These meet the Esch and Chemical 

Weapons Working Group standards. The record contains documents that show the 

amount of hazardous air pollutants emitted, but not documents showing the health effects 

of the pollutants. These are reputable studies that the Air Force should examine. 

C. Document Relating to Count VI 

 Document number 29 should be allowed into the Record because it proves 

plaintiff’s Count VI: defendants did not adequately consider climate change impacts. The 

Report issued on August 9, 2021, by the Intergovernmental Panel on Climate Change 

(“IPCC”) shows that we have almost no time to act before it is too late for the planet: it is 

no longer acceptable for agencies to claim their climate-change causing pollutants are 

“insignificant.” The IPCC Summary Report proves that, “the decision was not correct” 
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(Esch, 876 F.2d at 991), and, “[the] government action will “ ‘affec[t] the quality of the 

human environment’ in a significant manner or to a significant extent not already 

considered in the original EIS.” (Chemical Weapons Group, 655 F.Supp.2d at 23.) 

D. Documents Relating to Count II 

 Documents 16, 30 and 31 relate to plaintiff’s Count II: defendants failed to take a hard 

look at the detrimental noise impacts the F-35As will have on the quality of life for people in 

Madison, WI. Document 16, the World Health Organization Guidelines for Noise Pollution, 

prove that defendants used an outdated standard for decibel levels. Documents 30 and 31 show 

exactly how the F-35s affect people living in Vermont. Defendants refused to fly an F-35 over 

Madison during the Comment period; these documents foretell the affects the F-35s will have on 

the people in Madison. They prove the decision was not correct and that the government action 

will affect the quality of the human environment in a significantly detrimental manner. (Esch, 

876 F.2d at 991, Chemical Weapons Working Group, 655 F.Supp.2d at 23.) 

III. Conclusion 

 WHEREFORE, for the foregoing reasons, plaintiff requests this Court to order 

defendants to supplement the Administrative Record with the requested documents and to allow 

plaintiff to file the Supplemental Record. 

 Dated: August 20, 2021. 
 
       /s/ Kathleen Henry 
       Kathleen Henry (Bar No. MO0001) 
       Dairyland Public Interest Law 
       PO Box 352 
       Madison, WI 53701 
       (608) 213-6857 
       khenry@dairylandpublicinterestlaw.com 
       Attorneys for Plaintiff 
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IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 

 
SAFE SKIES CLEAN WATER WISCONSIN, ) 
      INC.,      ) 
 Plaintiff,     ) 
  v.     )        No. 1:21-cv-00634-CKK 
       ) 
UNITED STATES AIR FORCE, et al.,  ) 
 Defendants.     ) 
 

ORDER GRANTING PLAINTIFF’S MOTION 
TO SUPPLEMENT THE RECORD 

 
 The Court, having considered Plaintiff’s Motion to Supplement the Record and the 

arguments in opposition, hereby ORDERS that the Motion is GRANTED. The Court orders 

defendants to supplement the Record with the omitted documents, and the Court admits into the 

Record the documents labeled by Plaintiff as Supplemental Record 1 through 31. 

Dated: ____________________________  ____________________________ 
       COLLEEN KOLLAR KOTELLY 
               U.S. DISTRICT JUDGE  
 
Copies to: 
Kathleen Henry (D.C. Bar No. MO0001) 
Dairyland Public Interest Law 
PO Box 352 
Madison, WI 53701 
(608) 213-6857 
khenry@dairylandpublicinterestlaw.com 
Attorneys for Plaintiff 
 
Ashley Carter (OR Bar No. 165397) 
Gregory M. Cumming (D.C. Bar No. 1018173) 
United States Department of Justice 
Environment & Natural Resources Division 
Natural Resources Section 
150 M St., N.E. 
Washington, D.C. 20002 
(202) 532-5492 (phone) 
ashley.carter@usdoj.gov 
gregory.cumming@usdoj.gov 
Counsel for Defendants 
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U.S. AIR FORCE

F-35-A Ops 5&6 (ANG) 
EWL Results Review

Purpose: Obtain SecAF approval of way ahead for F-35A Ops 5&6 candidate installations 
Strategic Narrative:

Enterprise: CONUS ANG (Ops 5&6) installations with a 4th Generation fighter mission and a runway 
>8,000’ (18 Installations)
Criteria: SecAF approved Feb 16; Announced to Congress Mar 16
■ Mission (55 pts): Optimized for fighter Aircraft F-35A Ready Aircrew Program (RAP)
■ Capacity (25 pts): Ability to accept 18-24 PAA squadron w/max utilization of existing facilities
■ Environmental (10 pts): Air Quality and Encroachment
■ Cost (10 pts): Area Construction Cost Factors, Area Locality Costs, Conversion Costs

■ Conversion Costs assessed up to 5 points for a/c anticipated to retire (e.g. A-10 and F-16 B30)

Nov 2016: Announce candidate installations
Summer 2017: SecAF selects preferred and reasonable alternatives
Summer 2019: EIAP complete; SecAF final basing decision
May 2023: Ops 5 FAA
October 2023: Ops 6 FAA

AR006877308
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DEPARTMENT OF THE AIR FORCE
WASHINGTON DC

OFFICE OF THE ASSISTANT SECRETARY
SAF/IEI
1665 Air Force Pentagon 
Washington, DC 20330-1665

Mr. Elliott Black
Director, Office of Airport Planning and Programming (APP-1) 
Federal Aviation Administration National Headquarters 
800 Independence Ave SW 
Orville Wright Bldg (FOBIOA)
Washington, DC 20591

Dear Mr. Black,

SEP 2 2 2017

The Air Force requests the Federal Aviation Administration’s participation as a cooperating agency 
in preparation of an environmental impact statement (EIS) for the F-35A Operations 5 and 6 basing 
alternative locations. The alternative locations are Boise Municipal Airport, Boise, ID; Montgomery 
Regional Airport, Montgomery, AL; Jacksonville International Airport, Jacksonville, FL; Dane County 
Regional Airport, Madison, WI; and Selfridge ANGB, Harrison Charter Township, Ml.

This participation arrangement is described in the Council on Environmental Quality National 
Environmental Policy Act Regulations, 40 CFR § 1501.6, Cooperating Agencies. As a cooperating 
agency, the Air Force requests the Federal Aviation Administration participate in various portions of the 
EIS development. Specifically, the Air Force asks for your support as a cooperating agency by:

- Participating in the scoping process

- Assuming responsibility, upon request by the Air Force, for developing information and preparing 
analyses on issues for which the Federal Aviation Administration has special expertise

- Making staff support available to enhance interdisciplinary review capability and provide specific 
comments (40 CFR §1503.3)

- Provide review and comments within the timelines prescribed in the program milestone schedule

- Responding, in writing, to this request

Our points of contact for this matter are Mr. Jack Bush at (703) 614-0237 (jack.bush@us.afmil) and 
Ms, Christel Johnson at (240) 612-8508 (christel.iohnson@us.afmin.

Sincerely,

JENNIFER L. MILLER
Deputy Assistant Secretary of the Air Force
(Installations)

BREAKING BARRIERS...SINCE 1947

AR0004270
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U.S. Department 
of Transportation

Federal Aviation 
Administration

Office of Airport Pianning 
and Programming

800 independence Ave., SW, 
Washington, DC 20591

NOV 1 7 2017

Ms. Jennifer Miller
Deputy Assistant Secretary of the Air Force (Installations)
SAF/IEI
1665 Air Force Pentagon 
Washington, DC 20330

Dear Ms. Miller:

Thank you for your September 22 letter requesting Federal Aviation Administration (FAA) 
participation as a cooperating agency in preparation of an Environmental Impact Statement 
(EIS) for F-35A operations and basing alternatives.

The FAA supports the Air Force decision to prepare an EIS for this proposal and agrees to be 
a cooperating agency. The FAA will participate in accordance with 40 CFR § 1501,6, 
Cooperating Agencies, from the Council on Environmental Quality’s Regulations on the 
National Environmental Policy Act (NEPA) and FAA’s NEPA Procedures (FAA Orders 
1050.1F, Environmental Impacts: Policies and Procedures and FAA Order 5050.4B, NEPA 
Implementing Instructions for Airport Actions).

The airports being considered in this EIS include:

• Boise Air Terminal/Gowen Field Airport, Boise ID;
• Montgomery Regional Airport, Montgomery AL;
• Jacksonville International Airport, Jacksonville FL;
• Dane County Regional-Truax Field Airport, Madison, WI; and
• Selfridge Air National Guard Base', Harrison Charter Township, MI.

These locations span multiple FAA Regional Airports Divisions and Airports District Offices 
(ADOs). Therefore, we ask the Air Force direct all communications on the EIS to FAA 
Headquarters’ Airport Planning and Environmental Division (APP-400). The APP-400 point 
of contact will coordinate with our Regions/ADOs and consolidate FAA input on the EIS.

Please note that this location is not a civil airport, and therefore, the FAA does not normally have jurisdiction 
over airport issues.

AR0004461
010
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The FAA point of contact for this EIS is Ms. Jean Wolfers-Lawrence, Environmental 
Specialist, APP-400, at (202) 267-9749 or jean.wolfers-lawrence@faa,gov.

Sincerely,

Elliott Black
Director, Office of Airport Planning 

and Programming

AR0004462
011
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U.S. Department 
of Transportation
Federal Aviation 
Administration

Office of Airport Pianning and Programming 800 Independence Ave, SW. 
Washington, DC 20591

October 25, 2019

Ramon Oritz 
National Guard Bureau 
NGB/A4AM. Shepperd Hall 
3501 Fetchet Avenue
Joint Base Andrews, Maryland 20762-5157

Re: Draft Environmental Impact Statement for F-35A Aircraft Beddown 

Dear Mr, Oritz:

As you know, the Federal Aviation Administration (FAA) agreed to participate as a cooperating agency 
for the F-35A Operational Beddown Enviromnental Impact Statement (EIS). The draft EIS has been 
developed in accordance with United States Air Force (USAF) National Environmental Policy Act 
(NEPA) implementing regulations which differ from FAA’s NEPA policies and procedures'.

During development of the Draft EIS, the FAA provided input in coordination with the National Guard 
Bureau (NGB) and USAF. This included reviewing relevant information and analyses, providing 
comments, and participating in meetings and information sessions. Not all of FAA’s comments were 
resolved during this process. As a result the, FAA would not be able to rely on the information and 
analysis in the Draft EIS to comply fully with its NEPA policies and procedures.

Should the NGB and USAF select one or more alternatives that would involve FAA action(s) subject to 
NEPA (e.g., construction that would require FAA approval of changes to an Airport Layout Plan), FAA 
would need to conduct additional analyses and prepare separate documentation to support FAA’s 
decision.

The FAA is available to discuss the contents of this letter at your convenience. Our point of contact is 
Ms. Jean Wolfers-Lawrence, Environmental Specialist, FAA Airport Planning and Enviromnental 
Division, at (202) 267-9749 or jean.wolfers-lawence@faa.gov.

Sincerely,

Michael S. Hines
Manager, Airport Plaiming and Environmental Division 

CC: Lt. Col. Joseph Simdy - National Guard Bureau

' See FAA Order 1050. IF, Enviromnental Impacts: Policies and Procedures, and FAA Order 5050.4B, National 
Environmental Policy Act (NEPA) Implementing Instructions for Airport Actions.

AR0004434
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What is the Air Force doing when it finds groundwater or surface water contaminated with  
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How is the Air Force responding to regulator requests for PFOS/PFOA sampling at former and active 
installations?  5 

How does the Air Force respond if they are the water purveyor?  6 

Investigation/Mitigation Cost 

In the fall of 2016, the Air Force said it plans to spend $2 billion to clean up PFC-contaminated water. 
Is that still an accurate estimate?   6 

How much money is set aside by the Air Force for PFOS/PFOA investigations and mitigations?  6 

Does the Air Force cover the cost of maintaining water filters overtime?  6 

Testing Method 

How does the Air Force test for PFOS/PFOA in drinking water?  6 

Well Sampling/Results 

What will happen if my private well is found to have levels of PFOS/PFOA above the lifetime drinking 
water health advisory levels due to PFOS/PFOA that have migrated off the installation?  6 

My well sampling yielded results below the HA—how can the Air Force know that won’t change? Will 
they continue sampling?   6 

Will the Air Force test my well?  7 

Air Force Public Affairs 

FREQUENTLY ASKED QUESTIONS 
As of Nov. 20, 2017 
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How is the AF disposing of AFFF?  10 
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General PFOS/PFOA 
Q. What are Perfluorooctanesulfonic acid (PFOS) and Perfluorooctanoic acid (PFOA)?

A. PFOS and PFOA are synthetic fluorinated organic chemicals used in many industrial and consumer
products such as nonstick cookware, stain-resistant fabric and carpet, some food packaging and specialized
foam, including Aqueous Film Forming Foam. AFFF is highly effective for controlling petroleum-based fires,
and is used by the military services, commercial aviation and industry.

Q. Why is PFOS/PFOA being discovered on closed and active installations?

A. Since the 1970s, the Air Force used Aqueous Film Forming Foam - a firefighting foam containing PFOS/PFOA
- at crash sites, in fire training areas and some maintenance hangers at active, Reserve, Air National Guard
installations. In the U.S., the Air Force is systematically testing for potential PFOS/PFOA contamination in soil,
surface water and groundwater where AFFF may have been released.

Q. How many Air Force locations have had PFOS/PFOA releases?

A. The Air Force identified approximately 200 installations in the U.S. (active, Reserve, Air National Guard and
closed) where AFFF may have been released and is conducting site inspections to confirm if releases occurred.
The Air Force is prioritizing sampling based on factors, such as; potential pathways to drinking water, depth to
groundwater and potential for contaminate to migrate off base.

PFCs 
Q. Is it true the Air Force has known for decades that PFCs are dangerous to humans?

A. The Air Force depends on the EPA and the Department of Health and Humans Services Agency for Toxic
Substances and Disease Registry to determine potential danger to human health and the environment. In
1999, the EPA began investigating PFOS and did the same for PFOA in 2000. It wasn't until 2009 however,
that EPA accumulated sufficient information to issue its first provisional lifetime drinking water health
advisory. Between 2009 and 2016, the Air Force issued initial policy to address sampling and response
actions for PFOS and PFOA, conducted Preliminary Assessments at nearly all our installations and began
providing alternative drinking water at certain sites that tested above the EPA’s lifetime HA. The EPA issued
its Lifetime Health Advisory in 2016 at the current level and the Air Force has adjusted its response to meet
that new level.

Q. Did the Air Force conduct studies on PFCs in the 1970s and 1980s?

A. The Air Force has the ability to conduct risk assessments associated with how Airmen should safely
handle materials in their work. The AF does not have the capability to address risk associated with drinking
water, food safety etc. Between 1979 and 1995, the Air Force conducted a small number of studies (10-15),
which included PFOA and PFOS, most of which were intended to address occupational exposure risk. The
Air Force relies on the EPA to address and set environmental regulatory limits for human health. The EPA
conducts rigorous peer-reviewed processes to establish risk levels for chemicals and used several hundred
studies that resulted in the drinking water health advisory we have today.

Air Force Response to PFOS/PFOA in drinking water 
Q. How is the Air Force addressing PFOS/PFOA on closed and active installations?

A. The Air Force’s investigation work and mitigation actions are guided by the Comprehensive
Environmental Response, Compensation and Liability Act, or CERCLA, applicable state laws and the EPA's
lifetime drinking water health advisory of 70 parts per trillion.
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The Air Force is using a comprehensive approach – identify, respond, prevent – to address the potential for 
PFOS/PFOA contamination of drinking water, and respond appropriately. When drinking water sample 
results indicate PFOS/PFOA concentrations exceed 70 ppt, and there is evidence the Air Force is likely a 
primary source of the contamination, the Air Force determines an appropriate mitigation action, such as 
providing an alternate drinking water source, filtration system, and/or providing bottled water if needed. 
When PFOS/PFOA are detectable but below the lifetime HA level in drinking water, the Air Force may 
conduct well monitoring as needed to track level changes and determine if further action is needed. 

Q. What is the Air Force’s comprehensive approach to PFOS/PFOA? 

A. The Air Force is focused on three lines of effort to address PFOS/PFOA contamination of drinking water 
supplies: 

• Identify: The Air Force is conducting sampling and analysis of drinking water systems enterprise-wide.  
Additionally, in the U.S. the Air Force is identifying potential AFFF release sites; conducting site 
inspections to confirm releases; and using groundwater, surface water, soil and sediment sampling to 
map potential plume migration pathways. 

• Respond: Where PFOS/PFOA levels exceed the lifetime health advisory levels in drinking water 
supplies, and there is indication the AF is likely a primary source of the contamination, the Air 
Force will immediately provide alternate drinking water sources if needed. If necessary, the Air Force 
will then identify and initiate a long-term solution to provide drinking water that does not exceed 
the HA, which may include alternate water supply sources or  filtration systems. 

• Prevent: The Air Force replaced legacy AFFF in emergency response vehicles with more 
environmentally responsible AFFF, and will replace AFFF in all hangar fire prevention systems. 
Additionally, the Air Force is evaluating approaches to reduce the risk of inadvertent discharges and 
ensure containment of both the legacy and replacement foam. 

Q. What is the difference between groundwater and surface water? 

A.  The water on the Earth's surface—surface water—occurs as streams, lakes, and wetlands, as well as 
bays and oceans. Surface water also includes the solid forms of water— snow and ice.  

The water below the surface of the Earth is ground water. The vast majority of underground water occupies 
the spaces between soil and rock particles. At a certain depth below the land surface, the spaces between 
the soil and rock particles can be totally filled with water, resulting in an aquifer. (Source: USGS) 

Q. What is the Air Force doing when it finds groundwater or surface water contaminated with 
PFOS/PFOA? 

The Air Force is using groundwater, surface water, soil and sediment sampling to map potential migration 
pathways to drinking water. Where PFOS/PFOA levels exceed the lifetime health advisory (LHA) levels in 
drinking water supplies, and there is evidence the AF is likely a potential source of the contamination, the 
Air Force will immediately provide alternate drinking water sources if needed. If necessary, the Air Force 
will then identify and initiate a long-term solution to provide drinking water that does not exceed the LHA, 
which may include alternate water supply sources or filtration systems. 

Q. How is the Air Force responding to regulator requests for PFOS/PFOA sampling at former and active 
installations? 

A. Requests for environmental sampling for PFOS/PFOA by regulatory agency officials are addressed on a 
case-by-case basis. In cases where a specific local, state or federal regulation or agreement is driving the 
request, the installation must have reason to believe an Air Force release of PFOS/PFOA is probable (based on 
past installation activities), and be able to determine if there is a likelihood for the contamination to reach a 
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drinking water source. For overseas installations, the AF is conducting sampling and analysis of Air Force 
drinking water sources.   

Q. How does the Air Force respond if they are the water purveyor?

A. The Air Force is testing all drinking water supplies where it is the purveyor. If sample results exceed the
EPA’s lifetime health advisory of 70 parts per trillion, the Air Force will immediately provide a safe drinking
water source and follow the EPA-recommended actions, which include retesting, communicating with local
regulators and drinking water officials, proper consumer  notification and evaluation of options to reduce
PFOS/PFOA concentrations below the lifetime HA.

Investigation/Mitigation Cost 
Q. In the fall of 2016, the Air Force said it plans to spend $2 billion to clean up PFC-contaminated water. Is
that still an accurate estimate?

A. The estimate was a projection of the potential cost across the entire Department of Defense, and is only
an anecdotal estimate. Please contact the public affairs team at the Office of the Secretary of Defense for
information on the total cost of PFOS/PFOA activities.

Q. How much money is set aside by the Air Force for PFOS/PFOA investigations and mitigations?

A. For fiscal year 2018, the Air Force is projecting approximately $293 million for all environmental
restoration program activities, including actions related to PFOA/PFOS response.

Q. Does the Air Force cover the cost of maintaining water filters overtime?

A. PFCs are found widely in the environment today, and there are likely other contributors to the
contamination. However, where drinking water is above the lifetime health advisory and the Air Force could
be a contributor, we will work with local authorities to provide alternative drinking water if needed and
identify interim mitigation options. Following installation and initial monitoring, the Air Force will maintain
filters on private wells until a long-term alternative can be implemented. If the Air Force installs filters on
public wells, public water systems will assume ownership, operation and maintenance of the filters after a
period of Air Force maintenance to ensure proper operation.

Testing Method 
Q. How does the Air Force test for PFOS/PFOA in drinking water?

A. The Air Force employs EPA Method 537 to test samples for drinking water contaminants. Information
about EPA Method 537 can be found on the EPA website.

Well Sampling/Results 
Q. What will happen if my private well is found to have levels of PFOS/PFOA above the lifetime drinking
water health advisory levels due to PFOS/PFOA that have migrated off the installation?

A. The Air Force’s priority is protecting human health and drinking water sources. If the Air Force samples your
well and determines the PFOS/PFOA level is above the EPA’s lifetime drinking water HA, the Air Force will
provide alternate drinking water supplies or implement mitigation approaches. This may include supplying
your household with bottled drinking water, connecting your home to a public drinking water supply, or
installing a treatment/filtration system on your private well.

Q. My well sampling yielded results below the HA—how can the Air Force know that won’t change? Will
they continue sampling?

A. When PFOS/PFOA are detectable but below the lifetime HA level in drinking water, the Air Force may
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conduct well monitoring as needed to track level changes and determine if further action is needed. 

Q. Will the Air Force test my well? 

A. The Air Force is taking a proactive, measured approach to sampling off-base wells. During the site 
inspection phase, the Air Force will identify wells to sample based on probability of contamination, proximity 
to contaminant areas and possible pathways from the site of contamination to the drinking water wells. If the 
site inspection indicates your well might be impacted, we could then sample the well. 

Q. I live near an installation; why won’t the Air Force sample my well? 

A. Air Force sampling actions are data driven. We use data and site information to map contaminant 
migration and potential pathways to drinking water so we can continue to protect human health by 
focusing sampling efforts in the locations potentially impacted. The Air Force evaluates site-specific factors 
to assess if there is a potential for contamination to reach drinking water supplies. 

Q. Can you provide the results of samples taken off base? 

A. We can’t release results for specific wells – that information belongs to the well owner – but we can 
provide a range of PFOS/PFOA levels.  

General Water Use  
Q. Can I cook, bathe and brush my teeth with water tested above HA? 

A. The EPA health advisory is specific to the human consumption of water. According to the EPA, water is 
safe for activities that do not include consumption, such as bathing, doing laundry and washing dishes. 
For more information, contact the EPA or your local and state health department. 

Q. Will my pets be contaminated if they drink water tested above HA? 

A. The EPA health advisory is specific to the human consumption of water. For more information, please 
refer to the EPA. 

Q. Can I breathe in PFOS/PFOA or absorb through my skin through the dirt and/or wind? 

A. These health advisories only apply to exposure scenarios involving drinking water. For additional health 
specific information, please refer to the EPA, your medical provider or your local and state health 
department. 

Agricultural/Food Concerns 

Q. Will eggs, milk, fruits, vegetables and meat from farms using water above HA contain a significant 
amount of PFOS/PFOA to be concerned? 

A. These health advisories only apply to exposure scenarios involving drinking water. They are not 
appropriate for use in identifying risk levels for ingestion of food sources, including fish, meat produced 
from livestock that consumes contaminated water, or crops irrigated with contaminated water. For more 
information, contact the EPA or your local and state health department. 

Q. Will livestock, fruits and vegetables still be considered organic? 

A. Please contact the U.S. Department of Agriculture for questions about organic certification. 

Q. What about surface water?  How does this impact fishing and crabbing? 

A. These health advisories only apply to exposure scenarios involving drinking water. They are not 
appropriate for use in identifying risk levels for ingestion of food sources, including: fish, meat produced 
from livestock that consumes contaminated water, or crops irrigated with contaminated water. For more 
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information, contact the EPA or your local and state health department. 

Regulations/State Laws 
Q. Why is the Air Force focusing its efforts on temporary solutions? Why not just start cleanup and fix the
root of the problem?

A. PFOS/PFOA is an emerging contaminant; regulations are few and evolving. Protecting human health is an
Air Force priority and we are aggressively responding to potential drinking water contamination when there
is evidence the Air Force is likely a primary source of that contamination. Additionally, the Air Force is
moving forward in accordance with the CERCLA process to identify, define and mitigate potential
contamination. The CERCLA process is federal law; makes certain thorough investigation work is done, and
promotes accountability, community involvement and long-term protectiveness.

Q. What is the Air Force doing about potential food contamination?

A. The Department of Defense does not have the expertise nor authority to conduct a food safety
investigation, or to develop a food-specific interim health-based guideline. The U.S. Food and Drug
Administration (FDA) oversees the safety of foods through the assessment of potential exposure and risk.

Q. Will the Air Force follow lower health advisory levels passed by states?

A. The Air Force complies with state environmental cleanup laws to the extent authorized and required by
Federal law.

Q. Will the Air Force fund a study on the health effects of people exposed to PFCs in drinking water?

The Air Force relies on the Agency for Toxic Substances and Disease Registry (ATSDR), under the 
Department of Health and Human Services (DHHS), for guidance on health based actions.  To date, ATSDR 
has not conducted a nationwide health study to determine what, if any, health effects from PFOS/PFOS 
exposure can be substantiated and what actions should be taken.  

Q. Will the Air Force pay for blood testing for individuals who live in areas impacted by PFOS/PFOA that
have migrated off base?

A. The Air Force does not have authority to pay for blood tests. The Air Force relies on the Agency for Toxic
Substances and Disease Registry (ATSDR), under the Department of Health and Human Services (DHHS), for
guidance on health based actions. To date, ATSDR does not recommend blood tests. They assert the
ubiquitous nature of PFAS over the decades assures virtually everyone on the planet has some level in their
blood stream. PFOS/PFOA levels in blood gradually diminish over an extended period of time and nothing
can be done to address or speed up that process.

Reimbursements/Claims 
Q. Will the Air Force pay for my drop in property value?

A. Residents who believe they have incurred damages may submit a claim to the base's legal office using
the Air Force claims process.

Q. Why have some claims been denied?

A. We can’t speak to specific details of denied claims.

Generally speaking, however, the Air Force may only pay claims when there is a legal obligation to do so.  
Under the Federal Tort Claims Act the claimant must demonstrate that their injury was caused by a 
negligent act(s) of the Air Force or one of its employees. In addition, the alleged negligent act must fall 
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outside of the “discretionary function exception,” which essentially means the negligent act must also 
violate a law, regulation, or practice of the applicable agency.    

Q. Will the Air Force reimburse communities for costs incurred in dealing with contamination issues?

A. The Air Force does not have the legal authority to retroactively reimburse communities for costs incurred 
in dealing with environmental contamination issues. However, we continue to work with affected 
communities to identify proactive strategies to address this issue. Where we have factual data 
acknowledging we are a contributor to the contamination, the Air Force has the authority, under the 
Defense Environmental Restoration Program, to enter into prospective agreements with a state/local 
government entity to obtain its services to assist the Air Force in meeting its obligations. The Air Force may 
also contract a third party to address clean-up mitigation. These agreements must be signed prior to 
expending funds.

Aqueous Film Forming Foam (AFFF) 
Q. What is AFFF?

A. Aqueous Film Forming Foam, or AFFF, is a firefighting agent used commercially and by the Department of 
Defense, including the Air Force. Most commonly used to combat petroleum fires in aircraft accidents, 
hangars and during live-fire training exercises, this formulation of AFFF contains perfluorooctanesulfonic acid 
(PFOS) and perfluorooctanoic acid (PFOA) - two perfluorinated compounds that persist in the environment 
and are not known to degrade by any natural process. The EPA has classified these compounds as emerging 
contaminants due to inconclusive human health risks and evolving regulatory standards.

Q. Why didn’t the Air Force immediately stop using AFFF after the health concerns regarding PFOS/PFOA 
came to light?

A. It was not until November 2015 that there was a more environmentally responsible option available on 
the DOD’s qualified products list for firefighting agents. With the identification of this effective substitute, 
the AF has replaced its entire inventory of legacy AFFF to this more responsible and environmentally safer 
version.

Q. Why doesn’t the Air Force just use PFOS/PFOA free foam?

A. AFFF agents that contain some form of PFOS/PFOA or related flurosurfactants are the most effective 
foams currently available to fight flammable liquid fires in military, industrial, aviation and municipal 
arenas. They provide rapid extinguishment, burn-back resistance and protection against vapor release.

Foam manufacturers are transitioning to the use of more environmentally responsible formulas that do not 
contain long-chain perfluorinated compounds. These short-chain formulas are low in toxicity and not 
considered bio- accumulative or bio-persistent. 

AFFF Replacement Program 
Q. When did the Air Force begin eliminating PFOS-based AFFF?

A. In 2007, U.S. Air Force locations in Europe began replacing PFOS-based AFFF in both mobile and fixed 
systems with European-Union-approved AFFF after the European Parliament and the council of the European 
Union issued a directive restricting the use of PFOS-containing substances.

In March 2011, the Air Force Civil Engineer Center initiated an informal plan for Air Force fire chiefs to 
dispose of “excess” PFOS-based AFFF Air Force-wide over a 10-year period. In November 2015, more 
environmentally responsible formulas were added to the DOD’s qualified products list for firefighting agents. 
The Air Force began replacing both PFOS-based and other legacy AFFF products with a new, environmentally 
responsible formula in August 2016. The Air Force completed new foam delivery in August 2017.  
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Q. What type of replacement foam will be used and how effective is it? 

A. The Air Force awarded a $6.2 million contract to ICL Performance Products for 418,000 gallons of Phos-
Chek 3 percent, six carbon chain AFFF. Delivery began in August 2016 and was completed in May 2017. The 
new formula meets both MILSPEC requirements for firefighting, and the goals of the U.S. EPA 2010/15 PFOA 
Stewardship Program. 

Q. How is the new aqueous film forming foam (AFFF) different from the legacy AFFF? 

A. The legacy AFFF formula contains long-chain fluorosurfactants while the new formula contains shorter 
chain molecules. Data reviewed by the EPA in 2009 suggests these shorter-chain formulas are less toxic 
because the chemicals are cleared from the body faster and are not considered bio-accumulative or bio-
persistent. The new formula meets both military specifications for firefighting, and the goals of the EPA’s 
2010/15 PFOA Stewardship Program. 

Q. When will legacy AFFF be out of the Air Force’s inventory? 

A. The Air Force began replacing legacy AFFF in fire trucks and stockpiles in August 2016. AFCEC completed 
delivery of 418,000 gallons of replacement foam to all locations in August 2017. AFFF contained in some fire 
protection systems in hangars will be replaced in conjunction with hangar renovations. Unlike mobile fire 
trucks, AFFF in hangars are contained to a stationary location — a more controlled environment.  

Q. Is the Air Force replacing AFFF anywhere other than hangars and fire trucks? 

A. Some installations may have put the new AFFF bench stock in trailers or overhead storage tanks but the 
Air Force has reduced the backup requirement. All legacy AFFF (C8) has been removed from vehicles and 
bench stock to include any fire department storage containers. 

Q. How is the AF disposing of AFFF? 

A. The process for AFFF disposal is to drain and collect the legacy AFFF from fire vehicles then triple rinse 
the vehicle foam tanks and collect the effluent. The legacy AFFF and effluent will then be sent to an 
authorized disposal facility for incineration. The incineration disposal method is currently the most 
environmentally safe way to eliminate the health and environmental risks associated with AFFF. 

Q. Has the Air Force considered using fire-fighting foam made with non-fluorinated chemicals? If so, 
which ones? 

A.  To date, no non-fluorinated AFFF formulation has met the MILSPEC performance criteria necessary to 
safeguard our Airmen from real time fire emergency responses.  

AFFF agents that contain some form of PFOS/PFOA are the most effective foams currently available to fight 
flammable liquid fires in military, industrial, aviation and municipal arenas. They provide rapid 
extinguishment, burn-back resistance and protection against vapor release. Foam manufacturers are 
transitioning to the use of more environmentally-responsible formulas that do not contain long-chain 
PFOS/PFOA. These short-chain formulas are low in toxicity and not considered bio-accumulative or bio-
persistent. 

AFFF Replacement in Hangars 
Q. How many hangars require new foam? 

A. According to base-report counts, there are approximately 386 facilities with AFFF systems on active duty Air 
Force installations, to include Air Force Reserve and Air Guard tenant facilities. 

Q. When will hangar foam replacement be complete? 

A. The Air Force expects to complete the project to replace hangar foam in FY18.  
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AFFF Containment 
Q. What are holding ponds and tanks in fire training areas used for? What’s the difference? 

A. Fire training area tanks and ponds collect burn pit effluent (foam, fuel, etc.) so it doesn’t get in storm 
water drains. For example, retention ponds are placed at the bottom of a slope from a burn pit to catch 
runoff. Ponds are equipped with a double, high-density Polyethylene liner and designed for the required 
operating volume, plus rainfall from a 10-year-rain event. Ponds also have leak-monitoring stations. 

Q. How does the Air Force empty/dispose of AFFF-containing runoff in holding ponds, tanks and other 
containment methods in training areas? 

A. The Air Force negotiates with the local waste water treatment plant to determine what they will receive 
from burn pits.  

Q. What protocols does the Air Force follow for uncontained AFFF releases? 

A. Even though PFOS and PFOA are not designated as hazardous, the Air Force treats AFFF releases as a 
hazardous material release, which requires immediate action. Installations are required to establish 
response procedures in accordance with National Fire Protection Standard 472. This standard defines 
hazardous material response requirements. 

Q. What about risks of trucks leaking AFFF? 

A. The Air Force’s vehicular maintenance program ensures truck systems operate properly and 
malfunctions are quickly identified and fixed. Due to proactive maintenance, foam line leaks seldom occur, 
and even those rare occurrences have a second line of protection from drip pans under the vehicles to 
prevent ground contamination. 

Future AFFF use 
Q. When will the new AFFF be ready to use? 

A. Except for four overseas locations awaiting shipping lanes to reopen, the new foam is already in use 
across the service.  
Q. How will the Air Force respond to AFFF releases once trucks are equipped with the new AFFF? 

A. The Air Force will continue to treat all AFFF release as a hazardous material release. Although 
environmentally preferable, six-carbon chain foams like Phos-Chek 3 percent still contain trace amounts of 
PFOA.  

The Air Force discontinued regular fire truck system tests in July 2015 and will not resume foam-discharge 
tests, even with the new foam product, unless the installation has an environmentally approved containment 
system. The Air Force is retrofitting all fire trucks with a system that supports fire protection training needs 
and is environmentally friendly. The new system bypasses the tank containing AFFF and, instead, flows water 
through the extinguishing system and the cart, gathering data readings and discharging water from the 
vehicle’s turret. Retrofitting approximately 850 fire trucks will take 15 months and be complete by December 
2018. 

Q. At one time, there was no reason to believe that legacy PFOS-based firefighting foam was not safe. 
What is the Air Force doing to ensure history isn’t repeated? 

A. The Air Force is taking steps to guard against future contamination by replacing legacy AFFF stockpiles 
with a foam that reduces PFOS/PFOA exposure, Phos-Chek 3 percent, six carbon chain AFFF. The Air Force is 
taking additional steps to reduce or eliminate unnecessary foam releases by: 
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• Retrofitting all fire vehicles with a switch mechanism to test functionality without discharging AFFF 
into the environment. 

• Standardizing hangar systems and replacing systems containing the old formulation in conjunction 
with building renovations. 

• Conducting fire training exercises in double-lined pits to prevent soil and groundwater 
contamination. 

• Treating any uncontained releases of AFFF as if it were a hazardous-material spill and requiring 
immediate cleanup. 
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ABSTRACT: Impacts of aviation emissions on air quality in and around residences near
airports remain underexamined. We measured gases (CO, CO2, NO, and NO2) and
particles (black carbon, particle-bound aromatic hydrocarbons, fine particulate matter
(PM2.5), and ultrafine particles (reported using particle number concentrations (PNC) as a
proxy)) continuously for 1 month at a residence near the Logan International Airport,
Boston. The residence was located under a flight trajectory of the most utilized runway
configuration. We found that when the residence was downwind of the airport, the
concentrations of all gaseous and particulate pollutants (except PM2.5) were 1.1- to 4.8-fold
higher than when the residence was not downwind of the airport. Controlling for runway
usage and meteorology, the impacts were highest during overhead landing operations:
average PNC was 7.5-fold higher from overhead landings versus takeoffs on the closest
runway. Infiltration of aviation-origin emissions resulted in indoor PNC that were
comparable to ambient concentrations measured locally on roadways and near highways. In
addition, ambient NO2 concentrations at the residence exceeded those measured at regulatory monitoring sites in the area including
near-road monitors. Our results highlight the need for further characterization of outdoor and indoor impacts of aviation emissions
at the neighborhood scale to more accurately estimate residential exposures.

■ INTRODUCTION
In 2018, 10 million flights carrying one billion passengers flew
into or out of airports in the United States (US).1 Over the
next 25 years, flight operations and enplanements in the US are
projected to grow annually at the rate of 1 and 2%,2

respectively, and a similar outlook is expected worldwide.3

To meet this growing flight demand, in the last two decades
over half of the 35 busiest airports in the US have undergone
airfield expansions to increase their capacity.4 These trends are
of significance to the health of millions of people who live or
work near airports and are thereby regularly exposed to noise
and air pollution originating from aviation activity. For
example, increased rates of adverse health outcomes ranging
from hypertension,5−13 cardiovascular disorders,6,14−16 birth
outcomes,17,18 respiratory diseases,19 and learning deficit in
children20−22 have been observed near airports. Furthermore,
implementation of the Next Generation Air Transportation
System,23 which guides airplanes on precise paths via satellites,
has narrowed the flight paths and lowered landing altitudes,
concentrating the impacts further in certain communities.
Recently, the impacts of aviation emissions on ground-level

ambient ultrafine particle (UFP; aerodynamic diameter < 100
nm) concentrations were found to extend over unexpectedly
large areas near airports and in particular along flight paths.24

For example, elevated particle number concentrations (PNC)
were reported downwind of major international airports as far
as 7 km near Amsterdam, 7.3 km in Boston, 18 km in Los
Angeles, and 22 km in London.25−29 UFPs are emitted at high

rates by jet aircraft30 and linked to increased rates of
hypertension and cardiovascular morbidities.31,32 However,
UFPs do not contribute significantly to mass in the fine particle
range and are not routinely monitored, in part due to a lack of
ambient air quality standards. Therefore, they present the
possibility of being an additional important confounder for
near-airport epidemiological investigations.33,34 For example,
Wing et al.35 found that UFP exposure was. independently
associated with adverse birth outcomes in the vicinity of Los
Angeles International Airport. Similarly, black carbon (BC)
and oxides of nitrogen, which are also emitted at high rates by
aircraft30,36−38 and have recognized adverse cardiovascular
effects,39 are also elevated near airports.24,25 Some near-airport
epidemiological studies have accounted for confounding
pollutants, like fine (PM2.5

16) and coarse particulate matter
(PM10

15,40,41), ozone,16 and NO2,
41 but by using regional-scale

central monitor data or predictive models that only account for
larger-scale spatial patterns and ground-transportation emis-
sions. Confounding co-exposure to aviation-origin emissions
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themselves remains unaccounted for, limiting the causal
interpretation of the epidemiological results.
Moreover, research on near-airport air quality has been

limited to ambient (outdoor) observations to date.24 The
extent and conditions under which aviation emissions infiltrate
residences and impact indoor air quality remain largely
unaddressed. We found only one study that reported on
residential infiltration of aviation emissions.42 In that study, 16
homes in Boston (MA), which were selected primarily for
assessment of highway impacts on indoor air quality, were
found to contain higher PNC indoors when the residences
were downwind of the Logan International Airport. This study
did not quantify infiltration rates due to the lack of concurrent
outdoor and indoor measurements. Further, no studies have
investigated the influence of meteorology and aviation activity
on infiltration or quantified impacts of aviation emissions on
indoor air quality.
In this study, we concurrently monitored outdoor and

indoor air pollutant concentrations in a near-airport residence
to assess the influence of temporal factors including time of
day, meteorology and aviation activity intensity, and operation
type (landings and takeoffs). We studied a residence of a
common architectural style and vintage in Winthrop, MA, a
community that is significantly impacted by the Logan
International Airport. About a third of the Winthrop’s
population of 17 500 lives within the 60 dB noise impact
zone (an annual average of cumulative 24 h day and night
noise exposures with a 10 dB night-time penalty).Ours is the
first study to detail the disproportionate impact of overhead
landing jets on residential outdoor and indoor air quality.

■ METHODS
Airport Description. The General Edward Lawrence

Logan International Airport is located 1.6 km east of
downtown Boston (Figure 1). It has six runways and supports
∼1000 operations per day (combined landings and takeoffs
[LTO]). For each wind-direction quadrant, the airport has a
'preferred runway conf iguration' consisting of a subset of
runways (three out of the six runways), as shown in the
Supporting Information (SI), Figure S1, to which operations
are preferentially directed. In the US, the naming convention
on runways is such that they represent the numerical heading
in tens of degrees of the planes using the runways. For
example, planes taking off or landing on runway 27 at the
Logan airport head ∼270° true north, while planes taking off
or landing on runway 4 head ∼40° true north.
Residential Air Quality Monitoring and Instruments.

Monitoring was conducted from August 23 to September 23,
2017, at a residence in Shirley Point, Winthrop located 1.3 km
from the eastern end of runway 9/27 (Figure 1). Jets descend
overhead of the residence at an elevation of ∼75−100 m. The
residence is located in a suburban neighborhood with only one
major collector/arterial road within a 1 km radius, and the road
leads to a dead end and thus has very limited vehicular traffic
(Figure S2a). Outdoor monitoring was performed using the
Tufts Air Pollution Monitoring Laboratory (described in detail
elsewhere43), which was parked in the driveway on the
northern side of the property. Outdoors, a suite of gaseous and
particulate pollutants were measured including particle number
concentrations (PNC, measured at 1 s resolution using a TSI
(MN) Condensation Particle Counter 3783 [CPC, d50 = 7
nm]), black carbon (BC), fine particulate matter (PM2.5),
particle-bound polycyclic aromatic hydrocarbons (PBPAH) for

PAH-containing particles ≤1.0 μm), carbon monoxide (CO),
and oxides of nitrogen (NO, NO2, and NOX) (see Table S1 for
details of the instruments used). To limit disturbance to the
residents (i.e., due to noise from the monitoring equipment),
indoor measurements were restricted to PNC using the same
make and model CPC as outside. It was placed in the first-floor
living room. Weekly maintenance of the instruments included
flow checks, clock resets, and data download.

Residence Characteristics and Ventilation Practices.
The residence, built in 1920, is a two-story, two-bedroom,
1700 ft2 colonial wood-frame house that is typical of the
architectural style of the neighborhood. It does not have a
centralized ventilation system (neither AC nor fans) and
neither the kitchen nor the single bathroom is equipped with
exhaust fans. It has eight double-hung windows, four picture
windows, two inoperable windows, a front door, a back door,
and a sliding glass door. In the early 1990s, all of the windows,
the front door, and the sliding glass door were replaced with
new, tighter versions as part of Massport’s Residential Sound
Insulation Program.44 This is a voluntary program where
owners of residences located within the 65 dB DNL threshold
area can apply for noise reduction measures. Therefore, this
residence may have lower air exchange rates under closed
window conditions than residences without soundproofing.
New storm windows and storm doors were also added at this
time.

Figure 1. (a) Monitoring the site location and flight trajectories for
preferred runway configurations for jets during SW and NW winds at
the Logan Airport. (b) Windrose and (c) diurnal flight activity for the
study period.
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Prior to the start of monitoring, we deliberately did not
discuss ventilation practices (or instruct residents to modify or
not modify current practices) so as not to influence their
behavior during the month of monitoring. Following the
monitoring period, the residents were surveyed post hoc45 on
cooking practices, fan and air conditioner use, and window
openings during the month-long study. On the survey, the
residents indicated that on weekdays windows were opened
minimally during the day (∼2 h) and in the evening (∼1 h),
while on weekends, 3−5 windows were typically opened for
2−5 h during the day and 1−2 h in the evening (1800−2300
h). At night (after 2300 h) on both weekdays and weekends, all
windows were closed and as many as three window-mounted
AC units were operated to provide cooling. Also, the residents
(two full-time working adults) indicated that they cooked
infrequently.
Regulatory Monitoring Sites and Other Sites. To

provide perspective on near-airport observations, we also
compare concentrations of pollutants measured near the
airport with those measured at regulatory monitoring sites
and in near-highway neighborhoods in the Boston area. Data
from five proximal regulatory monitoring sites operated by the
Massachusetts Department of Environmental Protection46 in
Suffolk and Essex counties were obtained. For ease of
interpretation, we refer to these sites by their distinguishing
features. The sites are as follows: (a) a site on the shoulder of
Interstate I-93N and 6 km SW of the airport (referred to as
adjacent-highway); (b) a near-roadway site at the intersection
of five streets and 100 m N from Interstate I-90 and ∼6 km W
of the airport (near-roadway); (c) a site in downtown Boston
3.5 km W of the airport (downtown); (d) a site located 7.5 km
WSW of the airport that is considered indicative of the
neighborhood scale (urban-background); and (e) a site 13 km
NNE of the airport in Lynn, MA, that is considered indicative
of regional-scale air quality (regional-background). Traffic
volumes (annual average daily traffic estimated from the
regional planning commission47) in the 1 km area around
these sites are shown in Figure S2b−f in Table S2.
The air quality monitoring instruments used at regulatory

sites are listed in Table S2. We used federal equivalent method
instruments to measure CO and oxides of nitrogen at the near-
airport site. For PM2.5, we used an optical sensor instead of
federal reference/equivalent methods; this nephelometer tends
to read higher than federal reference/equivalent methods, is
sensitive to relative humidity, which we do not correct for, and
requires gravimetric calibration to local aerosol for data to be
comparable to regulatory data.48 Thus, we do not discuss
absolute PM2.5 concentration differences between the near-
airport residence and the regulatory sites and limit
interpretation to broad trends.
Because ultrafine particles are not a regulated air pollutant in

the US, PNC is not routinely monitored at the regulatory sites
by state or federal agencies. Comparable PNC data were
available from the Tufts UFP Monitoring Network (TUMN),
which uses the same CPCs as we used at the near-airport
residence (TSI model 3783). Data were available from two
locations: first, the roof of a three-story building in Chelsea, 4.0
km northwest from the airport, for the entire study duration
(August 23−September 23, 2017) and second, from a station
collocated at the urban-background regulatory site for August
23−September 09, 2017.
Data Acquisition and Statistical Analysis. Meteoro-

logical data collected at the airport (KBOS) were obtained

from the National Centers for Environmental Information49

and aggregated to hourly resolution. Regulatory monitoring
site data was obtained from EPA’s AirData websites https://
www.epa.gov/airdata and https://aqs.epa.gov/api at hourly
average resolution. Measured pollutant data were aggregated to
hourly resolution and aligned with the meteorological and
regulatory data.
Data on flight activity at the airport were web-scraped from

https://secure.symphonycdm.com, a public portal for tracking
flight activity at the airport. A coordinate grid was established
for each runway, and when a plane entered or exited, a grid, it
was counted as having landed or taken off, respectively. Data
was extracted at 30 s intervals and aggregated to the hour. To
check for errors in the automated methodology, flight activity
was also replayed and tracked manually for 5 h (three busy
hours with >2 operations/minute and two more hours with
<0.5 operations/minute) (Table S3); scraping/automated
extraction underestimated operations by 0−3% in busy hours
and 0% in other hours. Detailed flight activity logs including
idling and taxiing times for airplanes on the tarmac were
unavailable to us.
Statistical analysis was conducted in MATLAB 2018.

Nonparametric statistics were used because the pollutant
data were non-normally distributed; differences were tested
using the Wilcoxon rank-sum test (significance threshold p <
0.05), and the Spearman’s rank correlation coefficients (rs) are
reported. Extreme outliers were defined using Tukey’s fences,50

i.e., three times the interquartile range, and excluded from
indoor-to-outdoor (I/O) ratio analysis (amounting to 0.007%
of data during impact sector and 4.9% of the data during other
winds). As a check, all extreme outliers were found to exceed
unity, indicating that indoor concentrations exceeded outdoor
concentrations likely due to indoor sources.

■ RESULTS AND DISCUSSION
Flight Activity Patterns. SW-NNW winds orient the

residence downwind of the airport. During these winds,
landings occurred mostly over the water and takeoffs occurred
mostly over the land (Figure 1a shows flight trajectories). For
example, when winds are from the S-W (180−270°), the
predominant wind direction (WD) in the Boston area during
summer, jets are preferentially directed to land on 22L
(heading 214.6°) and 27 (heading 271.5°) and takeoffs are
directed to occur on 22L and 22R (heading 214.6°). When
winds are from the W-N (270−360°), flights are preferentially
directed to land on runways 27, 32 (heading 320.6°) and 33L
(heading 330.1°) and takeoff from 27 and 33L. During the
study, 100% landings and 100% takeoffs occurred on preferred
runways for 62 and 48% of the hours, respectively, and >50%
of the operations occurred on preferred runways 70% of the
hours. Takeoffs were far more frequently directed to
nonpreferred runways than landings (e.g., during SW and
NW winds, ∼15% of takeoffs occurred on nonpreferred
runways compared to <5% of landings). The windrose and
flight activity for the study duration are shown in Figure 1b,c.
Overall, we observed 1.2 times as many flights during evening
peak rush hour (1700−1800) than during morning peak rush
hour (0900−1000). The hours of 0100−0600 were the least
busy due to night-time flight restrictions (Figure 1c).

Wind Direction and Pollutant Patterns. The WSW-N
sector (247.5−360°) stands out in the bivariate polar plots as
the sector associated with the highest PNC (Figure 2a,b), a
trend also reflected by most of the other pollutants (Figure
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2c−h). During these winds, the residence was downwind of the
airport complex as well as flight trajectories for the runways
preferred during westerly winds. We identified this sector as
the impact sector (247−360°), similar to other works.27,42,51,52

Non-impact-sector winds (i.e., winds from 0 to 246.9°)
oriented the monitoring site upwind of the airport and were
further subdivided into winds from over-the-ocean (0−112.5°)
and over-the-land (112.6−246.9°).
Significantly higher concentrations of PNC, oxides of

nitrogen (NO, NO2, and NOX), CO, BC, and PBPAH were
observed during impact-sector winds compared to non-impact-
sector winds (Table 1). Fold elevation, or the ratio of mean
concentration for all hours of impact-sector winds to the mean
concentration for all hours of non-impact-sector winds, was
highest for PNC (Table 1): PNC were 4.8-fold elevated
outside and 4.2-fold elevated inside the residence. Fold
elevation was lower for other pollutants. BC was 1.3-fold
elevated and PBPAH was 1.8-fold elevated. NO, NO2, and
NOX were 1.9, 1.2, and 1.2-fold elevated, respectively (n.b., the
difference between means was much greater for NO2 (2.7 ppb)
than for NO (0.8 ppb)). Fold elevation was lowest for CO, 1.1-
fold. Only PM2.5 concentrations were not elevated during
impact-sector winds relative to non-impact-sector winds.
Higher PM2.5 concentrations were observed when winds
were from the S−SW, a pattern consistent with that observed
at vicinal regulatory monitoring sites (Figure S3a) and
associated with long-range transport of aerosols from regional
sources upwind.
Generally, when winds were from over-the-ocean, pollutant

concentrations were lower; the lowest levels occurred during a
3.5-day-long storm event (mid-day 19 September−23
September, 2017), during which winds were high and from
the NNE (see Figures 1c and 2). Table S4 summarizes
concentrations for non-impact-sector winds further split into
over-the-ocean and over-the-land winds.

Diurnal Patterns. PNC diurnal patterns during impact-
sector winds were very distinct from those for other pollutants
and distinct from PNC diurnal patterns during non-impact-
sector winds. As shown in Figure 3, PNC increased steadily
from 1600 to 2300 h to levels that were far higher than those at
any other time of the day and decreased precipitously with a
drop in flight activity, in particular, after 0100 h. The late-
evening (2000−2300 h) average exceeded the morning
(0600−1100 h) average by a factor of three (80 000 ±

Figure 2. Polar plots of hourly average pollutant concentrations
versus wind direction and speed. (a) Outdoor and (b) indoor particle
number concentrations (particles/cm3) and (c−h) hourly average
outdoor concentrations of other pollutants. Radial axis labels placed
along 135°show wind speed in m/s.

Table 1. Statistics for Hourly Averaged Pollutant Concentrations during Monitoring (23 August−23 September, 2017)

n (hours of data) mean (± st. dev.) median (IQR)

Wilcoxon rank-
sum test
statisticsa

pollutant
impact
sector

non-
impact
sector impact sector

non-impact
sector

fold
elevation impact sector non-impact sector p-value z-value

PNC indoors
(number/cm3)

261 469 25000 ± 27000 6000 ± 8000 4.2 13 000 (6000−32 000) 4000 (2000−7000) <0.05 14.1

PNC outdoors
(number/cm3)

255 484 38000 ± 42000 8000 ± 15000 4.8 17 000 (7000−55 000) 4000 (3000−7000) <0.05 15.0

PNC I/O ratio 255 469 0.77 ± 0.27 0.83 ± 0.23 0.78 (0.60−0.91) 0.81 (0.69−0.95) <0.05 −3.7b

BC (ng/m3) 141 370 390 ± 230 300 ± 250 1.3 330 (230−530) 250 (130−390) <0.05 5.0
PBPAH (ng/m3) 159 229 1.8 ± 1.9 1 ± 1.1 1.8 1.1 (0.7−2) 0.6 (0.4−1.2) <0.05 6.9
PM2.5 (μg/m

3)c 251 419 11 ± 4 15 ± 7 11 (8−13) 13 (11−17) 1 −7.1
NO (ppb) 252 419 2 ± 3 1 ± 2 1.9 1 (0−2) 0 (0−1) <0.05 7.3
NO2 (ppb) 252 419 17 ± 7 14 ± 5 1.2 15 (12−21) 13 (11−16) <0.05 5.2
NOX (ppb) 252 419 18 ± 8 15 ± 6 1.2 16 (13−22) 14 (11−17) <0.05 5.6
CO (ppb) 196 401 220 ± 50 200 ± 60 1.1 210 (180−240) 180 (150−230) <0.05 5.3

aOne-sided hypothesis test, where the alternative hypothesis states that the median of the impact sector is greater than the median of other winds.
bOne-sided hypothesis test, where the alternative hypothesis states that the median of other winds is greater than the median of the impact sector.
cFactory calibration based.
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51 000 versus 25 000 ± 26 000 particles/cm3) even though
total flight operations were only 15% higher in the evening
relative to the morning. This indicates that the late-evening
PNC increase was promoted by factors other than a
proportional increase in flight activity. We also observed a
pronounced late-evening PBPAH peak during impact-sector
winds. PBPAH are emitted directly in aircraft exhaust, but they
can also form due to condensation of semivolatile PAH on
particles in the atmosphere.37 The highest ratio of PBPAH
concentration to BC concentration (BC is also emitted directly
in aircraft exhaust and is a relatively inert pollutant) also
occurred in the late evening hours during impact-sector winds
(Figure S5). Lack of detailed tarmac-level activity data (idling
and taxiing times) and chemical composition precludes an
explanation for the late-evening PNC increase we observed.
For example, the increase could have derived from greater
airplane idling and other low-thrust operations during evening

hours; low-thrust operations like idling have a higher PNC
emission index (number of particles/kg fuel burnt) than high-
thrust operations.53 Greater knowledge of how plumes
chemically evolve as they are transported from airplanes to
downwind receptor areas near airports could help to better
explain our findings.
Other than PNC, all of the pollutants had bimodal diurnal

concentration profiles during impact-sector winds and the
magnitude of morning and evening peaks were comparable
except for NO, where the morning peak concentration was
about 3-fold higher than the evening peak concentration, and
NO2, where the average concentration in late-evening
exceeded the morning average by 1.3-fold (Figure 4).

In comparing non-impact-sector/over-the-land winds, non-
impact-sector/over-the-ocean winds, and impact-sector winds,
several key observations emerge. First, during over-the-ocean
winds, the concentrations of pollutants were consistently and
expectedly the lowest compared to other wind sectors. Also,
upon examination of over-the-ocean diurnal patterns, there
were small coincident peaks of PBPAH, BC, NO, and NO2 in
the morning. The few upwind air pollution sources in this
sector include marine vessels, activities at Deer Island where
the Deer Island Wastewater Treatment Plant is located, and
traffic on roadways near the monitoring site; it is possible that
these sources were responsible. Second, during over-the-land
winds, the concentrations of pollutants were lower than
impact-sector winds, except BC and CO. During morning to
mid-day hours (0500−1300), BC concentrations during over-
the-land winds were substantially higher than during impact-

Figure 3. Outdoor (a) and indoor (b) PNC patterns with respect to
wind direction (WD) and hour of the day; data were binned into 36
10°-wide WD and 24 hourly bins, resulting in an unequal distribution
of data per bin but reflecting the natural frequency of WD during the
monitoring period. Diurnal trends of outdoor (c) and indoor (d)
PNC for impact-sector and other winds. Error bars show the standard
error. Note the difference in the y-axis scale for outdoor versus indoor
PNC.

Figure 4. Diurnal trends of hourly averages of outdoor pollutant
concentrations for the monitoring period during impact-sector and
other winds. Error bars show the standard error. See Figure S3b for
PM2.5 and Figure S6 for CO2.
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sector winds (650 ± 120 versus 390 ± 110 ng/m3). The
diurnal profiles for CO during over-the-land and impact-sector
winds were similar and concentrations were only moderately
different (230 ± 60 versus 220 ± 50 ppb); the evening peak
coincided with the ground-traffic rush-hour period (1700−
2000 h), indicating the influence of primary vehicular
emissions from the Boston area at this monitoring site.
Third, no distinct diurnal pattern was observed for PM2.5
(Figures S3b and S7). Fourth, the diurnal pattern for CO2 was
similar for all three wind sectors (Figure S6). Finally, during
both impact-sector and non-impact-sector winds, the lowest
concentrations of pollutants were observed during 0200−0500
h when flight activity was minimal (Figure 1c) and during the
warm afternoon hours when convective mixing was greatest.
Correlations between pollutants at hourly time resolution are
discussed in the SI (Figure S7).
Particle Infiltration. Indoor diurnal PNC patterns were

nearly identical to outdoor PNC patterns (Figure 3), indicating
that there was substantial infiltration of outdoor particles into
the residence. Time-series plots based on 1 s measurements
indicate that infiltration occurred rapidly, on the order of
minutes (Figure S8). Overall, indoor PNC during both impact-
sector and non-impact-sector winds were only ∼25% lower
than outdoor PNC but there were modest wind-sector
differences in the I/O ratios. I/O ratios were significantly (p
< 0.001) lower during impact-sector winds compared to other
winds: 0.77 ± 0.27 during impact-sector winds compared to
0.82 ± 0.23 during other winds (Figure S9a). In addition, the
I/O ratios were generally negatively correlated with outdoor
concentrations (Figure S9e), but more strongly so for impact-
sector winds (rs = −0.49, p < 0.0001) than non-impact-sector
winds (rs = −0.32, p < 0.001). These results are consistent with
the expectation that the I/O ratios should be lower for particle
mixtures dominated by smaller particles (like aircraft
emissions26,54) because they have lower penetration rates or
higher diffusional losses through cracks.55 But the differences
are modest, and coincidental influence of unquantified factors,
like irregular window opening, cannot be ruled out.
Flight Activity on Preferred Runways and Pollutant

Patterns during Impact-Sector Winds. Pollutant concen-
trations and correlations with flight activity strongly depended
on the operational runway configuration. The highest
correlations between ambient pollutant concentrations and
total flight activity (combined landings and takeoffs per hour;
LTO/h) occurred when the preferred runway configuration for
impact-sector winds was used. For these conditions, all
pollutants except PM2.5 were positively correlated with total
flight activity (rs ranged from 0.31 to 0.57 for landings and
0.28−0.54 for takeoffs (Figure S12)). In contrast, flight activity
on nonpreferred runways, even during impact-sector winds,
was negatively correlated with pollutant concentrations
although the monitored residence was still downwind of the
airport (rs ranged from −0.48 to −0.17 for landings and −0.45
to −0.22 for takeoffs). Correlation coefficients for all pollutants
are shown in Figure S12.
Further, whether jets were landing or taking off at a

particular runway made a remarkable difference on the
downwind impacts. This point is illustrated in Figure 5a,
which shows outdoor and indoor PNC (1 s resolution data)
and the fraction of hourly flight activity on runways 27 and
33L. These are the two closest runways to our monitoring site.
They are also preferred for operations during impact-sector
winds (Figure 1a) and the majority of flight operations were

conducted on these two runways during the 24-h period shown
in Figure 5a. One key difference over the course of this day was
that between 0400 and 1700 h, 70−100% of operations/hour
occurred such that landings were on 33L and takeoffs on 27,
but between 1700 and 0000 h the runway configuration
switched and 80−100% of operations/hour occurred such that
landings were on 27 (i.e., overhead of our monitoring site) and
takeoffs on 33L. Concurrent with this switch at 1700 h, we
observed recurrent PNC spikes that exceeded 100 000
particles/cm3 and an overall increase in both outdoor and
indoor PNC. Average outdoor PNC were 7.5-fold higher
(121 000 ± 74 000 versus 16 000 ± 10 000 particles/cm3)
during 1700−0000 h than during 0400−1700 h. Likewise,
average indoor PNC were similarly 7.7-fold higher (73 000 ±
31 000 versus 9 500 ± 3 400 particles/cm3) during 1700−0000
h than during 0400−1700 h. Time series for other pollutants
from the same 24-h period Figure 5 are shown in Figures S13−
S16. Our results are consistent with reported observations of
ground-level PNC spikes from descending plumes of landing
jets under the landing trajectory up to 2.75 km from the
runway.26 It is noteworthy that pollutants are known to be
entrained in the descending vortices from the jet wingtips56

and the altitude of descending overhead jets at this residence
(75−100 m) is below the expected planetary boundary layer
height in summer. Examination of the hours in which flight
activity occurred exclusively on runways 27 and 33L, i.e., n =
103 h, 40% of the impact-sector data set yielded similar results;
data is shown in Figure 5b,c and statistics are discussed in the
SI.

Comparison with Regulatory and Other Data sets.
We compared our measurements from the near-airport
residence to measurements collected during the month-long
study period at five regulatory monitoring and two UFP
monitoring locations in the Boston area. Locations for all sites
are shown in Figure S17a, diurnal trends are shown in Figure
S17b−h, and concentrations are summarized in Table S8.
The most interesting intercomparison was observed for

oxides of nitrogen. Jet-engine exhaust emissions are highly

Figure 5. (a) 24-h time series of PNC and fraction of flight activity on
runways 27 and 33L for a day of sustained impact-sector winds. (b, c)
Scatter plots of hourly operations exclusively on runways 27 and 33L
and outdoor PNC during impact-sector winds over the entire study
period (n = 103 h). Figures S13−S16
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enriched in NO2
38 relative to NO, while exhaust emissions

from ground-transportation gasoline engines are primarily in
the form of NO. NO can be oxidized within minutes to NO2 in
the presence of high ozone concentrations.57 NO2 concen-
trations at the near-airport residence were higher than those
recorded at all of the regulatory monitoring sites including the
ones adjacent to highways and busy roadways. Study-duration
ambient average NO2 at the residence was 15 ± 6 ppb (17 ± 7
ppb during impact-sector winds). This is ∼40% higher than at
the adjacent-highway (11 ± 7 ppb) and near-roadway (12 ± 8
ppb) sites, which are purposefully monitored to account for
the highest exposures as part of EPA’s and MassDEP’s near-
roadway network.58 It was also nearly 2-fold higher than at the
urban-background site (8 ± 7 ppb) and 7.5-fold higher than at
the regional-background site (2 ± 3 ppb). In contrast, NO
concentrations at the near-airport residence were lower than
those at all regulatory sites except the regional-background site.
Expectedly, the highest NO concentrations were observed at
sites in close proximity to traffic emissions, i.e., the adjacent-
highway (8 ± 10 ppb) and near-roadway (5 ± 6 ppb) sites.
The study-duration average NO concentration at the near-
airport residence (1 ± 2 ppb overall and 2 ± 3 ppb during
impact-sector winds) was 5-fold higher than at the regional-
background site (0.2 ± 1 ppb), comparable to the urban-
background site (2 ± 4 ppb), and many-fold lower than at the
adjacent-highway and near-roadway sites. It is noteworthy that
our study site is also farther downwind of the airport than the
near-roadway regulatory sites are to traffic emission sources;
thus, we likely measured a more aged plume with greater NO2
relative to NO. See discussion in SI (Section S2.7) for other
pollutants.
The study-duration average outdoor PNC as well as indoor

PNC at the near-airport residence exceeded the outdoor PNC
at the two UFP monitoring sites for all hours of the day
(Figure 5h). The near-airport residence study-duration average
concentrations were 18 000 ± 31 000 particles/cm3 outdoors
and 13 000 ± 20 000 particles/cm3 indoors with the impact-
sector averages being 38 000 ± 42 000 and 25 000 ± 27 000
particles/cm3, respectively. In comparison, the ambient average
PNC at the Chelsea site was 11 000 ± 9700 particles/cm3 and
12 000 ± 5900 particles/cm3 at the urban-background site.
Near-airport indoor averages were comparable to the median
8000−27 000 particles/cm3 concentrations measured on-road
with a mobile lab in Boston and Chelsea59 and to the 25 000
particles/cm3 median concentration reported within 0−50 m
of I-93 during summer; all-season median was 37 000
particles/cm3, which was comparable to the outdoor median
concentration during impact-sector winds at the near-airport
residence.43

■ IMPLICATIONS
Our results show that when jet airplanes used preferred
runways during impact-sector winds, particularly when such a
configuration included overhead descents, outdoor and indoor
PNC were remarkably elevated at our residential monitoring
site ∼1 km from the Logan Airport. Temporally, the highest
PNC coincided with the periods of highest noise co-exposures
(i.e., overhead landing flight hours). This finding is consistent
with previous studies that have investigated the spatial patterns
of pollutants around airports and have shown that PNC is
significantly elevated downwind,24 but especially under landing
jet trajectories coinciding with the highest noise impact
contours.25 Our work underscores the need to account for

both aviation-origin air pollution and noise co-exposures to
avoid potential confounding of health risk associations to
airport proximity.
Further, by clearly demonstrating the relationships between

meteorological forcings (e.g., wind direction and wind speed)
and aviation activity on UFP infiltration, our results add to the
nascent body of knowledge of airport impacts on surrounding
neighborhoods. These findings have implications for exposure
assessment: exposure monitoring campaigns should be
designed to include adequate coverage of the times of day
(and times of high flight activity) with specific meteorological
conditions of concern, especially wind direction. Our results
also show that in the vicinity of airports, exposure to pollutants,
particularly UFP and NO2, is as significant in magnitude as that
observed in the vicinity of highways. Also, we observed that
indoor PNC were comparable to on- and near-highway PNC
and that ambient NO2 concentrations exceeded those observed
at regulatory monitoring sites near an interstate highway and
major arterial roadways. It is noteworthy that at this residence
(and nearby areas),60 PNC were highest during the evening
and night-time hours (1700−2300 h), the times that people
spend most of their time at home. In contrast, the lowest PNC
in near-highway homes and on-road in the Boston metropol-
itan area occur during the late evening to overnight hours.59,61

Compared to investigations of near-highway exposures to UFP
and other traffic-related air pollutants, near-airport exposures
remain essentially unaddressed in the literature.16

While our results provide a basis for better characterizing
exposures to air pollutants of aviation origin at near-airport
residences, additional work is needed to assess generalizability.
For example, further work is needed to quantify the impact of
housing stock characteristics (age, architectural style, and
degree of sound insulation) on infiltration. Likewise, studying a
greater range of behaviors that impact infiltration and indoor
air quality (e.g., air conditioner use, in-home filtration, and
ceiling fans) could help to identify practices that reduce indoor
exposures. In addition, because we conducted our study in
summer, it would be informative to repeat it in winter to
quantify seasonal differences in both outdoor air quality and
indoor infiltration; both are expected to differ seasonally.
Similarly, because we only measured PNC infiltration, it would
be useful to measure additional pollutants indoors (e.g., NO2
and BC) to determine whether other pollutants infiltrate to the
same extent as PNC. Finally, the chemical composition of
aviation-related particulate air pollution at the neighborhood
or community scale (i.e., few to tens of kilometers from the
airport) remains unaddressed in the literature. Studies of the
chemical composition of particles may shed light on the
relative contributions from landings, takeoffs, idling, and
taxiing at this scale and may also provide insights into
mitigating these impacts (e.g., benefits derived from reducing
idling times).
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and flight activity, illustration of particle infiltration and
trends of the I/O ratios with respect to the temporal and
meteorological parameters, and comparison of near-
airport concentrations to those at regulatory sites
including the diurnal patterns and their discussion and
a concentration summary table (PDF)
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ABSTRACT: We measured the spatial pattern of particle number (PN)
concentrations downwind from the Los Angeles International Airport
(LAX) with an instrumented vehicle that enabled us to cover larger areas
than allowed by traditional stationary measurements. LAX emissions
adversely impacted air quality much farther than reported in previous
airport studies. We measured at least a 2-fold increase in PN
concentrations over unimpacted baseline PN concentrations during
most hours of the day in an area of about 60 km2 that extended to 16 km
(10 miles) downwind and a 4- to 5-fold increase to 8−10 km (5−6
miles) downwind. Locations of maximum PN concentrations were
aligned to eastern, downwind jet trajectories during prevailing westerly
winds and to 8 km downwind concentrations exceeded 75 000 particles/
cm3, more than the average freeway PN concentration in Los Angeles.
During infrequent northerly winds, the impact area remained large but shifted to south of the airport. The freeway length that
would cause an impact equivalent to that measured in this study (i.e., PN concentration increases weighted by the area impacted)
was estimated to be 280−790 km. The total freeway length in Los Angeles is 1500 km. These results suggest that airport
emissions are a major source of PN in Los Angeles that are of the same general magnitude as the entire urban freeway network.
They also indicate that the air quality impact areas of major airports may have been seriously underestimated.

■ INTRODUCTION

Previous studies that directly measured the impact of aviation
activity on air quality have mostly conducted measurements in
close proximity of airports. Few studies have reported
significant air quality impacts extending beyond a
kilometer.1−4 Carslaw et al. 20061 analyzed differences in
pollutant concentrations by wind speed and direction along
with differences in aircraft and ground traffic activity at
Heathrow Airport in London. They found airport contributions
of up to 15% of total oxides of nitrogen (NOx) at a site 1.5 km
downwind of the nearest runway. At Hong Kong International
Airport, Yu et al. 20042 used nonparametric regression analysis
on pollutant concentrations by wind speed and direction. They
calculated that aircraft nearly doubled sulfur dioxide concen-
trations 3 km away and also increased concentrations of carbon
monoxide and respirable suspended particles under similar
wind speeds and directions. Fanning et al. 20073 measured
particle numbers concentrations in the 10−100 nm range and
found significant increases above background at 1.9, 2.7, and 3.3
km downwind of the Los Angeles International Airport (LAX)
blast fence. Although measurements were stationary and not
concurrent, they also noted that takeoffs produced high
concentrations and downwind gradients within 600 m of the

blast fence. Dodson et al. 20094 found that aircraft activity at a
regional airport in Warwick, RI contributed 24−28% of the
total black carbon (BC) measured at five sites 0.16−3.7 km
from the airport.
Several other airport and aviation emissions studies focused

on quantifying the air quality impacts from jet takeoffs5,6 and
measured air pollutant concentrations very close to runways. Of
particular relevance to this study, Hsu et al. 20137 linked flight
activity at LAX with 1 min average PN concentrations. Their
models suggested that aircraft produced a median PN
concentration of nearly 150 000 particles/cm3 at the end of
the departure runway. PN concentrations decreased rapidly
with distance to 19 000 particles/cm3 at a location 250 m
downwind and to 17 000 particles/cm3 at a location 500 m
further downwind. The rapid drop-off in concentration,
however, may have reflected an increasing offset from the
centerline of impacts with greater downwind measurement
distance. Similar magnitude PN concentrations and correlations
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with departures were reported by Westerdahl et al. 20088 and
Zhu et al. 20119 at sites located within 100−200 m of the Hsu
et al. 20137 measurements.
Our study was motivated by mobile monitoring platform

(MMP) based observations of large but gradual increases in PN
concentrations as we approached locations under LAX jet
landing trajectories on multiple transects up to 10 km
downwind of LAX. We hypothesized that emissions from
LAX activities were increasing PN concentrations over much
larger areas and longer downwind distances than previously
observed in studies that focused on near freeway and jet takeoff
impacts to air quality. An extensive monitoring campaign
confirmed that LAX-related emissions increased PN concen-
trations downwind at least 2-fold to 16 km. This large,
previously undiscovered spatial extent of the air quality impacts
downwind of major airports may mean a significant fraction of
urban dwellers living near airports likely receive most of their
outdoor PN exposure from airports rather than roadway traffic.

■ MATERIALS AND METHODS
Monitoring Area. LAX is the sixth busiest airport in the

world and third busiest in the United States. About 95% of
flights take off and land into the prevailing westerly/west-
southwesterly (W/WSW) onshore winds10 (i.e., 263 degrees,
the direction of runway alignment2) using two sets of parallel
runways separated by about 1.5 km. In the busiest hours, 40−
60 jets per hour arrive during hours 0700−1900 and depart
during hours 0800−2100. Reduced activity is typical for the
early morning and late evening hours. 20−40 jets per hour
arrive during hours 0600 and 1000−0100 and depart during
hours 0700 and 2200−2300. During other hours typically fewer
than five jets per hour arrive or depart.10

The airport complex is about 4.5 km east to west (E-W) and
about 2.5 km north to south (N−S) and is surrounded by
major roadways and freeways, as highlighted in Figure 1 (Figure

S.1 in Supporting Information (SI) shows a map of this area
with street name labels). The Federal Aviation Administration
noise contours of the modeled annual 65 dB A-weighted
equivalent (LAeq) noise threshold are shown11 extending
eastward along the predominant downwind direction and
reflect the jet trajectories used for landing. They also extend
west of the airport over the Pacific Ocean (not shown).

Mobile Monitoring. Monitoring consisted of transects 4−
16 km in length, nearly perpendicular (i.e., N−S) to the
direction of the prevailing winds, at varying downwind
distances. Different monitoring routes were required to fully
capture the changes in impact locations due to shifts in wind
direction. A general downwind direction was chosen based on
meteorological predictions but transect lengths and locations
were determined during the monitoring run based on
observations of the rate of change of PN concentrations. For
each transect, monitoring was extended several hundred meters
beyond the location where baseline PN concentrations
appeared stable.
Measurements were conducted over 29 days with the

University of Southern California (USC) MMP, a gasoline-
powered hybrid vehicle. A second MMP, the University of
Washington (UW) MMP, a gasoline-powered minivan, joined
the monitoring on 3 days (June 22, 27 and July 1, 2013). Table
1 gives monitoring dates and times.
Most measurements were conducted during times of onshore

westerly winds, typically strongest during 1100−1600, but we
also conducted measurements during early morning and late
night hours when air traffic was low and onshore winds were
reduced (August 13, 16, 23, 24 and 25, December 03, 09, 15
and 16, 2013). Monitoring focused on the area east of LAX
(i.e., the predominant downwind direction) but included
several runs along the boundary of the airport in the upwind
direction and south of the airport complex during occasions of
northerly winds in winter months.

Instrumentation. Concentration measurements included
PN, BC, NO, NO2, NOx, and particle surface UV-photo-
ionization potential (measured using Ecochem Photoelectric
Aerosol Sensor [PAS] that responds to elemental carbon and
particle-bound polycyclic aromatic hydrocarbons [PB−PAH]).
Instrument details are provided in SI (Table S.1 and S.2).
Instruments were powered by two deep-cycle marine batteries
via DC-to-AC inverter. Our power arrangement allowed for 5 h
of run time if all instruments were running. For sampling runs
that were anticipated to exceed 5 h, several instruments were
shut down to extend battery life and the Condensation Particle
Counter (CPC) was run on the vehicle’s 12 V cell phone power
outlet. If other instruments were turned on later, the required
warm-up time was 25 min.
Instrument clock times were regularly synchronized to be

within 1 s of the global positioning system device time, which
also recorded speed and location. Measurements from
instruments with a delayed response time were advanced to
match the instantaneous instruments and the GPS time and
location recorded at 1 s intervals. For pollutant measurements
recorded at 10 s intervals, all locations within the recording
interval were assigned the pollutant value reported for that
interval.

Meteorological Data. Minute and hourly wind speed and
wind direction data were obtained from the Automated Surface
Observing Systems monitor at LAX airport (latitude 33.943
and longitude −118.407). Due to the 16 km distance between
eastern edge of the study area and the meteorological station
located at LAX, we could not assume that wind speed and
direction were identical to those measured at LAX, but wind
direction in this region of Los Angeles tends to be similar over
large areas during daytime.12

The average wind direction at LAX is WSW (252°).12

Daytime southwesterly sea breezes typically occur 16 h per day
in the summer (0900−0100 for June−August), decreasing to 6

Figure 1. Los Angeles International Airport and 65 dB noise contours
indicating eastern jet trajectories.
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h in the winter (1200−1800 in December). Only during the
winter months (November−February, 0000−0900) are light
easterly off-shore winds common.12 Wind speed and direction
during the monitoring periods are summarized in Table 1.
Wind roses based on 1 min data are shown in Figure S.2 and
S.3 of the SI.
Data Processing. MMP measurements included a localized

traffic emissions signal representing microscale and middle scale
variations (10−100 m and 100−500 m, respectively) and an
underlying “baseline” pollutant concentration that varied
gradually over the neighborhood scale (500 m−4 km).13

Watson et al. 199713 derived these categories by considering
the spatial scales of impact of various types of air pollution
sources. We adopted a smoothing methodology to estimate
baseline PN concentrations that excluded the microscale and
middle scale impacts due to local sources, usually specific
vehicles.
Baseline PN concentrations were derived from our mobile

measurements by taking a rolling 30-s fifth percentile value of
the 1-s concentration time series, and assigning that value to the
measured location. This removed the microscale and middle
scale impacts from traffic sources such as specific vehicle

plumes. Baseline concentrations for a run were relatively
spatially uniform outside of the LAX impact areas, with
coefficients of variation (CV) of less than 5%. In comparison,
the raw PN concentrations on roadways outside the LAX
impact areas had CVs on the order of 40%. On rare occasions,
the MMP was behind a high emitter for longer than 30 s. Such
events, only if verifiable by video and field notes, were censored.
However, less than 0.5% of data were censored in this manner,
generated from about a dozen instances of prolonged influence
from high emitting vehicles. An illustration of both raw and
smoothed concentration time series is presented in the SI
(Figures S.4−S.7). The figures in this text are based on
smoothed data.

■ RESULTS AND DISCUSSION

Spatial Pattern and Extent of Elevated PN Concen-
trations. Downwind of LAX we observed gradual but large
increases in baseline PN concentrations occurring over transect
distances of multiple kilometers. PN concentrations were
elevated 4-fold or more above nearby unimpacted baseline
concentrations up to 10 km in the downwind direction from

Table 1. Sampling Days, Time Periods and Meteorological Conditions during Sampling

datea time
sampling distance
from LAX (km) WDb WS (m/s)

urban
background

PNc
ratio of impacted to unimpacted
baseline PN, 10 km downwind

4/6/2011 14:30−16:45 8−12 WSW, W 5.0 ± 1.8 15 000 2.0
4/10/2011 15:00−17:30 8−12 W 6.9 ± 1.2 10 000 4.5
5/24/2011 09:00−11:00 8−12 Calm, W 1.0 ± 2.5 10 000 3.0
5/27/2011 12:15−14:45 8−12 WSW, W 6.3 ± 1.3 10 000 4.7
1/26/2012 17:28−20:22 8−12 WSW, W 2.9 ± 2.1 20 000 6.0
9/29/2012 13:30−17:30 0−8 W 6.1 ± 1.1 10 000 3.7
9/30/2012 15:45−18:30 0−8 W 6.1 ± 0.4 5000 5.2
6/11/2013 14:14−15:14 2.5−8.5 WSW, W 6.7 ± 0.0 15 000 5.0
6/12/2013 13:30−16:30 2.5−10.5 W 4.0 ± 0.4 15 000 4.0
6/22/2013 11:47−18:50d 0−8 WSW, W 5.7 ± 0.4 10 000 4.4
6/27/2013 11:49−18:00d 0−8 WSW, W 5.3 ± 0.7 10 000 4.0
7/01/2013 10:30−18:30d 0−8 W, ESE 3.8 ± 1.0 15 000 3.8e

8/6,7/2013 23:56−02:45 0−8 WSW, W, S 3.3 ± 0.7 10 000 3.3
8/13/2013 06:30−15:00 0−8 Calm, WSW, W, NNE, NE,

ENE, E, ESEf
3.0 ± 2.0 10 000 4.0

8/15/2013 08:30−15:30 0−16 Calm, WSW,W 2.5 ± 2.1 20 000 3.8
8/16/2013 09:45−20:50 0−16 SW, WSW,W, WNW 4.4 ± 1.3 10 000 3.0
8/23,24/2013 12:00−01:30 0−16 SSW, WSW,W 4.4 ± 2.2 20 000 4.0, 5.0
8/24,25/2013g 17:30−01:00 0−16 Calm, SSW, SW, WSW,W,

ESE
3.1 ± 2.1 15 000 6.0

11/1/2013 16:00−19:50 0−12 SSE, W, WSW 3.7 ± 0.7 10 000 3.8e

12/3/2013 19:45−00:20 0−12 WSW, W, WNW 8.8 ± 1.4 5000 6.0
12/5/2013 13:00−18:30 0−12 WSW, W, WNW 5.5 ± 0.6 10 000 2.8
12/9/2013 16:00−00:00 0−10 N, NNE 2.7 ± 0.6 20 000 n/a
12/10/2013 15:30−21:30 0−10 WNW,N, NW 3.1 ± 1.1 20 000 5.0
12/14/2013 17:00−20:30 0−10 W, Calm 2.1 ± 0.5 20 000 data lost
12/15,16/2013 22:00−02:00 0−10 N, NE, ESE 2.9 ± 1.0 17 500 n/a
12/16/2013 10:00−16:00 0−12 N, W 2.8 ± 1.6 10 000 4.5
12/18/2013 17:30−20:30 0−10 WSW, SSW, SSE 3.3 ± 1.3 10 000 6.0
12/20/2013 16:30−20:00 0−10 WSW, Calm, E 2.6 ± 1.3 15 000 4.0
12/23/2013 15:15−19:00 0−12 W, Calm, E 2.8 ± 1.3 10 000 11.0

aThe runs for which maps are presented are formatted in bold. bPredominant wind direction is formatted as bold. cUrban background value
concentrations are reported to nearest 2500 particles/cm3 and are the average baseline values in the unimpacted areas away from local traffic sources
dConcurrent MMP sampling times: June 22:1320−1720, June 27:1325−1510, July 1:1240−1640. eMonitoring route did not cover the full N−S
extent of the impact on Western Av (10 km downwind) on these days, values have been reported for Crenshaw Blvd. (8 km downwind). fEasterly
flow was recorded in morning hours (until 1000) and westerly later morning to afternoon g08/25/2013 was not counted as an additional monitoring
day because only 1 h of monitoring (0000−0100) was conducted on this date
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LAX. Figure 2 shows an example of the spatial pattern of the
elevated PN concentrations.
The size of the impacted areas with high PN concentration

increases was remarkable. At 16 km downwind, a 2-fold
increase in PN concentration over baseline concentrations was
measured across 6.5 km. Assuming a trapezoidal shaped plume
with parallel edges of length 1.5 and 6.5 km, PN concentrations
were at least doubled over an area of 60 km2. Eight km
downwind, a 5-fold increase in PN concentrations over baseline
concentrations extended across 3 km and covered a total area of
24 km2. (Concentrations in this large area exceeded 71 000
particles/cm3, the average concentration on Los Angeles
freeways.14) Within 3 km of the airport boundary, concen-
trations were elevated nearly 10-fold, exceeding 100 000
particles/cm3, with concentrations of 150 000 particles/cm3

occurring over a several km2 area.
This pattern of elevated PN concentrations over large areas

east of LAX was consistently observed during periods when
there were both westerly winds and high air traffic volumes,
typically all daylight hours and well into the night. Figure 3

Figure 2. Spatial pattern of PN concentration (colored by deciles) for
the afternoon and evening hours of August 23, 2013.

Figure 3. Spatial pattern of impact during different monitoring events. Wind direction during monitoring is shown in insets on bottom left. PN
concentrations are classified and colored by deciles.
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shows the consistency of the patterns over eight monitoring
runs at various times of day, displayed in each row by similarity
of spatial scale.
In directions other than the downwind direction, no large

areas of elevated PN concentrations were observed. Figures
3(c)−(e) include concentrations measured upwind of the LAX
boundary (these are indicated by faint yellow lines within the
noise contour); the concentrations recorded were typical of the
coastal baseline concentrations, less than 10 000 particles per
cm3 (also see Figure S.8 in SI). Of possible other PN sources, a
large refinery is located south of the airport but we did not
observe elevated PN or other pollutant concentrations directly
downwind of this source. In general, industrial point sources of
pollution in the Los Angeles Air Basin are very tightly regulated
by the South Coast Air Quality Management District.
We did not observe distinct day versus night differences, as

might be expected based on the large change in meteorolog-
ically driven dilution between day and night for ground level
sources. It appeared that the distant impacts we observed
downwind of LAX required sufficient wind speeds for the jet
climbing and landing emissions to reach the ground, as
observed in Yu et al., 20042 at LAX and Hong Kong
International Airports and Carslaw et al. 20061 at Heathrow
Airport. At LAX, this probably corresponded to the develop-
ment of the on-shore sea breezes that typically started 4−6 h
after sunrise and lasted until 3−6 h after sunset.12

We also did not see the impacts of individual jets at the
distances monitored, but the merging of individual jet impacts
is not unexpected at distances of multiple km. Considering the
frequency of landings and takeoffs (>90 per hour from 0900−
210010), at an average wind speed of 4 m/s, for example, an
incoming parcel of air will travel only about 160 m before
another jet landing or takeoff occurs. Under normal daytime air
turbulence and the enhanced turbulence produced by jets,15,16

significant mixing is expected over a 5−10 km distance (20−40
min). The generally smooth increases and decreases observed
across the length of transects at such distances are additional
evidence that mixing of plumes occurs. Examples of these
smooth concentration increases for individual transects are
shown in Figures S.6 and S.7 in the SI.

The consistent and distinctive spatial pattern of elevated
concentrations was aligned to prevailing westerly winds and
landing jet trajectories, and roughly followed the shape of the
contours of noise from landing jets, indicating that landing jets
probably are an important contributor to the large downwind
spatial extent of elevated PN concentrations. As defined by the
International Civil Aviation Organization, typical engine thrust
during landing is 30%, as compared to 100% for takeoff and
85% for the climbing phase.6 Stettler et al. 20116 calculated
18% of total NOx emissions from landings, with 12% from
taxiing and holding, 18% from takeoff, and 52% from the climb
and climb out phases, respectively. When the extra upwind
distance of the climb and climb out phases are taken into
account, the landing approach emissions likely produce a
significant fraction of the increased PN concentrations observed
downwind.

Influence of Wind Direction on Location of Impact.
The downwind location of the impact changed with shifts in
the prevailing wind direction, although significant shifts in wind
direction during the daytime are not typical of this area of Los
Angeles.12 Figure 4(a) and (b) illustrate one such change in
impacted locations due to a shift in wind direction on a gusty
day with frontal weather that also resulted in cleaner upwind
baseline PN concentrations of less than 5000 particles/cm3.
The impacted locations were aligned along the NE direction
during 2000−2220 h when winds were from W to WSW (250−
280°). The impact then moved southwards between 2220−
0000 h as winds turned more W to WNW (280−330°). During
this shift, the impact centerline moved by 5.5 km on transects
8−10 km east of LAX.
Monitoring was also conducted during N to NE prevailing

winds that tend to occur late at night in November and
December (2100−2300).12 This N to NE wind direction
resulted in impacts that were centered south of the airport
(Figure 4(c)). The PN concentrations in this southerly impact
were roughly twice as high as on other days, in part because the
baseline PN concentrations reflected urban air from northerly
winds instead of marine air from westerly winds.
Diurnal wind patterns change little by season in Los Angeles

basin.12 Onshore westerly winds are common during midday
hours, even in winter. As a result, areas of elevated PN

Figure 4. Change in location of impact due to shift in wind direction. Wind direction during monitoring is shown in insets on bottom left. PN
concentrations are classified and colored by deciles.
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concentrations downwind and east of LAX likely occur in all
seasons. Monitoring in different seasons demonstrated the
consistent year round presence of this impact. Examples of
similarly extensive impacts in non-summer months are shown
in the SI (Figures S.8 and S.9).
Other Pollutants. Over large areas downwind of LAX,

concentrations of pollutants other than PN were also elevated.
Figure 5(a)−(c) show nearly indistinguishable spatial patterns
for PN, BC, and NO2 concentration measured simultaneously
at distances of 9.5−12 km from LAX. This suggests a common
source for these pollutants, although the BC concentration
increases were not large when compared to PN and NOx, about
0.5−1 μg/m3 at 8−10 km downwind. While jet aircraft are not
known to produce large amounts of BC, two studies found
elevated BC from plane takeoffs at LAX. Zhu et al. 20119

measured an increase of about 1 μg/m3 of BC due to plane
activity 140 m downwind of the runway. Westerdahl et al.

20088 measured increases in BC concentration of several μg/
m3 during takeoff events near the eastern LAX boundary, but
also observed elevated BC concentrations at all times. At a
smaller airport, Dodson et al. 20094 found median contribu-
tions of about 0.1 μg/m3, about one-quarter of total BC
measured at five sites ranging in downwind distance from
0.3−3.7 km, and also observed departures producing about
twice the impact as arrivals. Therefore, it appears some jets at
LAX are capable of producing measurable increases in BC,
particularly at takeoffs.
Spatial patterns of simultaneously measured PN and PAS

response (PB−PAH and EC) were also similar on transects
4.5−7.5 km from LAX (Figure 5(d)−(e)). The NOX elevation
pattern was less regular (Figure 5(f)). This was likely due to
smaller LAX related contributions compared to baseline
concentrations, thus reducing the signal-to-noise ratio.

Figure 5. Spatial pattern of simultaneously measured pollutants during 1400−1530 on June 27, 2013. Concentrations are classified and colored by
deciles. Panels (a)−(c) show data measured by the UW MMP and (d)−(f) show data measured by the USC MMP.

Figure 6. Comparison of the spatial scale of freeway impacts compared to airport impacts for monitoring during nighttime on August 23−24, 2013.
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Overall, the top quartile concentrations (highly impacted) of
all pollutants were about three times higher than the lowest
quartile within 7.5 km from LAX and two times higher at 12 km
distance. In addition, concurrent sampling with the two mobile
platforms demonstrated high temporal (SI Figure S.10) and
spatial consistency (SI Figure S.11) for PN measurements.
Comparison of LAX and Freeway PN Impacts. PN

concentration increases from ground level line sources such as
freeways, under conditions of daytime crosswind dilution,
decrease exponentially with increasing downwind distance and
return to baseline concentrations within 200−300 m.17 The
two N−S freeways (I-405 and I-110 that run perpendicular to
the prevailing winds) did not contribute appreciably to elevated
PN concentrations in areas where we observed large impacts
from LAX on PN concentrations. This is illustrated in Figure 6,
which contains two enlargements to show the increase in PN
number concentrations over approximately 250 m distance
downwind of I-405, a distance and an increase in PN
concentration that is not discernible at the scale of Figures 2
and 3. The panel in Figure 6(c) at 1:10 000 scale shows the PN
concentration increase of about 24 000/cm3. The maximum PN
concentration was not immediately downwind of the freeway
because at this location there is an elevated overpass and some
distance is needed for emissions to reach the ground.
To put into further perspective the extent of the elevated PN

concentrations observed downwind of LAX, we estimated the
freeway length necessary to produce an equivalent impact in
terms of PN concentration-weighted area of impact assuming
typical daytime dilution conditions for freeways.
For the days we captured the fullest downwind extent of the

impact under typical daytime wind conditions (August 15, 23,
and 24), we calculated an integrated PN impact above baseline
PN concentrations of 2.3, 1.6, and 1.1 × 106 (particles/cm3) ×
km2, respectively. See Table S.3(a)−(c) of SI for calculations.
Impacted areas were calculated using ArcGIS spatial analysis
tools and were conservatively defined as areas where increased
PN concentration were at least double the baseline
concentrations measured north and south of the impact zone.
The resulting impact areas were 30−65 km2. For comparison, a
less conservative criterion for defining the impact area such as a
50% or 33% increase over baseline PN concentrations increased
the impacted area by 40% and 80%, respectively.
To calculate PN impacts downwind of freeways, we

combined the exponential regression fit of near-freeway
measurements made downwind of I-405 by Zhu et al.
2002a18 with updated average daytime on-freeway PN
concentrations taken from Li et al. 201314 (71 000 particles/
cm3). PN concentrations were at least double the baseline PN
concentrations of 15 000−20 000 particles/cm3 for 90−130 m
downwind.3 This resulted in a concentration-weighted impact
area of 2930−3930 (particles/cm3) × km2 per km of freeway
length.
Based on these concentration-weighted impact areas, 280−

790 km of freeway are needed to produce the equivalent PN-
concentration-weighted impact area of LAX. (The less
conservative criteria resulted in ranges of freeway length of
340−1000 km and 430−1100 km for thresholds of 50% and
33%, respectively.) There are only about 1500 km of freeways
and highways in Los Angeles County.19 Therefore, LAX should
be considered one of the most important sources of PN in Los
Angeles. For comparison, within the 60 km2 area of elevated
PN concentrations downwind and east of LAX, the 15−25 km

of freeways contributed less than 5% of the PN concentration
increase.

Recommendations for Other Studies. LAX is in a region
of Los Angeles with highly consistent wind direction. This
provided the several hours necessary for a single mobile
platform to monitor a sufficient number of transects to cover
the large area impacted by LAX emissions. At airport locations
where the prevailing wind direction frequently shifts during the
day, multiple platforms would be necessary to quickly capture
the full spatial extent of emissions impacts to surrounding air
quality.
The emissions from LAX are likely not unique on a per-

activity basis. The large area of impact from LAX suggests that
air pollution studies involving PN, localized roadway impacts,
or other sources whose impacts are in the influence zone of a
large airport should carefully consider wind conditions and
whether measurements are influenced by airport emissions.
Source apportionment of specific airport sources or activities

was beyond the scope of our study but would be necessary to
evaluate the effectiveness of possible mitigation options.
Differing NO2 to NOx ratios at different levels of engine
thrust20 might be used to distinguish the contributions of jet
landing, idling or takeoff activities. Takeoff and idling emission
also differ in surface properties (i.e., the ratio of active surface
area to surface bound photoionizable species)21 and particle
size distributions differ between aircraft and ground support
equipment emissions.21
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ABSTRACT: Jet engine exhaust is a significant source of ultrafine particles and aviation-related
emissions can adversely impact air quality over large areas surrounding airports. We investigated
outdoor and indoor ultrafine particle number concentrations (PNC) from 16 residences located in
two study areas in the greater Boston metropolitan area (MA, USA) for evidence of aviation-related
impacts. During winds from the direction of Logan International Airport, that is, impact-sector winds,
an increase in outdoor and indoor PNC was clearly evident at all seven residences in the Chelsea
study area (∼4−5 km from the airport) and three out of nine residences in the Boston study area
(∼5−6 km from the airport); the median increase during impact-sector winds compared to other
winds was 1.7-fold for both outdoor and indoor PNC. Across all residences during impact-sector and
other winds, median outdoor PNC were 19 000 and 10 000 particles/cm3, respectively, and median
indoor PNC were 7000 and 4000 particles/cm3, respectively. Overall, our results indicate that
aviation-related outdoor PNC infiltrate indoors and result in significantly higher indoor PNC. Our
study provides compelling evidence for the impact of aviation-related emissions on residential
exposures. Further investigation is warranted because these impacts are not expected to be unique to
Logan airport.

■ INTRODUCTION

Aircraft engine exhaust emissions are a significant source of
ultrafine particles (UFP; aerodynamic diameter <100 nm) and
can cause several-fold increases in ground-level particle number
concentrations (PNC) over large areas downwind of air-
ports.1−4 The spatial extent and magnitude of the impact varies
depending on factors including wind direction and speed,
runway use pattern, and flight activity but encompasses large
populations in cities where airports are located close to the
urban residential areas. For example, in Amsterdam, PNC (a
proxy for UFP) were found to be elevated 7 km downwind of
Schiphol Airport2 while in Los Angeles, PNC were reported to
be elevated 18 km downwind of Los Angeles International
Airport.1,3 Thus, it is important to characterize aviation-related
UFP.
Previous studies have shown that UFP can cross biological

boundaries (entering the circulatory system) due to their
extremely small size.5−7 Exposure to UFP is of particular
concern because it is associated with inflammation biomarkers,
oxidative stress and cardiovascular disease.6 Recent exposure
assessment studies have started testing airport variables in UFP
predictive models,8−12 but epidemiological studies that
incorporate airports in the exposure assessment are lacking;
currently, they primarily focus on traffic-related UFP. To better
inform UFP exposure assessment efforts, it is also important to
distinguish aviation-related contributions from other urban
sources and to characterize them independently. This is

particularly challenging in urban areas with pervasive and
dense road networks. Furthermore, studies have shown that
residing in the vicinity of airports is significantly associated with
hospitalization for cardiovascular disease;13,14 however, there
the focus has been on association between cardiovascular health
effects and increased noise around airports, which can be
confounded by UFP. To date, no studies described in the
literature investigate the health effects of UFP, or of noise
controlling for UFP, around airports.
In a previous study, we found that during winds from the

direction of the Logan International Airport (Boston, MA)
PNC at two long-term, central monitoring stations located 4
km and 7.5 km downwind of the airport were 2-fold and 1.33-
fold higher, respectively, compared to average for all other
winds.4 In the current study, we investigated residential data
sets from wider areas surrounding those two central sites. Our
primary objectives were (1) to investigate short-term residential
PNC monitoring data for evidence of aviation-related impacts
that could be identified despite the influence of other urban
sources of UFP, and (2) to analyze the data for evidence of
indoor infiltration of aviation-related PNC. To our knowledge,
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this is the first study to report the impact of aviation-related
emissions inside residences.

■ MATERIALS AND METHODS
Logan International Airport and Central and Resi-

dential Monitoring Sites. The General Edward Lawrence
Logan International Airport is located 1.6 km east of downtown
Boston (Figure 1(a)). It has six runways and supports about

1000 flights per day. Flight statistics are shown in
the Supporting Information (SI) Figure S1. Prevailing winds
in the Boston region are westerly (northwest in winter and
southwest in summer, combined annual frequency 56%, see
Figure 1(b)). The downwind advection of airport-related
emissions occurs largely over urban areas located east and
northeast of the airport as well as over the ocean during
prevailing winds. During easterly winds, several other urban
areas are downwind of the airport. We studied two of these
areas: Chelsea and Boston.

In Chelsea, outdoor (i.e., ambient) and indoor monitoring
was conducted at seven residences that were located 3.74.9
km downwind from the airport along 133°165° azimuth
angles measured to the geographic center of the airport (Figure
1(a)). Each residence was monitored for six consecutive weeks
between February  December 2014. Ambient monitoring
was also conducted continuously at a central site in Chelsea
(located on top of a three-story building) during the entire 11-
month period (Figure 1(a)). In Boston, monitoring was
conducted at nine residences between May 2012 and October
2013. The residences were located 5.010.0 km downwind
from the airport along 43°74° azimuth angles measured to
the geographic center of the airport. Monitoring was also
conducted continuously during this 18-month period at a
central site in Bostonthe U.S. Environmental Protection
Agency Speciation Trends Network site (ID: 25−025−0042).
Central sites were selected based on their proximity to the
geographic center and representativeness for the study area.
Residential sites were selected based on their proximity to
highways and major roads (the latter defined as annual average
daily traffic >20 000): four sites were <100 m, seven between
100 and 200 m, and five >200 m from highways or major roads.
Monitoring schedule, meteorological parameter summary,
residence characteristics, and distance to major roadways are
shown in SI Tables S1−S6.
During the six-weeks of monitoring at each residence, a

HEPA filter (HEPAirX, Air Innovations, Inc., North Syracuse,
NY) was operated in the room where the condensation particle
counter (CPC) was located for three consecutive weeks
followed by three consecutive weeks of sham filtration or vice
versa. Only nonsmoking residences were recruited and we
found no evidence of smoking in residences. Residences were
monitored one or two at a time with limited overlap between
monitoring periods. For further details of residential monitor-
ing and filtration, see Simon et al.15 and Brugge et al.,16

respectively.
Instruments and Data Acquisition. PNC were moni-

tored using four identical water-based CPCs (model 3783, TSI
Inc., Shoreview MN), which recorded 30 s or 1 min average
concentrations. The CPCs were annually calibrated at TSI and
measured to within ±10% of one another, consistent with
manufacturer-stated error. Ambient PNC were monitored
continuously at the central-sites. At residences, a solenoid
valve connected to the inlet switched the air flow between
outdoor and indoor air every 15 min. Thus, residential outdoor
and indoor PNC were monitored for 30 min per hour. To
ensure that the sampling lines (1-m-long conductive silicon
tubing for both indoor and outdoor carrying transport flow of 3
L per minute) were fully flushed, the first and last data points
per switch were discarded (7−13% of the total). Any data that
were flagged by the instruments (<1% of the total) and hours
with <50% data recovery were not included in the analysis.
Flight records for individual aircraft were obtained from the

Massachusetts Port Authority (East Boston, MA) and counted
to obtain hourly totals for landings, takeoffs and the sum of the
two (LTO). Meteorological data (a 2 min running average at 1
min resolution for wind direction and speed) were obtained
from the National Weather Service station at the airport and
processed through AERMINUTE17 (a meteorological process-
or developed by EPA for use in AERMET and AERMOD) to
obtain hourly values.

Data and Statistical Analysis. Each PNC data set
(residential indoor, residential outdoor, and central-site) was

Figure 1. (a) Map of the runways at Logan International Airport and
the locations of the central and residential monitoring sites in Chelsea
and Boston. Base layers were obtained from mass.gov. (b) Windrose is
based on 1 min data for 2014 reported by National Weather Service
Automated Surface Station located at the airport.
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aggregated separately to calculate hourly medians. Hourly
medians were further aggregated by 10°-wide wind-direction
sectors, and medians were calculated for each sector. Wind-
direction sectors were centered on even 10° and spanned ±5°.
Data were also classified as impact-sector versus other based on
the wind direction. Winds that positioned monitoring sites
downwind of the airport were called impact-sector winds.
Impact-sector boundaries (Table 1) correspond to the azimuth
angles measured from a monitoring site to the widest distance
across the airport complex (SI Figure S2).
For indoor data we also calculated the hourly minimum in

addition to hourly medians. Indoor data were also classified by
filtration scenario (HEPA or sham). Indoor measurements
reflect contributions from both particles generated indoors and
particles of outdoor origin that infiltrate indoors. We did not
quantify fraction of indoor- versus outdoor-origin particles.
Instead, we compared hourly indoor minimums (less likely to
be influenced by indoor-generated PNC spikes) with outdoor
PNC to determine if higher indoor PNC occurred during
impact-sector winds. During periods of elevated outdoor
concentrations, indoor concentrations are also expected to be
elevated due to air exchange between residences and their
surroundings.
Spearman’s rank correlation (coefficients reported as rS) was

calculated between PNC and wind speed and PNC and LTO.
Inferences based on Spearman’s rank correlation were limited
to ordinal associations. Correlations were considered significant
if p-values were <0.05. Bootstrapped 95% confidence intervals
for the correlation coefficients were also calculated. Further,
impact-sector wind data sets at residences were relatively small;
they ranged from 30 to 119 h or 3.0−11.8% of the total data.
To take the resulting uncertainty into account, we compared
distributions of correlation coefficient estimates − generated
using bootstrap resampling methods (1 × 104 random samples
with replacement) − for impact-sector winds to other winds.
Subsamples (1 × 104 random samples without replacement)
from other-wind data sets but of size comparable to impact-
sector-winds were also compared where appropriate.

■ RESULTS AND DISCUSSION

We found strong evidence of aviation-related particle
infiltration. Outdoor and indoor PNC were statistically
significantly higher during impact-sector winds compared to
other winds. Wilcoxon rank sum tests indicated that the median
of 10°-wide-sector medians from all residences for impact
sector winds was higher than other winds for outdoor
concentrations (p-value <0.0001, z-value = −8.1) as well as
for indoor concentrations during both sham filtration (p-value
<0.0001, z-value = −5.1) and HEPA filtration (p-value =
0.0037, z-value = −2.7). Table 1 summarizes indoor and
outdoor concentrations.
We present detailed results in the following sections where

we have organized our lines of reasoning as follows: first, we
demonstrate elevated outdoor PNC during different impact-
sector winds in the two study areas (each showing an impact
when it was oriented downwind of the airport) including sites
upwind and downwind of a highway; second, we discuss
correlation of outdoor PNC with wind speed and flight activity,
which indicated the aviation-related origin of elevated PNC
during impact-sector winds; and third, we report indoor trends
at all residences and discuss indoor infiltration of aviation-
related, elevated, outdoor PNC for two residences in detail.

Wind Direction and Ambient PNC Patterns at
Residences. Higher ambient PNC were observed during
winds that positioned the sites downwind of the airport (i.e.,
impact-sector winds). Impact sector differed by study area and
from residence to residence within the study areas. In Chelsea
(located NW of the airport) PNC were elevated during SE
winds and in Boston (located SW of the airport) PNC were
elevated during NE winds (Figure 1). This impact is thus
spatially widely distributed in the Boston area.

Chelsea. During impact-sector winds in the Chelsea study
area (ESE-S, 111°−182°), PNC were elevated at the central site
and all seven residences. Residences that were upwind of the
highway during impact-sector winds are denoted with a U,
residences that were downwind of the highway during impact-
sector winds are denoted as D, and community sites that are

Table 1. Impact Sector Definitions and Summary of Particle Number Concentration Statistics for Residential Sites

impact-sector winds hourly PNC
statistics other winds hourly PNC statistics

ID
distance to
airport (km)

impact sector
definition (WD°)

impact sector winds
frequency, hours

outdoor
median

indoor
median

indoor
minimum

outdoor
median

indoor
median

indoor
minimum

Chelsea Residences
D1 4.3 111−155 4.7%, 47 36 000 11 100 7600 13 200 4400 3700
D2 4.4 111−154 5%, 50 37 100 14 600 7500 16 200 5100 3500
U1 4.9 142−176 5.3%, 53 14 900 2300 1400 7800 1900 1600
U2 4.0 117−164 11.8%, 119 18 600 2500 1800 10 700 2400 1800
C1 4.2 145−182 5.2%, 50 12 800 3500 2800 8100 2500 1900
C2 4.4 130−171 5.4%, 54 19 700 1900 1300 9700 2200 1700
C3 3.7 124−173 10.8%, 111 26 600 6400 4700 8900 2800 2200

Boston Residences
D1 6.1 31−59 6.9%, 63 27 800 8400 4300 10 700 5300 4000
U1 5.0 28−61 8.4%, 79 25 100 22 700 17 500 14 700 7400 6100
U2 5.6 30−59 8.2%, 70 19 700 10 900 6900 9700 6100 3700
C1 6.8 53−79 9.6%, 97 9400 3700 2600 8000 2300 1800
C2 7.1 53−78 3%, 30 11 900 7900 6400 10 000 4100 2800
C3 7.8 62−86 9.6%, 94 21 000 7700 5800 14 300 3900 3300
B1 10.0 33−53 3.4%, 34 13 500 4900 4200 10 100 4500 3400
B2 8.8 48−67 6%, 65 8200 4900 3200 7200 4500 3000
B3 9.2 60−78 4%, 39 12 900 15 400 11 600 8100 6300 5100
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not in proximity of a highway are denoted as C (Figure 2).
Median PNC during impact-sector winds were 1.6- to 3.0-fold
higher than the medians for all other winds (Table 1). Highest
and lowest residential impact-sector medians were 37 000 and
13 000 particles/cm3, respectively, as compared to 16 000 and
8000 particles/cm3 during all other winds.
Impact-sector winds occurred for 4.7−11.8% of the time

(annually, ∼ 7% in 2014) during the residential monitoring, but
their weighted contributions to the monitoring averages were
8−26%. It should be noted that these contributions likely
include some input from other sources in impact sectors, such
as, traffic. Heatmaps of PNC by wind direction and hour of the
day for the central site and all seven residences studied in
Chelsea (SI Figure S3 (a) and (c)) indicate PNC peaks
coincided with morning and evening vehicular and aviation
traffic rush-hours. However, these peaks were highly elevated
during impact-sector winds even though traffic impacts are not
particularly concentrated in the impact sector; only two of the
seven residences (D1 and D2) were downwind of major
roadways and highways during impact-sector winds.
Boston. In the Boston study area, a pronounced increase in

PNC during impact-sector winds was evident at three sites 5.0−
6.1 km downwind of the airport (Figure 3). At residences U1
and U2 (NNE-ENE, 28°−61°), which were both also upwind
of Interstate 93 (I-93) (Figure 3(b)), median PNC during
impact-sector winds were 25 000 and 20 000 particles/cm3,
respectively, as compared to 15 000 and 10 000 particles/cm3

during all other winds. At site D1, which was 6.1 km downwind
of the airport and 200 m downwind of I-93 during impact-
sector (NE) winds, but impacted by the highway during both
NE (31°−59°) and SE (115°−145°) winds, median PNC were
greater during NE winds than during SE winds (29 000 vs

19 000 particles/cm3, respectively; means were 29 000 ± 46%
vs 21 000 ± 70% particles/cm3, respectively) for similar I-93
traffic volume (hourly traffic flow was 7000 ± 47% during times
of NE vs 8000 ± 39% during SE winds).
At the other six sites in Boston, which were 6.8−10.0 km

from the airport, increases in PNC during impact-sector winds
were not as distinct (Figure 3(c)). Ambient median PNC
during impact-sector winds, which likely included considerable
contributions from upwind sources including busy roadways
and highways in Boston, were 1.1- to 1.6-fold higher at these six
residences than the medians for all other winds (Table 1).
Heatmaps for PNC by wind direction and time of day for the
central site and all residences (SI Figure S3 (b) and (d))
indicate PNC peaks coincided with morning and evening
vehicular and aviation traffic rush-hours. The impact-sector
PNC were lower in Boston compared to Chelsea.15

Correlations between PNC and Wind Speed. Because
higher wind speeds generally promote greater dispersion and
mixing, PNC and wind speed are typically negatively correlated.
However, for buoyant aviation emissions plumes, higher wind
speeds promote faster ground arrival counterbalancing the
increased dilution.18 Thus, a distinct feature of aviation
emissions impacts (unlike road traffic emissions impacts) is a
lack of negative correlation between PNC and wind
speed.4,19,20 We too observed this phenomenon. During
impact-sector winds at Chelsea and Boston central-sites, the
negative correlation between PNC and wind speed was lacking;
correlation coefficients were rS = 0.17 and 0.19, n = 435 and
408 h, respectively, and p-value < 0.001. In contrast, during
other winds, the expected negative correlation between PNC
and wind speed was observed (rS = −0.24 and −0.05, n = 7552
and 10 537 h, respectively, and p-value < 0.001). Similar trends

Figure 2. (a) Locations of the central site (C0, black) and seven residences monitored in Chelsea. Residences were classified as upwind (U, dark
blue) of the highway during impact-sector winds, downwind of the highway (D, orange ) during impact-sector winds and community sites that were
not in proximity of the highway (C, light blue). (b)−(e) Normalized (by the maximum) PNC roses are based on hourly medians; concentric circles
are increments of 0.2 on a 0−1 scale.

Environmental Science & Technology Article

DOI: 10.1021/acs.est.7b05593
Environ. Sci. Technol. 2018, 52, 1765−1772

1768

SR033

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 36 of 615

http://pubs.acs.org/doi/suppl/10.1021/acs.est.7b05593/suppl_file/es7b05593_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.est.7b05593/suppl_file/es7b05593_si_001.pdf
http://dx.doi.org/10.1021/acs.est.7b05593


were found at the residences in both study areas: correlation
between PNC and wind speed was either lacking or even
positive during impact-sector winds but it was negative during
other winds. Correlation coefficients for residences are shown
in Figure 4 where points have been jittered along the
categorical x-axis to reduce overlap.
Because impact-sector winds were a small fraction of all

winds (3−12% of the total data set) we conducted bootstrap
resampling of correlation estimates (rS) and bootstrap
subsampling of a similarly small data set from other wind
conditions to ensure that the lack of negative correlation was
not by chance. The correlation estimates during impact-sector
winds were different from the negative estimates obtained for
other winds; results are shown in SI Figure S4−S19. The
contrast in correlation was most evident in Chelsea and sites
upwind of I-93 in Boston. Notable exceptions were sites
downwind of both a highway and the airport during impact-
sector winds likely because they were dominantly impacted by
highway emissions given their proximity to the highways. For
example, at site D1 in Boston, we observed no difference in
correlation estimates between impact-sector and other winds
(SI Figure S11). In comparison, at sites U1 and U2 in Boston,
which were upwind of the highway during impact-sector winds
but still downwind of the airport, correlation estimates were

positive during impact-sector winds and negative during other
winds (SI Figure S12−S13).

Correlations between PNC and Flight Activity. PNC at
both central sites were previously reported to be positively
correlated with aviation activity (measured as LTO, the hourly
total landings and takeoffs) after controlling for traffic volume,
time of day and week, and meteorological factors (wind speed,
temperature, and solar radiation).4 Because the central sites
both had relatively large data sets (several years of monitoring),
we were able to control for these factors; however, the relatively
small PNC data sets for residences and the lack of local traffic
volume information limited meaningful controls in the current
analysis. Also, because the temporal patterns of flight activity
and vehicle traffic are similar, some confounding was observed
between PNC and LTO irrespective of the wind direction. For
example, Pearson’s correlation coefficient for hourly LTO and
traffic volume on I-93 in 2012 was 0.85. Nonetheless,
Spearman’s correlations and the bootstrap analysis (SI Figure
S20−S35) indicate that PNC versus LTO correlation estimates
during impact-sector winds were generally higher than during
other winds; that is, rs ranged from 0.29 to 0.67 during impact-
sector winds compared to 0.10−0.54 during other winds, but
there were exceptions (see discussion in SI).

Indoor Infiltration of PNC during Impact-Sector
Winds. Overall Trend at Residences. Infiltration of aviation-
related outdoor PNC was evident in the data as higher indoor
concentrations during impact-sector winds compared to other
winds. The median increase in indoor concentrations during
impact-sector winds compared to other winds was 1.7-fold
(range: 0.9−3.1-fold). PNC measurements (median and
minimums) are summarized in Table 1 for all residences. For
trends with respect to wind direction for individual residences
see SI Figures S36−S51, which show an increase in indoor
medians coincident with impact-sector winds is more apparent
for residences in Chelsea and Boston closer to the airport, while

Figure 3. (a) Locations of the central site (C0, black) and nine
residences monitored in Boston. Residences were classified as upwind
(U, dark blue) of the highway during impact-sector winds, downwind
of the highway (D, orange) during impact-sector winds, community
sites (C, light blue) and background sites (B, green). (b)−(c)
Normalized (by the maximum) PNC roses are based on hourly
medians; concentric circles are increments of 0.2 on a 0−1 scale.

Figure 4. Correlation coefficients between outdoor PNC and wind
speed (a, b) and LTO (c, d) for seven Chelsea and nine Boston
residences during impact-sector and other winds. Filled squares
represent significant correlation (p-value <0.05) and unfilled squares
represent insignificant correlations. X-axis is categorical but points
have been jittered to enhance visual clarity by reducing overlap. For
description of colors, see captions for Figures 2 and 3.
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some residences located farthest away (like B1 and B2) showed
no trend with respect to wind direction for either outdoor or
indoor PNC.
HEPA filtration lowered the indoor concentrations; indoor-

to-outdoor PNC ratios were 0.33 ± 0.17 lower during HEPA
filtration as compared to sham filtration (see Brugge et al.16).
Figure 5 compares 10°-wide-sector PNC medians for impact-

sector and other winds separately for sham and HEPA filtration
scenarios in all 16 homes. Because filtration efficiency is not
preferential to ambient wind direction, higher concentrations
(despite lower indoor-to-outdoor ratios) were still observed
during impact-sector winds. Further, this trend was apparent in
both the hourly medians and hourly minimums (range: 0.8−
2.9-fold) of indoor PNC even though hourly medians are more
likely to be skewed by contributions from indoor sources than
the hourly minimums (SI Figure S52).
Previous studies have shown that ambient PNC infiltrate

indoors via multiple pathways such as forced air ventilation
systems, open windows, or cracks in the building envelope.21

Infiltration factors vary from 0.03 to 1.021,22 in the ultrafine
range, the size range for the majority of the aviation-related
particulate emissions.3 Infiltration of aviation-related PNC and,
resultantly, an increase in indoor PNC and residential
exposures can thus be expected in near-airport residences.
Our results clearly indicate that to be the case; particles of
aviation-related origin infiltrate residences. Two cases are
illustrated in detail in the following section.
Illustration of Infiltration at Select Residences. Infiltration

of PNC is illustrated for residence C3 in Chelsea in Figure 6
(a). Time series of indoor PNC closely followed the same
pattern as outdoor PNC during an 18-h period of consistent

impact-sector winds (from 1900 h on Oct 6 to 1200 h on Oct
7, 2014). During hours of minimal flight activity (0100−0500
h; LTO = 1.5 h−1), PNC indoors and outdoors at C3 and the
central site were all low but increased as flight activity resumed
after ∼0500 h. Residential outdoor PNC was also remarkably
highly correlated (Pearson’s r = 0.96) with the central site
located 1 km away indicating the spatial homogeneity of the
aviation-related impact over a large area. Further, even though
it was past the evening traffic rush-hour period (and thus traffic
would have contributed minimally to the observations or for
that matter particle formation) when the winds shifted (at
∼1900 h) to the impact sector, outdoor and central-site
concentrations increased to high levels (1 min averages were
between 50 000 and 100 000 particles/cm3), which underscores
the magnitude of this impact. In comparison, Simon et al.15

reported mean 1 min on-road PNC from 180 h of mobile
monitoring across Chelsea including traffic rush-hours was
32 000 particles/cm3 which was about one third to one half of
the observed PNC at C3 during impact-sector winds. Overall,
at C3, the median indoor PNC was nearly 3-fold higher for
impact-sector winds compared to other winds (8900 versus
2800 particle/cm3) (Figure 6(c), SI Figure S42).

Figure 5. (a) Tukey’s boxplots of indoor and outdoor PNC data
during sham and HEPA filtration from all 16 homes. The horizontal
line inside each box is the median; the boxes extend from the 25th to
the 75th percentile and the whiskers extend to 1.5*interquartile range.
In (b) and (c) each point in the scatterplots represents the median of
hourly medians classified into 10-degree-wide wind sectors.

Figure 6. PNC time series for October 6−7, 2014 for site C3 in
Chelsea is shown in (a). Impact-sector winds are highlighted in gray.
Tukey’s boxplots in (b) and (c) show outdoor and indoor PNC. The
horizontal line inside each box is the median, the boxes extend from
the 25th to the 75th percentile and the whiskers extend to
1.5*interquartile range.
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Another example of infiltration is shown in Figure S53(a)
where a 22-h period of generally consistent impact-sector winds
is highlighted (from 1900 h on Nov 6 to 1700 h on Nov 7,
2012) for residence U1 from the Boston study area. U1 is
relatively close to I-93 but it is upwind of the highway during
impact-sector winds. Outdoor concentrations during impact-
sector winds from 1900 h to as late as midnight on Nov 6−7,
2012 were ∼40 000 particles/cm3 but then decreased to as low
as 2000 particles/cm3 during the hours of low flight activity at
the airport (LTO decreased from 32 h−1 to 2.8 h−1 during
1900−0000 h to 0000−0500 h). The indoor PNC time series
was consistent with the outdoor concentration during these
hours. Both outdoor and indoor concentration started
increasing again around 0500 h when flight activity resumed
at the airport; however, around 0800 h indoor PNC spiked,
likely from an indoor particle-generation event that dominated
indoor PNC during the following hours despite impact-sector
winds. Overall, the median indoor PNC was 2-fold higher for
impact-sector winds compared to other winds (15 000 versus
7400 particles/cm3) (Figure S53(c) and Figure S44).
Strength and Limitations. To our knowledge this is the

first investigation of the impacts of aviation-related emissions at
residences around airports. Our results show an increase in
outdoor as well as indoor PNC. These findings point to the
need for studies to provide further characterization of these
impacts (e.g., measure additional pollutants in a greater number
and variety of residences both near and far from airports and
under a greater diversity of meteorological conditions and
indoor activities).
Our study also had limitations. The foremost is that

monitoring was not specifically designed for quantifying the
impacts of aviation-related emissions on indoor and outdoor
PNC. Data were collected as part of the Boston Puerto Rican
Health Study (a study of exposure to urban air pollution and
cardiovascular health effects in a Puerto Rican cohort23), but it
allowed for the reported analysis because of the residences’
proximity to and distribution around the airport. Ideally, for
quantifying the aviation-related impacts and distinguishing
them from other outdoor sources (such as traffic) and indoor
sources (such as cooking), continuous indoor and outdoor
monitoring at several locations in carefully characterized

residences with indoor time-activity records would be
necessary. In addition, the study was not designed to
characterize the air exchange rates or infiltration factors for
ambient particles. As a result, we could not quantify the
contribution of indoor- versus outdoor-origin PNC to total
indoor observations, or more pertinently the contribution from
aviation-related outdoor PNC to indoor observations. Further,
the lack of concurrent data from all or even multiple residences
precluded spatial analysis. Residence-to-residence differences in
outdoor and indoor PNC (Figure 7 and Table 1) were
observed. For example, at sites closer to the airport PNC were
generally higher than farther away, but at sites immediately
downwind of highways, even though they were farther
downwind of the airport, PNC were even higher, likely due
to impacts from both aviation-related and traffic emissions.
Such spatial differences were not investigated. Observed
outdoor concentration differences were likely not solely due
to the differences in spatial location with respect to the airport
or other sources; temporal differences (e.g., meteorological and
seasonal factors) likely also contributed significantly, but they
could not be controlled for due to lack of concurrent data.

Significance of the Results. Altogether, our results make a
compelling case for further investigation of aviation-related air
pollution impacts and resulting exposures because these
impacts are not expected to be unique to Logan airport.
Extrapolating from Correia et al.13, we estimate that in the
United States ∼40 million people live near 89 major airports
(i.e., within areas with ≥45 dB noise levels near airports).
Inclusion of aviation-related impacts may also improve
predictive models for exposure assessments. Future studies of
this impact with concurrently located sites that allow analysis of
the spatial gradient and comparison with traffic impacts could
be very informative for ultrafine particle epidemiology.
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State of Wisconsin 
Department of Natural Resources 
Fitchburg Service Center 
3911 Fish Hatchery Road 
Fitchburg, WI 53711-5397 

Hand Delivered 

October 31, 2019 

Major General Donald Dunbar 
Wisconsin Air National Guard 
2400 Wright Street 
Madison, WI 53708 

Tony Evers, Governor 
Preston D. Cole, Secretary 

Telephone 608-266-2621 
FAX 608-267-3579 

TTY Access via relay - 711 

BRRTS Activity# 02-13-581254 

Subject: NOTICE OF VIOLATION/REQUEST FOR ENFORCEMENT CONFERENCE 

Dear Major General Dunbar: 

The Department of Natural Resources (department} believes Wisconsin Air National Guard (WI ANG} is in 
violation of the Spill Law and environmental remediation laws under Wis. Stats. ch. 292 for failing to take the 
actions necessary to restore the environment to the extent practicable and minimize the harmful effects from 
the discharge at the property located at Truax Field, 3110 Mitchell Street, Madison in Dane County, Wisconsin. 
In 2018, the department received a notification of a hazardous substance discharge on the property, as reported 
by WI ANG. The department believes WI ANG is a responsible party as the possessor and controller of the 
hazardous substances discharged onto the property. 

The department alleges the following violation: 

Section 292.11(3), Wis. Stats. states a person who possesses or controls a hazardous substance which 
is discharged or who causes the discharge of a hazardous substance is required to take the actions 
necessary to restore the environment to the extent practicable and minimize the harmful effects from 
the discharge to the air, lands, or waters of this state. 

On April 26, 2018, the department issued a responsible party letter to WI ANG outlining the requirements for a 
site investigation (including an assessment of the vapor intrusion pathway} and cleanup of contamination at the 
property. To date, WI ANG has not submitted a work plan for completing the investigation. 

We have scheduled the following Enforcement Conference to discuss this matter in more detail: 

Conference Date: 

Conference Time: 

Location: 

Monday November 18, 2019 

1:30 pm 

Fitchburg Service Center 
3911 Fish Hatchery Road, Fitchburg 

We request you attend the Enforcement Conference as it is an important opportunity to discuss the 
circumstances surrounding the alleged violations and to learn your perspective on this matter. Please note that 
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Major General Donald Dunbar 
Wisconsin Air National Guard 

October 31, 2019 Page 2 

in an effort to encourage a candid and productive conversation, attendance is limited to you, your legal counsel 
and others with the technical expertise necessary to understand, evaluate and correct the violation. 

The department's enforcement decision will be based upon available information if you do not attend the 
Enforcement Conference. 

This Notice of Violation constitutes a Notice of Claim and fulfills the requirements of s. 893.80 and 893.82, Wis. 
Stats., which requires written notice of the circumstances of a claim be served upon the state agency, employee 
or officer, and the attorney general within 120 days after the happening of the event which gave rise to the 
claim. 

Please be advised that violations of ch. 292, Wis. Stats., may be referred to the Department of Justice to obtain 
court ordered compliance and penalties up to $5,000 per day of violation with each day of continued violation a 
separate offense. 

If you have questions or need to reschedule the conference, please contact me at 608-279-5219. 

Pamela Buss 
Environmental Enforcement Specialist 

Enclosure - What is an enforcement conference information sheet 

cc: Mike Schmoller 
Steve Martin 
Mark Aquino 
Deputy Secretary Beth Bier 
Attorney General Josh Kaul 

Notice of Claim certification to follow on next page. 
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Major General Donald Dunbar 
Wisconsin Air National Guard 

October 31, 2019 Page 3 

I, Pamela Buss, first being duly sworn on oath, state that I have read the foregoing Notice of Claim and that the 

~stat,ements ontained therein are true and correct to the best of my knowledge and belief 

Patn~la
1 BUst: 

Environmental Enforcement Specialist 
Solith Central Region 

I' • ';)...-

efo re me this i[ day of D~ , 20 I</' 
a Public, tate o isc n -~~L-,i~./fbv~iVJ 

My commission is permanent. . 

My commission expires on. yz 1/w 2-0 
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Environmental Enforcement Conference 

An Enforcement Conference (EC) is a meeting between Department of Natural 
Resources (Department) staff and representatives of a person or business that the 
Department believes has violated an environmental law. The Department issues a 
Notice of Violation (NOV) when it has reason to believe that a violation of a permit 
condition, administrative rule or statutory requirement has occurred. The NOV either 
offers or schedules an EC. 

Why Should I Attend? 
The EC is an important opportunity to discuss the Department's basis for the alleged 
violation(s) and learn more about what happened, why it may have happened, and any 
factors you believe the Department should consider, such as steps that have been or will 
be taken to stop the violation, correct any effects of the violation, and prevent violations 
from occurring in the future. It is also your opportunity to explain why you might disagree 
with the factual and legal conclusions underlying the NOV. 

Historic data shows that most violations are resolved at the EC level, without the need 
for court ordered compliance and/or penalties. In situations where the significance of the 
violation warrants further enforcement action, your cooperative efforts to resolve the 
violation and prevent future violations will help minimize your legal and financial liability. 

Who Should Attend the EC? 
Department staff involved in the EC typically consists of an Environmental Enforcement 
Specialist and regulatory staff that are familiar with the issues identified in the NOV. 

While not required, you may seek representation by legal counsel or the assistance of 
an environmental consultant to prepare for and/or attend the EC. The EC is most 
productive when all involved are well-prepared to discuss the allegations and any 
corrective actions that may be necessary. 

To ensure a productive candid discussion, participation in the EC is limited to the person 
or business involved and others with the legal or technical expertise necessary to 
understand, evaluate, mitigate and correct the violation. The EC is not an open meeting 
under state law and the Department will limit participation to those directly involved in the 
resolution of the matter. 

What Happens if I don't Attend the EC? 
If a party is unable to attend the EC, they should immediately contact the Environmental 
Enforcement Specialist at the phone number in the NOV to reschedule. When a party 
refuses to attend the EC and provides no further information to the Department, the 
Department's enforcement decision will be based upon available information. 

What Happens Following the EC? 
The EC is part of the Department's stepped enforcement process. At the EC, 
Department staff will explain the process and options available to address the alleged 
violation. Generally, the options range from closing the matter with no further action to 
referral to the Wisconsin Department of Justice (DOJ) or to U.S. EPA, for further 
enforcement action. In limited circumstances, the Department can issue citations, which 
are handled in local court similar to traffic offenses. If a case is referred to DOJ, the DOJ 
may initiate an action in court on behalf of the State. The State typically asks the Court 
to impose financial penalties and order completion of any necessary corrective actions. 
In most of the Department's cases, a cooperative return to compliance with any 
necessary restoration results in close out of the case. At close out, the Department will 
send a letter advising of no further enforcement action. 
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State of Wisconsin 
DEPARTMENT OF NATURAL RESOURCES 
101 S. Webster Street 
Box 7921 
Madison WI 53707-7921 

March 13, 2020 

Col. Kevin Philpot 
Vice Wing Commander 
Wisconsin Air National Guard 
2400 Wright Street 
Madison, WI 53708 

Tony Evers, Governor 
Preston D. Cole, Secretary 

Telephone 608-266-2621 
Toll Free 1-888-936-7463 

TTY Access via relay - 711 

Subject: Response Action Requirements Wisconsin Air National Guard-Truax Field, BRR Ts #02-13-581254 

Dear Col. Philpot: 

On February 3, 2020, the Wisconsin Department of Natural Resources (DNR) met with representatives from the Wisconsin 
Air National Guard (WANG), Dane County, Dane County Airport and the City of Madison to discuss the results of 
investigation into PF AS contamination at Truax Field (Truax) and Starkweather Creek and the status of additional required 
work. The following information is being provided per your request at the February 3, 2020 meeting. At this meeting, 
you requested clarification regarding requirements for environmental investigation and remediation for the per and 
polyfluoralalkyl substances (PF AS) contamination at Truax. 

Data collected by WANG and submitted to the DNR shows there have been discharges of PFAS to the environment at the 
WANG base located at Truax Field. Due to the discharges of a hazardous substance and the presence of environmental 
pollution, WANG is required under Wis. Stat. ch. 292 to conduct a site investigation, and as needed, implement interim and 
remedial actions to minimize the effects to the environment. On November 18, 2019, DNR staff met with representatives of 
WANG regarding W ANG's responsibility under Wis. Stat. ch. 292. During that meeting, DNR staff explained the need for 
WANG to take immediate actions to address the environmental impacts from the PF AS discharge and resultant 
environmental pollution. At that meeting WANG agreed: 

"that within 60 days, WANG would retain a consultant to prepare a workplan. The workplan should include soil, 
sediment, surface water and groundwater investigations as well as incorporate immediate actions to address PF AS 
impacted groundwater leaving the site to the west and southeast." 

A full summary of the meeting and actions to be taken by WANG was sent to Major General Dunbar on December 2, 2019. 

DNR has not received notification from WANG that it has retained a qualified environmental consultant, nor has DNR 
received a workplan. Due to the ongoing discharges and impacts from environmental pollution from the WANG facility, 
WANG is out of compliance with state law and the DNR expects the following: 

• By May 4, 2020 WANG will submit a site investigation workplan to the DNR for determining the degree and extent 
of PFAS contamination from WANG. 

• By August 17, 2020, WANG will submit to the DNR the results of the site investigation and plan for proposed 
interim remedial actions to stop the ongoing contaminant discharge of PF AS contamination from the WANG 
facility. 

• By November 30, 2020, WANG will have in place and operating the DNR-approved response actions to eliminate 
the discharge of PFAS contaminants and environmental pollution to the Starkweather Creek watershed from the 
contaminated groundwater known to exist beneath Truax. This includes mitigating and treating stormwater runoff 
and groundwater migration into surface waters and off-site of the Truax property. 

These actions shall comply with the requirements of Wis. Stat. ch. 292 and shall be conducted in accordance with the 
provisions of Wis. Admin. Code chs. NR 700-754. This work shall be completed by a Wis. Admin. Code ch. NR 712 
qualified environmental consultant. 

dnr.wi.gov 
wisconsin.gov Naturally WISCONSIN 

PRINTED 
ON RECYCLED 
PAPER 
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I hope this clarifies WANG responsibilities in this matter. If you have further questions, please contact DNR project manager 
Michael Schmoller at 608-275-3303. 

Since~ 

Christine Haag 
Director, Remediation & Redevelopment Program 

Cc: Beth Bier -AD/8 
Darsi Foss - AD/8 
Mike Schmo lier - SCR 
Steve Martin SCR 
Phil Bower LS/8 
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State of Wisconsin 
DEPARTMENT OF NATURAL RESOURCES 
101 S. Webster Street 
Box 7921 
Madison WI 53707-7921 

April 9, 2020 

Col. Kevin Philpot 
Wisconsin National Guard 
2400 Wright Street 
PO Box 8111 
Madison, W1 53708-8111 

RE: Request for Compliance Extension 
Environmental Response Actions 
Wisconsin Air National Guard - Truax Field 
BRRTS # 02-13-581254 

Tony Evers, Governor 
Preston D. Cole, Secretary 

Telephone 608-266-2621 
Toll Free 1-888-936-7463 

TTY Access via relay - 711 

SENT VIA E-MAIL 

Dear Col. Philpot, 

The Wisconsin Department of Natural Resources (DNR) is in receipt of your Memorandum dated April 7, 2020, 
requesting an extension to complete certain environmental response actions specified in our letter to you dated 
March 13, 2020. Those response activities and the associated timelines are repeated follows: 

• By May 4, 2020, WANG will submit a site investigation workplan to the DNR for determining the degree 
and extent of PFAS contamination coming from WANG. 

• By August 17, 2020, WANG will submit to the DNR the results of the site investigation and plan for 
proposed interim remedial actions to stop the ongoing contaminant discharge of PF AS contamination 
from the WANG facility. 

• By November 30,2020, WANG will have in place and operating the DNR-approved response actions to 
eliminate the discharge of PF AS contaminants and environmental pollution to the Starkweather Creek 
watershed from the contaminated groundwater known to exist beneath Truax. This includes mitigating 
and treating storm water runoff and groundwater migration into smface waters on, and off-site of the 
Truax property. 

You have indicated that the reason for your request for a timeline extension is that your contracting resources are 
tied up in addressing and responding to COVID19 issues in response to the national COVID19 emergency. You 
have indicated you intend to comply with all these requirements, but you request an extension of 60 days to 
complete each of these tasks. 

In light of the COVID19 emergency and the associated impacts to your operations, the DNR grants your request 
to extend the timelines to complete the response actions by 60 days. We also ask that you notify us as soon as 
possible if you are unable to meet the new timelines. 

dnr.wi.gov 
wisconsin.gov Naturally WISCONSIN 

PRINTED 
ON RECYCLED 
PAPER 

SR044

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 47 of 615



If you have any questions, please feel free to contact me at 608-576-0183 or via e-mail at 
Michael.Schmoller@wisconsin.gov . 

Sincerely, 

~ hm2 
Project Manager 

CC: Christine Haag, RR CO 
Beth Bier, AD/8 
Darsi Foss, AD/8 
Phil Bower, LS/8 
Steven Maiiin, RR SCR 

Page 2 
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Dane County Regional Airport 

BRRT # 02-13-583366 

 

Prepared by Mead & Hunt, Inc./LimnoTech 

 

November 2020 

  

Soil and Groundwater Sampling Summary 
 

Former Firefighting Training Areas  
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I,      Jessica Bleha , hereby certify that I am a hydrogeologist as that term is defined in s. NR 

712.03 (1), Wis. Adm. Code, am registered in accordance with the requirements of Ch. GHSS 2, 

Wis. Adm. Code, or licensed in accordance with the requirements of Ch. GHSS 3, Wis. Adm. 

Code, and that, 53 DEPARTMENT OF NATURAL RESOURCES NR 712.11 Published under s. 

35.93, Wis. Stats., by the Legislative Reference Bureau. Published under s. 35.93, Stats. Updated 

on the first day of each month. Entire code is always current. The Register date on each page is 

the date the chapter was last published. Register October 2013 No. 694 to the best of my 

knowledge, all of the information contained in this document is correct and the document was 

prepared in compliance with all applicable requirements in Chs. NR 700 to 726, Wis. Adm. Code.” 
  
 
 

  

_________________________          Project Hydrogeologist (PG)  December 9, 2020  
Signature    Title                                                   Date 
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This document provides a preliminary summary of conditions, locations, and results for soil and 
groundwater sampling conducted at the Dane County Regional Airport (DCRA) on July 7-8, 2020. 
Sampling was conducted in response to BRRTS # 02-13-583366, to provide initial information on per- 
and polyfluorinated alkyl substance (PFAS) constituents in soils and groundwater at two closed former 
firefighting training areas (FFTAs) at the airport: Pearson Street/East and Darwin Road/West. Sampling 
procedures and locations were described in the Initial Site Investigation Work Plan (March 2020) that 
was submitted to the WDNR on March 4, 2020.  

Monitoring Locations 

Soil and groundwater samples were collected at six (6) locations in each FFTA for a total of 12 locations, 
using a direct-push rig. Two (2) soil and one (1) groundwater samples were collected at each location. 
Borings were logged in the field by a LimnoTech geologist and boring logs are included as Attachment 1.  
Per the approved Work Plan, up to two (2) soil samples were collected above the water table from each 
soil boring. The first soil sample was collected from the uppermost foot of the soil boring and the second 
soil sample was collected from unsaturated soil above the water table.   

All six soil borings at the former Pearson Street/East FFTA were advanced to 15 feet below ground 
surface (bgs) and saturated conditions were encountered at approximately 6 to 12 feet bgs. Soil 
conditions observed at the Pearson Street/East FFTA consisted of variable interbedded sands, silts, and 
clay in the upper 10 to 12 feet of each boring, overlaying brown or gray fine sand. The nature of the 
interbedded soil types varied among all borings. 

Soil borings at the former Darwin Road/West FFTA were advanced to 15 feet bgs to 25 feet bgs. 
Saturated conditions were observed starting at approximately 10 to 18 feet bgs. Variable interbedded 
sands, silts, and clay were noted in soil borings SBT20-01 through SBT20-04 in the upper 4 to 8 feet, 
below which brown fine sand was uniformly observed. Interbedded non-uniform soil was observed 
deeper in soil borings SBT20-05 (to approximately 11 feet bgs) and SBT20-06 (to approximately 18 feet 
bgs). Light brown fine sand was observed uniformly in all borings beneath these interbedded upper soil 
layers. 

Table 1 contains a summary of sample collection locations and depths. 
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Table 1. DCRA FFTA Soil and Groundwater Sample Collection Locations July 7-8, 2020. 

FFTA Sample Location 
Sample I.D. (collection depth interval in feet) 

Soil Groundwater 

Pearson 
Street/East 

SBP20-01 SBP20-01 (0.5-1) SBP20-01-GW  
(10-15) SBP20-01 (5-5.5) 

SBP20-02 SBP20-02 (1-1.5) SBP20-02-GW 
(10-15) SBP20-02 (5.5-6) 

SBP20-03 SBP20-03 (1-1.5) SBP20-03-GW 
(10-15) SBP20-03 (5-5.5) 

SBP20-04 SBP20-04 (0.5-1) SBP20-04-GW 
(10-15) SBP20-04-(7-7.5) 

SBP20-05 SBP20-05 (0.5-1) SBP20-05-GW 
(10-15) SBP20-05 (6-6.5) 

SBP20-06 SBP20-06 (0.5-1) SBP20-06-GW 
(10-15) SBP20-06 (7.4-7.9) 

Darwin 
Road/West 

SBT20-01 SBT20-01 (0.5-1) SBT20-01-GW 
(13-23) SBT20-01 (10.5-11) 

SBT20-02 SBT20-02 (0-1) SBT20-02-GW 
(15-20) SBT20-02 (10-10.5) 

SBT20-03 SBT20-03 (0-1) SBT20-03-GW 
(15-20) SBT20-03 (10-10.5) 

SBT20-04 SBT20-04 (0.5-1) SBT20-04-GW 
(9-19) SBT20-04 (6-6.5) 

SBT20-05 SBT20-05 (0.5-1) SBT20-05-GW 
(9-19) SBT20-05 (10.5-11) 

SBT20-06 SBT20-06 (0-1) SBT20-06-GW 
(13-23) SBT20-06 (13-13.5) 

Sampling locations and reported perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS) 
results in soil and groundwater are shown in Figures 1 through 4.  

In addition to the soil and groundwater samples, three equipment blanks, one field blank, two 
groundwater duplicates, and one soil duplicate were collected to evaluate sampling and equipment 
decontamination procedures.  

Initial Summary of Reported Results 

Samples were submitted to Vista Analytical Laboratory in El Dorado Hills, California for PFAS analysis 
using method 537M. Laboratory reports are included as Attachment 2. The reported PFOA and PFOS 
concentrations for soil samples collected are shown in Table 2. 

Table 2. July 2020 FFTA Soil PFOA and PFOS Results. 

Sample I.D. PFOA (ng/g) PFOS (ng/g) 
Pearson Street/East   

SBP20-01 (0.5-1) 0.503 126 
SBP20-01 (5-5.5) ND (<0.467) 136 
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Sample I.D. PFOA (ng/g) PFOS (ng/g) 
SBP20-02 (1-1.5) ND (<0.469) 81.5 
SBP20-02 (5.5-6) ND (<0.471) ND (<0.431) 
SBP20-03 (1-1.5) ND (<0.470) ND (<0.430) 
SBP20-03 (5-5.5) ND (<0.470) 17 
SBP20-04 (0.5-1) 0.684 83.9 
SBP20-04-(7-7.5) 1.77 ND (<0.419) 
SBP20-05 (0.5-1) 1.42 20.2 
SBP20-05 (6-6.5) 6.37 619 (D) 
SBP20-06 (0.5-1) ND (<0.453) 69.1 

SBP20-06 (7.4-7.9) ND (<0.457) ND (<0.418) 
Darwin Road/West   

SBT20-01 (0.5-1) 2.05 19.8 
SBT20-01 (10.5-11) 279 ND (<0.415) 

SBT20-02 (0-1) 2.37 68 
SBT20-02 (10-10.5) ND (0.464) 1.7 

SBT20-03 (0-1) 24.4 363 
SBT20-03 (10-10.5) 38.5 ND (<0.425) 

SBT20-04 (0.5-1) 0.538 8.35 (Q) 
SBT20-04 (6-6.5) 0.573 (Q) 2.4 
SBT20-05-(0.5-1) ND (<0.466) 3.31 (Q) 

SBT20-05 (10.5-11) 0.581 6.67 
SBT20-06 (0-1) 3.71 49.4 

SBT20-06 (13-13.5) ND (<0.457) ND (<0.418) 
Soil Duplicate A (SBT20-05-(0.5-1)) ND (<0.462) 3.48 
(D)=Dilution 
(Q)=Ion transition ratio outside acceptance criteria 

The (D) flag indicates that the sample required dilution prior to analysis so that one or more PFAS 
compounds at elevated concentrations were quantitated within the calibration range of the instrument.  

The (Q) flag indicates that the ratio of the characteristic mass ions used to positively identify the PFAS 
analyte was outside the specified laboratory quality criteria in the sample. The ion transition ratio is one 
of several analysis outputs used to confirm the presence of a PFAS analyte in a sample. Thus, failure to 
meet the ion transition ratio alone does not mean the PFAS compound is not present, but rather, that 
the calculated concentration has more uncertainty, and the result is qualified to indicate the additional 
uncertainty in the reported value. 

The reported PFOA and PFOS concentrations for groundwater samples collected are shown in Table 3. 

Table 3. July 2020 FFTA Groundwater PFOA and PFOS Results. 

Sample I.D. PFOA (ng/L) PFOS (ng/L) 
Pearson Street/East   

SBP20-01-GW 1,420 18,300 (D) 
SBP20-02-GW 126 1,680 
SBP20-03-GW 895 11,000 (D) 
SBP20-04-GW 2,300 18,900 (D) 
SBP20-05-GW 1,120 11,800 (D) 
SBP20-06-GW 465 11,800 (D) 
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Sample I.D. PFOA (ng/L) PFOS (ng/L) 
Darwin Road/ West   

SBT20-01-GW 67,300 (D) 1,360 (Q) 
SBT20-02-GW 11,300 559 
SBT20-03-GW 7,130 (D) 1,360 (Q) 
SBT20-04-GW 54.9 193 
SBT20-05-GW 1,090 1,900 
SBT20-06-GW 65,300 (D) 230 

GW Duplicate A (SBT20-06) 66,600 (D) 175 
GW Duplicate B (SBP20-04) 2,150 44,200 (D) 

Equipment Blank A ND (<0.754) ND (<0.935) 
Geoprobe decon blank 2.56 (J) 1.09 (J,Q) 

Equipment Blank-070920 ND (<0.716) ND (<0.888) 
Field Blank A ND (<0.686) ND (<0.851) 

(J)=Estimated value, amount detected is below the Reporting Limit/LOQ 
(D)=Dilution 
(Q)=Ion transition ratio outside acceptance criteria 

LimnoTech conducted a quality assurance/quality control (QA/QC) review of the data reports provided 
by Vista Analytical. Review elements included calibration and continuing calibration standards, method 
and instrument blanks, blank spikes, field blanks and duplicates, dilutions, and internal standard 
surrogate recoveries.  

Summary observations of the QA/QC review include the following: 

• Equipment and field blanks were non-detect for all PFAS compounds. 

• The average relative percent differences (RPDs) observed in the two groundwater and one soil 
sample field duplicates for compounds detected at greater than five times the detection limit 
was 2.5% and ranged from -80% to 34%. The -80% RPD was observed for PFOS in the 
groundwater sample and field duplicate for SBP20-04-GW. PFOS was detected at high 
concentrations in this sample (18,900 and 44,200 ng/L in the sample and duplicate, 
respectively), necessitating a 1:5 dilution. The dilution may have added uncertainty that affected 
the RPD calculation.  

• Three compounds were detected in the sample collected from the Geoprobe water tank 
(sample ID = Geoprobe decon blank). This is the water provided by and used by the drilling 
contractor for drilling equipment decontamination. The results for this sample showed 
measurable concentrations of PFOA (2.56 ng/l), PFOS (1.09 ng/l), and PFOSA (32.3 ng/l), 
indicating that the water used for equipment decontamination was not PFAS-free. However, the 
two equipment blank samples that were generated for the Geoprobe equipment using PFAS-
free water were both non-detect for all PFAS compounds. These results show that, in spite of 
the presence of PFAS in the decontamination water, there is no indication PFAS compounds 
were transferred to the drilling equipment or soil and groundwater samples collected during this 
investigation. 

Based on the above observations and QA review, all data generated indicated satisfactory laboratory 
performance and data of acceptable quality. The QA/QC review is included as Attachment 3. 
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Figures 1 through 4 below show reported PFOA and PFOS results for soil and groundwater samples at 
the both former FFTAs sampled. 

 
Figure 1. July 7-8 PFOA and PFOS Soil Results at Pearson Street/East FFTA. 
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Figure 2. July 7 PFOA and PFOS Soil Results at Darwin Road/West FFTA. 
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Figure 3. July 7-8 PFOA and PFOS Groundwater Results at Pearson Street/East FFTA. 
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Figure 4. July 7 PFOA and PFOS Groundwater Results at Darwin Road/West FFTA. 
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Tables 5 and 6 contain a summary of reported soil and groundwater results, respectively, for all analyzed 
PFAS compounds. 
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Table 5. July 7-8, 2020 FFTA Soil PFAS Results (ng/g). 

 
  

Location units PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUnA PFDoA PFTriA/PFTrDA PFTeA/PFTeDA PFBS PFPeS PFHxS PFHpS PFOS PFNS PFDS PFOSA MeFOSAA EtFOSAA 4:2 FTS 6:2 FTS 8:2 FTS 10:2 FTS HFPO-DA PFODA EtFOSE MeFOSE MeFOSA EtFOSA PFHxDA 9Cl-PF3ONS 11Cl-PF3OUdS PFDoS ADONA

SBP20-01 (0.5-1) ng/g <0.342 <0.394 0.364 (J,Q) <0.473 0.503 0.787 1.18 <0.255 <0.400 <0.398 <0.261 <0.301 <0.651 0.624 <0.730 126 <1.14 <0.683 3.68 <0.728 <0.681 1.09 24.6 84.2 <1.01 <1.17 <0.495 <5.32 <4.91 <5.72 <3.80 <0.168 <0.366 <0.714 <0.594 <0.336

SBP20-01 (5-5.5) ng/g <0.344 <0.395 0.403 (J) <0.475 <0.467 <0.310 <0.449 <0.256 <0.401 <0.399 <0.262 <0.302 <0.654 0.447 (J) <0.733 136 <1.14 <0.686 <1.00 <0.731 <0.684 <0.358 5.25 7.18 <1.01 <1.17 <0.497 <5.35 <4.93 <5.74 <3.82 <0.169 <0.368 <0.717 <0.596 <0.338

SBP20-02 (1-1.5) ng/g <0.345 <0.397 <0.215 <0.477 <0.469 <0.311 <0.451 <0.257 <0.403 <0.401 <0.263 <0.303 <0.656 <0.389 <0.736 81.5 <1.15 <0.688 <1.01 <0.734 <0.686 <0.359 7.3 12.6 <1.01 <1.18 <0.499 <5.36 <4.95 <5.76 <3.83 <0.169 <0.369 <0.720 <0.598 <0.339

SBP20-02 (5.5-6) ng/g 0.776 2.23 5.09 1.04 <0.471 <0.313 <0.453 <0.259 <0.405 <0.403 <0.265 4.25 5.77 11.1 <0.740 <0.431 <1.15 <0.692 <1.01 <0.738 <0.690 0.577 8.42 <0.724 <1.02 <1.18 <0.501 <5.39 <4.97 <5.80 <3.85 <0.170 <0.371 <0.724 <0.602 <0.341

SBP20-03 (1-1.5) ng/g <0.346 <0.398 <0.216 <0.478 <0.470 0.871 0.614 <0.258 <0.404 <0.402 <0.264 <0.304 <0.658 <0.390 <0.738 <0.430 <1.15 <0.690 3.21 <0.736 <0.688 <0.360 0.913 (J) 1.18 <1.02 <1.18 <0.500 <5.38 <4.96 <5.78 <3.84 <0.170 <0.370 <0.722 <0.600 <0.340

SBP20-03 (5-5.5) ng/g <0.346 <0.398 0.671 0.918 (Q) <0.470 <0.312 <0.452 <0.258 <0.404 <0.402 <0.264 <0.304 <0.659 20.4 <0.739 17 <1.15 <0.691 <1.01 <0.737 <0.689 <0.360 10.2 <0.723 <1.02 <1.18 <0.500 <5.38 <4.96 <5.78 <3.84 <0.170 <0.370 <0.723 <0.600 <0.340

SBP20-04 (0.5-1) ng/g <0.337 <0.388 0.232 (J,Q) <0.466 0.684 1.39 0.941 (Q) <0.251 <0.394 <0.392 <0.257 <0.296 <0.641 <0.380 <0.719 83.9 <1.12 <0.672 7.98 <0.717 <0.670 <0.351 4.83 51.1 <0.990 <1.15 <0.487 <5.24 <4.83 <5.63 <3.74 <0.166 <0.361 <0.703 <0.585 <0.331

SBP20-04-(7-7.5) ng/g <0.337 <0.388 0.594 0.835 (Q) 1.77 1.05 <0.440 <0.251 <0.394 <0.392 <0.257 <0.296 <0.641 8.26 8.61 <0.419 <1.12 <0.672 <0.982 <0.717 <0.670 <0.351 4.08 <0.703 <0.990 <1.15 <0.487 <5.24 <4.83 <5.63 <3.74 <0.166 <0.360 <0.703 <0.584 <0.331

SBP20-05 (0.5-1) ng/g <0.342 <0.394 0.321 (J,Q) 0.627 1.42 3.31 8.56 0.584 <0.400 <0.398 <0.261 <0.301 <0.651 <0.386 <0.730 20.2 <1.14 <0.683 <0.998 <0.728 <0.681 0.378 (J,Q) 11.3 29.9 1.68 <1.17 <0.495 <5.32 <4.91 <5.72 <3.80 <0.168 <0.366 <0.715 <0.594 <0.336

SBP20-05 (6-6.5) ng/g 0.364 (J) 2.54 2.62 3.76 6.37 3.21 0.673 <0.257 <0.402 <0.400 <0.263 <0.302 <0.654 12.8 5.85 619 (D) <1.14 <0.686 <1.00 <0.732 <0.684 <0.358 19.5 2.15 <1.01 <1.17 <0.497 <5.35 <4.93 <5.75 <3.82 <0.169 <0.368 <0.718 <0.597 <0.338

SBP20-06 (0.5-1) ng/g <0.333 <0.383 0.245 (J,Q) <0.461 <0.453 0.674 0.609 <0.249 <0.389 <0.387 <0.254 <0.293 <0.634 <0.376 <0.711 69.1 <1.11 <0.665 <0.971 <0.709 <0.663 <0.347 <0.630 <0.696 <0.979 <1.14 <0.482 <5.18 <4.78 <5.57 <3.70 <0.164 <0.357 <0.696 <0.578 <0.328

SBP20-06 (7.4-7.9) ng/g 0.457 (J) 0.97 3.37 1.18 <0.457 <0.304 <0.440 <0.251 <0.393 <0.391 <0.257 2.37 6.68 64.8 3.94 <0.418 <1.12 <0.671 <0.981 <0.716 <0.669 <0.350 36.3 <0.702 <0.988 <1.15 <0.486 <5.23 <4.83 <5.62 <3.74 <0.165 <0.360 <0.702 <0.584 <0.331

SBT20-01 (0.5-1) ng/g <0.335 0.529 1.44 (Q) <0.463 2.05 0.546 (Q) <0.438 <0.250 <0.391 <0.389 <0.256 <0.294 <0.637 10.1 <0.714 19.8 <1.11 <0.668 <0.976 <0.712 <0.666 <0.348 <0.633 <0.699 <0.983 <1.14 <0.484 <5.21 <4.80 <5.59 <3.72 <0.165 <0.358 <0.699 <0.581 <0.329

SBT20-01 (10.5-11) ng/g 1.37 5.58 31.9 10.8 279 <0.301 <0.436 <0.249 <0.390 <0.388 <0.255 4.98 6.05 250 <0.712 <0.415 <1.11 <0.665 <0.972 <0.710 <0.663 <0.347 2.06 <0.696 <0.980 <1.14 <0.482 <5.19 <4.78 <5.57 <3.70 <0.164 <0.357 <0.696 <0.579 <0.328

SBT20-02 (0-1) ng/g 1.28 2.02 1.12 0.681 2.37 2.26 0.452 0.472 <0.400 <0.398 <0.261 <0.301 <0.651 4.37 <0.730 68 <1.14 <0.682 1.29 <0.728 <0.680 <0.356 <0.647 <0.714 <1.00 <1.17 <0.495 <5.32 <4.91 <5.72 <3.80 <0.168 <0.366 <0.714 <0.593 <0.336

SBT20-02 (10-10.5) ng/g <0.341 <0.393 <0.213 <0.472 <0.464 <0.308 <0.446 <0.255 <0.399 <0.397 <0.261 <0.300 <0.649 0.563 <0.728 1.7 <1.13 <0.681 <0.995 <0.726 <0.679 <0.355 <0.645 <0.713 <1.00 <1.16 <0.493 <5.31 <4.89 <5.70 <3.79 <0.168 <0.365 <0.713 <0.592 <0.336

SBT20-03 (0-1) ng/g 2.17 6.71 9.77 4.52 24.4 8.38 4.2 4.44 <0.400 <0.398 <0.261 1.84 2.29 107 2.9 363 <1.14 1.46 7.22 <0.728 <0.681 <0.356 3.36 7.27 <1.01 <1.17 <0.495 <5.32 <4.91 <5.72 <3.80 <0.168 <0.366 <0.714 0.656 (J) <0.336

SBT20-03 (10-10.5) ng/g <0.342 1.25 3.45 5.1 38.5 <0.308 <0.446 <0.255 <0.399 <0.397 <0.261 0.761 2.41 188 <0.729 <0.425 <1.14 <0.682 <0.996 <0.727 <0.680 <0.356 1.13 <0.713 <1.00 <1.17 <0.494 <5.31 <4.90 <5.71 <3.79 <0.168 <0.365 <0.713 <0.593 <0.336

SBT20-04 (0.5-1) ng/g 0.395 (J) <0.394 0.438 (J) <0.473 0.538 <0.309 <0.447 <0.255 <0.400 <0.398 <0.261 <0.301 <0.651 2.27 <0.730 8.35 (Q) <1.14 <0.683 <0.997 <0.728 <0.681 <0.356 <0.647 <0.714 <1.01 <1.17 <0.495 <5.32 <4.91 <5.72 <3.80 <0.168 <0.366 <0.714 <0.594 <0.336

SBT20-04 (6-6.5) ng/g <0.344 <0.396 0.331 (J) <0.475 0.573 (Q) <0.310 <0.449 <0.256 <0.402 <0.400 <0.262 <0.302 <0.654 0.715 <0.733 2.4 <1.14 <0.686 <1.00 <0.731 <0.684 <0.358 <0.650 <0.718 <1.01 <1.17 <0.497 <5.35 <4.93 <5.74 <3.82 <0.169 <0.368 <0.718 <0.596 <0.338

SBT20-05 (10.5-11) ng/g <0.344 <0.395 0.222 (J,Q) <0.475 0.581 <0.310 <0.449 <0.256 <0.401 <0.399 <0.262 <0.302 <0.654 1.96 <0.733 6.67 <1.14 <0.686 <1.00 <0.731 <0.684 <0.358 <0.650 <0.717 <1.01 <1.17 <0.497 <5.35 <4.93 <5.74 <3.82 <0.169 <0.368 <0.717 <0.596 <0.338

SBT20-05-(0.5-1) ng/g <0.343 <0.394 <0.214 <0.473 <0.466 <0.309 <0.448 <0.256 <0.400 <0.398 <0.262 <0.301 <0.652 0.679 (Q) <0.731 3.31 (Q) <1.14 <0.683 <0.999 <0.729 <0.682 <0.357 <0.648 <0.715 <1.01 <1.17 <0.495 <5.33 <4.91 <5.73 <3.80 <0.168 <0.367 <0.715 <0.594 <0.337

SBT20-06 (0-1) ng/g 0.858 2.38 3.27 1.61 3.71 1.42 <0.447 0.285 (J,Q) <0.399 <0.397 <0.261 0.537 <0.650 15.3 <0.729 49.4 <1.14 <0.682 <0.996 <0.727 <0.680 <0.356 <0.646 <0.713 <1.00 <1.17 <0.494 <5.31 <4.90 <5.71 <3.79 <0.168 <0.366 <0.713 <0.593 <0.336

SBT20-06 (13-13.5) ng/g <0.336 0.672 1.61 <0.465 <0.457 <0.303 <0.439 <0.251 <0.393 <0.391 <0.257 0.301 <0.639 <0.379 <0.717 <0.418 <1.12 <0.671 <0.980 <0.715 <0.669 <0.350 <0.636 <0.702 <0.987 <1.15 <0.486 <5.23 <4.82 <5.62 <3.73 <0.165 <0.360 <0.702 <0.583 <0.330

(J) = amount detected is below the Reporting Limit/LOQ 

(D) = Dilution 

(Q) = ion transistion ratio outside of the acceptance criteria
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Table 6. July 7-8, 2020 FFTA Groundwater PFAS Results (ng/L). 

 

 

Location units PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUnA PFDoA PFTriA/PFTrDA PFTeA/PFTeDA PFBS PFPeS PFHxS PFHpS PFOS PFNS PFDS PFOSA MeFOSAA EtFOSAA 4:2 FTS 6:2 FTS 8:2 FTS 10:2 FTS HFPO-DA PFODA EtFOSE MeFOSE MeFOSA EtFOSA PFHxDA 9Cl-PF3ONS 11Cl-PF3OUdS PFDoS ADONA

SBP20-01-GW ng/L 256 989 1320 546 1420 104 <1.70 <1.20 <0.902 <0.562 <0.860 166 386 6490 (D) 1520 18300 (D) <4.41 <1.40 19.3 (Q) <1.88 <1.56 67.8 6940 (D) 334 <3.56 <5.49 <6.99 <10.7 <6.91 <4.36 <5.82 <0.335 <1.65 <2.74 <4.75 <0.822

SBP20-02-GW ng/L 110 271 489 115 126 15.8 <1.68 <1.18 <0.890 <0.555 <0.849 302 322 1420 29.3 1680 <4.35 1.76 (J,Q) 16.7 <1.86 <1.54 19.7 537 28.4 <3.52 <5.42 <6.90 <10.6 <6.82 <4.31 <5.75 <0.331 <1.63 <2.71 <4.69 <0.812

SBP20-03-GW ng/L 293 877 1420 394 895 41.4 8.51 (Q) <1.16 <0.872 <0.544 <0.831 590 876 7700 (D) 316 11000 (D) 5.22 <1.35 169 <1.82 <1.51 51.8 5220 (D) 628 <3.45 <5.31 <6.76 <10.4 <6.68 <4.22 <5.63 <0.324 <1.60 <2.65 <4.59 <0.795

SBP20-04-GW ng/L 586 2190 2250 1320 2300 120 3.99 (J) <1.14 <0.862 <0.538 <0.822 206 623 9640 (D) 1550 18900 (D) <4.21 <1.34 20.5 9 (Q) <1.80 <1.49 94.5 11000 (D) 480 <3.41 <5.25 <6.68 <10.3 <6.61 <4.17 <5.56 <0.320 <1.58 <2.62 <4.54 <0.786

SBP20-05-GW ng/L 488 1960 1210 1190 1120 231 3.86 (J) <1.15 <0.865 <0.540 <0.825 35.7 102 2370 367 11800 (D) <4.23 <1.34 18.2 (Q) <1.80 <1.50 23.1 3030 332 <3.42 <5.27 <6.71 <10.3 <6.63 <4.18 <5.58 <0.321 <1.58 <2.63 <4.56 <0.789

SBP20-06-GW ng/L 162 496 611 299 465 70.1 <1.67 <1.18 <0.887 <0.553 <0.846 140 185 2640 405 11800 (D) <4.33 <1.38 46 <1.85 <1.53 <1.56 631 213 <3.51 <5.40 <6.88 <10.6 <6.80 <4.29 <5.72 <0.329 <1.62 <2.70 <4.67 <0.809

SBT20-01-GW ng/L 298 800 3020 856 67300 (D) 301 1.67 (J) <1.12 <0.842 <0.525 <0.803 377 260 8530 (D) 1740 1360 (Q) <4.11 <1.31 19.4 (Q) <1.75 <1.46 <1.48 378 8.61 <3.33 <5.12 <6.53 <10.0 <6.45 <4.07 <5.43 <0.313 <1.54 <2.56 <4.43 <0.767

SBT20-02-GW ng/L 113 213 132 117 11300 31.9 <1.61 <1.14 <0.857 <0.535 <0.817 37.2 48.2 1690 31.3 559 <4.19 <1.33 4.99 <1.79 <1.48 <1.50 <2.16 <2.23 <3.39 <5.22 <6.65 <10.2 <6.57 <4.15 <5.53 <0.318 <1.57 <2.61 <4.51 <0.782

SBT20-03-GW ng/L 1250 3610 4280 1090 7130 (D) 1640 <1.62 <1.14 <0.860 <0.536 <0.820 1230 771 18700 (D) 2460 1360 (Q) <4.20 <1.34 4.04 (J,Q) <1.79 <1.49 <1.51 24.4 <2.24 <3.40 <5.23 <6.67 <10.2 <6.59 <4.16 <5.55 <0.319 <1.57 <2.62 <4.53 <0.784

SBT20-04-GW ng/L 9.25 34.3 31 13.4 54.9 13.5 7.53 <1.05 <0.790 <0.493 <0.753 14.1 5.67 228 2.29 (J,Q) 193 <3.86 <1.23 2.01 (J) <1.65 <1.37 <1.39 <2.00 <2.06 <3.12 <4.81 <6.13 <9.42 <6.06 <3.82 <5.10 <0.293 <1.45 <2.40 <4.16 <0.720

SBT20-05-GW ng/L 50.6 104 349 81.7 1090 143 1.71 (J) <1.17 <0.882 <0.550 <0.841 95.9 106 4740 (D) 66.1 1900 <4.31 <1.37 10.9 <1.84 <1.53 <1.55 8.35 53.6 <3.49 <5.37 <6.84 <10.5 <6.76 <4.27 <5.69 <0.327 <1.62 <2.68 <4.64 <0.804

SBT20-06-GW ng/L 16100 (D) 43000 (D) 53800 (D) 26200 (D) 65300 (D) 3.98 (J) <1.66 <1.17 <0.881 <0.549 <0.840 20200 (D) 23700 (D) 79900 (D) 104 230 <4.30 <1.37 10.3 <1.84 <1.52 194 5880 (D) 34.9 <3.48 <5.36 <6.83 <10.5 <6.75 <4.26 <5.68 <0.327 <1.61 <2.68 <4.64 <0.803

(J) = estimated value, result between the Method Detection (MDL) and Reporting Limt (RL) [SGS]; amount detected is below the Reporting Limit/LOQ [Vista] 

(D) = Dilution [Vista] 

(Q) = ion transistion ratio outside of the acceptance criteria [Vista]
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Dane County Regional Airport
4000 International Ln, 
Madison, WI, 53704

LOG OF BORING SBP20-01

(Page 1 of 1)

Date Started : 7/8/20

Date Completed : 7/8/20

Drilling Method : Geoprobe

Drilling Contractor : On Site

Logged By : CB

Total Logged Depth : 15'

Depth to water (bgs) : 12'

Ground Elevation : 

Lat/Long : 43.123761, -89.337042

Depth

in

Feet

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Surf.

Elev.
Recovery

(in.)

3.0'/5.0'

1.5'/5.0'

3.9'/5.0'

Sample

Type

Soil

Sample

(0.5'-1.0')

Soil

Sample

(5.0'-5.5')

GW

Sample

(10'-15')

PID

(ppm)

Moisture

Content

wet

wet

v.moist

wet

U
S

C
S

GP

SP

SP/ML

SP/GP

CL

SP

ML

ML

SP

ML

SP

G
R

A
P

H
IC

DESCRIPTION

Fine GRAVEL with fine sand. (6")

Brown fine SAND with silt, trace fine gravel. (7")

Fine GRAVEL with fine sand. (2")

Brown fine SAND and SILT. (6")

Light brown fine SAND and GRAVEL. (4")

Dark brown CLAY with silt and fine sand. (12")

No Recovery

Brown fine to medium SAND, trace coarse sand and 
gravel. (10")

Dark gray SILT with clay. (8")

No Recovery

Same as above. (6")

Dark gray fine SAND with silt. (6")

Gray fine SAND. (2")

Dark gray SILT with clay. (8")

Gray fine SAND. (24")

No Recovery

End of Boring.
Borehole sealed with bentonite chips upon completion.

W
a

te
r 

L
e

v
e

l

dry

v.moist
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Dane County Regional Airport
4000 International Ln, 
Madison, WI, 53704

LOG OF BORING SBP20-02

(Page 1 of 1)

Date Started : 7/7/20

Date Completed : 7/7/20

Drilling Method : Geoprobe

Drilling Contractor : On Site

Logged By : CB

Total Logged Depth : 15'

Depth to water (bgs) : 10'

Ground Elevation : 

Lat/Long : 43.124205, -89.337351

Depth

in

Feet

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Surf.

Elev.
Recovery

(in.)

5.0'/5.0'

1.4'/5.0'

4.9'/5.0'

Sample

Type

Soil

Sample

(1.0'-1.5')

Soil

Sample

(5.5'-6.0')

GW

Sample

(10'-15')

PID

(ppm)

Moisture

Content

moist

v.moist

v.moist

U
S

C
S

GP

SP

SP

SP

ML

ML

SP

SP

SW

G
R

A
P

H
IC

DESCRIPTION

Light brown to tan rock fragments with fine sand. (12")

Light brown fine SAND. (7")

Dark brown fine to medium SAND with silt.  Some clay and 
fine gravel. (17")

Same as above. (24")

Black sticky SILT. (11")

Dark gray sandy SILT. (6")

No Recovery

Brown / gray fine SAND. (7")

Dark gray SILT with fine sand. (2")

Brown fine SAND, trace medium sand. (5")

Brown fine to medium SAND, trace coarse sand and fine 
gravel. (8")

No Recovery

End of Boring.
Borehole sealed with bentonite chips upon completion.

W
a

te
r 

L
e

v
e

l

dry

wet
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Dane County Regional Airport
4000 International Ln, 
Madison, WI, 53704

LOG OF BORING SBP20-03

(Page 1 of 1)

Date Started : 7/7/20

Date Completed : 7/7/20

Drilling Method : Geoprobe

Drilling Contractor : On Site

Logged By : CB

Total Logged Depth : 15'

Depth to water (bgs) : 6.3'

Ground Elevation : 

Lat/Long : 43.124077, -89.337601

Depth

in

Feet

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Surf.

Elev.
Recovery

(in.)

2.8'/5.0'

2.8'/5.0'

4.7'/5.0'

Sample

Type

Soil

Sample

(1.0'-1.5')

Soil

Sample

(5.0'-5.5')

GW

Sample

(10'-15')

PID

(ppm)

Moisture

Content

moist/dry

moist

wet

wet

U
S

C
S

SP/GP

SP

CL

ML

SP/GP

SP

G
R

A
P

H
IC

DESCRIPTION

Grass and organics at surface. (2")

Tan fine SAND and pulverized GRAVEL. (11")

Light brown to brown fine SAND, trace silt. (11")

Hard brown CLAY with silt. (10")

No Recovery

Black sticky SILT with clay. (16")

Fine to medium SAND and fine GRAVEL. (6")

No Recovery

Brown fine SAND. (56")

No Recovery

End of Boring.
Borehole sealed with bentonite chips upon completion.

W
a

te
r 

L
e

v
e

l

dry
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Dane County Regional Airport
4000 International Ln, 
Madison, WI, 53704

LOG OF BORING SBP20-04

(Page 1 of 1)

Date Started : 7/8/20

Date Completed : 7/8/20

Drilling Method : Geoprobe

Drilling Contractor : On Site

Logged By : CB

Total Logged Depth : 15'

Depth to water (bgs) : 12.1'

Ground Elevation : 

Lat/Long : 43.123712, -89.337613

Depth

in

Feet

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Surf.

Elev.
Recovery

(in.)

2.2'/5.0'

3.2'/5.0'

3.6'/5.0'

Sample

Type

Soil

Sample

(0.5'-1.0')

Soil

Sample

(7.0'-7.5')

GW

Sample

(10'-15')

PID

(ppm)

Moisture

Content

dry

dry

wet

U
S

C
S

GP

SP

CL

CL

ML

SM

ML/CL

SP

G
R

A
P

H
IC

DESCRIPTION

Gravel, road material, some fine to medium sand. (5")

Brown fine SAND with silt. (10")

Brown firm CLAY with silt. (12")

No Recovery

Same as above. (16")

Light gray very fine to fine SAND. (2")

Soft dark gray SILT with clay. (22")

No Recovery

Soft gray SILTY SAND. (16")

Gray SILT/CLAY. (10")

Gray fine SAND, trace medium sand and fine gravel. (18")

No Recovery

End of Boring.
Borehole sealed with bentonite chips upon completion.

W
a

te
r 

L
e

v
e

l

moist
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Dane County Regional Airport
4000 International Ln, 
Madison, WI, 53704

LOG OF BORING SBP20-05

(Page 1 of 1)

Date Started : 7/8/20

Date Completed : 7/8/20

Drilling Method : Geoprobe

Drilling Contractor : On Site

Logged By : CB

Total Logged Depth : 15'

Depth to water (bgs) : 7.6'

Ground Elevation : 

Lat/Long : 43.123639, -89.336866

Depth

in

Feet

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Surf.

Elev.
Recovery

(in.)

2.2'/5.0'

3.3'/5.0'

4.9'/5.0'

Sample

Type

Soil

Sample

(0.5'-1.0')

Soil

Sample

(6.0'-6.5')

GW

Sample

(10'-15')

PID

(ppm)

Moisture

Content

dry

dry
dry

moist/dry

moist

wet

wet

v. moist

wet

U
S

C
S

GP

SP

ML

ML

ML

SP

SP

ML/CL

SP

G
R

A
P

H
IC

DESCRIPTION

Gravel, road material, some fine sand. (5")

Light brown fine SAND. (6")

Fine GRAVEL layer. (2")

Light brown SILT with very fine sand. (10")

Brown fine SAND. (2")

Brown hard CLAY. (2")

No Recovery

Same as above, some silt present. (12")

Softer gray SILT with trace clay. (19")

Gray fine SAND. (8")

No Recovery

Same as above. (11")

Soft gray SILT/CLAY. (12")

Gray fine to medium SAND. (36")

No Recovery

End of Boring.
Borehole sealed with bentonite chips upon completion.
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Dane County Regional Airport
4000 International Ln, 
Madison, WI, 53704

LOG OF BORING SBP20-06

(Page 1 of 1)

Date Started : 7/7/20

Date Completed : 7/7/20

Drilling Method : Geoprobe

Drilling Contractor : On Site

Logged By : CB

Total Logged Depth : 15'

Depth to water (bgs) : 11.1'

Ground Elevation : 

Lat/Long : 43.123934, -89.337267

Depth

in

Feet

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Surf.

Elev.
Recovery

(in.)

3.5'/5.0'

2.9'/5.0'

3.3'/5.0'

Sample

Type

Soil

Sample

(0.5'-1.0')

Soil

Sample

(7.4'-7.9')

GW

Sample

(10'-15')

PID

(ppm)

Moisture

Content

dry/moist

v.moist

wet

U
S

C
S

SP

SP

ML/CL

ML

SP

ML

SP

G
R

A
P

H
IC

DESCRIPTION

Light brown fine SAND, trace fine gravel. (42")

No Recovery

Same as above. (24")

Brown SILT/CLAY. (5")

Dark gray SILT with clay. (6")

No Recovery

Brown / gray fine SAND, trace silt. (8")

Soft gray SILT. (5")

Brown fine SAND, some medium sand. (26")

No Recovery

End of Boring.
Borehole sealed with bentonite chips upon completion.
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Dane County Regional Airport
4000 International Ln, 
Madison, WI, 53704

LOG OF BORING SBT20-01

(Page 1 of 1)

Date Started : 7/7/20

Date Completed : 7/7/20

Drilling Method : Geoprobe

Drilling Contractor : On Site

Logged By : CB

Total Logged Depth : 25'

Depth to water (bgs) : 12'

Ground Elevation : 

Lat/Long : 43.129179, -89.346894

Depth

in

Feet

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Surf.

Elev.
Recovery

(in.)

4.3'/5.0'

2.7'/5.0'

3.0'/5.0'

4.9'/5.0'

4.9'/5.0'

Sample

Type

Soil

Sample

(0.5'-1.0')

Soil

Sample

(10.5'-11')

GW

Sample

(13'-23')

PID

(ppm)

Moisture

Content

dry
U

S
C

S
SP/ML

ML/CL

SP

ML/CL

CL
SP

SP

SP

SP

SP

SP

SP

G
R

A
P

H
IC

DESCRIPTION

SAND, SILT, CLAY mix.  Looks like fill. (36")

Gray / black SILT and CLAY. (16")

No Recovery

Dark brown SILT/CLAY. (18")

Light brown fine SAND. (2")

Light brown / gray CLAY with silt. (8")

Brown fine SAND with silt. (5")

No Recovery

Light brown fine SAND. (24")

Light brown fine SAND with fine gravel. (12")

No Recovery

Light brown soft fine SAND with silt. (47")

Light brown hard fine SAND with fine gravel. (12")

No Recovery

Soft, light brown fine SAND with silt. (41")

Tightly packed light brown very fine SAND with silt. (18")

No Recovery

End of Boring.
Borehole sealed with bentonite chips upon completion.
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Dane County Regional Airport
4000 International Ln, 
Madison, WI, 53704

LOG OF BORING SBT20-02

(Page 1 of 1)

Date Started : 7/7/20

Date Completed : 7/7/20

Drilling Method : Geoprobe

Drilling Contractor : On Site

Logged By : CB

Total Logged Depth : 15'

Depth to water (bgs) : 11.2'

Ground Elevation : 

Lat/Long : 43.129126, -89.347641

Depth

in

Feet

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Surf.

Elev.
Recovery

(in.)

4.1'/5.0'

4.1'/5.0'

4.3'/5.0'

Sample

Type

Soil

Sample

(0.0'-1.0')

Soil

Sample

(10'-10.5')

GW

Sample

(15'-20')

PID

(ppm)

Moisture

Content

dry

wet

moist

U
S

C
S

ML/SP

CL

SP

SP

SP

SP

GP

G
R

A
P

H
IC

DESCRIPTION

Dark brown topsoil (silt with some fine sand). (13")

Soft, light brown to brown CLAY with silt. (35")

Light brown fine SAND. (2")

No Recovery

Light brown fine SAND.  Fine gravel observed at 6.4' and 
8.3'. (49")

No Recovery

Light brown fine SAND. (14")

Light brown fine SAND. (22")

Fine GRAVEL, dark in color.  Driller identified this layer as 
"Olivine". (4")

No Recovery

End of Boring.
Borehole sealed with bentonite chips upon completion.
Drove temporary PVC groundwater screen beyond logged 
interval due to poor GW recharge at intially installed depth 
of 10'-15'.
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Dane County Regional Airport
4000 International Ln, 
Madison, WI, 53704

LOG OF BORING SBT20-03

(Page 1 of 1)

Date Started : 7/7/20

Date Completed : 7/7/20

Drilling Method : Geoprobe

Drilling Contractor : On Site

Logged By : CB

Total Logged Depth : 20'

Depth to water (bgs) : 15'

Ground Elevation : 

Lat/Long : 43.129541, -89.347467

Depth

in

Feet

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Surf.

Elev.
Recovery

(in.)

4.9'/5.0'

3.9'/5.0'

3.0'/5.0'

3.4'/5.0'

Sample

Type

Soil

Sample

(0.0'-1.0')

Soil

Sample

(10'-10.5')

GW

Sample

(15'-20')

PID

(ppm)

Moisture

Content

dry

v.moist
to wet

wet

U
S

C
S

ML/SP

CL

CL

SP

SP

SP

SP

SP

G
R

A
P

H
IC

DESCRIPTION

Light to dark brown / black SILT and fine SAND. (48")

Dark gray CLAY with silt. (11")

No Recovery

Dark gray CLAY with silt. (19")

Fine brown SAND with silt. (17")

Light brown fine SAND.  Gravel piece observed at 8.8'. 
(11")

No Recovery

Light brown fine SAND. (11")

Light brown fine SAND with silt. (25")

No Recovery

Light brown fine SAND with silt. (41")

No Recovery

End of Boring.
Borehole sealed with bentonite chips upon completion.
Very little groundwater observed at this location during 
sampling procedure.
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Dane County Regional Airport
4000 International Ln, 
Madison, WI, 53704

LOG OF BORING SBT20-04

(Page 1 of 1)

Date Started : 7/7/20

Date Completed : 7/7/20

Drilling Method : Geoprobe

Drilling Contractor : On Site

Logged By : CB

Total Logged Depth : 20'

Depth to water (bgs) : 10'

Ground Elevation : 

Lat/Long : 43.128864, -89.346961

Depth

in

Feet

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Surf.

Elev.
Recovery

(in.)

4.4'/5.0'

3.3'/5.0'

3.9'/5.0'

4.0'/5.0'

Sample

Type

Soil

Sample

(0.5'-1.0')

Soil

Sample

(6.0'-6.5')

GW

Sample

(9'-19')

PID

(ppm)

Moisture

Content

moist

moist

moist/wet

U
S

C
S

SP/ML

GP

CL

CL

SP

SP

SP

SP/ML

SP/ML

G
R

A
P

H
IC

DESCRIPTION

Light brown to brown SAND/SILT mix. (28")

Gravel, fractured stone (road base?). (5")

Brown, soft CLAY with silt. (20")

No Recovery

Brown soft CLAY with silt. (24")

Brown very fine to fine SAND with some fine gravel. (16")

No Recovery

Light brown fine SAND, trace fine gravel. (25")

Horizontally oriented rock fragments. (2")

Light brown fine SAND with silt. (19")

No Recovery

Soft light brown fine to very fine SAND and SILT. (22")

More firm light brown fine to very fine SAND and SILT. 
(26")

No Recovery

End of Boring.
Borehole sealed with bentonite chips upon completion.
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Dane County Regional Airport
4000 International Ln, 
Madison, WI, 53704

LOG OF BORING SBT20-05

(Page 1 of 1)

Date Started : 7/7/20

Date Completed : 7/7/20

Drilling Method : Geoprobe

Drilling Contractor : On Site

Logged By : CB

Total Logged Depth : 20'

Depth to water (bgs) : 11.4'

Ground Elevation : 

Lat/Long : 43.129007, -89.346480

Depth

in

Feet

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Surf.

Elev.
Recovery

(in.)

3.6'/5.0'

4.4'/5.0'

2.8'/5.0'

4.8'/5.0'

Sample

Type

Soil

Sample

(0.5'-1.0')

Soil

Sample

(10.5'-11')

GW

Sample

(9'-19')

PID

(ppm)

Moisture

Content

moist

dry

dry/moist
dry

moist

wet

wet

U
S

C
S

SP/ML

ML

ML

CL

SP/GP

SP/GP

ML

SP

SP

G
R

A
P

H
IC

DESCRIPTION

Light brown to brown fine SAND / SILT. (32")

Dark brown SILT with fine sand. (11")

No Recovery

Dark brown / black SILT. (17")

Brown / gray CLAY with silt. (31")

Light brown / tan fine SAND and fine GRAVEL. (5")

No Recovery

Same as above. (5")

Pulverized gravel? (2")

Gray SILT with clay. (10")

Brown fine SAND. (14")

No Recovery

Light brown fine SAND with silt and fine gravel. (58")

No Recovery

End of Boring.
Borehole sealed with bentonite chips upon completion.
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Dane County Regional Airport
4000 International Ln, 
Madison, WI, 53704

LOG OF BORING SBT20-06

(Page 1 of 1)

Date Started : 7/7/20

Date Completed : 7/7/20

Drilling Method : Geoprobe

Drilling Contractor : On Site

Logged By : CB

Total Logged Depth : 25'

Depth to water (bgs) : 17.9'

Ground Elevation : 

Lat/Long : 43.129361, -89.346971

Depth

in

Feet

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Surf.

Elev.
Recovery

(in.)

4.8'/5.0'

2.0'/5.0'

3.7'/5.0'

4.9'/5.0'

4.8'/5.0'

Sample

Type

Soil

Sample

(0.5'-1.0')

Soil

Sample

(13'-13.5')

GW

Sample

(13'-23')

PID

(ppm)

Moisture

Content

dry

moist
moist

moist/dry

dry

moist

moist

moist

wet

U
S

C
S

ML/SP

CL

CL

CL

SP
CL

CL

SP/ML

ML/SP

ML/SP

SP

SP

ML

SP

SP

SP

G
R

A
P

H
IC

DESCRIPTION

Dark brown SILT and fine SAND / CLAY. (41")

Light brown / brown CLAY. (7")

Dark brown / gray CLAY. (10")

No Recovery

Same as above, harder. (17")

Brown fine SAND, tightly packed. (4")

Hard gray CLAY. (4")

No Recovery

Same as above. (22")

Gray fine SAND/SILT. (19")

Light brown SILT and very fine SAND. (4")

No Recovery

Same as above. (6")

Gray fine SAND with silt. (11")

Fine GRAVEL with fine sand and silt. (2")

Fine SAND with fine gravel. (5")

Black SILT / fine SAND zone. (2")

Gray SILT. (10")

Light brown fine SAND. (24")

No Recovery

Light brown fine SAND with silt, trace fine gravel. (48")

Light brown very fine SAND. (11")

No Recovery

End of Boring.
Borehole sealed with bentonite chips upon completion.
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Attachment 2 

Laboratory Reports 
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Enclosed are the results for the sample set received at Vista Analytical Laboratory on July 14, 2020 under your 

Project Name  'MSN FFTA Samples'.

Vista Analytical Laboratory is committed to serving you effectively.  If you require additional information, 

please contact me at 916-673-1520 or by email at mmaier@vista-analytical.com.  

Thank you for choosing Vista as part of your analytical support team.

Sincerely,

Martha Maier

Laboratory Director

August 04, 2020

Vista Work Order No. 2001473

LimnoTech, Inc.

501 Avis Drive

Ann Arbor, MI 48108

Mr. Chris Cieciek

Dear Mr. Cieciek,

Vista Analytical Laboratory certifies that the report herein meets all the requirements set forth by NELAP for those applicable test 

methods. Results relate only to the samples as received by the laboratory. This report should not be reproduced except in full without 

the written approval of Vista. 

Vista Analytical Laboratory    1104 Windfield Way    El Dorado Hills, CA 95762    ph: 916-673-1520    fx: 916-673-0106    www.vista-analytical.com� � � � � � � � � � � � 	 
 � �  � � � 	 � � � �SR073
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Vista Work Order No. 2001473

Case Narrative

Sample Condition on Receipt:

Thirteen soil samples and seven aqueous samples were received in good condition and within the method 

temperature requirements.  The samples were received and stored securely in accordance with Vista standard 

operating procedures and EPA methodology.

Analytical Notes:

PFAS Isotope Dilution Method - Solid

The soil samples were extracted and analyzed for a selected list of PFAS using Vista's Isotope Dilution Method.  

The results for PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA  include both linear and branched isomers.  

Results for all other analytes include the linear isomers only.

Holding Times

The samples were extracted and analyzed within the method hold times.

Quality Control

The Initial Calibration and Continuing Calibration Verifications met the method acceptance criteria.

A Method Blank and Ongoing Precision and Recovery (OPR) sample were extracted and analyzed with the 

preparation batch.  No analytes were detected in the Method Blank above the Reporting Limit (RL).  The 

recovery of PFODA was below 50% in the OPR.  The reported sample results for this analyte may be biased low.  

The recoveries of all other analytes were within the acceptance criteria.

The internal standard recoveries outside the acceptance criteria are flagged with an "H" qualifier.

PFAS Isotope Dilution Method - Aqueous

The aqueous samples were extracted and analyzed for a selected list of PFAS using Vista's PFAS Isotope 

Dilution Method.  The results for PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA  include both linear and 

branched isomers.  Results for all other analytes include the linear isomers only.

The following samples contained particulate and were centrifuged prior to extraction:

Laboratory ID Sample Name

2001473-02 SBT20-01-GW

2001473-06 SBT20-05-GW

2001473-08 SBT20-02-GW

2001473-09 SBT20-04-GW

2001473-16 SBT20-03-GW

2001473-19 SBT20-06-GW� � � � � � � � � � � � 	 
 � �  � � � � � � � �SR074
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Holding Times

The samples were extracted and analyzed within the method hold times.

Quality Control

The Initial Calibration and Continuing Calibration Verifications met the acceptance criteria.

A Method Blank and Ongoing Precision and Recovery (OPR) sample were extracted and analyzed with each 

preparation batch.  No analytes were detected in the Method Blank above the Reporting Limit.  The OPR 

recoveries were within the method acceptance criteria.

The internal standard recoveries outside the acceptance criteria are flagged with an "H" qualifier.

� � � � � � � � � � � � 	 
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� � � � � � � � � � � � � � �
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Client

Sample ID

Sample Inventory Report

Vista 

Sample ID Sampled Received Components/Containers

2001473-01 SBT20-01 (10.5-11) 07-Jul-20 11:00 14-Jul-20 09:11 HDPE Jar, 6 oz

2001473-02 SBT20-01-GW 07-Jul-20 11:35 14-Jul-20 09:11 HDPE Bottle, 125 mL

HDPE Bottle, 125 mL

2001473-03 SBT20-05-(0.5-1) 07-Jul-20 11:45 14-Jul-20 09:11 HDPE Jar, 6 oz

2001473-04 SBT20-05 (10.5-11) 07-Jul-20 12:10 14-Jul-20 09:11 HDPE Jar, 6 oz

2001473-05 SBT20-04 (0.5-1) 07-Jul-20 12:20 14-Jul-20 09:11 HDPE Jar, 6 oz

2001473-06 SBT20-05-GW 07-Jul-20 12:55 14-Jul-20 09:11 HDPE Bottle, 125 mL

HDPE Bottle, 125 mL

2001473-07 SBT20-04 (6-6.5) 07-Jul-20 12:30 14-Jul-20 09:11 HDPE Jar, 6 oz

2001473-08 SBT20-02-GW 07-Jul-20 13:10 14-Jul-20 09:11 HDPE Bottle, 125 mL

HDPE Bottle, 125 mL

2001473-09 SBT20-04-GW 07-Jul-20 13:35 14-Jul-20 09:11 HDPE Bottle, 125 mL

HDPE Bottle, 125 mL

2001473-10 SOIL DUPLICATE A 07-Jul-20 00:00 14-Jul-20 09:11 HDPE Jar, 6 oz

2001473-11 SBT20-02 (0-1) 07-Jul-20 08:05 14-Jul-20 09:11 HDPE Jar, 6 oz

2001473-12 EQUIPMENT BLANK A 07-Jul-20 08:40 14-Jul-20 09:11 HDPE Bottle, 125 mL

HDPE Bottle, 125 mL

2001473-13 SBT20-02 (10-10.5) 07-Jul-20 08:15 14-Jul-20 09:11 HDPE Jar, 6 oz

2001473-14 SBT20-03 (0-1) 07-Jul-20 08:50 14-Jul-20 09:11 HDPE Jar, 6 oz

2001473-15 SBT20-03 (10-10.5) 07-Jul-20 09:05 14-Jul-20 09:11 HDPE Jar, 6 oz

2001473-16 SBT20-03-GW 07-Jul-20 09:40 14-Jul-20 09:11 HDPE Bottle, 125 mL

HDPE Bottle, 125 mL

2001473-17 SBT20-06 (0-1) 07-Jul-20 10:00 14-Jul-20 09:11 HDPE Jar, 6 oz

2001473-18 SBT20-06 (13-13.5) 07-Jul-20 10:10 14-Jul-20 09:11 HDPE Jar, 6 oz

2001473-19 SBT20-06-GW 07-Jul-20 10:40 14-Jul-20 09:11 HDPE Bottle, 125 mL

HDPE Bottle, 125 mL

2001473-20 SBT20-01 (0.5-1) 07-Jul-20 10:50 14-Jul-20 09:11 HDPE Jar, 6 oz

Vista Project: 2001473 Client Project:  MSN FFTA Samples� � � � � � � � � � � � 	 
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Name:

Project:

Client Data

MSN FFTA Samples

Sample ID: Method Blank

Matrix:

Laboratory Data

Lab Sample: B0G0144-BLK1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Solid

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.346<0.346 10.500 23-Jul-20 14:11B0G0144 1.00 g20-Jul-20375-22-4

PFPeA 0.398<0.398 10.500 23-Jul-20 14:11B0G0144 1.00 g20-Jul-202706-90-3

PFBS 0.304<0.304 10.500 23-Jul-20 14:11B0G0144 1.00 g20-Jul-20375-73-5

4:2 FTS 0.360<0.360 10.500 23-Jul-20 14:11B0G0144 1.00 g20-Jul-20757124-72-4

PFHxA 0.216<0.216 10.500 23-Jul-20 14:11B0G0144 1.00 g20-Jul-20307-24-4

PFPeS 0.658<0.658 11.00 23-Jul-20 14:11B0G0144 1.00 g20-Jul-202706-91-4

HFPO-DA 1.18<1.18 11.50 23-Jul-20 14:11B0G0144 1.00 g20-Jul-2013252-13-6

PFHpA 0.478<0.478 10.500 23-Jul-20 14:11B0G0144 1.00 g20-Jul-20375-85-9

ADONA 0.340<0.340 10.500 23-Jul-20 14:11B0G0144 1.00 g20-Jul-20919005-14-4

PFHxS 0.390<0.390 10.500 23-Jul-20 14:11B0G0144 1.00 g20-Jul-20355-46-4

6:2 FTS 0.654<0.654 11.00 23-Jul-20 14:11B0G0144 1.00 g20-Jul-2027619-97-2

PFOA 0.470<0.470 10.500 23-Jul-20 14:11B0G0144 1.00 g20-Jul-20335-67-1

PFHpS 0.738<0.738 11.00 23-Jul-20 14:11B0G0144 1.00 g20-Jul-20375-92-8

PFNA 0.312<0.312 10.500 23-Jul-20 14:11B0G0144 1.00 g20-Jul-20375-95-1

PFOSA 1.01<1.01 11.50 23-Jul-20 14:11B0G0144 1.00 g20-Jul-20754-91-6

PFOS 0.430<0.430 10.500 23-Jul-20 14:11B0G0144 1.00 g20-Jul-201763-23-1

9Cl-PF3ONS 0.370<0.370 10.500 23-Jul-20 14:11B0G0144 1.00 g20-Jul-20756426-58-1

PFDA 0.452<0.452 10.500 23-Jul-20 14:11B0G0144 1.00 g20-Jul-20335-76-2

8:2 FTS 0.722<0.722 11.00 23-Jul-20 14:11B0G0144 1.00 g20-Jul-2039108-34-4

PFNS 1.15<1.15 11.50 23-Jul-20 14:11B0G0144 1.00 g20-Jul-2068259-12-1

MeFOSAA 0.736<0.736 11.00 23-Jul-20 14:11B0G0144 1.00 g20-Jul-202355-31-9

EtFOSAA 0.688<0.688 11.00 23-Jul-20 14:11B0G0144 1.00 g20-Jul-202991-50-6

PFUnA 0.258<0.258 10.500 23-Jul-20 14:11B0G0144 1.00 g20-Jul-202058-94-8

PFDS 0.690<0.690 11.00 23-Jul-20 14:11B0G0144 1.00 g20-Jul-20335-77-3

11Cl-PF3OUdS 0.722<0.722 11.00 23-Jul-20 14:11B0G0144 1.00 g20-Jul-20763051-92-9

10:2 FTS 1.02<1.02 11.50 23-Jul-20 14:11B0G0144 1.00 g20-Jul-20120226-60-0

PFDoA 0.404<0.404 10.500 23-Jul-20 14:11B0G0144 1.00 g20-Jul-20307-55-1

MeFOSA 5.78<5.78 110.0 23-Jul-20 14:11B0G0144 1.00 g20-Jul-2031506-32-8

PFTrDA 0.402<0.402 10.500 23-Jul-20 14:11B0G0144 1.00 g20-Jul-2072629-94-8

PFDoS 0.600<0.600 11.00 23-Jul-20 14:11B0G0144 1.00 g20-Jul-2079780-39-5

PFTeDA 0.264<0.264 10.500 23-Jul-20 14:11B0G0144 1.00 g20-Jul-20376-06-7

EtFOSA 3.84<3.84 110.0 23-Jul-20 14:11B0G0144 1.00 g20-Jul-204151-50-2

PFHxDA 0.170<0.170 10.500 23-Jul-20 14:11B0G0144 1.00 g20-Jul-2067905-19-5

PFODA 0.500<0.500 11.00 27-Jul-20 18:12B0G0144 1.00 g20-Jul-2016517-11-6

MeFOSE 4.96<4.96 110.0 23-Jul-20 14:11B0G0144 1.00 g20-Jul-2024448-09-7

EtFOSE 5.38<5.38 110.0 23-Jul-20 14:11B0G0144 1.00 g20-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 84.1  25  150 123-Jul-20 14:11B0G0144 20-Jul-20 1.00 g9: ; < = ; >? ; @ A A B CD E FG H ? D : I JDSR079
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Name:

Project:

Client Data

MSN FFTA Samples

Sample ID: Method Blank

Matrix:

Laboratory Data

Lab Sample: B0G0144-BLK1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Solid

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 76.3  25  150 123-Jul-20 14:11B0G0144 20-Jul-20 1.00 g

IS  - 13C3-PFBS 83.1  25  150 123-Jul-20 14:11B0G0144 20-Jul-20 1.00 g

IS  - 13C3-HFPO-DA 67.5  25  150 123-Jul-20 14:11B0G0144 20-Jul-20 1.00 g

IS  - 13C2-4:2 FTS 82.0  25  150 123-Jul-20 14:11B0G0144 20-Jul-20 1.00 g

IS  - 13C2-PFHxA 68.0  25  150 123-Jul-20 14:11B0G0144 20-Jul-20 1.00 g

IS  - 13C4-PFHpA 67.8  25  150 123-Jul-20 14:11B0G0144 20-Jul-20 1.00 g

IS  - 13C3-PFHxS 84.9  25  150 123-Jul-20 14:11B0G0144 20-Jul-20 1.00 g

IS  - 13C2-6:2 FTS 84.1  25  150 123-Jul-20 14:11B0G0144 20-Jul-20 1.00 g

IS  - 13C5-PFNA 66.4  25  150 123-Jul-20 14:11B0G0144 20-Jul-20 1.00 g

IS  - 13C8-PFOSA 33.6  10  150 123-Jul-20 14:11B0G0144 20-Jul-20 1.00 g

IS  - 13C2-PFOA 70.6  25  150 123-Jul-20 14:11B0G0144 20-Jul-20 1.00 g

IS  - 13C8-PFOS 70.4  25  150 123-Jul-20 14:11B0G0144 20-Jul-20 1.00 g

IS  - 13C2-PFDA 54.6  25  150 123-Jul-20 14:11B0G0144 20-Jul-20 1.00 g

IS  - 13C2-8:2 FTS 85.3  25  150 123-Jul-20 14:11B0G0144 20-Jul-20 1.00 g

IS  - d3-MeFOSAA 49.0  25  150 123-Jul-20 14:11B0G0144 20-Jul-20 1.00 g

IS  - 13C2-PFUnA 41.4  25  150 123-Jul-20 14:11B0G0144 20-Jul-20 1.00 g

IS  - d5-EtFOSAA 49.3  25  150 123-Jul-20 14:11B0G0144 20-Jul-20 1.00 g

IS  - 13C2-10:2 FTS 70.1  25  150 123-Jul-20 14:11B0G0144 20-Jul-20 1.00 g

IS  - 13C2-PFDoA 41.6  25  150 123-Jul-20 14:11B0G0144 20-Jul-20 1.00 g

IS  - d3-MeFOSA 8.80  10  150 H 123-Jul-20 14:11B0G0144 20-Jul-20 1.00 g

IS  - 13C2-PFTeDA 45.9  25  150 123-Jul-20 14:11B0G0144 20-Jul-20 1.00 g

IS  - d5-EtFOSA 6.70  10  150 H 123-Jul-20 14:11B0G0144 20-Jul-20 1.00 g

IS  - 13C2-PFHxDA 37.4  25  150 123-Jul-20 14:11B0G0144 20-Jul-20 1.00 g

IS  - d7-MeFOSE 21.0  10  150 123-Jul-20 14:11B0G0144 20-Jul-20 1.00 g

IS  - d9-EtFOSE 19.2  10  150 123-Jul-20 14:11B0G0144 20-Jul-20 1.00 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

9: ; < = ; >? ; @ A A B CD E FG H ? K : I JDSR080
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Name:

Project:

Client Data

MSN FFTA Samples

Sample ID: OPR

Matrix:

Laboratory Data

Lab Sample: B0G0144-BS1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Solid

Analyte Amt Found (ng/g ) Qualifiers Analyzed DilutionSpike Amt % Rec Limits Samp SizeExtractedBatchCAS Number

PFBA 0.910 123-Jul-20 14:221.00 91.0  -  50  150 1.00 g20-Jul-20B0G0144375-22-4

PFPeA 0.930 123-Jul-20 14:221.00 93.0  -  50  150 1.00 g20-Jul-20B0G01442706-90-3

PFBS 0.992 123-Jul-20 14:221.00 99.2  -  50  150 1.00 g20-Jul-20B0G0144375-73-5

4:2 FTS 1.01 123-Jul-20 14:221.00 101  -  50  150 1.00 g20-Jul-20B0G0144757124-72-4

PFHxA 0.875 123-Jul-20 14:221.00 87.5  -  50  150 1.00 g20-Jul-20B0G0144307-24-4

PFPeS 0.901 J 123-Jul-20 14:221.00 90.1  -  50  150 1.00 g20-Jul-20B0G01442706-91-4

HFPO-DA 0.868 J 123-Jul-20 14:221.00 86.8  -  50  150 1.00 g20-Jul-20B0G014413252-13-6

PFHpA 0.897 123-Jul-20 14:221.00 89.7  -  50  150 1.00 g20-Jul-20B0G0144375-85-9

ADONA 0.609 123-Jul-20 14:221.00 60.9  -  50  150 1.00 g20-Jul-20B0G0144919005-14-4

PFHxS 0.997 123-Jul-20 14:221.00 99.7  -  50  150 1.00 g20-Jul-20B0G0144355-46-4

6:2 FTS 0.809 J 123-Jul-20 14:221.00 80.9  -  50  150 1.00 g20-Jul-20B0G014427619-97-2

PFOA 0.907 123-Jul-20 14:221.00 90.7  -  50  150 1.00 g20-Jul-20B0G0144335-67-1

PFHpS 1.14 123-Jul-20 14:221.00 114  -  50  150 1.00 g20-Jul-20B0G0144375-92-8

PFNA 0.885 123-Jul-20 14:221.00 88.5  -  50  150 1.00 g20-Jul-20B0G0144375-95-1

PFOSA 0.960 J 123-Jul-20 14:221.00 96.0  -  50  150 1.00 g20-Jul-20B0G0144754-91-6

PFOS 1.29 123-Jul-20 14:221.00 129  -  50  150 1.00 g20-Jul-20B0G01441763-23-1

9Cl-PF3ONS 1.02 123-Jul-20 14:221.00 102  -  50  150 1.00 g20-Jul-20B0G0144756426-58-1

PFDA 1.08 123-Jul-20 14:221.00 108  -  50  150 1.00 g20-Jul-20B0G0144335-76-2

8:2 FTS 1.10 123-Jul-20 14:221.00 110  -  50  150 1.00 g20-Jul-20B0G014439108-34-4

PFNS 0.716 J 123-Jul-20 14:221.00 71.6  -  50  150 1.00 g20-Jul-20B0G014468259-12-1

MeFOSAA 0.986 J 123-Jul-20 14:221.00 98.6  -  50  150 1.00 g20-Jul-20B0G01442355-31-9

EtFOSAA 0.546 J 123-Jul-20 14:221.00 54.6  -  50  150 1.00 g20-Jul-20B0G01442991-50-6

PFUnA 0.897 123-Jul-20 14:221.00 89.7  -  50  150 1.00 g20-Jul-20B0G01442058-94-8

PFDS 0.764 J 123-Jul-20 14:221.00 76.4  -  50  150 1.00 g20-Jul-20B0G0144335-77-3

11Cl-PF3OUdS 1.36 123-Jul-20 14:221.00 136  -  50  150 1.00 g20-Jul-20B0G0144763051-92-9

10:2 FTS 0.784 J 123-Jul-20 14:221.00 78.4  -  50  150 1.00 g20-Jul-20B0G0144120226-60-0

PFDoA 0.918 123-Jul-20 14:221.00 91.8  -  50  150 1.00 g20-Jul-20B0G0144307-55-1

MeFOSA 5.58 J 123-Jul-20 14:225.00 112  -  50  150 1.00 g20-Jul-20B0G014431506-32-8

PFTrDA 0.959 123-Jul-20 14:221.00 95.9  -  50  150 1.00 g20-Jul-20B0G014472629-94-8

PFDoS 1.08 123-Jul-20 14:221.00 108  -  50  150 1.00 g20-Jul-20B0G014479780-39-5

PFTeDA 0.847 123-Jul-20 14:221.00 84.7  -  50  150 1.00 g20-Jul-20B0G0144376-06-7

EtFOSA 5.61 J 123-Jul-20 14:225.00 112  -  50  150 1.00 g20-Jul-20B0G01444151-50-2

PFHxDA 0.846 123-Jul-20 14:221.00 84.6  -  50  150 1.00 g20-Jul-20B0G014467905-19-5

PFODA 0.431 J, H 127-Jul-20 18:221.00 43.1  -  50  150 1.00 g20-Jul-20B0G014416517-11-69: ; < = ; >? ; @ A A B CD E FG H ? L : I JDSR081
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Name:

Project:

Client Data

MSN FFTA Samples

Sample ID: OPR

Matrix:

Laboratory Data

Lab Sample: B0G0144-BS1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Solid

Analyte Amt Found (ng/g ) Qualifiers Analyzed DilutionSpike Amt % Rec Limits Samp SizeExtractedBatchCAS Number

MeFOSE 4.97 J 123-Jul-20 14:225.00 99.4  -  50  150 1.00 g20-Jul-20B0G014424448-09-7

EtFOSE 5.90 J 123-Jul-20 14:225.00 118  -  50  150 1.00 g20-Jul-20B0G01441691-99-2

Labeled Standards % Rec Limits Qualifiers Analyzed DilutionType Samp SizeExtractedBatch

IS  - 13C3-PFBA 101  25  150 123-Jul-20 14:221.00 g20-Jul-20B0G0144

IS  - 13C3-PFPeA 89.8  25  150 123-Jul-20 14:221.00 g20-Jul-20B0G0144

IS  - 13C3-PFBS 91.5  25  150 123-Jul-20 14:221.00 g20-Jul-20B0G0144

IS  - 13C3-HFPO-DA 84.7  25  150 123-Jul-20 14:221.00 g20-Jul-20B0G0144

IS  - 13C2-4:2 FTS 86.5  25  150 123-Jul-20 14:221.00 g20-Jul-20B0G0144

IS  - 13C2-PFHxA 84.9  25  150 123-Jul-20 14:221.00 g20-Jul-20B0G0144

IS  - 13C4-PFHpA 82.9  25  150 123-Jul-20 14:221.00 g20-Jul-20B0G0144

IS  - 13C3-PFHxS 82.8  25  150 123-Jul-20 14:221.00 g20-Jul-20B0G0144

IS  - 13C2-6:2 FTS 92.6  25  150 123-Jul-20 14:221.00 g20-Jul-20B0G0144

IS  - 13C5-PFNA 79.3  25  150 123-Jul-20 14:221.00 g20-Jul-20B0G0144

IS  - 13C8-PFOSA 36.7  10  150 123-Jul-20 14:221.00 g20-Jul-20B0G0144

IS  - 13C2-PFOA 84.9  25  150 123-Jul-20 14:221.00 g20-Jul-20B0G0144

IS  - 13C8-PFOS 79.0  25  150 123-Jul-20 14:221.00 g20-Jul-20B0G0144

IS  - 13C2-PFDA 67.9  25  150 123-Jul-20 14:221.00 g20-Jul-20B0G0144

IS  - 13C2-8:2 FTS 93.8  25  150 123-Jul-20 14:221.00 g20-Jul-20B0G0144

IS  - d3-MeFOSAA 48.4  25  150 123-Jul-20 14:221.00 g20-Jul-20B0G0144

IS  - 13C2-PFUnA 51.1  25  150 123-Jul-20 14:221.00 g20-Jul-20B0G0144

IS  - d5-EtFOSAA 52.5  25  150 123-Jul-20 14:221.00 g20-Jul-20B0G0144

IS  - 13C2-10:2 FTS 65.4  25  150 123-Jul-20 14:221.00 g20-Jul-20B0G0144

IS  - 13C2-PFDoA 47.8  25  150 123-Jul-20 14:221.00 g20-Jul-20B0G0144

IS  - d3-MeFOSA 11.8  10  150 123-Jul-20 14:221.00 g20-Jul-20B0G0144

IS  - 13C2-PFTeDA 53.4  25  150 123-Jul-20 14:221.00 g20-Jul-20B0G0144

IS  - d5-EtFOSA 9.10  10  150 H 123-Jul-20 14:221.00 g20-Jul-20B0G0144

IS  - 13C2-PFHxDA 45.6  25  150 123-Jul-20 14:221.00 g20-Jul-20B0G0144

IS  - d7-MeFOSE 21.1  10  150 123-Jul-20 14:221.00 g20-Jul-20B0G0144

IS  - d9-EtFOSE 18.0  10  150 123-Jul-20 14:221.00 g20-Jul-20B0G0144

9: ; < = ; >? ; @ A A B CD E F G H ? B A : I JDSR082
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-01 (10.5-11)

Matrix:

Laboratory Data

Lab Sample: 2001473-01

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

92.6

Column: BEH C18Soil

07-Jul-20 11:00 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.3341.37 10.482 23-Jul-20 14:32B0G0144 1.12 g20-Jul-20375-22-4

PFPeA 0.3845.58 10.482 23-Jul-20 14:32B0G0144 1.12 g20-Jul-202706-90-3

PFBS 0.2934.98 10.482 23-Jul-20 14:32B0G0144 1.12 g20-Jul-20375-73-5

4:2 FTS 0.347<0.347 10.482 23-Jul-20 14:32B0G0144 1.12 g20-Jul-20757124-72-4

PFHxA 0.20831.9 10.482 23-Jul-20 14:32B0G0144 1.12 g20-Jul-20307-24-4

PFPeS 0.6346.05 10.964 23-Jul-20 14:32B0G0144 1.12 g20-Jul-202706-91-4

HFPO-DA 1.14<1.14 11.45 23-Jul-20 14:32B0G0144 1.12 g20-Jul-2013252-13-6

PFHpA 0.46110.8 10.482 23-Jul-20 14:32B0G0144 1.12 g20-Jul-20375-85-9

ADONA 0.328<0.328 10.482 23-Jul-20 14:32B0G0144 1.12 g20-Jul-20919005-14-4

PFHxS 0.376250 10.482 23-Jul-20 14:32B0G0144 1.12 g20-Jul-20355-46-4

6:2 FTS 0.6312.06 10.964 23-Jul-20 14:32B0G0144 1.12 g20-Jul-2027619-97-2

PFOA 0.453279 10.482 23-Jul-20 14:32B0G0144 1.12 g20-Jul-20335-67-1

PFHpS 0.712<0.712 10.964 23-Jul-20 14:32B0G0144 1.12 g20-Jul-20375-92-8

PFNA 0.301<0.301 10.482 23-Jul-20 14:32B0G0144 1.12 g20-Jul-20375-95-1

PFOSA 0.972<0.972 11.45 23-Jul-20 14:32B0G0144 1.12 g20-Jul-20754-91-6

PFOS 0.415<0.415 10.482 23-Jul-20 14:32B0G0144 1.12 g20-Jul-201763-23-1

9Cl-PF3ONS 0.357<0.357 10.482 23-Jul-20 14:32B0G0144 1.12 g20-Jul-20756426-58-1

PFDA 0.436<0.436 10.482 23-Jul-20 14:32B0G0144 1.12 g20-Jul-20335-76-2

8:2 FTS 0.696<0.696 10.964 23-Jul-20 14:32B0G0144 1.12 g20-Jul-2039108-34-4

PFNS 1.11<1.11 11.45 23-Jul-20 14:32B0G0144 1.12 g20-Jul-2068259-12-1

MeFOSAA 0.710<0.710 10.964 23-Jul-20 14:32B0G0144 1.12 g20-Jul-202355-31-9

EtFOSAA 0.663<0.663 10.964 23-Jul-20 14:32B0G0144 1.12 g20-Jul-202991-50-6

PFUnA 0.249<0.249 10.482 23-Jul-20 14:32B0G0144 1.12 g20-Jul-202058-94-8

PFDS 0.665<0.665 10.964 23-Jul-20 14:32B0G0144 1.12 g20-Jul-20335-77-3

11Cl-PF3OUdS 0.696<0.696 10.964 23-Jul-20 14:32B0G0144 1.12 g20-Jul-20763051-92-9

10:2 FTS 0.980<0.980 11.45 23-Jul-20 14:32B0G0144 1.12 g20-Jul-20120226-60-0

PFDoA 0.390<0.390 10.482 23-Jul-20 14:32B0G0144 1.12 g20-Jul-20307-55-1

MeFOSA 5.57<5.57 19.64 23-Jul-20 14:32B0G0144 1.12 g20-Jul-2031506-32-8

PFTrDA 0.388<0.388 10.482 23-Jul-20 14:32B0G0144 1.12 g20-Jul-2072629-94-8

PFDoS 0.579<0.579 10.964 23-Jul-20 14:32B0G0144 1.12 g20-Jul-2079780-39-5

PFTeDA 0.255<0.255 10.482 23-Jul-20 14:32B0G0144 1.12 g20-Jul-20376-06-7

EtFOSA 3.70<3.70 19.64 23-Jul-20 14:32B0G0144 1.12 g20-Jul-204151-50-2

PFHxDA 0.164<0.164 10.482 23-Jul-20 14:32B0G0144 1.12 g20-Jul-2067905-19-5

PFODA 0.482<0.482 10.964 27-Jul-20 18:33B0G0144 1.12 g20-Jul-2016517-11-6

MeFOSE 4.78<4.78 19.64 23-Jul-20 14:32B0G0144 1.12 g20-Jul-2024448-09-7

EtFOSE 5.19<5.19 19.64 23-Jul-20 14:32B0G0144 1.12 g20-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 101  25  150 123-Jul-20 14:32B0G0144 20-Jul-20 1.12 g9: ; < = ; >? ; @ A A B CD E F G H ? B B : I JDSR083

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 86 of 615



Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-01 (10.5-11)

Matrix:

Laboratory Data

Lab Sample: 2001473-01

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

92.6

Column: BEH C18Soil

07-Jul-20 11:00 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 85.3  25  150 123-Jul-20 14:32B0G0144 20-Jul-20 1.12 g

IS  - 13C3-PFBS 89.6  25  150 123-Jul-20 14:32B0G0144 20-Jul-20 1.12 g

IS  - 13C3-HFPO-DA 75.7  25  150 123-Jul-20 14:32B0G0144 20-Jul-20 1.12 g

IS  - 13C2-4:2 FTS 87.4  25  150 123-Jul-20 14:32B0G0144 20-Jul-20 1.12 g

IS  - 13C2-PFHxA 78.6  25  150 123-Jul-20 14:32B0G0144 20-Jul-20 1.12 g

IS  - 13C4-PFHpA 77.6  25  150 123-Jul-20 14:32B0G0144 20-Jul-20 1.12 g

IS  - 13C3-PFHxS 75.3  25  150 123-Jul-20 14:32B0G0144 20-Jul-20 1.12 g

IS  - 13C2-6:2 FTS 98.4  25  150 123-Jul-20 14:32B0G0144 20-Jul-20 1.12 g

IS  - 13C5-PFNA 79.9  25  150 123-Jul-20 14:32B0G0144 20-Jul-20 1.12 g

IS  - 13C8-PFOSA 46.7  10  150 123-Jul-20 14:32B0G0144 20-Jul-20 1.12 g

IS  - 13C2-PFOA 81.1  25  150 123-Jul-20 14:32B0G0144 20-Jul-20 1.12 g

IS  - 13C8-PFOS 82.8  25  150 123-Jul-20 14:32B0G0144 20-Jul-20 1.12 g

IS  - 13C2-PFDA 67.3  25  150 123-Jul-20 14:32B0G0144 20-Jul-20 1.12 g

IS  - 13C2-8:2 FTS 89.5  25  150 123-Jul-20 14:32B0G0144 20-Jul-20 1.12 g

IS  - d3-MeFOSAA 68.8  25  150 123-Jul-20 14:32B0G0144 20-Jul-20 1.12 g

IS  - 13C2-PFUnA 59.2  25  150 123-Jul-20 14:32B0G0144 20-Jul-20 1.12 g

IS  - d5-EtFOSAA 67.1  25  150 123-Jul-20 14:32B0G0144 20-Jul-20 1.12 g

IS  - 13C2-10:2 FTS 70.1  25  150 123-Jul-20 14:32B0G0144 20-Jul-20 1.12 g

IS  - 13C2-PFDoA 56.2  25  150 123-Jul-20 14:32B0G0144 20-Jul-20 1.12 g

IS  - d3-MeFOSA 10.7  10  150 123-Jul-20 14:32B0G0144 20-Jul-20 1.12 g

IS  - 13C2-PFTeDA 65.3  25  150 123-Jul-20 14:32B0G0144 20-Jul-20 1.12 g

IS  - d5-EtFOSA 8.20  10  150 H 123-Jul-20 14:32B0G0144 20-Jul-20 1.12 g

IS  - 13C2-PFHxDA 65.2  25  150 123-Jul-20 14:32B0G0144 20-Jul-20 1.12 g

IS  - d7-MeFOSE 26.7  10  150 123-Jul-20 14:32B0G0144 20-Jul-20 1.12 g

IS  - d9-EtFOSE 27.1  10  150 123-Jul-20 14:32B0G0144 20-Jul-20 1.12 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

9: ; < = ; >? ; @ A A B CD E F G H ? B @ : I JDSR084

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 87 of 615



Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-05-(0.5-1)

Matrix:

Laboratory Data

Lab Sample: 2001473-03

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

89.3

Column: BEH C18Soil

07-Jul-20 11:45 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.343<0.343 10.495 23-Jul-20 14:43B0G0144 1.13 g20-Jul-20375-22-4

PFPeA 0.394<0.394 10.495 23-Jul-20 14:43B0G0144 1.13 g20-Jul-202706-90-3

PFBS 0.301<0.301 10.495 23-Jul-20 14:43B0G0144 1.13 g20-Jul-20375-73-5

4:2 FTS 0.357<0.357 10.495 23-Jul-20 14:43B0G0144 1.13 g20-Jul-20757124-72-4

PFHxA 0.214<0.214 10.495 23-Jul-20 14:43B0G0144 1.13 g20-Jul-20307-24-4

PFPeS 0.652<0.652 10.991 23-Jul-20 14:43B0G0144 1.13 g20-Jul-202706-91-4

HFPO-DA 1.17<1.17 11.49 23-Jul-20 14:43B0G0144 1.13 g20-Jul-2013252-13-6

PFHpA 0.473<0.473 10.495 23-Jul-20 14:43B0G0144 1.13 g20-Jul-20375-85-9

ADONA 0.337<0.337 10.495 23-Jul-20 14:43B0G0144 1.13 g20-Jul-20919005-14-4

PFHxS 0.3860.679 Q 10.495 23-Jul-20 14:43B0G0144 1.13 g20-Jul-20355-46-4

6:2 FTS 0.648<0.648 10.991 23-Jul-20 14:43B0G0144 1.13 g20-Jul-2027619-97-2

PFOA 0.466<0.466 10.495 23-Jul-20 14:43B0G0144 1.13 g20-Jul-20335-67-1

PFHpS 0.731<0.731 10.991 23-Jul-20 14:43B0G0144 1.13 g20-Jul-20375-92-8

PFNA 0.309<0.309 10.495 23-Jul-20 14:43B0G0144 1.13 g20-Jul-20375-95-1

PFOSA 0.999<0.999 11.49 23-Jul-20 14:43B0G0144 1.13 g20-Jul-20754-91-6

PFOS 0.4263.31 Q 10.495 23-Jul-20 14:43B0G0144 1.13 g20-Jul-201763-23-1

9Cl-PF3ONS 0.367<0.367 10.495 23-Jul-20 14:43B0G0144 1.13 g20-Jul-20756426-58-1

PFDA 0.448<0.448 10.495 23-Jul-20 14:43B0G0144 1.13 g20-Jul-20335-76-2

8:2 FTS 0.715<0.715 10.991 23-Jul-20 14:43B0G0144 1.13 g20-Jul-2039108-34-4

PFNS 1.14<1.14 11.49 23-Jul-20 14:43B0G0144 1.13 g20-Jul-2068259-12-1

MeFOSAA 0.729<0.729 10.991 23-Jul-20 14:43B0G0144 1.13 g20-Jul-202355-31-9

EtFOSAA 0.682<0.682 10.991 23-Jul-20 14:43B0G0144 1.13 g20-Jul-202991-50-6

PFUnA 0.256<0.256 10.495 23-Jul-20 14:43B0G0144 1.13 g20-Jul-202058-94-8

PFDS 0.683<0.683 10.991 23-Jul-20 14:43B0G0144 1.13 g20-Jul-20335-77-3

11Cl-PF3OUdS 0.715<0.715 10.991 23-Jul-20 14:43B0G0144 1.13 g20-Jul-20763051-92-9

10:2 FTS 1.01<1.01 11.49 23-Jul-20 14:43B0G0144 1.13 g20-Jul-20120226-60-0

PFDoA 0.400<0.400 10.495 23-Jul-20 14:43B0G0144 1.13 g20-Jul-20307-55-1

MeFOSA 5.73<5.73 19.91 23-Jul-20 14:43B0G0144 1.13 g20-Jul-2031506-32-8

PFTrDA 0.398<0.398 10.495 23-Jul-20 14:43B0G0144 1.13 g20-Jul-2072629-94-8

PFDoS 0.594<0.594 10.991 23-Jul-20 14:43B0G0144 1.13 g20-Jul-2079780-39-5

PFTeDA 0.262<0.262 10.495 23-Jul-20 14:43B0G0144 1.13 g20-Jul-20376-06-7

EtFOSA 3.80<3.80 19.91 23-Jul-20 14:43B0G0144 1.13 g20-Jul-204151-50-2

PFHxDA 0.168<0.168 10.495 23-Jul-20 14:43B0G0144 1.13 g20-Jul-2067905-19-5

PFODA 0.495<0.495 10.991 27-Jul-20 18:43B0G0144 1.13 g20-Jul-2016517-11-6

MeFOSE 4.91<4.91 19.91 23-Jul-20 14:43B0G0144 1.13 g20-Jul-2024448-09-7

EtFOSE 5.33<5.33 19.91 23-Jul-20 14:43B0G0144 1.13 g20-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 92.9  25  150 123-Jul-20 14:43B0G0144 20-Jul-20 1.13 g9: ; < = ; >? ; @ A A B CD E F G H ? B E : I JDSR085

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 88 of 615



Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-05-(0.5-1)

Matrix:

Laboratory Data

Lab Sample: 2001473-03

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

89.3

Column: BEH C18Soil

07-Jul-20 11:45 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 77.3  25  150 123-Jul-20 14:43B0G0144 20-Jul-20 1.13 g

IS  - 13C3-PFBS 80.9  25  150 123-Jul-20 14:43B0G0144 20-Jul-20 1.13 g

IS  - 13C3-HFPO-DA 71.5  25  150 123-Jul-20 14:43B0G0144 20-Jul-20 1.13 g

IS  - 13C2-4:2 FTS 77.4  25  150 123-Jul-20 14:43B0G0144 20-Jul-20 1.13 g

IS  - 13C2-PFHxA 69.9  25  150 123-Jul-20 14:43B0G0144 20-Jul-20 1.13 g

IS  - 13C4-PFHpA 65.3  25  150 123-Jul-20 14:43B0G0144 20-Jul-20 1.13 g

IS  - 13C3-PFHxS 81.2  25  150 123-Jul-20 14:43B0G0144 20-Jul-20 1.13 g

IS  - 13C2-6:2 FTS 81.4  25  150 123-Jul-20 14:43B0G0144 20-Jul-20 1.13 g

IS  - 13C5-PFNA 61.1  25  150 123-Jul-20 14:43B0G0144 20-Jul-20 1.13 g

IS  - 13C8-PFOSA 46.5  10  150 123-Jul-20 14:43B0G0144 20-Jul-20 1.13 g

IS  - 13C2-PFOA 70.8  25  150 123-Jul-20 14:43B0G0144 20-Jul-20 1.13 g

IS  - 13C8-PFOS 70.2  25  150 123-Jul-20 14:43B0G0144 20-Jul-20 1.13 g

IS  - 13C2-PFDA 55.5  25  150 123-Jul-20 14:43B0G0144 20-Jul-20 1.13 g

IS  - 13C2-8:2 FTS 76.7  25  150 123-Jul-20 14:43B0G0144 20-Jul-20 1.13 g

IS  - d3-MeFOSAA 55.6  25  150 123-Jul-20 14:43B0G0144 20-Jul-20 1.13 g

IS  - 13C2-PFUnA 55.9  25  150 123-Jul-20 14:43B0G0144 20-Jul-20 1.13 g

IS  - d5-EtFOSAA 57.2  25  150 123-Jul-20 14:43B0G0144 20-Jul-20 1.13 g

IS  - 13C2-10:2 FTS 68.6  25  150 123-Jul-20 14:43B0G0144 20-Jul-20 1.13 g

IS  - 13C2-PFDoA 58.1  25  150 123-Jul-20 14:43B0G0144 20-Jul-20 1.13 g

IS  - d3-MeFOSA 19.4  10  150 123-Jul-20 14:43B0G0144 20-Jul-20 1.13 g

IS  - 13C2-PFTeDA 61.7  25  150 123-Jul-20 14:43B0G0144 20-Jul-20 1.13 g

IS  - d5-EtFOSA 15.6  10  150 123-Jul-20 14:43B0G0144 20-Jul-20 1.13 g

IS  - 13C2-PFHxDA 43.9  25  150 123-Jul-20 14:43B0G0144 20-Jul-20 1.13 g

IS  - d7-MeFOSE 32.7  10  150 123-Jul-20 14:43B0G0144 20-Jul-20 1.13 g

IS  - d9-EtFOSE 33.0  10  150 123-Jul-20 14:43B0G0144 20-Jul-20 1.13 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

9: ; < = ; >? ; @ A A B CD E F G H ? B C : I JDSR086
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-05 (10.5-11)

Matrix:

Laboratory Data

Lab Sample: 2001473-04

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

91.5

Column: BEH C18Soil

07-Jul-20 12:10 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.344<0.344 10.497 23-Jul-20 14:54B0G0144 1.10 g20-Jul-20375-22-4

PFPeA 0.395<0.395 10.497 23-Jul-20 14:54B0G0144 1.10 g20-Jul-202706-90-3

PFBS 0.302<0.302 10.497 23-Jul-20 14:54B0G0144 1.10 g20-Jul-20375-73-5

4:2 FTS 0.358<0.358 10.497 23-Jul-20 14:54B0G0144 1.10 g20-Jul-20757124-72-4

PFHxA 0.2150.222 J, Q 10.497 23-Jul-20 14:54B0G0144 1.10 g20-Jul-20307-24-4

PFPeS 0.654<0.654 10.994 23-Jul-20 14:54B0G0144 1.10 g20-Jul-202706-91-4

HFPO-DA 1.17<1.17 11.49 23-Jul-20 14:54B0G0144 1.10 g20-Jul-2013252-13-6

PFHpA 0.475<0.475 10.497 23-Jul-20 14:54B0G0144 1.10 g20-Jul-20375-85-9

ADONA 0.338<0.338 10.497 23-Jul-20 14:54B0G0144 1.10 g20-Jul-20919005-14-4

PFHxS 0.3881.96 10.497 23-Jul-20 14:54B0G0144 1.10 g20-Jul-20355-46-4

6:2 FTS 0.650<0.650 10.994 23-Jul-20 14:54B0G0144 1.10 g20-Jul-2027619-97-2

PFOA 0.4670.581 10.497 23-Jul-20 14:54B0G0144 1.10 g20-Jul-20335-67-1

PFHpS 0.733<0.733 10.994 23-Jul-20 14:54B0G0144 1.10 g20-Jul-20375-92-8

PFNA 0.310<0.310 10.497 23-Jul-20 14:54B0G0144 1.10 g20-Jul-20375-95-1

PFOSA 1.00<1.00 11.49 23-Jul-20 14:54B0G0144 1.10 g20-Jul-20754-91-6

PFOS 0.4276.67 10.497 23-Jul-20 14:54B0G0144 1.10 g20-Jul-201763-23-1

9Cl-PF3ONS 0.368<0.368 10.497 23-Jul-20 14:54B0G0144 1.10 g20-Jul-20756426-58-1

PFDA 0.449<0.449 10.497 23-Jul-20 14:54B0G0144 1.10 g20-Jul-20335-76-2

8:2 FTS 0.717<0.717 10.994 23-Jul-20 14:54B0G0144 1.10 g20-Jul-2039108-34-4

PFNS 1.14<1.14 11.49 23-Jul-20 14:54B0G0144 1.10 g20-Jul-2068259-12-1

MeFOSAA 0.731<0.731 10.994 23-Jul-20 14:54B0G0144 1.10 g20-Jul-202355-31-9

EtFOSAA 0.684<0.684 10.994 23-Jul-20 14:54B0G0144 1.10 g20-Jul-202991-50-6

PFUnA 0.256<0.256 10.497 23-Jul-20 14:54B0G0144 1.10 g20-Jul-202058-94-8

PFDS 0.686<0.686 10.994 23-Jul-20 14:54B0G0144 1.10 g20-Jul-20335-77-3

11Cl-PF3OUdS 0.717<0.717 10.994 23-Jul-20 14:54B0G0144 1.10 g20-Jul-20763051-92-9

10:2 FTS 1.01<1.01 11.49 23-Jul-20 14:54B0G0144 1.10 g20-Jul-20120226-60-0

PFDoA 0.401<0.401 10.497 23-Jul-20 14:54B0G0144 1.10 g20-Jul-20307-55-1

MeFOSA 5.74<5.74 19.94 23-Jul-20 14:54B0G0144 1.10 g20-Jul-2031506-32-8

PFTrDA 0.399<0.399 10.497 23-Jul-20 14:54B0G0144 1.10 g20-Jul-2072629-94-8

PFDoS 0.596<0.596 10.994 23-Jul-20 14:54B0G0144 1.10 g20-Jul-2079780-39-5

PFTeDA 0.262<0.262 10.497 23-Jul-20 14:54B0G0144 1.10 g20-Jul-20376-06-7

EtFOSA 3.82<3.82 19.94 23-Jul-20 14:54B0G0144 1.10 g20-Jul-204151-50-2

PFHxDA 0.169<0.169 10.497 23-Jul-20 14:54B0G0144 1.10 g20-Jul-2067905-19-5

PFODA 0.497<0.497 10.994 27-Jul-20 18:54B0G0144 1.10 g20-Jul-2016517-11-6

MeFOSE 4.93<4.93 19.94 23-Jul-20 14:54B0G0144 1.10 g20-Jul-2024448-09-7

EtFOSE 5.35<5.35 19.94 23-Jul-20 14:54B0G0144 1.10 g20-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 105  25  150 123-Jul-20 14:54B0G0144 20-Jul-20 1.10 g9: ; < = ; >? ; @ A A B CD E F G H ? BM : I JDSR087

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 90 of 615



Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-05 (10.5-11)

Matrix:

Laboratory Data

Lab Sample: 2001473-04

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

91.5

Column: BEH C18Soil

07-Jul-20 12:10 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 88.8  25  150 123-Jul-20 14:54B0G0144 20-Jul-20 1.10 g

IS  - 13C3-PFBS 85.0  25  150 123-Jul-20 14:54B0G0144 20-Jul-20 1.10 g

IS  - 13C3-HFPO-DA 82.7  25  150 123-Jul-20 14:54B0G0144 20-Jul-20 1.10 g

IS  - 13C2-4:2 FTS 80.3  25  150 123-Jul-20 14:54B0G0144 20-Jul-20 1.10 g

IS  - 13C2-PFHxA 78.2  25  150 123-Jul-20 14:54B0G0144 20-Jul-20 1.10 g

IS  - 13C4-PFHpA 81.0  25  150 123-Jul-20 14:54B0G0144 20-Jul-20 1.10 g

IS  - 13C3-PFHxS 83.9  25  150 123-Jul-20 14:54B0G0144 20-Jul-20 1.10 g

IS  - 13C2-6:2 FTS 85.4  25  150 123-Jul-20 14:54B0G0144 20-Jul-20 1.10 g

IS  - 13C5-PFNA 73.6  25  150 123-Jul-20 14:54B0G0144 20-Jul-20 1.10 g

IS  - 13C8-PFOSA 43.9  10  150 123-Jul-20 14:54B0G0144 20-Jul-20 1.10 g

IS  - 13C2-PFOA 80.4  25  150 123-Jul-20 14:54B0G0144 20-Jul-20 1.10 g

IS  - 13C8-PFOS 70.6  25  150 123-Jul-20 14:54B0G0144 20-Jul-20 1.10 g

IS  - 13C2-PFDA 64.0  25  150 123-Jul-20 14:54B0G0144 20-Jul-20 1.10 g

IS  - 13C2-8:2 FTS 82.1  25  150 123-Jul-20 14:54B0G0144 20-Jul-20 1.10 g

IS  - d3-MeFOSAA 50.0  25  150 123-Jul-20 14:54B0G0144 20-Jul-20 1.10 g

IS  - 13C2-PFUnA 53.1  25  150 123-Jul-20 14:54B0G0144 20-Jul-20 1.10 g

IS  - d5-EtFOSAA 52.3  25  150 123-Jul-20 14:54B0G0144 20-Jul-20 1.10 g

IS  - 13C2-10:2 FTS 65.1  25  150 123-Jul-20 14:54B0G0144 20-Jul-20 1.10 g

IS  - 13C2-PFDoA 49.6  25  150 123-Jul-20 14:54B0G0144 20-Jul-20 1.10 g

IS  - d3-MeFOSA 10.7  10  150 123-Jul-20 14:54B0G0144 20-Jul-20 1.10 g

IS  - 13C2-PFTeDA 55.3  25  150 123-Jul-20 14:54B0G0144 20-Jul-20 1.10 g

IS  - d5-EtFOSA 7.90  10  150 H 123-Jul-20 14:54B0G0144 20-Jul-20 1.10 g

IS  - 13C2-PFHxDA 39.5  25  150 123-Jul-20 14:54B0G0144 20-Jul-20 1.10 g

IS  - d7-MeFOSE 24.8  10  150 123-Jul-20 14:54B0G0144 20-Jul-20 1.10 g

IS  - d9-EtFOSE 23.7  10  150 123-Jul-20 14:54B0G0144 20-Jul-20 1.10 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

9: ; < = ; >? ; @ A A B CD E F G H ? B J : I JDSR088
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-04 (0.5-1)

Matrix:

Laboratory Data

Lab Sample: 2001473-05

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

86.4

Column: BEH C18Soil

07-Jul-20 12:20 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.3420.395 J 10.495 23-Jul-20 15:36B0G0144 1.17 g20-Jul-20375-22-4

PFPeA 0.394<0.394 10.495 23-Jul-20 15:36B0G0144 1.17 g20-Jul-202706-90-3

PFBS 0.301<0.301 10.495 23-Jul-20 15:36B0G0144 1.17 g20-Jul-20375-73-5

4:2 FTS 0.356<0.356 10.495 23-Jul-20 15:36B0G0144 1.17 g20-Jul-20757124-72-4

PFHxA 0.2140.438 J 10.495 23-Jul-20 15:36B0G0144 1.17 g20-Jul-20307-24-4

PFPeS 0.651<0.651 10.989 23-Jul-20 15:36B0G0144 1.17 g20-Jul-202706-91-4

HFPO-DA 1.17<1.17 11.48 23-Jul-20 15:36B0G0144 1.17 g20-Jul-2013252-13-6

PFHpA 0.473<0.473 10.495 23-Jul-20 15:36B0G0144 1.17 g20-Jul-20375-85-9

ADONA 0.336<0.336 10.495 23-Jul-20 15:36B0G0144 1.17 g20-Jul-20919005-14-4

PFHxS 0.3862.27 10.495 23-Jul-20 15:36B0G0144 1.17 g20-Jul-20355-46-4

6:2 FTS 0.647<0.647 10.989 23-Jul-20 15:36B0G0144 1.17 g20-Jul-2027619-97-2

PFOA 0.4650.538 10.495 23-Jul-20 15:36B0G0144 1.17 g20-Jul-20335-67-1

PFHpS 0.730<0.730 10.989 23-Jul-20 15:36B0G0144 1.17 g20-Jul-20375-92-8

PFNA 0.309<0.309 10.495 23-Jul-20 15:36B0G0144 1.17 g20-Jul-20375-95-1

PFOSA 0.997<0.997 11.48 23-Jul-20 15:36B0G0144 1.17 g20-Jul-20754-91-6

PFOS 0.4258.35 Q 10.495 23-Jul-20 15:36B0G0144 1.17 g20-Jul-201763-23-1

9Cl-PF3ONS 0.366<0.366 10.495 23-Jul-20 15:36B0G0144 1.17 g20-Jul-20756426-58-1

PFDA 0.447<0.447 10.495 23-Jul-20 15:36B0G0144 1.17 g20-Jul-20335-76-2

8:2 FTS 0.714<0.714 10.989 23-Jul-20 15:36B0G0144 1.17 g20-Jul-2039108-34-4

PFNS 1.14<1.14 11.48 23-Jul-20 15:36B0G0144 1.17 g20-Jul-2068259-12-1

MeFOSAA 0.728<0.728 10.989 23-Jul-20 15:36B0G0144 1.17 g20-Jul-202355-31-9

EtFOSAA 0.681<0.681 10.989 23-Jul-20 15:36B0G0144 1.17 g20-Jul-202991-50-6

PFUnA 0.255<0.255 10.495 23-Jul-20 15:36B0G0144 1.17 g20-Jul-202058-94-8

PFDS 0.683<0.683 10.989 23-Jul-20 15:36B0G0144 1.17 g20-Jul-20335-77-3

11Cl-PF3OUdS 0.714<0.714 10.989 23-Jul-20 15:36B0G0144 1.17 g20-Jul-20763051-92-9

10:2 FTS 1.01<1.01 11.48 23-Jul-20 15:36B0G0144 1.17 g20-Jul-20120226-60-0

PFDoA 0.400<0.400 10.495 23-Jul-20 15:36B0G0144 1.17 g20-Jul-20307-55-1

MeFOSA 5.72<5.72 19.89 23-Jul-20 15:36B0G0144 1.17 g20-Jul-2031506-32-8

PFTrDA 0.398<0.398 10.495 23-Jul-20 15:36B0G0144 1.17 g20-Jul-2072629-94-8

PFDoS 0.594<0.594 10.989 23-Jul-20 15:36B0G0144 1.17 g20-Jul-2079780-39-5

PFTeDA 0.261<0.261 10.495 23-Jul-20 15:36B0G0144 1.17 g20-Jul-20376-06-7

EtFOSA 3.80<3.80 19.89 23-Jul-20 15:36B0G0144 1.17 g20-Jul-204151-50-2

PFHxDA 0.168<0.168 10.495 23-Jul-20 15:36B0G0144 1.17 g20-Jul-2067905-19-5

PFODA 0.495<0.495 10.989 27-Jul-20 19:05B0G0144 1.17 g20-Jul-2016517-11-6

MeFOSE 4.91<4.91 19.89 23-Jul-20 15:36B0G0144 1.17 g20-Jul-2024448-09-7

EtFOSE 5.32<5.32 19.89 23-Jul-20 15:36B0G0144 1.17 g20-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 93.4  25  150 123-Jul-20 15:36B0G0144 20-Jul-20 1.17 g9: ; < = ; >? ; @ A A B CD E F G H ? B D : I JDSR089

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 92 of 615



Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-04 (0.5-1)

Matrix:

Laboratory Data

Lab Sample: 2001473-05

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

86.4

Column: BEH C18Soil

07-Jul-20 12:20 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 75.9  25  150 123-Jul-20 15:36B0G0144 20-Jul-20 1.17 g

IS  - 13C3-PFBS 80.9  25  150 123-Jul-20 15:36B0G0144 20-Jul-20 1.17 g

IS  - 13C3-HFPO-DA 70.6  25  150 123-Jul-20 15:36B0G0144 20-Jul-20 1.17 g

IS  - 13C2-4:2 FTS 82.5  25  150 123-Jul-20 15:36B0G0144 20-Jul-20 1.17 g

IS  - 13C2-PFHxA 69.8  25  150 123-Jul-20 15:36B0G0144 20-Jul-20 1.17 g

IS  - 13C4-PFHpA 69.9  25  150 123-Jul-20 15:36B0G0144 20-Jul-20 1.17 g

IS  - 13C3-PFHxS 83.4  25  150 123-Jul-20 15:36B0G0144 20-Jul-20 1.17 g

IS  - 13C2-6:2 FTS 86.2  25  150 123-Jul-20 15:36B0G0144 20-Jul-20 1.17 g

IS  - 13C5-PFNA 63.7  25  150 123-Jul-20 15:36B0G0144 20-Jul-20 1.17 g

IS  - 13C8-PFOSA 47.6  10  150 123-Jul-20 15:36B0G0144 20-Jul-20 1.17 g

IS  - 13C2-PFOA 72.7  25  150 123-Jul-20 15:36B0G0144 20-Jul-20 1.17 g

IS  - 13C8-PFOS 78.0  25  150 123-Jul-20 15:36B0G0144 20-Jul-20 1.17 g

IS  - 13C2-PFDA 52.6  25  150 123-Jul-20 15:36B0G0144 20-Jul-20 1.17 g

IS  - 13C2-8:2 FTS 77.4  25  150 123-Jul-20 15:36B0G0144 20-Jul-20 1.17 g

IS  - d3-MeFOSAA 57.7  25  150 123-Jul-20 15:36B0G0144 20-Jul-20 1.17 g

IS  - 13C2-PFUnA 59.4  25  150 123-Jul-20 15:36B0G0144 20-Jul-20 1.17 g

IS  - d5-EtFOSAA 63.2  25  150 123-Jul-20 15:36B0G0144 20-Jul-20 1.17 g

IS  - 13C2-10:2 FTS 71.1  25  150 123-Jul-20 15:36B0G0144 20-Jul-20 1.17 g

IS  - 13C2-PFDoA 61.9  25  150 123-Jul-20 15:36B0G0144 20-Jul-20 1.17 g

IS  - d3-MeFOSA 19.3  10  150 123-Jul-20 15:36B0G0144 20-Jul-20 1.17 g

IS  - 13C2-PFTeDA 60.5  25  150 123-Jul-20 15:36B0G0144 20-Jul-20 1.17 g

IS  - d5-EtFOSA 18.7  10  150 123-Jul-20 15:36B0G0144 20-Jul-20 1.17 g

IS  - 13C2-PFHxDA 38.6  25  150 123-Jul-20 15:36B0G0144 20-Jul-20 1.17 g

IS  - d7-MeFOSE 35.1  10  150 123-Jul-20 15:36B0G0144 20-Jul-20 1.17 g

IS  - d9-EtFOSE 38.9  10  150 123-Jul-20 15:36B0G0144 20-Jul-20 1.17 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

9: ; < = ; >? ; @ A A B CD E F G H ? B K : I JDSR090
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-04 (6-6.5)

Matrix:

Laboratory Data

Lab Sample: 2001473-07

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

83.2

Column: BEH C18Soil

07-Jul-20 12:30 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.344<0.344 10.497 23-Jul-20 15:46B0G0144 1.21 g20-Jul-20375-22-4

PFPeA 0.396<0.396 10.497 23-Jul-20 15:46B0G0144 1.21 g20-Jul-202706-90-3

PFBS 0.302<0.302 10.497 23-Jul-20 15:46B0G0144 1.21 g20-Jul-20375-73-5

4:2 FTS 0.358<0.358 10.497 23-Jul-20 15:46B0G0144 1.21 g20-Jul-20757124-72-4

PFHxA 0.2150.331 J 10.497 23-Jul-20 15:46B0G0144 1.21 g20-Jul-20307-24-4

PFPeS 0.654<0.654 10.994 23-Jul-20 15:46B0G0144 1.21 g20-Jul-202706-91-4

HFPO-DA 1.17<1.17 11.49 23-Jul-20 15:46B0G0144 1.21 g20-Jul-2013252-13-6

PFHpA 0.475<0.475 10.497 23-Jul-20 15:46B0G0144 1.21 g20-Jul-20375-85-9

ADONA 0.338<0.338 10.497 23-Jul-20 15:46B0G0144 1.21 g20-Jul-20919005-14-4

PFHxS 0.3880.715 10.497 23-Jul-20 15:46B0G0144 1.21 g20-Jul-20355-46-4

6:2 FTS 0.650<0.650 10.994 23-Jul-20 15:46B0G0144 1.21 g20-Jul-2027619-97-2

PFOA 0.4670.573 Q 10.497 23-Jul-20 15:46B0G0144 1.21 g20-Jul-20335-67-1

PFHpS 0.733<0.733 10.994 23-Jul-20 15:46B0G0144 1.21 g20-Jul-20375-92-8

PFNA 0.310<0.310 10.497 23-Jul-20 15:46B0G0144 1.21 g20-Jul-20375-95-1

PFOSA 1.00<1.00 11.49 23-Jul-20 15:46B0G0144 1.21 g20-Jul-20754-91-6

PFOS 0.4272.40 10.497 23-Jul-20 15:46B0G0144 1.21 g20-Jul-201763-23-1

9Cl-PF3ONS 0.368<0.368 10.497 23-Jul-20 15:46B0G0144 1.21 g20-Jul-20756426-58-1

PFDA 0.449<0.449 10.497 23-Jul-20 15:46B0G0144 1.21 g20-Jul-20335-76-2

8:2 FTS 0.718<0.718 10.994 23-Jul-20 15:46B0G0144 1.21 g20-Jul-2039108-34-4

PFNS 1.14<1.14 11.49 23-Jul-20 15:46B0G0144 1.21 g20-Jul-2068259-12-1

MeFOSAA 0.731<0.731 10.994 23-Jul-20 15:46B0G0144 1.21 g20-Jul-202355-31-9

EtFOSAA 0.684<0.684 10.994 23-Jul-20 15:46B0G0144 1.21 g20-Jul-202991-50-6

PFUnA 0.256<0.256 10.497 23-Jul-20 15:46B0G0144 1.21 g20-Jul-202058-94-8

PFDS 0.686<0.686 10.994 23-Jul-20 15:46B0G0144 1.21 g20-Jul-20335-77-3

11Cl-PF3OUdS 0.718<0.718 10.994 23-Jul-20 15:46B0G0144 1.21 g20-Jul-20763051-92-9

10:2 FTS 1.01<1.01 11.49 23-Jul-20 15:46B0G0144 1.21 g20-Jul-20120226-60-0

PFDoA 0.402<0.402 10.497 23-Jul-20 15:46B0G0144 1.21 g20-Jul-20307-55-1

MeFOSA 5.74<5.74 19.94 23-Jul-20 15:46B0G0144 1.21 g20-Jul-2031506-32-8

PFTrDA 0.400<0.400 10.497 23-Jul-20 15:46B0G0144 1.21 g20-Jul-2072629-94-8

PFDoS 0.596<0.596 10.994 23-Jul-20 15:46B0G0144 1.21 g20-Jul-2079780-39-5

PFTeDA 0.262<0.262 10.497 23-Jul-20 15:46B0G0144 1.21 g20-Jul-20376-06-7

EtFOSA 3.82<3.82 19.94 23-Jul-20 15:46B0G0144 1.21 g20-Jul-204151-50-2

PFHxDA 0.169<0.169 10.497 23-Jul-20 15:46B0G0144 1.21 g20-Jul-2067905-19-5

PFODA 0.497<0.497 10.994 27-Jul-20 19:15B0G0144 1.21 g20-Jul-2016517-11-6

MeFOSE 4.93<4.93 19.94 23-Jul-20 15:46B0G0144 1.21 g20-Jul-2024448-09-7

EtFOSE 5.35<5.35 19.94 23-Jul-20 15:46B0G0144 1.21 g20-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 83.3  25  150 123-Jul-20 15:46B0G0144 20-Jul-20 1.21 g9: ; < = ; >? ; @ A A B CD E F G H ? B L : I JDSR091
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-04 (6-6.5)

Matrix:

Laboratory Data

Lab Sample: 2001473-07

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

83.2

Column: BEH C18Soil

07-Jul-20 12:30 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 69.0  25  150 123-Jul-20 15:46B0G0144 20-Jul-20 1.21 g

IS  - 13C3-PFBS 80.1  25  150 123-Jul-20 15:46B0G0144 20-Jul-20 1.21 g

IS  - 13C3-HFPO-DA 59.7  25  150 123-Jul-20 15:46B0G0144 20-Jul-20 1.21 g

IS  - 13C2-4:2 FTS 80.8  25  150 123-Jul-20 15:46B0G0144 20-Jul-20 1.21 g

IS  - 13C2-PFHxA 62.1  25  150 123-Jul-20 15:46B0G0144 20-Jul-20 1.21 g

IS  - 13C4-PFHpA 62.9  25  150 123-Jul-20 15:46B0G0144 20-Jul-20 1.21 g

IS  - 13C3-PFHxS 78.8  25  150 123-Jul-20 15:46B0G0144 20-Jul-20 1.21 g

IS  - 13C2-6:2 FTS 79.4  25  150 123-Jul-20 15:46B0G0144 20-Jul-20 1.21 g

IS  - 13C5-PFNA 50.9  25  150 123-Jul-20 15:46B0G0144 20-Jul-20 1.21 g

IS  - 13C8-PFOSA 41.2  10  150 123-Jul-20 15:46B0G0144 20-Jul-20 1.21 g

IS  - 13C2-PFOA 63.7  25  150 123-Jul-20 15:46B0G0144 20-Jul-20 1.21 g

IS  - 13C8-PFOS 62.4  25  150 123-Jul-20 15:46B0G0144 20-Jul-20 1.21 g

IS  - 13C2-PFDA 48.2  25  150 123-Jul-20 15:46B0G0144 20-Jul-20 1.21 g

IS  - 13C2-8:2 FTS 70.9  25  150 123-Jul-20 15:46B0G0144 20-Jul-20 1.21 g

IS  - d3-MeFOSAA 57.9  25  150 123-Jul-20 15:46B0G0144 20-Jul-20 1.21 g

IS  - 13C2-PFUnA 54.4  25  150 123-Jul-20 15:46B0G0144 20-Jul-20 1.21 g

IS  - d5-EtFOSAA 58.4  25  150 123-Jul-20 15:46B0G0144 20-Jul-20 1.21 g

IS  - 13C2-10:2 FTS 66.9  25  150 123-Jul-20 15:46B0G0144 20-Jul-20 1.21 g

IS  - 13C2-PFDoA 56.6  25  150 123-Jul-20 15:46B0G0144 20-Jul-20 1.21 g

IS  - d3-MeFOSA 12.7  10  150 123-Jul-20 15:46B0G0144 20-Jul-20 1.21 g

IS  - 13C2-PFTeDA 56.0  25  150 123-Jul-20 15:46B0G0144 20-Jul-20 1.21 g

IS  - d5-EtFOSA 9.60  10  150 H 123-Jul-20 15:46B0G0144 20-Jul-20 1.21 g

IS  - 13C2-PFHxDA 36.7  25  150 123-Jul-20 15:46B0G0144 20-Jul-20 1.21 g

IS  - d7-MeFOSE 28.5  10  150 123-Jul-20 15:46B0G0144 20-Jul-20 1.21 g

IS  - d9-EtFOSE 30.6  10  150 123-Jul-20 15:46B0G0144 20-Jul-20 1.21 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

9: ; < = ; >? ; @ A A B CD E F G H ? @ A : I JDSR092
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SOIL DUPLICATE A

Matrix:

Laboratory Data

Lab Sample: 2001473-10

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

85.5

Column: BEH C18Soil

07-Jul-20 00:00 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.340<0.340 10.492 23-Jul-20 15:57B0G0144 1.19 g20-Jul-20375-22-4

PFPeA 0.391<0.391 10.492 23-Jul-20 15:57B0G0144 1.19 g20-Jul-202706-90-3

PFBS 0.299<0.299 10.492 23-Jul-20 15:57B0G0144 1.19 g20-Jul-20375-73-5

4:2 FTS 0.354<0.354 10.492 23-Jul-20 15:57B0G0144 1.19 g20-Jul-20757124-72-4

PFHxA 0.212<0.212 10.492 23-Jul-20 15:57B0G0144 1.19 g20-Jul-20307-24-4

PFPeS 0.647<0.647 10.983 23-Jul-20 15:57B0G0144 1.19 g20-Jul-202706-91-4

HFPO-DA 1.16<1.16 11.47 23-Jul-20 15:57B0G0144 1.19 g20-Jul-2013252-13-6

PFHpA 0.470<0.470 10.492 23-Jul-20 15:57B0G0144 1.19 g20-Jul-20375-85-9

ADONA 0.334<0.334 10.492 23-Jul-20 15:57B0G0144 1.19 g20-Jul-20919005-14-4

PFHxS 0.3830.786 10.492 23-Jul-20 15:57B0G0144 1.19 g20-Jul-20355-46-4

6:2 FTS 0.643<0.643 10.983 23-Jul-20 15:57B0G0144 1.19 g20-Jul-2027619-97-2

PFOA 0.462<0.462 10.492 23-Jul-20 15:57B0G0144 1.19 g20-Jul-20335-67-1

PFHpS 0.726<0.726 10.983 23-Jul-20 15:57B0G0144 1.19 g20-Jul-20375-92-8

PFNA 0.307<0.307 10.492 23-Jul-20 15:57B0G0144 1.19 g20-Jul-20375-95-1

PFOSA 0.991<0.991 11.47 23-Jul-20 15:57B0G0144 1.19 g20-Jul-20754-91-6

PFOS 0.4233.48 Q 10.492 23-Jul-20 15:57B0G0144 1.19 g20-Jul-201763-23-1

9Cl-PF3ONS 0.364<0.364 10.492 23-Jul-20 15:57B0G0144 1.19 g20-Jul-20756426-58-1

PFDA 0.444<0.444 10.492 23-Jul-20 15:57B0G0144 1.19 g20-Jul-20335-76-2

8:2 FTS 0.710<0.710 10.983 23-Jul-20 15:57B0G0144 1.19 g20-Jul-2039108-34-4

PFNS 1.13<1.13 11.47 23-Jul-20 15:57B0G0144 1.19 g20-Jul-2068259-12-1

MeFOSAA 0.724<0.724 10.983 23-Jul-20 15:57B0G0144 1.19 g20-Jul-202355-31-9

EtFOSAA 0.677<0.677 10.983 23-Jul-20 15:57B0G0144 1.19 g20-Jul-202991-50-6

PFUnA 0.254<0.254 10.492 23-Jul-20 15:57B0G0144 1.19 g20-Jul-202058-94-8

PFDS 0.678<0.678 10.983 23-Jul-20 15:57B0G0144 1.19 g20-Jul-20335-77-3

11Cl-PF3OUdS 0.710<0.710 10.983 23-Jul-20 15:57B0G0144 1.19 g20-Jul-20763051-92-9

10:2 FTS 0.999<0.999 11.47 23-Jul-20 15:57B0G0144 1.19 g20-Jul-20120226-60-0

PFDoA 0.397<0.397 10.492 23-Jul-20 15:57B0G0144 1.19 g20-Jul-20307-55-1

MeFOSA 5.68<5.68 19.83 23-Jul-20 15:57B0G0144 1.19 g20-Jul-2031506-32-8

PFTrDA 0.395<0.395 10.492 23-Jul-20 15:57B0G0144 1.19 g20-Jul-2072629-94-8

PFDoS 0.590<0.590 10.983 23-Jul-20 15:57B0G0144 1.19 g20-Jul-2079780-39-5

PFTeDA 0.260<0.260 10.492 23-Jul-20 15:57B0G0144 1.19 g20-Jul-20376-06-7

EtFOSA 3.78<3.78 19.83 23-Jul-20 15:57B0G0144 1.19 g20-Jul-204151-50-2

PFHxDA 0.167<0.167 10.492 23-Jul-20 15:57B0G0144 1.19 g20-Jul-2067905-19-5

PFODA 0.492<0.492 10.983 27-Jul-20 19:58B0G0144 1.19 g20-Jul-2016517-11-6

MeFOSE 4.88<4.88 19.83 23-Jul-20 15:57B0G0144 1.19 g20-Jul-2024448-09-7

EtFOSE 5.29<5.29 19.83 23-Jul-20 15:57B0G0144 1.19 g20-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 85.3  25  150 123-Jul-20 15:57B0G0144 20-Jul-20 1.19 g9: ; < = ; >? ; @ A A B CD E F G H ? @ B : I JDSR093
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SOIL DUPLICATE A

Matrix:

Laboratory Data

Lab Sample: 2001473-10

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

85.5

Column: BEH C18Soil

07-Jul-20 00:00 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 70.3  25  150 123-Jul-20 15:57B0G0144 20-Jul-20 1.19 g

IS  - 13C3-PFBS 80.6  25  150 123-Jul-20 15:57B0G0144 20-Jul-20 1.19 g

IS  - 13C3-HFPO-DA 66.9  25  150 123-Jul-20 15:57B0G0144 20-Jul-20 1.19 g

IS  - 13C2-4:2 FTS 80.0  25  150 123-Jul-20 15:57B0G0144 20-Jul-20 1.19 g

IS  - 13C2-PFHxA 65.8  25  150 123-Jul-20 15:57B0G0144 20-Jul-20 1.19 g

IS  - 13C4-PFHpA 65.0  25  150 123-Jul-20 15:57B0G0144 20-Jul-20 1.19 g

IS  - 13C3-PFHxS 80.6  25  150 123-Jul-20 15:57B0G0144 20-Jul-20 1.19 g

IS  - 13C2-6:2 FTS 85.6  25  150 123-Jul-20 15:57B0G0144 20-Jul-20 1.19 g

IS  - 13C5-PFNA 60.8  25  150 123-Jul-20 15:57B0G0144 20-Jul-20 1.19 g

IS  - 13C8-PFOSA 37.4  10  150 123-Jul-20 15:57B0G0144 20-Jul-20 1.19 g

IS  - 13C2-PFOA 65.1  25  150 123-Jul-20 15:57B0G0144 20-Jul-20 1.19 g

IS  - 13C8-PFOS 69.6  25  150 123-Jul-20 15:57B0G0144 20-Jul-20 1.19 g

IS  - 13C2-PFDA 53.7  25  150 123-Jul-20 15:57B0G0144 20-Jul-20 1.19 g

IS  - 13C2-8:2 FTS 81.6  25  150 123-Jul-20 15:57B0G0144 20-Jul-20 1.19 g

IS  - d3-MeFOSAA 54.5  25  150 123-Jul-20 15:57B0G0144 20-Jul-20 1.19 g

IS  - 13C2-PFUnA 55.7  25  150 123-Jul-20 15:57B0G0144 20-Jul-20 1.19 g

IS  - d5-EtFOSAA 62.1  25  150 123-Jul-20 15:57B0G0144 20-Jul-20 1.19 g

IS  - 13C2-10:2 FTS 63.0  25  150 123-Jul-20 15:57B0G0144 20-Jul-20 1.19 g

IS  - 13C2-PFDoA 57.8  25  150 123-Jul-20 15:57B0G0144 20-Jul-20 1.19 g

IS  - d3-MeFOSA 13.9  10  150 123-Jul-20 15:57B0G0144 20-Jul-20 1.19 g

IS  - 13C2-PFTeDA 59.2  25  150 123-Jul-20 15:57B0G0144 20-Jul-20 1.19 g

IS  - d5-EtFOSA 12.4  10  150 123-Jul-20 15:57B0G0144 20-Jul-20 1.19 g

IS  - 13C2-PFHxDA 41.7  25  150 123-Jul-20 15:57B0G0144 20-Jul-20 1.19 g

IS  - d7-MeFOSE 27.1  10  150 123-Jul-20 15:57B0G0144 20-Jul-20 1.19 g

IS  - d9-EtFOSE 29.0  10  150 123-Jul-20 15:57B0G0144 20-Jul-20 1.19 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

9: ; < = ; >? ; @ A A B CD E F G H ? @ @ : I JDSR094
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-02 (0-1)

Matrix:

Laboratory Data

Lab Sample: 2001473-11

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

80.2

Column: BEH C18Soil

07-Jul-20 08:05 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.3421.28 10.495 23-Jul-20 16:08B0G0144 1.26 g20-Jul-20375-22-4

PFPeA 0.3942.02 10.495 23-Jul-20 16:08B0G0144 1.26 g20-Jul-202706-90-3

PFBS 0.301<0.301 10.495 23-Jul-20 16:08B0G0144 1.26 g20-Jul-20375-73-5

4:2 FTS 0.356<0.356 10.495 23-Jul-20 16:08B0G0144 1.26 g20-Jul-20757124-72-4

PFHxA 0.2141.12 10.495 23-Jul-20 16:08B0G0144 1.26 g20-Jul-20307-24-4

PFPeS 0.651<0.651 10.989 23-Jul-20 16:08B0G0144 1.26 g20-Jul-202706-91-4

HFPO-DA 1.17<1.17 11.48 23-Jul-20 16:08B0G0144 1.26 g20-Jul-2013252-13-6

PFHpA 0.4730.681 Q 10.495 23-Jul-20 16:08B0G0144 1.26 g20-Jul-20375-85-9

ADONA 0.336<0.336 10.495 23-Jul-20 16:08B0G0144 1.26 g20-Jul-20919005-14-4

PFHxS 0.3864.37 10.495 23-Jul-20 16:08B0G0144 1.26 g20-Jul-20355-46-4

6:2 FTS 0.647<0.647 10.989 23-Jul-20 16:08B0G0144 1.26 g20-Jul-2027619-97-2

PFOA 0.4652.37 10.495 23-Jul-20 16:08B0G0144 1.26 g20-Jul-20335-67-1

PFHpS 0.730<0.730 10.989 23-Jul-20 16:08B0G0144 1.26 g20-Jul-20375-92-8

PFNA 0.3092.26 10.495 23-Jul-20 16:08B0G0144 1.26 g20-Jul-20375-95-1

PFOSA 0.9971.29 J 11.48 23-Jul-20 16:08B0G0144 1.26 g20-Jul-20754-91-6

PFOS 0.42568.0 10.495 23-Jul-20 16:08B0G0144 1.26 g20-Jul-201763-23-1

9Cl-PF3ONS 0.366<0.366 10.495 23-Jul-20 16:08B0G0144 1.26 g20-Jul-20756426-58-1

PFDA 0.4470.452 J 10.495 23-Jul-20 16:08B0G0144 1.26 g20-Jul-20335-76-2

8:2 FTS 0.714<0.714 10.989 23-Jul-20 16:08B0G0144 1.26 g20-Jul-2039108-34-4

PFNS 1.14<1.14 11.48 23-Jul-20 16:08B0G0144 1.26 g20-Jul-2068259-12-1

MeFOSAA 0.728<0.728 10.989 23-Jul-20 16:08B0G0144 1.26 g20-Jul-202355-31-9

EtFOSAA 0.680<0.680 10.989 23-Jul-20 16:08B0G0144 1.26 g20-Jul-202991-50-6

PFUnA 0.2550.472 J 10.495 23-Jul-20 16:08B0G0144 1.26 g20-Jul-202058-94-8

PFDS 0.682<0.682 10.989 23-Jul-20 16:08B0G0144 1.26 g20-Jul-20335-77-3

11Cl-PF3OUdS 0.714<0.714 10.989 23-Jul-20 16:08B0G0144 1.26 g20-Jul-20763051-92-9

10:2 FTS 1.00<1.00 11.48 23-Jul-20 16:08B0G0144 1.26 g20-Jul-20120226-60-0

PFDoA 0.400<0.400 10.495 23-Jul-20 16:08B0G0144 1.26 g20-Jul-20307-55-1

MeFOSA 5.72<5.72 19.89 23-Jul-20 16:08B0G0144 1.26 g20-Jul-2031506-32-8

PFTrDA 0.398<0.398 10.495 23-Jul-20 16:08B0G0144 1.26 g20-Jul-2072629-94-8

PFDoS 0.593<0.593 10.989 23-Jul-20 16:08B0G0144 1.26 g20-Jul-2079780-39-5

PFTeDA 0.261<0.261 10.495 23-Jul-20 16:08B0G0144 1.26 g20-Jul-20376-06-7

EtFOSA 3.80<3.80 19.89 23-Jul-20 16:08B0G0144 1.26 g20-Jul-204151-50-2

PFHxDA 0.168<0.168 10.495 23-Jul-20 16:08B0G0144 1.26 g20-Jul-2067905-19-5

PFODA 0.495<0.495 10.989 27-Jul-20 20:08B0G0144 1.26 g20-Jul-2016517-11-6

MeFOSE 4.91<4.91 19.89 23-Jul-20 16:08B0G0144 1.26 g20-Jul-2024448-09-7

EtFOSE 5.32<5.32 19.89 23-Jul-20 16:08B0G0144 1.26 g20-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 92.0  25  150 123-Jul-20 16:08B0G0144 20-Jul-20 1.26 g9: ; < = ; >? ; @ A A B CD E F G H ? @ E : I JDSR095
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-02 (0-1)

Matrix:

Laboratory Data

Lab Sample: 2001473-11

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

80.2

Column: BEH C18Soil

07-Jul-20 08:05 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 80.4  25  150 123-Jul-20 16:08B0G0144 20-Jul-20 1.26 g

IS  - 13C3-PFBS 93.4  25  150 123-Jul-20 16:08B0G0144 20-Jul-20 1.26 g

IS  - 13C3-HFPO-DA 72.1  25  150 123-Jul-20 16:08B0G0144 20-Jul-20 1.26 g

IS  - 13C2-4:2 FTS 100  25  150 123-Jul-20 16:08B0G0144 20-Jul-20 1.26 g

IS  - 13C2-PFHxA 79.3  25  150 123-Jul-20 16:08B0G0144 20-Jul-20 1.26 g

IS  - 13C4-PFHpA 77.2  25  150 123-Jul-20 16:08B0G0144 20-Jul-20 1.26 g

IS  - 13C3-PFHxS 89.0  25  150 123-Jul-20 16:08B0G0144 20-Jul-20 1.26 g

IS  - 13C2-6:2 FTS 95.1  25  150 123-Jul-20 16:08B0G0144 20-Jul-20 1.26 g

IS  - 13C5-PFNA 63.8  25  150 123-Jul-20 16:08B0G0144 20-Jul-20 1.26 g

IS  - 13C8-PFOSA 47.1  10  150 123-Jul-20 16:08B0G0144 20-Jul-20 1.26 g

IS  - 13C2-PFOA 77.0  25  150 123-Jul-20 16:08B0G0144 20-Jul-20 1.26 g

IS  - 13C8-PFOS 73.5  25  150 123-Jul-20 16:08B0G0144 20-Jul-20 1.26 g

IS  - 13C2-PFDA 57.6  25  150 123-Jul-20 16:08B0G0144 20-Jul-20 1.26 g

IS  - 13C2-8:2 FTS 87.9  25  150 123-Jul-20 16:08B0G0144 20-Jul-20 1.26 g

IS  - d3-MeFOSAA 66.3  25  150 123-Jul-20 16:08B0G0144 20-Jul-20 1.26 g

IS  - 13C2-PFUnA 64.6  25  150 123-Jul-20 16:08B0G0144 20-Jul-20 1.26 g

IS  - d5-EtFOSAA 68.0  25  150 123-Jul-20 16:08B0G0144 20-Jul-20 1.26 g

IS  - 13C2-10:2 FTS 72.6  25  150 123-Jul-20 16:08B0G0144 20-Jul-20 1.26 g

IS  - 13C2-PFDoA 71.2  25  150 123-Jul-20 16:08B0G0144 20-Jul-20 1.26 g

IS  - d3-MeFOSA 11.3  10  150 123-Jul-20 16:08B0G0144 20-Jul-20 1.26 g

IS  - 13C2-PFTeDA 62.5  25  150 123-Jul-20 16:08B0G0144 20-Jul-20 1.26 g

IS  - d5-EtFOSA 12.9  10  150 123-Jul-20 16:08B0G0144 20-Jul-20 1.26 g

IS  - 13C2-PFHxDA 40.0  25  150 123-Jul-20 16:08B0G0144 20-Jul-20 1.26 g

IS  - d7-MeFOSE 36.6  10  150 123-Jul-20 16:08B0G0144 20-Jul-20 1.26 g

IS  - d9-EtFOSE 39.3  10  150 123-Jul-20 16:08B0G0144 20-Jul-20 1.26 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

9: ; < = ; >? ; @ A A B CD E F G H ? @ C : I JDSR096
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-02 (10-10.5)

Matrix:

Laboratory Data

Lab Sample: 2001473-13

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

83.7

Column: BEH C18Soil

07-Jul-20 08:15 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.341<0.341 10.493 23-Jul-20 16:18B0G0144 1.21 g20-Jul-20375-22-4

PFPeA 0.393<0.393 10.493 23-Jul-20 16:18B0G0144 1.21 g20-Jul-202706-90-3

PFBS 0.300<0.300 10.493 23-Jul-20 16:18B0G0144 1.21 g20-Jul-20375-73-5

4:2 FTS 0.355<0.355 10.493 23-Jul-20 16:18B0G0144 1.21 g20-Jul-20757124-72-4

PFHxA 0.213<0.213 10.493 23-Jul-20 16:18B0G0144 1.21 g20-Jul-20307-24-4

PFPeS 0.649<0.649 10.987 23-Jul-20 16:18B0G0144 1.21 g20-Jul-202706-91-4

HFPO-DA 1.16<1.16 11.48 23-Jul-20 16:18B0G0144 1.21 g20-Jul-2013252-13-6

PFHpA 0.472<0.472 10.493 23-Jul-20 16:18B0G0144 1.21 g20-Jul-20375-85-9

ADONA 0.336<0.336 10.493 23-Jul-20 16:18B0G0144 1.21 g20-Jul-20919005-14-4

PFHxS 0.3850.563 10.493 23-Jul-20 16:18B0G0144 1.21 g20-Jul-20355-46-4

6:2 FTS 0.645<0.645 10.987 23-Jul-20 16:18B0G0144 1.21 g20-Jul-2027619-97-2

PFOA 0.464<0.464 10.493 23-Jul-20 16:18B0G0144 1.21 g20-Jul-20335-67-1

PFHpS 0.728<0.728 10.987 23-Jul-20 16:18B0G0144 1.21 g20-Jul-20375-92-8

PFNA 0.308<0.308 10.493 23-Jul-20 16:18B0G0144 1.21 g20-Jul-20375-95-1

PFOSA 0.995<0.995 11.48 23-Jul-20 16:18B0G0144 1.21 g20-Jul-20754-91-6

PFOS 0.4241.70 10.493 23-Jul-20 16:18B0G0144 1.21 g20-Jul-201763-23-1

9Cl-PF3ONS 0.365<0.365 10.493 23-Jul-20 16:18B0G0144 1.21 g20-Jul-20756426-58-1

PFDA 0.446<0.446 10.493 23-Jul-20 16:18B0G0144 1.21 g20-Jul-20335-76-2

8:2 FTS 0.713<0.713 10.987 23-Jul-20 16:18B0G0144 1.21 g20-Jul-2039108-34-4

PFNS 1.13<1.13 11.48 23-Jul-20 16:18B0G0144 1.21 g20-Jul-2068259-12-1

MeFOSAA 0.726<0.726 10.987 23-Jul-20 16:18B0G0144 1.21 g20-Jul-202355-31-9

EtFOSAA 0.679<0.679 10.987 23-Jul-20 16:18B0G0144 1.21 g20-Jul-202991-50-6

PFUnA 0.255<0.255 10.493 23-Jul-20 16:18B0G0144 1.21 g20-Jul-202058-94-8

PFDS 0.681<0.681 10.987 23-Jul-20 16:18B0G0144 1.21 g20-Jul-20335-77-3

11Cl-PF3OUdS 0.713<0.713 10.987 23-Jul-20 16:18B0G0144 1.21 g20-Jul-20763051-92-9

10:2 FTS 1.00<1.00 11.48 23-Jul-20 16:18B0G0144 1.21 g20-Jul-20120226-60-0

PFDoA 0.399<0.399 10.493 23-Jul-20 16:18B0G0144 1.21 g20-Jul-20307-55-1

MeFOSA 5.70<5.70 19.87 23-Jul-20 16:18B0G0144 1.21 g20-Jul-2031506-32-8

PFTrDA 0.397<0.397 10.493 23-Jul-20 16:18B0G0144 1.21 g20-Jul-2072629-94-8

PFDoS 0.592<0.592 10.987 23-Jul-20 16:18B0G0144 1.21 g20-Jul-2079780-39-5

PFTeDA 0.261<0.261 10.493 23-Jul-20 16:18B0G0144 1.21 g20-Jul-20376-06-7

EtFOSA 3.79<3.79 19.87 23-Jul-20 16:18B0G0144 1.21 g20-Jul-204151-50-2

PFHxDA 0.168<0.168 10.493 23-Jul-20 16:18B0G0144 1.21 g20-Jul-2067905-19-5

PFODA 0.493<0.493 10.987 27-Jul-20 20:19B0G0144 1.21 g20-Jul-2016517-11-6

MeFOSE 4.89<4.89 19.87 23-Jul-20 16:18B0G0144 1.21 g20-Jul-2024448-09-7

EtFOSE 5.31<5.31 19.87 23-Jul-20 16:18B0G0144 1.21 g20-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 95.0  25  150 123-Jul-20 16:18B0G0144 20-Jul-20 1.21 g9: ; < = ; >? ; @ A A B CD E F G H ? @M : I JDSR097
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-02 (10-10.5)

Matrix:

Laboratory Data

Lab Sample: 2001473-13

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

83.7

Column: BEH C18Soil

07-Jul-20 08:15 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 80.4  25  150 123-Jul-20 16:18B0G0144 20-Jul-20 1.21 g

IS  - 13C3-PFBS 81.2  25  150 123-Jul-20 16:18B0G0144 20-Jul-20 1.21 g

IS  - 13C3-HFPO-DA 69.7  25  150 123-Jul-20 16:18B0G0144 20-Jul-20 1.21 g

IS  - 13C2-4:2 FTS 76.3  25  150 123-Jul-20 16:18B0G0144 20-Jul-20 1.21 g

IS  - 13C2-PFHxA 67.9  25  150 123-Jul-20 16:18B0G0144 20-Jul-20 1.21 g

IS  - 13C4-PFHpA 73.7  25  150 123-Jul-20 16:18B0G0144 20-Jul-20 1.21 g

IS  - 13C3-PFHxS 81.7  25  150 123-Jul-20 16:18B0G0144 20-Jul-20 1.21 g

IS  - 13C2-6:2 FTS 82.1  25  150 123-Jul-20 16:18B0G0144 20-Jul-20 1.21 g

IS  - 13C5-PFNA 64.1  25  150 123-Jul-20 16:18B0G0144 20-Jul-20 1.21 g

IS  - 13C8-PFOSA 38.4  10  150 123-Jul-20 16:18B0G0144 20-Jul-20 1.21 g

IS  - 13C2-PFOA 72.4  25  150 123-Jul-20 16:18B0G0144 20-Jul-20 1.21 g

IS  - 13C8-PFOS 67.6  25  150 123-Jul-20 16:18B0G0144 20-Jul-20 1.21 g

IS  - 13C2-PFDA 53.4  25  150 123-Jul-20 16:18B0G0144 20-Jul-20 1.21 g

IS  - 13C2-8:2 FTS 74.4  25  150 123-Jul-20 16:18B0G0144 20-Jul-20 1.21 g

IS  - d3-MeFOSAA 51.7  25  150 123-Jul-20 16:18B0G0144 20-Jul-20 1.21 g

IS  - 13C2-PFUnA 52.7  25  150 123-Jul-20 16:18B0G0144 20-Jul-20 1.21 g

IS  - d5-EtFOSAA 54.7  25  150 123-Jul-20 16:18B0G0144 20-Jul-20 1.21 g

IS  - 13C2-10:2 FTS 60.8  25  150 123-Jul-20 16:18B0G0144 20-Jul-20 1.21 g

IS  - 13C2-PFDoA 54.1  25  150 123-Jul-20 16:18B0G0144 20-Jul-20 1.21 g

IS  - d3-MeFOSA 9.90  10  150 H 123-Jul-20 16:18B0G0144 20-Jul-20 1.21 g

IS  - 13C2-PFTeDA 58.4  25  150 123-Jul-20 16:18B0G0144 20-Jul-20 1.21 g

IS  - d5-EtFOSA 7.80  10  150 H 123-Jul-20 16:18B0G0144 20-Jul-20 1.21 g

IS  - 13C2-PFHxDA 40.7  25  150 123-Jul-20 16:18B0G0144 20-Jul-20 1.21 g

IS  - d7-MeFOSE 22.1  10  150 123-Jul-20 16:18B0G0144 20-Jul-20 1.21 g

IS  - d9-EtFOSE 22.5  10  150 123-Jul-20 16:18B0G0144 20-Jul-20 1.21 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

9: ; < = ; >? ; @ A A B CD E F G H ? @ J : I JDSR098
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-03 (0-1)

Matrix:

Laboratory Data

Lab Sample: 2001473-14

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

73.2

Column: BEH C18Soil

07-Jul-20 08:50 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.3422.17 10.495 23-Jul-20 16:31B0G0144 1.38 g20-Jul-20375-22-4

PFPeA 0.3946.71 10.495 23-Jul-20 16:31B0G0144 1.38 g20-Jul-202706-90-3

PFBS 0.3011.84 10.495 23-Jul-20 16:31B0G0144 1.38 g20-Jul-20375-73-5

4:2 FTS 0.356<0.356 10.495 23-Jul-20 16:31B0G0144 1.38 g20-Jul-20757124-72-4

PFHxA 0.2149.77 10.495 23-Jul-20 16:31B0G0144 1.38 g20-Jul-20307-24-4

PFPeS 0.6512.29 10.989 23-Jul-20 16:31B0G0144 1.38 g20-Jul-202706-91-4

HFPO-DA 1.17<1.17 11.48 23-Jul-20 16:31B0G0144 1.38 g20-Jul-2013252-13-6

PFHpA 0.4734.52 10.495 23-Jul-20 16:31B0G0144 1.38 g20-Jul-20375-85-9

ADONA 0.336<0.336 10.495 23-Jul-20 16:31B0G0144 1.38 g20-Jul-20919005-14-4

PFHxS 0.386107 10.495 23-Jul-20 16:31B0G0144 1.38 g20-Jul-20355-46-4

6:2 FTS 0.6473.36 10.989 23-Jul-20 16:31B0G0144 1.38 g20-Jul-2027619-97-2

PFOA 0.46524.4 10.495 23-Jul-20 16:31B0G0144 1.38 g20-Jul-20335-67-1

PFHpS 0.7302.90 10.989 23-Jul-20 16:31B0G0144 1.38 g20-Jul-20375-92-8

PFNA 0.3098.38 10.495 23-Jul-20 16:31B0G0144 1.38 g20-Jul-20375-95-1

PFOSA 0.9977.22 11.48 23-Jul-20 16:31B0G0144 1.38 g20-Jul-20754-91-6

PFOS 0.425363 10.495 23-Jul-20 16:31B0G0144 1.38 g20-Jul-201763-23-1

9Cl-PF3ONS 0.366<0.366 10.495 23-Jul-20 16:31B0G0144 1.38 g20-Jul-20756426-58-1

PFDA 0.4474.20 10.495 23-Jul-20 16:31B0G0144 1.38 g20-Jul-20335-76-2

8:2 FTS 0.7147.27 10.989 23-Jul-20 16:31B0G0144 1.38 g20-Jul-2039108-34-4

PFNS 1.14<1.14 11.48 23-Jul-20 16:31B0G0144 1.38 g20-Jul-2068259-12-1

MeFOSAA 0.728<0.728 10.989 23-Jul-20 16:31B0G0144 1.38 g20-Jul-202355-31-9

EtFOSAA 0.681<0.681 10.989 23-Jul-20 16:31B0G0144 1.38 g20-Jul-202991-50-6

PFUnA 0.2554.44 10.495 23-Jul-20 16:31B0G0144 1.38 g20-Jul-202058-94-8

PFDS 0.6831.46 10.989 23-Jul-20 16:31B0G0144 1.38 g20-Jul-20335-77-3

11Cl-PF3OUdS 0.714<0.714 10.989 23-Jul-20 16:31B0G0144 1.38 g20-Jul-20763051-92-9

10:2 FTS 1.01<1.01 11.48 23-Jul-20 16:31B0G0144 1.38 g20-Jul-20120226-60-0

PFDoA 0.400<0.400 10.495 23-Jul-20 16:31B0G0144 1.38 g20-Jul-20307-55-1

MeFOSA 5.72<5.72 19.89 23-Jul-20 16:31B0G0144 1.38 g20-Jul-2031506-32-8

PFTrDA 0.398<0.398 10.495 23-Jul-20 16:31B0G0144 1.38 g20-Jul-2072629-94-8

PFDoS 0.5940.656 J 10.989 23-Jul-20 16:31B0G0144 1.38 g20-Jul-2079780-39-5

PFTeDA 0.261<0.261 10.495 23-Jul-20 16:31B0G0144 1.38 g20-Jul-20376-06-7

EtFOSA 3.80<3.80 19.89 23-Jul-20 16:31B0G0144 1.38 g20-Jul-204151-50-2

PFHxDA 0.168<0.168 10.495 23-Jul-20 16:31B0G0144 1.38 g20-Jul-2067905-19-5

PFODA 0.495<0.495 10.989 27-Jul-20 20:29B0G0144 1.38 g20-Jul-2016517-11-6

MeFOSE 4.91<4.91 19.89 23-Jul-20 16:31B0G0144 1.38 g20-Jul-2024448-09-7

EtFOSE 5.32<5.32 19.89 23-Jul-20 16:31B0G0144 1.38 g20-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 90.2  25  150 123-Jul-20 16:31B0G0144 20-Jul-20 1.38 g9: ; < = ; >? ; @ A A B CD E F G H ? @ D : I JDSR099
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-03 (0-1)

Matrix:

Laboratory Data

Lab Sample: 2001473-14

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

73.2

Column: BEH C18Soil

07-Jul-20 08:50 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 77.8  25  150 123-Jul-20 16:31B0G0144 20-Jul-20 1.38 g

IS  - 13C3-PFBS 82.0  25  150 123-Jul-20 16:31B0G0144 20-Jul-20 1.38 g

IS  - 13C3-HFPO-DA 68.6  25  150 123-Jul-20 16:31B0G0144 20-Jul-20 1.38 g

IS  - 13C2-4:2 FTS 90.9  25  150 123-Jul-20 16:31B0G0144 20-Jul-20 1.38 g

IS  - 13C2-PFHxA 78.7  25  150 123-Jul-20 16:31B0G0144 20-Jul-20 1.38 g

IS  - 13C4-PFHpA 74.2  25  150 123-Jul-20 16:31B0G0144 20-Jul-20 1.38 g

IS  - 13C3-PFHxS 74.6  25  150 123-Jul-20 16:31B0G0144 20-Jul-20 1.38 g

IS  - 13C2-6:2 FTS 93.8  25  150 123-Jul-20 16:31B0G0144 20-Jul-20 1.38 g

IS  - 13C5-PFNA 68.5  25  150 123-Jul-20 16:31B0G0144 20-Jul-20 1.38 g

IS  - 13C8-PFOSA 46.6  10  150 123-Jul-20 16:31B0G0144 20-Jul-20 1.38 g

IS  - 13C2-PFOA 75.8  25  150 123-Jul-20 16:31B0G0144 20-Jul-20 1.38 g

IS  - 13C8-PFOS 68.1  25  150 123-Jul-20 16:31B0G0144 20-Jul-20 1.38 g

IS  - 13C2-PFDA 63.1  25  150 123-Jul-20 16:31B0G0144 20-Jul-20 1.38 g

IS  - 13C2-8:2 FTS 84.1  25  150 123-Jul-20 16:31B0G0144 20-Jul-20 1.38 g

IS  - d3-MeFOSAA 61.4  25  150 123-Jul-20 16:31B0G0144 20-Jul-20 1.38 g

IS  - 13C2-PFUnA 63.2  25  150 123-Jul-20 16:31B0G0144 20-Jul-20 1.38 g

IS  - d5-EtFOSAA 60.5  25  150 123-Jul-20 16:31B0G0144 20-Jul-20 1.38 g

IS  - 13C2-10:2 FTS 71.4  25  150 123-Jul-20 16:31B0G0144 20-Jul-20 1.38 g

IS  - 13C2-PFDoA 67.1  25  150 123-Jul-20 16:31B0G0144 20-Jul-20 1.38 g

IS  - d3-MeFOSA 29.4  10  150 123-Jul-20 16:31B0G0144 20-Jul-20 1.38 g

IS  - 13C2-PFTeDA 60.1  25  150 123-Jul-20 16:31B0G0144 20-Jul-20 1.38 g

IS  - d5-EtFOSA 29.3  10  150 123-Jul-20 16:31B0G0144 20-Jul-20 1.38 g

IS  - 13C2-PFHxDA 31.0  25  150 123-Jul-20 16:31B0G0144 20-Jul-20 1.38 g

IS  - d7-MeFOSE 37.1  10  150 123-Jul-20 16:31B0G0144 20-Jul-20 1.38 g

IS  - d9-EtFOSE 42.4  10  150 123-Jul-20 16:31B0G0144 20-Jul-20 1.38 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

9: ; < = ; >? ; @ A A B CD E F G H ? @ K : I JDSR0100
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-03 (10-10.5)

Matrix:

Laboratory Data

Lab Sample: 2001473-15

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

92.9

Column: BEH C18Soil

07-Jul-20 09:05 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.342<0.342 10.494 23-Jul-20 16:42B0G0144 1.09 g20-Jul-20375-22-4

PFPeA 0.3931.25 10.494 23-Jul-20 16:42B0G0144 1.09 g20-Jul-202706-90-3

PFBS 0.3000.761 10.494 23-Jul-20 16:42B0G0144 1.09 g20-Jul-20375-73-5

4:2 FTS 0.356<0.356 10.494 23-Jul-20 16:42B0G0144 1.09 g20-Jul-20757124-72-4

PFHxA 0.2133.45 10.494 23-Jul-20 16:42B0G0144 1.09 g20-Jul-20307-24-4

PFPeS 0.6502.41 10.988 23-Jul-20 16:42B0G0144 1.09 g20-Jul-202706-91-4

HFPO-DA 1.17<1.17 11.48 23-Jul-20 16:42B0G0144 1.09 g20-Jul-2013252-13-6

PFHpA 0.4725.10 10.494 23-Jul-20 16:42B0G0144 1.09 g20-Jul-20375-85-9

ADONA 0.336<0.336 10.494 23-Jul-20 16:42B0G0144 1.09 g20-Jul-20919005-14-4

PFHxS 0.385188 10.494 23-Jul-20 16:42B0G0144 1.09 g20-Jul-20355-46-4

6:2 FTS 0.6461.13 10.988 23-Jul-20 16:42B0G0144 1.09 g20-Jul-2027619-97-2

PFOA 0.46438.5 10.494 23-Jul-20 16:42B0G0144 1.09 g20-Jul-20335-67-1

PFHpS 0.729<0.729 10.988 23-Jul-20 16:42B0G0144 1.09 g20-Jul-20375-92-8

PFNA 0.308<0.308 10.494 23-Jul-20 16:42B0G0144 1.09 g20-Jul-20375-95-1

PFOSA 0.996<0.996 11.48 23-Jul-20 16:42B0G0144 1.09 g20-Jul-20754-91-6

PFOS 0.425<0.425 10.494 23-Jul-20 16:42B0G0144 1.09 g20-Jul-201763-23-1

9Cl-PF3ONS 0.365<0.365 10.494 23-Jul-20 16:42B0G0144 1.09 g20-Jul-20756426-58-1

PFDA 0.446<0.446 10.494 23-Jul-20 16:42B0G0144 1.09 g20-Jul-20335-76-2

8:2 FTS 0.713<0.713 10.988 23-Jul-20 16:42B0G0144 1.09 g20-Jul-2039108-34-4

PFNS 1.14<1.14 11.48 23-Jul-20 16:42B0G0144 1.09 g20-Jul-2068259-12-1

MeFOSAA 0.727<0.727 10.988 23-Jul-20 16:42B0G0144 1.09 g20-Jul-202355-31-9

EtFOSAA 0.680<0.680 10.988 23-Jul-20 16:42B0G0144 1.09 g20-Jul-202991-50-6

PFUnA 0.255<0.255 10.494 23-Jul-20 16:42B0G0144 1.09 g20-Jul-202058-94-8

PFDS 0.682<0.682 10.988 23-Jul-20 16:42B0G0144 1.09 g20-Jul-20335-77-3

11Cl-PF3OUdS 0.713<0.713 10.988 23-Jul-20 16:42B0G0144 1.09 g20-Jul-20763051-92-9

10:2 FTS 1.00<1.00 11.48 23-Jul-20 16:42B0G0144 1.09 g20-Jul-20120226-60-0

PFDoA 0.399<0.399 10.494 23-Jul-20 16:42B0G0144 1.09 g20-Jul-20307-55-1

MeFOSA 5.71<5.71 19.88 23-Jul-20 16:42B0G0144 1.09 g20-Jul-2031506-32-8

PFTrDA 0.397<0.397 10.494 23-Jul-20 16:42B0G0144 1.09 g20-Jul-2072629-94-8

PFDoS 0.593<0.593 10.988 23-Jul-20 16:42B0G0144 1.09 g20-Jul-2079780-39-5

PFTeDA 0.261<0.261 10.494 23-Jul-20 16:42B0G0144 1.09 g20-Jul-20376-06-7

EtFOSA 3.79<3.79 19.88 23-Jul-20 16:42B0G0144 1.09 g20-Jul-204151-50-2

PFHxDA 0.168<0.168 10.494 23-Jul-20 16:42B0G0144 1.09 g20-Jul-2067905-19-5

PFODA 0.494<0.494 10.988 24-Jul-20 18:22B0G0144 1.09 g20-Jul-2016517-11-6

MeFOSE 4.90<4.90 19.88 23-Jul-20 16:42B0G0144 1.09 g20-Jul-2024448-09-7

EtFOSE 5.31<5.31 19.88 23-Jul-20 16:42B0G0144 1.09 g20-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 92.2  25  150 123-Jul-20 16:42B0G0144 20-Jul-20 1.09 gNO P Q R P ST P U V V W XY Z [\ ] T Û O _̀ YSR0101
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-03 (10-10.5)

Matrix:

Laboratory Data

Lab Sample: 2001473-15

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

92.9

Column: BEH C18Soil

07-Jul-20 09:05 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 81.2  25  150 123-Jul-20 16:42B0G0144 20-Jul-20 1.09 g

IS  - 13C3-PFBS 85.3  25  150 123-Jul-20 16:42B0G0144 20-Jul-20 1.09 g

IS  - 13C3-HFPO-DA 70.0  25  150 123-Jul-20 16:42B0G0144 20-Jul-20 1.09 g

IS  - 13C2-4:2 FTS 79.9  25  150 123-Jul-20 16:42B0G0144 20-Jul-20 1.09 g

IS  - 13C2-PFHxA 69.8  25  150 123-Jul-20 16:42B0G0144 20-Jul-20 1.09 g

IS  - 13C4-PFHpA 74.7  25  150 123-Jul-20 16:42B0G0144 20-Jul-20 1.09 g

IS  - 13C3-PFHxS 76.6  25  150 123-Jul-20 16:42B0G0144 20-Jul-20 1.09 g

IS  - 13C2-6:2 FTS 84.1  25  150 123-Jul-20 16:42B0G0144 20-Jul-20 1.09 g

IS  - 13C5-PFNA 68.9  25  150 123-Jul-20 16:42B0G0144 20-Jul-20 1.09 g

IS  - 13C8-PFOSA 35.3  10  150 123-Jul-20 16:42B0G0144 20-Jul-20 1.09 g

IS  - 13C2-PFOA 78.5  25  150 123-Jul-20 16:42B0G0144 20-Jul-20 1.09 g

IS  - 13C8-PFOS 75.9  25  150 123-Jul-20 16:42B0G0144 20-Jul-20 1.09 g

IS  - 13C2-PFDA 57.0  25  150 123-Jul-20 16:42B0G0144 20-Jul-20 1.09 g

IS  - 13C2-8:2 FTS 83.1  25  150 123-Jul-20 16:42B0G0144 20-Jul-20 1.09 g

IS  - d3-MeFOSAA 50.8  25  150 123-Jul-20 16:42B0G0144 20-Jul-20 1.09 g

IS  - 13C2-PFUnA 51.0  25  150 123-Jul-20 16:42B0G0144 20-Jul-20 1.09 g

IS  - d5-EtFOSAA 40.2  25  150 123-Jul-20 16:42B0G0144 20-Jul-20 1.09 g

IS  - 13C2-10:2 FTS 53.5  25  150 123-Jul-20 16:42B0G0144 20-Jul-20 1.09 g

IS  - 13C2-PFDoA 43.3  25  150 123-Jul-20 16:42B0G0144 20-Jul-20 1.09 g

IS  - d3-MeFOSA 10.2  10  150 123-Jul-20 16:42B0G0144 20-Jul-20 1.09 g

IS  - 13C2-PFTeDA 52.9  25  150 123-Jul-20 16:42B0G0144 20-Jul-20 1.09 g

IS  - d5-EtFOSA 7.60  10  150 H 123-Jul-20 16:42B0G0144 20-Jul-20 1.09 g

IS  - 13C2-PFHxDA 27.0  25  150 123-Jul-20 16:42B0G0144 20-Jul-20 1.09 g

IS  - d7-MeFOSE 21.3  10  150 123-Jul-20 16:42B0G0144 20-Jul-20 1.09 g

IS  - d9-EtFOSE 20.4  10  150 123-Jul-20 16:42B0G0144 20-Jul-20 1.09 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

NO P Q R P ST P U V V W XY Z [\ ] T Z V O _̀ YSR0102
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-06 (0-1)

Matrix:

Laboratory Data

Lab Sample: 2001473-17

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

85.8

Column: BEH C18Soil

07-Jul-20 10:00 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.3420.858 10.494 23-Jul-20 16:53B0G0144 1.18 g20-Jul-20375-22-4

PFPeA 0.3932.38 10.494 23-Jul-20 16:53B0G0144 1.18 g20-Jul-202706-90-3

PFBS 0.3000.537 10.494 23-Jul-20 16:53B0G0144 1.18 g20-Jul-20375-73-5

4:2 FTS 0.356<0.356 10.494 23-Jul-20 16:53B0G0144 1.18 g20-Jul-20757124-72-4

PFHxA 0.2133.27 10.494 23-Jul-20 16:53B0G0144 1.18 g20-Jul-20307-24-4

PFPeS 0.650<0.650 10.988 23-Jul-20 16:53B0G0144 1.18 g20-Jul-202706-91-4

HFPO-DA 1.17<1.17 11.48 23-Jul-20 16:53B0G0144 1.18 g20-Jul-2013252-13-6

PFHpA 0.4721.61 10.494 23-Jul-20 16:53B0G0144 1.18 g20-Jul-20375-85-9

ADONA 0.336<0.336 10.494 23-Jul-20 16:53B0G0144 1.18 g20-Jul-20919005-14-4

PFHxS 0.38515.3 10.494 23-Jul-20 16:53B0G0144 1.18 g20-Jul-20355-46-4

6:2 FTS 0.646<0.646 10.988 23-Jul-20 16:53B0G0144 1.18 g20-Jul-2027619-97-2

PFOA 0.4643.71 10.494 23-Jul-20 16:53B0G0144 1.18 g20-Jul-20335-67-1

PFHpS 0.729<0.729 10.988 23-Jul-20 16:53B0G0144 1.18 g20-Jul-20375-92-8

PFNA 0.3081.42 10.494 23-Jul-20 16:53B0G0144 1.18 g20-Jul-20375-95-1

PFOSA 0.996<0.996 11.48 23-Jul-20 16:53B0G0144 1.18 g20-Jul-20754-91-6

PFOS 0.42549.4 10.494 23-Jul-20 16:53B0G0144 1.18 g20-Jul-201763-23-1

9Cl-PF3ONS 0.366<0.366 10.494 23-Jul-20 16:53B0G0144 1.18 g20-Jul-20756426-58-1

PFDA 0.447<0.447 10.494 23-Jul-20 16:53B0G0144 1.18 g20-Jul-20335-76-2

8:2 FTS 0.713<0.713 10.988 23-Jul-20 16:53B0G0144 1.18 g20-Jul-2039108-34-4

PFNS 1.14<1.14 11.48 23-Jul-20 16:53B0G0144 1.18 g20-Jul-2068259-12-1

MeFOSAA 0.727<0.727 10.988 23-Jul-20 16:53B0G0144 1.18 g20-Jul-202355-31-9

EtFOSAA 0.680<0.680 10.988 23-Jul-20 16:53B0G0144 1.18 g20-Jul-202991-50-6

PFUnA 0.2550.285 J, Q 10.494 23-Jul-20 16:53B0G0144 1.18 g20-Jul-202058-94-8

PFDS 0.682<0.682 10.988 23-Jul-20 16:53B0G0144 1.18 g20-Jul-20335-77-3

11Cl-PF3OUdS 0.713<0.713 10.988 23-Jul-20 16:53B0G0144 1.18 g20-Jul-20763051-92-9

10:2 FTS 1.00<1.00 11.48 23-Jul-20 16:53B0G0144 1.18 g20-Jul-20120226-60-0

PFDoA 0.399<0.399 10.494 23-Jul-20 16:53B0G0144 1.18 g20-Jul-20307-55-1

MeFOSA 5.71<5.71 19.88 23-Jul-20 16:53B0G0144 1.18 g20-Jul-2031506-32-8

PFTrDA 0.397<0.397 10.494 23-Jul-20 16:53B0G0144 1.18 g20-Jul-2072629-94-8

PFDoS 0.593<0.593 10.988 23-Jul-20 16:53B0G0144 1.18 g20-Jul-2079780-39-5

PFTeDA 0.261<0.261 10.494 23-Jul-20 16:53B0G0144 1.18 g20-Jul-20376-06-7

EtFOSA 3.79<3.79 19.88 23-Jul-20 16:53B0G0144 1.18 g20-Jul-204151-50-2

PFHxDA 0.168<0.168 10.494 27-Jul-20 20:50B0G0144 1.18 g20-Jul-2067905-19-5

PFODA 0.494<0.494 10.988 27-Jul-20 20:50B0G0144 1.18 g20-Jul-2016517-11-6

MeFOSE 4.90<4.90 19.88 23-Jul-20 16:53B0G0144 1.18 g20-Jul-2024448-09-7

EtFOSE 5.31<5.31 19.88 23-Jul-20 16:53B0G0144 1.18 g20-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 85.7  25  150 123-Jul-20 16:53B0G0144 20-Jul-20 1.18 gNO P Q R P ST P U V V W XY Z [\ ] T Z W O _̀ YSR0103
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-06 (0-1)

Matrix:

Laboratory Data

Lab Sample: 2001473-17

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

85.8

Column: BEH C18Soil

07-Jul-20 10:00 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 74.7  25  150 123-Jul-20 16:53B0G0144 20-Jul-20 1.18 g

IS  - 13C3-PFBS 77.2  25  150 123-Jul-20 16:53B0G0144 20-Jul-20 1.18 g

IS  - 13C3-HFPO-DA 67.1  25  150 123-Jul-20 16:53B0G0144 20-Jul-20 1.18 g

IS  - 13C2-4:2 FTS 79.9  25  150 123-Jul-20 16:53B0G0144 20-Jul-20 1.18 g

IS  - 13C2-PFHxA 65.9  25  150 123-Jul-20 16:53B0G0144 20-Jul-20 1.18 g

IS  - 13C4-PFHpA 68.2  25  150 123-Jul-20 16:53B0G0144 20-Jul-20 1.18 g

IS  - 13C3-PFHxS 74.4  25  150 123-Jul-20 16:53B0G0144 20-Jul-20 1.18 g

IS  - 13C2-6:2 FTS 80.5  25  150 123-Jul-20 16:53B0G0144 20-Jul-20 1.18 g

IS  - 13C5-PFNA 63.6  25  150 123-Jul-20 16:53B0G0144 20-Jul-20 1.18 g

IS  - 13C8-PFOSA 44.4  10  150 123-Jul-20 16:53B0G0144 20-Jul-20 1.18 g

IS  - 13C2-PFOA 70.5  25  150 123-Jul-20 16:53B0G0144 20-Jul-20 1.18 g

IS  - 13C8-PFOS 64.4  25  150 123-Jul-20 16:53B0G0144 20-Jul-20 1.18 g

IS  - 13C2-PFDA 54.3  25  150 123-Jul-20 16:53B0G0144 20-Jul-20 1.18 g

IS  - 13C2-8:2 FTS 83.2  25  150 123-Jul-20 16:53B0G0144 20-Jul-20 1.18 g

IS  - d3-MeFOSAA 54.7  25  150 123-Jul-20 16:53B0G0144 20-Jul-20 1.18 g

IS  - 13C2-PFUnA 51.5  25  150 123-Jul-20 16:53B0G0144 20-Jul-20 1.18 g

IS  - d5-EtFOSAA 53.3  25  150 123-Jul-20 16:53B0G0144 20-Jul-20 1.18 g

IS  - 13C2-10:2 FTS 55.4  25  150 123-Jul-20 16:53B0G0144 20-Jul-20 1.18 g

IS  - 13C2-PFDoA 50.6  25  150 123-Jul-20 16:53B0G0144 20-Jul-20 1.18 g

IS  - d3-MeFOSA 15.7  10  150 123-Jul-20 16:53B0G0144 20-Jul-20 1.18 g

IS  - 13C2-PFTeDA 26.2  25  150 123-Jul-20 16:53B0G0144 20-Jul-20 1.18 g

IS  - d5-EtFOSA 13.3  10  150 123-Jul-20 16:53B0G0144 20-Jul-20 1.18 g

IS  - 13C2-PFHxDA 22.6  25  150 H 127-Jul-20 20:50B0G0144 20-Jul-20 1.18 g

IS  - d7-MeFOSE 32.1  10  150 123-Jul-20 16:53B0G0144 20-Jul-20 1.18 g

IS  - d9-EtFOSE 34.6  10  150 123-Jul-20 16:53B0G0144 20-Jul-20 1.18 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

NO P Q R P ST P U V V W XY Z [\ ] T Z U O _̀ YSR0104
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-06 (13-13.5)

Matrix:

Laboratory Data

Lab Sample: 2001473-18

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

87.2

Column: BEH C18Soil

07-Jul-20 10:10 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.336<0.336 10.486 23-Jul-20 17:03B0G0144 1.18 g20-Jul-20375-22-4

PFPeA 0.3870.672 10.486 23-Jul-20 17:03B0G0144 1.18 g20-Jul-202706-90-3

PFBS 0.2950.301 J 10.486 23-Jul-20 17:03B0G0144 1.18 g20-Jul-20375-73-5

4:2 FTS 0.350<0.350 10.486 23-Jul-20 17:03B0G0144 1.18 g20-Jul-20757124-72-4

PFHxA 0.2101.61 10.486 23-Jul-20 17:03B0G0144 1.18 g20-Jul-20307-24-4

PFPeS 0.639<0.639 10.972 23-Jul-20 17:03B0G0144 1.18 g20-Jul-202706-91-4

HFPO-DA 1.15<1.15 11.46 23-Jul-20 17:03B0G0144 1.18 g20-Jul-2013252-13-6

PFHpA 0.465<0.465 10.486 23-Jul-20 17:03B0G0144 1.18 g20-Jul-20375-85-9

ADONA 0.330<0.330 10.486 23-Jul-20 17:03B0G0144 1.18 g20-Jul-20919005-14-4

PFHxS 0.379<0.379 10.486 23-Jul-20 17:03B0G0144 1.18 g20-Jul-20355-46-4

6:2 FTS 0.636<0.636 10.972 23-Jul-20 17:03B0G0144 1.18 g20-Jul-2027619-97-2

PFOA 0.457<0.457 10.486 23-Jul-20 17:03B0G0144 1.18 g20-Jul-20335-67-1

PFHpS 0.717<0.717 10.972 23-Jul-20 17:03B0G0144 1.18 g20-Jul-20375-92-8

PFNA 0.303<0.303 10.486 23-Jul-20 17:03B0G0144 1.18 g20-Jul-20375-95-1

PFOSA 0.980<0.980 11.46 23-Jul-20 17:03B0G0144 1.18 g20-Jul-20754-91-6

PFOS 0.418<0.418 10.486 23-Jul-20 17:03B0G0144 1.18 g20-Jul-201763-23-1

9Cl-PF3ONS 0.360<0.360 10.486 23-Jul-20 17:03B0G0144 1.18 g20-Jul-20756426-58-1

PFDA 0.439<0.439 10.486 23-Jul-20 17:03B0G0144 1.18 g20-Jul-20335-76-2

8:2 FTS 0.702<0.702 10.972 23-Jul-20 17:03B0G0144 1.18 g20-Jul-2039108-34-4

PFNS 1.12<1.12 11.46 23-Jul-20 17:03B0G0144 1.18 g20-Jul-2068259-12-1

MeFOSAA 0.715<0.715 10.972 23-Jul-20 17:03B0G0144 1.18 g20-Jul-202355-31-9

EtFOSAA 0.669<0.669 10.972 23-Jul-20 17:03B0G0144 1.18 g20-Jul-202991-50-6

PFUnA 0.251<0.251 10.486 23-Jul-20 17:03B0G0144 1.18 g20-Jul-202058-94-8

PFDS 0.671<0.671 10.972 23-Jul-20 17:03B0G0144 1.18 g20-Jul-20335-77-3

11Cl-PF3OUdS 0.702<0.702 10.972 23-Jul-20 17:03B0G0144 1.18 g20-Jul-20763051-92-9

10:2 FTS 0.987<0.987 11.46 23-Jul-20 17:03B0G0144 1.18 g20-Jul-20120226-60-0

PFDoA 0.393<0.393 10.486 23-Jul-20 17:03B0G0144 1.18 g20-Jul-20307-55-1

MeFOSA 5.62<5.62 19.72 23-Jul-20 17:03B0G0144 1.18 g20-Jul-2031506-32-8

PFTrDA 0.391<0.391 10.486 23-Jul-20 17:03B0G0144 1.18 g20-Jul-2072629-94-8

PFDoS 0.583<0.583 10.972 23-Jul-20 17:03B0G0144 1.18 g20-Jul-2079780-39-5

PFTeDA 0.257<0.257 10.486 23-Jul-20 17:03B0G0144 1.18 g20-Jul-20376-06-7

EtFOSA 3.73<3.73 19.72 23-Jul-20 17:03B0G0144 1.18 g20-Jul-204151-50-2

PFHxDA 0.165<0.165 10.486 23-Jul-20 17:03B0G0144 1.18 g20-Jul-2067905-19-5

PFODA 0.486<0.486 10.972 27-Jul-20 21:01B0G0144 1.18 g20-Jul-2016517-11-6

MeFOSE 4.82<4.82 19.72 23-Jul-20 17:03B0G0144 1.18 g20-Jul-2024448-09-7

EtFOSE 5.23<5.23 19.72 23-Jul-20 17:03B0G0144 1.18 g20-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 93.9  25  150 123-Jul-20 17:03B0G0144 20-Jul-20 1.18 gNO P Q R P ST P U V V W XY Z [\ ] T Z Z O _̀ YSR0105
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-06 (13-13.5)

Matrix:

Laboratory Data

Lab Sample: 2001473-18

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

87.2

Column: BEH C18Soil

07-Jul-20 10:10 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 83.2  25  150 123-Jul-20 17:03B0G0144 20-Jul-20 1.18 g

IS  - 13C3-PFBS 87.8  25  150 123-Jul-20 17:03B0G0144 20-Jul-20 1.18 g

IS  - 13C3-HFPO-DA 73.2  25  150 123-Jul-20 17:03B0G0144 20-Jul-20 1.18 g

IS  - 13C2-4:2 FTS 91.4  25  150 123-Jul-20 17:03B0G0144 20-Jul-20 1.18 g

IS  - 13C2-PFHxA 73.9  25  150 123-Jul-20 17:03B0G0144 20-Jul-20 1.18 g

IS  - 13C4-PFHpA 77.6  25  150 123-Jul-20 17:03B0G0144 20-Jul-20 1.18 g

IS  - 13C3-PFHxS 81.3  25  150 123-Jul-20 17:03B0G0144 20-Jul-20 1.18 g

IS  - 13C2-6:2 FTS 87.5  25  150 123-Jul-20 17:03B0G0144 20-Jul-20 1.18 g

IS  - 13C5-PFNA 73.1  25  150 123-Jul-20 17:03B0G0144 20-Jul-20 1.18 g

IS  - 13C8-PFOSA 49.7  10  150 123-Jul-20 17:03B0G0144 20-Jul-20 1.18 g

IS  - 13C2-PFOA 80.8  25  150 123-Jul-20 17:03B0G0144 20-Jul-20 1.18 g

IS  - 13C8-PFOS 74.6  25  150 123-Jul-20 17:03B0G0144 20-Jul-20 1.18 g

IS  - 13C2-PFDA 64.5  25  150 123-Jul-20 17:03B0G0144 20-Jul-20 1.18 g

IS  - 13C2-8:2 FTS 91.3  25  150 123-Jul-20 17:03B0G0144 20-Jul-20 1.18 g

IS  - d3-MeFOSAA 61.5  25  150 123-Jul-20 17:03B0G0144 20-Jul-20 1.18 g

IS  - 13C2-PFUnA 58.4  25  150 123-Jul-20 17:03B0G0144 20-Jul-20 1.18 g

IS  - d5-EtFOSAA 61.3  25  150 123-Jul-20 17:03B0G0144 20-Jul-20 1.18 g

IS  - 13C2-10:2 FTS 68.7  25  150 123-Jul-20 17:03B0G0144 20-Jul-20 1.18 g

IS  - 13C2-PFDoA 52.0  25  150 123-Jul-20 17:03B0G0144 20-Jul-20 1.18 g

IS  - d3-MeFOSA 16.0  10  150 123-Jul-20 17:03B0G0144 20-Jul-20 1.18 g

IS  - 13C2-PFTeDA 48.9  25  150 123-Jul-20 17:03B0G0144 20-Jul-20 1.18 g

IS  - d5-EtFOSA 12.3  10  150 123-Jul-20 17:03B0G0144 20-Jul-20 1.18 g

IS  - 13C2-PFHxDA 40.1  25  150 123-Jul-20 17:03B0G0144 20-Jul-20 1.18 g

IS  - d7-MeFOSE 33.0  10  150 123-Jul-20 17:03B0G0144 20-Jul-20 1.18 g

IS  - d9-EtFOSE 32.0  10  150 123-Jul-20 17:03B0G0144 20-Jul-20 1.18 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

NO P Q R P ST P U V V W XY Z [\ ] T Z X O _̀ YSR0106
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-01 (0.5-1)

Matrix:

Laboratory Data

Lab Sample: 2001473-20

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

89.1

Column: BEH C18Soil

07-Jul-20 10:50 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.335<0.335 10.484 23-Jul-20 17:14B0G0144 1.16 g20-Jul-20375-22-4

PFPeA 0.3850.529 10.484 23-Jul-20 17:14B0G0144 1.16 g20-Jul-202706-90-3

PFBS 0.294<0.294 10.484 23-Jul-20 17:14B0G0144 1.16 g20-Jul-20375-73-5

4:2 FTS 0.348<0.348 10.484 23-Jul-20 17:14B0G0144 1.16 g20-Jul-20757124-72-4

PFHxA 0.2091.44 Q 10.484 23-Jul-20 17:14B0G0144 1.16 g20-Jul-20307-24-4

PFPeS 0.637<0.637 10.968 23-Jul-20 17:14B0G0144 1.16 g20-Jul-202706-91-4

HFPO-DA 1.14<1.14 11.45 23-Jul-20 17:14B0G0144 1.16 g20-Jul-2013252-13-6

PFHpA 0.463<0.463 10.484 23-Jul-20 17:14B0G0144 1.16 g20-Jul-20375-85-9

ADONA 0.329<0.329 10.484 23-Jul-20 17:14B0G0144 1.16 g20-Jul-20919005-14-4

PFHxS 0.37810.1 10.484 23-Jul-20 17:14B0G0144 1.16 g20-Jul-20355-46-4

6:2 FTS 0.633<0.633 10.968 23-Jul-20 17:14B0G0144 1.16 g20-Jul-2027619-97-2

PFOA 0.4552.05 10.484 23-Jul-20 17:14B0G0144 1.16 g20-Jul-20335-67-1

PFHpS 0.714<0.714 10.968 23-Jul-20 17:14B0G0144 1.16 g20-Jul-20375-92-8

PFNA 0.3020.546 Q 10.484 23-Jul-20 17:14B0G0144 1.16 g20-Jul-20375-95-1

PFOSA 0.976<0.976 11.45 23-Jul-20 17:14B0G0144 1.16 g20-Jul-20754-91-6

PFOS 0.41619.8 10.484 23-Jul-20 17:14B0G0144 1.16 g20-Jul-201763-23-1

9Cl-PF3ONS 0.358<0.358 10.484 23-Jul-20 17:14B0G0144 1.16 g20-Jul-20756426-58-1

PFDA 0.438<0.438 10.484 23-Jul-20 17:14B0G0144 1.16 g20-Jul-20335-76-2

8:2 FTS 0.699<0.699 10.968 23-Jul-20 17:14B0G0144 1.16 g20-Jul-2039108-34-4

PFNS 1.11<1.11 11.45 23-Jul-20 17:14B0G0144 1.16 g20-Jul-2068259-12-1

MeFOSAA 0.712<0.712 10.968 23-Jul-20 17:14B0G0144 1.16 g20-Jul-202355-31-9

EtFOSAA 0.666<0.666 10.968 23-Jul-20 17:14B0G0144 1.16 g20-Jul-202991-50-6

PFUnA 0.250<0.250 10.484 23-Jul-20 17:14B0G0144 1.16 g20-Jul-202058-94-8

PFDS 0.668<0.668 10.968 23-Jul-20 17:14B0G0144 1.16 g20-Jul-20335-77-3

11Cl-PF3OUdS 0.699<0.699 10.968 23-Jul-20 17:14B0G0144 1.16 g20-Jul-20763051-92-9

10:2 FTS 0.983<0.983 11.45 23-Jul-20 17:14B0G0144 1.16 g20-Jul-20120226-60-0

PFDoA 0.391<0.391 10.484 23-Jul-20 17:14B0G0144 1.16 g20-Jul-20307-55-1

MeFOSA 5.59<5.59 19.68 23-Jul-20 17:14B0G0144 1.16 g20-Jul-2031506-32-8

PFTrDA 0.389<0.389 10.484 23-Jul-20 17:14B0G0144 1.16 g20-Jul-2072629-94-8

PFDoS 0.581<0.581 10.968 23-Jul-20 17:14B0G0144 1.16 g20-Jul-2079780-39-5

PFTeDA 0.256<0.256 10.484 23-Jul-20 17:14B0G0144 1.16 g20-Jul-20376-06-7

EtFOSA 3.72<3.72 19.68 23-Jul-20 17:14B0G0144 1.16 g20-Jul-204151-50-2

PFHxDA 0.165<0.165 10.484 27-Jul-20 21:12B0G0144 1.16 g20-Jul-2067905-19-5

PFODA 0.484<0.484 10.968 27-Jul-20 21:12B0G0144 1.16 g20-Jul-2016517-11-6

MeFOSE 4.80<4.80 19.68 23-Jul-20 17:14B0G0144 1.16 g20-Jul-2024448-09-7

EtFOSE 5.21<5.21 19.68 23-Jul-20 17:14B0G0144 1.16 g20-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 99.3  25  150 123-Jul-20 17:14B0G0144 20-Jul-20 1.16 gNO P Q R P ST P U V V W XY Z [\ ] T Za O _̀ YSR0107
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-01 (0.5-1)

Matrix:

Laboratory Data

Lab Sample: 2001473-20

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

89.1

Column: BEH C18Soil

07-Jul-20 10:50 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 79.6  25  150 123-Jul-20 17:14B0G0144 20-Jul-20 1.16 g

IS  - 13C3-PFBS 84.0  25  150 123-Jul-20 17:14B0G0144 20-Jul-20 1.16 g

IS  - 13C3-HFPO-DA 72.7  25  150 123-Jul-20 17:14B0G0144 20-Jul-20 1.16 g

IS  - 13C2-4:2 FTS 82.7  25  150 123-Jul-20 17:14B0G0144 20-Jul-20 1.16 g

IS  - 13C2-PFHxA 74.1  25  150 123-Jul-20 17:14B0G0144 20-Jul-20 1.16 g

IS  - 13C4-PFHpA 76.8  25  150 123-Jul-20 17:14B0G0144 20-Jul-20 1.16 g

IS  - 13C3-PFHxS 78.1  25  150 123-Jul-20 17:14B0G0144 20-Jul-20 1.16 g

IS  - 13C2-6:2 FTS 85.0  25  150 123-Jul-20 17:14B0G0144 20-Jul-20 1.16 g

IS  - 13C5-PFNA 66.9  25  150 123-Jul-20 17:14B0G0144 20-Jul-20 1.16 g

IS  - 13C8-PFOSA 48.5  10  150 123-Jul-20 17:14B0G0144 20-Jul-20 1.16 g

IS  - 13C2-PFOA 76.6  25  150 123-Jul-20 17:14B0G0144 20-Jul-20 1.16 g

IS  - 13C8-PFOS 74.3  25  150 123-Jul-20 17:14B0G0144 20-Jul-20 1.16 g

IS  - 13C2-PFDA 62.2  25  150 123-Jul-20 17:14B0G0144 20-Jul-20 1.16 g

IS  - 13C2-8:2 FTS 78.9  25  150 123-Jul-20 17:14B0G0144 20-Jul-20 1.16 g

IS  - d3-MeFOSAA 64.3  25  150 123-Jul-20 17:14B0G0144 20-Jul-20 1.16 g

IS  - 13C2-PFUnA 61.9  25  150 123-Jul-20 17:14B0G0144 20-Jul-20 1.16 g

IS  - d5-EtFOSAA 65.9  25  150 123-Jul-20 17:14B0G0144 20-Jul-20 1.16 g

IS  - 13C2-10:2 FTS 67.6  25  150 123-Jul-20 17:14B0G0144 20-Jul-20 1.16 g

IS  - 13C2-PFDoA 64.9  25  150 123-Jul-20 17:14B0G0144 20-Jul-20 1.16 g

IS  - d3-MeFOSA 18.2  10  150 123-Jul-20 17:14B0G0144 20-Jul-20 1.16 g

IS  - 13C2-PFTeDA 51.1  25  150 123-Jul-20 17:14B0G0144 20-Jul-20 1.16 g

IS  - d5-EtFOSA 16.0  10  150 123-Jul-20 17:14B0G0144 20-Jul-20 1.16 g

IS  - 13C2-PFHxDA 23.2  25  150 H 127-Jul-20 21:12B0G0144 20-Jul-20 1.16 g

IS  - d7-MeFOSE 34.2  10  150 123-Jul-20 17:14B0G0144 20-Jul-20 1.16 g

IS  - d9-EtFOSE 36.1  10  150 123-Jul-20 17:14B0G0144 20-Jul-20 1.16 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      
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Name:

Project:

Client Data

MSN FFTA Samples

Sample ID: Method Blank

Matrix:

Laboratory Data

Lab Sample: B0G0132-BLK1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

Analyte Conc. (ng/L) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.729<0.729 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20375-22-4

PFPeA 1.28<1.28 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-202706-90-3

PFBS 1.79<1.79 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20375-73-5

4:2 FTS 1.39<1.39 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20757124-72-4

PFHxA 2.18<2.18 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20307-24-4

PFPeS 2.42<2.42 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-202706-91-4

HFPO-DA 4.82<4.82 15.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2013252-13-6

PFHpA 0.591<0.591 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20375-85-9

ADONA 0.722<0.722 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20919005-14-4

PFHxS 0.947<0.947 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20355-46-4

6:2 FTS 2.00<2.00 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2027619-97-2

PFOA 0.651<0.651 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20335-67-1

PFHpS 0.937<0.937 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20375-92-8

PFNA 0.810<0.810 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20375-95-1

PFOSA 1.77<1.77 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20754-91-6

PFOS 0.807<0.807 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-201763-23-1

9Cl-PF3ONS 1.45<1.45 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20756426-58-1

PFDA 1.49<1.49 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20335-76-2

8:2 FTS 2.06<2.06 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2039108-34-4

PFNS 3.87<3.87 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2068259-12-1

MeFOSAA 1.65<1.65 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-202355-31-9

EtFOSAA 1.37<1.37 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-202991-50-6

PFUnA 1.05<1.05 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-202058-94-8

PFDS 1.23<1.23 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20335-77-3

11Cl-PF3OUdS 2.41<2.41 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20763051-92-9

10:2 FTS 3.13<3.13 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20120226-60-0

PFDoA 0.792<0.792 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20307-55-1

MeFOSA 3.83<3.83 120.0 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2031506-32-8

PFTrDA 0.494<0.494 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2072629-94-8

PFDoS 4.17<4.17 15.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2079780-39-5

PFTeDA 0.755<0.755 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20376-06-7

EtFOSA 5.11<5.11 120.0 22-Jul-20 13:43B0G0132 0.125 L17-Jul-204151-50-2

PFHxDA 0.2941.37 J, Q 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2067905-19-5

PFODA 6.14<6.14 17.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2016517-11-6

MeFOSE 6.07<6.07 120.0 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2024448-09-7

EtFOSE 9.44<9.44 120.0 22-Jul-20 13:43B0G0132 0.125 L17-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 144  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 LNO P Q R P ST P U V V W XY Z [\ ] T Z Y O _̀ YSR0109
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Name:

Project:

Client Data

MSN FFTA Samples

Sample ID: Method Blank

Matrix:

Laboratory Data

Lab Sample: B0G0132-BLK1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 101  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C3-PFBS 102  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C3-HFPO-DA 90.2  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-4:2 FTS 97.6  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFHxA 95.5  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C4-PFHpA 102  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C3-PFHxS 104  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-6:2 FTS 89.1  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C5-PFNA 80.3  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C8-PFOSA 33.9  10  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFOA 97.6  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C8-PFOS 92.7  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFDA 90.9  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-8:2 FTS 94.5  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - d3-MeFOSAA 77.3  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFUnA 82.3  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - d5-EtFOSAA 69.7  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-10:2 FTS 77.9  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFDoA 74.5  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - d3-MeFOSA 10.8  10  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFTeDA 64.5  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - d5-EtFOSA 9.30  10  150 H 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFHxDA 39.2  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - d7-MeFOSE 16.0  10  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - d9-EtFOSE 17.2  10  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

Results reported to MDL.                                                                                                       MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      
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Name:

Project:

Client Data

MSN FFTA Samples

Sample ID: OPR

Matrix:

Laboratory Data

Lab Sample: B0G0132-BS1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

Analyte Amt Found (ng/L) Qualifiers Analyzed DilutionSpike Amt % Rec Limits Samp SizeExtractedBatchCAS Number

PFBA 7.82 122-Jul-20 13:538.00 97.7  -  50  150 0.125 L17-Jul-20B0G0132375-22-4

PFPeA 7.69 122-Jul-20 13:538.00 96.1  -  50  150 0.125 L17-Jul-20B0G01322706-90-3

PFBS 7.42 122-Jul-20 13:538.00 92.7  -  50  150 0.125 L17-Jul-20B0G0132375-73-5

4:2 FTS 7.81 122-Jul-20 13:538.00 97.6  -  50  150 0.125 L17-Jul-20B0G0132757124-72-4

PFHxA 7.64 122-Jul-20 13:538.00 95.4  -  50  150 0.125 L17-Jul-20B0G0132307-24-4

PFPeS 8.20 122-Jul-20 13:538.00 103  -  50  150 0.125 L17-Jul-20B0G01322706-91-4

HFPO-DA 7.51 122-Jul-20 13:538.00 93.8  -  50  150 0.125 L17-Jul-20B0G013213252-13-6

PFHpA 7.48 122-Jul-20 13:538.00 93.6  -  50  150 0.125 L17-Jul-20B0G0132375-85-9

ADONA 7.54 122-Jul-20 13:538.00 94.2  -  50  150 0.125 L17-Jul-20B0G0132919005-14-4

PFHxS 6.14 122-Jul-20 13:538.00 76.7  -  50  150 0.125 L17-Jul-20B0G0132355-46-4

6:2 FTS 8.50 122-Jul-20 13:538.00 106  -  50  150 0.125 L17-Jul-20B0G013227619-97-2

PFOA 7.13 122-Jul-20 13:538.00 89.1  -  50  150 0.125 L17-Jul-20B0G0132335-67-1

PFHpS 7.83 122-Jul-20 13:538.00 97.9  -  50  150 0.125 L17-Jul-20B0G0132375-92-8

PFNA 8.53 122-Jul-20 13:538.00 107  -  50  150 0.125 L17-Jul-20B0G0132375-95-1

PFOSA 10.1 122-Jul-20 13:538.00 126  -  50  150 0.125 L17-Jul-20B0G0132754-91-6

PFOS 8.96 122-Jul-20 13:538.00 112  -  50  150 0.125 L17-Jul-20B0G01321763-23-1

9Cl-PF3ONS 7.13 122-Jul-20 13:538.00 89.1  -  50  150 0.125 L17-Jul-20B0G0132756426-58-1

PFDA 7.48 122-Jul-20 13:538.00 93.6  -  50  150 0.125 L17-Jul-20B0G0132335-76-2

8:2 FTS 6.64 122-Jul-20 13:538.00 83.0  -  50  150 0.125 L17-Jul-20B0G013239108-34-4

PFNS 7.56 122-Jul-20 13:538.00 94.5  -  50  150 0.125 L17-Jul-20B0G013268259-12-1

MeFOSAA 7.12 122-Jul-20 13:538.00 89.0  -  50  150 0.125 L17-Jul-20B0G01322355-31-9

EtFOSAA 6.42 122-Jul-20 13:538.00 80.3  -  50  150 0.125 L17-Jul-20B0G01322991-50-6

PFUnA 7.64 122-Jul-20 13:538.00 95.5  -  50  150 0.125 L17-Jul-20B0G01322058-94-8

PFDS 7.21 122-Jul-20 13:538.00 90.1  -  50  150 0.125 L17-Jul-20B0G0132335-77-3

11Cl-PF3OUdS 7.38 122-Jul-20 13:538.00 92.3  -  50  150 0.125 L17-Jul-20B0G0132763051-92-9

10:2 FTS 8.50 122-Jul-20 13:538.00 106  -  50  150 0.125 L17-Jul-20B0G0132120226-60-0

PFDoA 7.35 122-Jul-20 13:538.00 91.8  -  50  150 0.125 L17-Jul-20B0G0132307-55-1

MeFOSA 28.9 122-Jul-20 13:5340.0 72.1  -  50  150 0.125 L17-Jul-20B0G013231506-32-8

PFTrDA 7.23 122-Jul-20 13:538.00 90.3  -  50  150 0.125 L17-Jul-20B0G013272629-94-8

PFDoS 6.88 122-Jul-20 13:538.00 85.9  -  50  150 0.125 L17-Jul-20B0G013279780-39-5

PFTeDA 7.21 122-Jul-20 13:538.00 90.2  -  50  150 0.125 L17-Jul-20B0G0132376-06-7

EtFOSA 35.5 122-Jul-20 13:5340.0 88.8  -  50  150 0.125 L17-Jul-20B0G01324151-50-2

PFHxDA 7.62 B 122-Jul-20 13:538.00 95.3  -  50  150 0.125 L17-Jul-20B0G013267905-19-5

PFODA 6.65 J 122-Jul-20 13:538.00 83.1  -  50  150 0.125 L17-Jul-20B0G013216517-11-6NO P Q R P ST P U V V W XY Z [\ ] T Ẑ O _̀ YSR0111
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Name:

Project:

Client Data

MSN FFTA Samples

Sample ID: OPR

Matrix:

Laboratory Data

Lab Sample: B0G0132-BS1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

Analyte Amt Found (ng/L) Qualifiers Analyzed DilutionSpike Amt % Rec Limits Samp SizeExtractedBatchCAS Number

MeFOSE 45.9 122-Jul-20 13:5340.0 115  -  50  150 0.125 L17-Jul-20B0G013224448-09-7

EtFOSE 26.1 122-Jul-20 13:5340.0 65.3  -  50  150 0.125 L17-Jul-20B0G01321691-99-2

Labeled Standards % Rec Limits Qualifiers Analyzed DilutionType Samp SizeExtractedBatch

IS  - 13C3-PFBA 145  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C3-PFPeA 97.0  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C3-PFBS 100  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C3-HFPO-DA 86.9  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-4:2 FTS 95.8  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-PFHxA 87.0  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C4-PFHpA 91.2  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C3-PFHxS 101  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-6:2 FTS 90.4  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C5-PFNA 77.0  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C8-PFOSA 26.2  10  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-PFOA 90.1  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C8-PFOS 80.2  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-PFDA 89.6  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-8:2 FTS 85.6  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - d3-MeFOSAA 71.1  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-PFUnA 75.5  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - d5-EtFOSAA 70.3  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-10:2 FTS 71.4  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-PFDoA 81.9  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - d3-MeFOSA 7.50  10  150 H 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-PFTeDA 74.5  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - d5-EtFOSA 5.90  10  150 H 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-PFHxDA 61.5  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - d7-MeFOSE 11.5  10  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - d9-EtFOSE 12.9  10  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

NO P Q R P ST P U V V W XY Z [\ ] T X V O _̀ YSR0112
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Name:

Project:

Client Data

MSN FFTA Samples

Sample ID: Method Blank

Matrix:

Laboratory Data

Lab Sample: B0G0133-BLK1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

Analyte Conc. (ng/L) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.729<0.729 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20375-22-4

PFPeA 1.28<1.28 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-202706-90-3

PFBS 1.79<1.79 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20375-73-5

4:2 FTS 1.39<1.39 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20757124-72-4

PFHxA 2.18<2.18 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20307-24-4

PFPeS 2.42<2.42 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-202706-91-4

HFPO-DA 4.82<4.82 15.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-2013252-13-6

PFHpA 0.591<0.591 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20375-85-9

ADONA 0.722<0.722 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20919005-14-4

PFHxS 0.947<0.947 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20355-46-4

6:2 FTS 2.00<2.00 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-2027619-97-2

PFOA 0.651<0.651 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20335-67-1

PFHpS 0.937<0.937 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20375-92-8

PFNA 0.810<0.810 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20375-95-1

PFOSA 1.77<1.77 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20754-91-6

PFOS 0.807<0.807 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-201763-23-1

9Cl-PF3ONS 1.45<1.45 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20756426-58-1

PFDA 1.49<1.49 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20335-76-2

8:2 FTS 2.06<2.06 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-2039108-34-4

PFNS 3.87<3.87 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-2068259-12-1

MeFOSAA 1.65<1.65 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-202355-31-9

EtFOSAA 1.37<1.37 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-202991-50-6

PFUnA 1.05<1.05 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-202058-94-8

PFDS 1.23<1.23 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20335-77-3

11Cl-PF3OUdS 2.41<2.41 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20763051-92-9

10:2 FTS 3.13<3.13 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20120226-60-0

PFDoA 0.792<0.792 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20307-55-1

MeFOSA 3.83<3.83 120.0 28-Jul-20 16:08B0G0133 0.125 L25-Jul-2031506-32-8

PFTrDA 0.494<0.494 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-2072629-94-8

PFDoS 4.17<4.17 15.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-2079780-39-5

PFTeDA 0.755<0.755 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20376-06-7

EtFOSA 5.11<5.11 120.0 28-Jul-20 16:08B0G0133 0.125 L25-Jul-204151-50-2

PFHxDA 0.294<0.294 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-2067905-19-5

PFODA 6.14<6.14 17.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-2016517-11-6

MeFOSE 6.07<6.07 120.0 28-Jul-20 16:08B0G0133 0.125 L25-Jul-2024448-09-7

EtFOSE 9.44<9.44 120.0 28-Jul-20 16:08B0G0133 0.125 L25-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 53.1  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 LNO P Q R P ST P U V V W XY Z [\ ] T X W O _̀ YSR0113
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Name:

Project:

Client Data

MSN FFTA Samples

Sample ID: Method Blank

Matrix:

Laboratory Data

Lab Sample: B0G0133-BLK1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 68.1  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C3-PFBS 73.4  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C3-HFPO-DA 69.6  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C2-4:2 FTS 84.0  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C2-PFHxA 72.2  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C4-PFHpA 73.4  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C3-PFHxS 75.2  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C2-6:2 FTS 65.8  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C5-PFNA 69.6  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C8-PFOSA 28.9  10  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C2-PFOA 74.9  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C8-PFOS 73.7  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C2-PFDA 65.2  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C2-8:2 FTS 89.6  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - d3-MeFOSAA 56.7  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C2-PFUnA 67.8  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - d5-EtFOSAA 52.9  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C2-10:2 FTS 74.6  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C2-PFDoA 59.0  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - d3-MeFOSA 9.50  10  150 H 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C2-PFTeDA 55.8  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - d5-EtFOSA 8.50  10  150 H 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C2-PFHxDA 49.0  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - d7-MeFOSE 20.8  10  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - d9-EtFOSE 24.1  10  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

Results reported to MDL.                                                                                                       MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

NO P Q R P ST P U V V W XY Z [\ ] T X U O _̀ YSR0114
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Name:

Project:

Client Data

MSN FFTA Samples

Sample ID: OPR

Matrix:

Laboratory Data

Lab Sample: B0G0133-BS1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

Analyte Amt Found (ng/L) Qualifiers Analyzed DilutionSpike Amt % Rec Limits Samp SizeExtractedBatchCAS Number

PFBA 7.56 127-Jul-20 12:588.00 94.5  -  50  150 0.125 L25-Jul-20B0G0133375-22-4

PFPeA 7.54 127-Jul-20 12:588.00 94.2  -  50  150 0.125 L25-Jul-20B0G01332706-90-3

PFBS 7.92 127-Jul-20 12:588.00 99.0  -  50  150 0.125 L25-Jul-20B0G0133375-73-5

4:2 FTS 7.62 127-Jul-20 12:588.00 95.3  -  50  150 0.125 L25-Jul-20B0G0133757124-72-4

PFHxA 7.92 127-Jul-20 12:588.00 99.0  -  50  150 0.125 L25-Jul-20B0G0133307-24-4

PFPeS 9.00 127-Jul-20 12:588.00 112  -  50  150 0.125 L25-Jul-20B0G01332706-91-4

HFPO-DA 6.32 127-Jul-20 12:588.00 79.0  -  50  150 0.125 L25-Jul-20B0G013313252-13-6

PFHpA 8.80 127-Jul-20 12:588.00 110  -  50  150 0.125 L25-Jul-20B0G0133375-85-9

ADONA 7.03 127-Jul-20 12:588.00 87.9  -  50  150 0.125 L25-Jul-20B0G0133919005-14-4

PFHxS 5.71 127-Jul-20 12:588.00 71.4  -  50  150 0.125 L25-Jul-20B0G0133355-46-4

6:2 FTS 8.41 127-Jul-20 12:588.00 105  -  50  150 0.125 L25-Jul-20B0G013327619-97-2

PFOA 8.22 127-Jul-20 12:588.00 103  -  50  150 0.125 L25-Jul-20B0G0133335-67-1

PFHpS 9.65 127-Jul-20 12:588.00 121  -  50  150 0.125 L25-Jul-20B0G0133375-92-8

PFNA 7.74 127-Jul-20 12:588.00 96.7  -  50  150 0.125 L25-Jul-20B0G0133375-95-1

PFOSA 8.71 127-Jul-20 12:588.00 109  -  50  150 0.125 L25-Jul-20B0G0133754-91-6

PFOS 7.04 127-Jul-20 12:588.00 88.0  -  50  150 0.125 L25-Jul-20B0G01331763-23-1

9Cl-PF3ONS 7.30 127-Jul-20 12:588.00 91.3  -  50  150 0.125 L25-Jul-20B0G0133756426-58-1

PFDA 9.39 127-Jul-20 12:588.00 117  -  50  150 0.125 L25-Jul-20B0G0133335-76-2

8:2 FTS 7.79 127-Jul-20 12:588.00 97.4  -  50  150 0.125 L25-Jul-20B0G013339108-34-4

PFNS 7.01 127-Jul-20 12:588.00 87.6  -  50  150 0.125 L25-Jul-20B0G013368259-12-1

MeFOSAA 8.75 127-Jul-20 12:588.00 109  -  50  150 0.125 L25-Jul-20B0G01332355-31-9

EtFOSAA 6.91 127-Jul-20 12:588.00 86.4  -  50  150 0.125 L25-Jul-20B0G01332991-50-6

PFUnA 8.11 127-Jul-20 12:588.00 101  -  50  150 0.125 L25-Jul-20B0G01332058-94-8

PFDS 6.95 127-Jul-20 12:588.00 86.9  -  50  150 0.125 L25-Jul-20B0G0133335-77-3

11Cl-PF3OUdS 9.41 127-Jul-20 12:588.00 118  -  50  150 0.125 L25-Jul-20B0G0133763051-92-9

10:2 FTS 10.1 127-Jul-20 12:588.00 126  -  50  150 0.125 L25-Jul-20B0G0133120226-60-0

PFDoA 8.12 127-Jul-20 12:588.00 101  -  50  150 0.125 L25-Jul-20B0G0133307-55-1

MeFOSA 51.6 127-Jul-20 12:5840.0 129  -  50  150 0.125 L25-Jul-20B0G013331506-32-8

PFTrDA 9.11 127-Jul-20 12:588.00 114  -  50  150 0.125 L25-Jul-20B0G013372629-94-8

PFDoS 8.12 127-Jul-20 12:588.00 102  -  50  150 0.125 L25-Jul-20B0G013379780-39-5

PFTeDA 8.70 127-Jul-20 12:588.00 109  -  50  150 0.125 L25-Jul-20B0G0133376-06-7

EtFOSA 39.4 127-Jul-20 12:5840.0 98.6  -  50  150 0.125 L25-Jul-20B0G01334151-50-2

PFHxDA 8.20 127-Jul-20 12:588.00 102  -  50  150 0.125 L25-Jul-20B0G013367905-19-5

PFODA 6.24 J 127-Jul-20 12:588.00 78.0  -  50  150 0.125 L25-Jul-20B0G013316517-11-6NO P Q R P ST P U V V W XY Z [\ ] T X Z O _̀ YSR0115
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Name:

Project:

Client Data

MSN FFTA Samples

Sample ID: OPR

Matrix:

Laboratory Data

Lab Sample: B0G0133-BS1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

Analyte Amt Found (ng/L) Qualifiers Analyzed DilutionSpike Amt % Rec Limits Samp SizeExtractedBatchCAS Number

MeFOSE 54.3 127-Jul-20 12:5840.0 136  -  50  150 0.125 L25-Jul-20B0G013324448-09-7

EtFOSE 26.7 127-Jul-20 12:5840.0 66.8  -  50  150 0.125 L25-Jul-20B0G01331691-99-2

Labeled Standards % Rec Limits Qualifiers Analyzed DilutionType Samp SizeExtractedBatch

IS  - 13C3-PFBA 87.8  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C3-PFPeA 71.5  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C3-PFBS 74.0  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C3-HFPO-DA 70.6  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C2-4:2 FTS 73.4  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C2-PFHxA 68.4  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C4-PFHpA 74.2  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C3-PFHxS 78.0  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C2-6:2 FTS 72.2  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C5-PFNA 67.5  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C8-PFOSA 29.7  10  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C2-PFOA 74.4  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C8-PFOS 69.2  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C2-PFDA 61.4  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C2-8:2 FTS 75.8  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - d3-MeFOSAA 55.5  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C2-PFUnA 63.9  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - d5-EtFOSAA 56.7  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C2-10:2 FTS 43.9  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C2-PFDoA 52.4  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - d3-MeFOSA 10.3  10  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C2-PFTeDA 52.0  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - d5-EtFOSA 10.8  10  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C2-PFHxDA 42.2  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - d7-MeFOSE 22.6  10  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - d9-EtFOSE 25.2  10  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

NO P Q R P ST P U V V W XY Z [\ ] T X X O _̀ YSR0116
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-01-GW

Matrix:

Laboratory Data

Lab Sample: 2001473-02

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

07-Jul-20 11:35 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/L) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.775298 14.25 22-Jul-20 14:04B0G0132 0.118 L17-Jul-20375-22-4

PFPeA 1.36800 14.25 22-Jul-20 14:04B0G0132 0.118 L17-Jul-202706-90-3

PFBS 1.90377 14.25 22-Jul-20 14:04B0G0132 0.118 L17-Jul-20375-73-5

4:2 FTS 1.48<1.48 14.25 22-Jul-20 14:04B0G0132 0.118 L17-Jul-20757124-72-4

PFHxA 2.323020 14.25 22-Jul-20 14:04B0G0132 0.118 L17-Jul-20307-24-4

PFPeS 2.57260 14.25 22-Jul-20 14:04B0G0132 0.118 L17-Jul-202706-91-4

HFPO-DA 5.12<5.12 15.31 22-Jul-20 14:04B0G0132 0.118 L17-Jul-2013252-13-6

PFHpA 0.628856 14.25 22-Jul-20 14:04B0G0132 0.118 L17-Jul-20375-85-9

ADONA 0.767<0.767 14.25 22-Jul-20 14:04B0G0132 0.118 L17-Jul-20919005-14-4

PFHxS 5.038530 D 521.3 23-Jul-20 17:36B0G0132 0.118 L17-Jul-20355-46-4

6:2 FTS 2.13378 14.25 22-Jul-20 14:04B0G0132 0.118 L17-Jul-2027619-97-2

PFOA 34.667300 D 50213 27-Jul-20 11:14B0G0132 0.118 L17-Jul-20335-67-1

PFHpS 0.9961740 14.25 22-Jul-20 14:04B0G0132 0.118 L17-Jul-20375-92-8

PFNA 0.861301 14.25 22-Jul-20 14:04B0G0132 0.118 L17-Jul-20375-95-1

PFOSA 1.8819.4 Q 14.25 22-Jul-20 14:04B0G0132 0.118 L17-Jul-20754-91-6

PFOS 0.8581360 Q 14.25 22-Jul-20 14:04B0G0132 0.118 L17-Jul-201763-23-1

9Cl-PF3ONS 1.54<1.54 14.25 22-Jul-20 14:04B0G0132 0.118 L17-Jul-20756426-58-1

PFDA 1.581.67 J 14.25 22-Jul-20 14:04B0G0132 0.118 L17-Jul-20335-76-2

8:2 FTS 2.198.61 14.25 22-Jul-20 14:04B0G0132 0.118 L17-Jul-2039108-34-4

PFNS 4.11<4.11 14.25 22-Jul-20 14:04B0G0132 0.118 L17-Jul-2068259-12-1

MeFOSAA 1.75<1.75 14.25 22-Jul-20 14:04B0G0132 0.118 L17-Jul-202355-31-9

EtFOSAA 1.46<1.46 14.25 22-Jul-20 14:04B0G0132 0.118 L17-Jul-202991-50-6

PFUnA 1.12<1.12 14.25 22-Jul-20 14:04B0G0132 0.118 L17-Jul-202058-94-8

PFDS 1.31<1.31 14.25 22-Jul-20 14:04B0G0132 0.118 L17-Jul-20335-77-3

11Cl-PF3OUdS 2.56<2.56 14.25 22-Jul-20 14:04B0G0132 0.118 L17-Jul-20763051-92-9

10:2 FTS 3.33<3.33 14.25 22-Jul-20 14:04B0G0132 0.118 L17-Jul-20120226-60-0

PFDoA 0.842<0.842 14.25 22-Jul-20 14:04B0G0132 0.118 L17-Jul-20307-55-1

MeFOSA 4.07<4.07 121.3 22-Jul-20 14:04B0G0132 0.118 L17-Jul-2031506-32-8

PFTrDA 0.525<0.525 14.25 22-Jul-20 14:04B0G0132 0.118 L17-Jul-2072629-94-8

PFDoS 4.43<4.43 15.31 22-Jul-20 14:04B0G0132 0.118 L17-Jul-2079780-39-5

PFTeDA 0.803<0.803 14.25 22-Jul-20 14:04B0G0132 0.118 L17-Jul-20376-06-7

EtFOSA 5.43<5.43 121.3 22-Jul-20 14:04B0G0132 0.118 L17-Jul-204151-50-2

PFHxDA 0.313<0.313 14.25 22-Jul-20 14:04B0G0132 0.118 L17-Jul-2067905-19-5

PFODA 6.53<6.53 17.44 22-Jul-20 14:04B0G0132 0.118 L17-Jul-2016517-11-6

MeFOSE 6.45<6.45 121.3 22-Jul-20 14:04B0G0132 0.118 L17-Jul-2024448-09-7

EtFOSE 10.0<10.0 121.3 22-Jul-20 14:04B0G0132 0.118 L17-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 99.6  25  150 122-Jul-20 14:04B0G0132 17-Jul-20 0.118 LNO P Q R P ST P U V V W XY Z [\ ] T Xa O _̀ YSR0117
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-01-GW

Matrix:

Laboratory Data

Lab Sample: 2001473-02

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

07-Jul-20 11:35 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 92.3  25  150 122-Jul-20 14:04B0G0132 17-Jul-20 0.118 L

IS  - 13C3-PFBS 85.5  25  150 122-Jul-20 14:04B0G0132 17-Jul-20 0.118 L

IS  - 13C3-HFPO-DA 88.8  25  150 122-Jul-20 14:04B0G0132 17-Jul-20 0.118 L

IS  - 13C2-4:2 FTS 96.1  25  150 122-Jul-20 14:04B0G0132 17-Jul-20 0.118 L

IS  - 13C2-PFHxA 76.6  25  150 122-Jul-20 14:04B0G0132 17-Jul-20 0.118 L

IS  - 13C4-PFHpA 88.5  25  150 122-Jul-20 14:04B0G0132 17-Jul-20 0.118 L

IS  - 13C3-PFHxS 81.5  25  150 D 523-Jul-20 17:36B0G0132 17-Jul-20 0.118 L

IS  - 13C2-6:2 FTS 74.0  25  150 122-Jul-20 14:04B0G0132 17-Jul-20 0.118 L

IS  - 13C5-PFNA 83.8  25  150 122-Jul-20 14:04B0G0132 17-Jul-20 0.118 L

IS  - 13C8-PFOSA 67.6  10  150 122-Jul-20 14:04B0G0132 17-Jul-20 0.118 L

IS  - 13C2-PFOA 137  25  150 D 5027-Jul-20 11:14B0G0132 17-Jul-20 0.118 L

IS  - 13C8-PFOS 92.4  25  150 122-Jul-20 14:04B0G0132 17-Jul-20 0.118 L

IS  - 13C2-PFDA 92.1  25  150 122-Jul-20 14:04B0G0132 17-Jul-20 0.118 L

IS  - 13C2-8:2 FTS 88.0  25  150 122-Jul-20 14:04B0G0132 17-Jul-20 0.118 L

IS  - d3-MeFOSAA 83.7  25  150 122-Jul-20 14:04B0G0132 17-Jul-20 0.118 L

IS  - 13C2-PFUnA 85.7  25  150 122-Jul-20 14:04B0G0132 17-Jul-20 0.118 L

IS  - d5-EtFOSAA 84.0  25  150 122-Jul-20 14:04B0G0132 17-Jul-20 0.118 L

IS  - 13C2-10:2 FTS 81.8  25  150 122-Jul-20 14:04B0G0132 17-Jul-20 0.118 L

IS  - 13C2-PFDoA 99.6  25  150 122-Jul-20 14:04B0G0132 17-Jul-20 0.118 L

IS  - d3-MeFOSA 28.5  10  150 122-Jul-20 14:04B0G0132 17-Jul-20 0.118 L

IS  - 13C2-PFTeDA 80.7  25  150 122-Jul-20 14:04B0G0132 17-Jul-20 0.118 L

IS  - d5-EtFOSA 23.2  10  150 122-Jul-20 14:04B0G0132 17-Jul-20 0.118 L

IS  - 13C2-PFHxDA 64.0  25  150 122-Jul-20 14:04B0G0132 17-Jul-20 0.118 L

IS  - d7-MeFOSE 49.0  10  150 122-Jul-20 14:04B0G0132 17-Jul-20 0.118 L

IS  - d9-EtFOSE 54.0  10  150 122-Jul-20 14:04B0G0132 17-Jul-20 0.118 L

Results reported to MDL.                                                                                                       MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

NO P Q R P ST P U V V W XY Z [\ ] T X̀ O _̀ YSR0118
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-05-GW

Matrix:

Laboratory Data

Lab Sample: 2001473-06

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

07-Jul-20 12:55 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/L) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.81250.6 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-20375-22-4

PFPeA 1.43104 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-202706-90-3

PFBS 1.9995.9 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-20375-73-5

4:2 FTS 1.55<1.55 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-20757124-72-4

PFHxA 2.43349 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-20307-24-4

PFPeS 2.70106 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-202706-91-4

HFPO-DA 5.37<5.37 15.57 23-Jul-20 17:57B0G0132 0.112 L17-Jul-2013252-13-6

PFHpA 0.65881.7 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-20375-85-9

ADONA 0.804<0.804 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-20919005-14-4

PFHxS 5.274740 D 522.3 23-Jul-20 17:46B0G0132 0.112 L17-Jul-20355-46-4

6:2 FTS 2.238.35 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-2027619-97-2

PFOA 0.7251090 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-20335-67-1

PFHpS 1.0466.1 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-20375-92-8

PFNA 0.902143 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-20375-95-1

PFOSA 1.9710.9 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-20754-91-6

PFOS 0.8991900 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-201763-23-1

9Cl-PF3ONS 1.62<1.62 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-20756426-58-1

PFDA 1.661.71 J 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-20335-76-2

8:2 FTS 2.2953.6 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-2039108-34-4

PFNS 4.31<4.31 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-2068259-12-1

MeFOSAA 1.84<1.84 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-202355-31-9

EtFOSAA 1.53<1.53 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-202991-50-6

PFUnA 1.17<1.17 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-202058-94-8

PFDS 1.37<1.37 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-20335-77-3

11Cl-PF3OUdS 2.68<2.68 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-20763051-92-9

10:2 FTS 3.49<3.49 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-20120226-60-0

PFDoA 0.882<0.882 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-20307-55-1

MeFOSA 4.27<4.27 122.3 23-Jul-20 17:57B0G0132 0.112 L17-Jul-2031506-32-8

PFTrDA 0.550<0.550 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-2072629-94-8

PFDoS 4.64<4.64 15.57 23-Jul-20 17:57B0G0132 0.112 L17-Jul-2079780-39-5

PFTeDA 0.841<0.841 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-20376-06-7

EtFOSA 5.69<5.69 122.3 23-Jul-20 17:57B0G0132 0.112 L17-Jul-204151-50-2

PFHxDA 0.327<0.327 14.46 23-Jul-20 17:57B0G0132 0.112 L17-Jul-2067905-19-5

PFODA 6.84<6.84 17.80 23-Jul-20 17:57B0G0132 0.112 L17-Jul-2016517-11-6

MeFOSE 6.76<6.76 122.3 23-Jul-20 17:57B0G0132 0.112 L17-Jul-2024448-09-7

EtFOSE 10.5<10.5 122.3 23-Jul-20 17:57B0G0132 0.112 L17-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 120  25  150 123-Jul-20 17:57B0G0132 17-Jul-20 0.112 LNO P Q R P ST P U V V W XY Z [\ ] T XY O _̀ YSR0119
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-05-GW

Matrix:

Laboratory Data

Lab Sample: 2001473-06

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

07-Jul-20 12:55 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 84.0  25  150 123-Jul-20 17:57B0G0132 17-Jul-20 0.112 L

IS  - 13C3-PFBS 93.1  25  150 123-Jul-20 17:57B0G0132 17-Jul-20 0.112 L

IS  - 13C3-HFPO-DA 79.5  25  150 123-Jul-20 17:57B0G0132 17-Jul-20 0.112 L

IS  - 13C2-4:2 FTS 83.4  25  150 123-Jul-20 17:57B0G0132 17-Jul-20 0.112 L

IS  - 13C2-PFHxA 80.6  25  150 123-Jul-20 17:57B0G0132 17-Jul-20 0.112 L

IS  - 13C4-PFHpA 84.2  25  150 123-Jul-20 17:57B0G0132 17-Jul-20 0.112 L

IS  - 13C3-PFHxS 81.5  25  150 D 523-Jul-20 17:46B0G0132 17-Jul-20 0.112 L

IS  - 13C2-6:2 FTS 89.1  25  150 123-Jul-20 17:57B0G0132 17-Jul-20 0.112 L

IS  - 13C5-PFNA 76.7  25  150 123-Jul-20 17:57B0G0132 17-Jul-20 0.112 L

IS  - 13C8-PFOSA 47.7  10  150 123-Jul-20 17:57B0G0132 17-Jul-20 0.112 L

IS  - 13C2-PFOA 83.1  25  150 123-Jul-20 17:57B0G0132 17-Jul-20 0.112 L

IS  - 13C8-PFOS 87.8  25  150 123-Jul-20 17:57B0G0132 17-Jul-20 0.112 L

IS  - 13C2-PFDA 82.8  25  150 123-Jul-20 17:57B0G0132 17-Jul-20 0.112 L

IS  - 13C2-8:2 FTS 82.6  25  150 123-Jul-20 17:57B0G0132 17-Jul-20 0.112 L

IS  - d3-MeFOSAA 81.5  25  150 123-Jul-20 17:57B0G0132 17-Jul-20 0.112 L

IS  - 13C2-PFUnA 76.3  25  150 123-Jul-20 17:57B0G0132 17-Jul-20 0.112 L

IS  - d5-EtFOSAA 74.4  25  150 123-Jul-20 17:57B0G0132 17-Jul-20 0.112 L

IS  - 13C2-10:2 FTS 60.4  25  150 123-Jul-20 17:57B0G0132 17-Jul-20 0.112 L

IS  - 13C2-PFDoA 69.9  25  150 123-Jul-20 17:57B0G0132 17-Jul-20 0.112 L

IS  - d3-MeFOSA 13.0  10  150 123-Jul-20 17:57B0G0132 17-Jul-20 0.112 L

IS  - 13C2-PFTeDA 55.9  25  150 123-Jul-20 17:57B0G0132 17-Jul-20 0.112 L

IS  - d5-EtFOSA 10.6  10  150 123-Jul-20 17:57B0G0132 17-Jul-20 0.112 L

IS  - 13C2-PFHxDA 48.5  25  150 123-Jul-20 17:57B0G0132 17-Jul-20 0.112 L

IS  - d7-MeFOSE 33.0  10  150 123-Jul-20 17:57B0G0132 17-Jul-20 0.112 L

IS  - d9-EtFOSE 41.2  10  150 123-Jul-20 17:57B0G0132 17-Jul-20 0.112 L

Results reported to MDL.                                                                                                       MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

NO P Q R P ST P U V V W XY Z [\ ] T X b O _̀ YSR0120
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-02-GW

Matrix:

Laboratory Data

Lab Sample: 2001473-08

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

07-Jul-20 13:10 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/L) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.789113 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-20375-22-4

PFPeA 1.39213 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-202706-90-3

PFBS 1.9437.2 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-20375-73-5

4:2 FTS 1.50<1.50 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-20757124-72-4

PFHxA 2.36132 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-20307-24-4

PFPeS 2.6248.2 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-202706-91-4

HFPO-DA 5.22<5.22 15.41 23-Jul-20 18:28B0G0132 0.115 L17-Jul-2013252-13-6

PFHpA 0.640117 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-20375-85-9

ADONA 0.782<0.782 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-20919005-14-4

PFHxS 1.031690 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-20355-46-4

6:2 FTS 2.16<2.16 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-2027619-97-2

PFOA 3.5211300 D 521.6 23-Jul-20 18:17B0G0132 0.115 L17-Jul-20335-67-1

PFHpS 1.0131.3 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-20375-92-8

PFNA 0.87731.9 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-20375-95-1

PFOSA 1.924.99 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-20754-91-6

PFOS 0.874559 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-201763-23-1

9Cl-PF3ONS 1.57<1.57 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-20756426-58-1

PFDA 1.61<1.61 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-20335-76-2

8:2 FTS 2.23<2.23 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-2039108-34-4

PFNS 4.19<4.19 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-2068259-12-1

MeFOSAA 1.79<1.79 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-202355-31-9

EtFOSAA 1.48<1.48 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-202991-50-6

PFUnA 1.14<1.14 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-202058-94-8

PFDS 1.33<1.33 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-20335-77-3

11Cl-PF3OUdS 2.61<2.61 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-20763051-92-9

10:2 FTS 3.39<3.39 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-20120226-60-0

PFDoA 0.857<0.857 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-20307-55-1

MeFOSA 4.15<4.15 121.6 23-Jul-20 18:28B0G0132 0.115 L17-Jul-2031506-32-8

PFTrDA 0.535<0.535 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-2072629-94-8

PFDoS 4.51<4.51 15.41 23-Jul-20 18:28B0G0132 0.115 L17-Jul-2079780-39-5

PFTeDA 0.817<0.817 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-20376-06-7

EtFOSA 5.53<5.53 121.6 23-Jul-20 18:28B0G0132 0.115 L17-Jul-204151-50-2

PFHxDA 0.318<0.318 14.33 23-Jul-20 18:28B0G0132 0.115 L17-Jul-2067905-19-5

PFODA 6.65<6.65 17.58 23-Jul-20 18:28B0G0132 0.115 L17-Jul-2016517-11-6

MeFOSE 6.57<6.57 121.6 23-Jul-20 18:28B0G0132 0.115 L17-Jul-2024448-09-7

EtFOSE 10.2<10.2 121.6 23-Jul-20 18:28B0G0132 0.115 L17-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 82.9  25  150 123-Jul-20 18:28B0G0132 17-Jul-20 0.115 LNO P Q R P ST P U V V W XY Z [\ ] T X̂ O _̀ YSR0121
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-02-GW

Matrix:

Laboratory Data

Lab Sample: 2001473-08

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

07-Jul-20 13:10 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 93.1  25  150 123-Jul-20 18:28B0G0132 17-Jul-20 0.115 L

IS  - 13C3-PFBS 98.4  25  150 123-Jul-20 18:28B0G0132 17-Jul-20 0.115 L

IS  - 13C3-HFPO-DA 95.5  25  150 123-Jul-20 18:28B0G0132 17-Jul-20 0.115 L

IS  - 13C2-4:2 FTS 88.2  25  150 123-Jul-20 18:28B0G0132 17-Jul-20 0.115 L

IS  - 13C2-PFHxA 93.6  25  150 123-Jul-20 18:28B0G0132 17-Jul-20 0.115 L

IS  - 13C4-PFHpA 91.2  25  150 123-Jul-20 18:28B0G0132 17-Jul-20 0.115 L

IS  - 13C3-PFHxS 82.7  25  150 123-Jul-20 18:28B0G0132 17-Jul-20 0.115 L

IS  - 13C2-6:2 FTS 99.1  25  150 123-Jul-20 18:28B0G0132 17-Jul-20 0.115 L

IS  - 13C5-PFNA 86.0  25  150 123-Jul-20 18:28B0G0132 17-Jul-20 0.115 L

IS  - 13C8-PFOSA 75.4  10  150 123-Jul-20 18:28B0G0132 17-Jul-20 0.115 L

IS  - 13C2-PFOA 107  25  150 D 523-Jul-20 18:17B0G0132 17-Jul-20 0.115 L

IS  - 13C8-PFOS 108  25  150 123-Jul-20 18:28B0G0132 17-Jul-20 0.115 L

IS  - 13C2-PFDA 88.8  25  150 123-Jul-20 18:28B0G0132 17-Jul-20 0.115 L

IS  - 13C2-8:2 FTS 93.5  25  150 123-Jul-20 18:28B0G0132 17-Jul-20 0.115 L

IS  - d3-MeFOSAA 90.8  25  150 123-Jul-20 18:28B0G0132 17-Jul-20 0.115 L

IS  - 13C2-PFUnA 84.7  25  150 123-Jul-20 18:28B0G0132 17-Jul-20 0.115 L

IS  - d5-EtFOSAA 84.4  25  150 123-Jul-20 18:28B0G0132 17-Jul-20 0.115 L

IS  - 13C2-10:2 FTS 83.8  25  150 123-Jul-20 18:28B0G0132 17-Jul-20 0.115 L

IS  - 13C2-PFDoA 80.6  25  150 123-Jul-20 18:28B0G0132 17-Jul-20 0.115 L

IS  - d3-MeFOSA 38.2  10  150 123-Jul-20 18:28B0G0132 17-Jul-20 0.115 L

IS  - 13C2-PFTeDA 74.0  25  150 123-Jul-20 18:28B0G0132 17-Jul-20 0.115 L

IS  - d5-EtFOSA 30.1  10  150 123-Jul-20 18:28B0G0132 17-Jul-20 0.115 L

IS  - 13C2-PFHxDA 70.0  25  150 123-Jul-20 18:28B0G0132 17-Jul-20 0.115 L

IS  - d7-MeFOSE 43.4  10  150 123-Jul-20 18:28B0G0132 17-Jul-20 0.115 L

IS  - d9-EtFOSE 47.9  10  150 123-Jul-20 18:28B0G0132 17-Jul-20 0.115 L

Results reported to MDL.                                                                                                       MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

NO P Q R P ST P U V V W XY Z [\ ] T a V O _̀ YSR0122
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-04-GW

Matrix:

Laboratory Data

Lab Sample: 2001473-09

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

07-Jul-20 13:35 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/L) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.7279.25 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-20375-22-4

PFPeA 1.2834.3 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-202706-90-3

PFBS 1.7914.1 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-20375-73-5

4:2 FTS 1.39<1.39 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-20757124-72-4

PFHxA 2.1731.0 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-20307-24-4

PFPeS 2.415.67 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-202706-91-4

HFPO-DA 4.81<4.81 14.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-2013252-13-6

PFHpA 0.59013.4 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-20375-85-9

ADONA 0.720<0.720 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-20919005-14-4

PFHxS 0.945228 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-20355-46-4

6:2 FTS 2.00<2.00 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-2027619-97-2

PFOA 0.64954.9 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-20335-67-1

PFHpS 0.9352.29 J, Q 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-20375-92-8

PFNA 0.80813.5 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-20375-95-1

PFOSA 1.772.01 J 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-20754-91-6

PFOS 0.805193 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-201763-23-1

9Cl-PF3ONS 1.45<1.45 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-20756426-58-1

PFDA 1.497.53 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-20335-76-2

8:2 FTS 2.06<2.06 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-2039108-34-4

PFNS 3.86<3.86 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-2068259-12-1

MeFOSAA 1.65<1.65 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-202355-31-9

EtFOSAA 1.37<1.37 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-202991-50-6

PFUnA 1.05<1.05 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-202058-94-8

PFDS 1.23<1.23 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-20335-77-3

11Cl-PF3OUdS 2.40<2.40 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-20763051-92-9

10:2 FTS 3.12<3.12 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-20120226-60-0

PFDoA 0.790<0.790 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-20307-55-1

MeFOSA 3.82<3.82 120.0 23-Jul-20 18:48B0G0132 0.125 L17-Jul-2031506-32-8

PFTrDA 0.493<0.493 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-2072629-94-8

PFDoS 4.16<4.16 14.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-2079780-39-5

PFTeDA 0.753<0.753 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-20376-06-7

EtFOSA 5.10<5.10 120.0 23-Jul-20 18:48B0G0132 0.125 L17-Jul-204151-50-2

PFHxDA 0.293<0.293 13.99 23-Jul-20 18:48B0G0132 0.125 L17-Jul-2067905-19-5

PFODA 6.13<6.13 16.98 23-Jul-20 18:48B0G0132 0.125 L17-Jul-2016517-11-6

MeFOSE 6.06<6.06 120.0 23-Jul-20 18:48B0G0132 0.125 L17-Jul-2024448-09-7

EtFOSE 9.42<9.42 120.0 23-Jul-20 18:48B0G0132 0.125 L17-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 110  25  150 123-Jul-20 18:48B0G0132 17-Jul-20 0.125 LNO P Q R P ST P U V V W XY Z [\ ] T a W O _̀ YSR0123
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-04-GW

Matrix:

Laboratory Data

Lab Sample: 2001473-09

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

07-Jul-20 13:35 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 83.5  25  150 123-Jul-20 18:48B0G0132 17-Jul-20 0.125 L

IS  - 13C3-PFBS 95.3  25  150 123-Jul-20 18:48B0G0132 17-Jul-20 0.125 L

IS  - 13C3-HFPO-DA 85.7  25  150 123-Jul-20 18:48B0G0132 17-Jul-20 0.125 L

IS  - 13C2-4:2 FTS 82.6  25  150 123-Jul-20 18:48B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFHxA 87.3  25  150 123-Jul-20 18:48B0G0132 17-Jul-20 0.125 L

IS  - 13C4-PFHpA 78.8  25  150 123-Jul-20 18:48B0G0132 17-Jul-20 0.125 L

IS  - 13C3-PFHxS 89.7  25  150 123-Jul-20 18:48B0G0132 17-Jul-20 0.125 L

IS  - 13C2-6:2 FTS 86.9  25  150 123-Jul-20 18:48B0G0132 17-Jul-20 0.125 L

IS  - 13C5-PFNA 75.5  25  150 123-Jul-20 18:48B0G0132 17-Jul-20 0.125 L

IS  - 13C8-PFOSA 58.6  10  150 123-Jul-20 18:48B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFOA 86.8  25  150 123-Jul-20 18:48B0G0132 17-Jul-20 0.125 L

IS  - 13C8-PFOS 90.5  25  150 123-Jul-20 18:48B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFDA 82.6  25  150 123-Jul-20 18:48B0G0132 17-Jul-20 0.125 L

IS  - 13C2-8:2 FTS 76.9  25  150 123-Jul-20 18:48B0G0132 17-Jul-20 0.125 L

IS  - d3-MeFOSAA 79.6  25  150 123-Jul-20 18:48B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFUnA 72.1  25  150 123-Jul-20 18:48B0G0132 17-Jul-20 0.125 L

IS  - d5-EtFOSAA 72.3  25  150 123-Jul-20 18:48B0G0132 17-Jul-20 0.125 L

IS  - 13C2-10:2 FTS 55.9  25  150 123-Jul-20 18:48B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFDoA 59.4  25  150 123-Jul-20 18:48B0G0132 17-Jul-20 0.125 L

IS  - d3-MeFOSA 17.9  10  150 123-Jul-20 18:48B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFTeDA 28.4  25  150 123-Jul-20 18:48B0G0132 17-Jul-20 0.125 L

IS  - d5-EtFOSA 11.7  10  150 123-Jul-20 18:48B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFHxDA 19.5  25  150 H 123-Jul-20 18:48B0G0132 17-Jul-20 0.125 L

IS  - d7-MeFOSE 26.8  10  150 123-Jul-20 18:48B0G0132 17-Jul-20 0.125 L

IS  - d9-EtFOSE 26.0  10  150 123-Jul-20 18:48B0G0132 17-Jul-20 0.125 L

Results reported to MDL.                                                                                                       MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

NO P Q R P ST P U V V W XY Z [\ ] T a U O _̀ YSR0124

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 127 of 615



Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: EQUIPMENT BLANK A

Matrix:

Laboratory Data

Lab Sample: 2001473-12

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

07-Jul-20 08:40 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/L) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.845<0.845 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-20375-22-4

PFPeA 1.48<1.48 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-202706-90-3

PFBS 2.07<2.07 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-20375-73-5

4:2 FTS 1.61<1.61 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-20757124-72-4

PFHxA 2.53<2.53 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-20307-24-4

PFPeS 2.80<2.80 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-202706-91-4

HFPO-DA 5.58<5.58 15.79 23-Jul-20 18:59B0G0132 0.108 L17-Jul-2013252-13-6

PFHpA 0.685<0.685 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-20375-85-9

ADONA 0.837<0.837 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-20919005-14-4

PFHxS 1.10<1.10 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-20355-46-4

6:2 FTS 2.32<2.32 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-2027619-97-2

PFOA 0.754<0.754 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-20335-67-1

PFHpS 1.09<1.09 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-20375-92-8

PFNA 0.938<0.938 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-20375-95-1

PFOSA 2.05<2.05 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-20754-91-6

PFOS 0.935<0.935 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-201763-23-1

9Cl-PF3ONS 1.68<1.68 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-20756426-58-1

PFDA 1.73<1.73 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-20335-76-2

8:2 FTS 2.39<2.39 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-2039108-34-4

PFNS 4.48<4.48 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-2068259-12-1

MeFOSAA 1.91<1.91 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-202355-31-9

EtFOSAA 1.59<1.59 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-202991-50-6

PFUnA 1.22<1.22 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-202058-94-8

PFDS 1.43<1.43 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-20335-77-3

11Cl-PF3OUdS 2.79<2.79 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-20763051-92-9

10:2 FTS 3.63<3.63 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-20120226-60-0

PFDoA 0.918<0.918 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-20307-55-1

MeFOSA 4.07<4.07 121.3 27-Jul-20 13:19B0G0133 0.118 L25-Jul-2031506-32-8

PFTrDA 0.572<0.572 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-2072629-94-8

PFDoS 4.83<4.83 15.79 23-Jul-20 18:59B0G0132 0.108 L17-Jul-2079780-39-5

PFTeDA 0.875<0.875 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-20376-06-7

EtFOSA 5.43<5.43 121.3 27-Jul-20 13:19B0G0133 0.118 L25-Jul-204151-50-2

PFHxDA 0.341<0.341 14.63 23-Jul-20 18:59B0G0132 0.108 L17-Jul-2067905-19-5

PFODA 7.11<7.11 18.11 23-Jul-20 18:59B0G0132 0.108 L17-Jul-2016517-11-6

MeFOSE 7.03<7.03 123.2 23-Jul-20 18:59B0G0132 0.108 L17-Jul-2024448-09-7

EtFOSE 10.9<10.9 123.2 23-Jul-20 18:59B0G0132 0.108 L17-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 124  25  150 123-Jul-20 18:59B0G0132 17-Jul-20 0.108 LNO P Q R P ST P U V V W XY Z [\ ] T a Z O _̀ YSR0125

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 128 of 615



Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: EQUIPMENT BLANK A

Matrix:

Laboratory Data

Lab Sample: 2001473-12

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

07-Jul-20 08:40 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 86.4  25  150 123-Jul-20 18:59B0G0132 17-Jul-20 0.108 L

IS  - 13C3-PFBS 97.3  25  150 123-Jul-20 18:59B0G0132 17-Jul-20 0.108 L

IS  - 13C3-HFPO-DA 90.2  25  150 123-Jul-20 18:59B0G0132 17-Jul-20 0.108 L

IS  - 13C2-4:2 FTS 83.0  25  150 123-Jul-20 18:59B0G0132 17-Jul-20 0.108 L

IS  - 13C2-PFHxA 85.3  25  150 123-Jul-20 18:59B0G0132 17-Jul-20 0.108 L

IS  - 13C4-PFHpA 87.5  25  150 123-Jul-20 18:59B0G0132 17-Jul-20 0.108 L

IS  - 13C3-PFHxS 84.7  25  150 123-Jul-20 18:59B0G0132 17-Jul-20 0.108 L

IS  - 13C2-6:2 FTS 101  25  150 123-Jul-20 18:59B0G0132 17-Jul-20 0.108 L

IS  - 13C5-PFNA 87.5  25  150 123-Jul-20 18:59B0G0132 17-Jul-20 0.108 L

IS  - 13C8-PFOSA 42.6  10  150 123-Jul-20 18:59B0G0132 17-Jul-20 0.108 L

IS  - 13C2-PFOA 91.4  25  150 123-Jul-20 18:59B0G0132 17-Jul-20 0.108 L

IS  - 13C8-PFOS 95.5  25  150 123-Jul-20 18:59B0G0132 17-Jul-20 0.108 L

IS  - 13C2-PFDA 89.2  25  150 123-Jul-20 18:59B0G0132 17-Jul-20 0.108 L

IS  - 13C2-8:2 FTS 86.2  25  150 123-Jul-20 18:59B0G0132 17-Jul-20 0.108 L

IS  - d3-MeFOSAA 83.0  25  150 123-Jul-20 18:59B0G0132 17-Jul-20 0.108 L

IS  - 13C2-PFUnA 80.8  25  150 123-Jul-20 18:59B0G0132 17-Jul-20 0.108 L

IS  - d5-EtFOSAA 80.3  25  150 123-Jul-20 18:59B0G0132 17-Jul-20 0.108 L

IS  - 13C2-10:2 FTS 64.6  25  150 123-Jul-20 18:59B0G0132 17-Jul-20 0.108 L

IS  - 13C2-PFDoA 75.9  25  150 123-Jul-20 18:59B0G0132 17-Jul-20 0.108 L

IS  - d3-MeFOSA 12.9  10  150 127-Jul-20 13:19B0G0133 25-Jul-20 0.118 L

IS  - 13C2-PFTeDA 62.5  25  150 123-Jul-20 18:59B0G0132 17-Jul-20 0.108 L

IS  - d5-EtFOSA 12.7  10  150 127-Jul-20 13:19B0G0133 25-Jul-20 0.118 L

IS  - 13C2-PFHxDA 51.4  25  150 123-Jul-20 18:59B0G0132 17-Jul-20 0.108 L

IS  - d7-MeFOSE 25.9  10  150 123-Jul-20 18:59B0G0132 17-Jul-20 0.108 L

IS  - d9-EtFOSE 24.5  10  150 123-Jul-20 18:59B0G0132 17-Jul-20 0.108 L

Results reported to MDL.                                                                                                       MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

NO P Q R P ST P U V V W XY Z [\ ] T a X O _̀ YSR0126
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-03-GW

Matrix:

Laboratory Data

Lab Sample: 2001473-16

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

07-Jul-20 09:40 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/L) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.7911250 14.34 22-Jul-20 14:56B0G0132 0.115 L17-Jul-20375-22-4

PFPeA 1.393610 14.34 22-Jul-20 14:56B0G0132 0.115 L17-Jul-202706-90-3

PFBS 1.941230 14.34 22-Jul-20 14:56B0G0132 0.115 L17-Jul-20375-73-5

4:2 FTS 1.51<1.51 14.34 22-Jul-20 14:56B0G0132 0.115 L17-Jul-20757124-72-4

PFHxA 2.374280 14.34 22-Jul-20 14:56B0G0132 0.115 L17-Jul-20307-24-4

PFPeS 2.63771 14.34 22-Jul-20 14:56B0G0132 0.115 L17-Jul-202706-91-4

HFPO-DA 5.23<5.23 15.43 22-Jul-20 14:56B0G0132 0.115 L17-Jul-2013252-13-6

PFHpA 0.6421090 14.34 22-Jul-20 14:56B0G0132 0.115 L17-Jul-20375-85-9

ADONA 0.784<0.784 14.34 22-Jul-20 14:56B0G0132 0.115 L17-Jul-20919005-14-4

PFHxS 10.318700 D 1043.4 23-Jul-20 19:09B0G0132 0.115 L17-Jul-20355-46-4

6:2 FTS 2.1724.4 14.34 22-Jul-20 14:56B0G0132 0.115 L17-Jul-2027619-97-2

PFOA 7.077130 D 1043.4 23-Jul-20 19:09B0G0132 0.115 L17-Jul-20335-67-1

PFHpS 1.022460 14.34 22-Jul-20 14:56B0G0132 0.115 L17-Jul-20375-92-8

PFNA 0.8791640 14.34 22-Jul-20 14:56B0G0132 0.115 L17-Jul-20375-95-1

PFOSA 1.924.04 J, Q 14.34 22-Jul-20 14:56B0G0132 0.115 L17-Jul-20754-91-6

PFOS 0.8761360 Q 14.34 22-Jul-20 14:56B0G0132 0.115 L17-Jul-201763-23-1

9Cl-PF3ONS 1.57<1.57 14.34 22-Jul-20 14:56B0G0132 0.115 L17-Jul-20756426-58-1

PFDA 1.62<1.62 14.34 22-Jul-20 14:56B0G0132 0.115 L17-Jul-20335-76-2

8:2 FTS 2.24<2.24 14.34 22-Jul-20 14:56B0G0132 0.115 L17-Jul-2039108-34-4

PFNS 4.20<4.20 14.34 22-Jul-20 14:56B0G0132 0.115 L17-Jul-2068259-12-1

MeFOSAA 1.79<1.79 14.34 22-Jul-20 14:56B0G0132 0.115 L17-Jul-202355-31-9

EtFOSAA 1.49<1.49 14.34 22-Jul-20 14:56B0G0132 0.115 L17-Jul-202991-50-6

PFUnA 1.14<1.14 14.34 22-Jul-20 14:56B0G0132 0.115 L17-Jul-202058-94-8

PFDS 1.34<1.34 14.34 22-Jul-20 14:56B0G0132 0.115 L17-Jul-20335-77-3

11Cl-PF3OUdS 2.62<2.62 14.34 22-Jul-20 14:56B0G0132 0.115 L17-Jul-20763051-92-9

10:2 FTS 3.40<3.40 14.34 22-Jul-20 14:56B0G0132 0.115 L17-Jul-20120226-60-0

PFDoA 0.860<0.860 14.34 22-Jul-20 14:56B0G0132 0.115 L17-Jul-20307-55-1

MeFOSA 4.16<4.16 121.7 22-Jul-20 14:56B0G0132 0.115 L17-Jul-2031506-32-8

PFTrDA 0.536<0.536 14.34 22-Jul-20 14:56B0G0132 0.115 L17-Jul-2072629-94-8

PFDoS 4.53<4.53 15.43 22-Jul-20 14:56B0G0132 0.115 L17-Jul-2079780-39-5

PFTeDA 0.820<0.820 14.34 22-Jul-20 14:56B0G0132 0.115 L17-Jul-20376-06-7

EtFOSA 5.55<5.55 121.7 22-Jul-20 14:56B0G0132 0.115 L17-Jul-204151-50-2

PFHxDA 0.319<0.319 14.34 22-Jul-20 14:56B0G0132 0.115 L17-Jul-2067905-19-5

PFODA 6.67<6.67 17.60 22-Jul-20 14:56B0G0132 0.115 L17-Jul-2016517-11-6

MeFOSE 6.59<6.59 121.7 22-Jul-20 14:56B0G0132 0.115 L17-Jul-2024448-09-7

EtFOSE 10.2<10.2 121.7 22-Jul-20 14:56B0G0132 0.115 L17-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 111  25  150 122-Jul-20 14:56B0G0132 17-Jul-20 0.115 Lcd e f g e hi e j k k l mn o pq r i s s d t unSR0127
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-03-GW

Matrix:

Laboratory Data

Lab Sample: 2001473-16

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

07-Jul-20 09:40 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 86.1  25  150 122-Jul-20 14:56B0G0132 17-Jul-20 0.115 L

IS  - 13C3-PFBS 86.0  25  150 122-Jul-20 14:56B0G0132 17-Jul-20 0.115 L

IS  - 13C3-HFPO-DA 80.2  25  150 122-Jul-20 14:56B0G0132 17-Jul-20 0.115 L

IS  - 13C2-4:2 FTS 93.5  25  150 122-Jul-20 14:56B0G0132 17-Jul-20 0.115 L

IS  - 13C2-PFHxA 76.5  25  150 122-Jul-20 14:56B0G0132 17-Jul-20 0.115 L

IS  - 13C4-PFHpA 84.7  25  150 122-Jul-20 14:56B0G0132 17-Jul-20 0.115 L

IS  - 13C3-PFHxS 110  25  150 D 1023-Jul-20 19:09B0G0132 17-Jul-20 0.115 L

IS  - 13C2-6:2 FTS 82.6  25  150 122-Jul-20 14:56B0G0132 17-Jul-20 0.115 L

IS  - 13C5-PFNA 78.1  25  150 122-Jul-20 14:56B0G0132 17-Jul-20 0.115 L

IS  - 13C8-PFOSA 54.7  10  150 122-Jul-20 14:56B0G0132 17-Jul-20 0.115 L

IS  - 13C2-PFOA 139  25  150 D 1023-Jul-20 19:09B0G0132 17-Jul-20 0.115 L

IS  - 13C8-PFOS 84.9  25  150 122-Jul-20 14:56B0G0132 17-Jul-20 0.115 L

IS  - 13C2-PFDA 97.4  25  150 122-Jul-20 14:56B0G0132 17-Jul-20 0.115 L

IS  - 13C2-8:2 FTS 82.3  25  150 122-Jul-20 14:56B0G0132 17-Jul-20 0.115 L

IS  - d3-MeFOSAA 79.1  25  150 122-Jul-20 14:56B0G0132 17-Jul-20 0.115 L

IS  - 13C2-PFUnA 87.5  25  150 122-Jul-20 14:56B0G0132 17-Jul-20 0.115 L

IS  - d5-EtFOSAA 81.3  25  150 122-Jul-20 14:56B0G0132 17-Jul-20 0.115 L

IS  - 13C2-10:2 FTS 88.3  25  150 122-Jul-20 14:56B0G0132 17-Jul-20 0.115 L

IS  - 13C2-PFDoA 92.6  25  150 122-Jul-20 14:56B0G0132 17-Jul-20 0.115 L

IS  - d3-MeFOSA 21.2  10  150 122-Jul-20 14:56B0G0132 17-Jul-20 0.115 L

IS  - 13C2-PFTeDA 69.3  25  150 122-Jul-20 14:56B0G0132 17-Jul-20 0.115 L

IS  - d5-EtFOSA 16.1  10  150 122-Jul-20 14:56B0G0132 17-Jul-20 0.115 L

IS  - 13C2-PFHxDA 66.7  25  150 122-Jul-20 14:56B0G0132 17-Jul-20 0.115 L

IS  - d7-MeFOSE 45.5  10  150 122-Jul-20 14:56B0G0132 17-Jul-20 0.115 L

IS  - d9-EtFOSE 45.4  10  150 122-Jul-20 14:56B0G0132 17-Jul-20 0.115 L

Results reported to MDL.                                                                                                       MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

cd e f g e hi e j k k l mn o pq r i s u d t unSR0128
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-06-GW

Matrix:

Laboratory Data

Lab Sample: 2001473-19

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

07-Jul-20 10:40 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/L) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 12.216100 D 1566.7 23-Jul-20 20:12B0G0132 0.112 L17-Jul-20375-22-4

PFPeA 21.443000 D 1566.7 23-Jul-20 20:12B0G0132 0.112 L17-Jul-202706-90-3

PFBS 29.920200 D 1566.7 23-Jul-20 20:12B0G0132 0.112 L17-Jul-20375-73-5

4:2 FTS 1.55194 14.45 22-Jul-20 15:06B0G0132 0.112 L17-Jul-20757124-72-4

PFHxA 84.953800 D 35156 23-Jul-20 19:30B0G0132 0.112 L17-Jul-20307-24-4

PFPeS 40.423700 D 1566.7 23-Jul-20 20:12B0G0132 0.112 L17-Jul-202706-91-4

HFPO-DA 5.36<5.36 15.56 22-Jul-20 15:06B0G0132 0.112 L17-Jul-2013252-13-6

PFHpA 23.026200 D 35156 23-Jul-20 19:30B0G0132 0.112 L17-Jul-20375-85-9

ADONA 0.803<0.803 14.45 22-Jul-20 15:06B0G0132 0.112 L17-Jul-20919005-14-4

PFHxS 36.979900 D 35156 23-Jul-20 19:30B0G0132 0.112 L17-Jul-20355-46-4

6:2 FTS 33.45880 D 1566.7 23-Jul-20 20:12B0G0132 0.112 L17-Jul-2027619-97-2

PFOA 25.365300 D 35156 23-Jul-20 19:30B0G0132 0.112 L17-Jul-20335-67-1

PFHpS 1.04104 14.45 22-Jul-20 15:06B0G0132 0.112 L17-Jul-20375-92-8

PFNA 0.9013.98 J 14.45 22-Jul-20 15:06B0G0132 0.112 L17-Jul-20375-95-1

PFOSA 1.9710.3 14.45 22-Jul-20 15:06B0G0132 0.112 L17-Jul-20754-91-6

PFOS 0.898230 14.45 22-Jul-20 15:06B0G0132 0.112 L17-Jul-201763-23-1

9Cl-PF3ONS 1.61<1.61 14.45 22-Jul-20 15:06B0G0132 0.112 L17-Jul-20756426-58-1

PFDA 1.66<1.66 14.45 22-Jul-20 15:06B0G0132 0.112 L17-Jul-20335-76-2

8:2 FTS 2.2934.9 14.45 22-Jul-20 15:06B0G0132 0.112 L17-Jul-2039108-34-4

PFNS 4.30<4.30 14.45 22-Jul-20 15:06B0G0132 0.112 L17-Jul-2068259-12-1

MeFOSAA 1.84<1.84 14.45 22-Jul-20 15:06B0G0132 0.112 L17-Jul-202355-31-9

EtFOSAA 1.52<1.52 14.45 22-Jul-20 15:06B0G0132 0.112 L17-Jul-202991-50-6

PFUnA 1.17<1.17 14.45 22-Jul-20 15:06B0G0132 0.112 L17-Jul-202058-94-8

PFDS 1.37<1.37 14.45 22-Jul-20 15:06B0G0132 0.112 L17-Jul-20335-77-3

11Cl-PF3OUdS 2.68<2.68 14.45 22-Jul-20 15:06B0G0132 0.112 L17-Jul-20763051-92-9

10:2 FTS 3.48<3.48 14.45 22-Jul-20 15:06B0G0132 0.112 L17-Jul-20120226-60-0

PFDoA 0.881<0.881 14.45 22-Jul-20 15:06B0G0132 0.112 L17-Jul-20307-55-1

MeFOSA 4.26<4.26 122.2 22-Jul-20 15:06B0G0132 0.112 L17-Jul-2031506-32-8

PFTrDA 0.549<0.549 14.45 22-Jul-20 15:06B0G0132 0.112 L17-Jul-2072629-94-8

PFDoS 4.64<4.64 15.56 22-Jul-20 15:06B0G0132 0.112 L17-Jul-2079780-39-5

PFTeDA 0.840<0.840 14.45 22-Jul-20 15:06B0G0132 0.112 L17-Jul-20376-06-7

EtFOSA 5.68<5.68 122.2 22-Jul-20 15:06B0G0132 0.112 L17-Jul-204151-50-2

PFHxDA 0.327<0.327 14.45 22-Jul-20 15:06B0G0132 0.112 L17-Jul-2067905-19-5

PFODA 6.83<6.83 17.79 22-Jul-20 15:06B0G0132 0.112 L17-Jul-2016517-11-6

MeFOSE 6.75<6.75 122.2 22-Jul-20 15:06B0G0132 0.112 L17-Jul-2024448-09-7

EtFOSE 10.5<10.5 122.2 22-Jul-20 15:06B0G0132 0.112 L17-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 72.0  25  150 D 1523-Jul-20 20:12B0G0132 17-Jul-20 0.112 Lcd e f g e hi e j k k l mn o pq r i s n d t unSR0129
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Name:

Project: Date Collected:

Client Data

MSN FFTA Samples

Sample ID: SBT20-06-GW

Matrix:

Laboratory Data

Lab Sample: 2001473-19

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

07-Jul-20 10:40 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 70.5  25  150 D 1523-Jul-20 20:12B0G0132 17-Jul-20 0.112 L

IS  - 13C3-PFBS 76.5  25  150 D 1523-Jul-20 20:12B0G0132 17-Jul-20 0.112 L

IS  - 13C3-HFPO-DA 64.4  25  150 122-Jul-20 15:06B0G0132 17-Jul-20 0.112 L

IS  - 13C2-4:2 FTS 71.2  25  150 122-Jul-20 15:06B0G0132 17-Jul-20 0.112 L

IS  - 13C2-PFHxA 137  25  150 D 3523-Jul-20 19:30B0G0132 17-Jul-20 0.112 L

IS  - 13C4-PFHpA 84.0  25  150 D 3523-Jul-20 19:30B0G0132 17-Jul-20 0.112 L

IS  - 13C3-PFHxS 66.5  25  150 D 3523-Jul-20 19:30B0G0132 17-Jul-20 0.112 L

IS  - 13C2-6:2 FTS 129  25  150 D 1523-Jul-20 20:12B0G0132 17-Jul-20 0.112 L

IS  - 13C5-PFNA 94.9  25  150 122-Jul-20 15:06B0G0132 17-Jul-20 0.112 L

IS  - 13C8-PFOSA 71.5  10  150 122-Jul-20 15:06B0G0132 17-Jul-20 0.112 L

IS  - 13C2-PFOA 126  25  150 D 3523-Jul-20 19:30B0G0132 17-Jul-20 0.112 L

IS  - 13C8-PFOS 87.0  25  150 122-Jul-20 15:06B0G0132 17-Jul-20 0.112 L

IS  - 13C2-PFDA 99.7  25  150 122-Jul-20 15:06B0G0132 17-Jul-20 0.112 L

IS  - 13C2-8:2 FTS 94.9  25  150 122-Jul-20 15:06B0G0132 17-Jul-20 0.112 L

IS  - d3-MeFOSAA 86.5  25  150 122-Jul-20 15:06B0G0132 17-Jul-20 0.112 L

IS  - 13C2-PFUnA 91.1  25  150 122-Jul-20 15:06B0G0132 17-Jul-20 0.112 L

IS  - d5-EtFOSAA 88.6  25  150 122-Jul-20 15:06B0G0132 17-Jul-20 0.112 L

IS  - 13C2-10:2 FTS 86.0  25  150 122-Jul-20 15:06B0G0132 17-Jul-20 0.112 L

IS  - 13C2-PFDoA 102  25  150 122-Jul-20 15:06B0G0132 17-Jul-20 0.112 L

IS  - d3-MeFOSA 22.4  10  150 122-Jul-20 15:06B0G0132 17-Jul-20 0.112 L

IS  - 13C2-PFTeDA 82.8  25  150 122-Jul-20 15:06B0G0132 17-Jul-20 0.112 L

IS  - d5-EtFOSA 20.9  10  150 122-Jul-20 15:06B0G0132 17-Jul-20 0.112 L

IS  - 13C2-PFHxDA 71.1  25  150 122-Jul-20 15:06B0G0132 17-Jul-20 0.112 L

IS  - d7-MeFOSE 51.9  10  150 122-Jul-20 15:06B0G0132 17-Jul-20 0.112 L

IS  - d9-EtFOSE 59.2  10  150 122-Jul-20 15:06B0G0132 17-Jul-20 0.112 L

Results reported to MDL.                                                                                                       MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      
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Enclosed are the results for the sample set received at Vista Analytical Laboratory on July 14, 2020 under your 

Project Name  'MSN FFTA SAMPLES'.

Vista Analytical Laboratory is committed to serving you effectively.  If you require additional information, 

please contact me at 916-673-1520 or by email at mmaier@vista-analytical.com.  

Thank you for choosing Vista as part of your analytical support team.

Sincerely,

Martha Maier

Laboratory Director

August 03, 2020

Vista Work Order No. 2001475

LimnoTech, Inc.

501 Avis Drive

Ann Arbor, MI 48108

Mr. Chris Cieciek

Dear Mr. Cieciek,

Vista Analytical Laboratory certifies that the report herein meets all the requirements set forth by NELAP for those applicable test 

methods. Results relate only to the samples as received by the laboratory. This report should not be reproduced except in full without 

the written approval of Vista. 

Vista Analytical Laboratory    1104 Windfield Way    El Dorado Hills, CA 95762    ph: 916-673-1520    fx: 916-673-0106    www.vista-analytical.com� � � � � � � � � � � � 	 
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Vista Work Order No. 2001475

Case Narrative

Sample Condition on Receipt:

Seven soil samples and six aqueous samples were received in good condition and within the method temperature 

requirements.  The samples were received and stored securely in accordance with Vista standard operating 

procedures and EPA methodology. A relinquishing signature was not included on the Chain-of-Custody (CoC).

Analytical Notes:

PFAS Isotope Dilution Method - Solid

The soil samples were extracted and analyzed for a selected list of PFAS using Vista's Isotope Dilution Method.  

The results for PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA  include both linear and branched isomers.  

Results for all other analytes include the linear isomers only.

Holding Times

The samples were extracted and analyzed within the method hold times.

Quality Control

The Initial Calibration and Continuing Calibration Verifications met the method acceptance criteria.

A Method Blank and Ongoing Precision and Recovery (OPR) sample were extracted and analyzed with the 

preparation batch.  No analytes were detected in the Method Blank above the Reporting Limit (RL).  The 

recoveries of 11Cl-PF3OUdS and PFDoS were greater than 135% in the OPR.  These analytes were not detected 

in the samples.  The recoveries of all other analytes were within the acceptance criteria.

The internal standard recoveries outside the acceptance criteria are flagged with an "H" qualifier.

PFAS Isotope Dilution Method - Aqueous

The following samples contained particulate and were centrifuged prior to extraction:

Laboratory ID Sample Name

2001475-07 SBP20-02-GW

2001475-08 SBP20-03-GW

2001475-12 GW Duplicate A

2001475-13 GW Duplicate B

The aqueous samples were extracted and analyzed for a selected list of PFAS using Vista's PFAS Isotope 

Dilution Method.  The results for PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA  include both linear and 

branched isomers.  Results for all other analytes include the linear isomers only.

Holding Times� � � � � � � � � � � � 	 
 � �  � � � � � � � �SR0141

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 144 of 615



The samples were extracted and analyzed within the method hold times.

Quality Control

The Initial Calibration and Continuing Calibration Verifications met the acceptance criteria.

A Method Blank and Ongoing Precision and Recovery (OPR) sample were extracted and analyzed with the 

preparation batch.  No analytes were detected in the Method Blank above the Reporting Limit.  The OPR 

recoveries were within the method acceptance criteria.

The labeled standard recoveries for all QC and field samples were within the acceptance criteria.

� � � � � � � � � � � � 	 
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Client

Sample ID

Sample Inventory Report

Vista 

Sample ID Sampled Received Components/Containers

2001475-01 SBP20-02 (1-1.5) 07-Jul-20 15:05 14-Jul-20 09:11 HDPE Jar, 6 oz

2001475-02 SBP20-02 (5.5-6) 07-Jul-20 15:15 14-Jul-20 09:11 HDPE Jar, 6 oz

2001475-03 SBP20-03 (1-1.5) 07-Jul-20 15:30 14-Jul-20 09:11 HDPE Jar, 6 oz

2001475-04 SBP20-03 (5-5.5) 07-Jul-20 15:40 14-Jul-20 09:11 HDPE Jar, 6 oz

2001475-05 SBP20-06 (0.5-1) 07-Jul-20 16:00 14-Jul-20 09:11 HDPE Jar, 6 oz

2001475-06 SBP20-06 (7.4-7.9) 07-Jul-20 16:05 14-Jul-20 09:11 HDPE Jar, 6 oz

2001475-07 SBP20-02-GW 07-Jul-20 16:10 14-Jul-20 09:11 HDPE Bottle, 125 mL

HDPE Bottle, 125 mL

2001475-08 SBP20-03-GW 07-Jul-20 16:35 14-Jul-20 09:11 HDPE Bottle, 125 mL

HDPE Bottle, 125 mL

2001475-09 SBP20-04-(7-7.5) 08-Jul-20 07:40 14-Jul-20 09:11 HDPE Jar, 6 oz

2001475-10 Geoprobe decon blank 08-Jul-20 09:30 14-Jul-20 09:11 HDPE Bottle, 125 mL

HDPE Bottle, 125 mL

2001475-11 EQUIPMENT BLANK-070920 09-Jul-20 16:30 14-Jul-20 09:11 HDPE Bottle, 125 mL

HDPE Bottle, 125 mL

2001475-12 GW Duplicate A 09-Jul-20 00:00 14-Jul-20 09:11 HDPE Bottle, 125 mL

HDPE Bottle, 125 mL

2001475-13 GW Duplicate B 09-Jul-20 00:00 14-Jul-20 09:11 HDPE Bottle, 125 mL

HDPE Bottle, 125 mL

Vista Project: 2001475 Client Project:  MSN FFTA SAMPLES� � � � � � � � � � � � 	 
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Name:

Project:

Client Data

MSN FFTA SAMPLES

Sample ID: Method Blank

Matrix:

Laboratory Data

Lab Sample: B0G0151-BLK1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Solid

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.346<0.346 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20375-22-4

PFPeA 0.398<0.398 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-202706-90-3

PFBS 0.304<0.304 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20375-73-5

4:2 FTS 0.360<0.360 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20757124-72-4

PFHxA 0.216<0.216 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20307-24-4

PFPeS 0.658<0.658 11.00 27-Jul-20 16:36B0G0151 1.00 g22-Jul-202706-91-4

HFPO-DA 1.18<1.18 11.50 27-Jul-20 16:36B0G0151 1.00 g22-Jul-2013252-13-6

PFHpA 0.478<0.478 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20375-85-9

ADONA 0.340<0.340 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20919005-14-4

PFHxS 0.390<0.390 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20355-46-4

6:2 FTS 0.654<0.654 11.00 27-Jul-20 16:36B0G0151 1.00 g22-Jul-2027619-97-2

PFOA 0.470<0.470 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20335-67-1

PFHpS 0.738<0.738 11.00 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20375-92-8

PFNA 0.312<0.312 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20375-95-1

PFOSA 1.01<1.01 11.50 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20754-91-6

PFOS 0.430<0.430 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-201763-23-1

9Cl-PF3ONS 0.370<0.370 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20756426-58-1

PFDA 0.452<0.452 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20335-76-2

8:2 FTS 0.722<0.722 11.00 27-Jul-20 16:36B0G0151 1.00 g22-Jul-2039108-34-4

PFNS 1.15<1.15 11.50 27-Jul-20 16:36B0G0151 1.00 g22-Jul-2068259-12-1

MeFOSAA 0.736<0.736 11.00 27-Jul-20 16:36B0G0151 1.00 g22-Jul-202355-31-9

EtFOSAA 0.688<0.688 11.00 27-Jul-20 16:36B0G0151 1.00 g22-Jul-202991-50-6

PFUnA 0.258<0.258 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-202058-94-8

PFDS 0.690<0.690 11.00 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20335-77-3

11Cl-PF3OUdS 0.722<0.722 11.00 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20763051-92-9

10:2 FTS 1.02<1.02 11.50 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20120226-60-0

PFDoA 0.404<0.404 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20307-55-1

MeFOSA 5.78<5.78 110.0 27-Jul-20 16:36B0G0151 1.00 g22-Jul-2031506-32-8

PFTrDA 0.402<0.402 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-2072629-94-8

PFDoS 0.600<0.600 11.00 27-Jul-20 16:36B0G0151 1.00 g22-Jul-2079780-39-5

PFTeDA 0.264<0.264 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20376-06-7

EtFOSA 3.84<3.84 110.0 27-Jul-20 16:36B0G0151 1.00 g22-Jul-204151-50-2

PFHxDA 0.170<0.170 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-2067905-19-5

PFODA 0.500<0.500 11.00 27-Jul-20 16:36B0G0151 1.00 g22-Jul-2016517-11-6

MeFOSE 4.96<4.96 110.0 27-Jul-20 16:36B0G0151 1.00 g22-Jul-2024448-09-7

EtFOSE 5.38<5.38 110.0 27-Jul-20 16:36B0G0151 1.00 g22-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 109  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g<= > ? @ > AB > C D D E FG H IJ K B G = L H DSR0146
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Name:

Project:

Client Data

MSN FFTA SAMPLES

Sample ID: Method Blank

Matrix:

Laboratory Data

Lab Sample: B0G0151-BLK1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Solid

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 65.3  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C3-PFBS 78.0  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C3-HFPO-DA 57.7  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C2-4:2 FTS 66.1  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C2-PFHxA 66.8  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C4-PFHpA 65.6  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C3-PFHxS 73.6  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C2-6:2 FTS 65.2  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C5-PFNA 59.5  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C8-PFOSA 27.4  10  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C2-PFOA 56.7  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C8-PFOS 66.4  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C2-PFDA 50.7  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C2-8:2 FTS 72.5  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - d3-MeFOSAA 48.5  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C2-PFUnA 41.0  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - d5-EtFOSAA 41.1  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C2-10:2 FTS 54.1  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C2-PFDoA 38.9  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - d3-MeFOSA 4.40  10  150 H 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C2-PFTeDA 45.1  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - d5-EtFOSA 4.40  10  150 H 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C2-PFHxDA 32.0  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - d7-MeFOSE 20.5  10  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - d9-EtFOSE 20.1  10  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

<= > ? @ > AB > C D D E FG H IJ K B M = L H DSR0147
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Name:

Project:

Client Data

MSN FFTA SAMPLES

Sample ID: OPR

Matrix:

Laboratory Data

Lab Sample: B0G0151-BS1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Solid

Analyte Amt Found (ng/g ) Qualifiers Analyzed DilutionSpike Amt % Rec Limits Samp SizeExtractedBatchCAS Number

PFBA 10.7 127-Jul-20 16:4710.0 107  -  60  135 1.00 g22-Jul-20B0G0151375-22-4

PFPeA 10.3 127-Jul-20 16:4710.0 103  -  60  135 1.00 g22-Jul-20B0G01512706-90-3

PFBS 10.7 127-Jul-20 16:4710.0 107  -  60  135 1.00 g22-Jul-20B0G0151375-73-5

4:2 FTS 10.2 127-Jul-20 16:4710.0 102  -  60  135 1.00 g22-Jul-20B0G0151757124-72-4

PFHxA 10.7 127-Jul-20 16:4710.0 107  -  60  135 1.00 g22-Jul-20B0G0151307-24-4

PFPeS 11.4 127-Jul-20 16:4710.0 114  -  60  135 1.00 g22-Jul-20B0G01512706-91-4

HFPO-DA 11.1 127-Jul-20 16:4710.0 111  -  60  135 1.00 g22-Jul-20B0G015113252-13-6

PFHpA 10.8 127-Jul-20 16:4710.0 108  -  60  135 1.00 g22-Jul-20B0G0151375-85-9

ADONA 11.1 127-Jul-20 16:4710.0 111  -  60  135 1.00 g22-Jul-20B0G0151919005-14-4

PFHxS 9.72 127-Jul-20 16:4710.0 97.2  -  60  135 1.00 g22-Jul-20B0G0151355-46-4

6:2 FTS 9.33 127-Jul-20 16:4710.0 93.3  -  60  135 1.00 g22-Jul-20B0G015127619-97-2

PFOA 10.9 127-Jul-20 16:4710.0 109  -  60  135 1.00 g22-Jul-20B0G0151335-67-1

PFHpS 11.6 127-Jul-20 16:4710.0 116  -  60  135 1.00 g22-Jul-20B0G0151375-92-8

PFNA 12.0 127-Jul-20 16:4710.0 120  -  60  135 1.00 g22-Jul-20B0G0151375-95-1

PFOSA 10.6 127-Jul-20 16:4710.0 106  -  60  135 1.00 g22-Jul-20B0G0151754-91-6

PFOS 11.0 127-Jul-20 16:4710.0 110  -  60  135 1.00 g22-Jul-20B0G01511763-23-1

9Cl-PF3ONS 10.6 127-Jul-20 16:4710.0 106  -  60  135 1.00 g22-Jul-20B0G0151756426-58-1

PFDA 10.1 127-Jul-20 16:4710.0 101  -  60  135 1.00 g22-Jul-20B0G0151335-76-2

8:2 FTS 8.49 127-Jul-20 16:4710.0 84.9  -  60  135 1.00 g22-Jul-20B0G015139108-34-4

PFNS 10.8 127-Jul-20 16:4710.0 108  -  60  135 1.00 g22-Jul-20B0G015168259-12-1

MeFOSAA 10.2 127-Jul-20 16:4710.0 102  -  60  135 1.00 g22-Jul-20B0G01512355-31-9

EtFOSAA 11.2 127-Jul-20 16:4710.0 112  -  60  135 1.00 g22-Jul-20B0G01512991-50-6

PFUnA 9.57 127-Jul-20 16:4710.0 95.7  -  60  135 1.00 g22-Jul-20B0G01512058-94-8

PFDS 9.61 127-Jul-20 16:4710.0 96.1  -  60  135 1.00 g22-Jul-20B0G0151335-77-3

11Cl-PF3OUdS 18.0 H 127-Jul-20 16:4710.0 180  -  60  135 1.00 g22-Jul-20B0G0151763051-92-9

10:2 FTS 11.0 127-Jul-20 16:4710.0 110  -  60  135 1.00 g22-Jul-20B0G0151120226-60-0

PFDoA 10.1 127-Jul-20 16:4710.0 101  -  60  135 1.00 g22-Jul-20B0G0151307-55-1

MeFOSA 53.4 127-Jul-20 16:4750.0 107  -  60  135 1.00 g22-Jul-20B0G015131506-32-8

PFTrDA 11.1 127-Jul-20 16:4710.0 111  -  60  135 1.00 g22-Jul-20B0G015172629-94-8

PFDoS 14.9 H 127-Jul-20 16:4710.0 149  -  60  135 1.00 g22-Jul-20B0G015179780-39-5

PFTeDA 10.7 127-Jul-20 16:4710.0 107  -  60  135 1.00 g22-Jul-20B0G0151376-06-7

EtFOSA 48.0 127-Jul-20 16:4750.0 96.0  -  60  135 1.00 g22-Jul-20B0G01514151-50-2

PFHxDA 10.3 127-Jul-20 16:4710.0 103  -  60  135 1.00 g22-Jul-20B0G015167905-19-5

PFODA 9.37 127-Jul-20 16:4710.0 93.7  -  60  135 1.00 g22-Jul-20B0G015116517-11-6<= > ? @ > AB > C D D E FG H IJ K B N = L H DSR0148
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Name:

Project:

Client Data

MSN FFTA SAMPLES

Sample ID: OPR

Matrix:

Laboratory Data

Lab Sample: B0G0151-BS1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Solid

Analyte Amt Found (ng/g ) Qualifiers Analyzed DilutionSpike Amt % Rec Limits Samp SizeExtractedBatchCAS Number

MeFOSE 57.8 127-Jul-20 16:4750.0 116  -  60  135 1.00 g22-Jul-20B0G015124448-09-7

EtFOSE 51.3 127-Jul-20 16:4750.0 103  -  60  135 1.00 g22-Jul-20B0G01511691-99-2

Labeled Standards % Rec Limits Qualifiers Analyzed DilutionType Samp SizeExtractedBatch

IS  - 13C3-PFBA 108  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C3-PFPeA 62.1  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C3-PFBS 84.9  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C3-HFPO-DA 58.5  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C2-4:2 FTS 91.1  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C2-PFHxA 63.6  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C4-PFHpA 62.8  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C3-PFHxS 84.3  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C2-6:2 FTS 77.5  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C5-PFNA 53.6  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C8-PFOSA 28.5  10  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C2-PFOA 59.5  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C8-PFOS 81.4  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C2-PFDA 54.3  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C2-8:2 FTS 88.2  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - d3-MeFOSAA 51.9  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C2-PFUnA 42.8  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - d5-EtFOSAA 48.6  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C2-10:2 FTS 61.7  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C2-PFDoA 37.9  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - d3-MeFOSA 5.10  10  150 H 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C2-PFTeDA 43.0  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - d5-EtFOSA 4.80  10  150 H 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C2-PFHxDA 36.3  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - d7-MeFOSE 21.3  10  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - d9-EtFOSE 21.9  10  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

<= > ? @ > AB > C D D E FG H I J K B E D = L H DSR0149
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-02 (1-1.5)

Matrix:

Laboratory Data

Lab Sample: 2001475-01

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

93.7

Column: BEH C18Soil

07-Jul-20 15:05 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.345<0.345 10.499 27-Jul-20 16:57B0G0151 1.07 g22-Jul-20375-22-4

PFPeA 0.397<0.397 10.499 27-Jul-20 16:57B0G0151 1.07 g22-Jul-202706-90-3

PFBS 0.303<0.303 10.499 27-Jul-20 16:57B0G0151 1.07 g22-Jul-20375-73-5

4:2 FTS 0.359<0.359 10.499 27-Jul-20 16:57B0G0151 1.07 g22-Jul-20757124-72-4

PFHxA 0.215<0.215 10.499 27-Jul-20 16:57B0G0151 1.07 g22-Jul-20307-24-4

PFPeS 0.656<0.656 10.997 27-Jul-20 16:57B0G0151 1.07 g22-Jul-202706-91-4

HFPO-DA 1.18<1.18 11.50 27-Jul-20 16:57B0G0151 1.07 g22-Jul-2013252-13-6

PFHpA 0.477<0.477 10.499 27-Jul-20 16:57B0G0151 1.07 g22-Jul-20375-85-9

ADONA 0.339<0.339 10.499 27-Jul-20 16:57B0G0151 1.07 g22-Jul-20919005-14-4

PFHxS 0.389<0.389 10.499 27-Jul-20 16:57B0G0151 1.07 g22-Jul-20355-46-4

6:2 FTS 0.6527.30 10.997 27-Jul-20 16:57B0G0151 1.07 g22-Jul-2027619-97-2

PFOA 0.469<0.469 10.499 27-Jul-20 16:57B0G0151 1.07 g22-Jul-20335-67-1

PFHpS 0.736<0.736 10.997 27-Jul-20 16:57B0G0151 1.07 g22-Jul-20375-92-8

PFNA 0.311<0.311 10.499 27-Jul-20 16:57B0G0151 1.07 g22-Jul-20375-95-1

PFOSA 1.01<1.01 11.50 27-Jul-20 16:57B0G0151 1.07 g22-Jul-20754-91-6

PFOS 0.42981.5 10.499 27-Jul-20 16:57B0G0151 1.07 g22-Jul-201763-23-1

9Cl-PF3ONS 0.369<0.369 10.499 27-Jul-20 16:57B0G0151 1.07 g22-Jul-20756426-58-1

PFDA 0.451<0.451 10.499 27-Jul-20 16:57B0G0151 1.07 g22-Jul-20335-76-2

8:2 FTS 0.72012.6 10.997 27-Jul-20 16:57B0G0151 1.07 g22-Jul-2039108-34-4

PFNS 1.15<1.15 11.50 27-Jul-20 16:57B0G0151 1.07 g22-Jul-2068259-12-1

MeFOSAA 0.734<0.734 10.997 27-Jul-20 16:57B0G0151 1.07 g22-Jul-202355-31-9

EtFOSAA 0.686<0.686 10.997 27-Jul-20 16:57B0G0151 1.07 g22-Jul-202991-50-6

PFUnA 0.257<0.257 10.499 27-Jul-20 16:57B0G0151 1.07 g22-Jul-202058-94-8

PFDS 0.688<0.688 10.997 27-Jul-20 16:57B0G0151 1.07 g22-Jul-20335-77-3

11Cl-PF3OUdS 0.720<0.720 10.997 27-Jul-20 16:57B0G0151 1.07 g22-Jul-20763051-92-9

10:2 FTS 1.01<1.01 11.50 27-Jul-20 16:57B0G0151 1.07 g22-Jul-20120226-60-0

PFDoA 0.403<0.403 10.499 27-Jul-20 16:57B0G0151 1.07 g22-Jul-20307-55-1

MeFOSA 5.76<5.76 19.97 27-Jul-20 16:57B0G0151 1.07 g22-Jul-2031506-32-8

PFTrDA 0.401<0.401 10.499 27-Jul-20 16:57B0G0151 1.07 g22-Jul-2072629-94-8

PFDoS 0.598<0.598 10.997 27-Jul-20 16:57B0G0151 1.07 g22-Jul-2079780-39-5

PFTeDA 0.263<0.263 10.499 27-Jul-20 16:57B0G0151 1.07 g22-Jul-20376-06-7

EtFOSA 3.83<3.83 19.97 27-Jul-20 16:57B0G0151 1.07 g22-Jul-204151-50-2

PFHxDA 0.169<0.169 10.499 27-Jul-20 16:57B0G0151 1.07 g22-Jul-2067905-19-5

PFODA 0.499<0.499 10.997 27-Jul-20 16:57B0G0151 1.07 g22-Jul-2016517-11-6

MeFOSE 4.95<4.95 19.97 27-Jul-20 16:57B0G0151 1.07 g22-Jul-2024448-09-7

EtFOSE 5.36<5.36 19.97 27-Jul-20 16:57B0G0151 1.07 g22-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 117  25  150 127-Jul-20 16:57B0G0151 22-Jul-20 1.07 g<= > ? @ > AB > C D D E FG H I J K B E E = L H DSR0150
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-02 (1-1.5)

Matrix:

Laboratory Data

Lab Sample: 2001475-01

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

93.7

Column: BEH C18Soil

07-Jul-20 15:05 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 67.5  25  150 127-Jul-20 16:57B0G0151 22-Jul-20 1.07 g

IS  - 13C3-PFBS 79.4  25  150 127-Jul-20 16:57B0G0151 22-Jul-20 1.07 g

IS  - 13C3-HFPO-DA 69.0  25  150 127-Jul-20 16:57B0G0151 22-Jul-20 1.07 g

IS  - 13C2-4:2 FTS 81.7  25  150 127-Jul-20 16:57B0G0151 22-Jul-20 1.07 g

IS  - 13C2-PFHxA 71.0  25  150 127-Jul-20 16:57B0G0151 22-Jul-20 1.07 g

IS  - 13C4-PFHpA 67.9  25  150 127-Jul-20 16:57B0G0151 22-Jul-20 1.07 g

IS  - 13C3-PFHxS 81.4  25  150 127-Jul-20 16:57B0G0151 22-Jul-20 1.07 g

IS  - 13C2-6:2 FTS 83.5  25  150 127-Jul-20 16:57B0G0151 22-Jul-20 1.07 g

IS  - 13C5-PFNA 51.4  25  150 127-Jul-20 16:57B0G0151 22-Jul-20 1.07 g

IS  - 13C8-PFOSA 42.1  10  150 127-Jul-20 16:57B0G0151 22-Jul-20 1.07 g

IS  - 13C2-PFOA 61.5  25  150 127-Jul-20 16:57B0G0151 22-Jul-20 1.07 g

IS  - 13C8-PFOS 69.2  25  150 127-Jul-20 16:57B0G0151 22-Jul-20 1.07 g

IS  - 13C2-PFDA 45.4  25  150 127-Jul-20 16:57B0G0151 22-Jul-20 1.07 g

IS  - 13C2-8:2 FTS 85.8  25  150 127-Jul-20 16:57B0G0151 22-Jul-20 1.07 g

IS  - d3-MeFOSAA 52.6  25  150 127-Jul-20 16:57B0G0151 22-Jul-20 1.07 g

IS  - 13C2-PFUnA 49.5  25  150 127-Jul-20 16:57B0G0151 22-Jul-20 1.07 g

IS  - d5-EtFOSAA 54.2  25  150 127-Jul-20 16:57B0G0151 22-Jul-20 1.07 g

IS  - 13C2-10:2 FTS 67.8  25  150 127-Jul-20 16:57B0G0151 22-Jul-20 1.07 g

IS  - 13C2-PFDoA 49.7  25  150 127-Jul-20 16:57B0G0151 22-Jul-20 1.07 g

IS  - d3-MeFOSA 9.60  10  150 H 127-Jul-20 16:57B0G0151 22-Jul-20 1.07 g

IS  - 13C2-PFTeDA 55.4  25  150 127-Jul-20 16:57B0G0151 22-Jul-20 1.07 g

IS  - d5-EtFOSA 10.1  10  150 127-Jul-20 16:57B0G0151 22-Jul-20 1.07 g

IS  - 13C2-PFHxDA 43.3  25  150 127-Jul-20 16:57B0G0151 22-Jul-20 1.07 g

IS  - d7-MeFOSE 32.1  10  150 127-Jul-20 16:57B0G0151 22-Jul-20 1.07 g

IS  - d9-EtFOSE 33.5  10  150 127-Jul-20 16:57B0G0151 22-Jul-20 1.07 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

<= > ? @ > AB > C D D E FG H I J K B E C = L H DSR0151
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-02 (5.5-6)

Matrix:

Laboratory Data

Lab Sample: 2001475-02

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

66.5

Column: BEH C18Soil

07-Jul-20 15:15 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.3470.776 10.501 27-Jul-20 17:07B0G0151 1.50 g22-Jul-20375-22-4

PFPeA 0.3992.23 10.501 27-Jul-20 17:07B0G0151 1.50 g22-Jul-202706-90-3

PFBS 0.3054.25 10.501 27-Jul-20 17:07B0G0151 1.50 g22-Jul-20375-73-5

4:2 FTS 0.3610.577 10.501 27-Jul-20 17:07B0G0151 1.50 g22-Jul-20757124-72-4

PFHxA 0.2175.09 10.501 27-Jul-20 17:07B0G0151 1.50 g22-Jul-20307-24-4

PFPeS 0.6605.77 11.00 27-Jul-20 17:07B0G0151 1.50 g22-Jul-202706-91-4

HFPO-DA 1.18<1.18 11.50 27-Jul-20 17:07B0G0151 1.50 g22-Jul-2013252-13-6

PFHpA 0.4791.04 10.501 27-Jul-20 17:07B0G0151 1.50 g22-Jul-20375-85-9

ADONA 0.341<0.341 10.501 27-Jul-20 17:07B0G0151 1.50 g22-Jul-20919005-14-4

PFHxS 0.39111.1 10.501 27-Jul-20 17:07B0G0151 1.50 g22-Jul-20355-46-4

6:2 FTS 0.6568.42 11.00 27-Jul-20 17:07B0G0151 1.50 g22-Jul-2027619-97-2

PFOA 0.471<0.471 10.501 27-Jul-20 17:07B0G0151 1.50 g22-Jul-20335-67-1

PFHpS 0.740<0.740 11.00 27-Jul-20 17:07B0G0151 1.50 g22-Jul-20375-92-8

PFNA 0.313<0.313 10.501 27-Jul-20 17:07B0G0151 1.50 g22-Jul-20375-95-1

PFOSA 1.01<1.01 11.50 27-Jul-20 17:07B0G0151 1.50 g22-Jul-20754-91-6

PFOS 0.431<0.431 10.501 27-Jul-20 17:07B0G0151 1.50 g22-Jul-201763-23-1

9Cl-PF3ONS 0.371<0.371 10.501 27-Jul-20 17:07B0G0151 1.50 g22-Jul-20756426-58-1

PFDA 0.453<0.453 10.501 27-Jul-20 17:07B0G0151 1.50 g22-Jul-20335-76-2

8:2 FTS 0.724<0.724 11.00 27-Jul-20 17:07B0G0151 1.50 g22-Jul-2039108-34-4

PFNS 1.15<1.15 11.50 27-Jul-20 17:07B0G0151 1.50 g22-Jul-2068259-12-1

MeFOSAA 0.738<0.738 11.00 27-Jul-20 17:07B0G0151 1.50 g22-Jul-202355-31-9

EtFOSAA 0.690<0.690 11.00 27-Jul-20 17:07B0G0151 1.50 g22-Jul-202991-50-6

PFUnA 0.259<0.259 10.501 27-Jul-20 17:07B0G0151 1.50 g22-Jul-202058-94-8

PFDS 0.692<0.692 11.00 27-Jul-20 17:07B0G0151 1.50 g22-Jul-20335-77-3

11Cl-PF3OUdS 0.724<0.724 11.00 27-Jul-20 17:07B0G0151 1.50 g22-Jul-20763051-92-9

10:2 FTS 1.02<1.02 11.50 27-Jul-20 17:07B0G0151 1.50 g22-Jul-20120226-60-0

PFDoA 0.405<0.405 10.501 27-Jul-20 17:07B0G0151 1.50 g22-Jul-20307-55-1

MeFOSA 5.80<5.80 110.0 27-Jul-20 17:07B0G0151 1.50 g22-Jul-2031506-32-8

PFTrDA 0.403<0.403 10.501 27-Jul-20 17:07B0G0151 1.50 g22-Jul-2072629-94-8

PFDoS 0.602<0.602 11.00 27-Jul-20 17:07B0G0151 1.50 g22-Jul-2079780-39-5

PFTeDA 0.265<0.265 10.501 27-Jul-20 17:07B0G0151 1.50 g22-Jul-20376-06-7

EtFOSA 3.85<3.85 110.0 27-Jul-20 17:07B0G0151 1.50 g22-Jul-204151-50-2

PFHxDA 0.170<0.170 10.501 27-Jul-20 17:07B0G0151 1.50 g22-Jul-2067905-19-5

PFODA 0.501<0.501 11.00 27-Jul-20 17:07B0G0151 1.50 g22-Jul-2016517-11-6

MeFOSE 4.97<4.97 110.0 27-Jul-20 17:07B0G0151 1.50 g22-Jul-2024448-09-7

EtFOSE 5.39<5.39 110.0 27-Jul-20 17:07B0G0151 1.50 g22-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 116  25  150 127-Jul-20 17:07B0G0151 22-Jul-20 1.50 g<= > ? @ > AB > C D D E FG H I J K B E O = L H DSR0152
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-02 (5.5-6)

Matrix:

Laboratory Data

Lab Sample: 2001475-02

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

66.5

Column: BEH C18Soil

07-Jul-20 15:15 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 69.9  25  150 127-Jul-20 17:07B0G0151 22-Jul-20 1.50 g

IS  - 13C3-PFBS 76.1  25  150 127-Jul-20 17:07B0G0151 22-Jul-20 1.50 g

IS  - 13C3-HFPO-DA 69.3  25  150 127-Jul-20 17:07B0G0151 22-Jul-20 1.50 g

IS  - 13C2-4:2 FTS 82.6  25  150 127-Jul-20 17:07B0G0151 22-Jul-20 1.50 g

IS  - 13C2-PFHxA 72.9  25  150 127-Jul-20 17:07B0G0151 22-Jul-20 1.50 g

IS  - 13C4-PFHpA 69.0  25  150 127-Jul-20 17:07B0G0151 22-Jul-20 1.50 g

IS  - 13C3-PFHxS 81.5  25  150 127-Jul-20 17:07B0G0151 22-Jul-20 1.50 g

IS  - 13C2-6:2 FTS 66.5  25  150 127-Jul-20 17:07B0G0151 22-Jul-20 1.50 g

IS  - 13C5-PFNA 64.4  25  150 127-Jul-20 17:07B0G0151 22-Jul-20 1.50 g

IS  - 13C8-PFOSA 47.5  10  150 127-Jul-20 17:07B0G0151 22-Jul-20 1.50 g

IS  - 13C2-PFOA 63.5  25  150 127-Jul-20 17:07B0G0151 22-Jul-20 1.50 g

IS  - 13C8-PFOS 67.5  25  150 127-Jul-20 17:07B0G0151 22-Jul-20 1.50 g

IS  - 13C2-PFDA 60.5  25  150 127-Jul-20 17:07B0G0151 22-Jul-20 1.50 g

IS  - 13C2-8:2 FTS 80.3  25  150 127-Jul-20 17:07B0G0151 22-Jul-20 1.50 g

IS  - d3-MeFOSAA 69.8  25  150 127-Jul-20 17:07B0G0151 22-Jul-20 1.50 g

IS  - 13C2-PFUnA 63.0  25  150 127-Jul-20 17:07B0G0151 22-Jul-20 1.50 g

IS  - d5-EtFOSAA 65.8  25  150 127-Jul-20 17:07B0G0151 22-Jul-20 1.50 g

IS  - 13C2-10:2 FTS 64.4  25  150 127-Jul-20 17:07B0G0151 22-Jul-20 1.50 g

IS  - 13C2-PFDoA 57.0  25  150 127-Jul-20 17:07B0G0151 22-Jul-20 1.50 g

IS  - d3-MeFOSA 24.6  10  150 127-Jul-20 17:07B0G0151 22-Jul-20 1.50 g

IS  - 13C2-PFTeDA 44.7  25  150 127-Jul-20 17:07B0G0151 22-Jul-20 1.50 g

IS  - d5-EtFOSA 30.5  10  150 127-Jul-20 17:07B0G0151 22-Jul-20 1.50 g

IS  - 13C2-PFHxDA 21.6  25  150 H 127-Jul-20 17:07B0G0151 22-Jul-20 1.50 g

IS  - d7-MeFOSE 43.9  10  150 127-Jul-20 17:07B0G0151 22-Jul-20 1.50 g

IS  - d9-EtFOSE 43.4  10  150 127-Jul-20 17:07B0G0151 22-Jul-20 1.50 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

<= > ? @ > AB > C D D E FG H I J K B E F = L H DSR0153

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 156 of 615



Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-03 (1-1.5)

Matrix:

Laboratory Data

Lab Sample: 2001475-03

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

95.3

Column: BEH C18Soil

07-Jul-20 15:30 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.346<0.346 10.500 27-Jul-20 17:49B0G0151 1.05 g22-Jul-20375-22-4

PFPeA 0.398<0.398 10.500 27-Jul-20 17:49B0G0151 1.05 g22-Jul-202706-90-3

PFBS 0.304<0.304 10.500 27-Jul-20 17:49B0G0151 1.05 g22-Jul-20375-73-5

4:2 FTS 0.360<0.360 10.500 27-Jul-20 17:49B0G0151 1.05 g22-Jul-20757124-72-4

PFHxA 0.216<0.216 10.500 27-Jul-20 17:49B0G0151 1.05 g22-Jul-20307-24-4

PFPeS 0.658<0.658 11.00 27-Jul-20 17:49B0G0151 1.05 g22-Jul-202706-91-4

HFPO-DA 1.18<1.18 11.50 27-Jul-20 17:49B0G0151 1.05 g22-Jul-2013252-13-6

PFHpA 0.478<0.478 10.500 27-Jul-20 17:49B0G0151 1.05 g22-Jul-20375-85-9

ADONA 0.340<0.340 10.500 27-Jul-20 17:49B0G0151 1.05 g22-Jul-20919005-14-4

PFHxS 0.390<0.390 10.500 27-Jul-20 17:49B0G0151 1.05 g22-Jul-20355-46-4

6:2 FTS 0.6540.913 J 11.00 27-Jul-20 17:49B0G0151 1.05 g22-Jul-2027619-97-2

PFOA 0.470<0.470 10.500 27-Jul-20 17:49B0G0151 1.05 g22-Jul-20335-67-1

PFHpS 0.738<0.738 11.00 27-Jul-20 17:49B0G0151 1.05 g22-Jul-20375-92-8

PFNA 0.3120.871 10.500 27-Jul-20 17:49B0G0151 1.05 g22-Jul-20375-95-1

PFOSA 1.013.21 11.50 27-Jul-20 17:49B0G0151 1.05 g22-Jul-20754-91-6

PFOS 0.430<0.430 10.500 27-Jul-20 17:49B0G0151 1.05 g22-Jul-201763-23-1

9Cl-PF3ONS 0.370<0.370 10.500 27-Jul-20 17:49B0G0151 1.05 g22-Jul-20756426-58-1

PFDA 0.4520.614 10.500 27-Jul-20 17:49B0G0151 1.05 g22-Jul-20335-76-2

8:2 FTS 0.7221.18 11.00 27-Jul-20 17:49B0G0151 1.05 g22-Jul-2039108-34-4

PFNS 1.15<1.15 11.50 27-Jul-20 17:49B0G0151 1.05 g22-Jul-2068259-12-1

MeFOSAA 0.736<0.736 11.00 27-Jul-20 17:49B0G0151 1.05 g22-Jul-202355-31-9

EtFOSAA 0.688<0.688 11.00 27-Jul-20 17:49B0G0151 1.05 g22-Jul-202991-50-6

PFUnA 0.258<0.258 10.500 27-Jul-20 17:49B0G0151 1.05 g22-Jul-202058-94-8

PFDS 0.690<0.690 11.00 27-Jul-20 17:49B0G0151 1.05 g22-Jul-20335-77-3

11Cl-PF3OUdS 0.722<0.722 11.00 27-Jul-20 17:49B0G0151 1.05 g22-Jul-20763051-92-9

10:2 FTS 1.02<1.02 11.50 27-Jul-20 17:49B0G0151 1.05 g22-Jul-20120226-60-0

PFDoA 0.404<0.404 10.500 27-Jul-20 17:49B0G0151 1.05 g22-Jul-20307-55-1

MeFOSA 5.78<5.78 110.0 27-Jul-20 17:49B0G0151 1.05 g22-Jul-2031506-32-8

PFTrDA 0.402<0.402 10.500 27-Jul-20 17:49B0G0151 1.05 g22-Jul-2072629-94-8

PFDoS 0.600<0.600 11.00 27-Jul-20 17:49B0G0151 1.05 g22-Jul-2079780-39-5

PFTeDA 0.264<0.264 10.500 27-Jul-20 17:49B0G0151 1.05 g22-Jul-20376-06-7

EtFOSA 3.84<3.84 110.0 27-Jul-20 17:49B0G0151 1.05 g22-Jul-204151-50-2

PFHxDA 0.170<0.170 10.500 27-Jul-20 17:49B0G0151 1.05 g22-Jul-2067905-19-5

PFODA 0.500<0.500 11.00 27-Jul-20 17:49B0G0151 1.05 g22-Jul-2016517-11-6

MeFOSE 4.96<4.96 110.0 27-Jul-20 17:49B0G0151 1.05 g22-Jul-2024448-09-7

EtFOSE 5.38<5.38 110.0 27-Jul-20 17:49B0G0151 1.05 g22-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 129  25  150 127-Jul-20 17:49B0G0151 22-Jul-20 1.05 g<= > ? @ > AB > C D D E FG H I J K B E H = L H DSR0154

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 157 of 615



Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-03 (1-1.5)

Matrix:

Laboratory Data

Lab Sample: 2001475-03

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

95.3

Column: BEH C18Soil

07-Jul-20 15:30 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 80.7  25  150 127-Jul-20 17:49B0G0151 22-Jul-20 1.05 g

IS  - 13C3-PFBS 89.1  25  150 127-Jul-20 17:49B0G0151 22-Jul-20 1.05 g

IS  - 13C3-HFPO-DA 79.7  25  150 127-Jul-20 17:49B0G0151 22-Jul-20 1.05 g

IS  - 13C2-4:2 FTS 80.6  25  150 127-Jul-20 17:49B0G0151 22-Jul-20 1.05 g

IS  - 13C2-PFHxA 84.6  25  150 127-Jul-20 17:49B0G0151 22-Jul-20 1.05 g

IS  - 13C4-PFHpA 78.1  25  150 127-Jul-20 17:49B0G0151 22-Jul-20 1.05 g

IS  - 13C3-PFHxS 83.2  25  150 127-Jul-20 17:49B0G0151 22-Jul-20 1.05 g

IS  - 13C2-6:2 FTS 80.0  25  150 127-Jul-20 17:49B0G0151 22-Jul-20 1.05 g

IS  - 13C5-PFNA 78.6  25  150 127-Jul-20 17:49B0G0151 22-Jul-20 1.05 g

IS  - 13C8-PFOSA 41.3  10  150 127-Jul-20 17:49B0G0151 22-Jul-20 1.05 g

IS  - 13C2-PFOA 80.2  25  150 127-Jul-20 17:49B0G0151 22-Jul-20 1.05 g

IS  - 13C8-PFOS 75.9  25  150 127-Jul-20 17:49B0G0151 22-Jul-20 1.05 g

IS  - 13C2-PFDA 60.8  25  150 127-Jul-20 17:49B0G0151 22-Jul-20 1.05 g

IS  - 13C2-8:2 FTS 88.2  25  150 127-Jul-20 17:49B0G0151 22-Jul-20 1.05 g

IS  - d3-MeFOSAA 55.8  25  150 127-Jul-20 17:49B0G0151 22-Jul-20 1.05 g

IS  - 13C2-PFUnA 57.7  25  150 127-Jul-20 17:49B0G0151 22-Jul-20 1.05 g

IS  - d5-EtFOSAA 59.2  25  150 127-Jul-20 17:49B0G0151 22-Jul-20 1.05 g

IS  - 13C2-10:2 FTS 69.9  25  150 127-Jul-20 17:49B0G0151 22-Jul-20 1.05 g

IS  - 13C2-PFDoA 55.8  25  150 127-Jul-20 17:49B0G0151 22-Jul-20 1.05 g

IS  - d3-MeFOSA 11.0  10  150 127-Jul-20 17:49B0G0151 22-Jul-20 1.05 g

IS  - 13C2-PFTeDA 60.8  25  150 127-Jul-20 17:49B0G0151 22-Jul-20 1.05 g

IS  - d5-EtFOSA 11.3  10  150 127-Jul-20 17:49B0G0151 22-Jul-20 1.05 g

IS  - 13C2-PFHxDA 52.2  25  150 127-Jul-20 17:49B0G0151 22-Jul-20 1.05 g

IS  - d7-MeFOSE 30.8  10  150 127-Jul-20 17:49B0G0151 22-Jul-20 1.05 g

IS  - d9-EtFOSE 32.1  10  150 127-Jul-20 17:49B0G0151 22-Jul-20 1.05 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

<= > ? @ > AB > C D D E FG H I J K B E P = L H DSR0155

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 158 of 615



Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-03 (5-5.5)

Matrix:

Laboratory Data

Lab Sample: 2001475-04

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

78.1

Column: BEH C18Soil

07-Jul-20 15:40 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.346<0.346 10.500 27-Jul-20 17:59B0G0151 1.28 g22-Jul-20375-22-4

PFPeA 0.398<0.398 10.500 27-Jul-20 17:59B0G0151 1.28 g22-Jul-202706-90-3

PFBS 0.304<0.304 10.500 27-Jul-20 17:59B0G0151 1.28 g22-Jul-20375-73-5

4:2 FTS 0.360<0.360 10.500 27-Jul-20 17:59B0G0151 1.28 g22-Jul-20757124-72-4

PFHxA 0.2160.671 10.500 27-Jul-20 17:59B0G0151 1.28 g22-Jul-20307-24-4

PFPeS 0.659<0.659 11.00 27-Jul-20 17:59B0G0151 1.28 g22-Jul-202706-91-4

HFPO-DA 1.18<1.18 11.50 27-Jul-20 17:59B0G0151 1.28 g22-Jul-2013252-13-6

PFHpA 0.4780.918 Q 10.500 27-Jul-20 17:59B0G0151 1.28 g22-Jul-20375-85-9

ADONA 0.340<0.340 10.500 27-Jul-20 17:59B0G0151 1.28 g22-Jul-20919005-14-4

PFHxS 0.39020.4 10.500 27-Jul-20 17:59B0G0151 1.28 g22-Jul-20355-46-4

6:2 FTS 0.65510.2 11.00 27-Jul-20 17:59B0G0151 1.28 g22-Jul-2027619-97-2

PFOA 0.470<0.470 10.500 27-Jul-20 17:59B0G0151 1.28 g22-Jul-20335-67-1

PFHpS 0.739<0.739 11.00 27-Jul-20 17:59B0G0151 1.28 g22-Jul-20375-92-8

PFNA 0.312<0.312 10.500 27-Jul-20 17:59B0G0151 1.28 g22-Jul-20375-95-1

PFOSA 1.01<1.01 11.50 27-Jul-20 17:59B0G0151 1.28 g22-Jul-20754-91-6

PFOS 0.43017.0 10.500 27-Jul-20 17:59B0G0151 1.28 g22-Jul-201763-23-1

9Cl-PF3ONS 0.370<0.370 10.500 27-Jul-20 17:59B0G0151 1.28 g22-Jul-20756426-58-1

PFDA 0.452<0.452 10.500 27-Jul-20 17:59B0G0151 1.28 g22-Jul-20335-76-2

8:2 FTS 0.723<0.723 11.00 27-Jul-20 17:59B0G0151 1.28 g22-Jul-2039108-34-4

PFNS 1.15<1.15 11.50 27-Jul-20 17:59B0G0151 1.28 g22-Jul-2068259-12-1

MeFOSAA 0.737<0.737 11.00 27-Jul-20 17:59B0G0151 1.28 g22-Jul-202355-31-9

EtFOSAA 0.689<0.689 11.00 27-Jul-20 17:59B0G0151 1.28 g22-Jul-202991-50-6

PFUnA 0.258<0.258 10.500 27-Jul-20 17:59B0G0151 1.28 g22-Jul-202058-94-8

PFDS 0.691<0.691 11.00 27-Jul-20 17:59B0G0151 1.28 g22-Jul-20335-77-3

11Cl-PF3OUdS 0.723<0.723 11.00 27-Jul-20 17:59B0G0151 1.28 g22-Jul-20763051-92-9

10:2 FTS 1.02<1.02 11.50 27-Jul-20 17:59B0G0151 1.28 g22-Jul-20120226-60-0

PFDoA 0.404<0.404 10.500 27-Jul-20 17:59B0G0151 1.28 g22-Jul-20307-55-1

MeFOSA 5.78<5.78 110.0 27-Jul-20 17:59B0G0151 1.28 g22-Jul-2031506-32-8

PFTrDA 0.402<0.402 10.500 27-Jul-20 17:59B0G0151 1.28 g22-Jul-2072629-94-8

PFDoS 0.600<0.600 11.00 27-Jul-20 17:59B0G0151 1.28 g22-Jul-2079780-39-5

PFTeDA 0.264<0.264 10.500 27-Jul-20 17:59B0G0151 1.28 g22-Jul-20376-06-7

EtFOSA 3.84<3.84 110.0 27-Jul-20 17:59B0G0151 1.28 g22-Jul-204151-50-2

PFHxDA 0.170<0.170 10.500 27-Jul-20 17:59B0G0151 1.28 g22-Jul-2067905-19-5

PFODA 0.500<0.500 11.00 27-Jul-20 17:59B0G0151 1.28 g22-Jul-2016517-11-6

MeFOSE 4.96<4.96 110.0 27-Jul-20 17:59B0G0151 1.28 g22-Jul-2024448-09-7

EtFOSE 5.38<5.38 110.0 27-Jul-20 17:59B0G0151 1.28 g22-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 114  25  150 127-Jul-20 17:59B0G0151 22-Jul-20 1.28 g<= > ? @ > AB > C D D E FG H I J K B E G = L H DSR0156

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 159 of 615



Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-03 (5-5.5)

Matrix:

Laboratory Data

Lab Sample: 2001475-04

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

78.1

Column: BEH C18Soil

07-Jul-20 15:40 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 70.8  25  150 127-Jul-20 17:59B0G0151 22-Jul-20 1.28 g

IS  - 13C3-PFBS 75.5  25  150 127-Jul-20 17:59B0G0151 22-Jul-20 1.28 g

IS  - 13C3-HFPO-DA 70.3  25  150 127-Jul-20 17:59B0G0151 22-Jul-20 1.28 g

IS  - 13C2-4:2 FTS 82.5  25  150 127-Jul-20 17:59B0G0151 22-Jul-20 1.28 g

IS  - 13C2-PFHxA 76.9  25  150 127-Jul-20 17:59B0G0151 22-Jul-20 1.28 g

IS  - 13C4-PFHpA 73.9  25  150 127-Jul-20 17:59B0G0151 22-Jul-20 1.28 g

IS  - 13C3-PFHxS 78.3  25  150 127-Jul-20 17:59B0G0151 22-Jul-20 1.28 g

IS  - 13C2-6:2 FTS 74.7  25  150 127-Jul-20 17:59B0G0151 22-Jul-20 1.28 g

IS  - 13C5-PFNA 66.0  25  150 127-Jul-20 17:59B0G0151 22-Jul-20 1.28 g

IS  - 13C8-PFOSA 46.6  10  150 127-Jul-20 17:59B0G0151 22-Jul-20 1.28 g

IS  - 13C2-PFOA 72.9  25  150 127-Jul-20 17:59B0G0151 22-Jul-20 1.28 g

IS  - 13C8-PFOS 77.5  25  150 127-Jul-20 17:59B0G0151 22-Jul-20 1.28 g

IS  - 13C2-PFDA 65.2  25  150 127-Jul-20 17:59B0G0151 22-Jul-20 1.28 g

IS  - 13C2-8:2 FTS 80.6  25  150 127-Jul-20 17:59B0G0151 22-Jul-20 1.28 g

IS  - d3-MeFOSAA 67.1  25  150 127-Jul-20 17:59B0G0151 22-Jul-20 1.28 g

IS  - 13C2-PFUnA 65.6  25  150 127-Jul-20 17:59B0G0151 22-Jul-20 1.28 g

IS  - d5-EtFOSAA 65.1  25  150 127-Jul-20 17:59B0G0151 22-Jul-20 1.28 g

IS  - 13C2-10:2 FTS 69.2  25  150 127-Jul-20 17:59B0G0151 22-Jul-20 1.28 g

IS  - 13C2-PFDoA 61.2  25  150 127-Jul-20 17:59B0G0151 22-Jul-20 1.28 g

IS  - d3-MeFOSA 19.0  10  150 127-Jul-20 17:59B0G0151 22-Jul-20 1.28 g

IS  - 13C2-PFTeDA 57.0  25  150 127-Jul-20 17:59B0G0151 22-Jul-20 1.28 g

IS  - d5-EtFOSA 20.5  10  150 127-Jul-20 17:59B0G0151 22-Jul-20 1.28 g

IS  - 13C2-PFHxDA 38.8  25  150 127-Jul-20 17:59B0G0151 22-Jul-20 1.28 g

IS  - d7-MeFOSE 41.1  10  150 127-Jul-20 17:59B0G0151 22-Jul-20 1.28 g

IS  - d9-EtFOSE 46.2  10  150 127-Jul-20 17:59B0G0151 22-Jul-20 1.28 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

<= > ? @ > AB > C D D E FG H I J K B E M = L H DSR0157

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 160 of 615



Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-06 (0.5-1)

Matrix:

Laboratory Data

Lab Sample: 2001475-05

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

95.2

Column: BEH C18Soil

07-Jul-20 16:00 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.333<0.333 10.482 27-Jul-20 18:10B0G0151 1.09 g22-Jul-20375-22-4

PFPeA 0.383<0.383 10.482 27-Jul-20 18:10B0G0151 1.09 g22-Jul-202706-90-3

PFBS 0.293<0.293 10.482 27-Jul-20 18:10B0G0151 1.09 g22-Jul-20375-73-5

4:2 FTS 0.347<0.347 10.482 27-Jul-20 18:10B0G0151 1.09 g22-Jul-20757124-72-4

PFHxA 0.2080.245 J, Q 10.482 27-Jul-20 18:10B0G0151 1.09 g22-Jul-20307-24-4

PFPeS 0.634<0.634 10.964 27-Jul-20 18:10B0G0151 1.09 g22-Jul-202706-91-4

HFPO-DA 1.14<1.14 11.45 27-Jul-20 18:10B0G0151 1.09 g22-Jul-2013252-13-6

PFHpA 0.461<0.461 10.482 27-Jul-20 18:10B0G0151 1.09 g22-Jul-20375-85-9

ADONA 0.328<0.328 10.482 27-Jul-20 18:10B0G0151 1.09 g22-Jul-20919005-14-4

PFHxS 0.376<0.376 10.482 27-Jul-20 18:10B0G0151 1.09 g22-Jul-20355-46-4

6:2 FTS 0.630<0.630 10.964 27-Jul-20 18:10B0G0151 1.09 g22-Jul-2027619-97-2

PFOA 0.453<0.453 10.482 27-Jul-20 18:10B0G0151 1.09 g22-Jul-20335-67-1

PFHpS 0.711<0.711 10.964 27-Jul-20 18:10B0G0151 1.09 g22-Jul-20375-92-8

PFNA 0.3010.674 10.482 27-Jul-20 18:10B0G0151 1.09 g22-Jul-20375-95-1

PFOSA 0.971<0.971 11.45 27-Jul-20 18:10B0G0151 1.09 g22-Jul-20754-91-6

PFOS 0.41469.1 10.482 27-Jul-20 18:10B0G0151 1.09 g22-Jul-201763-23-1

9Cl-PF3ONS 0.357<0.357 10.482 27-Jul-20 18:10B0G0151 1.09 g22-Jul-20756426-58-1

PFDA 0.4360.609 10.482 27-Jul-20 18:10B0G0151 1.09 g22-Jul-20335-76-2

8:2 FTS 0.696<0.696 10.964 27-Jul-20 18:10B0G0151 1.09 g22-Jul-2039108-34-4

PFNS 1.11<1.11 11.45 27-Jul-20 18:10B0G0151 1.09 g22-Jul-2068259-12-1

MeFOSAA 0.709<0.709 10.964 27-Jul-20 18:10B0G0151 1.09 g22-Jul-202355-31-9

EtFOSAA 0.663<0.663 10.964 27-Jul-20 18:10B0G0151 1.09 g22-Jul-202991-50-6

PFUnA 0.249<0.249 10.482 27-Jul-20 18:10B0G0151 1.09 g22-Jul-202058-94-8

PFDS 0.665<0.665 10.964 27-Jul-20 18:10B0G0151 1.09 g22-Jul-20335-77-3

11Cl-PF3OUdS 0.696<0.696 10.964 27-Jul-20 18:10B0G0151 1.09 g22-Jul-20763051-92-9

10:2 FTS 0.979<0.979 11.45 27-Jul-20 18:10B0G0151 1.09 g22-Jul-20120226-60-0

PFDoA 0.389<0.389 10.482 27-Jul-20 18:10B0G0151 1.09 g22-Jul-20307-55-1

MeFOSA 5.57<5.57 19.64 27-Jul-20 18:10B0G0151 1.09 g22-Jul-2031506-32-8

PFTrDA 0.387<0.387 10.482 27-Jul-20 18:10B0G0151 1.09 g22-Jul-2072629-94-8

PFDoS 0.578<0.578 10.964 27-Jul-20 18:10B0G0151 1.09 g22-Jul-2079780-39-5

PFTeDA 0.254<0.254 10.482 27-Jul-20 18:10B0G0151 1.09 g22-Jul-20376-06-7

EtFOSA 3.70<3.70 19.64 27-Jul-20 18:10B0G0151 1.09 g22-Jul-204151-50-2

PFHxDA 0.164<0.164 10.482 27-Jul-20 18:10B0G0151 1.09 g22-Jul-2067905-19-5

PFODA 0.482<0.482 10.964 27-Jul-20 18:10B0G0151 1.09 g22-Jul-2016517-11-6

MeFOSE 4.78<4.78 19.64 27-Jul-20 18:10B0G0151 1.09 g22-Jul-2024448-09-7

EtFOSE 5.18<5.18 19.64 27-Jul-20 18:10B0G0151 1.09 g22-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 124  25  150 127-Jul-20 18:10B0G0151 22-Jul-20 1.09 g<= > ? @ > AB > C D D E FG H I J K B E N = L H DSR0158

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 161 of 615



Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-06 (0.5-1)

Matrix:

Laboratory Data

Lab Sample: 2001475-05

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

95.2

Column: BEH C18Soil

07-Jul-20 16:00 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 76.2  25  150 127-Jul-20 18:10B0G0151 22-Jul-20 1.09 g

IS  - 13C3-PFBS 81.3  25  150 127-Jul-20 18:10B0G0151 22-Jul-20 1.09 g

IS  - 13C3-HFPO-DA 81.6  25  150 127-Jul-20 18:10B0G0151 22-Jul-20 1.09 g

IS  - 13C2-4:2 FTS 80.0  25  150 127-Jul-20 18:10B0G0151 22-Jul-20 1.09 g

IS  - 13C2-PFHxA 79.4  25  150 127-Jul-20 18:10B0G0151 22-Jul-20 1.09 g

IS  - 13C4-PFHpA 73.6  25  150 127-Jul-20 18:10B0G0151 22-Jul-20 1.09 g

IS  - 13C3-PFHxS 73.1  25  150 127-Jul-20 18:10B0G0151 22-Jul-20 1.09 g

IS  - 13C2-6:2 FTS 79.3  25  150 127-Jul-20 18:10B0G0151 22-Jul-20 1.09 g

IS  - 13C5-PFNA 68.0  25  150 127-Jul-20 18:10B0G0151 22-Jul-20 1.09 g

IS  - 13C8-PFOSA 49.0  10  150 127-Jul-20 18:10B0G0151 22-Jul-20 1.09 g

IS  - 13C2-PFOA 68.7  25  150 127-Jul-20 18:10B0G0151 22-Jul-20 1.09 g

IS  - 13C8-PFOS 73.7  25  150 127-Jul-20 18:10B0G0151 22-Jul-20 1.09 g

IS  - 13C2-PFDA 62.9  25  150 127-Jul-20 18:10B0G0151 22-Jul-20 1.09 g

IS  - 13C2-8:2 FTS 90.7  25  150 127-Jul-20 18:10B0G0151 22-Jul-20 1.09 g

IS  - d3-MeFOSAA 66.1  25  150 127-Jul-20 18:10B0G0151 22-Jul-20 1.09 g

IS  - 13C2-PFUnA 66.8  25  150 127-Jul-20 18:10B0G0151 22-Jul-20 1.09 g

IS  - d5-EtFOSAA 61.1  25  150 127-Jul-20 18:10B0G0151 22-Jul-20 1.09 g

IS  - 13C2-10:2 FTS 78.7  25  150 127-Jul-20 18:10B0G0151 22-Jul-20 1.09 g

IS  - 13C2-PFDoA 59.0  25  150 127-Jul-20 18:10B0G0151 22-Jul-20 1.09 g

IS  - d3-MeFOSA 24.3  10  150 127-Jul-20 18:10B0G0151 22-Jul-20 1.09 g

IS  - 13C2-PFTeDA 63.2  25  150 127-Jul-20 18:10B0G0151 22-Jul-20 1.09 g

IS  - d5-EtFOSA 26.8  10  150 127-Jul-20 18:10B0G0151 22-Jul-20 1.09 g

IS  - 13C2-PFHxDA 62.4  25  150 127-Jul-20 18:10B0G0151 22-Jul-20 1.09 g

IS  - d7-MeFOSE 37.0  10  150 127-Jul-20 18:10B0G0151 22-Jul-20 1.09 g

IS  - d9-EtFOSE 41.0  10  150 127-Jul-20 18:10B0G0151 22-Jul-20 1.09 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

<= > ? @ > AB > C D D E FG H I J K B C D = L H DSR0159
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-06 (7.4-7.9)

Matrix:

Laboratory Data

Lab Sample: 2001475-06

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

68.5

Column: BEH C18Soil

07-Jul-20 16:05 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.3370.457 J 10.486 27-Jul-20 18:20B0G0151 1.50 g22-Jul-20375-22-4

PFPeA 0.3870.970 10.486 27-Jul-20 18:20B0G0151 1.50 g22-Jul-202706-90-3

PFBS 0.2962.37 10.486 27-Jul-20 18:20B0G0151 1.50 g22-Jul-20375-73-5

4:2 FTS 0.350<0.350 10.486 27-Jul-20 18:20B0G0151 1.50 g22-Jul-20757124-72-4

PFHxA 0.2103.37 10.486 27-Jul-20 18:20B0G0151 1.50 g22-Jul-20307-24-4

PFPeS 0.6406.68 10.973 27-Jul-20 18:20B0G0151 1.50 g22-Jul-202706-91-4

HFPO-DA 1.15<1.15 11.46 27-Jul-20 18:20B0G0151 1.50 g22-Jul-2013252-13-6

PFHpA 0.4651.18 10.486 27-Jul-20 18:20B0G0151 1.50 g22-Jul-20375-85-9

ADONA 0.331<0.331 10.486 27-Jul-20 18:20B0G0151 1.50 g22-Jul-20919005-14-4

PFHxS 0.37964.8 10.486 27-Jul-20 18:20B0G0151 1.50 g22-Jul-20355-46-4

6:2 FTS 0.63636.3 10.973 27-Jul-20 18:20B0G0151 1.50 g22-Jul-2027619-97-2

PFOA 0.457<0.457 10.486 27-Jul-20 18:20B0G0151 1.50 g22-Jul-20335-67-1

PFHpS 0.7183.94 10.973 27-Jul-20 18:20B0G0151 1.50 g22-Jul-20375-92-8

PFNA 0.304<0.304 10.486 27-Jul-20 18:20B0G0151 1.50 g22-Jul-20375-95-1

PFOSA 0.981<0.981 11.46 27-Jul-20 18:20B0G0151 1.50 g22-Jul-20754-91-6

PFOS 0.418<0.418 10.486 27-Jul-20 18:20B0G0151 1.50 g22-Jul-201763-23-1

9Cl-PF3ONS 0.360<0.360 10.486 27-Jul-20 18:20B0G0151 1.50 g22-Jul-20756426-58-1

PFDA 0.440<0.440 10.486 27-Jul-20 18:20B0G0151 1.50 g22-Jul-20335-76-2

8:2 FTS 0.702<0.702 10.973 27-Jul-20 18:20B0G0151 1.50 g22-Jul-2039108-34-4

PFNS 1.12<1.12 11.46 27-Jul-20 18:20B0G0151 1.50 g22-Jul-2068259-12-1

MeFOSAA 0.716<0.716 10.973 27-Jul-20 18:20B0G0151 1.50 g22-Jul-202355-31-9

EtFOSAA 0.669<0.669 10.973 27-Jul-20 18:20B0G0151 1.50 g22-Jul-202991-50-6

PFUnA 0.251<0.251 10.486 27-Jul-20 18:20B0G0151 1.50 g22-Jul-202058-94-8

PFDS 0.671<0.671 10.973 27-Jul-20 18:20B0G0151 1.50 g22-Jul-20335-77-3

11Cl-PF3OUdS 0.702<0.702 10.973 27-Jul-20 18:20B0G0151 1.50 g22-Jul-20763051-92-9

10:2 FTS 0.988<0.988 11.46 27-Jul-20 18:20B0G0151 1.50 g22-Jul-20120226-60-0

PFDoA 0.393<0.393 10.486 27-Jul-20 18:20B0G0151 1.50 g22-Jul-20307-55-1

MeFOSA 5.62<5.62 19.73 27-Jul-20 18:20B0G0151 1.50 g22-Jul-2031506-32-8

PFTrDA 0.391<0.391 10.486 27-Jul-20 18:20B0G0151 1.50 g22-Jul-2072629-94-8

PFDoS 0.584<0.584 10.973 27-Jul-20 18:20B0G0151 1.50 g22-Jul-2079780-39-5

PFTeDA 0.257<0.257 10.486 27-Jul-20 18:20B0G0151 1.50 g22-Jul-20376-06-7

EtFOSA 3.74<3.74 19.73 27-Jul-20 18:20B0G0151 1.50 g22-Jul-204151-50-2

PFHxDA 0.165<0.165 10.486 27-Jul-20 18:20B0G0151 1.50 g22-Jul-2067905-19-5

PFODA 0.486<0.486 10.973 27-Jul-20 18:20B0G0151 1.50 g22-Jul-2016517-11-6

MeFOSE 4.83<4.83 19.73 27-Jul-20 18:20B0G0151 1.50 g22-Jul-2024448-09-7

EtFOSE 5.23<5.23 19.73 27-Jul-20 18:20B0G0151 1.50 g22-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 105  25  150 127-Jul-20 18:20B0G0151 22-Jul-20 1.50 g<= > ? @ > AB > C D D E FG H I J K B C E = L H DSR0160

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 163 of 615



Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-06 (7.4-7.9)

Matrix:

Laboratory Data

Lab Sample: 2001475-06

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

68.5

Column: BEH C18Soil

07-Jul-20 16:05 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 67.3  25  150 127-Jul-20 18:20B0G0151 22-Jul-20 1.50 g

IS  - 13C3-PFBS 80.3  25  150 127-Jul-20 18:20B0G0151 22-Jul-20 1.50 g

IS  - 13C3-HFPO-DA 67.4  25  150 127-Jul-20 18:20B0G0151 22-Jul-20 1.50 g

IS  - 13C2-4:2 FTS 75.3  25  150 127-Jul-20 18:20B0G0151 22-Jul-20 1.50 g

IS  - 13C2-PFHxA 64.5  25  150 127-Jul-20 18:20B0G0151 22-Jul-20 1.50 g

IS  - 13C4-PFHpA 61.8  25  150 127-Jul-20 18:20B0G0151 22-Jul-20 1.50 g

IS  - 13C3-PFHxS 76.1  25  150 127-Jul-20 18:20B0G0151 22-Jul-20 1.50 g

IS  - 13C2-6:2 FTS 81.2  25  150 127-Jul-20 18:20B0G0151 22-Jul-20 1.50 g

IS  - 13C5-PFNA 51.5  25  150 127-Jul-20 18:20B0G0151 22-Jul-20 1.50 g

IS  - 13C8-PFOSA 45.7  10  150 127-Jul-20 18:20B0G0151 22-Jul-20 1.50 g

IS  - 13C2-PFOA 62.9  25  150 127-Jul-20 18:20B0G0151 22-Jul-20 1.50 g

IS  - 13C8-PFOS 65.0  25  150 127-Jul-20 18:20B0G0151 22-Jul-20 1.50 g

IS  - 13C2-PFDA 56.7  25  150 127-Jul-20 18:20B0G0151 22-Jul-20 1.50 g

IS  - 13C2-8:2 FTS 84.4  25  150 127-Jul-20 18:20B0G0151 22-Jul-20 1.50 g

IS  - d3-MeFOSAA 54.1  25  150 127-Jul-20 18:20B0G0151 22-Jul-20 1.50 g

IS  - 13C2-PFUnA 48.4  25  150 127-Jul-20 18:20B0G0151 22-Jul-20 1.50 g

IS  - d5-EtFOSAA 55.6  25  150 127-Jul-20 18:20B0G0151 22-Jul-20 1.50 g

IS  - 13C2-10:2 FTS 57.0  25  150 127-Jul-20 18:20B0G0151 22-Jul-20 1.50 g

IS  - 13C2-PFDoA 38.9  25  150 127-Jul-20 18:20B0G0151 22-Jul-20 1.50 g

IS  - d3-MeFOSA 19.8  10  150 127-Jul-20 18:20B0G0151 22-Jul-20 1.50 g

IS  - 13C2-PFTeDA 15.8  25  150 H 127-Jul-20 18:20B0G0151 22-Jul-20 1.50 g

IS  - d5-EtFOSA 21.9  10  150 127-Jul-20 18:20B0G0151 22-Jul-20 1.50 g

IS  - 13C2-PFHxDA 10.6  25  150 H 127-Jul-20 18:20B0G0151 22-Jul-20 1.50 g

IS  - d7-MeFOSE 41.7  10  150 127-Jul-20 18:20B0G0151 22-Jul-20 1.50 g

IS  - d9-EtFOSE 50.5  10  150 127-Jul-20 18:20B0G0151 22-Jul-20 1.50 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

<= > ? @ > AB > C D D E FG H I J K B C C = L H DSR0161
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-04-(7-7.5)

Matrix:

Laboratory Data

Lab Sample: 2001475-09

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

74.9

Column: BEH C18Soil

08-Jul-20 07:40 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.337<0.337 10.487 28-Jul-20 17:10B0G0151 1.37 g22-Jul-20375-22-4

PFPeA 0.388<0.388 10.487 28-Jul-20 17:10B0G0151 1.37 g22-Jul-202706-90-3

PFBS 0.296<0.296 10.487 28-Jul-20 17:10B0G0151 1.37 g22-Jul-20375-73-5

4:2 FTS 0.351<0.351 10.487 28-Jul-20 17:10B0G0151 1.37 g22-Jul-20757124-72-4

PFHxA 0.2100.594 10.487 28-Jul-20 17:10B0G0151 1.37 g22-Jul-20307-24-4

PFPeS 0.641<0.641 10.974 28-Jul-20 17:10B0G0151 1.37 g22-Jul-202706-91-4

HFPO-DA 1.15<1.15 11.46 28-Jul-20 17:10B0G0151 1.37 g22-Jul-2013252-13-6

PFHpA 0.4660.835 Q 10.487 28-Jul-20 17:10B0G0151 1.37 g22-Jul-20375-85-9

ADONA 0.331<0.331 10.487 28-Jul-20 17:10B0G0151 1.37 g22-Jul-20919005-14-4

PFHxS 0.3808.26 10.487 28-Jul-20 17:10B0G0151 1.37 g22-Jul-20355-46-4

6:2 FTS 0.6374.08 10.974 28-Jul-20 17:10B0G0151 1.37 g22-Jul-2027619-97-2

PFOA 0.4581.77 10.487 28-Jul-20 17:10B0G0151 1.37 g22-Jul-20335-67-1

PFHpS 0.7198.61 10.974 28-Jul-20 17:10B0G0151 1.37 g22-Jul-20375-92-8

PFNA 0.3041.05 10.487 28-Jul-20 17:10B0G0151 1.37 g22-Jul-20375-95-1

PFOSA 0.982<0.982 11.46 28-Jul-20 17:10B0G0151 1.37 g22-Jul-20754-91-6

PFOS 0.419<0.419 10.487 28-Jul-20 17:10B0G0151 1.37 g22-Jul-201763-23-1

9Cl-PF3ONS 0.360<0.360 10.487 28-Jul-20 17:10B0G0151 1.37 g22-Jul-20756426-58-1

PFDA 0.440<0.440 10.487 28-Jul-20 17:10B0G0151 1.37 g22-Jul-20335-76-2

8:2 FTS 0.703<0.703 10.974 28-Jul-20 17:10B0G0151 1.37 g22-Jul-2039108-34-4

PFNS 1.12<1.12 11.46 28-Jul-20 17:10B0G0151 1.37 g22-Jul-2068259-12-1

MeFOSAA 0.717<0.717 10.974 28-Jul-20 17:10B0G0151 1.37 g22-Jul-202355-31-9

EtFOSAA 0.670<0.670 10.974 28-Jul-20 17:10B0G0151 1.37 g22-Jul-202991-50-6

PFUnA 0.251<0.251 10.487 28-Jul-20 17:10B0G0151 1.37 g22-Jul-202058-94-8

PFDS 0.672<0.672 10.974 28-Jul-20 17:10B0G0151 1.37 g22-Jul-20335-77-3

11Cl-PF3OUdS 0.703<0.703 10.974 28-Jul-20 17:10B0G0151 1.37 g22-Jul-20763051-92-9

10:2 FTS 0.990<0.990 11.46 28-Jul-20 17:10B0G0151 1.37 g22-Jul-20120226-60-0

PFDoA 0.394<0.394 10.487 28-Jul-20 17:10B0G0151 1.37 g22-Jul-20307-55-1

MeFOSA 5.63<5.63 19.74 28-Jul-20 17:10B0G0151 1.37 g22-Jul-2031506-32-8

PFTrDA 0.392<0.392 10.487 28-Jul-20 17:10B0G0151 1.37 g22-Jul-2072629-94-8

PFDoS 0.584<0.584 10.974 28-Jul-20 17:10B0G0151 1.37 g22-Jul-2079780-39-5

PFTeDA 0.257<0.257 10.487 28-Jul-20 17:10B0G0151 1.37 g22-Jul-20376-06-7

EtFOSA 3.74<3.74 19.74 28-Jul-20 17:10B0G0151 1.37 g22-Jul-204151-50-2

PFHxDA 0.166<0.166 10.487 28-Jul-20 17:10B0G0151 1.37 g22-Jul-2067905-19-5

PFODA 0.487<0.487 10.974 28-Jul-20 17:10B0G0151 1.37 g22-Jul-2016517-11-6

MeFOSE 4.83<4.83 19.74 28-Jul-20 17:10B0G0151 1.37 g22-Jul-2024448-09-7

EtFOSE 5.24<5.24 19.74 28-Jul-20 17:10B0G0151 1.37 g22-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 75.7  25  150 128-Jul-20 17:10B0G0151 22-Jul-20 1.37 g<= > ? @ > AB > C D D E FG H I J K B C O = L H DSR0162
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-04-(7-7.5)

Matrix:

Laboratory Data

Lab Sample: 2001475-09

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

74.9

Column: BEH C18Soil

08-Jul-20 07:40 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 76.2  25  150 128-Jul-20 17:10B0G0151 22-Jul-20 1.37 g

IS  - 13C3-PFBS 76.2  25  150 128-Jul-20 17:10B0G0151 22-Jul-20 1.37 g

IS  - 13C3-HFPO-DA 82.6  25  150 128-Jul-20 17:10B0G0151 22-Jul-20 1.37 g

IS  - 13C2-4:2 FTS 101  25  150 128-Jul-20 17:10B0G0151 22-Jul-20 1.37 g

IS  - 13C2-PFHxA 84.8  25  150 128-Jul-20 17:10B0G0151 22-Jul-20 1.37 g

IS  - 13C4-PFHpA 83.2  25  150 128-Jul-20 17:10B0G0151 22-Jul-20 1.37 g

IS  - 13C3-PFHxS 82.9  25  150 128-Jul-20 17:10B0G0151 22-Jul-20 1.37 g

IS  - 13C2-6:2 FTS 71.8  25  150 128-Jul-20 17:10B0G0151 22-Jul-20 1.37 g

IS  - 13C5-PFNA 65.4  25  150 128-Jul-20 17:10B0G0151 22-Jul-20 1.37 g

IS  - 13C8-PFOSA 55.5  10  150 128-Jul-20 17:10B0G0151 22-Jul-20 1.37 g

IS  - 13C2-PFOA 75.3  25  150 128-Jul-20 17:10B0G0151 22-Jul-20 1.37 g

IS  - 13C8-PFOS 66.7  25  150 128-Jul-20 17:10B0G0151 22-Jul-20 1.37 g

IS  - 13C2-PFDA 57.1  25  150 128-Jul-20 17:10B0G0151 22-Jul-20 1.37 g

IS  - 13C2-8:2 FTS 88.6  25  150 128-Jul-20 17:10B0G0151 22-Jul-20 1.37 g

IS  - d3-MeFOSAA 60.8  25  150 128-Jul-20 17:10B0G0151 22-Jul-20 1.37 g

IS  - 13C2-PFUnA 63.1  25  150 128-Jul-20 17:10B0G0151 22-Jul-20 1.37 g

IS  - d5-EtFOSAA 53.9  25  150 128-Jul-20 17:10B0G0151 22-Jul-20 1.37 g

IS  - 13C2-10:2 FTS 79.3  25  150 128-Jul-20 17:10B0G0151 22-Jul-20 1.37 g

IS  - 13C2-PFDoA 54.9  25  150 128-Jul-20 17:10B0G0151 22-Jul-20 1.37 g

IS  - d3-MeFOSA 24.8  10  150 128-Jul-20 17:10B0G0151 22-Jul-20 1.37 g

IS  - 13C2-PFTeDA 34.2  25  150 128-Jul-20 17:10B0G0151 22-Jul-20 1.37 g

IS  - d5-EtFOSA 24.6  10  150 128-Jul-20 17:10B0G0151 22-Jul-20 1.37 g

IS  - 13C2-PFHxDA 15.5  25  150 H 128-Jul-20 17:10B0G0151 22-Jul-20 1.37 g

IS  - d7-MeFOSE 39.3  10  150 128-Jul-20 17:10B0G0151 22-Jul-20 1.37 g

IS  - d9-EtFOSE 41.2  10  150 128-Jul-20 17:10B0G0151 22-Jul-20 1.37 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      
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Name:

Project:

Client Data

MSN FFTA SAMPLES

Sample ID: Method Blank

Matrix:

Laboratory Data

Lab Sample: B0G0132-BLK1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

Analyte Conc. (ng/L) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.729<0.729 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20375-22-4

PFPeA 1.28<1.28 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-202706-90-3

PFBS 1.79<1.79 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20375-73-5

4:2 FTS 1.39<1.39 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20757124-72-4

PFHxA 2.18<2.18 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20307-24-4

PFPeS 2.42<2.42 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-202706-91-4

HFPO-DA 4.82<4.82 15.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2013252-13-6

PFHpA 0.591<0.591 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20375-85-9

ADONA 0.722<0.722 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20919005-14-4

PFHxS 0.947<0.947 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20355-46-4

6:2 FTS 2.00<2.00 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2027619-97-2

PFOA 0.651<0.651 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20335-67-1

PFHpS 0.937<0.937 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20375-92-8

PFNA 0.810<0.810 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20375-95-1

PFOSA 1.77<1.77 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20754-91-6

PFOS 0.807<0.807 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-201763-23-1

9Cl-PF3ONS 1.45<1.45 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20756426-58-1

PFDA 1.49<1.49 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20335-76-2

8:2 FTS 2.06<2.06 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2039108-34-4

PFNS 3.87<3.87 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2068259-12-1

MeFOSAA 1.65<1.65 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-202355-31-9

EtFOSAA 1.37<1.37 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-202991-50-6

PFUnA 1.05<1.05 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-202058-94-8

PFDS 1.23<1.23 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20335-77-3

11Cl-PF3OUdS 2.41<2.41 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20763051-92-9

10:2 FTS 3.13<3.13 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20120226-60-0

PFDoA 0.792<0.792 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20307-55-1

MeFOSA 3.83<3.83 120.0 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2031506-32-8

PFTrDA 0.494<0.494 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2072629-94-8

PFDoS 4.17<4.17 15.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2079780-39-5

PFTeDA 0.755<0.755 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20376-06-7

EtFOSA 5.11<5.11 120.0 22-Jul-20 13:43B0G0132 0.125 L17-Jul-204151-50-2

PFHxDA 0.2941.37 J, Q 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2067905-19-5

PFODA 6.14<6.14 17.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2016517-11-6

MeFOSE 6.07<6.07 120.0 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2024448-09-7

EtFOSE 9.44<9.44 120.0 22-Jul-20 13:43B0G0132 0.125 L17-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 144  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L<= > ? @ > AB > C D D E FG H I J K B C H = L H DSR0164
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Name:

Project:

Client Data

MSN FFTA SAMPLES

Sample ID: Method Blank

Matrix:

Laboratory Data

Lab Sample: B0G0132-BLK1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 101  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C3-PFBS 102  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C3-HFPO-DA 90.2  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-4:2 FTS 97.6  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFHxA 95.5  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C4-PFHpA 102  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C3-PFHxS 104  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-6:2 FTS 89.1  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C5-PFNA 80.3  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C8-PFOSA 33.9  10  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFOA 97.6  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C8-PFOS 92.7  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFDA 90.9  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-8:2 FTS 94.5  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - d3-MeFOSAA 77.3  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFUnA 82.3  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - d5-EtFOSAA 69.7  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-10:2 FTS 77.9  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFDoA 74.5  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - d3-MeFOSA 10.8  10  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFTeDA 64.5  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - d5-EtFOSA 9.30  10  150 H 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFHxDA 39.2  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - d7-MeFOSE 16.0  10  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - d9-EtFOSE 17.2  10  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

Results reported to MDL.                                                                                                       MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      
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Name:

Project:

Client Data

MSN FFTA SAMPLES

Sample ID: OPR

Matrix:

Laboratory Data

Lab Sample: B0G0132-BS1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

Analyte Amt Found (ng/L) Qualifiers Analyzed DilutionSpike Amt % Rec Limits Samp SizeExtractedBatchCAS Number

PFBA 7.82 122-Jul-20 13:538.00 97.7  -  50  150 0.125 L17-Jul-20B0G0132375-22-4

PFPeA 7.69 122-Jul-20 13:538.00 96.1  -  50  150 0.125 L17-Jul-20B0G01322706-90-3

PFBS 7.42 122-Jul-20 13:538.00 92.7  -  50  150 0.125 L17-Jul-20B0G0132375-73-5

4:2 FTS 7.81 122-Jul-20 13:538.00 97.6  -  50  150 0.125 L17-Jul-20B0G0132757124-72-4

PFHxA 7.64 122-Jul-20 13:538.00 95.4  -  50  150 0.125 L17-Jul-20B0G0132307-24-4

PFPeS 8.20 122-Jul-20 13:538.00 103  -  50  150 0.125 L17-Jul-20B0G01322706-91-4

HFPO-DA 7.51 122-Jul-20 13:538.00 93.8  -  50  150 0.125 L17-Jul-20B0G013213252-13-6

PFHpA 7.48 122-Jul-20 13:538.00 93.6  -  50  150 0.125 L17-Jul-20B0G0132375-85-9

ADONA 7.54 122-Jul-20 13:538.00 94.2  -  50  150 0.125 L17-Jul-20B0G0132919005-14-4

PFHxS 6.14 122-Jul-20 13:538.00 76.7  -  50  150 0.125 L17-Jul-20B0G0132355-46-4

6:2 FTS 8.50 122-Jul-20 13:538.00 106  -  50  150 0.125 L17-Jul-20B0G013227619-97-2

PFOA 7.13 122-Jul-20 13:538.00 89.1  -  50  150 0.125 L17-Jul-20B0G0132335-67-1

PFHpS 7.83 122-Jul-20 13:538.00 97.9  -  50  150 0.125 L17-Jul-20B0G0132375-92-8

PFNA 8.53 122-Jul-20 13:538.00 107  -  50  150 0.125 L17-Jul-20B0G0132375-95-1

PFOSA 10.1 122-Jul-20 13:538.00 126  -  50  150 0.125 L17-Jul-20B0G0132754-91-6

PFOS 8.96 122-Jul-20 13:538.00 112  -  50  150 0.125 L17-Jul-20B0G01321763-23-1

9Cl-PF3ONS 7.13 122-Jul-20 13:538.00 89.1  -  50  150 0.125 L17-Jul-20B0G0132756426-58-1

PFDA 7.48 122-Jul-20 13:538.00 93.6  -  50  150 0.125 L17-Jul-20B0G0132335-76-2

8:2 FTS 6.64 122-Jul-20 13:538.00 83.0  -  50  150 0.125 L17-Jul-20B0G013239108-34-4

PFNS 7.56 122-Jul-20 13:538.00 94.5  -  50  150 0.125 L17-Jul-20B0G013268259-12-1

MeFOSAA 7.12 122-Jul-20 13:538.00 89.0  -  50  150 0.125 L17-Jul-20B0G01322355-31-9

EtFOSAA 6.42 122-Jul-20 13:538.00 80.3  -  50  150 0.125 L17-Jul-20B0G01322991-50-6

PFUnA 7.64 122-Jul-20 13:538.00 95.5  -  50  150 0.125 L17-Jul-20B0G01322058-94-8

PFDS 7.21 122-Jul-20 13:538.00 90.1  -  50  150 0.125 L17-Jul-20B0G0132335-77-3

11Cl-PF3OUdS 7.38 122-Jul-20 13:538.00 92.3  -  50  150 0.125 L17-Jul-20B0G0132763051-92-9

10:2 FTS 8.50 122-Jul-20 13:538.00 106  -  50  150 0.125 L17-Jul-20B0G0132120226-60-0

PFDoA 7.35 122-Jul-20 13:538.00 91.8  -  50  150 0.125 L17-Jul-20B0G0132307-55-1

MeFOSA 28.9 122-Jul-20 13:5340.0 72.1  -  50  150 0.125 L17-Jul-20B0G013231506-32-8

PFTrDA 7.23 122-Jul-20 13:538.00 90.3  -  50  150 0.125 L17-Jul-20B0G013272629-94-8

PFDoS 6.88 122-Jul-20 13:538.00 85.9  -  50  150 0.125 L17-Jul-20B0G013279780-39-5

PFTeDA 7.21 122-Jul-20 13:538.00 90.2  -  50  150 0.125 L17-Jul-20B0G0132376-06-7

EtFOSA 35.5 122-Jul-20 13:5340.0 88.8  -  50  150 0.125 L17-Jul-20B0G01324151-50-2

PFHxDA 7.62 B 122-Jul-20 13:538.00 95.3  -  50  150 0.125 L17-Jul-20B0G013267905-19-5

PFODA 6.65 J 122-Jul-20 13:538.00 83.1  -  50  150 0.125 L17-Jul-20B0G013216517-11-6QR S T U S VW S X Y Y Z [\ ] ^_̀ W X \ R a ] YSR0166
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Name:

Project:

Client Data

MSN FFTA SAMPLES

Sample ID: OPR

Matrix:

Laboratory Data

Lab Sample: B0G0132-BS1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

Analyte Amt Found (ng/L) Qualifiers Analyzed DilutionSpike Amt % Rec Limits Samp SizeExtractedBatchCAS Number

MeFOSE 45.9 122-Jul-20 13:5340.0 115  -  50  150 0.125 L17-Jul-20B0G013224448-09-7

EtFOSE 26.1 122-Jul-20 13:5340.0 65.3  -  50  150 0.125 L17-Jul-20B0G01321691-99-2

Labeled Standards % Rec Limits Qualifiers Analyzed DilutionType Samp SizeExtractedBatch

IS  - 13C3-PFBA 145  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C3-PFPeA 97.0  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C3-PFBS 100  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C3-HFPO-DA 86.9  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-4:2 FTS 95.8  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-PFHxA 87.0  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C4-PFHpA 91.2  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C3-PFHxS 101  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-6:2 FTS 90.4  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C5-PFNA 77.0  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C8-PFOSA 26.2  10  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-PFOA 90.1  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C8-PFOS 80.2  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-PFDA 89.6  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-8:2 FTS 85.6  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - d3-MeFOSAA 71.1  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-PFUnA 75.5  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - d5-EtFOSAA 70.3  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-10:2 FTS 71.4  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-PFDoA 81.9  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - d3-MeFOSA 7.50  10  150 H 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-PFTeDA 74.5  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - d5-EtFOSA 5.90  10  150 H 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-PFHxDA 61.5  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - d7-MeFOSE 11.5  10  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - d9-EtFOSE 12.9  10  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-02-GW

Matrix:

Laboratory Data

Lab Sample: 2001475-07

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

07-Jul-20 16:10 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/L) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.820110 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-20375-22-4

PFPeA 1.44271 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-202706-90-3

PFBS 2.01302 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-20375-73-5

4:2 FTS 1.5619.7 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-20757124-72-4

PFHxA 2.45489 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-20307-24-4

PFPeS 2.72322 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-202706-91-4

HFPO-DA 5.42<5.42 15.62 23-Jul-20 20:32B0G0132 0.111 L17-Jul-2013252-13-6

PFHpA 0.664115 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-20375-85-9

ADONA 0.812<0.812 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-20919005-14-4

PFHxS 1.061420 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-20355-46-4

6:2 FTS 2.25537 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-2027619-97-2

PFOA 0.732126 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-20335-67-1

PFHpS 1.0529.3 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-20375-92-8

PFNA 0.91115.8 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-20375-95-1

PFOSA 1.9916.7 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-20754-91-6

PFOS 0.9071680 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-201763-23-1

9Cl-PF3ONS 1.63<1.63 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-20756426-58-1

PFDA 1.68<1.68 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-20335-76-2

8:2 FTS 2.3228.4 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-2039108-34-4

PFNS 4.35<4.35 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-2068259-12-1

MeFOSAA 1.86<1.86 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-202355-31-9

EtFOSAA 1.54<1.54 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-202991-50-6

PFUnA 1.18<1.18 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-202058-94-8

PFDS 1.381.76 J, Q 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-20335-77-3

11Cl-PF3OUdS 2.71<2.71 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-20763051-92-9

10:2 FTS 3.52<3.52 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-20120226-60-0

PFDoA 0.890<0.890 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-20307-55-1

MeFOSA 4.31<4.31 122.5 23-Jul-20 20:32B0G0132 0.111 L17-Jul-2031506-32-8

PFTrDA 0.555<0.555 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-2072629-94-8

PFDoS 4.69<4.69 15.62 23-Jul-20 20:32B0G0132 0.111 L17-Jul-2079780-39-5

PFTeDA 0.849<0.849 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-20376-06-7

EtFOSA 5.75<5.75 122.5 23-Jul-20 20:32B0G0132 0.111 L17-Jul-204151-50-2

PFHxDA 0.331<0.331 14.50 23-Jul-20 20:32B0G0132 0.111 L17-Jul-2067905-19-5

PFODA 6.90<6.90 17.87 23-Jul-20 20:32B0G0132 0.111 L17-Jul-2016517-11-6

MeFOSE 6.82<6.82 122.5 23-Jul-20 20:32B0G0132 0.111 L17-Jul-2024448-09-7

EtFOSE 10.6<10.6 122.5 23-Jul-20 20:32B0G0132 0.111 L17-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 85.6  25  150 123-Jul-20 20:32B0G0132 17-Jul-20 0.111 LQR S T U S VW S X Y Y Z [\ ] ^_̀ W X c R a ] YSR0168

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 171 of 615



Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-02-GW

Matrix:

Laboratory Data

Lab Sample: 2001475-07

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

07-Jul-20 16:10 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 87.1  25  150 123-Jul-20 20:32B0G0132 17-Jul-20 0.111 L

IS  - 13C3-PFBS 95.5  25  150 123-Jul-20 20:32B0G0132 17-Jul-20 0.111 L

IS  - 13C3-HFPO-DA 84.2  25  150 123-Jul-20 20:32B0G0132 17-Jul-20 0.111 L

IS  - 13C2-4:2 FTS 84.5  25  150 123-Jul-20 20:32B0G0132 17-Jul-20 0.111 L

IS  - 13C2-PFHxA 85.9  25  150 123-Jul-20 20:32B0G0132 17-Jul-20 0.111 L

IS  - 13C4-PFHpA 85.0  25  150 123-Jul-20 20:32B0G0132 17-Jul-20 0.111 L

IS  - 13C3-PFHxS 80.3  25  150 123-Jul-20 20:32B0G0132 17-Jul-20 0.111 L

IS  - 13C2-6:2 FTS 85.0  25  150 123-Jul-20 20:32B0G0132 17-Jul-20 0.111 L

IS  - 13C5-PFNA 83.3  25  150 123-Jul-20 20:32B0G0132 17-Jul-20 0.111 L

IS  - 13C8-PFOSA 64.3  10  150 123-Jul-20 20:32B0G0132 17-Jul-20 0.111 L

IS  - 13C2-PFOA 92.3  25  150 123-Jul-20 20:32B0G0132 17-Jul-20 0.111 L

IS  - 13C8-PFOS 101  25  150 123-Jul-20 20:32B0G0132 17-Jul-20 0.111 L

IS  - 13C2-PFDA 78.5  25  150 123-Jul-20 20:32B0G0132 17-Jul-20 0.111 L

IS  - 13C2-8:2 FTS 78.6  25  150 123-Jul-20 20:32B0G0132 17-Jul-20 0.111 L

IS  - d3-MeFOSAA 88.3  25  150 123-Jul-20 20:32B0G0132 17-Jul-20 0.111 L

IS  - 13C2-PFUnA 79.8  25  150 123-Jul-20 20:32B0G0132 17-Jul-20 0.111 L

IS  - d5-EtFOSAA 82.3  25  150 123-Jul-20 20:32B0G0132 17-Jul-20 0.111 L

IS  - 13C2-10:2 FTS 66.0  25  150 123-Jul-20 20:32B0G0132 17-Jul-20 0.111 L

IS  - 13C2-PFDoA 77.9  25  150 123-Jul-20 20:32B0G0132 17-Jul-20 0.111 L

IS  - d3-MeFOSA 22.9  10  150 123-Jul-20 20:32B0G0132 17-Jul-20 0.111 L

IS  - 13C2-PFTeDA 75.2  25  150 123-Jul-20 20:32B0G0132 17-Jul-20 0.111 L

IS  - d5-EtFOSA 20.6  10  150 123-Jul-20 20:32B0G0132 17-Jul-20 0.111 L

IS  - 13C2-PFHxDA 68.3  25  150 123-Jul-20 20:32B0G0132 17-Jul-20 0.111 L

IS  - d7-MeFOSE 43.6  10  150 123-Jul-20 20:32B0G0132 17-Jul-20 0.111 L

IS  - d9-EtFOSE 46.9  10  150 123-Jul-20 20:32B0G0132 17-Jul-20 0.111 L

Results reported to MDL.                                                                                                       MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

QR S T U S VW S X Y Y Z [\ ] ^_̀ W d Y R a ] YSR0169

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 172 of 615



Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-03-GW

Matrix:

Laboratory Data

Lab Sample: 2001475-08

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

07-Jul-20 16:35 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/L) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.803293 14.40 22-Jul-20 15:27B0G0132 0.114 L17-Jul-20375-22-4

PFPeA 1.41877 14.40 22-Jul-20 15:27B0G0132 0.114 L17-Jul-202706-90-3

PFBS 1.97590 14.40 22-Jul-20 15:27B0G0132 0.114 L17-Jul-20375-73-5

4:2 FTS 1.5351.8 14.40 22-Jul-20 15:27B0G0132 0.114 L17-Jul-20757124-72-4

PFHxA 2.401420 14.40 22-Jul-20 15:27B0G0132 0.114 L17-Jul-20307-24-4

PFPeS 2.66876 14.40 22-Jul-20 15:27B0G0132 0.114 L17-Jul-202706-91-4

HFPO-DA 5.31<5.31 15.50 22-Jul-20 15:27B0G0132 0.114 L17-Jul-2013252-13-6

PFHpA 0.651394 14.40 22-Jul-20 15:27B0G0132 0.114 L17-Jul-20375-85-9

ADONA 0.795<0.795 14.40 22-Jul-20 15:27B0G0132 0.114 L17-Jul-20919005-14-4

PFHxS 5.217700 D 522.0 23-Jul-20 20:43B0G0132 0.114 L17-Jul-20355-46-4

6:2 FTS 11.05220 D 522.0 23-Jul-20 20:43B0G0132 0.114 L17-Jul-2027619-97-2

PFOA 0.717895 14.40 22-Jul-20 15:27B0G0132 0.114 L17-Jul-20335-67-1

PFHpS 1.03316 14.40 22-Jul-20 15:27B0G0132 0.114 L17-Jul-20375-92-8

PFNA 0.89241.4 14.40 22-Jul-20 15:27B0G0132 0.114 L17-Jul-20375-95-1

PFOSA 1.95169 14.40 22-Jul-20 15:27B0G0132 0.114 L17-Jul-20754-91-6

PFOS 4.4411000 D 522.0 23-Jul-20 20:43B0G0132 0.114 L17-Jul-201763-23-1

9Cl-PF3ONS 1.60<1.60 14.40 22-Jul-20 15:27B0G0132 0.114 L17-Jul-20756426-58-1

PFDA 1.648.51 Q 14.40 22-Jul-20 15:27B0G0132 0.114 L17-Jul-20335-76-2

8:2 FTS 2.27628 14.40 22-Jul-20 15:27B0G0132 0.114 L17-Jul-2039108-34-4

PFNS 4.265.22 14.40 22-Jul-20 15:27B0G0132 0.114 L17-Jul-2068259-12-1

MeFOSAA 1.82<1.82 14.40 22-Jul-20 15:27B0G0132 0.114 L17-Jul-202355-31-9

EtFOSAA 1.51<1.51 14.40 22-Jul-20 15:27B0G0132 0.114 L17-Jul-202991-50-6

PFUnA 1.16<1.16 14.40 22-Jul-20 15:27B0G0132 0.114 L17-Jul-202058-94-8

PFDS 1.35<1.35 14.40 22-Jul-20 15:27B0G0132 0.114 L17-Jul-20335-77-3

11Cl-PF3OUdS 2.65<2.65 14.40 22-Jul-20 15:27B0G0132 0.114 L17-Jul-20763051-92-9

10:2 FTS 3.45<3.45 14.40 22-Jul-20 15:27B0G0132 0.114 L17-Jul-20120226-60-0

PFDoA 0.872<0.872 14.40 22-Jul-20 15:27B0G0132 0.114 L17-Jul-20307-55-1

MeFOSA 4.22<4.22 122.0 22-Jul-20 15:27B0G0132 0.114 L17-Jul-2031506-32-8

PFTrDA 0.544<0.544 14.40 22-Jul-20 15:27B0G0132 0.114 L17-Jul-2072629-94-8

PFDoS 4.59<4.59 15.50 22-Jul-20 15:27B0G0132 0.114 L17-Jul-2079780-39-5

PFTeDA 0.831<0.831 14.40 22-Jul-20 15:27B0G0132 0.114 L17-Jul-20376-06-7

EtFOSA 5.63<5.63 122.0 22-Jul-20 15:27B0G0132 0.114 L17-Jul-204151-50-2

PFHxDA 0.324<0.324 14.40 22-Jul-20 15:27B0G0132 0.114 L17-Jul-2067905-19-5

PFODA 6.76<6.76 17.71 22-Jul-20 15:27B0G0132 0.114 L17-Jul-2016517-11-6

MeFOSE 6.68<6.68 122.0 22-Jul-20 15:27B0G0132 0.114 L17-Jul-2024448-09-7

EtFOSE 10.4<10.4 122.0 22-Jul-20 15:27B0G0132 0.114 L17-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 82.4  25  150 122-Jul-20 15:27B0G0132 17-Jul-20 0.114 LQR S T U S VW S X Y Y Z [\ ] ^_̀ W d Z R a ] YSR0170
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-03-GW

Matrix:

Laboratory Data

Lab Sample: 2001475-08

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

07-Jul-20 16:35 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 103  25  150 122-Jul-20 15:27B0G0132 17-Jul-20 0.114 L

IS  - 13C3-PFBS 101  25  150 122-Jul-20 15:27B0G0132 17-Jul-20 0.114 L

IS  - 13C3-HFPO-DA 99.7  25  150 122-Jul-20 15:27B0G0132 17-Jul-20 0.114 L

IS  - 13C2-4:2 FTS 100  25  150 122-Jul-20 15:27B0G0132 17-Jul-20 0.114 L

IS  - 13C2-PFHxA 95.5  25  150 122-Jul-20 15:27B0G0132 17-Jul-20 0.114 L

IS  - 13C4-PFHpA 99.6  25  150 122-Jul-20 15:27B0G0132 17-Jul-20 0.114 L

IS  - 13C3-PFHxS 73.0  25  150 D 523-Jul-20 20:43B0G0132 17-Jul-20 0.114 L

IS  - 13C2-6:2 FTS 119  25  150 D 523-Jul-20 20:43B0G0132 17-Jul-20 0.114 L

IS  - 13C5-PFNA 89.5  25  150 122-Jul-20 15:27B0G0132 17-Jul-20 0.114 L

IS  - 13C8-PFOSA 52.2  10  150 122-Jul-20 15:27B0G0132 17-Jul-20 0.114 L

IS  - 13C2-PFOA 96.5  25  150 122-Jul-20 15:27B0G0132 17-Jul-20 0.114 L

IS  - 13C8-PFOS 88.0  25  150 D 523-Jul-20 20:43B0G0132 17-Jul-20 0.114 L

IS  - 13C2-PFDA 105  25  150 122-Jul-20 15:27B0G0132 17-Jul-20 0.114 L

IS  - 13C2-8:2 FTS 92.3  25  150 122-Jul-20 15:27B0G0132 17-Jul-20 0.114 L

IS  - d3-MeFOSAA 96.5  25  150 122-Jul-20 15:27B0G0132 17-Jul-20 0.114 L

IS  - 13C2-PFUnA 97.5  25  150 122-Jul-20 15:27B0G0132 17-Jul-20 0.114 L

IS  - d5-EtFOSAA 88.3  25  150 122-Jul-20 15:27B0G0132 17-Jul-20 0.114 L

IS  - 13C2-10:2 FTS 92.4  25  150 122-Jul-20 15:27B0G0132 17-Jul-20 0.114 L

IS  - 13C2-PFDoA 104  25  150 122-Jul-20 15:27B0G0132 17-Jul-20 0.114 L

IS  - d3-MeFOSA 21.1  10  150 122-Jul-20 15:27B0G0132 17-Jul-20 0.114 L

IS  - 13C2-PFTeDA 84.1  25  150 122-Jul-20 15:27B0G0132 17-Jul-20 0.114 L

IS  - d5-EtFOSA 19.4  10  150 122-Jul-20 15:27B0G0132 17-Jul-20 0.114 L

IS  - 13C2-PFHxDA 64.5  25  150 122-Jul-20 15:27B0G0132 17-Jul-20 0.114 L

IS  - d7-MeFOSE 55.5  10  150 122-Jul-20 15:27B0G0132 17-Jul-20 0.114 L

IS  - d9-EtFOSE 52.2  10  150 122-Jul-20 15:27B0G0132 17-Jul-20 0.114 L

Results reported to MDL.                                                                                                       MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

QR S T U S VW S X Y Y Z [\ ] ^_̀ W d X R a ] YSR0171
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: Geoprobe decon blank

Matrix:

Laboratory Data

Lab Sample: 2001475-10

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

08-Jul-20 09:30 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/L) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.807<0.807 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-20375-22-4

PFPeA 1.42<1.42 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-202706-90-3

PFBS 1.98<1.98 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-20375-73-5

4:2 FTS 1.54<1.54 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-20757124-72-4

PFHxA 2.41<2.41 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-20307-24-4

PFPeS 2.68<2.68 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-202706-91-4

HFPO-DA 5.33<5.33 15.53 23-Jul-20 20:53B0G0132 0.113 L17-Jul-2013252-13-6

PFHpA 0.654<0.654 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-20375-85-9

ADONA 0.799<0.799 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-20919005-14-4

PFHxS 1.05<1.05 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-20355-46-4

6:2 FTS 2.21<2.21 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-2027619-97-2

PFOA 0.7202.56 J 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-20335-67-1

PFHpS 1.04<1.04 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-20375-92-8

PFNA 0.896<0.896 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-20375-95-1

PFOSA 1.9632.2 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-20754-91-6

PFOS 0.8931.09 J, Q 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-201763-23-1

9Cl-PF3ONS 1.60<1.60 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-20756426-58-1

PFDA 1.65<1.65 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-20335-76-2

8:2 FTS 2.28<2.28 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-2039108-34-4

PFNS 4.28<4.28 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-2068259-12-1

MeFOSAA 1.83<1.83 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-202355-31-9

EtFOSAA 1.52<1.52 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-202991-50-6

PFUnA 1.16<1.16 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-202058-94-8

PFDS 1.36<1.36 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-20335-77-3

11Cl-PF3OUdS 2.67<2.67 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-20763051-92-9

10:2 FTS 3.46<3.46 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-20120226-60-0

PFDoA 0.876<0.876 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-20307-55-1

MeFOSA 4.24<4.24 122.1 23-Jul-20 20:53B0G0132 0.113 L17-Jul-2031506-32-8

PFTrDA 0.547<0.547 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-2072629-94-8

PFDoS 4.61<4.61 15.53 23-Jul-20 20:53B0G0132 0.113 L17-Jul-2079780-39-5

PFTeDA 0.835<0.835 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-20376-06-7

EtFOSA 5.65<5.65 122.1 23-Jul-20 20:53B0G0132 0.113 L17-Jul-204151-50-2

PFHxDA 0.325<0.325 14.43 23-Jul-20 20:53B0G0132 0.113 L17-Jul-2067905-19-5

PFODA 6.79<6.79 17.74 23-Jul-20 20:53B0G0132 0.113 L17-Jul-2016517-11-6

MeFOSE 6.72<6.72 122.1 23-Jul-20 20:53B0G0132 0.113 L17-Jul-2024448-09-7

EtFOSE 10.4<10.4 122.1 23-Jul-20 20:53B0G0132 0.113 L17-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 139  25  150 123-Jul-20 20:53B0G0132 17-Jul-20 0.113 LQR S T U S VW S X Y Y Z [\ ] ^_̀ W d d R a ] YSR0172

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 175 of 615



Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: Geoprobe decon blank

Matrix:

Laboratory Data

Lab Sample: 2001475-10

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

08-Jul-20 09:30 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 96.3  25  150 123-Jul-20 20:53B0G0132 17-Jul-20 0.113 L

IS  - 13C3-PFBS 109  25  150 123-Jul-20 20:53B0G0132 17-Jul-20 0.113 L

IS  - 13C3-HFPO-DA 102  25  150 123-Jul-20 20:53B0G0132 17-Jul-20 0.113 L

IS  - 13C2-4:2 FTS 93.0  25  150 123-Jul-20 20:53B0G0132 17-Jul-20 0.113 L

IS  - 13C2-PFHxA 99.2  25  150 123-Jul-20 20:53B0G0132 17-Jul-20 0.113 L

IS  - 13C4-PFHpA 89.6  25  150 123-Jul-20 20:53B0G0132 17-Jul-20 0.113 L

IS  - 13C3-PFHxS 93.1  25  150 123-Jul-20 20:53B0G0132 17-Jul-20 0.113 L

IS  - 13C2-6:2 FTS 100  25  150 123-Jul-20 20:53B0G0132 17-Jul-20 0.113 L

IS  - 13C5-PFNA 91.1  25  150 123-Jul-20 20:53B0G0132 17-Jul-20 0.113 L

IS  - 13C8-PFOSA 68.2  10  150 123-Jul-20 20:53B0G0132 17-Jul-20 0.113 L

IS  - 13C2-PFOA 101  25  150 123-Jul-20 20:53B0G0132 17-Jul-20 0.113 L

IS  - 13C8-PFOS 114  25  150 123-Jul-20 20:53B0G0132 17-Jul-20 0.113 L

IS  - 13C2-PFDA 99.3  25  150 123-Jul-20 20:53B0G0132 17-Jul-20 0.113 L

IS  - 13C2-8:2 FTS 91.9  25  150 123-Jul-20 20:53B0G0132 17-Jul-20 0.113 L

IS  - d3-MeFOSAA 92.8  25  150 123-Jul-20 20:53B0G0132 17-Jul-20 0.113 L

IS  - 13C2-PFUnA 91.9  25  150 123-Jul-20 20:53B0G0132 17-Jul-20 0.113 L

IS  - d5-EtFOSAA 87.8  25  150 123-Jul-20 20:53B0G0132 17-Jul-20 0.113 L

IS  - 13C2-10:2 FTS 80.5  25  150 123-Jul-20 20:53B0G0132 17-Jul-20 0.113 L

IS  - 13C2-PFDoA 87.2  25  150 123-Jul-20 20:53B0G0132 17-Jul-20 0.113 L

IS  - d3-MeFOSA 13.8  10  150 123-Jul-20 20:53B0G0132 17-Jul-20 0.113 L

IS  - 13C2-PFTeDA 86.3  25  150 123-Jul-20 20:53B0G0132 17-Jul-20 0.113 L

IS  - d5-EtFOSA 10.1  10  150 123-Jul-20 20:53B0G0132 17-Jul-20 0.113 L

IS  - 13C2-PFHxDA 79.2  25  150 123-Jul-20 20:53B0G0132 17-Jul-20 0.113 L

IS  - d7-MeFOSE 26.8  10  150 123-Jul-20 20:53B0G0132 17-Jul-20 0.113 L

IS  - d9-EtFOSE 31.9  10  150 123-Jul-20 20:53B0G0132 17-Jul-20 0.113 L

Results reported to MDL.                                                                                                       MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

QR S T U S VW S X Y Y Z [\ ] ^_̀ W d [ R a ] YSR0173

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 176 of 615



Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: EQUIPMENT BLANK-070920

Matrix:

Laboratory Data

Lab Sample: 2001475-11

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

09-Jul-20 16:30 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/L) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.802<0.802 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-20375-22-4

PFPeA 1.41<1.41 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-202706-90-3

PFBS 1.97<1.97 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-20375-73-5

4:2 FTS 1.53<1.53 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-20757124-72-4

PFHxA 2.40<2.40 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-20307-24-4

PFPeS 2.66<2.66 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-202706-91-4

HFPO-DA 5.30<5.30 15.50 22-Jul-20 15:47B0G0132 0.114 L17-Jul-2013252-13-6

PFHpA 0.650<0.650 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-20375-85-9

ADONA 0.795<0.795 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-20919005-14-4

PFHxS 1.04<1.04 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-20355-46-4

6:2 FTS 2.20<2.20 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-2027619-97-2

PFOA 0.716<0.716 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-20335-67-1

PFHpS 1.03<1.03 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-20375-92-8

PFNA 0.891<0.891 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-20375-95-1

PFOSA 1.95<1.95 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-20754-91-6

PFOS 0.888<0.888 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-201763-23-1

9Cl-PF3ONS 1.60<1.60 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-20756426-58-1

PFDA 1.64<1.64 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-20335-76-2

8:2 FTS 2.27<2.27 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-2039108-34-4

PFNS 4.26<4.26 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-2068259-12-1

MeFOSAA 1.82<1.82 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-202355-31-9

EtFOSAA 1.51<1.51 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-202991-50-6

PFUnA 1.16<1.16 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-202058-94-8

PFDS 1.35<1.35 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-20335-77-3

11Cl-PF3OUdS 2.65<2.65 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-20763051-92-9

10:2 FTS 3.44<3.44 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-20120226-60-0

PFDoA 0.872<0.872 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-20307-55-1

MeFOSA 4.21<4.21 122.0 22-Jul-20 15:47B0G0132 0.114 L17-Jul-2031506-32-8

PFTrDA 0.544<0.544 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-2072629-94-8

PFDoS 4.59<4.59 15.50 22-Jul-20 15:47B0G0132 0.114 L17-Jul-2079780-39-5

PFTeDA 0.831<0.831 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-20376-06-7

EtFOSA 5.62<5.62 122.0 22-Jul-20 15:47B0G0132 0.114 L17-Jul-204151-50-2

PFHxDA 0.324<0.324 14.40 22-Jul-20 15:47B0G0132 0.114 L17-Jul-2067905-19-5

PFODA 6.76<6.76 17.70 22-Jul-20 15:47B0G0132 0.114 L17-Jul-2016517-11-6

MeFOSE 6.68<6.68 122.0 22-Jul-20 15:47B0G0132 0.114 L17-Jul-2024448-09-7

EtFOSE 10.4<10.4 122.0 22-Jul-20 15:47B0G0132 0.114 L17-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 142  25  150 122-Jul-20 15:47B0G0132 17-Jul-20 0.114 LQR S T U S VW S X Y Y Z [\ ] ^_̀ W d ] R a ] YSR0174
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: EQUIPMENT BLANK-070920

Matrix:

Laboratory Data

Lab Sample: 2001475-11

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

09-Jul-20 16:30 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 97.4  25  150 122-Jul-20 15:47B0G0132 17-Jul-20 0.114 L

IS  - 13C3-PFBS 93.8  25  150 122-Jul-20 15:47B0G0132 17-Jul-20 0.114 L

IS  - 13C3-HFPO-DA 87.6  25  150 122-Jul-20 15:47B0G0132 17-Jul-20 0.114 L

IS  - 13C2-4:2 FTS 97.8  25  150 122-Jul-20 15:47B0G0132 17-Jul-20 0.114 L

IS  - 13C2-PFHxA 97.3  25  150 122-Jul-20 15:47B0G0132 17-Jul-20 0.114 L

IS  - 13C4-PFHpA 102  25  150 122-Jul-20 15:47B0G0132 17-Jul-20 0.114 L

IS  - 13C3-PFHxS 106  25  150 122-Jul-20 15:47B0G0132 17-Jul-20 0.114 L

IS  - 13C2-6:2 FTS 99.4  25  150 122-Jul-20 15:47B0G0132 17-Jul-20 0.114 L

IS  - 13C5-PFNA 88.6  25  150 122-Jul-20 15:47B0G0132 17-Jul-20 0.114 L

IS  - 13C8-PFOSA 40.4  10  150 122-Jul-20 15:47B0G0132 17-Jul-20 0.114 L

IS  - 13C2-PFOA 97.1  25  150 122-Jul-20 15:47B0G0132 17-Jul-20 0.114 L

IS  - 13C8-PFOS 85.7  25  150 122-Jul-20 15:47B0G0132 17-Jul-20 0.114 L

IS  - 13C2-PFDA 111  25  150 122-Jul-20 15:47B0G0132 17-Jul-20 0.114 L

IS  - 13C2-8:2 FTS 105  25  150 122-Jul-20 15:47B0G0132 17-Jul-20 0.114 L

IS  - d3-MeFOSAA 77.9  25  150 122-Jul-20 15:47B0G0132 17-Jul-20 0.114 L

IS  - 13C2-PFUnA 98.6  25  150 122-Jul-20 15:47B0G0132 17-Jul-20 0.114 L

IS  - d5-EtFOSAA 74.2  25  150 122-Jul-20 15:47B0G0132 17-Jul-20 0.114 L

IS  - 13C2-10:2 FTS 76.5  25  150 122-Jul-20 15:47B0G0132 17-Jul-20 0.114 L

IS  - 13C2-PFDoA 92.2  25  150 122-Jul-20 15:47B0G0132 17-Jul-20 0.114 L

IS  - d3-MeFOSA 14.5  10  150 122-Jul-20 15:47B0G0132 17-Jul-20 0.114 L

IS  - 13C2-PFTeDA 69.7  25  150 122-Jul-20 15:47B0G0132 17-Jul-20 0.114 L

IS  - d5-EtFOSA 13.7  10  150 122-Jul-20 15:47B0G0132 17-Jul-20 0.114 L

IS  - 13C2-PFHxDA 49.3  25  150 122-Jul-20 15:47B0G0132 17-Jul-20 0.114 L

IS  - d7-MeFOSE 18.0  10  150 122-Jul-20 15:47B0G0132 17-Jul-20 0.114 L

IS  - d9-EtFOSE 18.1  10  150 122-Jul-20 15:47B0G0132 17-Jul-20 0.114 L

Results reported to MDL.                                                                                                       MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

QR S T U S VW S X Y Y Z [\ ] ^_̀ W d e R a ] YSR0175
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: GW Duplicate A

Matrix:

Laboratory Data

Lab Sample: 2001475-12

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

09-Jul-20 00:00 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/L) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 12.319000 D 1567.4 23-Jul-20 21:14B0G0132 0.111 L17-Jul-20375-22-4

PFPeA 21.641500 D 1567.4 23-Jul-20 21:14B0G0132 0.111 L17-Jul-202706-90-3

PFBS 30.219600 D 1567.4 23-Jul-20 21:14B0G0132 0.111 L17-Jul-20375-73-5

4:2 FTS 1.56197 14.50 22-Jul-20 15:58B0G0132 0.111 L17-Jul-20757124-72-4

PFHxA 36.856300 D 1567.4 23-Jul-20 21:14B0G0132 0.111 L17-Jul-20307-24-4

PFPeS 40.823700 D 1567.4 23-Jul-20 21:14B0G0132 0.111 L17-Jul-202706-91-4

HFPO-DA 5.42<5.42 15.62 22-Jul-20 15:58B0G0132 0.111 L17-Jul-2013252-13-6

PFHpA 9.9725400 D 1567.4 23-Jul-20 21:14B0G0132 0.111 L17-Jul-20375-85-9

ADONA 0.812<0.812 14.50 22-Jul-20 15:58B0G0132 0.111 L17-Jul-20919005-14-4

PFHxS 31.985900 D 30135 23-Jul-20 21:03B0G0132 0.111 L17-Jul-20355-46-4

6:2 FTS 33.76230 D 1567.4 23-Jul-20 21:14B0G0132 0.111 L17-Jul-2027619-97-2

PFOA 11.066600 D 1567.4 23-Jul-20 21:14B0G0132 0.111 L17-Jul-20335-67-1

PFHpS 1.0591.5 14.50 22-Jul-20 15:58B0G0132 0.111 L17-Jul-20375-92-8

PFNA 0.9112.98 J 14.50 22-Jul-20 15:58B0G0132 0.111 L17-Jul-20375-95-1

PFOSA 1.998.47 14.50 22-Jul-20 15:58B0G0132 0.111 L17-Jul-20754-91-6

PFOS 0.907175 14.50 22-Jul-20 15:58B0G0132 0.111 L17-Jul-201763-23-1

9Cl-PF3ONS 1.63<1.63 14.50 22-Jul-20 15:58B0G0132 0.111 L17-Jul-20756426-58-1

PFDA 1.67<1.67 14.50 22-Jul-20 15:58B0G0132 0.111 L17-Jul-20335-76-2

8:2 FTS 2.3224.8 14.50 22-Jul-20 15:58B0G0132 0.111 L17-Jul-2039108-34-4

PFNS 4.35<4.35 14.50 22-Jul-20 15:58B0G0132 0.111 L17-Jul-2068259-12-1

MeFOSAA 1.85<1.85 14.50 22-Jul-20 15:58B0G0132 0.111 L17-Jul-202355-31-9

EtFOSAA 1.54<1.54 14.50 22-Jul-20 15:58B0G0132 0.111 L17-Jul-202991-50-6

PFUnA 1.18<1.18 14.50 22-Jul-20 15:58B0G0132 0.111 L17-Jul-202058-94-8

PFDS 1.38<1.38 14.50 22-Jul-20 15:58B0G0132 0.111 L17-Jul-20335-77-3

11Cl-PF3OUdS 2.71<2.71 14.50 22-Jul-20 15:58B0G0132 0.111 L17-Jul-20763051-92-9

10:2 FTS 3.52<3.52 14.50 22-Jul-20 15:58B0G0132 0.111 L17-Jul-20120226-60-0

PFDoA 0.890<0.890 14.50 22-Jul-20 15:58B0G0132 0.111 L17-Jul-20307-55-1

MeFOSA 4.31<4.31 122.5 22-Jul-20 15:58B0G0132 0.111 L17-Jul-2031506-32-8

PFTrDA 0.555<0.555 14.50 22-Jul-20 15:58B0G0132 0.111 L17-Jul-2072629-94-8

PFDoS 4.69<4.69 15.62 22-Jul-20 15:58B0G0132 0.111 L17-Jul-2079780-39-5

PFTeDA 0.849<0.849 14.50 22-Jul-20 15:58B0G0132 0.111 L17-Jul-20376-06-7

EtFOSA 5.74<5.74 122.5 22-Jul-20 15:58B0G0132 0.111 L17-Jul-204151-50-2

PFHxDA 0.330<0.330 14.50 22-Jul-20 15:58B0G0132 0.111 L17-Jul-2067905-19-5

PFODA 6.90<6.90 17.87 22-Jul-20 15:58B0G0132 0.111 L17-Jul-2016517-11-6

MeFOSE 6.82<6.82 122.5 22-Jul-20 15:58B0G0132 0.111 L17-Jul-2024448-09-7

EtFOSE 10.6<10.6 122.5 22-Jul-20 15:58B0G0132 0.111 L17-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 36.0  25  150 D 1523-Jul-20 21:14B0G0132 17-Jul-20 0.111 LQR S T U S VW S X Y Y Z [\ ] ^_̀ W d \ R a ] YSR0176
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: GW Duplicate A

Matrix:

Laboratory Data

Lab Sample: 2001475-12

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

09-Jul-20 00:00 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 69.0  25  150 D 1523-Jul-20 21:14B0G0132 17-Jul-20 0.111 L

IS  - 13C3-PFBS 76.5  25  150 D 1523-Jul-20 21:14B0G0132 17-Jul-20 0.111 L

IS  - 13C3-HFPO-DA 66.2  25  150 122-Jul-20 15:58B0G0132 17-Jul-20 0.111 L

IS  - 13C2-4:2 FTS 69.7  25  150 122-Jul-20 15:58B0G0132 17-Jul-20 0.111 L

IS  - 13C2-PFHxA 107  25  150 D 1523-Jul-20 21:14B0G0132 17-Jul-20 0.111 L

IS  - 13C4-PFHpA 75.0  25  150 D 1523-Jul-20 21:14B0G0132 17-Jul-20 0.111 L

IS  - 13C3-PFHxS 57.0  25  150 D 3023-Jul-20 21:03B0G0132 17-Jul-20 0.111 L

IS  - 13C2-6:2 FTS 108  25  150 D 1523-Jul-20 21:14B0G0132 17-Jul-20 0.111 L

IS  - 13C5-PFNA 83.7  25  150 122-Jul-20 15:58B0G0132 17-Jul-20 0.111 L

IS  - 13C8-PFOSA 56.8  10  150 122-Jul-20 15:58B0G0132 17-Jul-20 0.111 L

IS  - 13C2-PFOA 105  25  150 D 1523-Jul-20 21:14B0G0132 17-Jul-20 0.111 L

IS  - 13C8-PFOS 87.6  25  150 122-Jul-20 15:58B0G0132 17-Jul-20 0.111 L

IS  - 13C2-PFDA 91.3  25  150 122-Jul-20 15:58B0G0132 17-Jul-20 0.111 L

IS  - 13C2-8:2 FTS 83.1  25  150 122-Jul-20 15:58B0G0132 17-Jul-20 0.111 L

IS  - d3-MeFOSAA 77.8  25  150 122-Jul-20 15:58B0G0132 17-Jul-20 0.111 L

IS  - 13C2-PFUnA 89.8  25  150 122-Jul-20 15:58B0G0132 17-Jul-20 0.111 L

IS  - d5-EtFOSAA 82.5  25  150 122-Jul-20 15:58B0G0132 17-Jul-20 0.111 L

IS  - 13C2-10:2 FTS 83.8  25  150 122-Jul-20 15:58B0G0132 17-Jul-20 0.111 L

IS  - 13C2-PFDoA 95.1  25  150 122-Jul-20 15:58B0G0132 17-Jul-20 0.111 L

IS  - d3-MeFOSA 14.4  10  150 122-Jul-20 15:58B0G0132 17-Jul-20 0.111 L

IS  - 13C2-PFTeDA 76.2  25  150 122-Jul-20 15:58B0G0132 17-Jul-20 0.111 L

IS  - d5-EtFOSA 13.6  10  150 122-Jul-20 15:58B0G0132 17-Jul-20 0.111 L

IS  - 13C2-PFHxDA 69.2  25  150 122-Jul-20 15:58B0G0132 17-Jul-20 0.111 L

IS  - d7-MeFOSE 53.4  10  150 122-Jul-20 15:58B0G0132 17-Jul-20 0.111 L

IS  - d9-EtFOSE 55.4  10  150 122-Jul-20 15:58B0G0132 17-Jul-20 0.111 L

Results reported to MDL.                                                                                                       MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

QR S T U S VW S X Y Y Z [\ ] ^_̀ W d b R a ] YSR0177
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: GW Duplicate B

Matrix:

Laboratory Data

Lab Sample: 2001475-13

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

09-Jul-20 00:00 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/L) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.817530 14.49 23-Jul-20 21:45B0G0132 0.111 L17-Jul-20375-22-4

PFPeA 1.442130 14.49 23-Jul-20 21:45B0G0132 0.111 L17-Jul-202706-90-3

PFBS 2.01194 14.49 23-Jul-20 21:45B0G0132 0.111 L17-Jul-20375-73-5

4:2 FTS 1.5676.5 14.49 23-Jul-20 21:45B0G0132 0.111 L17-Jul-20757124-72-4

PFHxA 2.442280 14.49 23-Jul-20 21:45B0G0132 0.111 L17-Jul-20307-24-4

PFPeS 2.71518 14.49 23-Jul-20 21:45B0G0132 0.111 L17-Jul-202706-91-4

HFPO-DA 5.40<5.40 15.61 23-Jul-20 21:45B0G0132 0.111 L17-Jul-2013252-13-6

PFHpA 0.6631200 14.49 23-Jul-20 21:45B0G0132 0.111 L17-Jul-20375-85-9

ADONA 0.810<0.810 14.49 23-Jul-20 21:45B0G0132 0.111 L17-Jul-20919005-14-4

PFHxS 5.3112000 D 522.4 23-Jul-20 21:34B0G0132 0.111 L17-Jul-20355-46-4

6:2 FTS 11.29720 D 522.4 23-Jul-20 21:34B0G0132 0.111 L17-Jul-2027619-97-2

PFOA 0.7302150 14.49 23-Jul-20 21:45B0G0132 0.111 L17-Jul-20335-67-1

PFHpS 1.051630 14.49 23-Jul-20 21:45B0G0132 0.111 L17-Jul-20375-92-8

PFNA 0.908110 14.49 23-Jul-20 21:45B0G0132 0.111 L17-Jul-20375-95-1

PFOSA 1.9816.6 Q 14.49 23-Jul-20 21:45B0G0132 0.111 L17-Jul-20754-91-6

PFOS 9.0544200 D 1044.9 28-Jul-20 15:06B0G0132 0.111 L17-Jul-201763-23-1

9Cl-PF3ONS 1.63<1.63 14.49 23-Jul-20 21:45B0G0132 0.111 L17-Jul-20756426-58-1

PFDA 1.674.28 J, Q 14.49 23-Jul-20 21:45B0G0132 0.111 L17-Jul-20335-76-2

8:2 FTS 2.31443 14.49 23-Jul-20 21:45B0G0132 0.111 L17-Jul-2039108-34-4

PFNS 4.34<4.34 14.49 23-Jul-20 21:45B0G0132 0.111 L17-Jul-2068259-12-1

MeFOSAA 1.85<1.85 14.49 23-Jul-20 21:45B0G0132 0.111 L17-Jul-202355-31-9

EtFOSAA 1.54<1.54 14.49 23-Jul-20 21:45B0G0132 0.111 L17-Jul-202991-50-6

PFUnA 1.18<1.18 14.49 23-Jul-20 21:45B0G0132 0.111 L17-Jul-202058-94-8

PFDS 1.38<1.38 14.49 23-Jul-20 21:45B0G0132 0.111 L17-Jul-20335-77-3

11Cl-PF3OUdS 2.70<2.70 14.49 23-Jul-20 21:45B0G0132 0.111 L17-Jul-20763051-92-9

10:2 FTS 3.51<3.51 14.49 23-Jul-20 21:45B0G0132 0.111 L17-Jul-20120226-60-0

PFDoA 0.888<0.888 14.49 23-Jul-20 21:45B0G0132 0.111 L17-Jul-20307-55-1

MeFOSA 4.29<4.29 122.4 23-Jul-20 21:45B0G0132 0.111 L17-Jul-2031506-32-8

PFTrDA 0.554<0.554 14.49 23-Jul-20 21:45B0G0132 0.111 L17-Jul-2072629-94-8

PFDoS 4.68<4.68 15.61 23-Jul-20 21:45B0G0132 0.111 L17-Jul-2079780-39-5

PFTeDA 0.847<0.847 14.49 23-Jul-20 21:45B0G0132 0.111 L17-Jul-20376-06-7

EtFOSA 5.73<5.73 122.4 23-Jul-20 21:45B0G0132 0.111 L17-Jul-204151-50-2

PFHxDA 0.330<0.330 14.49 23-Jul-20 21:45B0G0132 0.111 L17-Jul-2067905-19-5

PFODA 6.88<6.88 17.85 23-Jul-20 21:45B0G0132 0.111 L17-Jul-2016517-11-6

MeFOSE 6.81<6.81 122.4 23-Jul-20 21:45B0G0132 0.111 L17-Jul-2024448-09-7

EtFOSE 10.6<10.6 122.4 23-Jul-20 21:45B0G0132 0.111 L17-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 110  25  150 123-Jul-20 21:45B0G0132 17-Jul-20 0.111 LQR S T U S VW S X Y Y Z [\ ] ^_̀ W d c R a ] YSR0178

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 181 of 615



Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: GW Duplicate B

Matrix:

Laboratory Data

Lab Sample: 2001475-13

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

09-Jul-20 00:00 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 87.8  25  150 123-Jul-20 21:45B0G0132 17-Jul-20 0.111 L

IS  - 13C3-PFBS 112  25  150 123-Jul-20 21:45B0G0132 17-Jul-20 0.111 L

IS  - 13C3-HFPO-DA 88.6  25  150 123-Jul-20 21:45B0G0132 17-Jul-20 0.111 L

IS  - 13C2-4:2 FTS 101  25  150 123-Jul-20 21:45B0G0132 17-Jul-20 0.111 L

IS  - 13C2-PFHxA 88.6  25  150 123-Jul-20 21:45B0G0132 17-Jul-20 0.111 L

IS  - 13C4-PFHpA 87.8  25  150 123-Jul-20 21:45B0G0132 17-Jul-20 0.111 L

IS  - 13C3-PFHxS 99.8  25  150 D 523-Jul-20 21:34B0G0132 17-Jul-20 0.111 L

IS  - 13C2-6:2 FTS 131  25  150 D 523-Jul-20 21:34B0G0132 17-Jul-20 0.111 L

IS  - 13C5-PFNA 80.6  25  150 123-Jul-20 21:45B0G0132 17-Jul-20 0.111 L

IS  - 13C8-PFOSA 59.1  10  150 123-Jul-20 21:45B0G0132 17-Jul-20 0.111 L

IS  - 13C2-PFOA 93.5  25  150 123-Jul-20 21:45B0G0132 17-Jul-20 0.111 L

IS  - 13C8-PFOS 99.0  25  150 D 1028-Jul-20 15:06B0G0132 17-Jul-20 0.111 L

IS  - 13C2-PFDA 94.9  25  150 123-Jul-20 21:45B0G0132 17-Jul-20 0.111 L

IS  - 13C2-8:2 FTS 91.8  25  150 123-Jul-20 21:45B0G0132 17-Jul-20 0.111 L

IS  - d3-MeFOSAA 95.0  25  150 123-Jul-20 21:45B0G0132 17-Jul-20 0.111 L

IS  - 13C2-PFUnA 97.8  25  150 123-Jul-20 21:45B0G0132 17-Jul-20 0.111 L

IS  - d5-EtFOSAA 96.9  25  150 123-Jul-20 21:45B0G0132 17-Jul-20 0.111 L

IS  - 13C2-10:2 FTS 83.4  25  150 123-Jul-20 21:45B0G0132 17-Jul-20 0.111 L

IS  - 13C2-PFDoA 85.3  25  150 123-Jul-20 21:45B0G0132 17-Jul-20 0.111 L

IS  - d3-MeFOSA 14.3  10  150 123-Jul-20 21:45B0G0132 17-Jul-20 0.111 L

IS  - 13C2-PFTeDA 82.9  25  150 123-Jul-20 21:45B0G0132 17-Jul-20 0.111 L

IS  - d5-EtFOSA 12.2  10  150 123-Jul-20 21:45B0G0132 17-Jul-20 0.111 L

IS  - 13C2-PFHxDA 79.8  25  150 123-Jul-20 21:45B0G0132 17-Jul-20 0.111 L

IS  - d7-MeFOSE 44.6  10  150 123-Jul-20 21:45B0G0132 17-Jul-20 0.111 L

IS  - d9-EtFOSE 49.9  10  150 123-Jul-20 21:45B0G0132 17-Jul-20 0.111 L

Results reported to MDL.                                                                                                       MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      
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Enclosed are the results for the sample set received at Vista Analytical Laboratory on July 14, 2020 under your 

Project Name  'MSN FFTA SAMPLES'.

Vista Analytical Laboratory is committed to serving you effectively.  If you require additional information, 

please contact me at 916-673-1520 or by email at mmaier@vista-analytical.com.  

Thank you for choosing Vista as part of your analytical support team.

Sincerely,

Martha Maier

Laboratory Director

August 03, 2020

Vista Work Order No. 2001478

LimnoTech, Inc.

501 Avis Drive

Ann Arbor, MI 48108

Mr. Chris Cieciek

Dear Mr. Cieciek,

Vista Analytical Laboratory certifies that the report herein meets all the requirements set forth by NELAP for those applicable test 

methods. Results relate only to the samples as received by the laboratory. This report should not be reproduced except in full without 

the written approval of Vista. 

Vista Analytical Laboratory    1104 Windfield Way    El Dorado Hills, CA 95762    ph: 916-673-1520    fx: 916-673-0106    www.vista-analytical.com� � � � � � � � � � � � 	 
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Vista Work Order No. 2001478

Case Narrative

Sample Condition on Receipt:

Five aqueous samples and five soil samples were received in good condition and within the method temperature 

requirements.  The samples were received and stored securely in accordance with Vista standard operating 

procedures and EPA methodology.

Analytical Notes:

PFAS Isotope Dilution Method - Aqueous

The following samples contained particulate and were centrifuged prior to extraction:

Laboratory ID Sample Name

2001478-01 SBP20-01-GW

2001478-03 SBP20-06-GW

2001478-06 SBP20-05-GW

2001478-10 SBP20-04-GW

The aqueous samples were extracted and analyzed for a selected list of PFAS using Vista's PFAS Isotope 

Dilution Method.  The results for PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA  include both linear and 

branched isomers.  Results for all other analytes include the linear isomers only.

Holding Times

The samples were extracted and analyzed within the EPA-recommended hold times.

Quality Control

The Initial Calibration and Continuing Calibration Verifications met the acceptance criteria.

A Method Blank and Ongoing Precision and Recovery (OPR) sample were extracted and analyzed with each 

preparation batch.  No analytes were detected in the Method Blanks above the Reporting Limit.  The OPR 

recoveries were within the method acceptance criteria.

The internal standard recoveries outside the acceptance criteria are flagged with an "H" qualifier.

PFAS Isotope Dilution Method - Solid

The soil samples were extracted and analyzed for a selected list of PFAS using Vista's Isotope Dilution Method.  

The results for PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA  include both linear and branched isomers.  

Results for all other analytes include the linear isomers only.

Holding Times� � � � � � � � � � � � 	 
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The samples were extracted and analyzed within the EPA-recommended hold times.

Quality Control

The Initial Calibration and Continuing Calibration Verifications met the method acceptance criteria.

A Method Blank and Ongoing Precision and Recovery (OPR) sample were extracted and analyzed with the 

preparation batch.  No analytes were detected in the Method Blank above the Reporting Limit.  The recoveries of 

11Cl-PF3OUdS and PFDoS were greater than 135% in the OPR.  These analytes were not detected in the 

associated samples.  The recoveries of all other analytes were within the acceptance criteria.

The internal standard recoveries outside the acceptance criteria are flagged with an "H" qualifier.
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Client

Sample ID

Sample Inventory Report

Vista 

Sample ID Sampled Received Components/Containers

2001478-01 SBP20-01-GW 08-Jul-20 09:40 14-Jul-20 09:11 HDPE Bottle, 125 mL

HDPE Bottle, 125 mL

2001478-02 SBP20-04 (0.5-1) 08-Jul-20 07:35 14-Jul-20 09:11 HDPE Jar, 6 oz

2001478-03 SBP20-06-GW 08-Jul-20 07:50 14-Jul-20 09:11 HDPE Bottle, 125 mL

HDPE Bottle, 125 mL

2001478-04 SBP20-05 (0.5-1) 08-Jul-20 08:10 14-Jul-20 09:11 HDPE Jar, 6 oz

2001478-05 SBP20-05 (6-6.5) 08-Jul-20 08:20 14-Jul-20 09:11 HDPE Jar, 6 oz

2001478-06 SBP20-05-GW 08-Jul-20 08:55 14-Jul-20 09:11 HDPE Bottle, 125 mL

HDPE Bottle, 125 mL

2001478-07 SBP20-01 (0.5-1) 08-Jul-20 09:00 14-Jul-20 09:11 HDPE Jar, 6 oz

2001478-08 SBP20-01 (5-5.5) 08-Jul-20 09:05 14-Jul-20 09:11 HDPE Jar, 6 oz

2001478-09 Field Blank A 08-Jul-20 09:55 14-Jul-20 09:11 HDPE Bottle, 125 mL

HDPE Bottle, 125 mL

2001478-10 SBP20-04-GW 08-Jul-20 10:05 14-Jul-20 09:11 HDPE Bottle, 125 mL

HDPE Bottle, 125 mL

Vista Project: 2001478 Client Project:  MSN FFTA SAMPLES� � � � � � � � � � � � 	 
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Name:

Project:

Client Data

MSN FFTA SAMPLES

Sample ID: Method Blank

Matrix:

Laboratory Data

Lab Sample: B0G0132-BLK1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

Analyte Conc. (ng/L) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.729<0.729 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20375-22-4

PFPeA 1.28<1.28 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-202706-90-3

PFBS 1.79<1.79 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20375-73-5

4:2 FTS 1.39<1.39 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20757124-72-4

PFHxA 2.18<2.18 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20307-24-4

PFPeS 2.42<2.42 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-202706-91-4

HFPO-DA 4.82<4.82 15.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2013252-13-6

PFHpA 0.591<0.591 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20375-85-9

ADONA 0.722<0.722 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20919005-14-4

PFHxS 0.947<0.947 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20355-46-4

6:2 FTS 2.00<2.00 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2027619-97-2

PFOA 0.651<0.651 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20335-67-1

PFHpS 0.937<0.937 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20375-92-8

PFNA 0.810<0.810 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20375-95-1

PFOSA 1.77<1.77 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20754-91-6

PFOS 0.807<0.807 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-201763-23-1

9Cl-PF3ONS 1.45<1.45 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20756426-58-1

PFDA 1.49<1.49 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20335-76-2

8:2 FTS 2.06<2.06 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2039108-34-4

PFNS 3.87<3.87 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2068259-12-1

MeFOSAA 1.65<1.65 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-202355-31-9

EtFOSAA 1.37<1.37 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-202991-50-6

PFUnA 1.05<1.05 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-202058-94-8

PFDS 1.23<1.23 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20335-77-3

11Cl-PF3OUdS 2.41<2.41 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20763051-92-9

10:2 FTS 3.13<3.13 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20120226-60-0

PFDoA 0.792<0.792 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20307-55-1

MeFOSA 3.83<3.83 120.0 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2031506-32-8

PFTrDA 0.494<0.494 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2072629-94-8

PFDoS 4.17<4.17 15.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2079780-39-5

PFTeDA 0.755<0.755 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-20376-06-7

EtFOSA 5.11<5.11 120.0 22-Jul-20 13:43B0G0132 0.125 L17-Jul-204151-50-2

PFHxDA 0.2941.37 J, Q 14.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2067905-19-5

PFODA 6.14<6.14 17.00 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2016517-11-6

MeFOSE 6.07<6.07 120.0 22-Jul-20 13:43B0G0132 0.125 L17-Jul-2024448-09-7

EtFOSE 9.44<9.44 120.0 22-Jul-20 13:43B0G0132 0.125 L17-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 144  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L?@ A B C A DE A F G G H IJ K LM N E J @ O IPSR0196
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Name:

Project:

Client Data

MSN FFTA SAMPLES

Sample ID: Method Blank

Matrix:

Laboratory Data

Lab Sample: B0G0132-BLK1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 101  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C3-PFBS 102  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C3-HFPO-DA 90.2  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-4:2 FTS 97.6  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFHxA 95.5  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C4-PFHpA 102  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C3-PFHxS 104  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-6:2 FTS 89.1  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C5-PFNA 80.3  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C8-PFOSA 33.9  10  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFOA 97.6  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C8-PFOS 92.7  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFDA 90.9  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-8:2 FTS 94.5  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - d3-MeFOSAA 77.3  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFUnA 82.3  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - d5-EtFOSAA 69.7  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-10:2 FTS 77.9  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFDoA 74.5  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - d3-MeFOSA 10.8  10  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFTeDA 64.5  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - d5-EtFOSA 9.30  10  150 H 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - 13C2-PFHxDA 39.2  25  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - d7-MeFOSE 16.0  10  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

IS  - d9-EtFOSE 17.2  10  150 122-Jul-20 13:43B0G0132 17-Jul-20 0.125 L

Results reported to MDL.                                                                                                       MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      
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Name:

Project:

Client Data

MSN FFTA SAMPLES

Sample ID: OPR

Matrix:

Laboratory Data

Lab Sample: B0G0132-BS1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

Analyte Amt Found (ng/L) Qualifiers Analyzed DilutionSpike Amt % Rec Limits Samp SizeExtractedBatchCAS Number

PFBA 7.82 122-Jul-20 13:538.00 97.7  -  50  150 0.125 L17-Jul-20B0G0132375-22-4

PFPeA 7.69 122-Jul-20 13:538.00 96.1  -  50  150 0.125 L17-Jul-20B0G01322706-90-3

PFBS 7.42 122-Jul-20 13:538.00 92.7  -  50  150 0.125 L17-Jul-20B0G0132375-73-5

4:2 FTS 7.81 122-Jul-20 13:538.00 97.6  -  50  150 0.125 L17-Jul-20B0G0132757124-72-4

PFHxA 7.64 122-Jul-20 13:538.00 95.4  -  50  150 0.125 L17-Jul-20B0G0132307-24-4

PFPeS 8.20 122-Jul-20 13:538.00 103  -  50  150 0.125 L17-Jul-20B0G01322706-91-4

HFPO-DA 7.51 122-Jul-20 13:538.00 93.8  -  50  150 0.125 L17-Jul-20B0G013213252-13-6

PFHpA 7.48 122-Jul-20 13:538.00 93.6  -  50  150 0.125 L17-Jul-20B0G0132375-85-9

ADONA 7.54 122-Jul-20 13:538.00 94.2  -  50  150 0.125 L17-Jul-20B0G0132919005-14-4

PFHxS 6.14 122-Jul-20 13:538.00 76.7  -  50  150 0.125 L17-Jul-20B0G0132355-46-4

6:2 FTS 8.50 122-Jul-20 13:538.00 106  -  50  150 0.125 L17-Jul-20B0G013227619-97-2

PFOA 7.13 122-Jul-20 13:538.00 89.1  -  50  150 0.125 L17-Jul-20B0G0132335-67-1

PFHpS 7.83 122-Jul-20 13:538.00 97.9  -  50  150 0.125 L17-Jul-20B0G0132375-92-8

PFNA 8.53 122-Jul-20 13:538.00 107  -  50  150 0.125 L17-Jul-20B0G0132375-95-1

PFOSA 10.1 122-Jul-20 13:538.00 126  -  50  150 0.125 L17-Jul-20B0G0132754-91-6

PFOS 8.96 122-Jul-20 13:538.00 112  -  50  150 0.125 L17-Jul-20B0G01321763-23-1

9Cl-PF3ONS 7.13 122-Jul-20 13:538.00 89.1  -  50  150 0.125 L17-Jul-20B0G0132756426-58-1

PFDA 7.48 122-Jul-20 13:538.00 93.6  -  50  150 0.125 L17-Jul-20B0G0132335-76-2

8:2 FTS 6.64 122-Jul-20 13:538.00 83.0  -  50  150 0.125 L17-Jul-20B0G013239108-34-4

PFNS 7.56 122-Jul-20 13:538.00 94.5  -  50  150 0.125 L17-Jul-20B0G013268259-12-1

MeFOSAA 7.12 122-Jul-20 13:538.00 89.0  -  50  150 0.125 L17-Jul-20B0G01322355-31-9

EtFOSAA 6.42 122-Jul-20 13:538.00 80.3  -  50  150 0.125 L17-Jul-20B0G01322991-50-6

PFUnA 7.64 122-Jul-20 13:538.00 95.5  -  50  150 0.125 L17-Jul-20B0G01322058-94-8

PFDS 7.21 122-Jul-20 13:538.00 90.1  -  50  150 0.125 L17-Jul-20B0G0132335-77-3

11Cl-PF3OUdS 7.38 122-Jul-20 13:538.00 92.3  -  50  150 0.125 L17-Jul-20B0G0132763051-92-9

10:2 FTS 8.50 122-Jul-20 13:538.00 106  -  50  150 0.125 L17-Jul-20B0G0132120226-60-0

PFDoA 7.35 122-Jul-20 13:538.00 91.8  -  50  150 0.125 L17-Jul-20B0G0132307-55-1

MeFOSA 28.9 122-Jul-20 13:5340.0 72.1  -  50  150 0.125 L17-Jul-20B0G013231506-32-8

PFTrDA 7.23 122-Jul-20 13:538.00 90.3  -  50  150 0.125 L17-Jul-20B0G013272629-94-8

PFDoS 6.88 122-Jul-20 13:538.00 85.9  -  50  150 0.125 L17-Jul-20B0G013279780-39-5

PFTeDA 7.21 122-Jul-20 13:538.00 90.2  -  50  150 0.125 L17-Jul-20B0G0132376-06-7

EtFOSA 35.5 122-Jul-20 13:5340.0 88.8  -  50  150 0.125 L17-Jul-20B0G01324151-50-2

PFHxDA 7.62 B 122-Jul-20 13:538.00 95.3  -  50  150 0.125 L17-Jul-20B0G013267905-19-5

PFODA 6.65 J 122-Jul-20 13:538.00 83.1  -  50  150 0.125 L17-Jul-20B0G013216517-11-6?@ A B C A DE A F G G H IJ K LM N E Q @ O IPSR0198
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Name:

Project:

Client Data

MSN FFTA SAMPLES

Sample ID: OPR

Matrix:

Laboratory Data

Lab Sample: B0G0132-BS1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

Analyte Amt Found (ng/L) Qualifiers Analyzed DilutionSpike Amt % Rec Limits Samp SizeExtractedBatchCAS Number

MeFOSE 45.9 122-Jul-20 13:5340.0 115  -  50  150 0.125 L17-Jul-20B0G013224448-09-7

EtFOSE 26.1 122-Jul-20 13:5340.0 65.3  -  50  150 0.125 L17-Jul-20B0G01321691-99-2

Labeled Standards % Rec Limits Qualifiers Analyzed DilutionType Samp SizeExtractedBatch

IS  - 13C3-PFBA 145  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C3-PFPeA 97.0  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C3-PFBS 100  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C3-HFPO-DA 86.9  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-4:2 FTS 95.8  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-PFHxA 87.0  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C4-PFHpA 91.2  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C3-PFHxS 101  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-6:2 FTS 90.4  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C5-PFNA 77.0  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C8-PFOSA 26.2  10  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-PFOA 90.1  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C8-PFOS 80.2  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-PFDA 89.6  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-8:2 FTS 85.6  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - d3-MeFOSAA 71.1  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-PFUnA 75.5  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - d5-EtFOSAA 70.3  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-10:2 FTS 71.4  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-PFDoA 81.9  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - d3-MeFOSA 7.50  10  150 H 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-PFTeDA 74.5  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - d5-EtFOSA 5.90  10  150 H 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - 13C2-PFHxDA 61.5  25  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - d7-MeFOSE 11.5  10  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

IS  - d9-EtFOSE 12.9  10  150 122-Jul-20 13:530.125 L17-Jul-20B0G0132

?@ A B C A DE A F G G H IJ K L M N E H G @ O IPSR0199
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Name:

Project:

Client Data

MSN FFTA SAMPLES

Sample ID: Method Blank

Matrix:

Laboratory Data

Lab Sample: B0G0133-BLK1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

Analyte Conc. (ng/L) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.729<0.729 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20375-22-4

PFPeA 1.28<1.28 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-202706-90-3

PFBS 1.79<1.79 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20375-73-5

4:2 FTS 1.39<1.39 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20757124-72-4

PFHxA 2.18<2.18 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20307-24-4

PFPeS 2.42<2.42 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-202706-91-4

HFPO-DA 4.82<4.82 15.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-2013252-13-6

PFHpA 0.591<0.591 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20375-85-9

ADONA 0.722<0.722 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20919005-14-4

PFHxS 0.947<0.947 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20355-46-4

6:2 FTS 2.00<2.00 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-2027619-97-2

PFOA 0.651<0.651 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20335-67-1

PFHpS 0.937<0.937 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20375-92-8

PFNA 0.810<0.810 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20375-95-1

PFOSA 1.77<1.77 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20754-91-6

PFOS 0.807<0.807 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-201763-23-1

9Cl-PF3ONS 1.45<1.45 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20756426-58-1

PFDA 1.49<1.49 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20335-76-2

8:2 FTS 2.06<2.06 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-2039108-34-4

PFNS 3.87<3.87 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-2068259-12-1

MeFOSAA 1.65<1.65 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-202355-31-9

EtFOSAA 1.37<1.37 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-202991-50-6

PFUnA 1.05<1.05 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-202058-94-8

PFDS 1.23<1.23 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20335-77-3

11Cl-PF3OUdS 2.41<2.41 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20763051-92-9

10:2 FTS 3.13<3.13 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20120226-60-0

PFDoA 0.792<0.792 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20307-55-1

MeFOSA 3.83<3.83 120.0 28-Jul-20 16:08B0G0133 0.125 L25-Jul-2031506-32-8

PFTrDA 0.494<0.494 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-2072629-94-8

PFDoS 4.17<4.17 15.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-2079780-39-5

PFTeDA 0.755<0.755 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-20376-06-7

EtFOSA 5.11<5.11 120.0 28-Jul-20 16:08B0G0133 0.125 L25-Jul-204151-50-2

PFHxDA 0.294<0.294 14.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-2067905-19-5

PFODA 6.14<6.14 17.00 28-Jul-20 16:08B0G0133 0.125 L25-Jul-2016517-11-6

MeFOSE 6.07<6.07 120.0 28-Jul-20 16:08B0G0133 0.125 L25-Jul-2024448-09-7

EtFOSE 9.44<9.44 120.0 28-Jul-20 16:08B0G0133 0.125 L25-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 53.1  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L?@ A B C A DE A F G G H IJ K L M N E H H @ O IPSR0200

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 203 of 615



Name:

Project:

Client Data

MSN FFTA SAMPLES

Sample ID: Method Blank

Matrix:

Laboratory Data

Lab Sample: B0G0133-BLK1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 68.1  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C3-PFBS 73.4  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C3-HFPO-DA 69.6  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C2-4:2 FTS 84.0  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C2-PFHxA 72.2  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C4-PFHpA 73.4  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C3-PFHxS 75.2  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C2-6:2 FTS 65.8  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C5-PFNA 69.6  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C8-PFOSA 28.9  10  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C2-PFOA 74.9  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C8-PFOS 73.7  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C2-PFDA 65.2  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C2-8:2 FTS 89.6  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - d3-MeFOSAA 56.7  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C2-PFUnA 67.8  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - d5-EtFOSAA 52.9  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C2-10:2 FTS 74.6  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C2-PFDoA 59.0  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - d3-MeFOSA 9.50  10  150 H 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C2-PFTeDA 55.8  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - d5-EtFOSA 8.50  10  150 H 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - 13C2-PFHxDA 49.0  25  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - d7-MeFOSE 20.8  10  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

IS  - d9-EtFOSE 24.1  10  150 128-Jul-20 16:08B0G0133 25-Jul-20 0.125 L

Results reported to MDL.                                                                                                       MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

?@ A B C A DE A F G G H IJ K L M N E H F @ O IPSR0201
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Name:

Project:

Client Data

MSN FFTA SAMPLES

Sample ID: OPR

Matrix:

Laboratory Data

Lab Sample: B0G0133-BS1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

Analyte Amt Found (ng/L) Qualifiers Analyzed DilutionSpike Amt % Rec Limits Samp SizeExtractedBatchCAS Number

PFBA 7.56 127-Jul-20 12:588.00 94.5  -  50  150 0.125 L25-Jul-20B0G0133375-22-4

PFPeA 7.54 127-Jul-20 12:588.00 94.2  -  50  150 0.125 L25-Jul-20B0G01332706-90-3

PFBS 7.92 127-Jul-20 12:588.00 99.0  -  50  150 0.125 L25-Jul-20B0G0133375-73-5

4:2 FTS 7.62 127-Jul-20 12:588.00 95.3  -  50  150 0.125 L25-Jul-20B0G0133757124-72-4

PFHxA 7.92 127-Jul-20 12:588.00 99.0  -  50  150 0.125 L25-Jul-20B0G0133307-24-4

PFPeS 9.00 127-Jul-20 12:588.00 112  -  50  150 0.125 L25-Jul-20B0G01332706-91-4

HFPO-DA 6.32 127-Jul-20 12:588.00 79.0  -  50  150 0.125 L25-Jul-20B0G013313252-13-6

PFHpA 8.80 127-Jul-20 12:588.00 110  -  50  150 0.125 L25-Jul-20B0G0133375-85-9

ADONA 7.03 127-Jul-20 12:588.00 87.9  -  50  150 0.125 L25-Jul-20B0G0133919005-14-4

PFHxS 5.71 127-Jul-20 12:588.00 71.4  -  50  150 0.125 L25-Jul-20B0G0133355-46-4

6:2 FTS 8.41 127-Jul-20 12:588.00 105  -  50  150 0.125 L25-Jul-20B0G013327619-97-2

PFOA 8.22 127-Jul-20 12:588.00 103  -  50  150 0.125 L25-Jul-20B0G0133335-67-1

PFHpS 9.65 127-Jul-20 12:588.00 121  -  50  150 0.125 L25-Jul-20B0G0133375-92-8

PFNA 7.74 127-Jul-20 12:588.00 96.7  -  50  150 0.125 L25-Jul-20B0G0133375-95-1

PFOSA 8.71 127-Jul-20 12:588.00 109  -  50  150 0.125 L25-Jul-20B0G0133754-91-6

PFOS 7.04 127-Jul-20 12:588.00 88.0  -  50  150 0.125 L25-Jul-20B0G01331763-23-1

9Cl-PF3ONS 7.30 127-Jul-20 12:588.00 91.3  -  50  150 0.125 L25-Jul-20B0G0133756426-58-1

PFDA 9.39 127-Jul-20 12:588.00 117  -  50  150 0.125 L25-Jul-20B0G0133335-76-2

8:2 FTS 7.79 127-Jul-20 12:588.00 97.4  -  50  150 0.125 L25-Jul-20B0G013339108-34-4

PFNS 7.01 127-Jul-20 12:588.00 87.6  -  50  150 0.125 L25-Jul-20B0G013368259-12-1

MeFOSAA 8.75 127-Jul-20 12:588.00 109  -  50  150 0.125 L25-Jul-20B0G01332355-31-9

EtFOSAA 6.91 127-Jul-20 12:588.00 86.4  -  50  150 0.125 L25-Jul-20B0G01332991-50-6

PFUnA 8.11 127-Jul-20 12:588.00 101  -  50  150 0.125 L25-Jul-20B0G01332058-94-8

PFDS 6.95 127-Jul-20 12:588.00 86.9  -  50  150 0.125 L25-Jul-20B0G0133335-77-3

11Cl-PF3OUdS 9.41 127-Jul-20 12:588.00 118  -  50  150 0.125 L25-Jul-20B0G0133763051-92-9

10:2 FTS 10.1 127-Jul-20 12:588.00 126  -  50  150 0.125 L25-Jul-20B0G0133120226-60-0

PFDoA 8.12 127-Jul-20 12:588.00 101  -  50  150 0.125 L25-Jul-20B0G0133307-55-1

MeFOSA 51.6 127-Jul-20 12:5840.0 129  -  50  150 0.125 L25-Jul-20B0G013331506-32-8

PFTrDA 9.11 127-Jul-20 12:588.00 114  -  50  150 0.125 L25-Jul-20B0G013372629-94-8

PFDoS 8.12 127-Jul-20 12:588.00 102  -  50  150 0.125 L25-Jul-20B0G013379780-39-5

PFTeDA 8.70 127-Jul-20 12:588.00 109  -  50  150 0.125 L25-Jul-20B0G0133376-06-7

EtFOSA 39.4 127-Jul-20 12:5840.0 98.6  -  50  150 0.125 L25-Jul-20B0G01334151-50-2

PFHxDA 8.20 127-Jul-20 12:588.00 102  -  50  150 0.125 L25-Jul-20B0G013367905-19-5

PFODA 6.24 J 127-Jul-20 12:588.00 78.0  -  50  150 0.125 L25-Jul-20B0G013316517-11-6?@ A B C A DE A F G G H IJ K L M N E H R @ O IPSR0202
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Name:

Project:

Client Data

MSN FFTA SAMPLES

Sample ID: OPR

Matrix:

Laboratory Data

Lab Sample: B0G0133-BS1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

Analyte Amt Found (ng/L) Qualifiers Analyzed DilutionSpike Amt % Rec Limits Samp SizeExtractedBatchCAS Number

MeFOSE 54.3 127-Jul-20 12:5840.0 136  -  50  150 0.125 L25-Jul-20B0G013324448-09-7

EtFOSE 26.7 127-Jul-20 12:5840.0 66.8  -  50  150 0.125 L25-Jul-20B0G01331691-99-2

Labeled Standards % Rec Limits Qualifiers Analyzed DilutionType Samp SizeExtractedBatch

IS  - 13C3-PFBA 87.8  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C3-PFPeA 71.5  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C3-PFBS 74.0  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C3-HFPO-DA 70.6  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C2-4:2 FTS 73.4  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C2-PFHxA 68.4  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C4-PFHpA 74.2  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C3-PFHxS 78.0  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C2-6:2 FTS 72.2  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C5-PFNA 67.5  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C8-PFOSA 29.7  10  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C2-PFOA 74.4  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C8-PFOS 69.2  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C2-PFDA 61.4  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C2-8:2 FTS 75.8  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - d3-MeFOSAA 55.5  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C2-PFUnA 63.9  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - d5-EtFOSAA 56.7  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C2-10:2 FTS 43.9  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C2-PFDoA 52.4  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - d3-MeFOSA 10.3  10  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C2-PFTeDA 52.0  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - d5-EtFOSA 10.8  10  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - 13C2-PFHxDA 42.2  25  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - d7-MeFOSE 22.6  10  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

IS  - d9-EtFOSE 25.2  10  150 127-Jul-20 12:580.125 L25-Jul-20B0G0133

?@ A B C A DE A F G G H IJ K L M N E H I @ O IPSR0203
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-01-GW

Matrix:

Laboratory Data

Lab Sample: 2001478-01

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

08-Jul-20 09:40 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/L) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.830256 14.55 22-Jul-20 16:50B0G0132 0.110 L17-Jul-20375-22-4

PFPeA 1.46989 14.55 22-Jul-20 16:50B0G0132 0.110 L17-Jul-202706-90-3

PFBS 2.04166 14.55 22-Jul-20 16:50B0G0132 0.110 L17-Jul-20375-73-5

4:2 FTS 1.5867.8 14.55 22-Jul-20 16:50B0G0132 0.110 L17-Jul-20757124-72-4

PFHxA 2.481320 14.55 22-Jul-20 16:50B0G0132 0.110 L17-Jul-20307-24-4

PFPeS 2.76386 14.55 22-Jul-20 16:50B0G0132 0.110 L17-Jul-202706-91-4

HFPO-DA 5.49<5.49 15.69 22-Jul-20 16:50B0G0132 0.110 L17-Jul-2013252-13-6

PFHpA 0.673546 14.55 22-Jul-20 16:50B0G0132 0.110 L17-Jul-20375-85-9

ADONA 0.822<0.822 14.55 22-Jul-20 16:50B0G0132 0.110 L17-Jul-20919005-14-4

PFHxS 5.396490 D 522.8 23-Jul-20 21:55B0G0132 0.110 L17-Jul-20355-46-4

6:2 FTS 11.46940 D 522.8 23-Jul-20 21:55B0G0132 0.110 L17-Jul-2027619-97-2

PFOA 0.7411420 14.55 22-Jul-20 16:50B0G0132 0.110 L17-Jul-20335-67-1

PFHpS 1.071520 14.55 22-Jul-20 16:50B0G0132 0.110 L17-Jul-20375-92-8

PFNA 0.922104 14.55 22-Jul-20 16:50B0G0132 0.110 L17-Jul-20375-95-1

PFOSA 2.0219.3 Q 14.55 22-Jul-20 16:50B0G0132 0.110 L17-Jul-20754-91-6

PFOS 4.5918300 D 522.8 23-Jul-20 21:55B0G0132 0.110 L17-Jul-201763-23-1

9Cl-PF3ONS 1.65<1.65 14.55 22-Jul-20 16:50B0G0132 0.110 L17-Jul-20756426-58-1

PFDA 1.70<1.70 14.55 22-Jul-20 16:50B0G0132 0.110 L17-Jul-20335-76-2

8:2 FTS 2.35334 14.55 22-Jul-20 16:50B0G0132 0.110 L17-Jul-2039108-34-4

PFNS 4.41<4.41 14.55 22-Jul-20 16:50B0G0132 0.110 L17-Jul-2068259-12-1

MeFOSAA 1.88<1.88 14.55 22-Jul-20 16:50B0G0132 0.110 L17-Jul-202355-31-9

EtFOSAA 1.56<1.56 14.55 22-Jul-20 16:50B0G0132 0.110 L17-Jul-202991-50-6

PFUnA 1.20<1.20 14.55 22-Jul-20 16:50B0G0132 0.110 L17-Jul-202058-94-8

PFDS 1.40<1.40 14.55 22-Jul-20 16:50B0G0132 0.110 L17-Jul-20335-77-3

11Cl-PF3OUdS 2.74<2.74 14.55 22-Jul-20 16:50B0G0132 0.110 L17-Jul-20763051-92-9

10:2 FTS 3.56<3.56 14.55 22-Jul-20 16:50B0G0132 0.110 L17-Jul-20120226-60-0

PFDoA 0.902<0.902 14.55 22-Jul-20 16:50B0G0132 0.110 L17-Jul-20307-55-1

MeFOSA 4.36<4.36 122.8 22-Jul-20 16:50B0G0132 0.110 L17-Jul-2031506-32-8

PFTrDA 0.562<0.562 14.55 22-Jul-20 16:50B0G0132 0.110 L17-Jul-2072629-94-8

PFDoS 4.75<4.75 15.69 22-Jul-20 16:50B0G0132 0.110 L17-Jul-2079780-39-5

PFTeDA 0.860<0.860 14.55 22-Jul-20 16:50B0G0132 0.110 L17-Jul-20376-06-7

EtFOSA 5.82<5.82 122.8 22-Jul-20 16:50B0G0132 0.110 L17-Jul-204151-50-2

PFHxDA 0.335<0.335 14.55 22-Jul-20 16:50B0G0132 0.110 L17-Jul-2067905-19-5

PFODA 6.99<6.99 17.97 22-Jul-20 16:50B0G0132 0.110 L17-Jul-2016517-11-6

MeFOSE 6.91<6.91 122.8 22-Jul-20 16:50B0G0132 0.110 L17-Jul-2024448-09-7

EtFOSE 10.7<10.7 122.8 22-Jul-20 16:50B0G0132 0.110 L17-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 113  25  150 122-Jul-20 16:50B0G0132 17-Jul-20 0.110 L?@ A B C A DE A F G G H IJ K L M N E H P @ O IPSR0204
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-01-GW

Matrix:

Laboratory Data

Lab Sample: 2001478-01

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

08-Jul-20 09:40 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 99.3  25  150 122-Jul-20 16:50B0G0132 17-Jul-20 0.110 L

IS  - 13C3-PFBS 108  25  150 122-Jul-20 16:50B0G0132 17-Jul-20 0.110 L

IS  - 13C3-HFPO-DA 91.6  25  150 122-Jul-20 16:50B0G0132 17-Jul-20 0.110 L

IS  - 13C2-4:2 FTS 108  25  150 122-Jul-20 16:50B0G0132 17-Jul-20 0.110 L

IS  - 13C2-PFHxA 94.1  25  150 122-Jul-20 16:50B0G0132 17-Jul-20 0.110 L

IS  - 13C4-PFHpA 100  25  150 122-Jul-20 16:50B0G0132 17-Jul-20 0.110 L

IS  - 13C3-PFHxS 100  25  150 D 523-Jul-20 21:55B0G0132 17-Jul-20 0.110 L

IS  - 13C2-6:2 FTS 107  25  150 D 523-Jul-20 21:55B0G0132 17-Jul-20 0.110 L

IS  - 13C5-PFNA 76.7  25  150 122-Jul-20 16:50B0G0132 17-Jul-20 0.110 L

IS  - 13C8-PFOSA 60.2  10  150 122-Jul-20 16:50B0G0132 17-Jul-20 0.110 L

IS  - 13C2-PFOA 97.5  25  150 122-Jul-20 16:50B0G0132 17-Jul-20 0.110 L

IS  - 13C8-PFOS 105  25  150 D 523-Jul-20 21:55B0G0132 17-Jul-20 0.110 L

IS  - 13C2-PFDA 98.1  25  150 122-Jul-20 16:50B0G0132 17-Jul-20 0.110 L

IS  - 13C2-8:2 FTS 98.6  25  150 122-Jul-20 16:50B0G0132 17-Jul-20 0.110 L

IS  - d3-MeFOSAA 88.0  25  150 122-Jul-20 16:50B0G0132 17-Jul-20 0.110 L

IS  - 13C2-PFUnA 82.3  25  150 122-Jul-20 16:50B0G0132 17-Jul-20 0.110 L

IS  - d5-EtFOSAA 84.3  25  150 122-Jul-20 16:50B0G0132 17-Jul-20 0.110 L

IS  - 13C2-10:2 FTS 88.8  25  150 122-Jul-20 16:50B0G0132 17-Jul-20 0.110 L

IS  - 13C2-PFDoA 99.8  25  150 122-Jul-20 16:50B0G0132 17-Jul-20 0.110 L

IS  - d3-MeFOSA 23.5  10  150 122-Jul-20 16:50B0G0132 17-Jul-20 0.110 L

IS  - 13C2-PFTeDA 76.0  25  150 122-Jul-20 16:50B0G0132 17-Jul-20 0.110 L

IS  - d5-EtFOSA 19.8  10  150 122-Jul-20 16:50B0G0132 17-Jul-20 0.110 L

IS  - 13C2-PFHxDA 78.6  25  150 122-Jul-20 16:50B0G0132 17-Jul-20 0.110 L

IS  - d7-MeFOSE 49.3  10  150 122-Jul-20 16:50B0G0132 17-Jul-20 0.110 L

IS  - d9-EtFOSE 56.7  10  150 122-Jul-20 16:50B0G0132 17-Jul-20 0.110 L

Results reported to MDL.                                                                                                       MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

?@ A B C A DE A F G G H IJ K L M N E H S @ O IPSR0205
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-06-GW

Matrix:

Laboratory Data

Lab Sample: 2001478-03

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

08-Jul-20 07:50 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/L) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.816162 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-20375-22-4

PFPeA 1.43496 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-202706-90-3

PFBS 2.00140 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-20375-73-5

4:2 FTS 1.56<1.56 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-20757124-72-4

PFHxA 2.44611 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-20307-24-4

PFPeS 2.71185 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-202706-91-4

HFPO-DA 5.40<5.40 15.60 23-Jul-20 22:47B0G0132 0.112 L17-Jul-2013252-13-6

PFHpA 0.662299 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-20375-85-9

ADONA 0.809<0.809 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-20919005-14-4

PFHxS 1.062640 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-20355-46-4

6:2 FTS 2.24631 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-2027619-97-2

PFOA 0.729465 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-20335-67-1

PFHpS 1.05405 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-20375-92-8

PFNA 0.90770.1 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-20375-95-1

PFOSA 1.9846.0 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-20754-91-6

PFOS 4.5211800 D 522.4 23-Jul-20 22:37B0G0132 0.112 L17-Jul-201763-23-1

9Cl-PF3ONS 1.62<1.62 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-20756426-58-1

PFDA 1.67<1.67 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-20335-76-2

8:2 FTS 2.31213 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-2039108-34-4

PFNS 4.33<4.33 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-2068259-12-1

MeFOSAA 1.85<1.85 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-202355-31-9

EtFOSAA 1.53<1.53 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-202991-50-6

PFUnA 1.18<1.18 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-202058-94-8

PFDS 1.38<1.38 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-20335-77-3

11Cl-PF3OUdS 2.70<2.70 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-20763051-92-9

10:2 FTS 3.51<3.51 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-20120226-60-0

PFDoA 0.887<0.887 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-20307-55-1

MeFOSA 4.29<4.29 122.4 23-Jul-20 22:47B0G0132 0.112 L17-Jul-2031506-32-8

PFTrDA 0.553<0.553 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-2072629-94-8

PFDoS 4.67<4.67 15.60 23-Jul-20 22:47B0G0132 0.112 L17-Jul-2079780-39-5

PFTeDA 0.846<0.846 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-20376-06-7

EtFOSA 5.72<5.72 122.4 23-Jul-20 22:47B0G0132 0.112 L17-Jul-204151-50-2

PFHxDA 0.329<0.329 14.48 23-Jul-20 22:47B0G0132 0.112 L17-Jul-2067905-19-5

PFODA 6.88<6.88 17.84 23-Jul-20 22:47B0G0132 0.112 L17-Jul-2016517-11-6

MeFOSE 6.80<6.80 122.4 23-Jul-20 22:47B0G0132 0.112 L17-Jul-2024448-09-7

EtFOSE 10.6<10.6 122.4 23-Jul-20 22:47B0G0132 0.112 L17-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 85.3  25  150 123-Jul-20 22:47B0G0132 17-Jul-20 0.112 L?@ A B C A DE A F G G H IJ K L M N E H J @ O IPSR0206
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-06-GW

Matrix:

Laboratory Data

Lab Sample: 2001478-03

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

08-Jul-20 07:50 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 91.3  25  150 123-Jul-20 22:47B0G0132 17-Jul-20 0.112 L

IS  - 13C3-PFBS 109  25  150 123-Jul-20 22:47B0G0132 17-Jul-20 0.112 L

IS  - 13C3-HFPO-DA 83.8  25  150 123-Jul-20 22:47B0G0132 17-Jul-20 0.112 L

IS  - 13C2-4:2 FTS 103  25  150 123-Jul-20 22:47B0G0132 17-Jul-20 0.112 L

IS  - 13C2-PFHxA 92.6  25  150 123-Jul-20 22:47B0G0132 17-Jul-20 0.112 L

IS  - 13C4-PFHpA 90.6  25  150 123-Jul-20 22:47B0G0132 17-Jul-20 0.112 L

IS  - 13C3-PFHxS 85.0  25  150 123-Jul-20 22:47B0G0132 17-Jul-20 0.112 L

IS  - 13C2-6:2 FTS 86.8  25  150 123-Jul-20 22:47B0G0132 17-Jul-20 0.112 L

IS  - 13C5-PFNA 82.1  25  150 123-Jul-20 22:47B0G0132 17-Jul-20 0.112 L

IS  - 13C8-PFOSA 55.2  10  150 123-Jul-20 22:47B0G0132 17-Jul-20 0.112 L

IS  - 13C2-PFOA 98.7  25  150 123-Jul-20 22:47B0G0132 17-Jul-20 0.112 L

IS  - 13C8-PFOS 103  25  150 D 523-Jul-20 22:37B0G0132 17-Jul-20 0.112 L

IS  - 13C2-PFDA 96.7  25  150 123-Jul-20 22:47B0G0132 17-Jul-20 0.112 L

IS  - 13C2-8:2 FTS 96.1  25  150 123-Jul-20 22:47B0G0132 17-Jul-20 0.112 L

IS  - d3-MeFOSAA 97.5  25  150 123-Jul-20 22:47B0G0132 17-Jul-20 0.112 L

IS  - 13C2-PFUnA 89.1  25  150 123-Jul-20 22:47B0G0132 17-Jul-20 0.112 L

IS  - d5-EtFOSAA 96.0  25  150 123-Jul-20 22:47B0G0132 17-Jul-20 0.112 L

IS  - 13C2-10:2 FTS 83.4  25  150 123-Jul-20 22:47B0G0132 17-Jul-20 0.112 L

IS  - 13C2-PFDoA 81.4  25  150 123-Jul-20 22:47B0G0132 17-Jul-20 0.112 L

IS  - d3-MeFOSA 15.9  10  150 123-Jul-20 22:47B0G0132 17-Jul-20 0.112 L

IS  - 13C2-PFTeDA 85.7  25  150 123-Jul-20 22:47B0G0132 17-Jul-20 0.112 L

IS  - d5-EtFOSA 14.1  10  150 123-Jul-20 22:47B0G0132 17-Jul-20 0.112 L

IS  - 13C2-PFHxDA 76.6  25  150 123-Jul-20 22:47B0G0132 17-Jul-20 0.112 L

IS  - d7-MeFOSE 44.1  10  150 123-Jul-20 22:47B0G0132 17-Jul-20 0.112 L

IS  - d9-EtFOSE 50.0  10  150 123-Jul-20 22:47B0G0132 17-Jul-20 0.112 L

Results reported to MDL.                                                                                                       MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

?@ A B C A DE A F G G H IJ K L M N E H K @ O IPSR0207
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-05-GW

Matrix:

Laboratory Data

Lab Sample: 2001478-06

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

08-Jul-20 08:55 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/L) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.796488 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-20375-22-4

PFPeA 1.401960 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-202706-90-3

PFBS 1.9635.7 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-20375-73-5

4:2 FTS 1.5223.1 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-20757124-72-4

PFHxA 2.381210 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-20307-24-4

PFPeS 2.64102 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-202706-91-4

HFPO-DA 5.27<5.27 15.46 22-Jul-20 17:10B0G0132 0.114 L17-Jul-2013252-13-6

PFHpA 0.6461190 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-20375-85-9

ADONA 0.789<0.789 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-20919005-14-4

PFHxS 1.032370 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-20355-46-4

6:2 FTS 2.193030 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-2027619-97-2

PFOA 0.7111120 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-20335-67-1

PFHpS 1.02367 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-20375-92-8

PFNA 0.885231 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-20375-95-1

PFOSA 1.9318.2 Q 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-20754-91-6

PFOS 4.4111800 D 521.9 23-Jul-20 22:57B0G0132 0.114 L17-Jul-201763-23-1

9Cl-PF3ONS 1.58<1.58 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-20756426-58-1

PFDA 1.633.86 J 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-20335-76-2

8:2 FTS 2.25332 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-2039108-34-4

PFNS 4.23<4.23 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-2068259-12-1

MeFOSAA 1.80<1.80 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-202355-31-9

EtFOSAA 1.50<1.50 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-202991-50-6

PFUnA 1.15<1.15 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-202058-94-8

PFDS 1.34<1.34 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-20335-77-3

11Cl-PF3OUdS 2.63<2.63 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-20763051-92-9

10:2 FTS 3.42<3.42 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-20120226-60-0

PFDoA 0.865<0.865 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-20307-55-1

MeFOSA 4.18<4.18 121.9 22-Jul-20 17:10B0G0132 0.114 L17-Jul-2031506-32-8

PFTrDA 0.540<0.540 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-2072629-94-8

PFDoS 4.56<4.56 15.46 22-Jul-20 17:10B0G0132 0.114 L17-Jul-2079780-39-5

PFTeDA 0.825<0.825 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-20376-06-7

EtFOSA 5.58<5.58 121.9 22-Jul-20 17:10B0G0132 0.114 L17-Jul-204151-50-2

PFHxDA 0.321<0.321 14.37 22-Jul-20 17:10B0G0132 0.114 L17-Jul-2067905-19-5

PFODA 6.71<6.71 17.65 22-Jul-20 17:10B0G0132 0.114 L17-Jul-2016517-11-6

MeFOSE 6.63<6.63 121.9 22-Jul-20 17:10B0G0132 0.114 L17-Jul-2024448-09-7

EtFOSE 10.3<10.3 121.9 22-Jul-20 17:10B0G0132 0.114 L17-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 104  25  150 122-Jul-20 17:10B0G0132 17-Jul-20 0.114 L?@ A B C A DE A F G G H IJ K L M N E H Q @ O IPSR0208
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-05-GW

Matrix:

Laboratory Data

Lab Sample: 2001478-06

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

08-Jul-20 08:55 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 91.9  25  150 122-Jul-20 17:10B0G0132 17-Jul-20 0.114 L

IS  - 13C3-PFBS 98.7  25  150 122-Jul-20 17:10B0G0132 17-Jul-20 0.114 L

IS  - 13C3-HFPO-DA 84.2  25  150 122-Jul-20 17:10B0G0132 17-Jul-20 0.114 L

IS  - 13C2-4:2 FTS 80.7  25  150 122-Jul-20 17:10B0G0132 17-Jul-20 0.114 L

IS  - 13C2-PFHxA 89.7  25  150 122-Jul-20 17:10B0G0132 17-Jul-20 0.114 L

IS  - 13C4-PFHpA 86.0  25  150 122-Jul-20 17:10B0G0132 17-Jul-20 0.114 L

IS  - 13C3-PFHxS 89.8  25  150 122-Jul-20 17:10B0G0132 17-Jul-20 0.114 L

IS  - 13C2-6:2 FTS 78.4  25  150 122-Jul-20 17:10B0G0132 17-Jul-20 0.114 L

IS  - 13C5-PFNA 84.1  25  150 122-Jul-20 17:10B0G0132 17-Jul-20 0.114 L

IS  - 13C8-PFOSA 53.3  10  150 122-Jul-20 17:10B0G0132 17-Jul-20 0.114 L

IS  - 13C2-PFOA 89.3  25  150 122-Jul-20 17:10B0G0132 17-Jul-20 0.114 L

IS  - 13C8-PFOS 87.5  25  150 D 523-Jul-20 22:57B0G0132 17-Jul-20 0.114 L

IS  - 13C2-PFDA 101  25  150 122-Jul-20 17:10B0G0132 17-Jul-20 0.114 L

IS  - 13C2-8:2 FTS 87.1  25  150 122-Jul-20 17:10B0G0132 17-Jul-20 0.114 L

IS  - d3-MeFOSAA 86.0  25  150 122-Jul-20 17:10B0G0132 17-Jul-20 0.114 L

IS  - 13C2-PFUnA 89.1  25  150 122-Jul-20 17:10B0G0132 17-Jul-20 0.114 L

IS  - d5-EtFOSAA 82.6  25  150 122-Jul-20 17:10B0G0132 17-Jul-20 0.114 L

IS  - 13C2-10:2 FTS 69.7  25  150 122-Jul-20 17:10B0G0132 17-Jul-20 0.114 L

IS  - 13C2-PFDoA 95.5  25  150 122-Jul-20 17:10B0G0132 17-Jul-20 0.114 L

IS  - d3-MeFOSA 14.7  10  150 122-Jul-20 17:10B0G0132 17-Jul-20 0.114 L

IS  - 13C2-PFTeDA 80.7  25  150 122-Jul-20 17:10B0G0132 17-Jul-20 0.114 L

IS  - d5-EtFOSA 12.7  10  150 122-Jul-20 17:10B0G0132 17-Jul-20 0.114 L

IS  - 13C2-PFHxDA 76.7  25  150 122-Jul-20 17:10B0G0132 17-Jul-20 0.114 L

IS  - d7-MeFOSE 44.7  10  150 122-Jul-20 17:10B0G0132 17-Jul-20 0.114 L

IS  - d9-EtFOSE 46.5  10  150 122-Jul-20 17:10B0G0132 17-Jul-20 0.114 L

Results reported to MDL.                                                                                                       MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

?@ A B C A DE A F G G H IJ K L M N E F G @ O IPSR0209
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: Field Blank A

Matrix:

Laboratory Data

Lab Sample: 2001478-09

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

08-Jul-20 09:55 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/L) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.769<0.769 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-20375-22-4

PFPeA 1.35<1.35 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-202706-90-3

PFBS 1.89<1.89 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-20375-73-5

4:2 FTS 1.47<1.47 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-20757124-72-4

PFHxA 2.30<2.30 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-20307-24-4

PFPeS 2.55<2.55 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-202706-91-4

HFPO-DA 5.08<5.08 15.27 22-Jul-20 17:21B0G0132 0.119 L17-Jul-2013252-13-6

PFHpA 0.623<0.623 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-20375-85-9

ADONA 0.761<0.761 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-20919005-14-4

PFHxS 0.999<0.999 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-20355-46-4

6:2 FTS 2.11<2.11 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-2027619-97-2

PFOA 0.686<0.686 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-20335-67-1

PFHpS 0.988<0.988 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-20375-92-8

PFNA 0.854<0.854 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-20375-95-1

PFOSA 1.87<1.87 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-20754-91-6

PFOS 0.851<0.851 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-201763-23-1

9Cl-PF3ONS 1.53<1.53 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-20756426-58-1

PFDA 1.57<1.57 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-20335-76-2

8:2 FTS 2.17<2.17 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-2039108-34-4

PFNS 4.08<4.08 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-2068259-12-1

MeFOSAA 1.74<1.74 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-202355-31-9

EtFOSAA 1.44<1.44 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-202991-50-6

PFUnA 1.11<1.11 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-202058-94-8

PFDS 1.30<1.30 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-20335-77-3

11Cl-PF3OUdS 2.54<2.54 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-20763051-92-9

10:2 FTS 3.30<3.30 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-20120226-60-0

PFDoA 0.835<0.835 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-20307-55-1

MeFOSA 4.26<4.26 122.2 27-Jul-20 13:30B0G0133 0.112 L25-Jul-2031506-32-8

PFTrDA 0.521<0.521 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-2072629-94-8

PFDoS 4.40<4.40 15.27 22-Jul-20 17:21B0G0132 0.119 L17-Jul-2079780-39-5

PFTeDA 0.796<0.796 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-20376-06-7

EtFOSA 5.68<5.68 122.2 27-Jul-20 13:30B0G0133 0.112 L25-Jul-204151-50-2

PFHxDA 0.310<0.310 14.22 22-Jul-20 17:21B0G0132 0.119 L17-Jul-2067905-19-5

PFODA 6.47<6.47 17.38 22-Jul-20 17:21B0G0132 0.119 L17-Jul-2016517-11-6

MeFOSE 6.40<6.40 121.1 22-Jul-20 17:21B0G0132 0.119 L17-Jul-2024448-09-7

EtFOSE 9.95<9.95 121.1 22-Jul-20 17:21B0G0132 0.119 L17-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 139  25  150 122-Jul-20 17:21B0G0132 17-Jul-20 0.119 L?@ A B C A DE A F G G H IJ K L M N E F H @ O IPSR0210
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: Field Blank A

Matrix:

Laboratory Data

Lab Sample: 2001478-09

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

08-Jul-20 09:55 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 106  25  150 122-Jul-20 17:21B0G0132 17-Jul-20 0.119 L

IS  - 13C3-PFBS 98.8  25  150 122-Jul-20 17:21B0G0132 17-Jul-20 0.119 L

IS  - 13C3-HFPO-DA 78.7  25  150 122-Jul-20 17:21B0G0132 17-Jul-20 0.119 L

IS  - 13C2-4:2 FTS 100  25  150 122-Jul-20 17:21B0G0132 17-Jul-20 0.119 L

IS  - 13C2-PFHxA 98.6  25  150 122-Jul-20 17:21B0G0132 17-Jul-20 0.119 L

IS  - 13C4-PFHpA 102  25  150 122-Jul-20 17:21B0G0132 17-Jul-20 0.119 L

IS  - 13C3-PFHxS 104  25  150 122-Jul-20 17:21B0G0132 17-Jul-20 0.119 L

IS  - 13C2-6:2 FTS 87.8  25  150 122-Jul-20 17:21B0G0132 17-Jul-20 0.119 L

IS  - 13C5-PFNA 89.8  25  150 122-Jul-20 17:21B0G0132 17-Jul-20 0.119 L

IS  - 13C8-PFOSA 43.0  10  150 122-Jul-20 17:21B0G0132 17-Jul-20 0.119 L

IS  - 13C2-PFOA 94.9  25  150 122-Jul-20 17:21B0G0132 17-Jul-20 0.119 L

IS  - 13C8-PFOS 92.2  25  150 122-Jul-20 17:21B0G0132 17-Jul-20 0.119 L

IS  - 13C2-PFDA 106  25  150 122-Jul-20 17:21B0G0132 17-Jul-20 0.119 L

IS  - 13C2-8:2 FTS 104  25  150 122-Jul-20 17:21B0G0132 17-Jul-20 0.119 L

IS  - d3-MeFOSAA 83.9  25  150 122-Jul-20 17:21B0G0132 17-Jul-20 0.119 L

IS  - 13C2-PFUnA 93.3  25  150 122-Jul-20 17:21B0G0132 17-Jul-20 0.119 L

IS  - d5-EtFOSAA 81.1  25  150 122-Jul-20 17:21B0G0132 17-Jul-20 0.119 L

IS  - 13C2-10:2 FTS 82.6  25  150 122-Jul-20 17:21B0G0132 17-Jul-20 0.119 L

IS  - 13C2-PFDoA 92.7  25  150 122-Jul-20 17:21B0G0132 17-Jul-20 0.119 L

IS  - d3-MeFOSA 12.0  10  150 127-Jul-20 13:30B0G0133 25-Jul-20 0.112 L

IS  - 13C2-PFTeDA 79.0  25  150 122-Jul-20 17:21B0G0132 17-Jul-20 0.119 L

IS  - d5-EtFOSA 11.9  10  150 127-Jul-20 13:30B0G0133 25-Jul-20 0.112 L

IS  - 13C2-PFHxDA 72.7  25  150 122-Jul-20 17:21B0G0132 17-Jul-20 0.119 L

IS  - d7-MeFOSE 23.7  10  150 122-Jul-20 17:21B0G0132 17-Jul-20 0.119 L

IS  - d9-EtFOSE 26.8  10  150 122-Jul-20 17:21B0G0132 17-Jul-20 0.119 L

Results reported to MDL.                                                                                                       MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

?@ A B C A DE A F G G H IJ K L M N E F F @ O IPSR0211
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-04-GW

Matrix:

Laboratory Data

Lab Sample: 2001478-10

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

08-Jul-20 10:05 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/L) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.794586 14.35 22-Jul-20 17:31B0G0132 0.115 L17-Jul-20375-22-4

PFPeA 1.392190 14.35 22-Jul-20 17:31B0G0132 0.115 L17-Jul-202706-90-3

PFBS 1.95206 14.35 22-Jul-20 17:31B0G0132 0.115 L17-Jul-20375-73-5

4:2 FTS 1.5194.5 14.35 22-Jul-20 17:31B0G0132 0.115 L17-Jul-20757124-72-4

PFHxA 2.372250 14.35 22-Jul-20 17:31B0G0132 0.115 L17-Jul-20307-24-4

PFPeS 2.63623 14.35 22-Jul-20 17:31B0G0132 0.115 L17-Jul-202706-91-4

HFPO-DA 5.25<5.25 15.44 22-Jul-20 17:31B0G0132 0.115 L17-Jul-2013252-13-6

PFHpA 0.6431320 14.35 22-Jul-20 17:31B0G0132 0.115 L17-Jul-20375-85-9

ADONA 0.786<0.786 14.35 22-Jul-20 17:31B0G0132 0.115 L17-Jul-20919005-14-4

PFHxS 5.159640 D 521.8 23-Jul-20 23:18B0G0132 0.115 L17-Jul-20355-46-4

6:2 FTS 10.911000 D 521.8 23-Jul-20 23:18B0G0132 0.115 L17-Jul-2027619-97-2

PFOA 0.7092300 14.35 22-Jul-20 17:31B0G0132 0.115 L17-Jul-20335-67-1

PFHpS 1.021550 14.35 22-Jul-20 17:31B0G0132 0.115 L17-Jul-20375-92-8

PFNA 0.882120 14.35 22-Jul-20 17:31B0G0132 0.115 L17-Jul-20375-95-1

PFOSA 1.9320.5 Q 14.35 22-Jul-20 17:31B0G0132 0.115 L17-Jul-20754-91-6

PFOS 4.3918900 D 521.8 23-Jul-20 23:18B0G0132 0.115 L17-Jul-201763-23-1

9Cl-PF3ONS 1.58<1.58 14.35 22-Jul-20 17:31B0G0132 0.115 L17-Jul-20756426-58-1

PFDA 1.623.99 J 14.35 22-Jul-20 17:31B0G0132 0.115 L17-Jul-20335-76-2

8:2 FTS 2.24480 14.35 22-Jul-20 17:31B0G0132 0.115 L17-Jul-2039108-34-4

PFNS 4.21<4.21 14.35 22-Jul-20 17:31B0G0132 0.115 L17-Jul-2068259-12-1

MeFOSAA 1.80<1.80 14.35 22-Jul-20 17:31B0G0132 0.115 L17-Jul-202355-31-9

EtFOSAA 1.49<1.49 14.35 22-Jul-20 17:31B0G0132 0.115 L17-Jul-202991-50-6

PFUnA 1.14<1.14 14.35 22-Jul-20 17:31B0G0132 0.115 L17-Jul-202058-94-8

PFDS 1.34<1.34 14.35 22-Jul-20 17:31B0G0132 0.115 L17-Jul-20335-77-3

11Cl-PF3OUdS 2.62<2.62 14.35 22-Jul-20 17:31B0G0132 0.115 L17-Jul-20763051-92-9

10:2 FTS 3.41<3.41 14.35 22-Jul-20 17:31B0G0132 0.115 L17-Jul-20120226-60-0

PFDoA 0.862<0.862 14.35 22-Jul-20 17:31B0G0132 0.115 L17-Jul-20307-55-1

MeFOSA 4.17<4.17 121.8 22-Jul-20 17:31B0G0132 0.115 L17-Jul-2031506-32-8

PFTrDA 0.538<0.538 14.35 22-Jul-20 17:31B0G0132 0.115 L17-Jul-2072629-94-8

PFDoS 4.54<4.54 15.44 22-Jul-20 17:31B0G0132 0.115 L17-Jul-2079780-39-5

PFTeDA 0.822<0.822 14.35 22-Jul-20 17:31B0G0132 0.115 L17-Jul-20376-06-7

EtFOSA 5.56<5.56 121.8 22-Jul-20 17:31B0G0132 0.115 L17-Jul-204151-50-2

PFHxDA 0.320<0.320 14.35 22-Jul-20 17:31B0G0132 0.115 L17-Jul-2067905-19-5

PFODA 6.68<6.68 17.62 22-Jul-20 17:31B0G0132 0.115 L17-Jul-2016517-11-6

MeFOSE 6.61<6.61 121.8 22-Jul-20 17:31B0G0132 0.115 L17-Jul-2024448-09-7

EtFOSE 10.3<10.3 121.8 22-Jul-20 17:31B0G0132 0.115 L17-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 105  25  150 122-Jul-20 17:31B0G0132 17-Jul-20 0.115 L?@ A B C A DE A F G G H IJ K L M N E F R @ O IPSR0212
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-04-GW

Matrix:

Laboratory Data

Lab Sample: 2001478-10

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Aqueous

08-Jul-20 10:05 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 89.6  25  150 122-Jul-20 17:31B0G0132 17-Jul-20 0.115 L

IS  - 13C3-PFBS 95.4  25  150 122-Jul-20 17:31B0G0132 17-Jul-20 0.115 L

IS  - 13C3-HFPO-DA 84.3  25  150 122-Jul-20 17:31B0G0132 17-Jul-20 0.115 L

IS  - 13C2-4:2 FTS 92.7  25  150 122-Jul-20 17:31B0G0132 17-Jul-20 0.115 L

IS  - 13C2-PFHxA 87.4  25  150 122-Jul-20 17:31B0G0132 17-Jul-20 0.115 L

IS  - 13C4-PFHpA 86.1  25  150 122-Jul-20 17:31B0G0132 17-Jul-20 0.115 L

IS  - 13C3-PFHxS 75.0  25  150 D 523-Jul-20 23:18B0G0132 17-Jul-20 0.115 L

IS  - 13C2-6:2 FTS 88.7  25  150 D 523-Jul-20 23:18B0G0132 17-Jul-20 0.115 L

IS  - 13C5-PFNA 77.7  25  150 122-Jul-20 17:31B0G0132 17-Jul-20 0.115 L

IS  - 13C8-PFOSA 56.1  10  150 122-Jul-20 17:31B0G0132 17-Jul-20 0.115 L

IS  - 13C2-PFOA 86.5  25  150 122-Jul-20 17:31B0G0132 17-Jul-20 0.115 L

IS  - 13C8-PFOS 92.5  25  150 D 523-Jul-20 23:18B0G0132 17-Jul-20 0.115 L

IS  - 13C2-PFDA 105  25  150 122-Jul-20 17:31B0G0132 17-Jul-20 0.115 L

IS  - 13C2-8:2 FTS 98.1  25  150 122-Jul-20 17:31B0G0132 17-Jul-20 0.115 L

IS  - d3-MeFOSAA 83.9  25  150 122-Jul-20 17:31B0G0132 17-Jul-20 0.115 L

IS  - 13C2-PFUnA 99.5  25  150 122-Jul-20 17:31B0G0132 17-Jul-20 0.115 L

IS  - d5-EtFOSAA 85.3  25  150 122-Jul-20 17:31B0G0132 17-Jul-20 0.115 L

IS  - 13C2-10:2 FTS 69.2  25  150 122-Jul-20 17:31B0G0132 17-Jul-20 0.115 L

IS  - 13C2-PFDoA 97.1  25  150 122-Jul-20 17:31B0G0132 17-Jul-20 0.115 L

IS  - d3-MeFOSA 19.7  10  150 122-Jul-20 17:31B0G0132 17-Jul-20 0.115 L

IS  - 13C2-PFTeDA 77.0  25  150 122-Jul-20 17:31B0G0132 17-Jul-20 0.115 L

IS  - d5-EtFOSA 16.8  10  150 122-Jul-20 17:31B0G0132 17-Jul-20 0.115 L

IS  - 13C2-PFHxDA 76.0  25  150 122-Jul-20 17:31B0G0132 17-Jul-20 0.115 L

IS  - d7-MeFOSE 46.4  10  150 122-Jul-20 17:31B0G0132 17-Jul-20 0.115 L

IS  - d9-EtFOSE 53.5  10  150 122-Jul-20 17:31B0G0132 17-Jul-20 0.115 L

Results reported to MDL.                                                                                                       MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

?@ A B C A DE A F G G H IJ K L M N E F I @ O IPSR0213
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Name:

Project:

Client Data

MSN FFTA SAMPLES

Sample ID: Method Blank

Matrix:

Laboratory Data

Lab Sample: B0G0151-BLK1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Solid

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.346<0.346 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20375-22-4

PFPeA 0.398<0.398 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-202706-90-3

PFBS 0.304<0.304 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20375-73-5

4:2 FTS 0.360<0.360 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20757124-72-4

PFHxA 0.216<0.216 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20307-24-4

PFPeS 0.658<0.658 11.00 27-Jul-20 16:36B0G0151 1.00 g22-Jul-202706-91-4

HFPO-DA 1.18<1.18 11.50 27-Jul-20 16:36B0G0151 1.00 g22-Jul-2013252-13-6

PFHpA 0.478<0.478 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20375-85-9

ADONA 0.340<0.340 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20919005-14-4

PFHxS 0.390<0.390 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20355-46-4

6:2 FTS 0.654<0.654 11.00 27-Jul-20 16:36B0G0151 1.00 g22-Jul-2027619-97-2

PFOA 0.470<0.470 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20335-67-1

PFHpS 0.738<0.738 11.00 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20375-92-8

PFNA 0.312<0.312 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20375-95-1

PFOSA 1.01<1.01 11.50 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20754-91-6

PFOS 0.430<0.430 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-201763-23-1

9Cl-PF3ONS 0.370<0.370 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20756426-58-1

PFDA 0.452<0.452 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20335-76-2

8:2 FTS 0.722<0.722 11.00 27-Jul-20 16:36B0G0151 1.00 g22-Jul-2039108-34-4

PFNS 1.15<1.15 11.50 27-Jul-20 16:36B0G0151 1.00 g22-Jul-2068259-12-1

MeFOSAA 0.736<0.736 11.00 27-Jul-20 16:36B0G0151 1.00 g22-Jul-202355-31-9

EtFOSAA 0.688<0.688 11.00 27-Jul-20 16:36B0G0151 1.00 g22-Jul-202991-50-6

PFUnA 0.258<0.258 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-202058-94-8

PFDS 0.690<0.690 11.00 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20335-77-3

11Cl-PF3OUdS 0.722<0.722 11.00 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20763051-92-9

10:2 FTS 1.02<1.02 11.50 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20120226-60-0

PFDoA 0.404<0.404 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20307-55-1

MeFOSA 5.78<5.78 110.0 27-Jul-20 16:36B0G0151 1.00 g22-Jul-2031506-32-8

PFTrDA 0.402<0.402 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-2072629-94-8

PFDoS 0.600<0.600 11.00 27-Jul-20 16:36B0G0151 1.00 g22-Jul-2079780-39-5

PFTeDA 0.264<0.264 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-20376-06-7

EtFOSA 3.84<3.84 110.0 27-Jul-20 16:36B0G0151 1.00 g22-Jul-204151-50-2

PFHxDA 0.170<0.170 10.500 27-Jul-20 16:36B0G0151 1.00 g22-Jul-2067905-19-5

PFODA 0.500<0.500 11.00 27-Jul-20 16:36B0G0151 1.00 g22-Jul-2016517-11-6

MeFOSE 4.96<4.96 110.0 27-Jul-20 16:36B0G0151 1.00 g22-Jul-2024448-09-7

EtFOSE 5.38<5.38 110.0 27-Jul-20 16:36B0G0151 1.00 g22-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 109  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g?@ A B C A DE A F G G H IJ K L M N E F P @ O IPSR0214
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Name:

Project:

Client Data

MSN FFTA SAMPLES

Sample ID: Method Blank

Matrix:

Laboratory Data

Lab Sample: B0G0151-BLK1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Solid

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 65.3  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C3-PFBS 78.0  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C3-HFPO-DA 57.7  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C2-4:2 FTS 66.1  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C2-PFHxA 66.8  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C4-PFHpA 65.6  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C3-PFHxS 73.6  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C2-6:2 FTS 65.2  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C5-PFNA 59.5  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C8-PFOSA 27.4  10  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C2-PFOA 56.7  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C8-PFOS 66.4  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C2-PFDA 50.7  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C2-8:2 FTS 72.5  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - d3-MeFOSAA 48.5  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C2-PFUnA 41.0  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - d5-EtFOSAA 41.1  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C2-10:2 FTS 54.1  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C2-PFDoA 38.9  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - d3-MeFOSA 4.40  10  150 H 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C2-PFTeDA 45.1  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - d5-EtFOSA 4.40  10  150 H 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - 13C2-PFHxDA 32.0  25  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - d7-MeFOSE 20.5  10  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

IS  - d9-EtFOSE 20.1  10  150 127-Jul-20 16:36B0G0151 22-Jul-20 1.00 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

?@ A B C A DE A F G G H IJ K L M N E F S @ O IPSR0215
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Name:

Project:

Client Data

MSN FFTA SAMPLES

Sample ID: OPR

Matrix:

Laboratory Data

Lab Sample: B0G0151-BS1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Solid

Analyte Amt Found (ng/g ) Qualifiers Analyzed DilutionSpike Amt % Rec Limits Samp SizeExtractedBatchCAS Number

PFBA 10.7 127-Jul-20 16:4710.0 107  -  60  135 1.00 g22-Jul-20B0G0151375-22-4

PFPeA 10.3 127-Jul-20 16:4710.0 103  -  60  135 1.00 g22-Jul-20B0G01512706-90-3

PFBS 10.7 127-Jul-20 16:4710.0 107  -  60  135 1.00 g22-Jul-20B0G0151375-73-5

4:2 FTS 10.2 127-Jul-20 16:4710.0 102  -  60  135 1.00 g22-Jul-20B0G0151757124-72-4

PFHxA 10.7 127-Jul-20 16:4710.0 107  -  60  135 1.00 g22-Jul-20B0G0151307-24-4

PFPeS 11.4 127-Jul-20 16:4710.0 114  -  60  135 1.00 g22-Jul-20B0G01512706-91-4

HFPO-DA 11.1 127-Jul-20 16:4710.0 111  -  60  135 1.00 g22-Jul-20B0G015113252-13-6

PFHpA 10.8 127-Jul-20 16:4710.0 108  -  60  135 1.00 g22-Jul-20B0G0151375-85-9

ADONA 11.1 127-Jul-20 16:4710.0 111  -  60  135 1.00 g22-Jul-20B0G0151919005-14-4

PFHxS 9.72 127-Jul-20 16:4710.0 97.2  -  60  135 1.00 g22-Jul-20B0G0151355-46-4

6:2 FTS 9.33 127-Jul-20 16:4710.0 93.3  -  60  135 1.00 g22-Jul-20B0G015127619-97-2

PFOA 10.9 127-Jul-20 16:4710.0 109  -  60  135 1.00 g22-Jul-20B0G0151335-67-1

PFHpS 11.6 127-Jul-20 16:4710.0 116  -  60  135 1.00 g22-Jul-20B0G0151375-92-8

PFNA 12.0 127-Jul-20 16:4710.0 120  -  60  135 1.00 g22-Jul-20B0G0151375-95-1

PFOSA 10.6 127-Jul-20 16:4710.0 106  -  60  135 1.00 g22-Jul-20B0G0151754-91-6

PFOS 11.0 127-Jul-20 16:4710.0 110  -  60  135 1.00 g22-Jul-20B0G01511763-23-1

9Cl-PF3ONS 10.6 127-Jul-20 16:4710.0 106  -  60  135 1.00 g22-Jul-20B0G0151756426-58-1

PFDA 10.1 127-Jul-20 16:4710.0 101  -  60  135 1.00 g22-Jul-20B0G0151335-76-2

8:2 FTS 8.49 127-Jul-20 16:4710.0 84.9  -  60  135 1.00 g22-Jul-20B0G015139108-34-4

PFNS 10.8 127-Jul-20 16:4710.0 108  -  60  135 1.00 g22-Jul-20B0G015168259-12-1

MeFOSAA 10.2 127-Jul-20 16:4710.0 102  -  60  135 1.00 g22-Jul-20B0G01512355-31-9

EtFOSAA 11.2 127-Jul-20 16:4710.0 112  -  60  135 1.00 g22-Jul-20B0G01512991-50-6

PFUnA 9.57 127-Jul-20 16:4710.0 95.7  -  60  135 1.00 g22-Jul-20B0G01512058-94-8

PFDS 9.61 127-Jul-20 16:4710.0 96.1  -  60  135 1.00 g22-Jul-20B0G0151335-77-3

11Cl-PF3OUdS 18.0 H 127-Jul-20 16:4710.0 180  -  60  135 1.00 g22-Jul-20B0G0151763051-92-9

10:2 FTS 11.0 127-Jul-20 16:4710.0 110  -  60  135 1.00 g22-Jul-20B0G0151120226-60-0

PFDoA 10.1 127-Jul-20 16:4710.0 101  -  60  135 1.00 g22-Jul-20B0G0151307-55-1

MeFOSA 53.4 127-Jul-20 16:4750.0 107  -  60  135 1.00 g22-Jul-20B0G015131506-32-8

PFTrDA 11.1 127-Jul-20 16:4710.0 111  -  60  135 1.00 g22-Jul-20B0G015172629-94-8

PFDoS 14.9 H 127-Jul-20 16:4710.0 149  -  60  135 1.00 g22-Jul-20B0G015179780-39-5

PFTeDA 10.7 127-Jul-20 16:4710.0 107  -  60  135 1.00 g22-Jul-20B0G0151376-06-7

EtFOSA 48.0 127-Jul-20 16:4750.0 96.0  -  60  135 1.00 g22-Jul-20B0G01514151-50-2

PFHxDA 10.3 127-Jul-20 16:4710.0 103  -  60  135 1.00 g22-Jul-20B0G015167905-19-5

PFODA 9.37 127-Jul-20 16:4710.0 93.7  -  60  135 1.00 g22-Jul-20B0G015116517-11-6TU V W X V YZ V [ \ \ ]̂ _ ` ab c Z [ _ U d̂ eSR0216
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Name:

Project:

Client Data

MSN FFTA SAMPLES

Sample ID: OPR

Matrix:

Laboratory Data

Lab Sample: B0G0151-BS1

PFAS Isotope Dilution Method

LimnoTech, Inc. Column: BEH C18Solid

Analyte Amt Found (ng/g ) Qualifiers Analyzed DilutionSpike Amt % Rec Limits Samp SizeExtractedBatchCAS Number

MeFOSE 57.8 127-Jul-20 16:4750.0 116  -  60  135 1.00 g22-Jul-20B0G015124448-09-7

EtFOSE 51.3 127-Jul-20 16:4750.0 103  -  60  135 1.00 g22-Jul-20B0G01511691-99-2

Labeled Standards % Rec Limits Qualifiers Analyzed DilutionType Samp SizeExtractedBatch

IS  - 13C3-PFBA 108  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C3-PFPeA 62.1  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C3-PFBS 84.9  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C3-HFPO-DA 58.5  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C2-4:2 FTS 91.1  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C2-PFHxA 63.6  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C4-PFHpA 62.8  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C3-PFHxS 84.3  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C2-6:2 FTS 77.5  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C5-PFNA 53.6  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C8-PFOSA 28.5  10  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C2-PFOA 59.5  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C8-PFOS 81.4  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C2-PFDA 54.3  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C2-8:2 FTS 88.2  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - d3-MeFOSAA 51.9  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C2-PFUnA 42.8  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - d5-EtFOSAA 48.6  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C2-10:2 FTS 61.7  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C2-PFDoA 37.9  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - d3-MeFOSA 5.10  10  150 H 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C2-PFTeDA 43.0  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - d5-EtFOSA 4.80  10  150 H 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - 13C2-PFHxDA 36.3  25  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - d7-MeFOSE 21.3  10  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

IS  - d9-EtFOSE 21.9  10  150 127-Jul-20 16:471.00 g22-Jul-20B0G0151

TU V W X V YZ V [ \ \ ]̂ _ ` ab c Z [̀ U d̂ eSR0217
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-04 (0.5-1)

Matrix:

Laboratory Data

Lab Sample: 2001478-02

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

90.8

Column: BEH C18Soil

08-Jul-20 07:35 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.337<0.337 10.487 27-Jul-20 18:41B0G0151 1.13 g22-Jul-20375-22-4

PFPeA 0.388<0.388 10.487 27-Jul-20 18:41B0G0151 1.13 g22-Jul-202706-90-3

PFBS 0.296<0.296 10.487 27-Jul-20 18:41B0G0151 1.13 g22-Jul-20375-73-5

4:2 FTS 0.351<0.351 10.487 27-Jul-20 18:41B0G0151 1.13 g22-Jul-20757124-72-4

PFHxA 0.2100.232 J, Q 10.487 27-Jul-20 18:41B0G0151 1.13 g22-Jul-20307-24-4

PFPeS 0.641<0.641 10.974 27-Jul-20 18:41B0G0151 1.13 g22-Jul-202706-91-4

HFPO-DA 1.15<1.15 11.46 27-Jul-20 18:41B0G0151 1.13 g22-Jul-2013252-13-6

PFHpA 0.466<0.466 10.487 27-Jul-20 18:41B0G0151 1.13 g22-Jul-20375-85-9

ADONA 0.331<0.331 10.487 27-Jul-20 18:41B0G0151 1.13 g22-Jul-20919005-14-4

PFHxS 0.380<0.380 10.487 27-Jul-20 18:41B0G0151 1.13 g22-Jul-20355-46-4

6:2 FTS 0.6374.83 10.974 27-Jul-20 18:41B0G0151 1.13 g22-Jul-2027619-97-2

PFOA 0.4580.684 10.487 27-Jul-20 18:41B0G0151 1.13 g22-Jul-20335-67-1

PFHpS 0.719<0.719 10.974 27-Jul-20 18:41B0G0151 1.13 g22-Jul-20375-92-8

PFNA 0.3041.39 10.487 27-Jul-20 18:41B0G0151 1.13 g22-Jul-20375-95-1

PFOSA 0.9827.98 11.46 27-Jul-20 18:41B0G0151 1.13 g22-Jul-20754-91-6

PFOS 0.41983.9 10.487 27-Jul-20 18:41B0G0151 1.13 g22-Jul-201763-23-1

9Cl-PF3ONS 0.361<0.361 10.487 27-Jul-20 18:41B0G0151 1.13 g22-Jul-20756426-58-1

PFDA 0.4400.941 Q 10.487 27-Jul-20 18:41B0G0151 1.13 g22-Jul-20335-76-2

8:2 FTS 0.70351.1 10.974 27-Jul-20 18:41B0G0151 1.13 g22-Jul-2039108-34-4

PFNS 1.12<1.12 11.46 27-Jul-20 18:41B0G0151 1.13 g22-Jul-2068259-12-1

MeFOSAA 0.717<0.717 10.974 27-Jul-20 18:41B0G0151 1.13 g22-Jul-202355-31-9

EtFOSAA 0.670<0.670 10.974 27-Jul-20 18:41B0G0151 1.13 g22-Jul-202991-50-6

PFUnA 0.251<0.251 10.487 27-Jul-20 18:41B0G0151 1.13 g22-Jul-202058-94-8

PFDS 0.672<0.672 10.974 27-Jul-20 18:41B0G0151 1.13 g22-Jul-20335-77-3

11Cl-PF3OUdS 0.703<0.703 10.974 27-Jul-20 18:41B0G0151 1.13 g22-Jul-20763051-92-9

10:2 FTS 0.990<0.990 11.46 27-Jul-20 18:41B0G0151 1.13 g22-Jul-20120226-60-0

PFDoA 0.394<0.394 10.487 27-Jul-20 18:41B0G0151 1.13 g22-Jul-20307-55-1

MeFOSA 5.63<5.63 19.74 27-Jul-20 18:41B0G0151 1.13 g22-Jul-2031506-32-8

PFTrDA 0.392<0.392 10.487 27-Jul-20 18:41B0G0151 1.13 g22-Jul-2072629-94-8

PFDoS 0.585<0.585 10.974 27-Jul-20 18:41B0G0151 1.13 g22-Jul-2079780-39-5

PFTeDA 0.257<0.257 10.487 27-Jul-20 18:41B0G0151 1.13 g22-Jul-20376-06-7

EtFOSA 3.74<3.74 19.74 27-Jul-20 18:41B0G0151 1.13 g22-Jul-204151-50-2

PFHxDA 0.166<0.166 10.487 27-Jul-20 18:41B0G0151 1.13 g22-Jul-2067905-19-5

PFODA 0.487<0.487 10.974 27-Jul-20 18:41B0G0151 1.13 g22-Jul-2016517-11-6

MeFOSE 4.83<4.83 19.74 27-Jul-20 18:41B0G0151 1.13 g22-Jul-2024448-09-7

EtFOSE 5.24<5.24 19.74 27-Jul-20 18:41B0G0151 1.13 g22-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 116  25  150 127-Jul-20 18:41B0G0151 22-Jul-20 1.13 gTU V W X V YZ V [ \ \ ]̂ _ ` ab c Z [ f U d̂ eSR0218
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-04 (0.5-1)

Matrix:

Laboratory Data

Lab Sample: 2001478-02

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

90.8

Column: BEH C18Soil

08-Jul-20 07:35 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 72.8  25  150 127-Jul-20 18:41B0G0151 22-Jul-20 1.13 g

IS  - 13C3-PFBS 80.8  25  150 127-Jul-20 18:41B0G0151 22-Jul-20 1.13 g

IS  - 13C3-HFPO-DA 65.4  25  150 127-Jul-20 18:41B0G0151 22-Jul-20 1.13 g

IS  - 13C2-4:2 FTS 91.1  25  150 127-Jul-20 18:41B0G0151 22-Jul-20 1.13 g

IS  - 13C2-PFHxA 76.9  25  150 127-Jul-20 18:41B0G0151 22-Jul-20 1.13 g

IS  - 13C4-PFHpA 73.5  25  150 127-Jul-20 18:41B0G0151 22-Jul-20 1.13 g

IS  - 13C3-PFHxS 87.2  25  150 127-Jul-20 18:41B0G0151 22-Jul-20 1.13 g

IS  - 13C2-6:2 FTS 84.0  25  150 127-Jul-20 18:41B0G0151 22-Jul-20 1.13 g

IS  - 13C5-PFNA 65.6  25  150 127-Jul-20 18:41B0G0151 22-Jul-20 1.13 g

IS  - 13C8-PFOSA 29.1  10  150 127-Jul-20 18:41B0G0151 22-Jul-20 1.13 g

IS  - 13C2-PFOA 66.8  25  150 127-Jul-20 18:41B0G0151 22-Jul-20 1.13 g

IS  - 13C8-PFOS 71.0  25  150 127-Jul-20 18:41B0G0151 22-Jul-20 1.13 g

IS  - 13C2-PFDA 49.7  25  150 127-Jul-20 18:41B0G0151 22-Jul-20 1.13 g

IS  - 13C2-8:2 FTS 82.6  25  150 127-Jul-20 18:41B0G0151 22-Jul-20 1.13 g

IS  - d3-MeFOSAA 53.7  25  150 127-Jul-20 18:41B0G0151 22-Jul-20 1.13 g

IS  - 13C2-PFUnA 48.0  25  150 127-Jul-20 18:41B0G0151 22-Jul-20 1.13 g

IS  - d5-EtFOSAA 53.6  25  150 127-Jul-20 18:41B0G0151 22-Jul-20 1.13 g

IS  - 13C2-10:2 FTS 69.1  25  150 127-Jul-20 18:41B0G0151 22-Jul-20 1.13 g

IS  - 13C2-PFDoA 52.7  25  150 127-Jul-20 18:41B0G0151 22-Jul-20 1.13 g

IS  - d3-MeFOSA 5.60  10  150 H 127-Jul-20 18:41B0G0151 22-Jul-20 1.13 g

IS  - 13C2-PFTeDA 62.4  25  150 127-Jul-20 18:41B0G0151 22-Jul-20 1.13 g

IS  - d5-EtFOSA 5.50  10  150 H 127-Jul-20 18:41B0G0151 22-Jul-20 1.13 g

IS  - 13C2-PFHxDA 53.8  25  150 127-Jul-20 18:41B0G0151 22-Jul-20 1.13 g

IS  - d7-MeFOSE 20.8  10  150 127-Jul-20 18:41B0G0151 22-Jul-20 1.13 g

IS  - d9-EtFOSE 23.0  10  150 127-Jul-20 18:41B0G0151 22-Jul-20 1.13 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

TU V W X V YZ V [ \ \ ]̂ _ ` ab c Z g \ U d̂ eSR0219
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-05 (0.5-1)

Matrix:

Laboratory Data

Lab Sample: 2001478-04

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

93.6

Column: BEH C18Soil

08-Jul-20 08:10 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.342<0.342 10.495 27-Jul-20 18:51B0G0151 1.08 g22-Jul-20375-22-4

PFPeA 0.394<0.394 10.495 27-Jul-20 18:51B0G0151 1.08 g22-Jul-202706-90-3

PFBS 0.301<0.301 10.495 27-Jul-20 18:51B0G0151 1.08 g22-Jul-20375-73-5

4:2 FTS 0.3560.378 J, Q 10.495 27-Jul-20 18:51B0G0151 1.08 g22-Jul-20757124-72-4

PFHxA 0.2140.321 J, Q 10.495 27-Jul-20 18:51B0G0151 1.08 g22-Jul-20307-24-4

PFPeS 0.651<0.651 10.990 27-Jul-20 18:51B0G0151 1.08 g22-Jul-202706-91-4

HFPO-DA 1.17<1.17 11.48 27-Jul-20 18:51B0G0151 1.08 g22-Jul-2013252-13-6

PFHpA 0.4730.627 10.495 27-Jul-20 18:51B0G0151 1.08 g22-Jul-20375-85-9

ADONA 0.336<0.336 10.495 27-Jul-20 18:51B0G0151 1.08 g22-Jul-20919005-14-4

PFHxS 0.386<0.386 10.495 27-Jul-20 18:51B0G0151 1.08 g22-Jul-20355-46-4

6:2 FTS 0.64711.3 10.990 27-Jul-20 18:51B0G0151 1.08 g22-Jul-2027619-97-2

PFOA 0.4651.42 10.495 27-Jul-20 18:51B0G0151 1.08 g22-Jul-20335-67-1

PFHpS 0.730<0.730 10.990 27-Jul-20 18:51B0G0151 1.08 g22-Jul-20375-92-8

PFNA 0.3093.31 10.495 27-Jul-20 18:51B0G0151 1.08 g22-Jul-20375-95-1

PFOSA 0.998<0.998 11.48 27-Jul-20 18:51B0G0151 1.08 g22-Jul-20754-91-6

PFOS 0.42620.2 10.495 27-Jul-20 18:51B0G0151 1.08 g22-Jul-201763-23-1

9Cl-PF3ONS 0.366<0.366 10.495 27-Jul-20 18:51B0G0151 1.08 g22-Jul-20756426-58-1

PFDA 0.4478.56 10.495 27-Jul-20 18:51B0G0151 1.08 g22-Jul-20335-76-2

8:2 FTS 0.71529.9 10.990 27-Jul-20 18:51B0G0151 1.08 g22-Jul-2039108-34-4

PFNS 1.14<1.14 11.48 27-Jul-20 18:51B0G0151 1.08 g22-Jul-2068259-12-1

MeFOSAA 0.728<0.728 10.990 27-Jul-20 18:51B0G0151 1.08 g22-Jul-202355-31-9

EtFOSAA 0.681<0.681 10.990 27-Jul-20 18:51B0G0151 1.08 g22-Jul-202991-50-6

PFUnA 0.2550.584 10.495 27-Jul-20 18:51B0G0151 1.08 g22-Jul-202058-94-8

PFDS 0.683<0.683 10.990 27-Jul-20 18:51B0G0151 1.08 g22-Jul-20335-77-3

11Cl-PF3OUdS 0.715<0.715 10.990 27-Jul-20 18:51B0G0151 1.08 g22-Jul-20763051-92-9

10:2 FTS 1.011.68 11.48 27-Jul-20 18:51B0G0151 1.08 g22-Jul-20120226-60-0

PFDoA 0.400<0.400 10.495 27-Jul-20 18:51B0G0151 1.08 g22-Jul-20307-55-1

MeFOSA 5.72<5.72 19.90 27-Jul-20 18:51B0G0151 1.08 g22-Jul-2031506-32-8

PFTrDA 0.398<0.398 10.495 27-Jul-20 18:51B0G0151 1.08 g22-Jul-2072629-94-8

PFDoS 0.594<0.594 10.990 27-Jul-20 18:51B0G0151 1.08 g22-Jul-2079780-39-5

PFTeDA 0.261<0.261 10.495 27-Jul-20 18:51B0G0151 1.08 g22-Jul-20376-06-7

EtFOSA 3.80<3.80 19.90 27-Jul-20 18:51B0G0151 1.08 g22-Jul-204151-50-2

PFHxDA 0.168<0.168 10.495 27-Jul-20 18:51B0G0151 1.08 g22-Jul-2067905-19-5

PFODA 0.495<0.495 10.990 27-Jul-20 18:51B0G0151 1.08 g22-Jul-2016517-11-6

MeFOSE 4.91<4.91 19.90 27-Jul-20 18:51B0G0151 1.08 g22-Jul-2024448-09-7

EtFOSE 5.32<5.32 19.90 27-Jul-20 18:51B0G0151 1.08 g22-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 122  25  150 127-Jul-20 18:51B0G0151 22-Jul-20 1.08 gTU V W X V YZ V [ \ \ ]̂ _ ` ab c Z g ] U d̂ eSR0220
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-05 (0.5-1)

Matrix:

Laboratory Data

Lab Sample: 2001478-04

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

93.6

Column: BEH C18Soil

08-Jul-20 08:10 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 76.9  25  150 127-Jul-20 18:51B0G0151 22-Jul-20 1.08 g

IS  - 13C3-PFBS 76.8  25  150 127-Jul-20 18:51B0G0151 22-Jul-20 1.08 g

IS  - 13C3-HFPO-DA 68.4  25  150 127-Jul-20 18:51B0G0151 22-Jul-20 1.08 g

IS  - 13C2-4:2 FTS 85.4  25  150 127-Jul-20 18:51B0G0151 22-Jul-20 1.08 g

IS  - 13C2-PFHxA 80.5  25  150 127-Jul-20 18:51B0G0151 22-Jul-20 1.08 g

IS  - 13C4-PFHpA 74.9  25  150 127-Jul-20 18:51B0G0151 22-Jul-20 1.08 g

IS  - 13C3-PFHxS 82.1  25  150 127-Jul-20 18:51B0G0151 22-Jul-20 1.08 g

IS  - 13C2-6:2 FTS 79.2  25  150 127-Jul-20 18:51B0G0151 22-Jul-20 1.08 g

IS  - 13C5-PFNA 67.6  25  150 127-Jul-20 18:51B0G0151 22-Jul-20 1.08 g

IS  - 13C8-PFOSA 40.9  10  150 127-Jul-20 18:51B0G0151 22-Jul-20 1.08 g

IS  - 13C2-PFOA 73.6  25  150 127-Jul-20 18:51B0G0151 22-Jul-20 1.08 g

IS  - 13C8-PFOS 79.5  25  150 127-Jul-20 18:51B0G0151 22-Jul-20 1.08 g

IS  - 13C2-PFDA 60.1  25  150 127-Jul-20 18:51B0G0151 22-Jul-20 1.08 g

IS  - 13C2-8:2 FTS 80.9  25  150 127-Jul-20 18:51B0G0151 22-Jul-20 1.08 g

IS  - d3-MeFOSAA 58.2  25  150 127-Jul-20 18:51B0G0151 22-Jul-20 1.08 g

IS  - 13C2-PFUnA 62.4  25  150 127-Jul-20 18:51B0G0151 22-Jul-20 1.08 g

IS  - d5-EtFOSAA 66.9  25  150 127-Jul-20 18:51B0G0151 22-Jul-20 1.08 g

IS  - 13C2-10:2 FTS 75.6  25  150 127-Jul-20 18:51B0G0151 22-Jul-20 1.08 g

IS  - 13C2-PFDoA 56.7  25  150 127-Jul-20 18:51B0G0151 22-Jul-20 1.08 g

IS  - d3-MeFOSA 11.3  10  150 127-Jul-20 18:51B0G0151 22-Jul-20 1.08 g

IS  - 13C2-PFTeDA 62.9  25  150 127-Jul-20 18:51B0G0151 22-Jul-20 1.08 g

IS  - d5-EtFOSA 13.1  10  150 127-Jul-20 18:51B0G0151 22-Jul-20 1.08 g

IS  - 13C2-PFHxDA 70.9  25  150 127-Jul-20 18:51B0G0151 22-Jul-20 1.08 g

IS  - d7-MeFOSE 36.8  10  150 127-Jul-20 18:51B0G0151 22-Jul-20 1.08 g

IS  - d9-EtFOSE 36.4  10  150 127-Jul-20 18:51B0G0151 22-Jul-20 1.08 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

TU V W X V YZ V [ \ \ ]̂ _ ` ab c Z g [ U d̂ eSR0221
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-05 (6-6.5)

Matrix:

Laboratory Data

Lab Sample: 2001478-05

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

67.0

Column: BEH C18Soil

08-Jul-20 08:20 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.3440.364 J 10.497 27-Jul-20 19:01B0G0151 1.50 g22-Jul-20375-22-4

PFPeA 0.3962.54 10.497 27-Jul-20 19:01B0G0151 1.50 g22-Jul-202706-90-3

PFBS 0.302<0.302 10.497 27-Jul-20 19:01B0G0151 1.50 g22-Jul-20375-73-5

4:2 FTS 0.358<0.358 10.497 27-Jul-20 19:01B0G0151 1.50 g22-Jul-20757124-72-4

PFHxA 0.2152.62 10.497 27-Jul-20 19:01B0G0151 1.50 g22-Jul-20307-24-4

PFPeS 0.654<0.654 10.994 27-Jul-20 19:01B0G0151 1.50 g22-Jul-202706-91-4

HFPO-DA 1.17<1.17 11.49 27-Jul-20 19:01B0G0151 1.50 g22-Jul-2013252-13-6

PFHpA 0.4753.76 10.497 27-Jul-20 19:01B0G0151 1.50 g22-Jul-20375-85-9

ADONA 0.338<0.338 10.497 27-Jul-20 19:01B0G0151 1.50 g22-Jul-20919005-14-4

PFHxS 0.38812.8 10.497 27-Jul-20 19:01B0G0151 1.50 g22-Jul-20355-46-4

6:2 FTS 0.65019.5 10.994 27-Jul-20 19:01B0G0151 1.50 g22-Jul-2027619-97-2

PFOA 0.4676.37 10.497 27-Jul-20 19:01B0G0151 1.50 g22-Jul-20335-67-1

PFHpS 0.7345.85 10.994 27-Jul-20 19:01B0G0151 1.50 g22-Jul-20375-92-8

PFNA 0.3103.21 10.497 27-Jul-20 19:01B0G0151 1.50 g22-Jul-20375-95-1

PFOSA 1.00<1.00 11.49 27-Jul-20 19:01B0G0151 1.50 g22-Jul-20754-91-6

PFOS 2.14619 D 52.49 28-Jul-20 18:02B0G0151 1.50 g22-Jul-201763-23-1

9Cl-PF3ONS 0.368<0.368 10.497 27-Jul-20 19:01B0G0151 1.50 g22-Jul-20756426-58-1

PFDA 0.4490.673 10.497 27-Jul-20 19:01B0G0151 1.50 g22-Jul-20335-76-2

8:2 FTS 0.7182.15 10.994 27-Jul-20 19:01B0G0151 1.50 g22-Jul-2039108-34-4

PFNS 1.14<1.14 11.49 27-Jul-20 19:01B0G0151 1.50 g22-Jul-2068259-12-1

MeFOSAA 0.732<0.732 10.994 27-Jul-20 19:01B0G0151 1.50 g22-Jul-202355-31-9

EtFOSAA 0.684<0.684 10.994 27-Jul-20 19:01B0G0151 1.50 g22-Jul-202991-50-6

PFUnA 0.257<0.257 10.497 27-Jul-20 19:01B0G0151 1.50 g22-Jul-202058-94-8

PFDS 0.686<0.686 10.994 27-Jul-20 19:01B0G0151 1.50 g22-Jul-20335-77-3

11Cl-PF3OUdS 0.718<0.718 10.994 27-Jul-20 19:01B0G0151 1.50 g22-Jul-20763051-92-9

10:2 FTS 1.01<1.01 11.49 27-Jul-20 19:01B0G0151 1.50 g22-Jul-20120226-60-0

PFDoA 0.402<0.402 10.497 27-Jul-20 19:01B0G0151 1.50 g22-Jul-20307-55-1

MeFOSA 5.75<5.75 19.94 27-Jul-20 19:01B0G0151 1.50 g22-Jul-2031506-32-8

PFTrDA 0.400<0.400 10.497 27-Jul-20 19:01B0G0151 1.50 g22-Jul-2072629-94-8

PFDoS 0.597<0.597 10.994 27-Jul-20 19:01B0G0151 1.50 g22-Jul-2079780-39-5

PFTeDA 0.263<0.263 10.497 27-Jul-20 19:01B0G0151 1.50 g22-Jul-20376-06-7

EtFOSA 3.82<3.82 19.94 27-Jul-20 19:01B0G0151 1.50 g22-Jul-204151-50-2

PFHxDA 0.169<0.169 10.497 27-Jul-20 19:01B0G0151 1.50 g22-Jul-2067905-19-5

PFODA 0.497<0.497 10.994 27-Jul-20 19:01B0G0151 1.50 g22-Jul-2016517-11-6

MeFOSE 4.93<4.93 19.94 27-Jul-20 19:01B0G0151 1.50 g22-Jul-2024448-09-7

EtFOSE 5.35<5.35 19.94 27-Jul-20 19:01B0G0151 1.50 g22-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 117  25  150 127-Jul-20 19:01B0G0151 22-Jul-20 1.50 gTU V W X V YZ V [ \ \ ]̂ _ ` ab c Z g g U d̂ eSR0222
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-05 (6-6.5)

Matrix:

Laboratory Data

Lab Sample: 2001478-05

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

67.0

Column: BEH C18Soil

08-Jul-20 08:20 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 71.1  25  150 127-Jul-20 19:01B0G0151 22-Jul-20 1.50 g

IS  - 13C3-PFBS 83.1  25  150 127-Jul-20 19:01B0G0151 22-Jul-20 1.50 g

IS  - 13C3-HFPO-DA 72.2  25  150 127-Jul-20 19:01B0G0151 22-Jul-20 1.50 g

IS  - 13C2-4:2 FTS 90.4  25  150 127-Jul-20 19:01B0G0151 22-Jul-20 1.50 g

IS  - 13C2-PFHxA 74.4  25  150 127-Jul-20 19:01B0G0151 22-Jul-20 1.50 g

IS  - 13C4-PFHpA 67.4  25  150 127-Jul-20 19:01B0G0151 22-Jul-20 1.50 g

IS  - 13C3-PFHxS 85.2  25  150 127-Jul-20 19:01B0G0151 22-Jul-20 1.50 g

IS  - 13C2-6:2 FTS 84.7  25  150 127-Jul-20 19:01B0G0151 22-Jul-20 1.50 g

IS  - 13C5-PFNA 65.4  25  150 127-Jul-20 19:01B0G0151 22-Jul-20 1.50 g

IS  - 13C8-PFOSA 54.6  10  150 127-Jul-20 19:01B0G0151 22-Jul-20 1.50 g

IS  - 13C2-PFOA 68.8  25  150 127-Jul-20 19:01B0G0151 22-Jul-20 1.50 g

IS  - 13C8-PFOS 73.5  25  150 D 528-Jul-20 18:02B0G0151 22-Jul-20 1.50 g

IS  - 13C2-PFDA 61.7  25  150 127-Jul-20 19:01B0G0151 22-Jul-20 1.50 g

IS  - 13C2-8:2 FTS 98.6  25  150 127-Jul-20 19:01B0G0151 22-Jul-20 1.50 g

IS  - d3-MeFOSAA 69.4  25  150 127-Jul-20 19:01B0G0151 22-Jul-20 1.50 g

IS  - 13C2-PFUnA 69.5  25  150 127-Jul-20 19:01B0G0151 22-Jul-20 1.50 g

IS  - d5-EtFOSAA 73.7  25  150 127-Jul-20 19:01B0G0151 22-Jul-20 1.50 g

IS  - 13C2-10:2 FTS 79.4  25  150 127-Jul-20 19:01B0G0151 22-Jul-20 1.50 g

IS  - 13C2-PFDoA 62.1  25  150 127-Jul-20 19:01B0G0151 22-Jul-20 1.50 g

IS  - d3-MeFOSA 36.6  10  150 127-Jul-20 19:01B0G0151 22-Jul-20 1.50 g

IS  - 13C2-PFTeDA 55.2  25  150 127-Jul-20 19:01B0G0151 22-Jul-20 1.50 g

IS  - d5-EtFOSA 42.2  10  150 127-Jul-20 19:01B0G0151 22-Jul-20 1.50 g

IS  - 13C2-PFHxDA 35.0  25  150 127-Jul-20 19:01B0G0151 22-Jul-20 1.50 g

IS  - d7-MeFOSE 56.8  10  150 127-Jul-20 19:01B0G0151 22-Jul-20 1.50 g

IS  - d9-EtFOSE 49.7  10  150 127-Jul-20 19:01B0G0151 22-Jul-20 1.50 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      

TU V W X V YZ V [ \ \ ]̂ _ ` ab c Z ĝ U d̂ eSR0223
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-01 (0.5-1)

Matrix:

Laboratory Data

Lab Sample: 2001478-07

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

93.6

Column: BEH C18Soil

08-Jul-20 09:00 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.342<0.342 10.495 28-Jul-20 18:12B0G0151 1.08 g22-Jul-20375-22-4

PFPeA 0.394<0.394 10.495 28-Jul-20 18:12B0G0151 1.08 g22-Jul-202706-90-3

PFBS 0.301<0.301 10.495 28-Jul-20 18:12B0G0151 1.08 g22-Jul-20375-73-5

4:2 FTS 0.3561.09 10.495 28-Jul-20 18:12B0G0151 1.08 g22-Jul-20757124-72-4

PFHxA 0.2140.364 J, Q 10.495 28-Jul-20 18:12B0G0151 1.08 g22-Jul-20307-24-4

PFPeS 0.651<0.651 10.989 28-Jul-20 18:12B0G0151 1.08 g22-Jul-202706-91-4

HFPO-DA 1.17<1.17 11.48 28-Jul-20 18:12B0G0151 1.08 g22-Jul-2013252-13-6

PFHpA 0.473<0.473 10.495 28-Jul-20 18:12B0G0151 1.08 g22-Jul-20375-85-9

ADONA 0.336<0.336 10.495 28-Jul-20 18:12B0G0151 1.08 g22-Jul-20919005-14-4

PFHxS 0.3860.624 10.495 28-Jul-20 18:12B0G0151 1.08 g22-Jul-20355-46-4

6:2 FTS 0.64724.6 10.989 28-Jul-20 18:12B0G0151 1.08 g22-Jul-2027619-97-2

PFOA 0.4650.503 10.495 28-Jul-20 18:12B0G0151 1.08 g22-Jul-20335-67-1

PFHpS 0.730<0.730 10.989 28-Jul-20 18:12B0G0151 1.08 g22-Jul-20375-92-8

PFNA 0.3090.787 10.495 28-Jul-20 18:12B0G0151 1.08 g22-Jul-20375-95-1

PFOSA 0.9973.68 11.48 28-Jul-20 18:12B0G0151 1.08 g22-Jul-20754-91-6

PFOS 0.425126 10.495 28-Jul-20 18:12B0G0151 1.08 g22-Jul-201763-23-1

9Cl-PF3ONS 0.366<0.366 10.495 28-Jul-20 18:12B0G0151 1.08 g22-Jul-20756426-58-1

PFDA 0.4471.18 10.495 28-Jul-20 18:12B0G0151 1.08 g22-Jul-20335-76-2

8:2 FTS 0.71484.2 10.989 28-Jul-20 18:12B0G0151 1.08 g22-Jul-2039108-34-4

PFNS 1.14<1.14 11.48 28-Jul-20 18:12B0G0151 1.08 g22-Jul-2068259-12-1

MeFOSAA 0.728<0.728 10.989 28-Jul-20 18:12B0G0151 1.08 g22-Jul-202355-31-9

EtFOSAA 0.681<0.681 10.989 28-Jul-20 18:12B0G0151 1.08 g22-Jul-202991-50-6

PFUnA 0.255<0.255 10.495 28-Jul-20 18:12B0G0151 1.08 g22-Jul-202058-94-8

PFDS 0.683<0.683 10.989 28-Jul-20 18:12B0G0151 1.08 g22-Jul-20335-77-3

11Cl-PF3OUdS 0.714<0.714 10.989 28-Jul-20 18:12B0G0151 1.08 g22-Jul-20763051-92-9

10:2 FTS 1.01<1.01 11.48 28-Jul-20 18:12B0G0151 1.08 g22-Jul-20120226-60-0

PFDoA 0.400<0.400 10.495 28-Jul-20 18:12B0G0151 1.08 g22-Jul-20307-55-1

MeFOSA 5.72<5.72 19.89 28-Jul-20 18:12B0G0151 1.08 g22-Jul-2031506-32-8

PFTrDA 0.398<0.398 10.495 28-Jul-20 18:12B0G0151 1.08 g22-Jul-2072629-94-8

PFDoS 0.594<0.594 10.989 28-Jul-20 18:12B0G0151 1.08 g22-Jul-2079780-39-5

PFTeDA 0.261<0.261 10.495 28-Jul-20 18:12B0G0151 1.08 g22-Jul-20376-06-7

EtFOSA 3.80<3.80 19.89 28-Jul-20 18:12B0G0151 1.08 g22-Jul-204151-50-2

PFHxDA 0.168<0.168 10.495 28-Jul-20 18:12B0G0151 1.08 g22-Jul-2067905-19-5

PFODA 0.495<0.495 10.989 28-Jul-20 18:12B0G0151 1.08 g22-Jul-2016517-11-6

MeFOSE 4.91<4.91 19.89 28-Jul-20 18:12B0G0151 1.08 g22-Jul-2024448-09-7

EtFOSE 5.32<5.32 19.89 28-Jul-20 18:12B0G0151 1.08 g22-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 65.1  25  150 128-Jul-20 18:12B0G0151 22-Jul-20 1.08 gTU V W X V YZ V [ \ \ ]̂ _ ` ab c Z g e U d̂ eSR0224

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 227 of 615



Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-01 (0.5-1)

Matrix:

Laboratory Data

Lab Sample: 2001478-07

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

93.6

Column: BEH C18Soil

08-Jul-20 09:00 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 66.3  25  150 128-Jul-20 18:12B0G0151 22-Jul-20 1.08 g

IS  - 13C3-PFBS 84.3  25  150 128-Jul-20 18:12B0G0151 22-Jul-20 1.08 g

IS  - 13C3-HFPO-DA 70.3  25  150 128-Jul-20 18:12B0G0151 22-Jul-20 1.08 g

IS  - 13C2-4:2 FTS 97.6  25  150 128-Jul-20 18:12B0G0151 22-Jul-20 1.08 g

IS  - 13C2-PFHxA 73.3  25  150 128-Jul-20 18:12B0G0151 22-Jul-20 1.08 g

IS  - 13C4-PFHpA 69.8  25  150 128-Jul-20 18:12B0G0151 22-Jul-20 1.08 g

IS  - 13C3-PFHxS 82.5  25  150 128-Jul-20 18:12B0G0151 22-Jul-20 1.08 g

IS  - 13C2-6:2 FTS 77.0  25  150 128-Jul-20 18:12B0G0151 22-Jul-20 1.08 g

IS  - 13C5-PFNA 62.7  25  150 128-Jul-20 18:12B0G0151 22-Jul-20 1.08 g

IS  - 13C8-PFOSA 38.7  10  150 128-Jul-20 18:12B0G0151 22-Jul-20 1.08 g

IS  - 13C2-PFOA 73.7  25  150 128-Jul-20 18:12B0G0151 22-Jul-20 1.08 g

IS  - 13C8-PFOS 79.1  25  150 128-Jul-20 18:12B0G0151 22-Jul-20 1.08 g

IS  - 13C2-PFDA 51.4  25  150 128-Jul-20 18:12B0G0151 22-Jul-20 1.08 g

IS  - 13C2-8:2 FTS 85.7  25  150 128-Jul-20 18:12B0G0151 22-Jul-20 1.08 g

IS  - d3-MeFOSAA 52.3  25  150 128-Jul-20 18:12B0G0151 22-Jul-20 1.08 g

IS  - 13C2-PFUnA 53.3  25  150 128-Jul-20 18:12B0G0151 22-Jul-20 1.08 g

IS  - d5-EtFOSAA 51.2  25  150 128-Jul-20 18:12B0G0151 22-Jul-20 1.08 g

IS  - 13C2-10:2 FTS 60.5  25  150 128-Jul-20 18:12B0G0151 22-Jul-20 1.08 g

IS  - 13C2-PFDoA 54.9  25  150 128-Jul-20 18:12B0G0151 22-Jul-20 1.08 g

IS  - d3-MeFOSA 8.10  10  150 H 128-Jul-20 18:12B0G0151 22-Jul-20 1.08 g

IS  - 13C2-PFTeDA 38.8  25  150 128-Jul-20 18:12B0G0151 22-Jul-20 1.08 g

IS  - d5-EtFOSA 7.10  10  150 H 128-Jul-20 18:12B0G0151 22-Jul-20 1.08 g

IS  - 13C2-PFHxDA 29.3  25  150 128-Jul-20 18:12B0G0151 22-Jul-20 1.08 g

IS  - d7-MeFOSE 31.0  10  150 128-Jul-20 18:12B0G0151 22-Jul-20 1.08 g

IS  - d9-EtFOSE 29.9  10  150 128-Jul-20 18:12B0G0151 22-Jul-20 1.08 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-01 (5-5.5)

Matrix:

Laboratory Data

Lab Sample: 2001478-08

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

89.9

Column: BEH C18Soil

08-Jul-20 09:05 Date Received:  14-Jul-20 09:11

Analyte Conc. (ng/g ) Qualifiers Analyzed DilutionRLMDL Batch Extracted Samp SizeCAS Number

PFBA 0.344<0.344 10.497 27-Jul-20 19:22B0G0151 1.12 g22-Jul-20375-22-4

PFPeA 0.395<0.395 10.497 27-Jul-20 19:22B0G0151 1.12 g22-Jul-202706-90-3

PFBS 0.302<0.302 10.497 27-Jul-20 19:22B0G0151 1.12 g22-Jul-20375-73-5

4:2 FTS 0.358<0.358 10.497 27-Jul-20 19:22B0G0151 1.12 g22-Jul-20757124-72-4

PFHxA 0.2150.403 J 10.497 27-Jul-20 19:22B0G0151 1.12 g22-Jul-20307-24-4

PFPeS 0.654<0.654 10.994 27-Jul-20 19:22B0G0151 1.12 g22-Jul-202706-91-4

HFPO-DA 1.17<1.17 11.49 27-Jul-20 19:22B0G0151 1.12 g22-Jul-2013252-13-6

PFHpA 0.475<0.475 10.497 27-Jul-20 19:22B0G0151 1.12 g22-Jul-20375-85-9

ADONA 0.338<0.338 10.497 27-Jul-20 19:22B0G0151 1.12 g22-Jul-20919005-14-4

PFHxS 0.3880.447 J 10.497 27-Jul-20 19:22B0G0151 1.12 g22-Jul-20355-46-4

6:2 FTS 0.6505.25 10.994 27-Jul-20 19:22B0G0151 1.12 g22-Jul-2027619-97-2

PFOA 0.467<0.467 10.497 27-Jul-20 19:22B0G0151 1.12 g22-Jul-20335-67-1

PFHpS 0.733<0.733 10.994 27-Jul-20 19:22B0G0151 1.12 g22-Jul-20375-92-8

PFNA 0.310<0.310 10.497 27-Jul-20 19:22B0G0151 1.12 g22-Jul-20375-95-1

PFOSA 1.00<1.00 11.49 27-Jul-20 19:22B0G0151 1.12 g22-Jul-20754-91-6

PFOS 0.427136 10.497 27-Jul-20 19:22B0G0151 1.12 g22-Jul-201763-23-1

9Cl-PF3ONS 0.368<0.368 10.497 27-Jul-20 19:22B0G0151 1.12 g22-Jul-20756426-58-1

PFDA 0.449<0.449 10.497 27-Jul-20 19:22B0G0151 1.12 g22-Jul-20335-76-2

8:2 FTS 0.7177.18 10.994 27-Jul-20 19:22B0G0151 1.12 g22-Jul-2039108-34-4

PFNS 1.14<1.14 11.49 27-Jul-20 19:22B0G0151 1.12 g22-Jul-2068259-12-1

MeFOSAA 0.731<0.731 10.994 27-Jul-20 19:22B0G0151 1.12 g22-Jul-202355-31-9

EtFOSAA 0.684<0.684 10.994 27-Jul-20 19:22B0G0151 1.12 g22-Jul-202991-50-6

PFUnA 0.256<0.256 10.497 27-Jul-20 19:22B0G0151 1.12 g22-Jul-202058-94-8

PFDS 0.686<0.686 10.994 27-Jul-20 19:22B0G0151 1.12 g22-Jul-20335-77-3

11Cl-PF3OUdS 0.717<0.717 10.994 27-Jul-20 19:22B0G0151 1.12 g22-Jul-20763051-92-9

10:2 FTS 1.01<1.01 11.49 27-Jul-20 19:22B0G0151 1.12 g22-Jul-20120226-60-0

PFDoA 0.401<0.401 10.497 27-Jul-20 19:22B0G0151 1.12 g22-Jul-20307-55-1

MeFOSA 5.74<5.74 19.94 27-Jul-20 19:22B0G0151 1.12 g22-Jul-2031506-32-8

PFTrDA 0.399<0.399 10.497 27-Jul-20 19:22B0G0151 1.12 g22-Jul-2072629-94-8

PFDoS 0.596<0.596 10.994 27-Jul-20 19:22B0G0151 1.12 g22-Jul-2079780-39-5

PFTeDA 0.262<0.262 10.497 27-Jul-20 19:22B0G0151 1.12 g22-Jul-20376-06-7

EtFOSA 3.82<3.82 19.94 27-Jul-20 19:22B0G0151 1.12 g22-Jul-204151-50-2

PFHxDA 0.169<0.169 10.497 27-Jul-20 19:22B0G0151 1.12 g22-Jul-2067905-19-5

PFODA 0.497<0.497 10.994 27-Jul-20 19:22B0G0151 1.12 g22-Jul-2016517-11-6

MeFOSE 4.93<4.93 19.94 27-Jul-20 19:22B0G0151 1.12 g22-Jul-2024448-09-7

EtFOSE 5.35<5.35 19.94 27-Jul-20 19:22B0G0151 1.12 g22-Jul-201691-99-2

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFBA 107  25  150 127-Jul-20 19:22B0G0151 22-Jul-20 1.12 gTU V W X V YZ V [ \ \ ]̂ _ ` ab c Z g _ U d̂ eSR0226
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Name:

Project: Date Collected:

Client Data

MSN FFTA SAMPLES

Sample ID: SBP20-01 (5-5.5)

Matrix:

Laboratory Data

Lab Sample: 2001478-08

PFAS Isotope Dilution Method

% Solids:

LimnoTech, Inc.

89.9

Column: BEH C18Soil

08-Jul-20 09:05 Date Received:  14-Jul-20 09:11

Labeled Standards % Recovery Limits Qualifiers Analyzed DilutionType Batch Extracted Samp Size

IS  - 13C3-PFPeA 66.2  25  150 127-Jul-20 19:22B0G0151 22-Jul-20 1.12 g

IS  - 13C3-PFBS 76.9  25  150 127-Jul-20 19:22B0G0151 22-Jul-20 1.12 g

IS  - 13C3-HFPO-DA 68.4  25  150 127-Jul-20 19:22B0G0151 22-Jul-20 1.12 g

IS  - 13C2-4:2 FTS 67.0  25  150 127-Jul-20 19:22B0G0151 22-Jul-20 1.12 g

IS  - 13C2-PFHxA 64.7  25  150 127-Jul-20 19:22B0G0151 22-Jul-20 1.12 g

IS  - 13C4-PFHpA 59.5  25  150 127-Jul-20 19:22B0G0151 22-Jul-20 1.12 g

IS  - 13C3-PFHxS 68.4  25  150 127-Jul-20 19:22B0G0151 22-Jul-20 1.12 g

IS  - 13C2-6:2 FTS 74.2  25  150 127-Jul-20 19:22B0G0151 22-Jul-20 1.12 g

IS  - 13C5-PFNA 50.3  25  150 127-Jul-20 19:22B0G0151 22-Jul-20 1.12 g

IS  - 13C8-PFOSA 33.1  10  150 127-Jul-20 19:22B0G0151 22-Jul-20 1.12 g

IS  - 13C2-PFOA 60.6  25  150 127-Jul-20 19:22B0G0151 22-Jul-20 1.12 g

IS  - 13C8-PFOS 66.7  25  150 127-Jul-20 19:22B0G0151 22-Jul-20 1.12 g

IS  - 13C2-PFDA 45.2  25  150 127-Jul-20 19:22B0G0151 22-Jul-20 1.12 g

IS  - 13C2-8:2 FTS 75.8  25  150 127-Jul-20 19:22B0G0151 22-Jul-20 1.12 g

IS  - d3-MeFOSAA 49.9  25  150 127-Jul-20 19:22B0G0151 22-Jul-20 1.12 g

IS  - 13C2-PFUnA 47.9  25  150 127-Jul-20 19:22B0G0151 22-Jul-20 1.12 g

IS  - d5-EtFOSAA 52.5  25  150 127-Jul-20 19:22B0G0151 22-Jul-20 1.12 g

IS  - 13C2-10:2 FTS 51.5  25  150 127-Jul-20 19:22B0G0151 22-Jul-20 1.12 g

IS  - 13C2-PFDoA 47.6  25  150 127-Jul-20 19:22B0G0151 22-Jul-20 1.12 g

IS  - d3-MeFOSA 6.50  10  150 H 127-Jul-20 19:22B0G0151 22-Jul-20 1.12 g

IS  - 13C2-PFTeDA 63.1  25  150 127-Jul-20 19:22B0G0151 22-Jul-20 1.12 g

IS  - d5-EtFOSA 7.60  10  150 H 127-Jul-20 19:22B0G0151 22-Jul-20 1.12 g

IS  - 13C2-PFHxDA 59.8  25  150 127-Jul-20 19:22B0G0151 22-Jul-20 1.12 g

IS  - d7-MeFOSE 24.5  10  150 127-Jul-20 19:22B0G0151 22-Jul-20 1.12 g

IS  - d9-EtFOSE 28.2  10  150 127-Jul-20 19:22B0G0151 22-Jul-20 1.12 g

The results are reported in dry weight.                                                                                      

The sample size is reported in wet weight.                                                                                    

Results reported to MDL.                                                                                                       

MDL - Method Detection Limit                                   When reported, PFHxS, PFOA, PFOS, MeFOSAA and EtFOSAA include both 

linear and branched isomers.  Only the linear isomer is reported for all other 

analytes.                                                       

RL - Reporting limit                                      
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Memorandum 

From: Carrie Turner Date: August 24, 2020 

Project: MSNPFTA (BRRTS #02-13-583366) 

To: Chris Cieciek CC:    

     

 

SUBJECT: Review of PFAS Analytical Data from Vista Job Numbers 2001473, 2001475 and 2001478 

(Sampling Dates 7/7-9/2020) 

Summary 

An independent data review was conducted for twenty-four (24) soil samples, twelve (12) water 

samples, one (1) field duplicate soil sample, two (2) field duplicate water sample, and four (4) 

field, equipment, and geoprobe decon water blanks. Samples were collected in the field and 

received at the Vista El Dorado (CA) laboratory as shown in Table 1. 

Table 1. Summary of Sample Collection and Delivery to the Laboratory. 

Sample 

Collection 

Date 

No. of Soil 

Samples 

No. of 

 Water 

Samples 

No. of Field 

QC Samples1 

Laboratory 

Receipt Date 

Laboratory 

Job Number 

7/7/2020 12 6 2 7/14/2020 2001473 

7/7/2020 6 2 0 7/14/2020 2001475 

7/8/2020 1 0 1 7/14/2020 2001475 

7/8/2020 5 4 1 7/14/2020 2001478 

7/9/2020 0 0 3 7/14/2020 2001475 

Total 24 12 7   

1 Field QC samples include field blanks, equipment blanks and field duplicate samples.  

 

Sample analysis was conducted using Vista’s PFAS Isotope Dilution analytical method. Key 

modifications from method 537 1.1 include its application to soil and non-drinking water aqueous 

sample media, quantification using isotope dilution, and a standard analyte list of thirty-six (36) 

PFAS compounds.  

Samples were analyzed in three laboratory batches corresponding to the sampling dates noted in 

Table 1. The analytical data packages were provided to LimnoTech on August 3, 2020 for job 

numbers 2001475 and 2001478; and on August 4, 2020 for job number 2001473. 

I have no quality concerns with the results for these samples except as noted below. The analyses 

were completed with few QA/QC problems. Several samples had low recoveries for several isotope 

internal standards. Most of the corresponding analytes quantitated with these isotopes were non-
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detect or at low levels (less than 5x RL) in the affected samples. Several samples also had one or 

more PFAS analytes with ion transition ratios outside the specified quality critieria. Most of these 

analytes were detected at low levels (less than 5x RL). 

Analytical Quality Measures 

All of the samples were extracted and analyzed within method specified hold times. Each 

laboratory preparation batch was prepared with a method blank and an ongoing precision and 

recovery (OPR) standard. The preparation batches are shown in Table 2 by job number. No 

matrix spikes or replicates were prepared for this set of samples.  

Table 2. Summary of QA/QC Measures in Preparation Batches 

Laboratory 

Job 

Number 

Soil 

Preparation 

Batch 

Media 

Type 

No. of 

Samples 

Date of 

Preparation MB OPR MS Rep 

2001473 BOG0144 Soil 13 7/20/2020 Y Y   

2001473 BOG0132 Aqueous 6 7/17/2020 Y Y   

2001473 BOD0133 Aqueous 2* 7/25/2020 Y Y   

2001475 BOD0151 Soil 7 7/22/2020 Y Y   

2001475 BOG0132 Aqueous 6 7/17/2020 Y Y   

2001478 BOD0151 Soil 5 7/22/2020 Y Y   

2001478 BOG0132 Aqueous 5 7/17/2020 Y Y   

2001478 BOG0133 Aqueous 1* 7/25/2020 Y Y   

*Associated samples are re-extracted volume to confirm low isotope surrogate recovery. 

 

QA/QC results can be summarized as follows: 

• Laboratory QC: 

o All calibration and continuing calibration standards met applicable QA/QC 

requirements in all analytical batches. 

o Method and instrument blanks for each preparation batch did not have any target 

analytes with concentrations above the reporting limit, with the following 

exception: 

 One aqueous method blank for prep batch BOG0132 had one compound, 

PFHxDA, with a concentration of 1.37 ng/L, which was higher than the 

method detection limit (0.294 ng/L) but less than the reporting limit (4.0 

ng/L). All associated samples were non-detect for this analyte. 

o All blank spikes met the recovery targets for each analyte. 

• Field QC: 

o The Geoprobe Decon blank had PFOSA measured at 32.3 ng/L (RL = 4.43 ng/L). 

Soil samples tended to have levels of this compound at similar levels. 
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In addition, several PFAS compounds were measured above the method 

detection limit but below the reporting limit in the Geoprobe Decon blank: PFOA 

= 2.56 ng/L (RL =4.43 ng/L); PFOS = 1.093 (RL = 4.43 ng/L). Soil samples 

tended to have concentrations of these compounds at greater levels than those 

measured in this blank.  

Field notes indicate that well water was used to rinse and prepare this blank, 

rather than certified PFAS-free water. Based on this information, the 

contamination appears to have originated within the source of the water used to 

prepare the blank rather than any sample carryover or field practices causing 

contamination. 

o Other field and equipment blanks did not have any target analytes with 

concentrations above the method detection limit. 

o Three field duplicates – one soil and two groundwater – were collected. The field 

duplicates matched well with the original samples (client IDs SBT20-05 (0.5-1) 

[soil], SBT20-06-GW, and SBP20-04-GW), with the same analytes detected in 

each pair of samples and field duplicates and at similar levels.  

The RPDs tended to be less than 20% for most PFAS analytes. However, the RPD 

for PFOS in the sample and field duplicate for SBP20-04-GW was -80%. PFOS 

was detected at a very high level (~20,000 ng/L) and required a 1:5 dilution to 

quantitate. The dilution may have added uncertainty that affected the RPD 

calculation.  

RPDs were not calculated for analytes with detected concentrations within five 

times the corresponding reporting limit, as per standard EPA data validation 

methods. The soil sample and field duplicate had one PFAS analyte concentration 

in this range and both groundwater samples and field duplicates had two PFAS 

analyte concentrations in this range. 

Sample QA/QC 

A summary of the quality of each sample is provided in Table 3. Recoveries of the surrogates (e.g. 

extracted internal standards) for individual samples were within the specified QA/QC windows, 

except as indicated. Table 3 also provides a list of the PFAS analytes that exhibited matrix 

interference based on isotope surrogate recovery. 
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Table 3. QA/QC Sample Results 

Client Sample ID 

Sample 

Date Media 

Lab 

Sample ID 

Prep 

Batch Dilutions 

PFAS Analytes 

Requiring 

Dilution 

PFAS Analytes 

with Ion 

Transition 

Ratios Outside 

Crtieria 

Isotope 

Surrogates 

with % 

Recoveries 

Outside Limits 

SBT20-01 (10.5-11) 7/7/20 Soil 2001473-01 BOG0144 1:1   d5-EtFOSA 

SBT20-01-GW 7/7/20 GW 2001473-02 BOG0132 
1:1; 1:5; 

1:50 

PFHxS (1:5) 

PFOS (1:50) 
PFOSA; PFOS  

SBT20-05 (0.5-1) 7/7/20 Soil 2001473-03 BOG0144 1:1  PFHxS; PFOS  

SBT20-05 (10.5-11) 7/7/20 Soil 2001473-04 BOG0144 1:1  PFHxA d5-EtFOSA 

SBT20-04 (0.5-1) 7/7/20 Soil 2001473-05 BOG0144 1:1  PFOS  

SBT20-05-GW 7/7/20 GW 2001473-06 BOG0132 1:1; 1:5 PFHxS (1:5)   

SBT20-04 (6-6.5) 7/7/20 Soil 2001473-07 BOG0144 1:1  PFOA d5-EtFOSA 

SBT20-02-GW 7/7/20 GW 2001473-08 BOG0132 1:1; 1:5 PFOA (1:5)   

SBT20-04-GW 7/7/20 GW 2001473-09 BOG0132 1:1  PFHpS 13C2-PFHxDA 

SOIL DUPLICATE A 7/7/20 Soil 2001473-10 BOG0144 1:1  PFOS  

SBT20-02 (0-1) 7/7/20 Soil 2001473-11 BOG0144 1:1  PFHpA  

EQUIPMENT BLANK A 7/7/20 Field QC 2001473-12 BOG0132 1:1    

SBT20-02 (10-10.5) 7/7/20 Soil 2001473-13 BOG0144 1:1   
d3-MeFOSA; 

d5-EtFOSA 

SBT20-03 (0-1) 7/7/20 Soil 2001473-14 BOG0144 1:1    

SBT20-03 (10-10.5) 7/7/20 Soil 2001473-15 BOG0144 1:1   d5-EtFOSA 

SBT20-03-GW 7/7/20 GW 2001473-16 BOG0132 1:1; 1:10 
PFHxS (1:10) 

PFOA (1:10) 
PFOSA; PFOS  
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Client Sample ID 

Sample 

Date Media 

Lab 

Sample ID 

Prep 

Batch Dilutions 

PFAS Analytes 

Requiring 

Dilution 

PFAS Analytes 

with Ion 

Transition 

Ratios Outside 

Crtieria 

Isotope 

Surrogates 

with % 

Recoveries 

Outside Limits 

SBT20-06 (0-1) 7/7/20 Soil 2001473-17 BOG0144 1:1  PFUnA 13C2-PFHxDA 

SBT20-06 (13-13.5) 7/7/20 Soil 2001473-18 BOG0144 1:1    

SBT20-06-GW 7/7/20 GW 2001473-19 BOG0132 

1:1; 

1:15; 

1:35 

PFBA (1:15) 

PFPeA (1:15) 

PFBS (1:15) 

PFHxA (1:35) 

PFPeS (1:15) 

PFHpA (1:35) 

PFHxS (1:35) 

6:2FTS (1:15) 

PFOA (1:35) 

  

SBT20-01 (0.5-1) 7/7/20 Soil 2001473-20 BOG0144 1:1  PFHxA; PFNA 13C2-PFHxDA 

SBP20-02 (1-1.5) 7/7/20 Soil 2001475-01 BOG0151 1:1   d3-MeFOSA 

SBP20-02 (5.5-6) 7/7/20 Soil 2001475-02 BOG0151 1:1   13C2-PFHxDA 

SBP20-03 (1-1.5) 7/7/20 Soil 2001475-03 BOG0151 1:1    

SBP20-03 (5-5.5) 7/7/20 Soil 2001475-04 BOG0151 1:1  PFHpA  

SBP20-06 (0.5-1) 7/7/20 Soil 2001475-05 BOG0151 1:1  PFHxA  

SBP20-06 (7.4-7.9) 7/7/20 Soil 2001475-06 BOG0151 1:1   
13C2-PFTeDA; 

13C2-PFHxDA 

SBP20-02-GW 7/7/20 GW 2001475-07 BOG0132 1:1  PFDS  
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Client Sample ID 

Sample 

Date Media 

Lab 

Sample ID 

Prep 

Batch Dilutions 

PFAS Analytes 

Requiring 

Dilution 

PFAS Analytes 

with Ion 

Transition 

Ratios Outside 

Crtieria 

Isotope 

Surrogates 

with % 

Recoveries 

Outside Limits 

SBP20-03-GW 7/7/20 GW 2001475-08 BOG0132 1:1; 1:5 

PFHxS (1:5) 

6:2 FTS (1:5) 

PFOS (1:5) 

PFDA  

SBP20-04 (7-7.5) 7/8/20 Soil 2001475-09 BOG0151 1:1  PFHpA 13C2-PFHxDA 

Geoprobe Decon Blank 7/8/20 Field QC 2001475-10 BOG0132 1:1  PFOS  

Equipment Blank-

070920 
7/9/20 Field QC 2001475-11 BOG0132 1:1    

GW Duplicate A 7/9/20 GW 2001475-12 BOG0132 

1:1; 

1:15; 

1:35 

PFBA (1:15) 

PFPeA (1:15) 

PFBS (1:15) 

PFHxA (1:15) 

PFPeS (1:15) 

PFHpA (1:15) 

PFHxS (1:30) 

6:2FTS (1:15) 

PFOA (1:15) 

  

GW Duplicate B 7/9/20 GW 2001475-13 BOG0132 

1:1; 

1:5; 

1:10 

PFHxS (1:5) 

6:2 FTS (1:5) 

PFOS (1:10) 

PFDA; PFOSA  

SBP20-01-GW 7/8/20 GW 2001478-01 BOG0132 
1:1; 

1:5 

PFHxS (1:5) 

6:2 FTS (1:5) 

PFOS (1:5) 

PFOSA  

SBP20-04 (0.5-1) 7/8/20 Soil 2001478-02 BOG0151 1:1  PFDA; PFHxA 
d3-MeFOSA; 

d5-EtFOSA 
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Client Sample ID 

Sample 

Date Media 

Lab 

Sample ID 

Prep 

Batch Dilutions 

PFAS Analytes 

Requiring 

Dilution 

PFAS Analytes 

with Ion 

Transition 

Ratios Outside 

Crtieria 

Isotope 

Surrogates 

with % 

Recoveries 

Outside Limits 

SBP20-06-GW 7/8/20 GW 2001478-03 BOG0132 1:1; 1:5 PFOS (1:5)   

SBP20-05 (0.5-1) 7/8/20 Soil 2001478-04 BOG0151 1:1  4:2 FTS; PFHxA  

SBP20-05 (6-6.5) 7/8/20 Soil 2001478-05 BOG0151 1:1; 1:5 PFOS (1:5)   

SBP20-05-GW 7/8/20 GW 2001478-06 BOG0132 1:1; 1:5 PFOS (1:5) PFOSA  

SBP20-01 (0.5-1) 7/8/20 Soil 2001478-07 BOG0151 1:1  PFHxA 
d3-MeFOSA; 

d5-EtFOSA 

SBP20-01 (5-5.5) 7/8/20 Soil 2001478-08 BOG0151 1:1   
d3-MeFOSA; 

d5-EtFOSA 

Field Blank A 7/8/20 Field QC 2001478-09 
BOG0132 

BOG0133 
1:1    

SBP20-04-GW 7/8/20 GW 2001478-10 BOG0132 1:1; 1:5 

PFHxS (1:5) 

6:2 FTS (1:5) 

PFOS (1:5) 

PFOSA  

Notes: 
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April 28, 2021  

Sent Via E-Mail 

Mr. Mike Kirchner 

Director of Engineering 

Dane County Regional Airport 

4000 International Lane 

Madison, WI 53704 

 

Subject: Proposed Interim Action Plan for PFAS Contamination of Starkweather Creek at Dane                               

County Regional Airport, BRRTs #02-13-584369 and 02-13-584472 

 

Dear Mr. Kirchner: 

 

On April 16, 2021 the Wisconsin Department of Natural Resources received your report outlining the 

proposed interim remedial actions to be taken by Dane County, the City of Madison, and the Wisconsin 

Air National Guard to address the movement of PFAS compounds from the Dane County Regional 

Airport via Starkweather Creek. The report was prepared by Mead & Hunt. 

 

The report mentions contamination from three source areas within the airport boundaries. These are the 

former fire training areas at Darwin Road, the former fire training area at Pearson Street, and the PFAS 

present in the stormwater system servicing the airport. The Mead & Hunt report indicates that the 

upcoming Remedial Investigation to be completed by the Wisconsin Air National Guard and the National 

Guard Bureau will include both the former fire training areas on Darwin Road and Pearson Street. The 

primary focus of the April 16, 2021 report was to identify interim actions to reduce PFAS loading from 

the stormwater system to Starkweather Creek. 

 

The proposed interim actions outlined in the April 16, 2021 document are approved, subject to the 

conditions presented later in this letter. 

 

Proposed Actions 

 

Two primary tasks are proposed to address the stormwater system. 

  

• Task 1 – Locate the specific areas where PFAS contaminated groundwater is entering the 

stormwater pipes through leaky/broken pipes, loose joints, etc. Once identified, these areas will 

be remediated to stop the infiltration through techniques such as re-lining the pipe, 

replacing/repairing broken pipes, grouting leaking joints, and other remedial measures as needed. 

In addition, the County will continue operating their pilot test of the BAM treatment technology 

at Outfall 21. 

• Task 2 – Complete additional sampling of Starkweather Creek to better define the distribution 

and concentrations of PFAS in the creek in locations within and just downstream of the airport 

boundary. A dye test will be completed on Starkweather Creek in the area immediately south of 

the airport to gain a better understanding of the mixing of two streams on airport property and 

how it affects measurements of PFAS in the creek. There will be sampling of the surface water in 

Starkweather Creek prior to, and after, the investigative and repair work on the stormwater 

 
 

Tony Evers, Governor 
Preston D. Cole, Secretary 

 Telephone 608-266-2621 
Toll Free 1-888-936-7463 

TTY Access via relay - 711 
 

State of Wisconsin 
DEPARTMENT OF NATURAL RESOURCES 
101 S. Webster Street 
Box 7921 
Madison WI  53707-7921 
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system has been completed to determine the efficacy of the repair work in reducing PFAS 

concentrations. 

Conditions of Approval 

 

The dye test to determine the proper monitoring location of Starkweather Creek south of the airport will 

involve placing rhodamine dye into the stream and then watching where it becomes fully mixed into the 

stream. Starkweather Creek is a public water body and therefore WPDES General Permit WI-0066575 for 

Low Impact Discharges will be needed prior to completing the test. To obtain the permit you should 

contact Trevor Moen at 920-410-5192 and Trevor.Moen@wisconsin.gov.  Mr. Moen will be able to guide 

you through the steps for obtaining this general permit. 

 

The Department appreciates the efforts by Dane County, the City of Madison, and the Wisconsin Air 

National Guard to implement these remedial measures to address the PFAS contamination leaving the 

airport property through Starkweather Creek. Should you have any questions regarding this approval 

please contact Steve Ales at 608-400-9187 or stephenm.ales@wisconsin.gov. 

 

Sincerely, 

 

 
 

Steven L. Martin, P.G. 

Remediation & Redevelopment Team Supervisor 

South Central Region 

 

Cc: Steve Ales – Remediation & Redevelopment Program (sent via E-mail) 

 Trevor Moen – Wastewater Program (sent via E-mail) 

 Christie Baumel – City of Madison (sent via E-mail) 

 Lt. Col. Dan Statz – Wisconsin Air National Guard (sent via E-mail)
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 Mead & Hunt, Inc. 

 

To:  Dane County Regional Airport Date:  June 29, 2021 

 

Project:  MSN PFAS BRRTS #02-13-584472 Project No.:2309936-200091.01 

 

Subject:  Dye Test on Tributary to West Branch of Starkweather Creek at Dane County Regional Airport 

(BRRTS Activity #02-13-584369 and #02-13-584472 

 

This memo describes the dye test conducted on the tributary (East Ditch) to the West Branch of 

Starkweather Creek (Creek) located at the south east end of the Dane County Regional Airport (Airport).  

The location of the dye test is shown in Figure 1.  The purpose of this dye test was to determine the 

appropriate location for collecting water quality samples downstream of Anderson Street that would 

provide a representative sample of the well mixed combination of flows from the East Ditch and the 

Creek.   

 

The first dye test was conducted on June 21, 2021.  The dye test was conducted in accordance with the 

requirements of the Airport’s Low Impact Discharge General Permit WI-0066575-01-0.  A half cup of 

Fluorescent Red 50 dye was released to the East Ditch approximately 1,500 feet upstream of the 

confluent of the East Ditch with the Creek at 6:30 PM.  The movement of the dye in the East Ditch was 

observed for approximately 30 minutes.  The dye was moving northerly in the East Ditch and away from 

the confluence of the East Ditch with the Creek.  A second release of a half cup of the dye was conducted 

in the East Ditch approximately 100 feet upstream of the confluence of the East Ditch and the Creek at 

7:08 PM (See Photo 1).  The movement of the dye in the East Ditch was observed for approximately 35 

minutes after the dye release.  The dye was moving easterly in the East Ditch away for the confluence of 

the East Ditch with the Creek (See Photo 2).  The flow in the Creek upstream of Anderson Street was 

approximately 65 cubic feet per second (cfs) as measured at the Airport’s flow monitoring station where 

the Creek crosses International Lane. 

 

A second dye test was conducted on June 23, 2021.  A half cup of dye was released approximately 50 

feet upstream of the confluence of the East Ditch and the Creek at 1:57 PM (See Photo 3).  The dye was 

observed to flow southwesterly into the Creek (See Photo 4).  The dye continued to flow south in the 

Creek and remained along the east bank of the Creek for several hundred feet (See Photo 5).  At about 

600 feet downstream of Anderson Street, the dye appeared to be evenly distributed across the width of 

the Creek.  The flow in the Creek upstream of Anderson Street was approximately 2 cfs as measured at 

the Airports flow monitoring station where the Creek crosses International Lane. 

 

Weather conditions before the dye test were generally lower than average precipitation for the previous 4 

months.  There was 0.1 inch of rainfall reported at the Airport between June 1-16.  A total of 1.48 inches 

Memo 
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Figure 1 - June 23, 2021 DYE TEST LOCATION

4A

RECOMMENDED LOCATION
FOR SAMPLING STATION 4A
(800 FEET DOWNSTREAM OF
ANDERSON STREET)

RECOMMENDED LOCATION
FOR SAMPLING STATION 4A
(800 FEET DOWNSTREAM OF
ANDERSON STREET)

LOCATION OF JUNE 23, 2021
DYE RELEASE (50 FEET

UPSTREAM OF CONFLUENCE
WITH STARKWEATHER CREEK)

ANDERSON STREET

ANDERSON STREET

EAST DITCH
WEST BRANCH OF
STARKWEATHER CREEK
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of rain fell on June 17-18 and another 0.48 inches of rain fell on June 19-20.  No rainfall was recorded 

during the dye tests between June 21-23.   

 

The streambed of the East Ditch and the Creek had a dense growth of aquatic plants during the dye 

tests.  During the June 21 test the water in the Creek was deep enough that the attached aquatic plants 

did not extend to the surface of the Creek (See Photo 6 which is looking south on the Creek at Anderson 

Street).  During the June 23 test the water level in the Creek and East Ditch had fallen and the attached 

aquatic plants generally extended to the water surface across the width of the flow channels.  The 

attached aquatic plants appeared to be limiting the mixing of the flow from the East Ditch.  

 

Based on the dye test observations, we recommend that future samples collected to represent a 

completely mixed combination of the East Ditch and the Creek should be collected approximately 800 

feet downstream of Anderson Street, shown as 4A in Figure 1.  This is where we propose to collect 

samples as part of the work plan submitted to Wisconsin Department of Natural Resources dated April 

16, 2021.  We proposed to designate this sampling location as 4A to distinguish it from sampling location 

4 which is much closer to Anderson Street.  The proposed location of sampling point 4A is approximately 

500 feet upstream of where an unnamed tributary enters the Creek from the east.   
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Photo 1.  Dye Release in East Ditch On June 21, 2021 
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Photo 2.  Dye Movement in East Ditch On June 21, 2021 (Looking East on North Side of Anderson 

Street) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SR0249

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 252 of 615



 

 

Photo 3.  Dye Release in East Ditch On June 23, 2021 
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Photo 4.  Dye Movement On June 23, 2021 (Looking North from Anderson Street) 
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Photo 5.  Dye Movement in Creek Along East Bank On June 23, 2021 
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Photo 6.  Creek Flow and Vegetation On June 21, 2021 
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January 21, 2021 
 
Michael Kirchner 
Director of Engineering 
Dane County Regional Airport 
4000 International Lane 
Madison, WI 53704 
 
 
Re: Interim Action Plan for Treating PFAS contaminated water in Starkweather Creek: BRRTs # 02-13-
584369 
 
Dear Mr. Kirchner: 
 
The Department of Natural Resources (DNR) is directing the responsible parties for the BRRTs #02-13-584369 to 
implement an interim action under Wis. Admin. Code § NR 708.11 to prevent PFAS contamination in the surface 
water of Starkweather Creek from leaving the Dane County Airport property. A plan for the design and 
implementation of this interim action must be submitted to the DNR by April 16, 2021. 
 
Background: 
 
Firefighting training activities have caused per and poly fluoroalkyl substance (PFAS) contamination of soil and 
groundwater at the Dane County Airport. Data collected by Dane County in 2020 shows that PFAS contamination 
is present in water in the stormwater collection system. The airport stormwater system drains into surface water 
streams located along the south and west sides of the airport, and the south and east sides of the airport. These 
surface waters are Starkweather Creek.  
 
Sampling of Starkweather Creek by DNR in 2019 from within the boundaries of the airport found elevated levels 
of PFAS in the creek. Additional sampling of Starkweather Creek by DNR between the airport boundaries and 
Lake Monona show that PFAS from the airport is reaching and causing measurable concentrations of PFAS in the 
creek and the lake. Concentrations of PFAS have caused a fish consumption advisory for certain fish in Lake 
Monona. 
 
DNR recognizes that Dane County has implemented a pilot treatment system on behalf of the responsible parties 
at one of the stormwater outfalls in order to treat PFAS before it is discharged to Starkweather Creek and 
appreciates these efforts. DNR understands, however, that there are logistical problems with implementing the 
treatment media in the outfall structure and thus the treatment process has not proven to be successful in reducing 
PFAS concentrations from leaving the outfall and entering the surface water. If the County has data which 
indicates the pilot treatment system is working as intended, please submit that to DNR for review.  
 
Action Required: 
 
Wis. Stat. § 292.11(3) requires persons who possess or control a hazardous substance discharge, or who caused 
the discharge of a hazardous substance (the “responsible party or parties”) to take actions necessary to restore the 

 
 

Tony Evers, Governor 
Preston D. Cole, Secretary 

 Telephone 608-266-2621 
Toll Free 1-888-936-7463 

TTY Access via relay - 711 
 

State of Wisconsin 
DEPARTMENT OF NATURAL RESOURCES 
101 S. Webster Street 
Box 7921 
Madison WI  53707-7921 
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environment to the extent practicable and minimize the harmful effects of the discharge to air, lands and waters of 
the state. 
 
Wis. Admin. Code § NR 708.11 requires responsible parties to take an interim action where necessary to contain a 
discharge of a hazardous substance in order to minimize any threat to public health, safety, welfare or the 
environment. 
 
The DNR is requiring the responsible parties to develop a plan for designing and implementing an interim action 
for removing PFAS from the surface water of Starkweather Creek prior to the creek leaving the airport property 
(e.g., a treatment system). The interim action plan must be submitted to the DNR by April 16, 2021 and must 
include a date by which the interim action will be implemented. 
 
Questions regarding the project can be directed to Steve Ales at stephenm.ales@wisconsin.gov and 608-400-
9187. 
 
Sincerely, 
 

 
 
Christine Haag, Director 
Remediation & Redevelopment Program 
 
Cc: Steve Ales – RR Program, GEF 2 
 Steve Martin – SCR 
 Darsi Foss – Division Administrator, DNR 
 Madison & Dane County Public Health 
 Brita Kilburg-Basnyat – DHS 
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January 21, 2021 
 
Mayor Satya Rhodes-Conway 
City of Madison 
210 Martin Luther King Jr. Blvd. Room #403 
Madison, WI 53703 
 
 
Re: Interim Action Plan for Treating PFAS contaminated water in Starkweather Creek: BRRTs # 02-13-
584369 
 
Dear Mayor Rhodes-Conway: 
 
The Department of Natural Resources (DNR) is directing the responsible parties for the BRRTs #02-13-584369, 
to implement an interim action under Wis. Admin. Code § NR 708.11 to prevent PFAS contamination in the 
surface water of Starkweather Creek from leaving the Dane County Airport property. A plan for the design and 
implementation of this interim action must be submitted to the DNR by April 16, 2021. 
 
Background: 
 
Firefighting training activities have caused per and poly fluoroalkyl substance (PFAS) contamination of soil and 
groundwater at the Dane County Airport. Data collected by Dane County in 2020 shows that PFAS contamination 
is present in water in the stormwater collection system. The airport stormwater system drains into surface water 
streams located along the south and west sides of the airport, and the south and east sides of the airport. These 
surface waters are Starkweather Creek.  
 
Sampling of Starkweather Creek by DNR in 2019 from within the boundaries of the airport found elevated levels 
of PFAS in the creek. Additional sampling of Starkweather Creek by DNR between the airport boundaries and 
Lake Monona show that PFAS from the airport is reaching and causing measurable concentrations of PFAS in the 
creek and the lake. Concentrations of PFAS have caused a fish consumption advisory for certain fish in Lake 
Monona. 
 
DNR recognizes that Dane County has implemented a pilot treatment system on behalf of the responsible parties 
at one of the stormwater outfalls in order to treat PFAS before it is discharged to Starkweather Creek and 
appreciates these efforts. DNR understands, however, that there are logistical problems with implementing the 
treatment media in the outfall structure and thus the treatment process has not proven to be successful in reducing 
PFAS concentrations from leaving the outfall and entering the surface water. If the County has data which 
indicates the pilot treatment system is working as intended, the DNR has requested the County submit that to 
DNR for review.  
 
Action Required: 
 
Wis. Stat. § 292.11(3) requires persons who possess or control a hazardous substance discharge, or who caused 
the discharge of a hazardous substance (the “responsible party or parties”) to take actions necessary to restore the 

 
 

Tony Evers, Governor 
Preston D. Cole, Secretary 

 Telephone 608-266-2621 
Toll Free 1-888-936-7463 

TTY Access via relay - 711 
 

State of Wisconsin 
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environment to the extent practicable and minimize the harmful effects of the discharge to air, lands and waters of 
the state. 
 
Wis. Admin. Code § NR 708.11 requires responsible parties to take an interim action where necessary to contain a 
discharge of a hazardous substance in order to minimize any threat to public health, safety, welfare or the 
environment. 
 
The DNR is requiring the responsible parties to develop a plan for designing and implementing an interim action 
for removing PFAS from the surface water of Starkweather Creek prior to the creek leaving the airport property 
(e.g., a treatment system). The interim action plan must be submitted to the DNR by April 16, 2021 and must 
include a date by which the interim action will be implemented. 
 
Questions regarding the project can be directed to Steve Ales at stephenm.ales@wisconsin.gov and 608-400-
9187. 
 
Sincerely, 
 

 
 
Christine Haag, Director 
Remediation & Redevelopment Program 
 
Cc: Steve Ales – RR Program, GEF 2 
 Steve Martin – SCR 
 Darsi Foss – Division Administrator, DNR 
 Madison & Dane County Public Health 
 Brita Kilburg-Basnyat – DHS 
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Welcome to the Per- and polyfluoroalkyl substances (PFAS) information page for the Dane County Regional Airport (DCRA). Here you will

find information regarding PFAS and DCRA's ongoing efforts related to investigation, mitigation and remediation. This page is will

help answer your questions regarding PFAS at DCRA and let you know of any upcoming public meetings. PFAS is a problem that airports

and cities across the nation are working to resolve. DCRA and Dane County are committed to working with its partners on the local, state,

regional and national levels to develop sound policies and apply the best science to the challenge of removing PFAS from the environment.  

Below is a video presentation created by Dane County and DCRA consultant Mead & Hunt explaining PFAS history, testing and mitigation.

The presentation highlights the Dane County Regional Airport, the historical use of PFAS, and the investigation and remediation process. All

work plans and testing results are submitted to the Wisconsin Department of Natural Resources (WDNR). They can be found on their

Bureau for Remediation and Redevelopment Tracking System (BRRTS) website: https://dnr.wi.gov/topic/Brownfields/botw.html

(https://dnr.wi.gov/topic/Brownfields/botw.html).

BRRTS Case Numbers

02-13-584472 – DANE CNTY REGIONAL AIRPORT

02-13-581254 – WANG-115TH FIGHTER WING

02-13-583366 – DANE COUNTY FIRE TRAINING AREAS

02-13-584369 – STARK WEATHER CRK TRUAX FIELD

02-13-585319 – WANG F35 BUILDING CONSTRUCTIONS

07-13-586274 – DANE CNTY REGIONAL AIRPORT (FedEx Construction)

PFAS Site Activity Summary:

Dane County Regional Airport Site Activity Summary (PDF) (/documents/pdf/DCRA-site-activity-through-May-2021.pdf)

(as of May 2021)

6/29/21 - Mead & Hunt provides the DNR with Dye Test results conducted on Starkweather creek.  Results can be found on the BRRTS

website: https://dnr.wi.gov/topic/Brownfields/botw.html (https://dnr.wi.gov/topic/Brownfields/botw.html).

6/3/21 - The 115th Fighter Wing and Wisconsin National Guard provided an update and overview of their Remdial Investigation (RI) to the

Dane County Board. You can watch that update here (http://dane.granicus.com/player/clip/1450?view_id=1&redirect=true).

The Air National Guard Readiness Center selected Truax Field and Volk Field as two of the ten bases across the nation to receive a

RI for PFAS. It is very fortunate that Truax was selected as the DOD has over 100 sites around the country with PFAS contamination

and they tend to prioritize areas that have drinking water levels above the 70 ppt standard. Dozens of DOD sites in other states have

drinking well levels above the 70 ppt standard and the DOD provides alternative water sources at those sites. No drinking wells in

Madison were above that level and none of the wells are even above the lower level being proposed by the WI Department of Health

Services. https://madison.com/wsj/news/local/environment/madison-water-utility-finds-pfas-in-every-well-levels-below-proposed-state-

heath-guidelines/article_dd118ff7-06a0-5857-88f3-49141fc20cad.html (https://madison.com/wsj/news/local/environment/madison-water-

utility-finds-pfas-in-every-well-levels-below-proposed-state-heath-guidelines/article_dd118ff7-06a0-5857-88f3-49141fc20cad.html)

The RI is a multi-year effort coordinated by the U.S. Army Corps of Engineers that involves collecting data to characterize site

conditions, determine the nature and extent of PFOS/PFOA, assess the exposure pathways to potential receptors, and assess risk to

human health and the environment. During the RI, information necessary to adequately characterize the site for the purpose of

developing and evaluating effective remedial alternatives will be collected. This information is critical for determining the most effective

long-term cleanup remedies. You can see more information about the DOD timeline and process here: https://dma.wi.gov/DMA/pfas-

actions/115FW_PFAS_FINAL.pdf (https://dma.wi.gov/DMA/pfas-actions/115FW_PFAS_FINAL.pdf)

5/28/21 - DNR begins 30-month rulemaking process for establishing limits regarding PFAS.

Airport PFAS Information https://www.msnairport.com/about/ecomentality/PFAS-Information

1 of 6 8/18/2021, 10:53 AM

SR0258

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 261 of 615



5/10/21 - Mead & Hunt began an inspection of areas of the storm sewers in which elevated PFAS concentrations were detected to determine

repairs needed to reduce PFAS-contaminated groundwater entering the system.  Based on inspection results, corrective actions such as slip

lining and grouting will be taken later in the year.  Thereafter, additional testing will occur to measure the effects in the Creek. 

2/3/21 - Kick-off coordination meeting between the Wisconsin National Guard, Dane County Regional Airport, and the Wisconsin DNR for

the Remidal Investiagion (RI) process.

12/15/20 - The second phase of storm water sampling results and the fire training area sampling results have been posted to the BRRTS

website under the case numbers 02-13-584472 and 02-13-583366. Responsible parties are currently collaborating with the Wisconsin DNR

and Mead & Hunt on next steps.

10/7/20 - Submitted questions from 8/19/20 - 9/2/20 and the responses have been posted to this web page. You can find the PDF

document below the FAQ section.

10/6/20 - Questions submitted from 8/19/20 - 9/2/20 are still under review and responses will be posted as soon as they are complete. 

9/3/20 - Thank you to all that submitted questions. The questions submission form is now closed. We anticipate having the questions and

responses posted to the FAQ section the week of September 14th.  

8/19/20 - Linked at the bottom of the web page is a public question submission form. Click "Submit a Question" and fill out the form. We will

be accepting questions on PFAS at DCRA from 8/19/20 to 9/2/20. Please keep your questions specific and related to PFAS at DCRA so we

can provide accurate responses. Review the information provided on this page to see if your question has already been answered.

Submitted questions and the respective responses will be added to the FAQ section below.

US Environmental Protection Agency (EPA) PFAS page - https://www.epa.gov/pfas (https://www.epa.gov/pfas)

Interstate Technology Regulatory Council (ITRC) - https://pfas-1.itrcweb.org/ (https://pfas-1.itrcweb.org/)

CDC PFAS Factsheet - https://www.cdc.gov/biomonitoring/PFAS_FactSheet.html (https://www.cdc.gov/biomonitoring

/PFAS_FactSheet.html)

Agency for Toxic Substances and Disease Registry - https://www.atsdr.cdc.gov/pfas/index.html (https://www.atsdr.cdc.gov

/pfas/index.html)

US Food & Drug Administration PFAS page - https://www.fda.gov/food/chemicals/and-polyfluoroalkyl-substances-pfas

(https://www.fda.gov/food/chemicals/and-polyfluoroalkyl-substances-pfas)

Airport PFAS Information https://www.msnairport.com/about/ecomentality/PFAS-Information
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Wisconsin Department of Natural Resources - https://dnr.wi.gov/topic/Contaminants/PFAS.html (https://dnr.wi.gov/topic/Contaminants

/PFAS.html)

Wisconsin Water and Fish PFAS Sampling - https://dnr.wisconsin.gov/topic/PFAS/SWFish.html (https://dnr.wisconsin.gov/topic

/PFAS/SWFish.html)

Wisconsin Department of Health Services - https://www.dhs.wisconsin.gov/chemical/pfas.htm (https://www.dhs.wisconsin.gov/chemical

/pfas.htm)

Public Health Madison & Dane County - https://www.publichealthmdc.com/environmental-health/environmental-hazards/per-and-

polyfluoroalkyl-substances-pfas-1 (https://www.publichealthmdc.com/environmental-health/environmental-hazards/per-and-polyfluoroalkyl-

substances-pfas-1)

City of Madison - Madison Water Utility - MadisonWater.org/PFAS (http://MadisonWater.org/PFAS)

Wisconsin National Guard PFAS Information Page - https://dma.wi.gov/DMA/pfas (https://dma.wi.gov/DMA/pfas)

Q: Why does the DCRA still use firefighting foam with PFAS? When will DCRA stop using it?

A: The Federal Aviation Administration (FAA) regulations continue to legally mandate that airports use a firefighting agent containing PFAS

known as Aqueous-Film-Forming Foam (AFFF) for real-life emergencies. FAA believes AFFF is the most effective chemical available to

quickly extinguish aircraft fires and save lives. Due to AFFF’s environmental impact, Congress directed the FAA to change its regulations

and allow airports to use alternative foam by October 2021.

Q: Do training exercises with the firefighting foams containing PFAS still happen at the airport?

A: No. FAA requires yearly testing of the Aircraft Rescue & Firefighting (ARFF) vehicle fire systems. This test is to ensure that the fire

system is producing the correct mixture of foam and water. Testing the system is an integral part of keeping ARFF vehicles in optimal

condition for emergency response. In 2019, the FAA created an exemption to this rule, allowing ARFF agencies to use testing equipment

that does not require dispensing the foam. The Wisconsin Air National Guard (WI ANG) provides ARFF services to DCRA, and currently

uses this equipment. Before this exception, AFFF was contained and disposed of safely when these tests occurred. There were also two

historical burn pits at the airport that have not been used for multiple years. The period and use of these burn pits are currently being

investigated. 

Q: Who used the fire training areas over the years?

A: This question is currently being investigated. It is generally known that various firefighting organizations in the Dane County area used the

burn pits for training.

Q: Are the fire training areas a source of PFAS contamination?

A: We don’t know at this time. Investigation of the soils and groundwater in the area of the former burn pits is currently underway. Also,

developing an understanding of the historical use of the burn pits, including the extent to which PFAS-based foam was sprayed in the fire

pits, will assist in answering this question.  

Q: Was the DCRA cell phone lot constructed over the Darwin Street fire training area?

A: The evidence to date indicates the answer is no. The County of Dane (County) and its partners are currently investigating the Darwin

Street fire training area, which is located near the cell phone lot.

Q: Has the County completed all of the testing and sampling?

A: No. Further sampling and other investigation processes are planned and ongoing to refine our understanding of the PFAS sources to

continue developing mitigation cleanup strategies. These plans include investigation of the historical fire training areas and further

investigation of the stormwater system.

Q: Does all of the testing need to be completed before any mitigation happens?

A: No. The County is taking immediate action at one of the “hotspots” found in the sampling earlier this year with a pilot project to remove

PFAS from the stormwater system. The pilot includes continuous testing to evaluate whether the technology being used is successful. If the

results are promising, DCRA will expand the use of this new technology to other areas of the airport property where PFAS has been

detected.

Airport PFAS Information https://www.msnairport.com/about/ecomentality/PFAS-Information
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Q: Is the state working to create legal standards for PFOA and PFOS for groundwater, surface water, and drinking water? Where

can I get information on that?

A: Yes. In October 2019, the Wisconsin Department of Natural Resources (WDNR) started the rulemaking process to develop legal

standards for Wisconsin. The rulemaking process can take up to three years. You can get more information on how that process is going at

the following WDNR websites: 

Surface water rule: https://dnr.wisconsin.gov/topic/SurfaceWater/NR105.html (https://dnr.wisconsin.gov/topic/SurfaceWater/NR105.html)

Groundwater rule: https://dnr.wisconsin.gov/topic/Groundwater/NR140.html (https://dnr.wisconsin.gov/topic/Groundwater/NR140.html)

Drinking water rule: https://dnr.wisconsin.gov/topic/DrinkingWater/nr809.html (https://dnr.wisconsin.gov/topic/DrinkingWater/nr809.html)

Q: Where can I find the current mitigation plans and sampling results from testing done so far at the Dane County Regional

Airport?

A: You can find the stormwater investigation work plan and stormwater sampling results by going to the WDNR Bureau for Remediation and

Redevelopment Tracking System (BRRTS) site and searching for investigation number 02-13-584472. The fire training areas’ work plan can

be found by searching for investigation number 02-13-583366. To start the search, go the following WDNR website: dnr.wi.gov/topic

/Brownfields/botw.html. (http://dnr.wi.gov/topic/Brownfields/botw.html.)

Q: Where is the PFAS detected in the DCRA stormwater system originating?

A: We don’t know precisely at this time. Waters in the stormwater system have been sampled at various locations, and various

concentrations have been detected. It will take additional sampling and likely further investigation to determine the origin of PFAS.

Q: PFAS contamination is discharging from the DCRA stormwater system into Starkweather Creek.  What is being done to stop

that discharge?

A: DCRA has implimented a pilot project to capture and remove PFAS contamination at the location where the highest PFAS concentrations

have been detected. The pilot project is implementing a technology called bioavailable absorbent media (“BAM”). Based on previous pilot

tests using the technology in Michigan, the hope is that the BAM will significantly reduce the PFAS concentrations.

Q: Is the WI ANG working with the County to clean up the Airport site?

A: Yes. The County is working in cooperation with the WI ANG and City of Madison. The County is leading several concurrent activities to

address the PFAS contamination discovered at and near the Airport and meeting regularly with the WDNR to develop plans to address

PFAS at the Airport. 

Q: The Airport Joint Use Agreement (AJUA) is up for renewal. Can members of the public get a copy of the initial draft when it is

prepared by the State and Federal Government and submitted to DCRA? 

A: No. It is in draft form and subject to further negotiations. Nonetheless, the public will get an opportunity to provide input about the

AJUA. When received by DCRA, the draft AJUA will be a preliminary working document that will likely be subject to significant revisions by

DCRA and the State and Federal Government. After DCRA and the State and Federal Government reach concurrence with respect to the

contents of the AJUA, and well before it becomes a basis for the relationship between DCRA and the State and Federal Government, the

document will be made available to the public and taken up during the public deliberations of the Dane County Airport Commission, two

standing committees of the Dane County Board of Supervisors, and the County Board itself. Based on the foregoing, DCRA has determined

that it will maintain its past practice of not releasing versions of the AJUA until discussions between DCRA and the State and Federal

Government have resulted in a comprehensive document that is ready for consideration by the Dane County Board, its committees, and the

Airport Commission.

Q: Can the county use the Airport Joint Use Agreement (AJUA) to force the WI ANG to clean up PFAS before they build any new

structures at the airport? 

A: No. The DNR is the agency working with the WI ANG on how to proceed with building projects on the Guard Base and regulating

management of soils and other media containing PFAS through material management plans (MMPs). The DNR recently approved MMPs for

the F-35 flight simulator facility and other construction.  Last month the WI ANG announced they awarded the contract for the flight simulator

facility to Findorff. The 18-month project will begin this May and you can find that detailed here (https://madison.com/wsj/news/local/govt-

and-politics/findorff-gets-first-f-35-contract-to-construct-flight-simulator-facility-at-truax/article—8a452d57-2353-500f-8aa4-

e09133323e90.html#tracking-source=home-top-story-1).

Q: Can the county stop the WI ANG from doing any construction at the airport through the lease or AJUA? 

A: No.  The Guard has the right to use the airport under federal law and under the deed of conveyance by which Dane County obtained the

property. The lease grants the Government the right to attach fixtures and erect structures during the lease term.  Neither the lease nor the

AJUA grants the County rights to oversee or regulate the Government’s construction activities.

Airport PFAS Information https://www.msnairport.com/about/ecomentality/PFAS-Information

4 of 6 8/18/2021, 10:53 AM

SR0261

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 264 of 615



Q: What is the AJUA for then? 

A: The AJUA is an agreement with the United States of America acting through the National Guard Bureau and the state of Wisconsin that

details responsibilities for jointly used flying facilities and includes the WI ANG’s commitment to provide FAA-required firefighting services as

part of their partnership with the airport.

Q: If the county doesn’t renew AJUA with the Guard does that mean they can’t use the airport for their fighter jets or bring the

F-35s to Truax? 

A: No. The Guard will continue to use their base without having the AJUA in place.  If the Guard elected to stop providing FAA-required

firefighting services to the airport, the airport would have to arrange for those services at substantial additional expense.

Q: Why doesn’t Dane County just stop having the WI ANG do fire services and have the county provide the service or contract

with the Madison Fire Department to do it? 

A: In order to comply with FAA regulations the county would have to build another fire station and acquire all of the equipment necessary to

have 24/7 fire services available, which would costs tens of millions of dollars initially and then millions more in payroll to have the fire station

staffed 24/7 with the minimum staffing levels required by the FAA. The trucks would also have to be filled with firefighting foam with PFAS

because it is still required by the FAA. The WI ANG would still maintain their fire station, which would result in the DCRA having two sets of

fire trucks with PFAS foam on site. The Madison Fire Department cannot provide the service fast enough to meet FAA regulations and the

city recently made the decision to get rid of their PFAS foam so they would no longer have any trucks that could even service the airport.

Q: Why does this process take so long? 

A: PFAS are an emerging contaminant and there is still much being learned about the best cleanup strategies. Environmental cleanups of

this scale take time, but the Biden Administration and Congress have indicated they would like to see this move faster. This is a shift from

the last administration and should bring additional resources both to research and mitigation. Action has started at the federal level that

could help speed resources to address PFAS. The House Armed Services Committee has created an entire subcommittee on remediation

and impact of PFAS at DOD sites, a bipartisan caucus in the House of Representatives has recreated a PFAS taskforce, and President

Biden has pledged to designate them a hazardous substance with standards and accelerated research timelines.

Q: Where can I find more information about what the WI ANG is doing on this issue? 

A: They maintain an informational webpage here: https://dma.wi.gov/DMA/pfas and a timeline of their activities here: https://dma.wi.gov

/DMA/pfas-actions/115FW_PFAS_FINAL.pdf (https://dma.wi.gov/DMA/pfas-actions/115FW_PFAS_FINAL.pdf)

Q: Was the Airport’s cell phone lot was constructed over a historic burn pit? 

A: No. The historic burn pit in the vicinity of Darwin Road is entirely separate from the cell phone lot, which is accessed from International

Lane.   
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Airport Operations (/about/operations)

Contact Us (/about/contact)

Need information on Dane County Regional Airport? Click here to learn more about the people who keep things running along with

our commitment to environmental sustainability and responsibility. Or need the latest news on airport routes, carriers and special

events, you’ll find it here.
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An official website of the United States government.

Basic Information on PFAS

PFAS News

Read the latest news from EPA about PFAS.

Per- and polyfluoroalkyl substances (PFAS) are a group of man-made chemicals
that includes PFOA, PFOS, GenX, and many other chemicals. PFAS have been
manufactured and used in a variety of industries around the globe, including in the
United States since the 1940s. PFOA and PFOS have been the most extensively
produced and studied of these chemicals. Both chemicals are very persistent in the
environment and in the human body – meaning they don’t break down and they
can accumulate over time. There is evidence that exposure to PFAS can lead to
adverse human health effects.

PFAS can be found in:

Food packaged in PFAS-containing materials, processed with equipment
that used PFAS, or grown in PFAS-contaminated soil or water.
Commercial household products, including stain- and water-repellent
fabrics, nonstick products (e.g., Teflon), polishes, waxes, paints, cleaning
products, and fire-fighting foams (a major source of groundwater
contamination at airports and military bases where firefighting training
occurs).
Workplace, including production facilities or industries (e.g., chrome
plating, electronics manufacturing or oil recovery) that use PFAS.
Drinking water, typically localized and associated with a specific facility
(e.g., manufacturer, landfill, wastewater treatment plant, firefighter training
facility).
Living organisms, including fish, animals and humans, where PFAS have
the ability to build up and persist over time.

Certain PFAS chemicals are no longer manufactured in the United States as a
result of phase outs including the PFOA Stewardship Program in which eight
major chemical manufacturers agreed to eliminate the use of PFOA and PFOA-
related chemicals in their products and as emissions from their facilities. Although
PFOA and PFOS are no longer manufactured in the United States, they are still
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produced internationally and can be imported into the United States in consumer
goods such as carpet, leather and apparel, textiles, paper and packaging, coatings,
rubber and plastics.

On this page:

Why are PFAS important?
What is the difference between PFOA, PFOS and GenX and other
replacement PFAS?
How are people exposed to PFAS?
Are there health effects from PFAS?

Why are PFAS important?

PFAS are found in a wide range of consumer products that people use daily such
as cookware, pizza boxes and stain repellants. Most people have been exposed to
PFAS. Certain PFAS can accumulate and stay in the human body for long periods
of time. There is evidence that exposure to PFAS can lead to adverse health
outcomes in humans. The most-studied PFAS chemicals are PFOA and PFOS.
Studies indicate that PFOA and PFOS can cause reproductive and developmental,
liver and kidney, and immunological effects in laboratory animals. Both
chemicals have caused tumors in animals. The most consistent findings are
increased cholesterol levels among exposed populations, with more limited
findings related to:

low infant birth weights,
effects on the immune system,
cancer (for PFOA), and
thyroid hormone disruption (for PFOS).

What is the difference between PFOA, PFOS and
GenX and other replacement PFAS?

Per- and polyfluoroalkyl substances (PFAS) are a group of man-made chemicals
that have been in use since the 1940s, and are (or have been) found in many
consumer products like cookware, food packaging, and stain repellants. PFAS
manufacturing and processing facilities, airports, and military installations that
use firefighting foams are some of the main sources of PFAS. PFAS may be
released into the air, soil, and water, including sources of drinking water. PFOA
and PFOS are the most studied PFAS chemicals and have been voluntarily phased
out by industry, though they are still persistent in the environment. There are
many other PFAS, including GenX chemicals and PFBS in use throughout our
economy.

GenX is a trade name for a technology that is used to make high performance
fluoropolymers (e.g., some nonstick coatings) without the use of
perfluorooctanoic acid (PFOA). HFPO dimer acid and its ammonium salt are the
major chemicals associated with the GenX technology. GenX chemicals have
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been found in surface water, groundwater, finished drinking water, rainwater, and
air emissions in some areas.  As part of EPA’s draft toxicity assessment, EPA has
developed draft oral reference doses (RfDs) for GenX chemicals.

Perfluorobutane sulfonic acid (PFBS) has been used as a replacement chemical
for PFOS. PFBS has been identified in environmental media and consumer
products, including surface water, wastewater, drinking water, dust, carpeting and
carpet cleaners, and floor wax. EPA has developed RfDs for PFBS as part of
EPA’s efforts to increase the amount of research and information that is publicly
available on chemicals in the PFAS family.

Learn about the Human Health Toxicity Assessment for PFBS
Learn about the GenX Chemicals Toxicity Assessment

How are people exposed to PFAS?

There are a variety of ways that people can be exposed to these chemicals and at
different levels of exposure. For example, people can be exposed to low levels of
PFAS through food, which can become contaminated through:

Contaminated soil and water used to grow the food,
Food packaging containing PFAS, and
Equipment that used PFAS during food processing.

People can also be exposed to PFAS chemicals if they are released during normal
use, biodegradation, or disposal of consumer products that contain PFAS. People
may be exposed to PFAS used in commercially-treated products to make them
stain- and water-repellent or nonstick. These goods include carpets, leather and
apparel, textiles, paper and packaging materials, and non-stick cookware.

People who work at PFAS production facilities, or facilities that manufacture
goods made with PFAS, may be exposed in certain occupational settings or
through contaminated air.

Drinking water can be a source of exposure in communities where these
chemicals have contaminated water supplies. Such contamination is typically
localized and associated with a specific facility, for example,

an industrial facility where PFAS were produced or used to manufacture
other products, or
an oil refinery, airfield or other location at which PFAS were used for
firefighting.

PFOA, PFOS, and GenX have been found in a number of drinking water systems
due to localized contamination. You can view more information about exposures
to PFAS through drinking water on Drinking Water Health Advisories for PFOA
and PFOS.

Are there health effects from PFAS?

There is evidence that exposure to PFAS can lead to adverse health outcomes in
humans. If humans, or animals, ingest PFAS (by eating or drinking food or water
than contain PFAS), the PFAS are absorbed, and can accumulate in the body.
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PFAS stay in the human body for long periods of time. As a result, as people are
exposed to PFAS from different sources over time, the level of PFAS in their
bodies may increase to the point where they suffer from adverse health effects.

Studies indicate that PFOA and PFOS can cause reproductive and developmental,
liver and kidney, and immunological effects in laboratory animals. Both
chemicals have caused tumors in animal studies. The most consistent findings
from human epidemiology studies are increased cholesterol levels among exposed
populations, with more limited findings related to: infant birth weights, effects on
the immune system, cancer (for PFOA), and thyroid hormone disruption (for
PFOS).

Oral exposure studies of PFBS in animals have shown effects on thyroid hormone
disruption, reproductive organs and tissues, developing fetus, and kidney. Based
on dose-response information across different sexes, lifestages, and durations of
exposure, the thyroid appears to be particularly sensitive to oral PFBS exposure.
The data are inadequate to evaluate cancer effects associated with PFBS exposure.

Learn more about the Human Health Toxicity Assessment for PFBS

LAST UPDATED ON APRIL 6, 2021
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FACT SHEET 
PFOA & PFOS Drinking Water 

Health Advisories 

Overview 

EPA has established health advisories for PFOA and PFOS based on the 
agency’s assessment of the latest peer-reviewed science to provide drinking 
water system operators, and state, tribal and local officials who have the 
primary responsibility for overseeing these systems, with information on 
the health risks of these chemicals, so they can take the appropriate actions 
to protect their residents. EPA is committed to supporting states and public 
water systems as they determine the appropriate steps to reduce exposure 
to PFOA and PFOS in drinking water. As science on health effects of these 
chemicals evolves, EPA will continue to evaluate new evidence. 

 

Background on PFOA and PFOS 

PFOA and PFOS are fluorinated organic chemicals that are part of a larger 
group of chemicals referred to as perfluoroalkyl substances (PFASs).  PFOA 
and PFOS have been the most extensively produced and studied of these 
chemicals.  They have been used to make carpets, clothing, fabrics for furni- 
ture, paper packaging for food and other materials (e.g., cookware) that are 
resistant to water, grease or stains.  They are also used for firefighting at air- 
fields and in a number of industrial processes. 

 

Because these chemicals have been used in an array of consumer products, 
most people have been exposed to them. Between 2000 and 2002, PFOS 
was voluntarily phased out of production in the U.S. by its primary manufac- 
turer. In 2006, eight major companies voluntarily agreed to phase out their 
global production of PFOA and PFOA-related chemicals, although there are a 
limited number of ongoing uses. Scientists have found PFOA and PFOS in the 
blood of nearly all the people they tested, but these studies show that the 
levels of PFOA and PFOS in blood have been decreasing. While consumer 
products and food are a large source of exposure to these chemicals for 
most people, drinking water can be an additional source in the small per- 
centage of communities where these chemicals have contaminated water 
supplies.  Such contamination is typically localized and associated with a spe- 
cific facility, for example, an industrial facility where these chemicals were 
produced or used to manufacture other products or an airfield at which they 
were used for firefighting. 

EPA’s 2016 Lifetime Health Advisories 

EPA develops health advisories to provide information on contaminants that can cause human health effects 
and are known or anticipated to occur in drinking water. EPA's health advisories are non-enforceable and 
non-regulatory and provide technical information to states agencies and other public health officials on 
health effects, analytical methodologies, and treatment technologies associated with drinking water contam- 
ination.  In 2009, EPA published provisional health advisories for PFOA and PFOS based on the evidence avail- 
able at that time. The science has evolved since then and EPA is now replacing the 2009 provisional adviso- 
ries with new, lifetime health advisories. 
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FACT SHEET 
PFOA & PFOS Drinking Water Health Advisories 

EPA’s 2016 Lifetime Health Advisories, continued 

To provide Americans, including the most sensitive populations, with a margin of protection from a life- 
time of exposure to PFOA and PFOS from drinking water, EPA established the health advisory levels at 70 
parts per trillion.  When both PFOA and PFOS are found in drinking water, the co m b i n ed concentrations 
of PFOA and PFOS should be compared with the 70 parts per trillion health advisory level. This health advi- 
sory level offers a margin of protection for all Americans throughout their life from adverse health effects 
resulting from exposure to PFOA and PFOS in drinking water. 

 

How the Health Advisories were developed 
EPA’s health advisories are based on the best available peer-reviewed studies of the effects of PFOA and 
PFOS on laboratory animals (rats and mice) and were also informed by epidemiological studies of human 
populations that have been exposed to PFASs. These studies indicate that exposure to PFOA and PFOS over 
certain levels may result in adverse health effects, including developmental effects to fetuses during preg- 
nancy or to breastfed infants (e.g., low birth weight, accelerated puberty, skeletal variations), cancer (e.g., 
testicular, kidney), liver effects (e.g., tissue damage), immune effects (e.g., antibody production and im- 
munity), thyroid effects and other effects (e.g., cholesterol changes). 

 

EPA’s health advisory levels were calculated to offer a margin of protection against adverse health effects 
to the most sensitive populations: fetuses during pregnancy and breastfed infants. The health advisory lev- 
els are calculated based on the drinking water intake of lactating women, who drink more water than other 
people and can pass these chemicals along to nursing infants through breastmilk. 

Recommended Actions for Drinking Water Systems 

Steps to Assess Contamination 
If water sampling results confirm that drinking water contains PFOA and PFOS at individual or combined 
concentrations greater than 70 parts per trillion, water systems should quickly undertake additional sam- 
pling to assess the level, scope and localized source of contamination to inform next steps 

 

Steps to Inform 
If water sampling results confirm that drinking water contains PFOA and PFOS at individual or combined 
concentrations greater than 70 parts per trillion, water systems should promptly notify their State drinking 
water safety agency (or with EPA in jurisdictions for which EPA is the primary drinking water safety agency) 
and consult with the relevant agency on the best approach to conduct additional sampling. 

 

Drinking water systems and public health officials should also promptly provide consumers with infor- 
mation about the levels of PFOA and PFOS in their drinking water. This notice should include specific infor- 
mation on the risks to fetuses during pregnancy and breastfed and formula-fed infants from exposure to 
drinking water with an individual or combined concentration of PFOA and PFOS above EPA’s health adviso- 
ry level of 70 parts per trillion. In addition, the notification should include actions they are taking and identi- 
fy options that consumers may consider to reduce risk such as seeking an alternative drinking water source, 
or in the case of parents of formula-fed infants, using formula that does not require adding water. 
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FACT SHEET 
PFOA & PFOS Drinking Water Health Advisories 

Recommended Actions for Drinking Water Systems, continued 

Steps to Limit Exposure 
A number of options are available to drinking water systems to lower concentrations of PFOA and PFOS in 
their drinking water supply.  In some cases, drinking water systems can reduce concentrations of perfluo- 
roalkyl substances, including PFOA and PFOS, by closing contaminated wells or changing rates of blending 
of water sources. Alternatively, public water systems can treat source water with activated carbon or high 
pressure membrane systems (e.g., reverse osmosis) to remove PFOA and PFOS from drinking water.  These 
treatment systems are used by some public water systems today, but should be carefully designed and 
maintained to ensure that they are effective for treating PFOA and PFOS. In some communities, entities 
have provided bottled water to consumers while steps to reduce or remove PFOA or PFOS from drinking 
water or to establish a new water supply are completed. 

 

Many home drinking water treatment units are certified by independent accredited third party organizations 
against American National Standards Institute (ANSI) standards to verify their contaminant removal claims.  
NSF International (NSF®) has developed a protocol for NSF/ANSI Standards 53 and 58 that establishes 
minimum requirements for materials, design and construction, and performance of point-of-use (POU) 
activated carbon drinking water treatment systems and reverse osmosis systems that are designed to reduce 
PFOA and PFOS in public water supplies.  The protocol has been established to certify systems (e.g., home 
treatment systems) that meet the minimum requirements.   The systems are evaluated for contaminant 
reduction by challenging them with an influent of 1.5±30% µg/L (total of both PFOA and PFOS) and must 
reduce this concentration by more than 95% to 0.07 µg/L or less (total of both PFOA and PFOS) throughout 
the manufacturer’s stated life of the treatment system.  Product certification to this protocol for testing home 
treatment systems verifies that devices effectively reduces PFOA and PFOS to acceptable levels.  
 

Other Actions Relating to PFOA and PFOS 

Between 2000 and 2002, PFOS was voluntarily phased out of production in the U.S. by its primary manufac- 
turer, 3M.  EPA also issued regulations to limit future manufacturing, including importation, of PFOS and its 
precursors, without first having EPA review the new use. A limited set of existing uses for PFOS (fire re- 
sistant aviation hydraulic fluids, photography and film products, photomicrolithography process to produce 
semiconductors, metal finishing and plating baths, component of an etchant) was excluded from these reg- 
ulations because these uses were ongoing and alternatives were not available. 
 

In 2006, EPA asked eight major companies to commit to working toward the elimination of their production 
and use of PFOA, and chemicals that degrade to PFOA, from emissions and products by the end of 2015. All 
eight companies have indicated that they have phased out PFOA, and chemicals that degrade to PFOA, 
from emissions and products by the end of 2015. Additionally, PFOA is included in EPA’s proposed Toxic 
Substance Control Act’s Significant New Use Rule (SNUR) issued in January 2015 which will ensure that EPA 
has an opportunity to review any efforts to reintroduce the chemical into the marketplace and take action, 
as necessary, to address potential concerns. 
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FACT SHEET 
PFOA & PFOS Drinking Water Health Advisories 

Other Actions Relating to PFOA and PFOS, continued 

EPA has not established national primary drinking water regulations for PFOA and PFOS. EPA is evaluating 
PFOA and PFOS as drinking water contaminants in accordance with the process required by the Safe Drink- 
ing Water Act (SDWA). To regulate a contaminant under SDWA, EPA must find that it:  (1) may have adverse 
health effects; (2) occurs frequently (or there is a substantial likelihood that it occurs frequently) at levels of 
public health concern; and (3) there is a meaningful opportunity for health risk reduction for people served 
by public water systems. 

 

EPA included PFOA and PFOS among the list of contaminants that water systems are required to monitor 
under the third Unregulated Contaminant Monitoring Rule (UCMR 3) in 2012. Results of this monitoring 
effort are updated regularly and can be found on the publicly-available National Contaminant Occurrence 
Database (NCOD) ( h ttp s:/ / www.ep a.gov/ d wu cmr/ occu rre n ce -d at a-u n regu lat ed-con t amin ant-mon it or in g- 
 ru le# 3 ). In accordance with SDWA, EPA will consider the occurrence data from UCMR 3, along with the peer 
reviewed health effects assessments supporting the PFOA and PFOS Health Advisories, to make a reg- 
ulatory determination on whether to initiate the process to develop a national primary drinking water regu- 
lation. 

 

In addition, EPA plans to begin a separate effort to determine the range of PFAS for which an Integrated Risk 
Information System (IRIS) assessment is needed. The IRIS Program identifies and characterizes the health 
hazards of chemicals found in the environment. IRIS assessments inform the first two steps of the risk 
assessment process: hazard identification, and dose-response. As indicated in the 2015 IRIS Multi-Year 
Agenda, the IRIS Program will be working with other EPA offices to determine the range of PFAS com- 
pounds and the scope of assessment required to best meet Agency needs. More about this effort can be 
found at h ttp s:// www.ep a.gov/ iris/ iris-agen da . 

Non-Drinking Water Exposure to PFOA and PFOS 

These health advisories only apply to exposure scenarios involving drinking water. They are not appropriate 
for use, in identifying risk levels for ingestion of food sources, including: fish, meat produced from livestock 
that consumes contaminated water, or crops irrigated with contaminated water.  
 
The health advisories are based on exposure from drinking water ingestion, not from skin contact or breathing. 
The advisory values are calculated based on drinking water consumption and household use of drinking water 
during food preparation (e.g., cooking or to prepare coffee, tea or soup).   To develop the advisories, EPA 
considered non-drinking water sources of exposure to PFOA and PFOS, including: air, food, dust, and consumer 
products. In January 2016 the Food and Drug Administration amended its regulations to no longer allow PFOA 
and PFOS to be added in food packaging, which will likely decrease one source of non-drinking water exposure.  
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Where Can I Learn More? 

 EPA’s Drinking Water Health Advisories for PFOA and PFOS can be found at: h ttp s:// www.epa.gov/ 
 grou nd-wat er-an d-d rin kin g -wat er / d rin kin g-wat er-h ea lt h-ad visor ies -p f oa-an d-p f os 

 PFOA and PFOS data collected under EPA’s Unregulated Contaminant Monitoring Rule are available: 
 h ttp s:/ / www.ep a.gov/ dwu cmr / occu rre n ce-d at a-u n re gu lated -con t amin ant-mo n itor in g-ru le 

 EPA’s stewardship program for PFAS related to TSCA: h ttp s:// www.ep a.gov/ assessin g-an d-man agin g - 
 ch em icals -u n d er-t sca/ and -p olyflu oroa lkyl -su b st an ces -p f ass -u n d er-t sca  

 EPA’s research activities on PFASs can be found at: h ttp :// www.ep a.gov/ ch emical-re sear ch / 
 p er fluor in at ed -ch emical -pfc-re sear ch  

 The Agency for Toxic Substances and Disease Registry’s Perflourinated Chemicals and Your Health 
webpage at: http://www.atsdr.cdc.gov/PFC/ 
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Abstract 

Noise is an important public health issue. It has negative impacts on human health and well-being and is 
a growing concern. The WHO Regional Office for Europe has developed these guidelines, based on the 
growing understanding of these health impacts of exposure to environmental noise. The main purpose of 
these guidelines is to provide recommendations for protecting human health from exposure to environmental 
noise originating from various sources: transportation (road traffic, railway and aircraft) noise, wind turbine 
noise and leisure noise. They provide robust public health advice underpinned by evidence, which is essential 
to drive policy action that will protect communities from the adverse effects of noise. The guidelines are 
published by the WHO Regional Office for Europe. In terms of their health implications, the recommended 
exposure levels can be considered applicable in other regions and suitable for a global audience.

Keyword
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Foreword 
Noise is one of the most important environmental risks to health and continues to be a growing 
concern among policy-makers and the public alike. Based on the assessment threshold specified in 
the Environmental Noise Directive of the European Union (EU), at least 100 million people in the EU 
are affected by road traffic noise, and in western Europe alone at least 1.6 million healthy years of life 
are lost as a result of road traffic noise.

At the request of Member States at the Fifth Ministerial Conference on Environment and Health in 
Parma, Italy, in March 2010, the WHO Regional Office for Europe has developed these guidelines, 
based on the growing understanding of the health impacts of exposure to environmental noise. 
They provide robust public health advice, which is essential to drive policy action that will protect 
communities from the adverse effects of noise.

These WHO guidelines – the first of their kind globally – provide recommendations for protecting 
human health from exposure to environmental noise originating from various sources. They not only 
offer robust public health advice but also serve as a solid basis for future updates, given the growing 
recognition of the problem and the rapid advances in research on the health impacts of noise. 
The comprehensive process of developing the guidelines has followed a rigorous methodology; 
their recommendations are based on systematic reviews of evidence that consider more health 
outcomes of noise exposure than ever before. Through their potential to influence urban, transport 
and energy policies, these guidelines contribute to the 2030 Agenda for Sustainable Development 
and support WHO’s vision of creating resilient communities and supportive environments in the 
European Region.

Following the publication of WHO’s community noise guidelines in 1999 and night noise guidelines 
for Europe in 2009, these latest guidelines represent the next evolutionary step, taking advantage of 
the growing diversity and quality standards in this research domain. Comprehensive and robust, and 
underpinned by evidence, they will serve as a sound basis for action. While these guidelines focus on 
the WHO European Region and provide policy guidance to Member States that is compatible with 
the noise indicators used in the EU’s Environmental Noise Directive, they still have global relevance. 
Indeed, a large body of the evidence underpinning the recommendations was derived not only from 
noise effect studies in Europe but also from research in other parts of the world – mainly in Asia, 
Australia and the United States of America.

I am proud to present these guidelines as another leading example of the normative work undertaken 
in our Region in the area of environment and health. On behalf of the WHO Regional Office for Europe 
and our European Centre for Environment and Health in Bonn, Germany, which coordinated the 
development of the guidelines, I would like to express my gratitude to the large network of experts, 
partners, colleagues and consultants who have contributed to this excellent publication. I would also 
like to thank Switzerland and Germany for providing financial support to this complex project, and 
look forward to following the influence of the guidelines on policy and research in the years to come. 

Dr Zsuzsanna Jakab

WHO Regional Director for Europe
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Glossary of acoustic terms
A-weighting  A frequency-dependent correction that is applied to a measured or   
   calculated sound of moderate intensity to mimic the varying sensitivity of  
   the ear to sound for different frequencies

C-weighting  A frequency-dependent correction that is applied to a measured or   
   calculated sound of moderate intensity to mimic the varying sensitivity 
   of the ear to sound for different frequencies – C-weighting is usually used  
   for peak measurements

FAST    Fast response has a time constant of 125 milliseconds on a sound level  
   meter

LAeq,T   A-weighted, equivalent continuous sound pressure level during a stated  
   time interval starting at t1 and ending at t2, expressed in decibels (dB), at a  
   given point in space1

LA,max   Maximum time-weighted and A-weighted sound pressure level within a  
   stated time interval starting at t1 and ending at t2, expressed in dB1

LAF   A-weighted sound pressure level with FAST time constant as specified in  
   IEC 61672-11

LAF,max   Maximum time-weighted and A-weighted sound pressure level with FAST  
   time constant within a stated time interval starting at t1 and ending at t2,  
   expressed in dB

LAS,max    Maximum time-weighted and A-weighted sound pressure level with SLOW  
   time constant within a stated time interval starting at t1 and ending at t2,  
   expressed in dB

LE   Sound energy density level is the logarithmic ratio of the time-averaged  
   sound energy per unit volume to the reference sound energy density 
   Eo = 10-12 J/m3.

Lex,8h   Leq (equivalent continuous sound level) corrected for the length of the  
   working shift, in this case 8 hours

Lday    Equivalent continuous sound pressure level when the reference time interval  
   is the day1

Lden   Day-evening-night-weighted sound pressure level as defined in section  
   3.6.4 of ISO 1996-1:20161

Ldn   Day-night-weighted sound pressure level as defined in section 3.6.4 of 
   ISO 1996-1:20161 

Levening   Equivalent continuous sound pressure level when the reference time interval  
   is the evening1 

1 Source: ISO (2016).
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Lnight    Equivalent continuous sound pressure level when the reference time interval  
   is the night1

Lpeak,C   Level of peak sound pressure with C-weighting, within a specified time  
   interval 

Lpeak,lin   Level of peak sound pressure with linear frequency weighting, within a  
   specified time interval 

Sound pressure level the logarithm of the ratio of a given sound pressure to the reference sound  
   pressure in dB is 20 times the logarithm to the base ten of the ratio.

SLOW    Slow response has a time constant of 10 000 milliseconds on a sound level  
   meter
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Executive summary
Environmental noise is an important public health issue, featuring among the top environmental risks 
to health. It has negative impacts on human health and well-being and is a growing concern among 
both the general public and policy-makers in Europe. 

At the Fifth Ministerial Conference on Environment and Health in Parma, Italy, in 2010, WHO was 
requested by the Member States in the European Region to produce noise guidelines that included 
not only transportation noise sources but also personal electronic devices, toys and wind turbines, 
which had not yet been considered in existing guidelines. Furthermore, European Union Directive 
2002/49/EC relating to the assessment and management of environmental noise (END) and 
related technical guidance from the European Environment Agency both elaborated on the issue of 
environmental noise and the importance of up-to-date noise guidelines. 

The WHO Regional Office for Europe has therefore developed environmental noise guidelines for 
the European Region, proposing an updated set of public health recommendations on exposure to 
environmental noise.

Objectives
The main purpose of these guidelines is to provide recommendations for protecting human health 
from exposure to environmental noise originating from various sources: transportation (road traffic, 
railway and aircraft) noise, wind turbine noise and leisure noise. Leisure noise in this context refers to 
all noise sources that people are exposed to due to leisure activities, such as attending nightclubs, 
pubs, fitness classes, live sporting events, concerts or live music venues and listening to loud music 
through personal listening devices. The guidelines focus on the WHO European Region and provide 
policy guidance to Member States that is compatible with the noise indicators used in the European 
Union’s END. 

The following two key questions identify the issues addressed by the guidelines.

•	In the general population exposed to environmental noise, what is the exposure–response 
relationship between exposure to environmental noise (reported as various indicators) and the 
proportion of people with a validated measure of health outcome, when adjusted for confounders?

•	In the general population exposed to environmental noise, are interventions effective in reducing 
exposure to and/or health outcomes from environmental noise? 

In light of these questions, the guidelines set out to define recommended exposure levels for 
environmental noise in order to protect population health. 

Methods used to develop the guidelines 
The process of developing the WHO guidelines followed a rigorous methodology involving 
several groups with separate roles and responsibilities. Throughout the process, the Grading of 
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Recommendations Assessment, Development and Evaluation (GRADE) approach was followed. In 
particular, the different steps in the development of the guidelines included: 

•	formulation of the scope and key questions of the guidelines;

•	review of the pertinent literature; 

•	selection of priority health outcome measures; 

•	a systematic review of the evidence; 

•	assessment of certainty of the bodies of evidence resulting from systematic reviews; 

•	identification of guideline exposure levels; and

•	setting of the strength of recommendations. 

Based on the defined scope and key questions, these guidelines reviewed the pertinent literature 
in order to incorporate significant research undertaken in the area of environmental noise and 
health since the community noise guidelines and night noise guidelines for Europe were issued 
(WHO, 1999; WHO Regional Office for Europe, 2009). In total, eight systematic reviews of evidence 
were conducted to assess the relationship between environmental noise and the following health 
outcomes: cardiovascular and metabolic effects; annoyance; effects on sleep; cognitive impairment; 
hearing impairment and tinnitus; adverse birth outcomes; and quality of life, mental health and well-
being. A separate systematic review of evidence was conducted to assess the effectiveness of 
environmental noise interventions in reducing exposure and associated impacts on health.2 Once 
identified and synthesized, the quality of the evidence of the systematic reviews was assessed by 
the Systematic Review Team. Subsequently, the Guideline Development Group (GDG) formulated 
recommendations, guided by the Systematic Review Team’s assessment and informed by of a 
number of additional contextual parameters. To facilitate the formulation of recommendations, the 
GDG first defined priority health outcomes and then selected the most relevant health outcome 
measures for the outcomes. Consecutively, a process was developed to identify the guideline 
exposure levels with the help of the exposure–response functions provided by the systematic 
reviews. To reflect the nature of the research (observational studies) underpinning the relationship 
between environmental noise and health, the GRADE procedures were adapted to the requirements 
of environmental exposure studies where needed. 

Noise indicators
From a scientific point of view, the best noise indicator is the one that performs best in predicting the 
effect of interest. There are, however, a number of additional criteria that may influence the choice 
of indicator. For example, various indicators might be suitable for different health end-points. Some 
considerations of a more political nature can be found in the European Commision’s Position paper 
on EU noise indicators (EC, 2000). 

2 All systematic reviews are publicly available online in the International Journal of Environmental Research and Public 
Health. A detailed list of links to the individual reviews is provided in section 2.3.2 and in Annex 2 of these guidelines.
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The current guidelines are intended to be suitable for policy-making in the WHO European Region. 
They therefore focus on the most used noise indicators Lden and/or Lnight (see the glossary of acoustic 
terms for further details). They can be constructed using their components (Lday, Levening, Lnight and the 
duration in hours of Lnight), and are provided for exposure at the most exposed façade, outdoors. 
The Lden and Lnight indicators are those generally reported by authorities and are widely used for 
exposure assessment in health effect studies. 

Recommendations
Specific recommendations have been formulated for road traffic noise, railway noise, aircraft noise, 
wind turbine noise and leisure noise. Recommendations are rated as either strong or conditional. 

Strength of recommendation

•	A strong recommendation can be adopted as policy in most situations. The guideline is based 
on the confidence that the desirable effects of adherence to the recommendation outweigh the 
undesirable consequences. The quality of evidence for a net benefit – combined with information 
about the values, preferences and resources – inform this recommendation, which should be 
implemented in most circumstances.

•	A conditional recommendation requires a policy-making process with substantial debate and 
involvement of various stakeholders. There is less certainty of its efficacy owing to lower quality of 
evidence of a net benefit, opposing values and preferences of individuals and populations affected 
or the high resource implications of the recommendation, meaning there may be circumstances 
or settings in which it will not apply.

Alongside specific recommendations, several guiding principles were developed to provide generic 
advice and support for the incorporation of recommendations into a policy framework. They apply 
to the implementation of all of the specific recommendations.

Guiding principles: reduce, promote, coordinate and involve 

•	Reduce exposure to noise, while conserving quiet areas.

•	Promote interventions to reduce exposure to noise and improve health. 

•	Coordinate approaches to control noise sources and other environmental health risks. 

•	Inform and involve communities potentially affected by a change in noise exposure.

The recommendations, source by source, are as follows.
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              Road traffic noise

Recommendation Strength

For average noise exposure, the GDG strongly recommends reducing 
noise levels produced by road traffic below 53 decibels (dB) Lden, as road 
traffic noise above this level is associated with adverse health effects.

Strong 

For night noise exposure, the GDG strongly recommends reducing noise 
levels produced by road traffic during night time below 45 dB Lnight, as 
night-time road traffic noise above this level is associated with adverse 
effects on sleep. 

Strong

To reduce health effects, the GDG strongly recommends that policy-
makers implement suitable measures to reduce noise exposure from road 
traffic in the population exposed to levels above the guideline values for 
average and night noise exposure. For specific interventions, the GDG 
recommends reducing noise both at the source and on the route between 
the source and the affected population by changes in infrastructure. 

Strong

             

 Railway noise 

Recommendation Strength

For average noise exposure, the GDG strongly recommends reducing 
noise levels produced by railway traffic below 54 dB Lden, as railway noise 
above this level is associated with adverse health effects. 

Strong 

For night noise exposure, the GDG strongly recommends reducing noise 
levels produced by railway traffic during night time below 44 dB Lnight, as 
night-time railway noise above this level is associated with adverse effects 
on sleep.

Strong

To reduce health effects, the GDG strongly recommends that policy-
makers implement suitable measures to reduce noise exposure from 
railways in the population exposed to levels above the guideline values for 
average and night noise exposure. There is, however, insufficient evidence 
to recommend one type of intervention over another.

Strong

    

SR0290

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 293 of 615



xvii

            Aircraft noise 

Recommendation Strength

For average noise exposure, the GDG strongly recommends reducing noise 
levels produced by aircraft below 45 dB Lden, as aircraft noise above this 
level is associated with adverse health effects. 

Strong

For night noise exposure, the GDG strongly recommends reducing noise 
levels produced by aircraft during night time below 40 dB Lnight, as night-
time aircraft noise above this level is associated with adverse effects on 
sleep. 

Strong

To reduce health effects, the GDG strongly recommends that policy-makers 
implement suitable measures to reduce noise exposure from aircraft in the 
population exposed to levels above the guideline values for average and 
night noise exposure. For specific interventions the GDG recommends 
implementing suitable changes in infrastructure.

Strong

            Wind turbine noise

Recommendation Strength

For average noise exposure, the GDG conditionally recommends 
reducing noise levels produced by wind turbines below 45 dB Lden, as 
wind turbine noise above this level is associated with adverse health 
effects. 

Conditional

No recommendation is made for average night noise exposure Lnight of 
wind turbines. The quality of evidence of night-time exposure to wind 
turbine noise is too low to allow a recommendation. 

To reduce health effects, the GDG conditionally recommends that policy-
makers implement suitable measures to reduce noise exposure from 
wind turbines in the population exposed to levels above the guideline 
values for average noise exposure. No evidence is available, however, to 
facilitate the recommendation of one particular type of intervention over 
another.

Conditional
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               Leisure noise3

Recommendation Strength

For average noise exposure, the GDG conditionally recommends reducing 
the yearly average from all leisure noise sources combined to 70 dB LAeq,24h 
as leisure noise above this level is associated with adverse health effects. 
The equal energy principle3 can be used to derive exposure limits for other 
time averages, which might be more practical in regulatory processes. 

Conditional

For single-event and impulse noise exposures, the GDG conditionally 
recommends following existing guidelines and legal regulations to limit the 
risk of increases in hearing impairment from leisure noise in both children 
and adults.

Conditional

Following a precautionary approach, to reduce possible health effects, 
the GDG strongly recommends that policy-makers take action to prevent 
exposure above the guideline values for average noise and single-event 
and impulse noise exposures. This is particularly relevant as a large number 
of people may be exposed to and at risk of hearing impairment through the 
use of personal listening devices. There is insufficient evidence, however, to 
recommend one type of intervention over another.

Strong

Target audience 
The guidelines are published by the WHO Regional Office for Europe. In terms of their health 
implications, the recommended exposure levels can be considered applicable in other regions and 
suitable for a global audience, as a large body of the evidence underpinning the recommendations 
was derived not only from European noise effect studies but also from research in other parts of the 
world – mainly in America, Asia and Australia. 

3 The equal energy principle states that the total effect of sound is proportional to the total amount of sound energy 
received by the ear, irrespective of the distribution of that energy in time (WHO, 1999).
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1. Introduction
Environmental noise features among the top environmental risks to physical and mental health and 
well-being, with a substantial associated burden of disease in Europe (WHO Regional Office for 
Europe & JRC, 2011; Hänninen et al., 2014). It has negative impacts on human health and well-
being and is a growing concern among both the general public and policy-makers in Europe. 

WHO published community noise guidelines (CNG) and night noise guidelines (NNG) for Europe 
in 1999 and 2009, respectively (WHO, 1999; WHO Regional Office for Europe, 2009). Since then, 
significant new evidence has accumulated on the health effects of environmental noise. 

The need for updated health-based guidelines originates in part from commitments made at the 
Fifth Ministerial Conference on Environment and Health in Parma, Italy, in 2010, where Member 
States asked WHO to produce appropriate noise guidelines that would include additional noise 
sources such as personal electronic devices, toys and wind turbines (WHO Regional Office for 
Europe, 2010). Furthermore, European Union (EU) Directive 2002/49/EC relating to the assessment 
and management of environmental noise (the END – EC, 2002a) and related technical guidance 
from the European Environment Agency (EEA) both elaborated on the issue of environmental noise 
and the importance of up-to-date noise guidelines (EEA, 2010). 

The WHO Regional Office for Europe has therefore developed environmental noise guidelines for 
the European Region, proposing an updated set of public health recommendations on exposure 
to environmental noise. The main purpose of these guidelines is to provide recommendations for 
protecting human health from exposure to environmental noise originating from various sources: 
transportation (road traffic, railway and aircraft) noise, wind turbine noise and leisure noise. The 
guidelines focus on the WHO European Region and provide policy guidance to Member States that 
is compatible with the noise indicators used in the EU’s END. 

The following two key questions identify the issues addressed by the guidelines.

•	In the general population exposed to environmental noise, what is the exposure–response 
relationship between exposure to environmental noise (reported as various indicators) and the 
proportion of people with a validated measure of health outcome, when adjusted for confounders?

•	In the general population exposed to environmental noise, are interventions effective in reducing 
exposure to and/or health outcomes from environmental noise? 

1.1 The public health burden from environmental noise
Exposure to noise can lead to auditory and nonauditory effects on health. Through direct injury to 
the auditory system, noise leads to auditory effects such as hearing loss and tinnitus. Noise is also 
a nonspecific stressor that has been shown to have an adverse effect on human health, especially 
following long-term exposure. These effects are the result of psychological and physiological distress, 
as well as a disturbance of the organism’s homeostasis and increasing allostatic load (Basner et 
al., 2014). This is further outlined in the WHO narrative review of the biological mechanisms of 
nonauditory effects (Eriksson et al., 2018). 
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The evidence of the association between noise exposure and health effects is based on experimental 
work regarding biological plausibility and, in observational studies, consistency among study results, 
presence of an exposure–response relationship and the magnitude of the effect. Environmental 
noise risk assessment and risk management relies on established exposure–response relationships 
(Babisch, 2014).

In 2011 the WHO Regional Office for Europe and the European Commission (EC) Joint Research 
Centre (JRC) published a report on the burden of disease from environmental noise that quantified 
the healthy years of life lost in western Europeam countries as a result of environmental noise 
(WHO Regional Office for Europe & JRC, 2011). The burden of disease is calculated, in a single 
measure of disability-adjusted life-years (DALYs), as the sum of the years of life lost from premature 
mortality and the years lived with disability for people living with the disease or health condition or its 
consequences in the general population (WHO, 2014a). 

Sufficient information was deemed available to quantify the burden of disease from environmental 
noise for cardiovascular disease, cognitive impairment in children, sleep disturbance, tinnitus and 
annoyance. The report, based on a limited set of data, estimated that DALYs lost from environmental 
noise in western European countries are equivalent to 61 000 years for ischaemic heart disease (IHD), 
45 000 years for cognitive impairment in children, 903 000 years for sleep disturbance, 22 000 years 
for tinnitus and 654 000 years for annoyance (WHO Regional Office for Europe & JRC, 2011). These 
results indicate that at least one million healthy years of life are lost every year from traffic-related 
environmental noise in western Europe. Sleep disturbance and annoyance, mostly related to road 
traffic noise, constitute the bulk of this burden. Available assessments place the burden of disease 
from environmental noise as the second highest after air pollution (WHO Regional Office for Europe 
& JRC, 2011;  Hänninen et al., 2014; WHO 2014b). However, a lack of noise exposure data in the 
central and eastern parts of the WHO European Region means that it is not possible to assess the 
burden of disease from environmental noise for the whole Region.

1.2 The environmental noise policy context in the EU
The EU has been working to develop a harmonized noise policy for more than two decades. 1993 
saw the start of the EC’s Fifth Environment Action Programme, which stated that “no person should 
be exposed to noise levels which endanger health and quality of life” (EC, 1993). This was followed 
by a Green Paper on future noise policy (EC, 1996), which reinforced the importance of noise as 
one of the main environmental problems in Europe and proposed a new framework for noise policy 
development. 

The Sixth Environment Action Programme had as one of its objectives: “to achieve a quality of 
environment where the levels of man-made contaminants do not give rise to significant impacts 
on, or risks to, human health” (EC, 2002b). This paved the way for the Commission to adopt and 
implement the END in 2002 (EC, 2002a). The main aim of the Directive is “to define a common 
approach intended to avoid, prevent or reduce on a prioritized basis the harmful effects, including 
annoyance, due to exposure to environmental noise”. 
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The END obliges the EC to adapt its Annexes I–III (I on noise indicators in addition to Lden
4 and 

Lnight
5, II on noise assessment methods and III on methods for assessing harmful effects of noise) to 

technical and scientific progress. While work on revising Annex II was finalized in 2015 and common 
noise assessment methods were introduced (EC, 2015), revisions of Annex III to establish methods 
to assess the harmful effects of noise only started in 2015. Annex III would primarily define what 
exposure–response relationships should be used to assess the effect of noise on populations. EU 
Member States have already expressed the view that the recommendations from these environmental 
noise guidelines for the WHO European Region will guide the revision of Annex III. Beside this main 
directive, few other legislative documents cover different noise sources and other related issues in 
the EU (EEA, 2014: Annex I). 

The Seventh Environment Action Programme, which guides European environment policy until 2020 
(EC, 2014a), is committed to safeguarding the EU’s citizens from environment-related risks to health 
by ensuring that by 2020 “noise pollution in the Union has significantly decreased, moving closer to 
WHO-recommended levels”. A particular requirement for achieving this is “implementing an updated 
EU noise policy aligned with the latest scientific knowledge, and measures to reduce noise at source, 
and including improvements in city design”. 

In addition to the EU’s END, several national governments also have legislation and/or limit values 
that apply at national and/or regional levels (WHO Regional Office for Europe, 2012). The EEA, 
through its European Topic Centre on Land Use and Spatial Information, gathers noise exposure 
data and maintains the Noise Observation and Information Service for Europe, based on strategic 
noise maps provided by Member States (EEA, 2018). A total of 33 EEA countries, in addition to six 
cooperating countries in south-eastern Europe, report information on noise exposure to the EEA, 
following the requirements of the END. The quality and availability of noise exposure assessment 
differs between EU and non-EU Member States where, even if noise legislation has been harmonized 
with the Directive, noise mapping and action plans are still at the planning stage (EEA, 2014; 2017a; 
WHO Regional Office for Europe, 2012).

1.2.1 Definition of indicators in the END
The END specifies a number of noise indicators to be applied by Member States in noise mapping 
and action planning. The most important are Lden and Lnight.

The Lden indicator is an average sound pressure level over all days, evenings and nights in a year 
(EEA, 2010). This compound indicator was adopted by the EU in the END (EC, 2002a). The Lden in 
decibels (dB) is defined by a specific formula, where:

•	Lday is the A-weighted long-term average sound level as defined in ISO 1996-1: 2016, determined 
over all the day periods of a year; 

•	Levening is the A-weighted long-term average sound level as defined in ISO 1996-1: 2016, determined 
over all the evening periods of a year; and 

•	Lnight is the A-weighted long-term average sound level as defined in ISO 1996-1: 2016, determined 
over all the night periods of a year (ISO, 2016). 

4 Day-evening-night-weighted sound pressure level as defined in section 3.6.4 of ISO 1996-1:20161 (ISO, 2016). 
5 Equivalent continuous sound pressure level when the reference time interval is the night.
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The Lnight, according to the definition in the END, is an equivalent outdoor sound pressure level, 
measured at the most exposed façade, associated with a particular type of noise source during 
night time (at least eight hours), calculated over a period of a year (WHO Regional Office for Europe, 
2009). 

Annex I of the END gives technical definitions for Lden and Lnight, as well as supplementary noise 
indicators, which might be useful for monitoring special noise situations. For example, in the case 
of noisy but short-lived noise like shooting noise or noise emitted by trains, LA,max is often used. This 
is a measure of the maximum sound pressure reached during a defined measurement period. It is 
used to set noise limits and is sometimes considered in studies to determine certain health effects 
(such as awakening reactions).

1.3 Perceptions of environmental noise in the WHO European Region

1.3.1 Trends at the regional level
The general population greatly values the benefits of clean and quiet environments. In Europe, people 
perceive noise as an important issue that affects human health and well-being (EC, 2008; 2014b). 
In recent years, several Europe-wide surveys have examined the perception of noise as an issue 
among the population. Overall, these surveys ask about generic noise, referring to “neighbourhood 
noise” or “noise from the street”. This type of noise differs significantly in its definition from what is 
considered “environmental noise” in these guidelines. Nevertheless, in the absence of specific large 
surveys on perceptions of environmental noise as defined in these guidelines, the results provide 
insight into the public perception of this issue.

The European quality-of-life surveys, carried out every four years, are unique, pan-European surveys 
examining both the objective circumstances of lives of European citizens and how they feel about 
those circumstances and their lives in general. The last (fourth) survey was conducted in 2016–2017, 
involving nearly 37 000 citizens from all EU Member States and the five candidate countries (Albania, 
Montenegro, Serbia, the former Yugoslav Republic of Macedonia and Turkey). Respondents were 
asked whether they had major, moderate or no problems with noise in the immediate neighbourhood 
of their home. Almost one third (32%) reported problems with noise (ranging from 14% to 51% in 
individual countries), mainly in cities or city suburbs (49%) (Eurofound, 2017).

A 2010 survey of the then 27 countries in the EU, requested by the EC, showed that 80% of 
respondents (n = 26 602) believed that noise affects their health, either to some or to a great extent 
(EC, 2010). 

A Eurobarometer report on attitudes of European citizens towards the environment (EC, 2014b) 
compiled opinions on various environmental risks from almost 28 000 respondents in 28 EU countries. 
Results showed that for 15% of respondents, noise pollution is one of the top five environmental 
issues they are worried about. Furthermore, 17% of respondents said that they lack information 
about noise pollution.
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1.3.2 Trends at the national level
Data on perception of specific sources of environmental noise as a problem are not available for 
the entire WHO European Region. Nevertheless, some countries – including France, Germany, the 
Netherlands, Slovakia and the United Kingdom – conduct national surveys on noise annoyance, 
either regularly or on demand (Sobotova et al., 2006; Lambert & Philipps-Bertin, 2008; van Poll et 
al., 2011; Centraal Bureau voor de Statistiek, 2012; Notley et al., 2014; Umweltbundesamt, 2017). 

According to these large-scale surveys, road traffic noise is the most important source of annoyance, 
generally followed closely by neighbour noise. Aircraft noise can also be a substantial source of 
annoyance. Railway noise and industrial noise are enumerated less frequently. Only limited data are 
available on the population’s perception of newer sources of noise, such as wind turbines.

While perception surveys do not provide information on actual quantitative relationships between 
noise exposure and health outcomes, it is important to note that the results of such surveys 
represent people’s preferences and values regarding environmental noise. Despite limitations and 
an incomplete picture, the available data on perception of environmental noise as a public health 
problem show concern in Europe. People are not always aware of the health impacts of noise, 
especially of those related to long-term noise exposure at lower levels. Greater awareness of the 
issue may further increase positive values and preferences.

1.4 Target audience 
The environmental noise guidelines for the European Region serve as a reference for an audience 
made up of different groups, with varied areas of expertise including decision-making, research and 
advocacy. More specifically, this covers:

•	various technical experts and decision-makers at the local, national or international levels, with 
responsibility for developing and implementing regulations and standards for noise control, urban 
planning and housing, and other relevant environment and health domains; 

•	health impact assessment and environmental impact assessment practitioners and researchers; 

•	national and local authorities responsible for developing and implementing relevant measures and 
for risk communication; 

•	nongovernmental organizations and other advocacy groups involved in risk communication and 
general awareness-raising.

These guidelines are published by the WHO Regional Office for Europe. In terms of their health 
implications, the recommended exposure levels can be considered applicable in other regions and 
suitable for a global audience, as a large body of the evidence underpinning the recommendations 
was derived not only from European noise effect studies but also from research in other parts of the 
world – mainly in America, Asia and Australia.
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2. Development of the guidelines
2.1 Overview
The process of developing WHO guidelines follows a rigorous methodology and involves several 
groups with well defined roles and responsibilities (WHO, 2014c). These include: formulation of the 
scope and key questions of the guidelines; review of the pertinent literature; selection of priority health 
outcome measures; a systematic review of the evidence; an assessment of certainty of the bodies 
of evidence resulting from systematic reviews; identification of guideline exposure levels; and setting 
of the strength of recommendations. Throughout the process, the Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) approach was followed (Morgan et al., 2016).

The development of environmental noise guidelines started in 2013. Following WHO’s procedures, 
the WHO Regional Office for Europe, through its European Centre for Environment and Health in 
Bonn, Germany, obtained planning approval and established a Steering Group and a Guideline 
Development Group (GDG). The former was primarily involved in initiating, structuring and 
executing the guideline development process; the latter was composed of leading experts and 
end-users, responsible for the process of scoping the guidelines and developing the evidence-
based recommendations. During the initiation meeting in October 2013 in Bonn, the GDG members 
defined the scope of the guidelines, decided on the key questions to be addressed, prioritized health 
outcomes and set a timeline for completion of the work. Furthermore, authors were appointed for 
background papers, systematic reviews and different guideline background chapters. 

In October 2014 a main evidence review meeting was held between the GDG and the Systematic 
Review Team in Bern, Switzerland, to discuss the evidence review drafts. In October 2014 and May 
2015 the GDG met in Bern and Bonn, respectively, to refine the scope and draft recommendations. 
The revision and finalization of the systematic reviews of evidence was completed in early 2017. 
Through a series of remote meetings and teleconferences, the GDG discussed and addressed 
the remaining outstanding issues and feedback from the peer review of the draft guidelines, and 
decided on the final formulation of the recommendations. The following sections describe the steps 
of the guideline development process in detail. 

2.2 Scope of the guidelines 
Defining the scope of the guidelines included the selection of noise sources to be considered, as 
well as situations in which people are exposed, and noise indicators used for the formulation of 
recommendations. These guidelines separately consider outdoor exposure to environmental noise 
from road traffic, railway traffic, aircraft, wind turbines as well as outdoor and indoor exposure during 
leisure activities (such as attending nightclubs, pubs, fitness classes, live sporting events, concerts 
or live music venues and listening to loud music through personal listening devices). The guidelines 
are source specific and not environment specific. They therefore cover all settings where people 
spend a significant portion of their time, such as residences, educational institutions, workplaces 
and public venues, although hospital noise is exempted from the list of public institutions owing to 
the unique characteristics of the population involved. 
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The GDG agreed not to develop specific recommendations for occupational and industrial noise. 
Industrial noise can affect both people working at an industrial site and those living in its vicinity. 
The guidelines do not consider workers’ exposure to noise in industrial environments, as these 
are regulated by workplace standards and may, in some cases, require the wearing of protective 
equipment or application of other preventive and protective measures. Further, the guidelines do 
not explicitly consider industrial noise as an environmental noise source, affecting people living in 
the vicinities of industrial sites. This is mainly due to the large heterogeneity and specific features of 
industrial noise, and the fact that exposure to industrial noise has a very localized character in the 
urban population. 

Likewise, the current guidelines do not provide specific recommendations for the prevention of 
health effects linked to neighbourhood noise. Neighbourhood noise may stem from various potential 
sources of noise (such as ventilation systems; church bells; animals; neighbours; commercial, 
recreational and occupational activities; or shooting/military). As the sources may be located in close 
proximity to where people live, they can cause considerable concern even at low levels (Omlin et al., 
2011). Several of these sources can also produce low-frequency noise, and as such, require indoor 
measurements for proper exposure assessment. In general, little scientific research is available on 
exposure and health outcomes related to neighbourhood noise.

Moreover, the guidelines do not include recommendations about any kind of multiple exposures. In 
everyday life people are often exposed to noise from several sources at the same time. In Germany, 
for example, 44% of the population are annoyed by at least two and up to five sources of noise 
(Umweltbundesamt, 2015). For some health outcomes, such as obesity, new evidence indicates 
that combined exposure to noise from several means of transportation is particularly harmful (Pyko 
et al., 2015; 2017). 

Research indicates that, alongside exposure to more than one source of noise, combined exposure 
to different factors – for example, noise and vibration or noise and air pollution – has gained 
increasing relevance in recent years (Sörensen et al., 2017). The EC estimates that the social cost 
of noise and air pollution is up to €1 trillion every year (EC, 2016a). WHO acknowledges the need 
to develop comprehensive models to quantify the effects of multiple exposures on human health. 
As the main body of evidence on environmental noise still focuses on source-specific impacts of 
noise on health outcomes and does not incorporate combined exposure effects of multiple noise 
sources or other pollutants, however, the current guidelines provide recommendations for each 
source of noise specifically. No attempt has been made to combine noise from multiple sources for 
any particular health outcome.

2.2.1 Key questions
The environmental noise guidelines for the WHO European Region seek to address two main 
questions, which define the issues addressed by the guideline recommendations.

•	In the general population exposed to environmental noise, what is the exposure–response 
relationship between exposure to environmental noise (reported as various indicators) and the 
proportion of people with a validated measure of health outcome, when adjusted for confounders?

•	In the general population exposed to environmental noise, are interventions effective in reducing 
exposure to and/or health outcomes from environmental noise? 
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2.2.2 Environmental noise indicators used in the guidelines
From a scientific point of view, the best noise indicator is the one that performs best in predicting the 
effect of interest. There are, however, a number of additional criteria that may influence the choice of 
indicator because, for example, various indicators might be suitable for different health end-points 
and some indicators are more practical to use or easier to calculate than others. Some of these 
considerations are of a more political nature, as mentioned in the EC’s Position paper on EU noise 
indicators (EC, 2000).

The current guidelines are intended to be suitable for policy-making primarily in the WHO European 
Region. They are therefore based on the most frequently used average noise indicators in Europe: 
Lden and Lnight. These are often reported by authorities and are used widely for exposure assessment 
in health effect studies and noise impact assessments in the Region. The Lden (also referred to as 
“DENL”) indicator can be calculated as the A-weighted average sound pressure level, measured 
over a 24-hour period, with a 10 dB penalty added to the average level in the night (23:00–07:00 or 
22:00–06:00), a 5 dB penalty added to the evening (19:00–23:00 or 18:00–22:00) and no penalty 
added to the daytime period (07:00–19:00 or 06:00–18:00). The penalties are introduced to indicate 
people’s extra sensitivity to noise during the evening and night. The Lnight indicator is the A-weighted 
average sound pressure level, measured over an eight-hour period during night time, usually between 
23:00 and 07:00 (EC, 2002a).

In these guidelines, Lden and Lnight refer to a measurement or calculation of noise exposure at the 
most exposed façade, outdoors, reflecting the long-term average exposure. Thus, Lden and Lnight 
represent all the single noise events due to a specific noise source that occur over a longer period 
of time, such as during a year. Moreover, most health outcomes considered in these guidelines are 
expected to occur as a result of long-term exposure. It is generally accepted that the most relevant 
parts of the whole day or night, which especially account for the time when a person is at home, are 
correctly attributed when using average indicators like Lden or Lnight. 

The majority of studies that form the body of evidence for the recommendations in these guidelines 
– among them large-scale epidemiological studies and socioacoustic surveys on annoyance and 
self-reported sleep disturbance – refer to noise exposure measured outdoors, usually at the most 
exposed façade of dwellings. Virtually all noise exposure prediction models in use today estimate 
free-field exposure levels outdoors, and most noise abatement regulations refer to outdoor levels 
as well. These are the practical reasons why the GDG decided not to recommend any guideline 
values for noise indoors. Nevertheless, in certain cases it could be helpful to estimate indoor levels 
based on outdoor values. The differences between indoor and outdoor levels are usually estimated 
at around 10 dB for open, 15 dB for tilted or half-open and about 25 dB for closed windows. When 
considering more accurate estimation of indoor levels, using a range of different predictors, the 
relevant scientific literature can be consulted (Locher et al., 2018). 

The GDG was aware of the fact that many countries outside the EU are not bound by the terms of the 
END (EC, 2002a) and/or use noise indicators other than Lden or Lnight in their noise regulations. They 
still can make use of these guidelines, however, because energy-based average noise indicators 
are usually highly correlated and “rule of thumb” transformations from one indicator to another are 
possible with acceptable uncertainty, as long as the conversion accounts for the long-term average 
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of populations, rather than individual exposure situations. Empirically derived generic conversion 
terms between a wide range of different noise indicators (including Lden, Ldn, Lday, Lnight and LAeq,24h; see 
the glossary of acoustic terms for further details), with their uncertainty estimates, were published 
recently (Brink et al., 2018). The GDG encourages the use of these conversions, should the need 
arise.

In many situations, average noise levels like the Lden or Lnight indicators may not be the best to explain 
a particular noise effect. Single-event noise indicators – such as the maximum sound pressure 
level (LA,max)

6 and its frequency distribution – are warranted in specific situations, such as in the 
context of night-time railway or aircraft noise events that can clearly elicit awakenings and other 
physiological reactions that are mostly determined by LA,max. Nevertheless, the assessment of the 
relationship between different types of single-event noise indicators and long-term health outcomes 
at the population level remains tentative. The guidelines therefore make no recommendations for 
single-event noise indicators.

Different noise sources – for example, road traffic noise and railway noise – can be characterized 
by different spectra, different noise level rise times of noise events, different temporal distributions 
of noise events and different frequency distributions of maximum levels. Because of the extensive 
differences in the characteristics of individual noise sources, these guidelines only consider source-
specific exposure–response functions (ERFs) and, therefore, formulate only source-specific 
recommendations.

2.3 Evidence base 
Based on the overall scope and key questions the current guidelines review the relevant literature in 
the area of environmental noise and health in order to incorporate significant research undertaken 
since the publication of previous guidelines. The process of evidence search and retrieval involved 
several steps. These include the identification, retrieval and synthesis of the evidence, followed by a 
systematic review and assessment (described in section 2.4). 

2.3.1 Identification, retrieval and synthesis of evidence 
As a first step, the GDG identified key health outcomes associated with environmental noise. Next, 
it rated the relevance of these health outcomes according to the following three categories:

•	critical for assessing environmental noise issues 

•	important, but not critical for assessing environmental noise issues 

•	unimportant.

The GDG rated the relevance based on the seriousness and prevalence of the outcomes and the 
anticipated availability of evidence for an association with noise exposure. The following health 
outcomes were selected as either critical or important for developing recommendations on the 
health impacts of environmental noise.

6  LA,max is the maximum time-weighted and A-weighted sound pressure level within a stated time interval starting at t1 and 
ending at t2, expressed in dB. 
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Critical health outcome    Important health outcome 

Cardiovascular disease     Adverse birth outcomes 

Annoyance7     Quality of life, well-being and mental health 

Effects on sleep     Metabolic outcomes 

Cognitive impairment 

Hearing impairment and tinnitus 

The GDG noted that research into the relationship between noise exposure and its effects on humans 
brings into focus several questions concerning the definition of health and the boundary between 
normal social reaction to noise and noise-induced ill health. As stated in WHO’s Constitution: “Health 
is a state of complete physical, mental and social well-being and not merely the absence of disease 
or infirmity” (WHO, 1946). Accordingly, documenting physical health does not present a complete 
picture of general health; and being undisturbed by noise in all activities, including sleep, constitutes 
an asset worthy of protection. Therefore, in accordance with the above definition, the GDG regarded 
(long-term) annoyance and impaired well-being, as well as self-reported sleep disturbance due to 
noise, as health outcomes.

Regarding sleep disturbance, the health outcome measures considered in these guidelines largely 
disregard “objective” indicators of sleep disturbance, such as the probability of awakening reactions 
or other polysomnography parameters. The main reason for this is the nature of the body of evidence 
on acute, objectively measured effects of noise during sleep. Studies of physiological effects of 
sleep and especially polysomnographic investigations are complex and resource-demanding; they 
therefore include only a small number of participants, who are often healthy young volunteers not 
representative of the general population. For these reasons, the majority of such studies do not 
meet the requirements for inclusion in the GRADE framework and full-scale meta-analysis, including 
adjustment for confounders. Furthermore, it is currently unclear how acute physiological reactions 
that affect the microstructure of sleep but are less well correlated with global sleep parameters, such 
as total sleep time, are related to long-term health impediments, especially considering the large 
interindividual differences in susceptibility to noise (Basner et al., 2011). 

As sleeping satisfies a basic need and the absence of undisturbed sleep can have serious effects 
on human health (WHO Regional Office for Europe, 2009), the GDG set self-reported sleep 
disturbance, in line with the WHO definition of health, as a primary health outcome. Even though 
self-reported sleep disturbance might differ considerably from objectively measured parameters of 
sleep physiology, it constitutes a valid indicator in its own right, as it reflects the effects on sleep 
perceived by an individual over a longer period of time (WHO Regional Office for Europe & JRC, 
2011). The importance of considering both annoyance and self-reported sleep disturbance as health 
outcomes is further supported by evidence indicating that they may be part of the causal pathway 
of noise-induced cardiovascular and metabolic diseases. This is further elaborated in the narrative 
review on biological mechanisms (Eriksson et al., 2018).

7 Noise annoyance is defined as a feeling of displeasure, nuisance, disturbance or irritation caused by a specific sound 
(Ouis, 2001). In the current guidelines, “annoyance” refers to long-term noise annoyance. 
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The second step in the evidence retrieval process constituted formulation of the key questions for 
the critical and important health outcomes and identification of the areas of evidence to be reviewed, 
following the PICOS/PECCOS approach defined in the WHO handbook for guideline development 
(WHO, 2014c). PICOS/PECCOS is an evidence-based technique that frames health care-related 
questions to facilitate the search for suitable studies that can provide answers to the questions at 
hand (Huang et al., 2006). The PICOS approach divides intervention questions into five elements: 
population, intervention, comparator, outcome and study design. In exposure studies, PICOS 
becomes PECCOS, which stands for population, exposure, comparator, confounder, outcome and 
study design. The specification of the elements of PICOS/PECCOS serves to construct the body 
of evidence that underpins each recommendation. Due to the complex nature of environmental 
noise, several distinct areas of evidence were defined to address each of the scoping questions 
comprehensively. 

For each of the critical and important health outcomes a systematic review was conducted (see 
also section 2.3.2). Health outcomes regarded as important were given less weight in the decision-
making process than critical ones. Inclusion and exclusion criteria to be regarded in the systematic 
evidence reviews were defined in accordance with the PICOS/PECCOS framework for the evaluation 
of evidence (see Table 1). All evidence that met the inclusion criteria was included in the systematic 
reviewing process. A detailed description of the types of measure for each of the health outcomes 
under consideration is provided in the protocol for conducting the systematic reviews (Héroux & 
Verbeek, 2018a). See Annex 2 for details of all background documents and systematic reviews used 
in preparation of these guidelines.

Table 1.  Inclusion and exclusion criteria for evidence reviews of health effects of environmental 
noise

Category Inclusion criteria Exclusion criteria
Populations •	Members of the general population 

•	Specific segments of the population particularly at risk 
(children or vulnerable groups)

•	People exposed to noise in occupational settings (if 
relevant with combined exposure to environmental 
noise)

•	Does not meet inclusion criteria

Exposure •	Noise exposure levels, either measured or calculated 
and expressed in dB values

•	Representative of the individual exposure of study 
participants (for most observational studies the dwelling 
location or home)

•	Calculated levels for transportation noise (road, rail, air) 
based on traffic data reflecting the use of roads, railway 
lines and in- and outbound flight routes at airports

•	Does not meet inclusion criteria; in 
particular:

- studies using hearing loss or 
hearing impairment as a proxy for 
(previous) noise exposure

- surveys assessing noise exposure 
or number of listening hours 
based on subjective ratings given 
by subjects in a questionnaire 

Confounders •	No inclusion criteria applied since the relationship 
between exposure to noise and a health outcome can 
be confounded by other risk factors; however, possible 
confounders taken into account were assessed for 
every study

•	No exclusion criteria applied; 
however, possible confounders 
taken into account were assessed 
for every study

[

SR0304

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 307 of 615



13

DEVELOPMENT OF THE GUIDELINES

Category Inclusion criteria Exclusion criteria

Outcomes •	Adverse birth outcomes

•	Annoyance

•	Cardiovascular disease

•	Cognitive impairment 

•	Effects on sleep

•	Hearing impairment and tinnitus

•	Metabolic outcomes

•	Quality of life, mental health and well-being 

•	Does not meet inclusion criteria

Study types •	Cohort studies 

•	Case-control studies 

•	Cross-sectional studies 

•	Ecological studies (only for cardiovascular disease)

•	Does not meet inclusion criteria

Alongside the systematic reviews of the critical and important health outcomes, the GDG decided 
to review the evidence on health effects from noise mitigation measures and interventions to reduce 
noise levels in order to inform and complement the recommendations. 

Interventions on environmental noise were defined according to five broad categories based on the 
available intervention literature and the experience of decades of environmental noise management 
(see Table 2 and Brown & van Kamp, 2017). 

Table 2. Types of noise intervention 

Intervention 
type

Intervention 
category

Intervention subcategory

A Source intervention •	 change in emission levels of sources 

•	 time restrictions on source operations 

B Path intervention •	 change in the path between source and receiver

•	path control through insulation of receiver/receiver’s dwelling

C New/closed 
infrastructure

•	 opening of a new infrastructure noise source

•	 closure of an existing one

•	planning controls between (new) receivers and sources

D Other physical 
intervention

•	 change in other physical dimensions of dwelling/neighbourhood

E Behaviour change 
intervention

•	 change in individual behaviour to reduce exposure

•	 avoidance or duration of exposure

•	 community education, communication

The GDG recognized that nonacoustic factors are an important possible confounder in both ERFs 
between noise levels and critical health effects and the effects of acoustic interventions on health 
outcomes. Whereas the inclusion criteria for confounders were not specified in PECCOS for the 
systematic reviews of evidence, they were considered at the stage of assessing the quality of 

Table 1. contd.
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evidence, using the GRADE approach. Depending on the health effect under investigation, possible 
nonacoustic factors may include:

•	gender

•	age

•	education

•	subjective noise sensitivity

•	extroversion/introversion

•	general stress score

•	co-morbidity

•	length of residence

•	duration of stay at dwelling in the day

•	window orientation of a bedroom or living room towards the street

•	personal evaluation of the source

•	attitudes towards the noise source

•	coping capacity with respect to noise

•	perception of malfeasance by the authorities responsible

•	body mass index

•	smoking habits. 

In noise annoyance studies nonacoustic factors may explain up to 33% of the variance (Guski, 
1999). The higher the quality of evidence, the lower confounding effects of nonacoustic factors may 
be expected. Nevertheless, as with measurement errors, confounding cannot be avoided. 

Based on the retrieval and evaluation of the pertinent literature, the GDG decided to address the 
association of environmental noise from different sources and health outcomes separately and 
individually for each source of noise, and for critical and important health outcomes. 

In addition to the systematic reviews of the health effects of environmental noise, a narrative review 
of biological mechanisms of nonauditory effects was conducted (Eriksson et al., 2018). This covers 
literature related to pathways for nonauditory effects and provides supporting evidence on the 
association between environmental noise and health outcomes in humans, especially related to 
cardiovascular and metabolic diseases.

2.3.2 Systematic reviewing process
After the retrieval of the evidence based on the PICOS/PECCOS approach, systematic reviews 
were conducted for all critical and important health outcomes. To meet the demands of the diverse 
and broad nature of the evidence, it was agreed that systematic reviews could vary in type. For 
some areas of evidence, a novel and fully fledged systematic reviewing process was needed to 
summarize the existing evidence; for others, the reviewing process could build upon existing (and 
mostly published) systematic reviews and summaries of evidence. Thus, the process consisted of 
two phases.
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First, a comprehensive search was conducted for available systematic reviews and meta-analyses 
on environmental noise effects published after 2000. Each of the reviews was assessed for both 
relevance and quality. To be included in the evidence review process, studies from these reviews were 
required to meet a high quality standard, judged according to high scores of the AMSTAR checklist.8 

In cases where quality criteria were met but the review was older than two years (published before 
2012), the search of the systematic review was updated to include new papers. If no good quality 
systematic reviews were available, a new search for original papers was conducted. The Systematic 
Review Team decided how the results would affect the search strategy for individual studies as part 
of the second phase. This was based on the assessment of the quality of the systematic reviews 
and on the coherence between the main research questions of the systematic reviews and the 
scope of the work of the guidelines. 

In the second phase a search for individual papers was conducted, with the search strategy adapted 
according to the outcome of the first phase. As availability of systematic reviews and meta-analyses 
differed for the various health outcomes considered in the guidelines, this process varied for each 
evidence review. The search included cohort studies, case-control studies and cross-sectional 
studies of people exposed to environmental noise. Where relevant – for example, for the health 
outcome cardiovascular disease – the search also included ecological studies.

Due to the individualized retrieval of evidence for each of the systematic reviews, the time frames 
of the literature included varied. An indication of the temporal coverage of the studies included in 
different systematic review is provided in the relevant tables in Chapter 4.

A detailed description of the methodology used to conduct the systematic evidence reviews, 
including individual protocols for the reviews of health effects resulting from environmental noise and 
from noise interventions, is available (Héroux & Verbeek, 2018b). Furthermore, all systematic reviews 
conducted in the guideline development process are publicly available in the open-access journal 
International Journal of Environmental Research and Public Health: 

•	systematic review of transport noise interventions and their impacts on health (Brown & van Kamp, 
2017);

•	systematic review on environmental noise and adverse birth outcomes (Nieuwenhuijsen et al, 
2017);

•	systematic review on environmental noise and annoyance (Guski et al., 2017);

•	systematic review on environmental noise and cardiovascular and metabolic effects (van Kempen 
et al., 2018);

•	systematic review on environmental noise and cognition (Clark & Paunovic, 2018);

•	systematic review on environmental noise and effects on sleep (Basner & McGuire, 2018);

•	systematic review on environmental noise and permanent hearing loss and tinnitus (Śliwińska-
Kowalska & Zaborowski, 2017);

•	systematic review on mental health and well-being (Clark & Paunovic, in press).

8 AMSTAR is an instrument used to assess quality of evidence; it stands for “A MeaSurement Tool to Assess systematic 
Reviews” (Shea et al., 2007).  
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The original GRADE approach was developed specifically to rate the body of evidence resulting from 
a review of intervention studies. The initial quality level is set by study design: randomized control 
trials (RCTs) are considered high quality, whereas observational (nonrandomized) study designs are 
low quality. Then five factors are considered for downgrading the quality of the body of evidence 
resulting from RCTs or observational studies, and three factors are considered for upgrading the 
body of evidence resulting from observational studies alone. 

The following five factors are used for downgrading the quality of evidence by one or two levels:

•	study limitations or risk of bias in all studies that make up the body of evidence

•	inconsistency of results between studies

•	indirectness of evidence in the studies

•	imprecision of the pooled effect estimate

•	publication bias detected in a body of evidence.

2.4 From evidence to recommendations
Once the evidence had been identified and synthesized, the Systematic Review Team assessed 
its quality. Subsequently, the GDG formulated recommendations, guided by this assessment and 
consideration of a number of other factors recognized as important. To facilitate the formulation 
of recommendations, it first prioritized the health outcome measures of the critical and important 
outcomes. A process was developed to identify the guideline exposure levels from each of the ERFs 
provided by the systematic reviews of evidence. 

The following sections describe the assessment of the overall quality of the evidence based on the 
GRADE approach, selection of priority health outcome measurements, identification of guideline 
exposure levels and setting the strength of recommendations. 

2.4.1 Assessment of overall quality of a body of evidence: the GRADE approach 
As set out in the WHO handbook for guideline development (WHO, 2014c), the main framework 
for producing evidence-informed recommendations is the GRADE approach (Guyatt et al., 2008). 
This is used to assess the quality of a body of evidence synthesized in a systematic review. The 
assessment facilitates judgements about the certainty of effect estimates, which increases with the 
quality of the body of evidence. The quality can be rated high, moderate, low or very low (see Box 1). 

Box 1 GRADE interpretations of quality of evidence

•	High quality: further research is very unlikely to change the certainty of the effect estimate 

•	Moderate quality: further research is likely to have an important impact on the certainty of the 
effect estimate and may change the estimate

•	Low quality: further research is very likely to have an important impact on the certainty of the 
effect estimate and is likely to change the estimate

•	Very low quality: any effect estimate is uncertain
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The following three factors are used for upgrading the quality of evidence:

•	high magnitude of the pooled effect

•	direction of residual confounding and biases opposes an effect (i.e. when all plausible confounders 
are anticipated to reduce the estimated effect and there is still a significant effect)

•	exposure–response gradient.

The GRADE approach was originally developed for application in the field of clinical medicine, where 
the majority of studies are randomized trials. However, to assess health effects resulting from an 
exposure such as environmental noise, randomized controlled trials are not applicable, as it would 
be unethical to expose participants deliberately to possibly harmful risk factors. The limitations of the 
application of GRADE to environmental health have been recognized and discussed in the literature 
(Morgan et al., 2016). Other types of study design dominate the evidence base in the domain of 
environmental noise research, so it was necessary to adapt the original GRADE approach to the 
subject of the current guidelines, as follows. 

Instead of using the RCT study design as the starting-point for the quality rating, the study design 
most applicable and available for the field of research at hand was used. Thus, for evidence on 
the association between noise exposure and clinical health outcome measures, the rating of an 
evidence base consisting of cohort and case-control studies9 was initially rated high quality. Cross-
sectional studies and ecological studies were rated low quality and very low quality, respectively. 
This initial point of departure was only adapted for the evidence of the association between noise 
exposure and annoyance and sleep disturbance. Here, cross-sectional studies were rated high 
quality because annoyance and sleep disturbance are regarded as an immediate effect of exposure 
to environmental noise. Finally, in accordance with the original GRADE approach, the starting-point 
for evidence on the effect of interventions was rated low quality for observational studies. After 
determining the point of departure, the evidence base was rated down or up whenever one or more 
of the criteria for downgrading or upgrading (described above) were met. Each of the systematic 
reviews commissioned for these guidelines includes a detailed report on the assessment of the 
quality of the evidence. 

A detailed discussion of the adaptations of GRADE is provided in the separate methodology 
publication (Héroux & Verbeek, 2018b).

2.4.2 Selection of priority health outcomes
In line with the WHO handbook for guideline development (WHO, 2014c), the GDG selected the 
key health outcomes associated with environmental noise at the beginning of the evidence retrieval 
process, and the systematic reviews were commissioned accordingly. The selection of health 
outcomes was based on the available evidence for the association between environmental noise 
and the specific outcome, as well as public concern about the health outcome resulting from noise 
exposure. The following health outcomes were rated critical: cardiovascular disease, annoyance, 

9 In the context of the current guidelines, “cohort studies” refer to longitudinal studies in which the occurrence of the 
outcome of interest in an exposed group is compared to the occurrence of that outcome in a reference group with no 
or lower exposure over time. 
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effects on sleep, cognitive impairment and hearing impairment and tinnitus. Adverse birth outcomes, 
quality of life, well-being and mental health, and metabolic outcomes were rated important (see also 
section 2.3.1). 

Since all these health outcomes can be measured in various ways, the GDG evaluated each 
individually and prioritized different outcome measures for each in terms of their representativeness 
and validity. These measures were used to derive the guideline exposure levels; their prioritization 
was based on the impact of the disease and the disability weights (DWs) associated with the health 
outcome measure.10

The critical health outcomes, priority outcome measures identified and justifications for their selection 
are listed in Table 3. 

Table 3. Critical health outcomes, outcome measures identified and justifications for selection

Critical health 
outcome 

Critical health outcome measures 
(priority measures marked in bold)

Justification for selection 

Cardiovascular 
disease  
(Lden)

Self-reported or measured prevalence, 
incidence, hospital admission or mortality 
due to:

•	 ischaemic heart disease (IHD) 
(including angina pectoris and/or 
myocardial infarction)

•	hypertension

•	 stroke 

Except for self-reports, these are objective 
measures of the outcome, affect a large 
proportion of the population, have important 
health consequences and can lead to more severe 
diseases and/or mortality.

DW for IHD: 0.405.

DW for hypertension: 0.117. 

Effects on sleep 
(Lnight)

•	percentage of the population highly 
sleep-disturbed (%HSD), self-reported, 
assessed with a standardized scale

•	polysomnography measured outcomes 
(probability of additional awakenings)

•	 cardiac and blood pressure outcome 
measures during sleep

•	motility measured sleep outcomes in 
adults

•	 sleep disturbance in children

This is the most meaningful, policy-relevant 
measure of this health outcome. Self-reported 
sleep disturbances are a very common problem 
in the general population: they affect quality of life 
directly and may also lead to subsequent health 
impediments. Effects on sleep may be in the causal 
pathway to cardiovascular disease. This measure 
is not a proxy for physiological sleep quality 
parameters but is an important outcome in its own 
right.

DW for %HSD: 0.07.

Annoyance (Lden) •	percentage of the population highly 
annoyed (%HA), assessed with 
standardized scale

•	percentage annoyed, preferably 
assessed with standardized scale

This is the most objective measure of this health 
outcome. Large proportions of the population are 
affected by noise annoyance, even at relatively low 
exposure levels. Annoyance may be in the causal 
pathway to cardiovascular disease.

DW for %HA: 0.02.

10 DWs are ratings that vary between 0 and 1, in which 0 indicates no disability and 1 indicates the maximum amount of 
disability. The rates are derived from large population surveys in which people are asked to rank a specific disease for 
its impact on several abilities. The DWs have been proven useful in calculating the burden of disease.

[
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Cognitive 
impairment (Lden)

•	 reading and oral comprehension, 
assessed with tests

•	 impairment assessed with standardized 
tests

•	 short and long-term memory deficit

•	 attention deficit

•	 executive function deficit (working 
memory capacity)

This outcome measure is the most meaningful: it 
can affect vulnerable individuals (children) and have 
a significant impact later in life.

DW for impaired reading and oral comprehension: 
0.006.

Hearing 
impairment and 
tinnitus  
(LAeq

11
 and LAF,max

12)

•	permanent hearing impairment, 
measured by audiometry

•	permanent tinnitus

This outcome measure can affect vulnerable 
individuals (children) and have a significant impact 
later in life. It is the most objective measure for 
which there is an ISO standard (ISO, 2013), 
specifying how to estimate noise-induced hearing 
loss. 

DW for mild severity level (threshold at 25 dB) for 
childhood onset: 0.0150.

Table 4 provides a list of the important health outcomes along with the corresponding health 
outcome measures included in the systematic reviews. There was no prioritization of health outcome 
measures leading to justification of selection, since important health outcomes had less impact on 
the development of recommendations.11 12

Table 4. Important health outcomes and health outcome measures reviewed

Important health outcome Health outcome measures reviewed

Adverse birth outcomes  
(Lden)

•	pre-term delivery

•	 low birth weight

•	 congenital anomalies

Quality of life, well-being and 
mental health  
(Lden)

•	 self-reported health and quality of life

•	medication intake for depression and anxiety

•	 self-reported depression, anxiety and psychological distress

•	 interviewer-assessed depressive and anxiety disorders

•	 emotional and conduct disorders in children

•	 children’s hyperactivity

•	 other mental health outcomes

Metabolic outcomes  
(Lden)

prevalence, incidence, hospital admission or mortality due to:

•	 type 2 diabetes

•	 obesity

 

11  LAeq is an A-weighted, equivalent continuous sound pressure level during a stated time interval starting at t1 and ending 
at t2, expressed in dB, of a noise at a given point in space. 

12  LAF,max is the maximum time-weighted and A-weighted sound pressure level with FAST time constant within a stated 
time interval starting at t1 and ending at t2, expressed in dB. 

Critical health 
outcome 

Critical health outcome measures 
(priority measures marked in bold)

Justification for selection 

Table 3. contd.
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2.4.3 Identification of guideline exposure levels for each noise source

The GDG agreed to set guideline exposure levels based on the definition: “noise exposure levels 
above which the GDG is confident that there is an increased risk of adverse health effects”. The 
identification of guideline values for each of the specific noise sources involved five distinct steps: 

1. assessment of the validity of ERFs resulting from the systematic reviews of the effects of noise 
on each of the critical and important health outcomes; 

2. assessment of the lowest noise level measured in the studies included in each of the corresponding 
systematic reviews; 

3. assessment of the smallest risk or relative risk (RR) increase for each of the adverse health 
outcomes considered relevant; 

4. determination of the guideline exposure level based on the ERF, starting from the lowest level 
measured (see step 2) and associated with the smallest relevant risk increase for adverse health 
outcomes (see step 3);

5. comparison of the guideline exposure levels calculated for each of the critical health outcomes of 
one source (for example, incidence of IHD, incidence of hypertension, %HA, permanent hearing 
impairment and reading and oral comprehension for road traffic noise): selection of the guideline 
exposure level for each noise source was based on the priority health outcome measure with the 
lowest exposure level for that source. 

To define an “increased risk” to set the guideline exposure level, the GDG made a judgement about 
the smallest risk or RR of the adverse health effect it considered relevant for each of the priority 
health outcome measures. It is important to note that the relevant risk increases are benchmark 
values. The GDG agreed to set them in accordance with the guiding principles it had developed, 
to provide guideline values that illustrate an increased risk of adverse health effects. It used expert 
judgements for the determination of the benchmark values; these are elaborated further in section 
2.4.3.2. 

The guideline exposure levels presented are therefore not meant to identify effect thresholds (the 
lowest observed adverse effect levels for different health outcomes). This is a difference in approach 
from prior WHO guidelines, like the night noise guidelines for Europe (WHO Regional Office for 
Europe, 2009), which explicitly aimed to define levels indicating no adverse health effects. The 
approach to making choices about relevant risk increases is outlined below and summarized in 
Table 5. 

For IHD and hypertension, RR increases were considered; for annoyance and sleep disturbance, 
absolute risks of %HA and %HSD were considered; and for reading and oral comprehension an 
average delay of reading age was defined. For the cardiovascular outcomes, incidence measures 
were prioritized, although much of the epidemiological evidence was based on prevalence data 
– particularly for hypertension – where almost no longitudinal studies were available. Prevalence 
data are generally derived from cross-sectional studies, where the temporal aspects are difficult to 
determine. 
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Table 5. Priority health outcomes and relevant risk increases for setting guideline levels

Priority health outcome measure (associated 
DW)

Relevant risk increase considered for setting 
of guideline level

Incidence of IHD (DW: 0.405) 5% RR increase

Incidence of hypertension (DW: 0.117) 10% RR increase

%HA (DW: 0.02) 10% absolute risk

%HSD (DW: 0.07) 3% absolute risk 

Permanent hearing impairment (DW: 0.0150) No risk increase due to environmental noise

Reading and oral comprehension (DW: 0.006) One-month delay in terms of reading age

The DWs used to rank the priority critical health outcomes measures were retrieved from the rel-
evant literature. For cardiovascular disease as a group and for hypertension, the burden of disease 
from environmental noise values (WHO Regional Office for Europe & JRC, 2011) were not consid-
ered applicable by the GDG for these guidelines. Thus, for cardiovascular disease, the DW value 
(DW: 0.405) specifically applied to acute myocardial infarction in the publication outlining the data 
sources, methods and results of the global burden of disease in 2002 (Mathers et al., 2003) was re-
tained. Since hypertension is mainly viewed as an important risk factor and not as a health outcome, 
no general DW has been developed. The only other available DW value available is the DW of 0.117 
for hypertensive episodes in pregnancy (Mathers et al., 1999). In the absence of any general DW, 
the GDG agreed on a conservative approach and decided to use this value. 

The DWs for high sleep disturbance (DW: 0.07), high annoyance (DW: 0.02) and impaired reading 
and oral comprehension (DW: 0.006) were developed in the context of calculating the burden of 
disease from environmental noise (WHO Regional Office for Europe & JRC, 2011). The DW for hear-
ing impairment was not included in that publication, but it was available from the technical paper 
on the burden of disease from environmental noise (WHO, 2013); the DW for permanent hearing 
impairment ranged from 0.0031 to 0.3342, depending on severity level. Environmental noise (leisure 
noise) contributes to the cumulative total noise exposure throughout the life-course, which may lead 
to permanent hearing impairment and cause more severe disability in the later years of life. As a 
result, the GDG selected a DW of 0.0150 for moderate severity level (“has difficulty following a con-
versation in a noisy environment, but no other hearing problems”). For cognitive impairment, the DW 
was derived from the estimates of the burden of disease from environmental noise (WHO Regional 
Office for Europe & JRC, 2011). This was at a very conservative value (DW: 0.006) for noise-related 
impairment of children’s cognition, equivalent to a DW for contemporaneous cognitive deficit in the 
context of a range of cognitive impairments in children ranging from 0.468 for Japanese encephalitis 
to 0.024 for iron deficiency anaemia (Lopez et al., 2006).

2.4.3.1 Development of ERFs

The systematic reviews of evidence provided either an ERF or other noise exposure value/metric that 
could be related to a risk increase of the health outcome measure. These ERFs were used to develop 
guideline exposure levels; however, only those functions where noise exposure demonstrated a 
statistically significant effect were used. 

To obtain the starting level of the ERFs derived in the systematic reviews, a weighted average of 
the lowest exposure values measured in the individual studies included in the meta-analyses was 
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calculated. The weighting used the inverse of the variance of the effect estimate of the study. Thus, 
the lowest exposure value of studies with a small variance (usually with the largest sample size) 
contributed the most to the assumed onset of the ERF.

2.4.3.2 Relevant risk increase of adverse health effects

The following sections describe in detail the rationale for the selection of the relevant relative risk (RR) 
increase percentage for each of the priority health outcome measures considered.

Cardiovascular disease: IHD and hypertension

High-quality epidemiological evidence described in the systematic review on cardiovascular and 
metabolic effects of environmental noise indicates that exposure to road traffic noise increases the 
risk of IHD (van Kempen et al., 2018). The GDG was confident that health risks result from exposure 
at an RR increase in the order of 5–10% in the incidence of IHD. This is similar to the reasoning 
in the WHO air quality guidelines for fine particulate matter (PM2.5) (WHO, 2006). To determine a 
relevant risk increase for IHD, the GDG took as a starting-point the RR increase of 5% measured 
in epidemiological studies of environmental noise or air pollution. Taking into account the incidence 
of IHD and the seriousness of the disease, it considered lowering the RR increase for IHD to 1%, 
as a 5% RR increase might imply a comparatively high absolute risk from a population perspective. 
To decide on the final benchmark value for IHD, several aspects were considered: the number of 
people in a population affected by IHD; whether health risks caused by noise would make up a large 
part of the incidence of the disease; other examples of health risks of similar magnitude leading to 
preventive action. For IHD, in an average EU country with 20 million inhabitants, an RR increase of 
5% for IHD would lead to several thousand extra cases attributable to noise yearly. This corresponds 
to a proportion of cases of IHD attributable to noise exposure of less than 10%, which is still relatively 
small. After extensive discussion at the very end of the guideline development process, the GDG 
decided to adhere to 5% as the relevant risk increase.

Hypertension is a common condition and is an important risk indicator for IHD and other 
cardiovascular diseases. Thus, the hypertension risk increase can be transformed into a risk increase 
for cardiovascular disease. To derive a relevant risk increase, the GDG focused on the incidence of 
hypertension, owing to the nature and quality of epidemiological evidence. Since hypertension is 
less serious than IHD, and not all people with hypertension will progress to cardiovascular disease, 
the relevant risk increase in the incidence of hypertension needed to be higher than that for IHD. 
Therefore, the GDG agreed on an RR increase of 10% for hypertension.

Self-reported sleep disturbance and annoyance 

The GDG initially considered 5%HSD and 10%HA due to noise as relevant absolute risks, not be 
exceeded at the guideline level. After discussion, however, members agreed that these absolute 
risks were too large, since a considerable proportion of the population would still be affected; they 
decided to lower the relevant risk from 5% being highly sleep-disturbed to 3%. In doing so, the GDG 
referred to the WHO night noise guidelines (WHO, 2009), which concluded that while there was 
insufficient evidence that physiological effects at noise levels below 40 dB Lnight are harmful to health, 
there were observed adverse health effects at levels starting from 40 dB Lnight. At 40 dB, about 3–4% 
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(depending on the noise source) of the population still reported being highly sleep-disturbed due to 
noise, which was considered relevant to health. The GDG considered it important that this level is 
consistent with the previous health-based approach adopted by the WHO night noise guidelines, 
and agreed that the absolute risk associated with the guideline value selected should not exceed 
3%HSD to be health protective.

For annoyance, which is considered a less serious health effect than self-reported sleep disturbance 
(as indicated by the respective DWs), the relevant risk remained at 10%HA. This means the absolute 
risk associated with the guideline value selected should be closest to, but not above 10%HA, to be 
health protective.

Cognitive impairment: reading and oral comprehension

Acquiring skills in reading and oral comprehension at a young age is important for further development: 
a delay in acquiring these skills can have an impact later in life (Wilson & Lonigan, 2010). This impact 
cannot be predicted very accurately, but the GDG considered a delay of one month a relevant 
absolute risk.

Permanent hearing impairment 

The literature on hearing impairment as a result of occupational noise exposure is extensive. A 
noise exposure level beyond 80 dB during 40 years of working a 40 hour work week can give rise 
to permanent hearing impairment. Given that environmental exposure to noise is much lower than 
these levels and that noise-related hearing impairments are not reversible, the GDG considered 
that there should be no risk of hearing impairment due to environmental noise and considered any 
increased risk of hearing impairment relevant.

2.4.4 Strength of the recommendations
Finally, having determined the guideline exposure levels based on the ranking of prioritized health 
outcome measures, setting the strength of the recommendation was set as the final step of the 
guideline development process.  This was also guided by the GRADE methodology (Alonso-Coello 
et al., 2016a; 2016b). According to this approach, strength of recommendation can be set as either 
strong or conditional (WHO, 2014c).

•	A strong recommendation can be adopted as policy in most situations. The guideline is based 
on the confidence that the desirable effects of adherence to the recommendation outweigh 
the undesirable consequences. The quality of evidence for a net benefit – combined with 
information about the values, preferences and resources – inform this recommendation, which 
should be implemented in most circumstances.

•	A conditional recommendation requires a policy-making process with substantial debate and 
involvement of various stakeholders. There is less certainty of its efficacy owing to lower quality 
of evidence of a net benefit, opposing values and preferences of individuals and populations 
affected or the high resource implications of the recommendation, meaning there may be 
circumstances or settings in which it will not apply.
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The GDG evaluated the strength of the recommendations based on these parameters, following a 
two-step procedure. Initially, the strength of each recommendation was set as strong or conditional 
based on an assessment of the quality of evidence. The GDG then identified and assessed contextual 

The GRADE approach defines a number of parameters that should be assessed to determine 
the strength of recommendations: quality of evidence, balance of benefits and harms, values and 
preference related to the outcomes of interventions to exposure, resources implications, priority of 
the problem, equity and human rights, acceptability and feasibility (Box 2; Morgan et al., 2016).

Box 2 Parameters determining the strength of a recommendation

Quality of evidence  further represents the confidence in the estimates of effect of the 
evaluated evidence, across outcomes critical and important to decision-making. The higher the 
quality of evidence, the greater the likelihood of a strong recommendation.

Balance of benefits and harms requires an evaluation of the absolute effects of both benefits 
and harms (or downsides) of the intervention or exposure and their importance. The greater net 
benefit or net harm associated with an intervention or an exposure, the greater the likelihood of 
a strong recommendation in favour or against an intervention or exposure.

Values and preferences related to the outcomes of an intervention or exposure set out 
the relative importance assigned to health outcomes by those affected by them; how such 
importance varies within and across populations; and whether this importance or variability 
is surrounded by uncertainty. The less uncertainty or variability there is about the values and 
preferences of people experiencing the critical or important outcomes, the greater the likelihood 
of a strong recommendation.

Resource implications take into consideration how resource-intensive and how cost-
effective and substantially beneficial an intervention or exposure is. The more advantageous 
or clearly disadvantageous the resource implications are, the greater the likelihood of a strong 
recommendation either for or against the intervention or exposure.

The priority of the problem is determined by its importance and frequency (the burden of 
disease, disease prevalence or baseline risk). The greater the importance of the problem, the 
greater the likelihood of a strong recommendation.

Equity and human rights considerations are an important aspect of the process. The greater 
the likelihood that the intervention will reduce inequities, improve equity or contribute to the 
realization of one or several human rights as defined under the international legal framework, the 
greater the likelihood of a strong recommendation.

Acceptability plays a prominent role: the greater the acceptability of an option to all or most 
stakeholders, the greater the likelihood of a strong recommendation.

Feasibility overlaps with values and preferences, resource considerations, existing 
infrastructures, equity, cultural norms, legal frameworks and many other considerations. The 
greater the feasibility of an option from the standpoint of all or most stakeholders, the greater 
the likelihood of a strong recommendation.
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parameters that might have a contributory role (see Box 2 above). Based on this qualitative evaluation, 
the initial recommendation strength was either adapted or confirmed. It is important to note that while 
the initial parameter “quality of evidence” was informed by comprehensive systematic reviewing 
processes, the remaining contextual parameters were assessed by the informed qualitative expert 
judgement of the GDG. 

Furthermore, the GDG agreed to decision-making rules, applied when formulating the 
recommendations. An evidence rating of low quality or very low quality would lead only to a conditional 
recommendation. Setting a strong recommendation was only considered if the evidence was at 
least moderate quality. The final recommendations were formulated based on the consideration 
of all the parameters and decision rules adopted by the GDG. A detailed exploration of all the 
recommendations is set out in Chapter 3. 

2.5 Individuals and partners involved in the guideline development process 
The process of WHO guideline development is conducted by several groups with clearly defined 
roles and responsibilities. Comprising WHO staff members, experts and stakeholders, these are the 
Steering Group, the GDG, the Systematic Review Team and the External Review Group. 

The Steering Group includes WHO staff members with different affiliations but whose work 
experience is relevant to the topic of environmental noise and associated health outcomes. It is 
involved at all stages of planning, selecting members of the GDG and External Review Group, 
reviewing evidence and developing potential recommendations at the main expert meetings, as well 
as ongoing consultation on revisions following peer review. Details of the members of the Steering 
Group are listed in Table A1.1 in Annex 1.

The GDG consists of a group of content experts gathered to investigate all aspects of evidence 
contributing to the recommendations, including expertise in evidence-based guideline development. 
This Group defined the key questions and priorities of the research, chose and ranked outcomes 
and provided advice on any modifications of the scope as established by the Steering Group. The 
members also outlined the systematic review methods; appraised the evidence used to inform 
the guidelines; and advised on the interpretation of this evidence, with explicit consideration of the 
overall balance of benefits and harms. Ultimately the GDG formulated the final recommendations, 
taking into account the diverse values and preferences of individuals and populations affected. It 
also determined the strength of the results and responded to external peer reviews. The complete 
list of GDG members and their specific roles, affiliations and areas of expertise are listed in Table 
A1.2 in Annex 1.

The Systematic Review Team includes experts in the field of environmental health, commissioned 
by WHO staff to undertake systematic reviews of evidence. The GDG recommended a number of 
authors to conduct the evidence reviews and summary chapters, based on their expertise. Details 
of the members of the Systtematic Review Team are included in Table A1.3 in Annex 1.

The External Review Group is composed of technical content experts and end-users as well 
as stakeholders, and is balanced geographically and by gender. The experts and end-users were 
selected for their expertise in the field, and the Group also included representatives of professional 
groups and industry associations, who will be implementing the guidelines. Members were asked to 
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review the material at different stages of the development process. The list of technical experts and 
stakeholders is provided in Tables A1.4 and A1.5, respectively, in Annex 1.

Management of conflict of interest is an integral part of WHO’s guideline development procedure. All 
members of the GDG and authors of the evidence reviews completed WHO declaration of interest 
forms. These were reviewed by the WHO Secretariat for potential conflicts of interest. A number of 
conflicts of interest were declared in the forms, but following a standardized management review 
it was not found necessary to exclude any members of the GDG or authors from their respective 
roles. Members of the External Review Group (technical experts only) were also asked to complete 
the form when invited to participate.

In addition, at the start of the meeting of the GDG all members of the GDG received a briefing about 
the nature of all types of conflict of interest (financial, academic/intellectual and nonacademic) and 
were asked to declare to the meeting any conflicts they might have. No member of the GDG or the 
Systematic Review Team was excluded from his/her respective role. A summary of the conflict of 
interest management is presented in Annex 3.

The GDG set its own rules on how it would work and how contentious issues should be resolved 
– for instance, by means of a vote. The main decision-making mechanism involved reaching 
consensus; if a vote was required, the experts involved in developing the underlying evidence for 
the specific recommendation were excluded from voting, and an agreement was reached via a two 
thirds majority of the rest of the group. 

2.6 Previously published WHO guidelines on environmental noise
Prior to this publication, WHO published community noise guidelines (CNG) in 1999 (WHO, 1999) 
and night noise guidelines for Europe (NNG) in 2009 (WHO Regional Office for Europe, 2009).

2.6.1 CNG
The scope of WHO’s efforts to develop the CNG in 1999 was similar to that for the current guidelines. 
The objective was then formulated as: “to consolidate scientific knowledge of the time on the health 
impacts of community noise and to provide guidance to environmental health authorities and 
professionals trying to protect people from the harmful effects of noise in nonindustrial environments” 
(WHO, 1999). The guidelines were based on studies carried out up to 1995 and a few meta-analyses 
from some years later. 

The health risk to humans from exposure to environmental noise was evaluated and guideline values 
derived. At that time WHO had not yet developed its guideline development process, on which the 
current guidelines are based (WHO, 2014c). The main differences in content are that the previous 
guidelines were expert-based and provided more global coverage and applicability, such as issues 
of noise assessment and control that were addressed in detail. They included a discussion on noise 
sources and measurement, including the basic aspects of source characteristics, sound propagation 
and transmission. Adverse health effects of noise were characterized, and combined noise sources 
and their effects were considered. Furthermore, the guidelines included discussions of strategies 
and priorities in the management of indoor noise levels, noise policies and legislation, environmental 
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noise impact and enforcement of regulatory standards; although there were no chapters on wind 
turbine noise and leisure noise.

2.6.2 NNG
In 2009 the WHO Regional Office for Europe published the NNG to provide scientifically based 
advice to Member States for the development of future legislation and policy action in the area of 
assessment and control of night noise exposure. 

The NNG complement the previous CNG, incorporating the advancement of research on noise and 
sleep disturbance up to 2006. The working group of experts reviewed available scientific evidence 
on the health effects of night noise and derived health-based guideline values. Again, WHO had 
not yet introduced its evidence-based recommendations policy and the NNG were mainly expert-
based. They considered the scientific evidence on the threshold of night noise exposure indicated 
by Lnight as defined in the END (EC, 2002a), and the experts concluded that a Lnight value of 40 dB 
should be the target of the NNG (for all sources) to protect the public, including the most vulnerable 
groups such as children, chronically ill and elderly people. Further, an Lnight value of 55  dB was 
recommended as an interim target for countries that could not follow the guidelines in the short term 
for various reasons or where policy-makers chose to adopt a stepwise approach.

2.6.3 Differences from the prior noise guidelines
The current guidelines differ from the older ones, recommending levels of exposure unlike those 
previously outlined (especially by the NNG). The following major differences between the previous 
and current guidelines explain the novel set of recommended values.

•	The development process for the current guidelines adhered to a new, rigorous, evidence-based 
methodology, as outlined in the WHO handbook for guideline development (WHO, 2014c). WHO 
adopted these internationally recognized standards to ensure high methodological quality and a 
transparent, evidence-based decision-making process in the guideline development. 

•	The current guidelines consider cardiovascular disease a critical health outcome measure. 

•	They also consider a broader set of health outcomes, including adverse birth outcomes, diabetes, 
obesity and mental well-being. Wherever applicable, incidence, prevalence and mortality were 
considered separately.

•	The current guidelines cover two new noise sources: wind turbines and leisure noise.

•	Critical and important health outcomes are considered separately for each of the noise sources. 

•	The guideline development process included the health effects of intervention measures to mitigate 
noise exposure from different noise sources for the first time. 

•	The style of recommendations differs: the current guidelines include an exact exposure value 
for every health outcome regarded as critical, for each noise source. Guideline recommendation 
values were set for each of the noise sources separately, based on the exact exposure values and 
a prioritization scheme, developed with the help of DWs.

•	The current guidelines apply a 1 dB increment scheme, whereas prior guidelines (CNG and NNG) 
formulated or presented recommendations in 5 dB steps. 
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•	In comparison to the 1999 CNG, which defined environment-specific exposure levels, the current 
guidelines are source specific. They recommend values for outdoor exposure to road traffic, railway, 
aircraft and wind turbine noise, and indoor as well as outdoor exposure levels for leisure noise.

•	Except for leisure noise, all exposure levels recommended in the current guidelines are average 
sound pressure levels for outdoor exposure. 

•	The current guidelines make use of the noise indices defined in the END: Lden and Lnight. 

The definition of “community noise” used in the CNG in 1999 was also adapted. The GDG agreed to 
use the term “environmental noise” instead, and offered an operational definition of: “noise emitted 
from all sources except sources of occupational noise exposure in workplaces”.

The current environmental noise guidelines for the European Region supersede the CNG from 
1999. Nevertheless, the GDG recommends that all CNG indoor guideline values and any values not 
covered by the current guidelines (such as industrial noise and shopping areas) should remain valid. 

Furthermore, the current guidelines complement the NNG from 2009. Two main aspects of the NNG 
constitute this complementarity: the different guiding principles and the comprehensive investigation 
of the immediate physiological effects of environmental noise on sleep. As guiding principles the 
NNG defined effect thresholds or “lowest observed adverse health effect levels” for both immediate 
physiological reactions during sleep (i.e. awakening reactions or body movements during sleep) and 
long-term adverse health effects (i.e. self-reported sleep disturbance). These guideline exposure 
levels defined a level below which no effects were expected to occur (corresponding to 30 dB Lnight) 
and proceeded to define the level where adverse effects start to occur (corresponding to 40 dB Lnight), 
with the aim of protecting the whole population, including – to some extent – vulnerable groups. The 
development of the NNG values relied on evidence-based expert judgement. In contrast, the current 
guidelines formulate recommendations more strictly based on the available evidence and following 
the guiding principle to identify exposure values based on a relevant risk increase of adverse health 
effects. Thus, the recommended guideline values might not lead to full protection of the population, 
including all vulnerable groups. The GDG stresses that the aim of the current guidelines is to define 
an exposure level at which effects certainly begin. 

Secondly, the NNG comprehensively investigate the immediate short-term effects of environmental 
noise during sleep, including physiological reactions such as awakening reactions and body 
movements. They also provided threshold information about single-event noise indicators (such 
as the LA,max). In contrast, the current guideline values for the night time are only based on the 
prevalence of self-reported sleep disturbance and do not take physiological effects into account. 
The causal link between immediate physiological reactions and long-term adverse health effects is 
complex and difficult to prove. Thus, the current guidelines are restricted to long-term health effects 
during night time and therefore only include recommendations about average noise indicators: 
Lnight. Nevertheless, the evidence review on noise and sleep (Basner & McGuire, 2018) includes an 
overview of single-event exposure–effect relationships.
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3. Recommendations
This chapter presents specific recommendations on guideline exposure levels and/or interventions 
to reduce exposure and/or improve health for individual sources of noise: road traffic, railway, 
aircraft, wind turbines and leisure noise. The strength of each recommendation is provided (strong 
or conditional) and a short rationale for how each of the guideline levels was achieved is given. 

The GDG discussed extensively the best way to present guideline exposure levels – either as the 
exact values or in 5 dB steps – and the approach to rounding the values to the nearest integer. 
The 5 dB increment, rounded down from the exact exposure value to the nearest 5 dB level, was 
initially chosen as being commonly applied in noise legislation and used in prior guidelines (WHO, 
1999; EC, 2002a; WHO Regional Office for Europe, 2009). It was also used to meet the principle 
of precaution, since imprecision in the exposure assessment in the field of epidemiology tends to 
attenuate the actual effects in the population. 

Use of 5 dB increments resulted in uneven magnitude of rounding down, however, raising concerns 
of arbitrariness. It became apparent that inclusion of both exact values and the 5 dB rounded-
down values might be confusing and could affect the applicability of the guidelines. Hence, the 
GDG ultimately decided that formulating recommendations based on the exact calculated values, 
rounded only to the nearest integer, would ensure more clarity and transparency. Furthermore, it 
noted that adhering to a 5 dB roster might not reflect the progress in the precision of exposure 
assessment methods in recent decades, which would justify application of a 1 dB step. 

The GDG acknowledged that the recommendations might be presented as the exact guideline 
exposure levels only, leaving the use of 5 dB bands to the potential policy decisions to formulate 
or revise noise legislation, which are beyond the scope of this publication. The WHO guideline 
values are public health-oriented recommendations, based on scientific evidence on health effects 
and on an assessment of achievable noise levels. They are strongly recommended and as such 
should serve as the basis for a policy-making process in which policy options are quantified and 
discussed. It should be recognized that in that process additional considerations of costs, feasibility, 
values and preferences should also feature in decision-making when choosing reference values 
such as noise limits for a possible standard or legislation. 

In addition to the source-specific recommendations in the following sections, a short rationale for the 
decision-making process by the GDG for developing a particular recommendation is provided, as 
well as an overview of the evidence considered. This includes a recapitulation of the specific PICOS/
PECCOS question (see section 2.3.1), along with a summary of evidence for each of the critical and 
important health effects from exposure to each of the noise sources, and for the effectiveness of 
interventions. 

Furthermore, a description is provided of the other factors considered according to the GRADE 
dimensions for the assessment of the strength of recommendations (see section 2.4.4). While 
the quality of evidence is central to determining this, the process of moving from evidence to 
recommendations involves several other considerations. These include values and preferences, 
balance of benefits and harms, consideration of the priority of the problem, resource implications, 
equity and human rights aspects, acceptability and feasibility (WHO, 2014c).
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In accordance with the prioritization process (see section 2.4.3), the GDG set a guideline exposure 
level of 53.3 dB Lden for average exposure, based on the relevant increase of the absolute %HA. 
It was confident that there was an increased risk for annoyance below this noise exposure level, 
but probably no increased risk for other priority health outcomes. In accordance with the defined 
rounding procedure, the value was rounded to 53 dB Lden. As the evidence on the adverse effects of 
road traffic noise was rated moderate quality, the GDG made the recommendation strong. 

             3.1 Road traffic noise

Recommendations

For average noise exposure, the GDG strongly recommends reducing noise levels 
produced by road traffic below 53 dB Lden, as road traffic noise above this level is 
associated with adverse health effects.

For night noise exposure, the GDG strongly recommends reducing noise levels produced 
by road traffic during night time below 45 dB Lnight, as road traffic noise above this level is 
associated with adverse effects on sleep.

To reduce health effects, the GDG strongly recommends that policy-makers implement 
suitable measures to reduce noise exposure from road traffic in the population exposed 
to levels above the guideline values for average and night noise exposure. For specific 
interventions, the GDG recommends reducing noise both at the source and on the route 
between the source and the affected population by changes in infrastructure.

3.1.1 Rationale for the guideline levels for road traffic noise 
The exposure levels were derived in accordance with the prioritization process of critical health 
outcomes described in section 2.4.3. For each of the outcomes, the exposure level was identified 
by applying the benchmark, set as relevant risk increase to the corresponding ERF. In the case of 
exposure to road traffic noise, the process can be summarized as follows (Table 6). 

Summary of priority health outcome evidence Benchmark level Evidence quality

Incidence of IHD
The 5% relevant risk increase occurs at a noise exposure level 
of 59.3 dB Lden. The weighted average of the lowest noise levels 
measured in the studies was 53 dB Lden and the RR increase per 
10 dB is 1.08.

5% increase of RR High quality 

Incidence of hypertension
One study met the inclusion criteria. There was no significant increase 
of risk associated with increased noise exposure in this study.

10% increase of RR Low quality 

Prevalence of highly annoyed population
There was an absolute risk of 10% at a noise exposure level of 
53.3 dB Lden.

10% absolute risk Moderate quality 

Permanent hearing impairment No increase No studies met the 
inclusion criteria

Reading skills and oral comprehension in children One-month delay Very low quality 

Table 6. Average exposure levels (Lden) for priority health outcomes from road traffic noise
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Next, the GDG assessed the evidence for night noise exposure and its effect on sleep disturbance 
(Table 7).

Table 7. Night-time exposure levels (Lnight) for priority health outcomes from road traffic noise 

Summary of priority health outcome evidence Benchmark level Evidence quality
Sleep disturbance 
3% of the participants in studies were highly sleep-disturbed at 
a noise level of 45.4 dB Lnight 

3% absolute risk Moderate quality 

Based on the evidence of the adverse effects of road traffic noise on sleep disturbance, the GDG 
defined a guideline exposure level of 45.4 dB Lnight. The exact exposure value was rounded to 45 dB 
Lnight. As the evidence was rated moderate quality, the GDG made the recommendation strong.

The GDG also considered the evidence for the effectiveness of interventions. The results showed 
that: 

•	addressing the source by improving the choice of appropriate tyres, road surface, truck restrictions 
or by lowering traffic flow can reduce noise exposure;

•	path interventions such as insulation and barrier construction reduce noise exposure, annoyance 
and sleep disturbance;

•	changes in infrastructure such as construction of road tunnels lower noise exposure, annoyance 
and sleep disturbance;

•	other physical interventions such as the availability of a quiet side of the residence reduce noise 
exposure, annoyance and sleep disturbance. 

Given that it is possible to reduce noise exposure and that best practices already exist for the 
management of noise from road traffic, the GDG made a strong recommendation.

3.1.1.1  Other factors influencing the strength of recommendations 

Other factors considered in the context of recommendations on road traffic noise included those 
related to values and preferences, benefits and harms, resource implications, equity, acceptability 
and feasibility; moreover, nonpriority health outcomes (the incidence of stroke and diabetes) were 
considered. Ultimately, the assessment of all these factors did not lead to a change in the strength 
of the recommendations. Further details are provided in section 3.1.2.3.

3.1.2 Detailed overview of the evidence
The following sections provide a detailed overview of the evidence constituting the basis for setting 
the recommendations on road traffic noise. It is presented and summarized separately for each of 
the critical health outcomes, and the GDG’s judgement of the quality of evidence is indicated (for a 
detailed overview of the evidence on important health outcomes, see Annex 4). Research into health 
outcomes and effectiveness of interventions is addressed consecutively. 

A comprehensive summary of all evidence considered for each of the critical and important health 
outcomes can be found in the eight systematic reviews published in the International Journal of 
Environmental Research and Public Health (see section 2.3.2 and Annex 2).
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3.1.2.1 Evidence on health outcomes

The key question posed was: in the general population exposed to road traffic noise, what is the 
exposure–response relationship between exposure to road traffic noise (reported as various noise 
indicators) and the proportion of people with a validated measure of health outcome, when adjusted 
for main confounders? A summary of the PICOS/PECCOS scheme applied (see section 2.3.1) and 
the main findings is set out in Tables 8 and 9.

Table 8. PICOS/PECCOS scheme of critical health outcomes for exposure to road traffic noise

PECO Description
Population General population

Exposure Exposure to high levels of noise produced by road traffic (average/night time)

Comparison Exposure to lower levels of noise produced by road traffic (average/night time)

Outcome(s) For average noise exposure: 
1. cardiovascular disease
2. annoyance
3. cognitive impairment
4. hearing impairment and tinnitus
5. adverse birth outcomes
6. quality of life, well-being and mental health
7. metabolic outcomes

For night noise exposure: 
1. effects on sleep

Noise 
metric

Priority health 
outcome 
measure

Quantitative 
risk for adverse 
health

Lowest level 
of exposure 
across studies

Number of 
participants 
(studies)

Quality of 
evidence

Cardiovascular disease

Lden Incidence of IHD RR = 1.08 (95% 
confidence interval 
(CI): 1.01–1.15) per 
10 dB increase

53 dB 67 224  
(7)

High (upgraded for 
dose-response)

Lden Incidence of 
hypertension 

RR = 0.97 (95% CI: 
0.90–1.05) per 10 dB 
increase

N/A 32 635  
(1)

Low (downgraded 
for risk of bias and 
because only one 
study was available)

Annoyance

Lden %HA Odds ratio 
(OR) = 3.03 (95% CI: 
2.59–3.55) per 10 dB 
increase

40 dB 34 112  
(25)

Moderate (downgraded 
for inconsistency)

Cognitive impairment

Lden Reading and oral 
comprehension

Not estimated N/A Over 2844  
(1)

Very low (downgraded 
for inconsistency)

Hearing impairment and tinnitus

Lden Permanent 
hearing 
impairment

– – – –

Table 9. Summary of findings for health effects from exposure to road traffic noise (Lden)
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Cardiovascular disease 

IHD

A total of three cohort (Babisch & Gallacher, 1990; Babisch et al., 1988; 1993a; 1993b; 1999; 
2003; Caerphilly and Speedwell Collaborative Group, 1984; Sörensen et al., 2012a; 2012c) and 
four case-control studies (Babisch, 2004; Babisch et al., 1992; 1994; 2005a; Selander et al., 2009; 
Wiens, 1995) investigated the relationship between road traffic noise and the incidence of IHD. 
These involved a total of 67 224 participants, including 7033 cases. As identified in Fig. 1, the overall 
RR derived from the meta-analysis was 1.08 (95% CI: 1.01–1.15) per 10 dB Lden increase in noise 
levels, across a noise range of 40 dB to 80 dB. This evidence was rated high quality.

The data were supported by one ecological study conducted with 262 830 participants, including 
418 cases, which also reported a statistically significant estimate (Grazuleviciene et al., 2004; 
Lekaviciute, 2007). In this study, a positive but nonsignificant association was found: RR of 1.12 
(95% CI: 0.85–1.48) per 10 dB Lden increase in noise. This evidence was rated very low quality.

Notes: The dotted vertical line corresponds to no effect of exposure to road traffic noise. The black circles correspond to the 
estimated RR per 10 dB and 95% CI. The white circles represent the pooled random effect estimates and 95% CI. 
For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and cardiovascular and metabolic effects (van Kempen et al., 2018).

Fig. 1. The association between exposure to road traffic noise (Lden) and incidence of IHD

Study (N) 

Cohort studies
Caerphilly (2369)
Speedwell (2330)

DCH_men (24 294)
DCH_women (26 319)

Pooled (4)

Case-control studies
BCC-1 (243)

BCC-2 (4035)
NAROMI_men (3054)

NAROMI_women (1061)
SHEEP (3518)

Pooled (5)

Pooled, overall (9)

Ecological studies
KAUNUS-1 (262 830)

Estimated RR per 10 dB

0.333            1.000          3.000 
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Notes:  The dotted vertical line corresponds to no effect of exposure to road traffic noise. The black circles correspond to the 
estimated RR per 10 dB and 95% CI. The white circle represents the pooled random effect estimates and 95% CI. 
For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and cardiovascular and metabolic effects (van Kempen et al., 2018).

Mortality from IHD was also investigated in one case-control (Selander et al., 2009) and two cohort 
studies (Beelen et al., 2009; Gan et al., 2012), which involved 532 268 participants, including 6884 
cases. The quantitative relationship between road traffic noise and mortality from IHD was RR = 1.05 
(95% CI: 0.97–1.13) per 10 dB Lden increase in noise levels (see Fig. 3). This evidence was rated 
moderate quality.

Furthermore, additional evidence was available from eight cross-sectional studies that investigated 
the relationship between road traffic noise and prevalence of IHD (Babisch & Gallacher, 1990; Babisch 
et al., 1988; 1992; 1993a; 1993b; 1994; 1999; 2003; 2005a; 2008; 2012a; 2012b; Caerphilly and 
Speedwell Collaborative Group, 1984; Floud et al., 2011; 2013a; 2013b; Heimann et al., 2007; 
Jarup et al., 2005; 2008; Lercher et al., 2008; 2011; van Poll et al., 2014; Wiens, 1995). These 
studies involved a total of 25 682 participants, including 1614 cases. The overall RR was 1.24 (95% 
CI: 1.08–1.42) per 10 dB Lden increase in road traffic noise levels. The range in noise levels in the 
studies under evaluation was 30–80 dB. The results of the meta-analysis are presented in Fig. 2. 
This evidence was rated low quality.

Estimated RR per 10 dB

Fig. 2. The association between exposure to road traffic noise  (Lden) and prevalence of IHD

Study (N) 

Prevalence of IHD

HYENA (4712)

AWACS.1 (9386)

Caerphilly (2512)

Speedwell (2348)

BCC3 (2375)

BBT_TOTAL (2706)

ALPNAP (1643)

Pooled (7)

0.333       1.000            3.000 
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Notes:  The dotted vertical line corresponds to no effect of exposure to road traffic noise. The black circles correspond to the 
estimated RR per 10 dB and 95% CI. The white circles represent the pooled random effect estimates and 95% CI. 
For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and cardiovascular and metabolic effects (van Kempen et al., 2018).

Hypertension

One cohort study into the relationship between road traffic noise and incidence of hypertension was 
identified; it involved 32 635 participants, including 3145 cases (Sörensen et al., 2011; 2012c). The 
study found a nonsignificant effect size of 0.97 (95% CI: 0.90–1.05) per 10 dB Lden increase in noise 
levels, which does not support an increased risk of hypertension due to exposure to road traffic 
noise. Because of the risk of bias and the availability of only one study, this evidence was rated low 
quality.

In addition, 26 cross-sectional studies were identified that looked at the association between road 
traffic noise and prevalence of hypertension (Babisch et al., 1988; 1992; 1994; 2005a; 2008; 2012a; 
2012b; 2013a; 2013b; 2014b; 2014c; Barregard et al., 2009; Bjork et al., 2006; Bluhm et al., 2007; 
Bodin et al., 2009; Caerphilly and Speedwell Collaborative Group, 1984; Chang et al., 2011; 2014; 
de Kluizenaar et al., 2007a; 2007b; Dratva et al., 2012; Eriksson et al., 2012; Foraster et al., 2011; 
2012; 2013; 2014a; 2014b; Fuks et al., 2011; Hense et al., 1989; Herbold et al., 1989; Jarup et al., 
2005; 2008; Knipschild et al., 1984; Lercher et al., 2008; 2011; Maschke, 2003; Maschke & Hecht, 

Fig. 3. The association between exposure to road traffic noise (Lden) and mortality from IHD

Estimated RR per 10 dB
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Notes: The dotted vertical line corresponds to no effect of exposure to road traffic noise. The black dots correspond to 
the estimated RR per 10 dB and 95% CI. The white circle represents the summary estimate and 95% CI. For 
further details on the studies included in the figure please refer to the systematic review on environmental noise and 
cardiovascular and metabolic effects (van Kempen et al., 2018).

2005; Maschke et al., 2003; Oftedal et al., 2011; 2014; Selander et al., 2009; van Poll et al., 2014; 
Wiens, 1995; Yoshida et al., 1997). In total, these studies involved 154 398 participants, including 
18 957 cases. The overall RR for prevalence of hypertension was 1.05 (95% CI: 1.02–1.08) per 
10 dB Lden increase in noise levels. The noise range of the studies under evaluation was 20–85 dB. 
The overall evidence was rated very low quality. 

Fig. 4 shows the association between road traffic noise and incidence and prevalence of hypertension.

Estimated RR per 10 dB

Fig. 4. The association between exposure to road traffic noise (Lden)  and hypertension
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Stroke

One cohort study into the relationship between road traffic noise and incidence of stroke was 
identified (Sörensen et al., 2011; 2012b; 2014). It involved 51 485 participants, including 1881 
cases, and found an RR of 1.14 (95% CI: 1.03–1.25) per 10 dB Lden increase in noise levels, across 
a range of around 50–70 dB. The evidence was rated moderate quality. 

Two cross-sectional studies on road traffic noise and prevalence of stroke involved 14  098 
participants, including 151 cases (Babisch et al., 2005a; 2008; 2012a; 2012b; 2013a; Floud et al., 
2011; 2013a; 2013b; Jarup et al., 2005; 2008; van Poll et al., 2014) yielded an estimated RR of 1.00 
(95% CI: 0.91–1.10) per 10 dB Lden increase in noise levels. This evidence was rated very low quality.

Furthermore, three cohort studies investigated the relationship between road traffic noise and 
mortality due to stroke (Beelen et al., 2009; Gan et al., 2012; Sörensen et al., 2011; 2012b; 2014). 
These involved 581  517 participants, including 2634 cases, and their pooled estimate was a 
statistically nonsignificant RR = 0.87 (95% CI: 0.71–1.06) per 10 dB Lden increase in road traffic noise 
levels. This evidence was rated moderate quality.

Fig. 5 presents the results of the meta-analysis for road traffic noise and measures of stroke.

Notes:  The dotted vertical line corresponds to no effect of exposure to road traffic noise. The black dots correspond to the 
estimated RR per 10 dB and 95% CI. The white circles represent the summary estimate and 95% CI.

 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and cardiovascular and metabolic effects (van Kempen et al., 2018).

Estimated RR per 10 dB

Fig. 5. The association between exposure to road traffic noise (Lden) and stroke
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Children’s blood pressure

Six cross-sectional studies investigated the change in systolic and diastolic blood pressure in 
children exposed to road traffic noise in residential settings (Belojevic & Evans, 2011; 2012; Bilenko 
et al., 2013; Liu et al., 2013; 2014; Regecova & Kellerova, 1995; van Kempen et al., 2006). In total, 
4197 children were included in these studies; the number of cases was not reported. For each 
increase in 10 dB Lden in noise levels, there was a statistically nonsignificant increase in systolic and in 
diastolic blood pressure of 0.08 mmHg (95% CI: −0.48–0.64) and 0.47 mmHg (95% CI: −0.30–1.24), 
respectively. The overall evidence was rated very low quality.

Furthermore, five cross-sectional studies investigated the association between systolic and diastolic 
blood pressure in children and exposure to road traffic noise in educational settings (Belojevic & 
Evans, 2011; 2012; Bilenko et al., 2013; Clark et al., 2012; Paunovic et al., 2013; Regecova & 
Kellerova, 1995; van Kempen et al., 2006). In total, 4520 children were included in these studies; the 
number of cases was not reported. Systolic blood pressure decreased statistically nonsignificantly, 
at −0.60 mm (95% CI: −1.51–0.30) per 10 dB Lden increase in road traffic noise levels. Diastolic blood 
pressure increased statistically nonsignificantly, at 0.46 mm (95% CI: −0.60–1.53) per 10 dB Lden 
increase in road traffic noise levels. For both relationships, the evidence was rated very low quality.

Annoyance

A vast amount of research proves the association between road traffic noise and annoyance. In total, 
17 road traffic noise studies were identified that were used to model ERFs of the relationship between 
Lden and %HA (Babisch et al., 2009; Brink, 2013; Brink et al., 2016; Brown et al., 2014; 2015; 
Champelovier et al., 2003; Heimann et al., 2007; Lercher et al., 2007; Medizinische Universitaet 
Innsbruck, 2008; Nguyen et al., 2012a; Pierette et al., 2012; Sato et al., 2002; Shimoyama et al., 
2014). These incorporated data from 34 112 study participants. The estimated data points of each of 
the studies are plotted in Fig. 6, alongside an aggregated ERF including the data from all the individual 
studies (see the black line for “WHO full dataset”). The lowest category of noise exposure considered 
in any of the studies, and hence included in the systematic review, is 40  dB, corresponding to 
approximately 9%HA. The benchmark level of 10%HA is reached at 53.3 dB Lden (see Fig 6). 

Table 10 shows the %HA in relation to exposure to road traffic noise. The calculations are based on 
the regression equation %HA = 78.9270–3.1162 × Lden + 0.0342 × Lden

2 derived from the systematic 
review (Guski et al., 2017). Even though there is a large evidence base substantiating the association 
of average road traffic noise and noise annoyance, the overall evidence had to be rated low quality. 
The main reasons for downgrading included limitations regarding the acoustical data provided, 
the nature of study design (most of the studies in the realm of annoyance research follow a cross-
sectional approach), the inconsistency of results and the variety in the questions asked.

Nevertheless, the general quality of the evidence was substantiated with the help of additional 
statistical analyses that apply classic health outcome measures to estimate noise annoyance. When 
comparing road traffic noise exposure at 50 dB and 60 dB, the analyses revealed evidence rated 
moderate quality for an association between road traffic noise and %HA for an increase per 10 dB 
(OR = 2.74; 95% CI: 1.88–4.00). Moreover, there was evidence rated high quality for the increase 
of %HA per 10 dB increase in sound exposure, when data on all sound classes were included 
(OR = 3.03; 95% CI: 2.59–3.55). 
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Notes: The ERF by Miedema & Oudshoorn (2001) is added in red for comparison. 
 The size of the data points corresponds to the number of participants in the respective study (size = SQRT(N)/10). 
 If two results from different studies fall on the same data point, the last point plotted may mask the former one. 
 The black curve is derived from aggregated secondary data, while the red one is derived from individual data.
 There is no indication of 95% CIs of the WHO full dataset, as a weighting based on the total number of participants 

for each 5 dB Lden sound class could not be calculated; weighting based on all participants of all sound classes 
proved to be unsuitable. The range of data included is illustrated by the distribution of data points.

 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and annoyance (Guski et al., 2017).

Lden (dB)

Fig. 6. Scatterplot and quadratic regression of the relationship between road traffic noise 
(Lden) and annoyance (%HA)
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Cognitive impairment

Evidence rated very low quality was available for the association between road traffic noise and 
reading and oral comprehension, assessed by tests. The review identified two papers that reported 
the results of the cross-sectional road traffic and aircraft noise exposure and children’s cognition and 
health (RANCH) study, which examined exposure–effect relationships (Clark et al., 2006; Stansfeld 
et al., 2005). The study of over 2000 children aged 9–10 years, attending 89 schools around three 
major airports in the Netherlands, Spain and the United Kingdom did not find an exposure–effect 
relationship between road traffic noise exposure at primary school, which ranged from 31 to 71 dB 
LAeq,16h, and children’s reading comprehension.

Few studies have investigated other health outcome measures related to cognition. Evidence rated 
low quality was available for an association between road traffic noise and cognitive impairment 
assessed through standardized tests (Cohen et al., 1973; Lukas et al., 1981; Pujol et al., 2014; 
Shield & Dockrell, 2008). There was evidence rated very low quality for an association between 
road traffic noise and long-term memory (Matheson et al., 2010; Stansfeld et al., 2005). No studies 
examined effects on short-term memory.

There was evidence rated very low quality, however, that road traffic noise does not have a 
considerable effect on children’s attention (Cohen et al., 1973; Stansfeld et al., 2005). Further, there 
was evidence rated low quality that road traffic noise does not have a substantial effect on executive 
function (working memory), with studies consistently reporting no association (Clark et al., 2012; 
Matheson et al., 2010; Stansfeld et al., 2005; van Kempen et al., 2010; 2012).

Hearing impairment and tinnitus

No studies were found, and therefore no evidence was available for the association between road 
traffic noise and hearing impairment and tinnitus.

Sleep disturbance

For road traffic noise and self-reported sleep outcomes (awakenings from sleep, the process of 
falling asleep and sleep disturbance), 12 studies were identified that included a total of 20 120 

Table 10. The association between exposure to road traffic noise (Lden) and annoyance (%HA) 

Lden (dB) %HA 
40 9.0

45 8.0

50 8.6

55 11.0

60 15.1

65 20.9

70 28.4

75 37.6

80 48.5
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participants (Bodin et al., 2015; Brown et al., 2015; Hong et al., 2010; Phan et al., 2010; Ristovska et 
al., 2009; Sato et al., 2002; Shimoyama et al., 2014); these were cross-sectional studies, conducted 
in healthy adults. The health outcome was measured by self-reporting via general health and noise 
surveys that included questions about sleep in general, and other questions about how noise affects 
sleep (see Table 11).

Noise 
metric

Priority 
health 
outcome 
measure

Quantitative risk 
for adverse health

Lowest level 
of exposure 
across studies

Number of 
participants 
(studies)

Quality of evidence

Effects on sleep

Lnight  %HSD OR: 2.13 (95% CI: 
1.82–2.48) per 10 dB 
increase

43 dB 20 120  
(12)

Moderate (downgraded 
for study limitations, 
inconsistency; upgraded for 
dose-response, magnitude 
of effect)

Table 11. Summary of findings for health effects from exposure to road traffic noise (Lnight) 

Lnight (dB) %HSD 95% CI
40 2.0 0.9–3.15

45 2.9 1.40–4.44

50 4.2 2.14–6.27

55 6.0 3.19–8.84

60 8.5 4.64–12.43

65 12.0 6.59–17.36

Table 12. The association between exposure to road traffic noise (Lnight) and sleep disturbance 
(%HSD) 

The model in the systematic review (Basner & McGuire, 2018) was based on outdoor Lnight levels 
between 40 dB and 65 dB only; 40 dB was chosen as the lower limit because of possible inaccuracies 
of predicting lower noise levels. The range of noise exposure reported in the studies reviewed was 
37.5–77.5 dB Lnight. About 2% (95% CI: 0.90–3.15) of the population was characterized as highly 
sleep-disturbed at Lnight levels of 40 dB. The %HSD at other, higher levels of road traffic noise is 
presented in Table 12. The association between road traffic noise and the probability of being highly 
sleep-disturbed was OR: 2.13 (95% CI: 1.82–2.48) per 10 dB increase in noise. This evidence was 
rated moderate quality.

Additional analyses were conducted for other health outcome measures related to sleep, which 
provided supporting evidence on the overall relationship between road traffic noise and sleep 
disturbance. When the noise source was not specified in the question, the relationship between road 
traffic noise and self-reported sleep outcomes was still positive but no longer statistically significant, 
with an OR of 1.09 (95% CI: 0.94–1.27) per 10 dB increase (Bodin et al., 2015; Brink, 2011; Frei et 
al., 2014; Halonen et al., 2012). This evidence was rated very low quality. 
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There was evidence rated moderate quality for an association between road traffic noise and sleep 
outcomes measured with polysomnography (probability of additional awakenings) with an OR of 
1.36 (95% CI: 1.19–1.55) per 10 dB increase in indoor LAS,max 

13 (Basner et al., 2006; Elmenhorst et 
al., 2012). Further, evidence rated low quality showed an association between road traffic noise and 
sleep outcomes measured as motility in adults (Frei et al., 2014; Griefahn et al., 2000; Oehrstroem 
et al., 2006a; Passchier-Vermeer et al., 2007; Pirrera et al., 2014). Finally, there was evidence rated 
very low quality for an association between road traffic noise and both self-reported and motility-
measured sleep disturbance in children (Ising & Ising, 2002; Lercher et al., 2013; Oehrstroem et al., 
2006a; Tiesler et al., 2013).

3.1.2.2 Evidence on interventions 

This section summarizes the evidence underlying the recommendation on the effectiveness of 
interventions for road traffic noise exposure. The key question posed was: in the general population 
exposed to road traffic noise, are interventions effective in reducing exposure to and/or health 
outcomes from road traffic noise? A summary of the PICOS/PECCOS scheme applied and the main 
findings is set out in Tables 13 and 14.  

Table 13. PICOS/PECCOS scheme of the effectiveness of interventions for exposure to road 
traffic noise

PICO Description
Population General population

Intervention(s) The interventions can be defined as:

(a) a measures that aim to change noise exposure and associated health effects; 

(b) a measures that aim to change noise exposure, with no particular evaluation of the impact on 
health; or 

(c) a measures designed to reduce health effects, but that may not include a reduction in noise 
exposure.

Comparison No intervention

Outcome(s) For average noise exposure: 

1. cardiovascular disease

2. annoyance

3. cognitive impairment

4. hearing impairment and tinnitus

5. adverse birth outcomes

6. quality of life, well-being and mental health

7. metabolic outcomes

For night noise exposure: 

1. effects on sleep

13  LAS,max is the maximum time-weighted and A-weighted sound pressure level with SLOW time constant within a stated 
time interval starting at t1 and ending at t2, expressed in dB. 
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Note: a This figure does not include number of participants from the studies by Langdon & Griffiths (1982) and Baughan & 
Huddart (1993), as the exact number of respondents was not reported.

Type of intervention Number of 
participants 
(studies)

Effect of intervention Quality of 
evidence

Annoyance

Type A – source interventions
(change in traffic flow rate, improved 
road resurfacing, truck restriction 
strategy, complex set of barriers, 
road surfaces and other measures)

6096a

(9)

•	Changes in noise level ranged from 
around −15 dB to +15.5 dB (various 
noise metrics).

•	Most studies found that the intervention 
resulted in a change in annoyance.

Moderate
(downgraded for 
study limitations; 
upgraded for 
dose-response)

Type B – path interventions
(dwelling insulation, barrier 
construction, building intervention) 

2970  
(7)

•	Changes in noise level ranged from 
−3 dB to −13 dB (various noise 
metrics).

•	All studies found that the intervention 
resulted in a change in annoyance, as 
estimated by an ERF.

Moderate
(downgraded for 
study limitations; 
upgraded for 
dose-response)

Type C – changes in infrastructure
(new road tunnel infrastructure)

1211  
(2)

•	Noise levels reduced by an average of 
−12 dB (LAeq,24h).

•	Both studies found lower annoyance 
responses post intervention, with no 
change in the controls.

Moderate
(downgraded for 
study limitations; 
upgraded for 
dose-response)

Type D – other physical 
interventions (availability of quiet 
side to the dwelling, existence of 
nearby green space)

26 786  
(6)

•	Because of large variability in noise 
levels between most and least exposed 
façade (quiet side), access to quiet side 
and/or green space resulted in less 
annoyance.

Very low
(downgraded for 
study limitations) 

Sleep disturbance

Type B – path interventions 
(1: façade insulation; 
 2: enlargement of motorway lanes 

but with dwelling insulation, 
barriers and quiet pavement)

1158  
(2)

•	 1: façade insulation resulted in a 
reduction of 7 dB for indoor noise level.

•	 2: enlargement led to reduction in 
the extent of population exposure at 
higher noise levels (55–65 dB) with an 
increase in lower levels (45–55 dB)

•	Both path interventions resulted in 
changes in sleep outcomes 

Moderate
(downgraded for 
study limitations)

Type C – changes in infrastructure
(new road tunnel infrastructure)

166  
(2)

•	Noise levels reduced by an average of 
−12 dB (LAeq,24h).

•	Both studies found lower sleep 
disturbance indicators/ 
improvement in sleep post intervention, 
with no change in the controls.

Moderate
(downgraded for 
study limitations)

Type D – other physical 
interventions
(availability of quiet side to the 
dwelling)

100  
(1)

•	An absence of quiet façade resulted in 
increased reporting of difficulty in falling 
asleep.

Very low
(downgraded for 
study limitations, 
inconsistency)

Cardiovascular disease

Type D – other physical 
interventions
(availability of quiet side to the 
dwelling)

9203  
(4)

•	 Three studies found changes (including 
in self-reported hypertension) with and 
without a quiet side. One study found 
no change.

Very low
(downgraded for 
study limitations)

Table 14. Summary of findings for road traffic noise interventions by health outcome
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Type A – source interventions 

Most of the nine source intervention studies – Baughan & Huddart (1993), Brown (1987; 2015), Brown 
et al. (1985), Griffiths & Raw (1987; 1989), Kastka (1981), Langdon & Griffiths (1982), Pedersen et al. 
(2013; 2014), Stansfeld et al. (2009b) – showed an effect in annoyance due to changes in road traffic 
flow rates. In some cases these were combined with other measures like improved road resurfacing, 
truck restrictions or complex control measures, including barriers or road surfaces. A majority of the 
changes resulted in reductions of noise levels. 

Regarding the strength of association between exposure and annoyance outcome, all intervention 
studies demonstrated that the response was of at least the magnitude estimated by a steady-
state ERF. The limited available evidence on long-term effects shows that this excess response 
undergoes some attenuation but is largely maintained over several years. In spite of the high risk of 
bias in all studies, the evidence in the systematic review was initially assessed as high quality, due 
to an upgrade because of the dose-response effect. However, the GDG decided to downgrade 
this assessment in an effort to maximize consistency with the grading approach of the remaining 
systematic reviews. It was therefore rated moderate quality.

Type B – path interventions 

Seven path intervention studies – Amundsen et al. (2011; 2013), Bendtsen et al. (2011), Gidloef-
Gunnarsson et al. (2010), Kastka et al. (1995), Nilsson & Berglund (2006), Vincent & Champelovier 
(1993) – explored the effects on annoyance by interventions related to dwelling insulation, barrier 
constructions and a combination of both, as well as a full-scale building intervention. With the help 
of pre/post designs, the studies assessed changes in noise exposure achieved by the interventions 
over different periods of time. In six studies the path intervention was associated with a change in 
annoyance outcomes. Four of these showed that the annoyance response to the change was in 
the same direction and of at least the same magnitude estimated by the ERF. In spite of the high 
risk of bias in all studies, the evidence in the systematic review was initially assessed as high quality, 
due to an upgrade because of the dose-response effect. However, the GDG decided to downgrade 
this assessment in an effort to maximize consistency with the grading approach of the remaining 
systematic reviews. The evidence was therefore rated moderate quality. 

Two of the studies (Amundsen et al., 2013; Bendtsen et al., 2011) assessed path interventions 
and sleep disturbance. The results showed a reduction in the %HSD after the interventions were 
conducted. One of the studies included a two-year follow-up, revealing the persistence of the effect. 
Risk of bias was assessed as high in both studies. The evidence was rated moderate quality.

Type C – new/closed infrastructure interventions 

Two infrastructural intervention studies (Gidloef-Gunnarsson et al., 2013; Oehrstroem, 2004; 
Oehrstroem & Skanberg, 2000) evaluated the impact on annoyance of major reductions in road 
traffic flows, combined with other environmental improvements. One was a new road tunnel 
infrastructure, resulting in substantial traffic and noise levels reductions for residents near the 
previously heavy-traffic road. Both studies were pre/post designs using repeated measures of 
annoyance outcomes. Following the reduction in noise levels (around −12 dB LAeq,24h), both studies 
demonstrated a statistically significant lower degree of annoyance, while there was no change in 
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the control group. Both also reported that the after-scores in the studies matched those estimated 
by the ERF, but both reported excess response, meaning that the response to change was in the 
direction estimated by the ERF but much steeper. In spite of the high risk of bias in all studies, the 
quality of the evidence in the systematic review was initially assessed as high, due to an upgrade 
because of the dose-response effect. However, the GDG decided to downgrade this assessment in 
an effort to maximize consistency with the grading approach of the remaining systematic reviews. 
The evidence was therefore rated moderate quality.

Two studies investigated the impact of new tunnels that removed traffic flow from surface roads 
on sleep disturbance (Oehrstroem, 2004; Oehrstroem & Skanberg, 2000; 2004). Subjective and 
objective measures of sleep quality were assessed before and after the intervention. Both studies 
demonstrated a statistically significant lower reporting of various sleep disturbance indicators 
post intervention. One study reported statistically significantly reduced time spent in bed after the 
intervention, which, according to the authors, could suggest increased sleep efficiency. Risk of bias 
was assessed as high, so this evidence was rated moderate quality.

Type D – other physical infrastructure interventions 

No intervention studies were available to assess impacts on annoyance of other physical interventions. 
The only relevant studies (Babisch et al., 2012; de Kluizenaar et al, 2011; 2013; Gidloef-Gunnarsson 
& Oehrstroem 2007; van Renterghem & Botteldooren, 2012; 2010) did not provide direct evidence 
of an intervention. Instead, they provided indirect evidence on the magnitude of the likely effect of 
certain interventions (e.g. using the quiet side of the dwelling, green space in the neighbourhood) 
by comparing responses from groups with and without the intervention/feature of interest. All 
studies found an effect of the presence of the dimension investigated; in all but one, the effect was 
statistically significant. Risk of bias was assessed as high in all studies, so the evidence was rated 
very low quality.

One study investigated a subjective assessment of difficulty in falling asleep (van Renterghem & 
Botteldooren, 2012), before and after the intervention. The difference in the proportion of participants 
reporting difficulty falling asleep “at least sometimes” between homes with and without a quiet side 
was statistically significant. Absence of a quiet façade resulted in increased reporting of this sleep 
parameter. Confounding was adjusted for in the analyses of the ERFs, including noise sensitivity, 
window-closing behaviour and front-façade Lden. Risk of bias was assessed as high, so the evidence 
was rated very low quality.

Four studies that assessed the effect of other physical interventions on cardiovascular disease were 
identified (Babisch et al., 2012; 2014a; Bluhm et al., 2007; Lercher et al., 2011). Three of these 
found changes, including self-reported hypertension, with and without a quiet side of the dwelling; 
in two the difference was statistically significant. The risk of bias in these studies was generally high, 
so the evidence was rated very low quality.

3.1.2.3 Consideration of additional contextual factors

As the foregoing overview has shown, ample evidence about the adverse health effects of long-term 
exposure to road traffic noise exists. Based on the quality of the available evidence, the GDG set 
the strength of the recommendation on road traffic noise at strong. As a second step, it qualitatively 
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assessed contextual factors to explore whether other considerations could have a relevant impact 
on the recommendation strength. These considerations mainly concerned the balance of harms and 
benefits, values and preferences, equity, and resource use and implementation. 

When assessing the balance of harms and benefits of interventions to reduce exposure to road 
traffic noise, the GDG initially noted that road traffic is the most widespread source of noise pollution, 
measured in terms of the number of affected people both within and outside urban areas. The EEA 
estimates that more than 100 million people in Europe are exposed to Lden levels above 55 dB; for 
night-time road traffic noise, over 72 million Europeans are exposed to Lnight levels above 50 dB 
(Blanes et al., 2017).14 The amount of road traffic noise emitted is unlikely to decrease significantly: 
both transport demand, including for passenger cars (EC, 2016b), and the number of city inhabitants 
(Eurostat, 2016) are expected to increase. Considering the significant burden of disease attributable 
to exposure to road traffic noise (WHO Regional Office for Europe & JRC, 2011), the GDG expects 
substantial health benefits to evolve from implementing the recommendations to reduce population 
exposure to road traffic noise. Depending on the intervention measures used (such as restrictions 
of traffic), possible harms could include effects on the transportation of goods and on individual 
mobility of the population. Both can have impacts on local, national and international economies. 
Overall, the GDG estimated that the benefits gained from minimizing adverse health effects due to 
road traffic noise exposure outweigh the possible (economic) harms. 

Considering values and preferences, it has been established that people appreciate quiet areas as 
beneficial for their health and well-being, especially in urban areas (Shepherd et al., 2013; Gidloef-
Gunnarsson & Oehrstroem, 2007; Oehrstroem et al., 2006b). Nevertheless, the GDG recognized 
that the convenience of individual mobility with the help of passenger cars is valued overall by 
large parts of the population in the EU, as illustrated by the sustained high volume of passenger 
kilometres driven in Europe (EEA, 2016a; 2017a). In general, values and preferences are expected 
to vary throughout society, as exposure to environmental noise and continuous road traffic noise is 
not equally distributed: those of individuals directly affected by long-term road traffic exposure are 
likely to differ from those that are not affected. Individuals with a higher average sound pressure level 
of road traffic noise are, for example, more willing to pay to reduce their noise exposure (Bristow et 
al., 2014). 

In light of the dimension of equity, the GDG highlighted the fact that the risk of exposure to road 
traffic noise is not equally distributed throughout society. People with lower socioeconomic status 
and other disadvantaged groups often live in more polluted and louder areas, including in proximity 
to busy roads (EC, 2016a). Moreover, socioeconomic factors are not only related to differences in 
exposure to environmental factors such as noise but are also associated with increased vulnerability 
and poorer coping capacities (Karpati et al., 2002). 

With resource use and implementation considerations, the GDG recognized that no comprehensive 
cost–benefit analysis for the WHO European Region yet exists, so this assessment is based on 
informed expert judgement regarding the feasibility of implementing the recommendation for the 
majority of the population. As the systematic review of environmental noise interventions and their 

14 These are gap-filled figures based on the reported data and including the situation both within and outside cities, as 
defined by the END. 
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associated impact on health shows, various effective measures exist to reduce noise exposure from 
road traffic and improve health (Brown & van Kamp, 2017). The resources needed to implement 
these measures vary as they rely on the type of intervention and the context. The GDG pointed out 
the following four major solutions, which are known to be cost-effective: choice of appropriate tyres, 
use of low-noise road surfaces, building of noise barriers and installation of soundproof windows 
(CSES et al., 2016). Other types of intervention include limitations of speed or type of traffic allowed 
on roads.

Regarding feasibility of implementation, the GDG was convinced that many of the solutions can be 
planned as part of regular maintenance processes and accelerated fleet and road modernization. 
In particular, appropriate tyres and road surfaces are only slightly more expensive than existing 
products, and various countries have already considered or adopted similar interventions to 
reduce noise levels (Ohiduzzaman et al., 2016; Sirin, 2016). This indicates that solutions to achieve 
recommended noise levels can be implemented and carry a reasonable cost on a societal level. 
The GDG noted, however, that the feasibility of implementing measures can be hindered by the 
fact that costs and benefits are not evenly distributed. In most cases, the health benefits gained 
by interventions that reduce long-term road traffic exposure accrue to citizens, whereas the costs 
are borne by road users, private companies and public authorities. Furthermore, the GDG expects 
challenges in the implementation of all long-term measures that include changes in behaviour of 
the population, such as increased use of car-sharing or public transport. Even though the overall 
costs are expected to be significant, because of the large number of people affected, the benefit of 
implementation of the recommendation to minimize the risk of adverse health effects due to road 
traffic noise for a majority of the population exceeds the resources needed. 

In light of the assessment of the contextual factors in addition to the quality of evidence, the 
recommendation remains strong. 

Other nonpriority adverse health outcomes

As an additional consideration, although not priority health outcomes and coming from a single 
study, the GDG noted the evidence rated moderate quality for an association between road traffic 
noise and the prevalence of diabetes (van Kempen et al., 2018). The noise levels in the study 
identified ranged from around 50 dB to 70 dB Lden, so the recommendation proposed is thought to be 
protective enough for this health outcome. Thus, it did not lead to a change in the recommendation.

Additional considerations or uncertainties

Individual noise annoyance judgements of residents are to a large extent moderated by personal 
variables (such as noise sensitivity and coping capacity). However, further situational factors that apply 
to many residents should be taken into account when analysing noise annoyance from road traffic 
noise, as they may moderate the relationship. These include the type(s) of road being considered 
(highways, urban main roads, secondary roads and so on) and the related traffic composition (share 
of cars, motorcycles and heavy and loud trucks) and pattern (fluctuation, frequency, intermittency). 
Moreover, the location of settlements and/or individual dwellings, proximity to the road, and location 
and availability of a quiet façade can also influence the relationship when predicting health outcomes 
such as annoyance.
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3.1.3 Summary of the assessment of the strength of the recommendations
Table 15 provides a comprehensive summary of the different dimensions for the assessment of the 
strength of the road traffic noise recommendations. 

Factors influencing 
the strength of 
recommendation

Decision

Quality of evidence Average exposure (Lden)

Health effects
•	Evidence for a relevant RR increase for incidence of IHD at 59 dB Lden was 

rated high quality.
•	Evidence for the incidence of hypertension was rated low quality.
•	Evidence for a relevant absolute risk of annoyance at 53 dB Lden was rated 

moderate quality.
•	Evidence for a relevant RR increase for reading and oral comprehension was 

rated very low quality.

Interventions
•	Evidence on effectiveness of interventions to reduce noise exposure and/or 

health outcomes from road traffic noise is of varying quality.

Night-time exposure (Lnight)

Health effects
•	Evidence for a relevant absolute risk of sleep disturbance related to night noise 

exposure from road traffic at 45 dB Lnight was rated moderate quality. 

Interventions
•	Evidence on effectiveness of interventions to reduce noise exposure and/or 

sleep disturbance from road traffic noise is of varying quality. 

Balance of benefits versus 
harms and burdens

Health benefits can be gained from markedly reducing exposure of the 
population to road traffic noise; benefits outweigh the harms of interventions to 
reduce continuous road traffic noise. 

Values and preferences Quiet areas are valued by the population, especially by those affected by 
continuous noise exposure. Some variability is possible between those who 
benefit from interventions to reduce road traffic noise and those who finance the 
interventions. 

Equity Risk of exposure to road traffic noise is not equally distributed. 

Resource use and implications No comprehensive cost–effectiveness analysis data are available; nevertheless, a 
wide range of solutions exists and several are being implemented, showing that 
effective interventions are both feasible and economically reasonable. 

Decisions on recommendation 
strength 

•	Strong for guideline level for average noise exposure (Lden) 

•	Strong for guideline value for average night noise exposure (Lnight)

•	Strong for specific interventions to reduce noise exposure

Table 15. Summary of the assessment of the strength of the road traffic noise recommendation
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      3.2 Railway noise

Recommendations

Summary of priority health outcome evidence Benchmark 
level

Evidence quality

Incidence of IHD
No studies were available and therefore incidence of IHD could not be 
used to assess the exposure level.

5% increase of RR No studies met the 
inclusion criteria/no 
studies available

Incidence of hypertension 
One study met the inclusion criteria. There was no significant increase of 
risk associated with increased noise exposure in this study.

10% increase of RR Low quality 

Prevalence of highly annoyed population
There was an absolute risk of 10% at a noise exposure level of 53.7 dB Lden.

10% absolute risk Moderate quality 

Permanent hearing impairment No increase No studies met the 
inclusion criteria/no 
studies available

Reading skills and oral comprehension in children One-month delay No studies met the 
inclusion criteria/no 
studies available

Table 16. Average exposure levels (Lden) for priority health outcomes from railway noise 

For average noise exposure, the GDG strongly recommends reducing noise levels 
produced by railway traffic below 54 dB Lden, as railway noise above this level is associated 
with adverse health effects. 

For night noise exposure, the GDG strongly recommends reducing noise levels produced 
by railway traffic during night time below 44 dB Lnight, as railway noise above this level is 
associated with adverse effects on sleep. 

To reduce health effects, the GDG strongly recommends that policy-makers implement 
suitable measures to reduce noise exposure from railways in the population exposed to 
levels above the guideline values for average and night noise exposure. There is, however, 
insufficient evidence to recommend one type of intervention over another. 

3.2.1 Rationale for the guideline levels for railway noise
The exposure levels were derived in accordance with the prioritizing process of critical health 
outcomes described in section 2.4.3. For each of the outcomes, the exposure level was identified 
by applying the benchmark, set as relevant risk increase to the corresponding ERF. In the case of 
exposure to railway noise, the process can be summarized as follows (Table 16).

In accordance with the prioritization process (see section 2.4.3), the GDG set a guideline exposure 
level of 53.7 dB Lden for average exposure, based on the relevant increase of the absolute %HA. 
In accordance with the defined rounding procedure, the value was rounded to 54 dB Lden. As the 
evidence on the adverse effects of railway noise was rated moderate quality, the GDG made the 
recommendation strong. 

SR0341

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 344 of 615



50

Envi ronmenta l  Noise Guidel ines

Next, the GDG assessed the evidence for night noise exposure and its effect on sleep disturbance 
(Table 17).

Based on the evidence of the adverse effects of railway noise on sleep disturbance, the GDG 
defined a guideline exposure level of 43.7 dB Lnight. The exact exposure value was rounded to 44 dB 
Lnight. As the evidence was rated moderate quality, the GDG made the recommendation strong.

The GDG also considered the evidence for the effectiveness of interventions. The results showed 
that: 

•	intervening at the source by applying rail grinding procedures can reduce noise annoyance;

•	behavioural interventions such as informing the community about noise interventions can reduce 
noise annoyance. 

In light of the strong evidence about the adverse health effects, the GDG followed a precautionary 
approach and made a strong recommendation for interventions on railway noise, as it was confident 
that interventions are realizable and that best practices already exist for the management of noise 
from railways. Since the empirical evidence on the effectiveness of different types of intervention 
was rated either low or very low quality, the GDG felt that no recommendation could be made on 
the preferred type of intervention, and agreed not to recommend any specific type of intervention 
over another. 

3.2.1.1 Other factors influencing the strength of recommendations 

Other factors considered in the context of recommendations on railway noise included those related 
to values and preferences, benefits and harms, resource implications, equity, acceptability and 
feasibility; moreover, nonpriority health outcomes were considered. The assessment of all these 
factors – especially the values and preferences involved in railway noise – did not lead to a change 
in the strength of the recommendations. Further details are provided in Section 3.2.2.3.

3.2.2 Detailed overview of the evidence 
The following sections provide a detailed overview of the evidence constituting the basis for setting 
the recommendations on railway noise. It is presented and summarized separately for each of the 
critical health outcomes, and the GDG’s judgement of the quality of evidence is indicated (for a 
detailed overview of the evidence on important health outcomes, see Annex 4). Research into health 
outcomes and effectiveness of interventions is addressed consecutively. 

A comprehensive summary of all evidence considered for each of the critical and important health 
outcomes can be found in the eight systematic reviews published in the International Journal of 
Environmental Research and Public Health (see section 2.3.2 and Annex 2).

Summary of priority health outcome evidence Benchmark level Evidence quality
Sleep disturbance

3% of the participants in studies were highly sleep-disturbed 
at a noise level of 43.7 dB Lnight 

3% absolute risk Moderate quality 

Table 17. Night-time exposure levels (Lnight) for priority health outcomes from railway noise
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Note: a Results are partly derived from population-based studies.

3.2.2.1 Evidence on health outcomes 

The key question posed was: in the general population exposed to railway noise, what is the 
exposure–response relationship between exposure to railway noise (reported as various noise 
indicators) and the proportion of people with a validated measure of health outcome, when adjusted 
for main confounders? A summary of the PICOS/PECCOS scheme applied and the main findings 
is set out in Tables 18 and 19. 

Table 18. PICOS/PECCOS scheme of critical health outcomes for exposure to railway noise 

PECO Description
Population General population

Exposure Exposure to high levels of noise produced by railway traffic (average/night time)

Comparison Exposure to lower levels of noise produced by railway traffic (average/night time)

Outcome(s) For average noise exposure: 

1. cardiovascular disease

2. annoyance

3. cognitive impairment

4. hearing impairment and tinnitus

5. adverse birth outcomes

6. quality of life, well-being and mental health 

7. metabolic outcomes

For night noise exposure: 

1. effects on sleep

Table 19. Summary of findings for health effects from exposure to railway noise (Lden)

Noise 
metric

Priority health 
outcome 
measure

Quantitative 
risk for adverse 
health

Lowest level 
of exposure 
across studies

Number of 
participants 
(studies)a

Quality of evidence

Cardiovascular disease

Lden Incidence of IHD – – – –

Lden Incidence of 
hypertension 

RR = 0.96 (95% CI: 
0.88–1.04) per 10 
dB increase

N/A 7249  
(1)

Low (downgraded for risk 
of bias and availability of 
only one study)

Annoyance

Lden %HA OR = 3.53 (95% 
CI: 2.83–4.39) per 
10 dB increase

34 10 970  
(10)

Moderate (downgraded 
for inconsistency, 
directness; upgraded for 
dose-response)

Cognitive impairment

Lden Reading and oral 
comprehension

– – – –

Hearing impairment and tinnitus

Lden Permanent 
hearing 
impairment

– – – –
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Notes:  The dotted vertical line corresponds to no effect of exposure to railway noise. The black circles correspond to the 
estimated RR per 10 dB and 95% CI. The white circle represents the pooled random effect estimates and 95% CI.

 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and cardiovascular and metabolic effects (van Kempen et al., 2018).

Hypertension

One cohort study on the relationship between railway noise and hypertension was identified; it 
assessed the incidence among people living in Denmark (Sörensen et al., 2011; 2012a). The study 
involved 7249 participants, including 3145 cases. The authors did not find an association between 
railway noise exposure and incidence of hypertension, with RR = 0.96 (95% CI: 0.88–1.04) per 
10 dB Lden increase. This evidence was rated low quality.

Cardiovascular disease

IHD

No evidence was available on the relationship between railway noise and the incidence of or mortality 
from IHD. Four cross-sectional studies were identified, however, that assessed the prevalence of 
IHD in a total of 13 241 participants, including 283 cases (Heimann et al., 2007; Lercher et al., 2008; 
2011; van Poll et al., 2014). The overall risk was not statistically significantly increased: the RR was 
1.18 (95% CI: 0.82–1.68) per 10 dB Lden increase, with inconsistency across studies (see Fig. 7). The 
evidence was rated very low quality.

Fig. 7. The association between exposure to railway noise (Lden) and prevalence of IHD

Estimated RR per 10 dB

0.111         0.333        1.000          3.000          9.000         27.000 
  

Study (N) 

Prevalence of IHD

AWACS (9386)

BBT-Total (2212)

ALPNAP (1643)

Pooled (3)
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Fig. 8. The association between exposure to railway noise (Lden) and hypertension

Estimated RR per 10 dB

0.111                 0.333                   1.000                         3.000   
 

Study (N) 

Cross-sectional studies

LERUM (1857)

AWACS (9247)

ROADSIDE (2497)

BBT_Total (2249)

Pooled (4)

Cohort studies

DCH (7249)

In addition, five cross-sectional studies assessed the prevalence of hypertension in 15  850 
participants, including 2059 cases (Barregard et al., 2009; Eriksson et al., 2012; Lercher et al., 
2008; 2011; van Poll et al., 2014). The overall RR increase was not statistically significant, at 1.05 
(95% CI: 0.88–1.26) per 10 dB Lden increase. Moreover, there was inconsistency among the results 
across studies. The evidence was rated very low quality.

Fig. 8 presents the studies investigating the relationship between railway noise and different measures 
of hypertension.

Notes:  The dotted vertical line corresponds to no effect of exposure to railway noise. The black dots correspond to the 
estimated RR per 10 dB and 95% CI. The white circle represents the summary estimate and 95% CI.

 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and cardiovascular and metabolic effects (van Kempen et al., 2018).

Stroke

As for IHD, no evidence was available on the relationship between railway noise and incidence 
of or mortality from stroke. However, one cross-sectional study was identified that assessed the 
prevalence of stroke in 9365 participants, including 89 cases (van Poll et al., 2014). The overall 
risk was not statistically significantly increased, with RR = 1.07 (95% CI: 0.92–1.25) per 10 dB Lden 
increase. The evidence was rated very low quality.
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Children’s blood pressure

No evidence was available for the association between railway noise and the systolic and/or diastolic 
blood pressure of children in residential and/or educational settings.

Annoyance

In total, 10 studies with ERFs on the association between railway noise and annoyance were 
included in analyses (Champelovier et al., 2003; Gidloef-Gunnarsson et al., 2012; Lercher et al., 
2007; 2008; Sato et al., 2004; Schreckenberg, 2013; Yano et al., 2005; Yokoshima et al., 2008). 
The studies incorporated individual data from 10 970 participants. The estimated data points of 
each of these studies are plotted in Fig. 9, alongside an aggregated ERF including the data from 
all the individual studies (see the black line for “WHO dataset, Rail”). The lowest category of noise 
exposure considered in any of the studies, and hence included in the systematic review is 40 dB, 
corresponding to approximately 1.5%HA. The 10% benchmark for %HA is reached at 53.7 dB Lden 
(see Fig. 9).

Notes: The ERF by Miedema & Oudshoorn (2001) is added in red for comparison.
 There is no indication of 95% CIs of the WHO dataset curve, as a weighting based on the total number of participants 

for each 5 dB Lden sound class could not be calculated; weighting based on all participants of all sound classes 
proved to be unsuitable. The range of data included is illustrated by the distribution of data points.

 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and annoyance (Guski et al., 2017).

Fig. 9. Scatterplot and quadratic regression of the relationship between railway noise (Lden)
and annoyance (%HA) 

Champelovier et al. 2003
Gidloef et al. 2012, no vib
Gidloef et al. 2012, vib
Gidloef et al. 2012, many trains
Lercher et al. 2008, BBT face
Lercher et al. 2008, BBT phone
Lercher et al. 2008, ALNAP phone
Schreckenberg 2013
Yano et al. 2005, conv. Trains
WHO dataset, Rail
Miedema & Oudshoorn 2001, Rail
C.I. Miedema & Oudshoorn
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Lden (dB) %HA 
40 1.5

45 3.4

50 6.6

55 11.3

60 17.4

65 25.0

70 33.9

75 44.3

80 56.1

Table 20. The association between exposure to railway noise (Lden)  and annoyance (%HA)

Table 20 shows the %HA for railway noise exposure. The calculations are based on the regression 
equation %HA = 38.1596–2.05538 × Lden + 0.0285 × Lden

2 derived from the systematic review (Guski 
et al., 2017). The overall evidence was rated moderate quality. Additional statistical analyses of 
annoyance outcomes supported these findings. When comparing railway noise exposure at 50 dB 
and 60  dB, the analyses revealed evidence rated moderate quality for an association between 
railway noise and %HA for an increase per 10  dB (OR  =  3.40; 95% CI: 2.05–5.62). Moreover, 
evidence rated high quality was available for the increase in %HA per 10 dB increase in sound 
exposure, when data on all sound classes were included (OR = 3.53; 95% CI: 2.83–4.39). 

Cognitive impairment

Studies of railway noise on children’s reading and oral comprehension were lacking. Nevertheless, 
other measures of cognition yielded evidence rated very low quality for an association between 
railway noise and children with poorer performance on standardized assessment tests (Bronzaft, 
1981; Bronzaft & McCarthy, 1975). Evidence for the association between railway noise and children 
having poorer long-term memory (Lercher et al., 2003) was rated very low quality. No studies 
examined effects on short-term memory. 

There was no clear relation between railway noise and attention in children (Lercher et al., 2003), and 
this evidence was rated very low quality.

Hearing impairment and tinnitus

No studies were found, and therefore no evidence was available on the association between railway 
noise and hearing impairment and tinnitus.

Sleep disturbance

For railway noise and self-reported sleep outcomes (awakenings from sleep, the process of falling 
asleep and sleep disturbance), five studies were identified that included a total of 7133 participants 
(Bodin et al., 2015; Hong et al., 2010; Sato et al., 2004; Schreckenberg, 2013). The studies 
were cross-sectional and conducted on healthy adults. The health outcome was measured by 
self-reporting via general health surveys and noise surveys that included questions about sleep in 
general, and other questions about how noise affects sleep (Table 21).
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Noise 
metric

Priority health 
outcome 
measure

Quantitative 
risk for adverse 
health

Lowest level 
of exposure 
across studies

Number of 
participants 
(studies)

Quality of evidence

Effects on sleep

Lnight %HSD OR: 3.06 (95% CI: 
2.38–3.93) per 10 
dB increase

33 dB 7133  
(5)

Moderate (downgraded 
for study limitations, 
inconsistency; upgraded for 
dose-response, magnitude 
of effect)

Table 21. Summary of findings for health effects from exposure to railway noise (Lnight)

The model in the systematic review (Basner & McGuire, 2018) was based on outdoor Lnight levels 
between 40 dB and 65 dB only; 40 dB was chosen as the lower limit because of possible inaccuracies 
in predicting lower noise levels. The range of noise exposure reported in the studies was 27.5–82.5 dB 
Lnight. About 2% (95% CI: 0.79–3.48) of the population was characterized as highly sleep-disturbed 
for Lnight levels of 40 dB. The %HSD at other, higher levels of railway noise is presented in Table 17. 
The association between railway noise and the probability of being sleep-disturbed was OR: 3.1 
(95% CI: 2.4–3.9) per 10 dB increase in noise. This evidence was rated moderate quality.

Table 22. The association between exposure to railway noise (Lnight) and sleep disturbance 
(%HSD)

Lnight  (dB) %HSD 95% CI
40 2.1 0.79–3.48

45 3.7 1.63–5.71

50 6.3 3.12–9.37

55 10.4 5.61–15.26

60 17.0 9.48–24.37

65 26.3 15.20–37.33

Additional analyses were conducted for sleep quality measures, which provided supporting evidence 
on the overall relationship between railway noise and sleep. When the noise source was not specified 
in the question, the relationship between railway noise and self-reported sleep outcomes was still 
positive but no longer statistically significant, with an OR of 1.27 (95% CI: 0.89–1.81) per 10  dB 
increase (Bodin et al., 2015; Brink, 2011; Frei et al., 2014). This evidence was rated very low quality. 

There was evidence rated moderate quality for an association between railway noise and the probability 
of additional awakenings, measured with polysomnography, with an OR of 1.35 (95% CI: 1.21–1.52) 
per 10 dB increase in indoor LAS,max (Elmenhorst et al., 2012). Finally, evidence rated low quality was 
available for an association between railway noise and sleep outcomes measured as motility in adults 
(Griefahn et al., 2000; Hong et al., 2006; Lercher et al., 2010; Passchier-Vermeer et al., 2007), and 
rated very low quality for an association between railway noise and both self-reported and motility-
measured sleep disturbance in children (Ising & Ising, 2002; Lercher et al., 2013; Tiesler et al., 2013).

3.2.2.2 Evidence on interventions 

This section summarizes the evidence underlying the recommendation on the effectiveness of 
interventions for railway noise exposure (Tables 23 and 24). The key question posed was: in the 
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Note: a According to Lam & Au (2008), this records the number of invitation letters sent; the response rate was not reported.

general population exposed to railway noise, are interventions effective in reducing exposure to and/
or health outcomes from railway noise? A summary of the PICOS/PECCOS scheme applied and the 
main findings is set out in Tables 23 and 24.

Table 23. PICOS/PECCOS scheme of the effectiveness of interventions for exposure to 
railway noise 

PICO Description
Population General population

Intervention(s) The interventions can be defined as:
(a) a measure that aims to change noise exposure and associated health effects; 
(b) a measure that aims to change noise exposure, with no particular evaluation of the impact on 

health; or 
(c) a measure designed to reduce health effects, but that may not include a reduction in noise 

exposure.

Comparison No intervention

Outcome(s) For average noise exposure: 

1. cardiovascular disease

2. annoyance

3. cognitive impairment

4. hearing impairment and tinnitus

5. adverse birth outcomes

6. quality of life, well-being and mental health

7. metabolic outcomes

For night noise exposure: 

1. effects on sleep

Table 24. Summary of findings for railway noise interventions by health outcome

Type of intervention Number of 
participants  
(studies)

Effect of intervention Quality of 
evidence

Annoyance

Type A – source 
interventions
(rail grinding)

81  
(1)

•	Changes in noise level as a consequence of the 
intervention ranged from around −7dB to −8 dB. 

•	Most studies found changes in annoyance 
outcomes, persisting more than 12 months after 
the intervention.

Very low
(downgraded for 
study limitations, 
inconsistency, 
imprecision)

Type C – changes in 
infrastructure
(new rail infrastructure)

6000a  
(1)

•	A very small increase in total noise exposure 
was found (most had <+1 dB change; some had 
+2–4 dB change).

•	Original noise from road traffic overwhelmed the 
train noise for effectively all participants.

Very low
(downgraded for 
study limitations, 
inconsistency, 
imprecision)

Type E – behaviour 
change interventions
(informing the 
community about a 
noise intervention)

411  
(1)

•	Exposure levels were not reported; emission 
levels reduced by 1–2 dB.

•	A reduction in annoyance of the community as a 
result of the intervention was reported.

Very low
(downgraded for 
study limitations, 
inconsistency, 
imprecision)

SR0349

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 352 of 615



58

Envi ronmenta l  Noise Guidel ines

Three studies on railway noise interventions met the criteria to be included in the evidence base. 
All studies consisted of a pre/post design and reported annoyance outcomes at people’s dwellings 
(Lam & Au, 2008; Moehler et al., 1997; Schreckenberg et al., 2013). They could be categorized as 
a source intervention, a new/closed infrastructure intervention and a communication intervention. 
In two of the studies, the changes in exposure after the intervention were only small, although there 
were significant effects on noise annoyance. The study on source interventions and annoyance 
revealed that a change of −10 dB in noise exposure led to a significant reduction in annoyance, which 
persisted over a period of 12 months after the intervention. As confounding was not addressed, and 
railway noise was not the dominant sound source in the studies, the evidence was rated very low 
quality. 

3.2.2.3 Consideration of additional contextual factors 

As the foregoing overview has shown, sufficient evidence about the adverse health effects of long-
term exposure to railway noise exists. Based on the quality of the available evidence, the GDG 
set the strength of recommendation on railway noise at strong. As a second step, it qualitatively 
assessed contextual factors to explore whether other considerations could have a relevant impact 
on the recommendation strength. These contextual considerations mainly concerned the balance of 
harms and benefits, values and preferences, and resource use and implementation. 

When assessing the balance of harms and benefits of interventions to reduce exposure to railway 
noise and minimize noise-associated adverse health effects, the GDG recognized that railway 
transportation is the second most dominant source of environmental noise in Europe. Based on 
EEA estimates, the number of people exposed to Lden above 55 dB and Lnight above 50 dB from 
railway noise is 17 million and 15 million, respectively (Blanes et al., 2017).15 In light of the burden of 
disease from environmental noise, and railway noise in particular, the GDG agreed that the health 
benefits from a reduction of long-term railway noise exposure (especially during night time) to the 
recommended values would be significant. Considering possible harms related to adaptation of the 
recommended values, the GDG noted that reliance on railway transportation has increased in recent 
years in Europe and is expected to increase further, as an important component of the shift towards 
a greener economy. At a societal level, an environmental and economic benefit from the use of rail 
transportation is expected: trains contribute to lower environmental pollution and carbon emission 
than road transportation. Therefore, there is a need to balance the expected health benefits from 
reduced continuous railway noise exposure and the overall positive effects on the health of the 
population from increased reliance on the comparatively environmentally friendly mode of railway 
transportation. Overall, the GDG agreed that even though fewer people are exposed to railway noise 
than road traffic noise, it remains a major source of localized noise pollution; therefore, considerable 
benefits are gained by reducing exposure to railway noise. 

When exploring values and preferences, the GDG acknowledged that, in general, people value 
rail as an alternative and more sustainable transportation method than air or road traffic (EEA, 
2016a; 2016b; 2017b). Furthermore, the values and preferences in relation to implementation of 
the recommendation are expected to vary: those of individuals living in the vicinity of railway tracks 
are expected to differ from those of the rest of the population not exposed to railway noise on a 
long-term basis. Economic depreciation of housing and fear of adverse health effects were assumed 

15 These are gap-filled figures based on the reported data and including the situation both within and outside cities, as 
defined by the END. 
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to be two main aspects influencing the evaluation of affected individuals. This especially applies 
to areas where new railway tracks are being built, as this results in considerable change for local 
inhabitants. Moreover, the GDG acknowledged that preferences might also vary in the policy-making 
domain across different countries as the implementation of the recommendations would mean a 
renunciation of the so-called “railway bonus”.16

On resource use and implementation considerations, the GDG pointed out that no comprehensive 
cost–benefit analysis for the WHO European Region has yet been conducted, so this assessment 
is based on informed qualitative expert judgement regarding the feasibility of implementing 
the recommendation for the majority of the population. The systematic review of environmental 
noise interventions and their associated impact on health shows that various measures to reduce 
continuous noise from railway traffic exist, although knowledge about their effectiveness remains 
limited (Brown & van Kamp, 2017). The GDG noted that the resources needed to implement different 
measures may vary considerably, as they depend on the situation and the type of intervention 
required. Implementation of some measures is expected to be most feasible during the development 
of new railway tracks; such as rail pads, bi-bloc sleepers, small noise barriers and – in extreme 
cases – tunnels, cuttings or earthwork barriers. Other interventions include acoustic rail grinding, 
noise barriers built alongside the tracks, construction of quieter locomotives and wagons and 
replacement of brakes on freight trains. The GDG assumed that most of these solutions could be 
planned as part of regular maintenance or, for instance, by speeding up fleet modernization and 
track modernization. Even though not broadly implemented, the solutions mentioned above have 
already been considered or adopted to reduce noise levels from railway noise exposure. Some EU 
countries (such as Germany), have programmes to replace old brake blocks from freight trains with 
newer, quieter ones and to ban all freight trains with old brake blocks from 2020 (Umweltbundesamt, 
2017). This illustrates that solutions to achieve recommended noise levels can be implemented at a 
reasonable cost. Overall, the GDG agreed that the benefit of implementation of the recommendation 
to minimize the risk of adverse health effects due to railway noise for a majority of the population 
exceeds the (monetary) resources needed.

In light of the assessment of the contextual factors in addition to the quality of evidence, the 
recommendation remains strong. 

Additional considerations or uncertainties

The GDG acknowledged that the main body of evidence for the recommendations on railway noise 
for average exposure was based on annoyance studies, conducted mainly in Asia and Europe. 
Studies are few for other priority health outcomes, and the evidence was generally rated low/very 
low quality. There is therefore uncertainty about the effects on health outcomes. Nevertheless, as a 
precautionary approach, a strong recommendation is made for average exposure to Lden, as a broad 
evidence base exists for health effects from exposure to other sources of transportation noise. 
However, the GDG stressed the importance of further research into health effects due to long-term 
exposure to railway noise. 

Moreover, situational factors should be taken into account when analysing annoyance from railway 
noise. In particular, ground-borne vibrations are sometimes an additional exposure variable in railway 

16 The “railway bonus” is a correction factor commonly applied in the noise abatement policy domain in recent decades. 
It subsidizes the noise rating level for railway transportation by a predefined factor (Schuemer & Schuemer-Kohrs, 
1991). 
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noise situations – especially in the case of annoyance – which may be difficult to separate from noise 
effects. In the set of 11 studies included in the systematic review on railway noise and annoyance, 
only two explicitly mentioned ground-borne vibrations as an additional source of annoyance. 

Overall, the low-carbon, low-polluting nature of railway transport, especially using electric trains, 
means that rail is favoured over road and air traffic. However, night-time railway traffic on busy lines, 
including freight traffic, can be a significant source of sleep disturbance. Thus, guideline values 
should be set to encourage the development of rail traffic in Europe while at the same time giving 
adequate protection to residents from sleep disturbance. 

3.2.3 Summary of the assessment of the strength of the recommendations
Table 25 provides a comprehensive summary of the different dimensions for the assessment of the 
strength of the railway noise recommendations. 

Table 25. Summary of the assessment of the strength of the recommendation

Factors influencing 
the strength of 
recommendation

Decision

Quality of evidence Average exposure (Lden)

Health effects

•	Evidence for a relevant absolute risk of annoyance at 54 dB Lden was rated moderate 
quality.

•	Evidence for a relevant RR increase of the incidence of hypertension was rated low 
quality. One study met the inclusion criteria but did not find a significant increase. 

Interventions

•	Evidence that different types of intervention reduce noise annoyance from railways 
was rated very low quality.

Night-time exposure (Lnight)

Health effects

•	Evidence for a relevant absolute risk of sleep disturbance related to night noise 
exposure from railways at 44 dB Lnight was rated moderate quality. 

Interventions

•	No evidence was available on the effectiveness of interventions to reduce noise 
exposure and/or sleep disturbance from railway noise.

Balance of benefits versus 
harms and burdens

Railway noise is a major source of localized pollution. The health benefits of adapting 
the recommendation outweigh the harms. Nevertheless, it is important to consider the 
relevance of railways as an environmentally friendly mode of transportation.

Values and preferences Quiet areas are valued by the population; especially by those affected by continuous 
noise exposure. Some variability is expected among those directly affected by railway 
noise and those not affected. 

Resource implications No comprehensive cost–effectiveness-analysis data are available, although a 
wide range of interventions exists, indicating that measures are both feasible and 
economically reasonable.

Decisions on 
recommendation strength 

•	Strong for guideline value for average noise exposure (Lden). 

•	Strong for guideline value for night noise exposure (Lnight).

•	Strong for specific interventions to reduce noise exposure.
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               3.3 Aircraft noise

Recommendations

For average noise exposure, the GDG strongly recommends reducing noise levels 
produced by aircraft below 45 dB Lden, as aircraft noise above this level is associated with 
adverse health effects.

For night noise exposure, the GDG strongly recommends reducing noise levels produced 
by aircraft during night time below 40 dB Lnight, as aircraft noise above this level is 
associated with adverse effects on sleep.

To reduce health effects, the GDG strongly recommends that policy-makers implement 
suitable measures to reduce noise exposure from aircraft in the population exposed 
to levels above the guideline values for average and night noise exposure. For specific 
interventions the GDG recommends implementing suitable changes in infrastructure.

3.3.1 Rationale for the guideline levels for aircraft noise 
The exposure levels were derived in accordance with the prioritization process of critical health 
outcomes described in section 2.4.3. For each of the outcomes, the exposure level was identified 
by applying the benchmark, set as relevant risk increase to the corresponding ERF. In the case of 
exposure to aircraft noise, the process can be summarized as follows (Table 26).

Table 26. Average exposure levels (Lden) for priority health outcomes from aircraft noise 

Summary of priority health outcome evidence Benchmark level Evidence 
quality 

Incidence of IHD 

A relevant risk increase from exposure to aircraft noise occurs 
at 52.6 dB Lden. The weighted average of the lowest noise levels 
measured in the studies was 47 dB Lden and the corresponding RR in 
the meta-analysis was 1.09 per 10 dB.

5% increase of RR Very low quality 

Incidence of hypertension 

One study met the inclusion criteria. There was no significant increase 
of risk associated with increased noise exposure in this study.

10% increase of RR Low quality 

Prevalence of highly annoyed population

There was an absolute risk of 10% at a noise exposure level of 
45.4 dB Lden.

10% absolute risk Moderate quality 

Permanent hearing impairment No increase No studies met the 
inclusion criteria

Reading skills and oral comprehension in children 

A relevant risk increase was found at 55 dB Lden.

One-month delay Moderate quality 
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Based on the evidence of the adverse effects of aircraft noise on sleep disturbance, the GDG 
defined a guideline exposure level of 40.0 dB Lnight. It should be stressed that this recommendation 
for average aircraft noise levels at night far exceeds the benchmark of 3%HSD defined as relevant 
risk increase, but since no reliable acoustic data below this level were available, the GDG decided 
not to lower the guideline exposure level further, as an extrapolation of the exposure–response 
relationship to achieve these values would have been unavoidable. As the evidence was rated 
moderate quality, the GDG made the recommendation strong.

The GDG also considered the evidence for the effectiveness of interventions. The results showed 
that changes in infrastructure (opening and/or closing of runways, or flight path rearrangements) 
can lead to a reduction in aircraft noise exposure, as well as a decline in cognitive impairment in 
children and a reduction in annoyance. Moreover, examples of best practice already exist for the 
management of noise from aircraft, so the GDG made a strong recommendation.

3.3.1.1 Other factors influencing the strength of recommendations

Other factors considered in the context of recommendations on aircraft traffic noise included those 
related to values and preferences, benefits and harms, resource implications, equity, acceptability 
and feasibility; moreover, nonpriority health outcomes were considered. Ultimately, the assessment 
of all these factors did not lead to a change in the strength of the recommendations. Further details 
are provided in section 3.3.2.3.

Based on the evaluation of evidence on relevant risk increases from the prioritized health outcomes, 
the GDG set a guideline exposure level of 45.4  dB Lden for average exposure to aircraft noise, 
based on the absolute %HA. It was confident that there was an increased risk for annoyance 
below this exposure level, but probably no relevant risk increase for other priority health outcomes. 
In accordance with the defined rounding procedure, the value was rounded to 45 dB Lden. As the 
evidence on the adverse effects of aircraft noise was rated moderate quality, the GDG made the 
recommendation strong. 

Next, the GDG considered the evidence for night noise exposure and its effect on sleep disturbance 
(Table 27).

Table 27. Night-time exposure levels (Lnight) for priority health outcomes from aircraft noise 

Summary of priority health outcome evidence Benchmark level Evidence 
quality

Sleep disturbance

11% of participants were highly sleep-disturbed at a noise level of 
40 dB Lnight.

3% absolute risk Moderate quality 
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3.3.2 Detailed overview of the evidence 
The following sections provide a detailed overview of the evidence constituting the basis for setting 
the recommendations on aircraft noise. It is presented and summarized separately for each of the 
critical health outcomes, and the GDG’s judgement of the quality of evidence is indicated (for a 
detailed overview of the evidence on important health outcomes, see Annex 4). Research into health 
outcomes and effectiveness of interventions is addressed consecutively.

A comprehensive summary of all evidence considered for each of the critical and important health 
outcomes can be found in the eight systematic reviews published in the International Journal of 
Environmental Research and Public Health (see section 2.3.2 and Annex 2).

3.3.2.1 Evidence on health outcomes 

The key question posed was: in the general population exposed to aircraft noise, what is the 
exposure–response relationship between exposure to aircraft noise (reported as various noise 
indicators) and the proportion of people with a validated measure of health outcome, when adjusted 
for main confounders? A summary of the PICOS/PECCOS scheme applied and the main findings 
is set out in Tables 28 and 29.

Table 28. PICOS/PECCOS scheme of critical health outcomes for exposure to aircraft noise 

PECO Description
Population General population

Exposure Exposure to high levels of noise produced by aircraft traffic (average/night time)

Comparison Exposure to lower levels of noise produced by aircraft traffic (average/night time)

Outcome(s) For average noise exposure: 

1. cardiovascular disease

2. annoyance

3. cognitive impairment

4. hearing impairment and tinnitus

5. adverse birth outcomes

6. quality of life, well-being and mental health 

7. metabolic outcomes

For night noise exposure: 

1. effects on sleep
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Cardiovascular disease

IHD

No cohort or case-control studies on the relationship between aircraft noise and IHD are available. 
However, two ecological studies were identified that provide information on the relationship between 
aircraft noise and incidence (hospital admission) of IHD (Correia et al., 2013; Hansell et al., 2013). 
These involved a total of 9 619 082 participants, including 158 977 cases. The RR was 1.09 (95% 
CI: 1.04–1.15) per 10 dB Lden increase, and the lowest exposure range was ≤51 dB and <45 dB. 
Given the weights in the meta-analysis of these two studies, the weighted average starting level was 
calculated as 47 dB. The evidence was rated very low quality. 

Two cross-sectional studies were identified that assessed the prevalence of IHD in people living in 
cities located around airports in Europe. The studies involved 14 098 participants, including 340 
cases (Babisch et al., 2005b; 2008; 2012a; 2012b; 2013a; Floud et al., 2011; 2013a; 2013b; Jarup 
et al., 2005; 2008; van Poll et al., 2014). The overall risk was RR = 1.07 (95% CI: 0.94–1.23) per 
10 dB Lden increase. The evidence was rated low quality.

With regard to the relationship between aircraft noise and mortality due to IHD, one cohort study 
(Huss et al., 2010) and two ecological studies (Hansell et al., 2013; van Poll et al., 2014) were 
identified. The cohort study identified 4 580 311 participants, including 15 532 cases, living in 
Switzerland, and the authors found an RR of 1.04 (95% CI: 0.98–1.11) per 10 dB Lden increase in 
noise. The evidence was rated low quality. The two ecological studies identified a total of 3 897 645 

Table 29 .Summary of findings for health effects from exposure to aircraft noise (Lden)

Noise 
metric

Priority health 
outcome 
measure

Quantitative 
risk for adverse 
health

Lowest level 
of exposure 
across studies

Number of 
participants 
(studies)a

Quality of evidence

Cardiovascular disease

Lden Incidence of IHD RR = 1.09 (95% CI: 
1.04–1.15) per 10 
dB increase

47 dB 9 619 082a  
(2)

Very low (downgraded 
for risk of bias; upgraded 
for dose-response)

Lden Incidence of 
hypertension 

RR = 1.00 (95% CI: 
0.77–1.30) per 10 
dB increase

N/A 4712  
(1)

Low (downgraded for 
risk of bias and because 
only one study available)

Annoyance

Lden %HA OR = 4.78 (95% 
CI: 2.27–10.05) per 
10 dB increase

33 dB 17 094  
(12)

Moderate (downgraded 
for inconsistency)

Cognitive impairment

Lden Reading and oral 
comprehension

1–2-month delay 
per 5 dB increase

Around 55 dB (4) Moderate (downgraded 
for inconsistency)

Hearing impairment and tinnitus

Lden Permanent 
hearing 
impairment

– – – –

Note: a Results are partly derived from population-based studies.
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Fig. 10. The association between exposure to aircraft noise (Lden) and IHD

Estimated RR per 10 dB

Study (N) 

Prevalence of IHD
HYENA (4712)

AWACS-1 (9386)

Pooled (2)

Incidence iof IHD
USAairports (6 027 363)

LSAS (3 591 719)
Pooled (2)

Mortality due to IHD
Ecological studies

LSAS (3 591 719)

AWACS-2 (305 926)

Pooled (2)

Cohort studies

SNC (4 580 311)

0.333                    1.000                           3.000  
  

Notes:  The dotted vertical line corresponds to no effect of exposure to aircraft noise. The black circles correspond to the 
estimated RR per 10 dB and 95% CI. The white circles represent the pooled random effect estimates and 95% 
CI. For further details on the studies included in the figure please refer to the systematic review on environmental 
noise and cardiovascular and metabolic effects (van Kempen et al., 2018).

participants, including 26 066 cases in the Netherlands and the United Kingdom. The overall RR 
was 1.04 (95% CI: 0.97–1.12) per 10 dB Lden increase in noise, and the evidence was rated very 
low quality. 

Fig. 10 summarizes the results for the relationship between aircraft noise and different measures of 
IHD.

Hypertension

One cohort study was identified that assessed the relationship between aircraft noise and 
hypertension in people living in Sweden (Bluhm et al., 2004; 2009; Eriksson et al., 2007; 2010). 
The study involved 4712 participants, including 1346 cases. The authors found a nonstatistically 
significant effect size of RR = 1.00 (95% CI: 0.77–1.30) per 10 dB Lden increase. This evidence was 
rated moderate quality.

Furthermore, nine cross-sectional studies assessed the prevalence of hypertension in 60  121 
participants, including 9487 cases (Ancona et al., 2010; Babisch et al., 2005b; 2008; 2012a; 2012b; 
2013a; Breugelmans et al., 2004; Evrard et al., 2013; 2015; Houthuijs & van Wiechen, 2006; Jarup 
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et al., 2005; 2008; Matsui, 2013; Matsui et al., 2001; 2004; Rosenlund et al., 2001; van Kamp et al., 
2006; van Poll et al., 2014). The overall RR was 1.05 (95% CI: 0.95–1.17) per 10 dB Lden increase, 
with inconsistency across studies. The evidence was rated low quality. 

Fig. 11 summarizes the results for both prevalence and incidence of hypertension.

Fig. 11. The association between exposure to aircraft noise (Lden) and hypertension in cross-
sectional and cohort studies

Study (N) 

Cross-sectional studies
HHYENA_UK (648)

HYENA_GER (1125)
HYENA_NL (913)

HYENA_SWE (1025)
HYENA_GRE (780)

HYENA_IT (753)
SERA (597)

DEBATS_pilot (85)
OKINAWA_Kadena (22 638)
OKINAWA_Futenma (6143)

SEHS (2959)
AWACS (9247)

GES2 (5873)
GES3 (6091)

DEBATS_MAIN_men (547)
DEBATS_MAIN_women (697)

Pooled (16)

Cohort studies

SDPP_men (1989)
SDPP_women (2776)

0.333                  1.000                      3.000                    9.000 
  

Estimated RR per 10 dB

Notes:  The dotted vertical line corresponds to no effect of aircraft noise exposure. The black dots correspond to the 
estimated RR per 10 dB and 95% CI. The white circle represents the pooled summary estimate and 95% CI. 

 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and cardiovascular and metabolic effects (van Kempen et al., 2018).

Stroke

No cohort or case-control studies on the relationship between aircraft noise and incidence (hospital 
admission) of stroke were available, but two ecological studies were conducted in cities around 
airports in the United Kingdom and United States of America, involving 9 619 082 participants, 
including 97 949 cases (Correia et al., 2013; Hansell et al., 2013). An overall RR of 1.05 (95% CI: 
0.96–1.15) per 10 dB Lden increase in noise was found. The evidence was rated very low quality. 
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Fig. 12. The association between exposure to aircraft noise (Lden) and stroke

Estimated RR per 10 dB

Study (N) 

Prevalence of stroke

HHYENA (4712)

AWACS-1 (9386)

Pooled (2)

Incidence of stroke

LSAS (3 591 719)

USAairports (6 027 363)

Pooled (2)

Mortality due to stroke

Cohort studies

SNC (4 580 311)

Ecological studies

LSAS (3 591 719)

AWACS-2 (305 926)
Pooled (2)

0.333                                1.000                                             3.000  
  

Notes:  The dotted vertical line corresponds to no effect of exposure to aircraft noise. The black dots correspond to the 
estimated RR per 10 dB and 95% CI. The white circle represents the summary estimate and 95% CI.

 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and cardiovascular and metabolic effects (van Kempen et al., 2018).

Two cross-sectional studies were identified that assessed the prevalence of stroke in 14  098 
participants, including 151 cases (Babisch et al., 2005b; 2008; 2012a; 2012b; 2013a; Floud et al., 
2011; 2013a; 2013b; Jarup et al., 2005; 2008; van Poll et al., 2014). The overall RR was 1.02 (95% 
CI: 0.80–1.28) per 10 dB Lden increase. The evidence was rated very low quality.

On the relationship between aircraft noise and mortality due to stroke, one cohort study (Huss et 
al., 2010) and two ecological studies (Hansell et al., 2013; van Poll et al., 2014) were identified. 
The cohort study identified 4 580 311 participants, including 25 231 cases, living in Switzerland; 
the authors found an RR of 0.99 (95% CI: 0.94–1.04) per 10 dB Lden increase in noise. The overall 
evidence was rated moderate quality. The two ecological studies identified a total of 3 897 645 
participants, including 12 086 cases, in the Netherlands and the United Kingdom. The overall RR 
was 1.07 (95% CI: 0.98–1.17) per 10 dB Lden increase in noise. The evidence was rated very low 
quality. 

Fig. 12 summarizes the results for the relationship between aircraft noise and different measures of 
stroke.
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Fig. 13. Scatterplot and quadratic regression of the relationship between aircraft noise (Lden) 
and annoyance (%HA)

Notes: ERFs by Miedema & Oudshoorn (2001, red), and Janssen & Vos (2009, green) are added for comparison.
 There is no indication of 95% CIs of the WHO dataset curve, as a weighting based on the total number of 

participants for each 5 dB Lden sound class could not be calculated; weighting based on all participants of all 
sound classes proved to be unsuitable. The range of data included is illustrated by the distribution of data points.

 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and annoyance (Guski et al., 2017).

Children’s blood pressure

For the association between aircraft noise and blood pressure in children, two cross-sectional 
studies were conducted in Australia, the Netherlands and the United Kingdom, including a total 
of 2013 participants (Clark et al., 2012; Morrell et al., 1998; 2000; van Kempen et al., 2006). The 
change in both systolic and diastolic blood pressure was assessed, in residential and/or educational 
settings. There was serious inconsistency in the results and therefore no overall estimate of the 
effect was developed. The evidence was rated very low quality.

Annoyance

A vast amount of evidence proves the association between aircraft noise and annoyance. In total, 12 
aircraft noise studies were identified that were used to model ERFs of the relationship between Lden and 
%HA (Babisch et al., 2009; Bartels et al., 2013; Breugelmans et al., 2004; Brink et al., 2008; Gelderblom 
et al., 2014; Nguyen et al., 2011; 2012a;  2012b; Sato & Yano, 2011; Schreckenberg & Meis, 2007). 
These include data from 17 094 study participants. The estimated data points of each of the studies are 
plotted in Fig. 13, alongside an aggregated ERF including the data from all the individual studies (see 
the black line for “Regr WHO full dataset”). The lowest category of noise exposure considered in any 
of the studies, and hence included in the systematic review, is 40 dB, corresponding to approximately 
1.2%HA. The benchmark level of 10%HA is reached at approximately 45 dB Lden (see Fig. 13). 
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Table 30 shows the %HA in relation to exposure to aircraft traffic noise. It is based on the regression 
equation %HA = −50.9693 + 1.0168 × Lden + 0.0072 × Lden

2 derived from the systematic review 
(Guski et al., 2017). As the majority of the studies are cross-sectional, the evidence was rated 
moderate quality. 

The general quality of the evidence was further substantiated with the help of additional statistical 
analyses that apply classical health outcome measures to estimate noise annoyance. When 
comparing aircraft noise exposure at 50 dB and 60 dB, the analyses revealed evidence rated high 
quality for an association between aircraft noise and %HA for an increase per 10 dB (OR = 3.40; 
95% CI: 2.42–4.80). Moreover, there was evidence rated high quality for the increase of %HA per 
10 dB increase in sound exposure, when data on all sound classes were included (OR = 4.78; 95% 
CI: 2.27–10.05). 

Table 30. The association between exposure to aircraft noise (Lden) and annoyance (%HA)

Lden (dB) %HA 
40 1.2

45 9.4

50 17.9

55 26.7

60 36.0

65 45.5

70 55.5

Cognitive impairment

Evidence rated moderate quality was available for an association between aircraft noise and reading 
and oral comprehension, assessed by standardized tests. This is based on a narrative review of 14 
studies that examined aircraft noise exposure effects on reading and oral comprehension (Clark et 
al., 2006; 2012; 2013; Evans & Maxwell, 1997; Haines et al., 2001a; 2001b; 2001c; Hygge et al., 
2002; Klatte et al., 2014; Matsui et al., 2004; Seabi et al., 2012; 2013; Stansfeld et al., 2005; 2010). 
Of these studies, 10 were cross-sectional, and only four had a longitudinal and/or intervention 
design (Clark et al., 2013; Haines et al., 2001c; Hygge et al., 2002; Seabi et al., 2013). Most of the 
studies (10 of 14) demonstrated a statistically significant association or at least demonstrated a 
trend between higher aircraft noise exposure and poorer reading comprehension.

This relationship is supported by evidence on other health outcome measures related to cognition. 
Evidence rated moderate quality was available for an association between aircraft noise and children 
with poorer performance on standardized assessment tests (Eagan et al., 2004; FICAN, 2007; 
Green et al., 1982; Sharp et al., 2014). There was also evidence rated moderate quality on aircraft 
noise being associated with children having poorer long-term memory (Haines et al., 2001b). No 
studies examined the effects on short-term memory.

However, there was no substantial effect (evidence rated low quality) of aircraft noise on children’s 
attention (Haines et al., 2001a; Hygge et al., 2002; Matsui et al., 2004; Stansfeld et al., 2005; 
2010), or on executive function (working memory) (evidence rated very low quality), with studies 
consistently suggesting no association for aircraft noise (Clark et al., 2012; Haines et al., 2001a; 
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Haines et al., 2001b; Klatte et al., 2014; Matheson et al., 2010; Stansfeld et al., 2005; 2010; van 
Kempen et al., 2010; 2012).

Hearing impairment and tinnitus

No studies were found, and therefore no evidence was available on the association between aircraft 
noise and hearing impairment and tinnitus.

Sleep disturbance

For aircraft noise and self-reported sleep outcomes, six studies were identified that included a total of 
6371 participants (Nguyen et al., 2009; 2010; 2011; 2012c; 2015; Schreckenberg et al., 2009; Yano 
et al., 2015). The majority of studies were cross-sectional by design and were conducted in otherwise 
healthy adults. The model was based on outdoor Lnight levels between 40 dB and 65 dB only; the 
lower limit of 40 dB was set because of inaccuracies in predicting lower noise levels (Table 31).

Table 31. Summary of findings for health effects from exposure to aircraft noise (Lnight)

Noise 
metric

Priority 
health 
outcome 
measure

Quantitative 
risk for adverse 
health

Lowest level 
of exposure 
across 
studies

Number of 
participants 
(studies)

Quality of evidence

Effects on sleep

Lnight %HSD OR: 1.94 (95% CI: 
1.61–2.33) per 10 
dB increase

35 dB 6371  
(6)

Moderate (downgraded for 
study limitations, inconsistency; 
upgraded for dose-response, 
magnitude of effect)

The range of noise exposure reported in studies was 37.5–62.5 dB. Over 11% (95% CI: 4.72–17.81) 
of the population was characterized as highly sleep-disturbed at Lnight levels of 40 dB. The %HSD at 
other, higher levels of aircraft noise is presented in Table 27. The table is derived from the regression 
model in the systematic review specified as %HSD = 16.79–0.9293 × Lnight + 0.0198 × Lnight

2. The 
health outcome was measured in the studies by self-reporting, focusing on questions asking about 
awakenings from sleep, the process of falling asleep and/or sleep disturbance, where the question 
referred specifically to how noise affects sleep. The same relationship between aircraft noise and 
reporting being sleep-disturbed (all questions combined) can also be expressed as an OR of 1.94 
(95% CI: 1.61–2.33) per 10 dB increase in noise. This evidence was rated moderate quality.

Table 32. The association between exposure to aircraft noise (Lnight) and sleep disturbance 
(%HSD)

Lnight %HSD 95% CI
40 11.3 4.72–17.81

45 15.0 6.95–23.08

50 19.7 9.87–29.60

55 25.5 13.57–37.41

60 32.3 18.15–46.36

65 40.0 23.65–56.05
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Additional analyses were included in the systematic review and provided supporting evidence on the 
association between aircraft noise and sleep. When the noise source was not specified in the survey 
question, the relationship between aircraft noise and self-reported sleep outcomes was still positive, 
although no longer statistically significant (OR: 1.17 (95% CI: 0.54–2.53) per 10 dB increase) (Brink, 
2011). This evidence was rated very low quality. 

Further, there was evidence rated moderate quality for an association between aircraft noise and 
polysomnography-measured outcomes (probability of additional awakenings), with an OR of 1.35 
(95% CI: 1.22–1.50) per 10 dB increase in indoor LAS,max (Basner et al., 2006). Evidence rated low 
quality was also available for an association between aircraft noise and motility-measured sleep 
outcomes in adults (Passchier-Vermeer et al., 2002).

3.3.2.2 Evidence on interventions 

The following section summarizes the evidence underlying the recommendation on the effectiveness 
of interventions for aircraft noise exposure. The key question posed was: in the general population 
exposed to aircraft noise, are interventions effective in reducing exposure to and/or health outcomes 
from aircraft noise? A summary of the PICOS/PECCOS scheme applied and the main findings is set 
out in Tables 33 and 34.

Seven studies examining different types of interventions on aircraft noise met the inclusion criteria to 
become part of the evidence base of the systematic review. Six of these investigated infrastructure 
interventions (Breugelmans et al., 2007; Brink et al., 2008; Fidell et al., 2002; Hygge et al., 2002), 
and one assessed a path intervention (Asensio et al., 2014). The majority of studies focused on 
annoyance as a health outcome, but two also included effects on sleep and one investigated the 
effects of path interventions on cognitive development in children.

Table 33. PICOS/PECCOS scheme of the effectiveness of interventions for exposure to 
aircraft noise

PICO Description
Population General population

Intervention(s) The interventions can be defined as:

(a) a measure that aims to change noise exposure and associated health effects; 

(b) a measure that aims to change noise exposure, with no particular evaluation of the impact on 
health; or 

(c) a measure designed to reduce health effects, but that may not include a reduction in noise 
exposure.

Comparison No intervention

Outcome(s) For average noise exposure: 

1. cardiovascular disease

2. annoyance

3. cognitive impairment

4. hearing impairment and tinnitus

5. adverse birth outcomes

6. quality of life, well-being and mental health

7. metabolic outcomes

For night noise exposure: 

1. effects on sleep
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Table 34. Summary of findings for aircraft noise interventions by health outcome

Type of intervention Number of 
participants 
(studies)

Effect of intervention Quality of evidence

Annoyance

Type B – path interventions

(retrofitting dwellings close 
to airports with acoustic 
insulation)

689  
(1)

•	Change in noise levels was not 
reported.

•	 The study found a drop in annoyance 
following the insulation intervention

Very low

(downgraded for study 
limitations, inconsistency, 
precision)

Type C – changes in 
infrastructure

(opening and/or closing 
of runways, or flight path 
rearrangements)

2101  
(3)

•	 There was a wide range of changes in 
noise levels (from −12 dB to +13.7 dB; 
most between ±1 dB and 2 dB; different 
noise indicators used).

•	All studies found changes in annoyance 
outcomes as a result of the intervention.

Moderate

(downgraded for study 
limitations; upgraded for 
dose-response)

Sleep disturbance

Type C – changes in 
infrastructure

(flight path changes)

1707  
(2)

•	Changes in noise levels were mostly 
between ±1 dB and 2 dB.

•	Both studies found changes in sleep 
disturbance outcomes as a result of the 
intervention.

Low

(downgraded for study 
limitations)

Cognitive development of children

Type C – changes in 
infrastructure

(opening and/or closing 
of runways, or flight path 
rearrangements)

326  
(1)

•	Changes in noise levels of +9 dB at the 
new airport and of −14 dB at the old 
airport were reported.

•	 The study found various cognitive 
effects on children (for both the 
reduction and the increase in exposure). 
Effects disappeared when the old airport 
closed, emerging after the new airport 
opened.

Moderate

(downgraded for 
inconsistency)

The largest body of research concentrated on the opening and closing of runways, leading to 
subsequent changes in flight paths (Breugelmans et al., 2007; Brink et al., 2008; Fidell et al., 2002). 
It showed that changes in noise exposure as a consequence of rearrangement of flight paths, 
step changes or increase or removal of over-flights resulted in statistically significant changes of 
the annoyance ratings of residents living in the vicinity of airports. The studies investigated both 
increases and reductions in exposure. Moreover, all the studies provided evidence that the change 
in response to noise exposure was an excess response to the intervention. As all the studies either 
adjusted for confounding or ruled out confounding by design, and the risk of bias was high in two 
studies but low in one, the evidence was rated moderate quality. 

Two of these studies also investigated the effects of interventions on sleep disturbance. The results 
indicated that the percentage of sleep disturbance changed in association with the change in noise 
exposure caused by flight path adaptations (Breugelmans et al., 2007; Fidell et al., 2002). Both 
studies adjusted for confounding, but the risk of bias was assessed as high. Thus, the evidence 
was rated low quality.

One study examined the impact of rearranging flight paths on the cognitive effects on children 
(Hygge et al., 2002), showing various effects (for both the reduction and the increase in exposure). 
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The study ruled out confounding by study design and the risk of bias was assessed as low. The 
evidence was therefore rated moderate quality.

Alongside infrastructure interventions, a Spanish study presented evidence on path interventions 
(Asensio et al., 2014), showing a drop in annoyance following an insulation intervention. The study 
did not control for confounding and the risk of bias was assessed as high. The evidence was 
therefore rated very low quality. 

3.3.2.3 Consideration of additional contextual factors 

As the foregoing overview has shown, substantial evidence about the adverse health effects of 
long-term exposure to aircraft noise exists. Based on the quality of the available evidence, the GDG 
set the strength of the recommendation of aircraft noise at strong. As a second step, it qualitatively 
assessed contextual factors to explore whether other considerations could have a relevant impact 
on the recommendation strength. These considerations mainly concerned the balance of harms and 
benefits, values and preferences, equity, and resource use and implementation. 

When assessing the balance of harms and benefits from implementing the recommendations on 
aircraft exposure, the GDG acknowledged that the number of people affected was lower than for 
road traffic or railway noise, since aircraft noise only affects the areas surrounding airports and under 
flight paths. Data from the EEA show that the estimated number of people in Europe exposed to Lden 
levels above 55 dB and Lnight levels above 50 dB is 3 million and 1.2 million, respectively (Blanes et al., 
2017).17  Nevertheless, it remains a major source of localized noise pollution and has been predicted 
to increase (EASA et al., 2016). Furthermore, aircraft noise is regarded as more annoying than the 
other sources of transportation noise (Schreckenberg et al., 2015; Miedema & Oudshoorn, 2001); it 
is therefore associated with a significant burden on public health, and the GDG expects substantial 
health benefits for the population to evolve from implementing the recommendations to reduce 
exposure to aircraft traffic noise. Furthermore, the GDG noted that, depending on the intervention 
measure implemented (such as a night flight ban), additional health benefits could evolve, resulting 
from a simultaneous reduction in air pollution (EC, 2016a). The GDG also acknowledged that 
intervention measures like night flight bans might also reduce carbon emission, thereby positively 
influencing the shift towards a greener and more sustainable economy. Possible harms in relation to 
the applied noise abatement strategy, on the other hand, could include effects on the transportation 
of goods, as well as individual mobility of the population. Both could have impacts on local, national 
and international economies. Overall, the GDG estimated that the benefits gained from minimizing 
adverse health effects due to aircraft noise exposure outweigh the possible (economic) harms.

Considering values and preferences, the GDG noted that negative attitudes towards aircraft noise 
are especially prevalent in affected individuals who can see and hear aircraft from their house, or 
who fear that living in proximity of airports will have an impact on their health (Schreckenberg et 
al., 2015) or property value (economic loss) (Bristow et al., 2014). A lack of trust in the airport and 
government authorities can enhance these negative attitudes towards airports and aircraft noise 
(Borsky, 1979; Schreckenberg, 2017). Furthermore, the GDG recognized that values and preferences 
of individuals living in the vicinity of different airports may vary, as the infrastructural characteristics 

17  These are gap-filled figures based on the reported data and including the situation both within and outside cities, as 
defined by the END. 
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of airports have a significant effect on the evaluation of residents. Airports with a stable number 
of aircraft movements in the near past and no intention to change the number in the future can 
give rise to a different evaluation of values and preferences than airports with relatively sustained 
increases in the number of aircraft movements. This can result from the fact that opening new 
runways or increasing the number of flights usually means considerable change in the environment 
for inhabitants of the affected area. It has been postulated that the change of exposure itself may be 
an annoying factor, and this may explain why aircraft noise annoyance is generally higher than that 
for other sources of transportation noise at a comparable noise level (Brown & van Kamp, 2009). The 
GDG acknowledged that, in general, air travel is an important means of transportation relevant for 
businesses, the public and the economy. In Europe, aviation is projected to be the fastest-growing 
sector from passenger transport demand, by 2050 (EEA, 2016a). The general population tends 
to value the convenience of travel by air. Moreover, the GDG pointed out that exposure to aircraft 
noise is not equally distributed throughout society. The preferences of people living in the vicinity of 
airports are expected to differ from those of the general population that does not experience the 
same noise burden. This might facilitate variance in the values and preference of the population, as 
those benefiting from the services and revenues generated by an airport may regard noise reduction 
measures as an additional, unnecessary extra cost, while those living around an airport and affected 
by aircraft noise may be in favour of noise reductions, since this concerns their health and well-
being. Despite these differences, however, the GDG was confident that a majority of the population 
would value the minimization of adverse health effects and therefor welcome the implementation of 
the recommendations. 

Regarding the dimension of equity, the GDG highlighted that the risk of exposure to aircraft noise is 
not equally distributed throughout society. Members of society with a lower socioeconomic status 
and other disadvantaged groups often live in more polluted and louder areas, including in close 
proximity to airports (EC, 2016a). In addition to the increased risk of exposure to environmental 
noise, socioeconomic factors are also associated with increased vulnerability and poorer coping 
capacities (Karpati et al., 2002). 

With resource use and implementation considerations, the GDG acknowledged that the economic 
evaluation of the health impacts of environmental noise is most elaborate and extensive for aircraft 
noise (Berry & Sanchez, 2014). Nevertheless, no comprehensive cost–benefit analysis for the WHO 
European Region yet exists, so this assessment is based on informed qualitative expert judgement 
regarding the feasibility of implementing the recommendation for the majority of the population. The 
systematic review of interventions and their associated impact on environmental noise and health 
shows that various measures to reduce continuous noise from aircraft exist. Moreover, the quality 
of the evidence was judged to be moderate (Brown & van Kamp, 2017). The GDG noted that the 
resources needed to implement different intervention measures may vary considerably, because 
they depend on the situation and the type of intervention required. The distribution of costs also 
differs from that for other modes of transportation, since exposure to aircraft noise is localized in a 
more agglomerated way, and overall the population affected is smaller compared to other modes of 
transportation. The GDG furthermore recognized that multiple cost-effective intervention strategies 
exist (EC, 2016b). Prohibition or discouragement strategies against citizens moving to the direct 
proximity of airports, for example, can be implemented in the context of urban planning. Likewise, 
diverting flight paths above less-populated areas can lead to a reduction in exposure. In principle, 
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such intervention measures do not involve any direct costs, although safety concerns may limit the 
feasibility of these strategies. Passive noise abatement measures like the installation of soundproof 
windows at the dwelling were also regarded as feasible and economically reasonable by the GDG, 
as these are implemented at several airports already. In relation to active abatement measures, the 
GDG acknowledged the “balanced approach” elaborated by International Civil Aviation Organization, 
which states that noise reduction should take place first at the source. As indicated by the Clean 
Sky Programme, this could, for example, entail shifting towards the introduction of new aircraft. This 
broad European research programme estimates that, depending on type, the shift to newly produced 
aircraft could lead to a reduction of approximately 55–79% of the area affected by aircraft noise, 
and consequently the population exposed. As this solution has been put forward by the aviation 
sector, it is considered feasible. Overall, this indicates that solutions to achieve recommended noise 
levels can be implemented and at reasonable costs. The GDG agreed that implementation of the 
recommendation to minimize the risk of adverse health effects due to aircraft noise for a majority of 
the population would require a reasonable amount of (monetary) resources. It noted, however, that 
the feasibility of implementing the measures could be hindered by the fact that costs and benefits 
are not equally distributed. In most cases, the health benefits citizens gain from interventions that 
reduce aircraft exposure are borne by private companies and public authorities. 

In light of the assessment of the contextual factors in addition to the quality of evidence, the 
recommendation remains strong.

Other nonpriority adverse health outcomes

Although not a priority health outcome and coming from a single study, the GDG noted the evidence 
rated moderate quality for the statistically significant association between aircraft noise and the 
change in waist circumference (Eriksson et al., 2014). The range of noise levels in the study identified 
was 48 to 65 dB Lden, and therefore the recommendation would also be protective enough for this 
health outcome.

In the context of aircraft noise, when considering the impacts of exposure on cognitive impairment 
in children, these guideline recommendations also apply particularly to the school setting. Noise 
exposure at primary school and at home is often highly correlated; however, the evidence base 
considered comes mainly from studies designed around sampling at school and not residences. 

Additional considerations or uncertainties

There is additional uncertainty when characterizing exposure using the acoustical description of 
aircraft noise by means of Lden or Lnight. Use of these average noise indicators may limit the ability 
to observe associations between exposure to aircraft noise and some health outcomes (such 
as awakening reactions); as such, noise indicators based on the number of events (such as the 
frequency distribution of LA,max) may be better suited. However, such indicators are not widely used.

The GDG acknowledged that the guideline recommendation for Lnight may not be fully protective of 
health, as it implies that around 11% (95% CI: 4.72–17.81) of the population may be characterized 
as highly sleep-disturbed at the recommended Lnight level. This is higher than the 3% absolute risk 
considered for setting the guideline level. However, the high calculation uncertainty in predicting 
noise levels lower than 40 dB prevented the GDG from recommending a lower level. Furthermore, 
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lower levels would probably require a ban on night or early morning flights altogether, which is not 
feasible in many situations, given that the general population tends to value the convenience of air 
travel.

3.3.3 Summary of the assessment of the strength of recommendation
Table 35 provides a comprehensive summary of the different dimensions for the assessment of the 
strength of the aircraft noise recommendations. 

Table 35. Summary of the assessment of the strength of the recommendation

Factors influencing 
the strength of 
recommendation

Decision

Quality of evidence Average exposure (Lden)

Health effects

•	Evidence for a relevant RR increase of the incidence of IHD at 52 dB Lden was 
rated very low quality.

•	Evidence for a relevant RR increase of the incidence of hypertension was rated 
low quality. 

•	Evidence for a relevant absolute risk of annoyance at 45 dB Lden was rated 
moderate quality.

•	Evidence for a relevant RR increase of impaired reading and oral comprehension 
at 55 dB Lden was rated moderate quality.

Interventions

•	Evidence on effectiveness of interventions to reduce noise exposure and/or 
health outcomes from aircraft noise was of varying quality.

Night-time exposure (Lnight)

Health effects

•	Evidence for a relevant absolute risk of sleep disturbance related to night noise 
exposure from aircraft at 40 dB Lnight was rated moderate quality. 

Interventions 
•	Evidence on effectiveness of changes in infrastructure (flight path changes) to 

reduce sleep disturbance from aircraft noise was rated low quality.

Balance of benefits versus 
harms and burdens

Aircraft noise is a major source of localized noise pollution. The health benefits of 
adapting the recommendations are expected to outweigh the harms. 

Values and preferences Quiet areas are valued by the population, especially by those affected by 
continuous aircraft noise exposure. Some variability is expected among those 
directly affected by aircraft noise and those not affected. 

Equity Risk of exposure to aircraft noise is not equally distributed.

Resource implications No comprehensive cost–effectiveness analysis data are available; nevertheless, a 
wide variety of interventions exist (some at very low cost), indicating that measures 
are both feasible and economically reasonable.

Decisions on recommendation 
strength

•	Strong for guideline value for average noise exposure (Lden)

•	Strong for guideline value for night noise exposure (Lnight)

•	Strong for specific interventions to reduce noise exposure
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          3.4 Wind turbine noise

Recommendations

For average noise exposure, the GDG conditionally recommends reducing noise levels 
produced by wind turbines below 45 dB Lden, as wind turbine noise above this level is 
associated with adverse health effects. 

To reduce health effects, the GDG conditionally recommends that policy-makers 
implement suitable measures to reduce noise exposure from wind turbines in the 
population exposed to levels above the guideline values for average noise exposure. No 
evidence is available, however, to facilitate the recommendation of one particular type of 
intervention over another.

3.4.1 Rationale for the guideline levels for wind turbine noise
The exposure levels were derived in accordance with the prioritizing process of critical health 
outcomes described in section 2.4.3. For each of the outcomes, the exposure level was identified 
by applying the benchmark, set as relevant risk increase to the corresponding ERF. In the case of 
exposure to wind turbine noise, the process can be summarized as follows (Table 36).

Table 36. Average exposure levels (Lden) for priority health outcomes from wind turbine noise 

Summary of priority health outcome evidence Benchmark level Evidence quality
Incidence of IHD 

Incidence of IHD could not be used to assess the exposure level.

5% increase of RR No studies were available

Incidence of hypertension

Incidence of hypertension could not be used to assess the 
exposure level.

10% increase of RR No studies were available

Prevalence of highly annoyed population

Four studies were available. An exposure–response curve of the 
four studies revealed an absolute risk of 10%HA (outdoors) at a 
noise exposure level of 45 dB Lden.

10% absolute risk Low quality 

Permanent hearing impairment No increase No studies were available

Reading skills and oral comprehension in children One-month delay No studies were available

In accordance with the prioritization process, the GDG set a guideline exposure level of 45.0 dB Lden 
for average exposure, based on the relevant increase of the absolute %HA. The GDG stressed that 
there might be an increased risk for annoyance below this noise exposure level, but it could not state 
whether there was an increased risk for the other health outcomes below this level owing to a lack 
of evidence. As the evidence on the adverse effects of wind turbine noise was rated low quality, the 
GDG made the recommendation conditional.

Next, the GDG considered the evidence for night noise exposure to wind turbine noise and its effect 
on sleep disturbance (Table 37). 
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Table 37. Night-time exposure levels (Lnight) for priority health outcomes from wind turbine 
noise 

Summary of priority health outcome evidence Benchmark level Evidence quality
Sleep disturbance 

Six studies were available; they did not reveal consistent results 
about effects of wind turbine noise on sleep.

3% absolute risk Low quality 

Based on the low quantity and heterogeneous nature of the evidence, the GDG was not able to 
formulate a recommendation addressing sleep disturbance due to wind turbine noise at night time. 

The GDG also looked for evidence about the effectiveness of interventions for wind turbine noise 
exposure. Owing to a lack of research, however, no studies were available on existing interventions 
and associated costs to reduce wind turbine noise. 

Based on this assessment, the GDG therefore provided a conditional recommendation for average 
noise exposure (Lden) to wind turbines and a conditional recommendation for the implementation 
of suitable measures to reduce noise exposure. No recommendation about a preferred type of 
intervention could be formulated; nor could a recommendation be made for an exposure level for 
night noise exposure (Lnight), as studies were not consistent and in general did not provide evidence 
for an effect on sleep.

3.4.1.1 Other factors influencing the strength of recommendation

Other factors considered in the context of recommendations on wind turbine noise included those 
related to values and preferences, benefits and harms, resource implications, equity, acceptability 
and feasibility. Ultimately, the assessment of all these factors did not lead to a change in the strength 
of recommendation, although it informed the development of a conditional recommendation on the 
intervention measures. Further details are provided in section 3.4.2.3.

3.4.2 Detailed overview of the evidence 
The following sections provide a detailed overview of the evidence constituting the basis for setting 
the recommendations on wind turbine noise. It is presented and summarized separately for each of 
the critical health outcomes, and the GDG’s judgement of the quality of evidence is indicated (for a 
detailed overview of the evidence on important health outcomes, see Annex 4). Research into health 
outcomes and effectiveness of intervention is addressed consecutively. 

A comprehensive summary of all evidence considered for each of the critical and important health 
outcomes can be found in the eight systematic reviews published in the International Journal of 
Environmental Research and Public Health (see section 2.3.2 and Annex 2).

It should be noted that, due to the time stamp of the systematic reviews, some more recent studies 
were not included in the analysis. This relates in particular to several findings of the Wind Turbine 
Noise and Health Study conducted by Health Canada (Michaud, 2015). Further, some studies were 
omitted, as they did not meet the inclusion criteria, including, for instance, studies using distance to 
the wind turbine instead of noise exposure to investigate health effects. The justification for including 
and excluding studies is given in the systematic reviews (Basner & McGuire, 2018; Brown et al., 
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2017; Clark & Paunovic, 2018; in press; Guski et al., 2017; Niewenhuijsen et al.,2017; Śliwińska-
Kowalska & Zaborowski, 2017; van Kempen et al., 2018; see Annex 2 for further details).

3.4.2.1 Evidence on health outcomes 

The key question posed was: in the general population exposed to wind turbine noise, what is the 
exposure–response relationship between exposure to wind turbine noise (reported as various noise 
indicators) and the proportion of people with a validated measure of health outcome, when adjusted 
for main confounders? A summary of the PICOS/PECCOS scheme applied and the main findings 
is set out in Tables 38 and 39.

Table 38. PICOS/PECCOS scheme of critical health outcomes for exposure to wind turbine 
noise

PECO Description
Population General population

Exposure Exposure to high levels of noise produced by wind turbines (average/night time)

Comparison Exposure to lower levels of noise produced by wind turbines (average/night time)

Outcome(s) For average noise exposure: 

1. cardiovascular disease

2. annoyance

3. cognitive impairment

4. hearing impairment and tinnitus

5. adverse birth outcomes

6. quality of life, well-being and mental health 

7. metabolic outcomes

For night noise exposure: 

1. effects on sleep

Table 39. Summary of findings for health effects from exposure to wind turbine noise (Lden)

Noise 
metric

Priority health 
outcome 
measure

Quantitative 
risk for adverse 
health

Lowest level 
of exposure 
across studies

Number of 
participants 
(studies)

Quality of 
evidence

Cardiovascular disease

Lden Incidence of IHD – – – –

Lden Incidence of 
hypertension

– – – –

Annoyance

Lden %HA Not able to 
pool because of 
heterogeneity

30 dB 2481  
(4)

Low (downgraded 
for inconsistency and 
imprecision)

Cognitive impairment

Lden Reading and oral 
comprehension

– – – –

Hearing impairment and tinnitus

Lden Permanent 
hearing 
impairment

– – – –
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Cardiovascular disease 

For the relationship between wind turbine noise and prevalence of hypertension, three cross-sectional 
studies were identified, with a total of 1830 participants (van den Berg et al., 2008; Pedersen, 2011; 
Pedersen & Larsman, 2008; Pedersen & Persson Waye, 2004; 2007). The number of cases was 
not reported. All studies found a positive association between exposure to wind turbine noise and 
the prevalence of hypertension, but none was statistically significant. The lowest levels in studies 
were either <30 or <32.5 Lden. No meta-analysis was performed, since too many parameters were 
unknown and/or unclear. Due to very serious risk of bias and imprecision in the results, this evidence 
was rated very low quality (see Fig. 14). 

The same studies also looked at exposure to wind turbine noise and self-reported cardiovascular 
disease, but none found an association. No evidence was available for other measures of 
cardiovascular disease. As a result, only evidence rated very low quality was available for no 
considerable effect of audible noise (greater than 20 Hz) from wind turbines or wind farms on self-
reported cardiovascular disease (see Fig. 15). 

Notes:  The dotted vertical line corresponds to no effect of exposure to wind turbine noise. The black dots correspond to 
the estimated RR per 10 dB and 95% CI. For further details on the studies included in the figure please refer to the 
systematic review on environmental noise and cardiovascular and metabolic effects (van Kempen et al., 2018).

Fig. 14. The association between exposure to wind turbine noise (sound pressure level in dB) 
and hypertension

Estimated RR per 10 dB

Study (N) 

SWE-00 (351)

SWE-05 (754)

NL-07 (725)

0.333                  1.000                      3.000                   9.000  
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Fig. 15. The association between exposure to wind turbine noise (sound pressure level) and 
self-reported cardiovascular disease

Estimated RR per 10 dB

Study (N) 

SWE-00 (351)

SWE-05 (754)

NL-07 (725)

0.012       0.037            0.111           0.333           1.000             3.000   9.000 
  

Notes:  The dotted vertical line corresponds to no effect of exposure to wind turbine noise.The black circles correspond to 
the estimated RR per 10 dB (sound pressure level) and 95% CI. For further details on the studies included in the 
figure please refer to the systematic review on environmental noise and cardiovascular and metabolic effects (van 
Kempen et al., 2018).

Annoyance

Two publications containing descriptions of four individual studies were retrieved (Janssen et al., 
2011; Kuwano et al., 2014). All four studies used measurements in the vicinity of the respondents’ 
addresses; the noise exposure metrics used in the three original studies (Pedersen, 2011; Pedersen 
& Persson Waye, 2004; 2007) included in Janssen et al. (2011) were recalculated into Lden. The noise 
levels in the studies ranged from 29 dB to 56 dB. Different scales were used to assess annoyance, 
with slightly different definitions of “highly annoyed” and explicit reference to outdoor annoyance 
in the data used for the Janssen et al. (2011) curve. Construction of the ERFs provided in the two 
publications differed and they were therefore not further combined in a meta-analysis. Fig. 16 shows 
the %HA from the two publications. The 10% criterion for %HA is reached at around 45 dB Lden 
(where the two curves coincide). There was a wide variability in %HA between studies, with a range 
of 3–13%HA at 42.5 dB and 0–32%HA at 47.5 dB. The %HA in the sample is comparatively high, 
given the relatively low noise levels. There is evidence rated low quality for an association between 
wind turbine noise and annoyance, but this mainly applies to the association between wind turbine 
noise and annoyance and not to the shape of the quantitative relationship. 
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Fig. 16. Overlay of the two wind turbine annoyance graphs
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Further statistical analyses of annoyance yield evidence rated low quality for an association between 
wind turbine noise and %HA when comparing an exposure at 42.5 dB and 47.5 dB, with a mean 
difference in %HA of 4.5 (indoors) and 6.4 (outdoors). There is also evidence rated moderate quality 
for a correlation between individual noise exposure and annoyance raw scores (r = 0.28).

Notes:  Overlay of the two wind turbine outdoor annoyance graphs adapted from Janssen et al. (2011, red) and Kuwano 
et al. (2014, blue). The Kuwano et al. curve is based on Ldn; no correction for Lden has been applied.18

 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and annoyance (Guski et al., 2017).

Cognitive impairment, hearing impairment and tinnitus, adverse birth outcomes

No studies were found, and therefore no evidence was available on the relationship between wind 
turbine noise and measures of cognitive impairment; hearing impairment and tinnitus; and adverse 
birth outcomes. 

Sleep disturbance

Six cross-sectional studies on wind turbine noise and self-reported sleep disturbance were identified 
(Bakker et al., 2012; Kuwano et al., 2014; Michaud, 2015; Pawlaczyk-Luszczynska et al., 2014; 
Pedersen & Persson Waye, 2004; 2007). Noise levels were calculated using different methods, and 
different noise metrics were reported. Three of the studies asked how noise affects sleep; the other 
three evaluated the effect of wind turbine noise on sleep using questions that explicitly referred to 
noise (Table 40).

18 Ldn is the day-night-weighted sound pressure level as defined in section 3.6.4 of ISO 1996-1:2016. 
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Table 40. Summary of findings for health effects from exposure to wind turbine noise (Lnight)

Noise 
metric

Priority health 
outcome 
measure

Quantitative 
risk for adverse 
health

Lowest level 
of effects in 
studies

Number of 
participants 
(studies)

Quality of evidence

Effects on sleep

Lnight %HSD 1.60 (95% CI: 
0.86–2.94) per 10 
dB increase

31 dB 3971  
(6)

Low

(downgraded for study 
limitations, inconsistency, 
precision)

The risk of bias was assessed as high for all six studies, as effects on sleep were measured by self-
reported data. There were a limited number of subjects at higher exposure levels. A meta-analysis 
was conducted for five of the six studies, based on the OR for high sleep disturbance for a 10 dB 
increase in outdoor predicted sound pressure level. The pooled OR was 1.60 (95% CI: 0.86–2.94). 
The evidence was rated low quality.

3.4.2.2 Evidence on interventions 

This section summarizes the evidence underlying the recommendation on the effectiveness of 
interventions for wind turbine noise exposure. The key question posed was: in the general population 
exposed to wind turbine noise, are interventions effective in reducing exposure to and/or health 
outcomes from wind turbine noise? A summary of the PICOS/PECCOS scheme applied is set out 
in Table 41.

Table 41. PICOS/PECCOS scheme of the effectiveness of interventions for exposure to wind 
turbine noise

PICO Description
Population General population

Intervention(s) The interventions can be defined as:

(a) a measure that aims to change noise exposure and associated health effects; 

(b) a measure that aims to change noise exposure, with no particular evaluation of the impact on 
health; or 

(c) a measure designed to reduce health effects, but that may not include a reduction in noise 
exposure.

Comparison No intervention

Outcome(s) For average noise exposure: 

1. cardiovascular disease

2. annoyance

3. cognitive impairment

4. hearing impairment and tinnitus

5. adverse birth outcomes

6. quality of life, well-being and mental health

7. metabolic outcomes

For night noise exposure: 

1. effects on sleep
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No studies were found, and therefore no evidence was available on the effectiveness of interventions 
to reduce noise exposure from wind turbines.

3.4.2.3 Consideration of additional contextual factors

As the foregoing overview has shown, very little evidence is available about the adverse health 
effects of continuous exposure to wind turbine noise. Based on the quality of evidence available, 
the GDG set the strength of the recommendation on wind turbine noise to conditional. As a second 
step, it qualitatively assessed contextual factors to explore whether other considerations could have 
a relevant impact on the recommendation strength. These considerations mainly concerned the 
balance of harms and benefits, values and preferences, and resource use and implementation. 

Regarding the balance of harms and benefits, the GDG would expect a general health benefit 
from a marked reduction in any kind of long-term environmental noise exposure. Health effects of 
individuals living in the vicinity of wind turbines can theoretically be related not only to long-term 
noise exposure from the wind turbines but also to disruption caused during the construction phase. 
The GDG pointed out, however, that evidence on health effects from wind turbine noise (apart from 
annoyance) is either absent or rated low/very low quality (McCunney et al., 2014). Moreover, effects 
related to attitudes towards wind turbines are hard to discern from those related to noise and may 
be partly responsible for the associations (Knopper & Ollson, 2011). Furthermore, the number of 
people exposed is far lower than for many other sources of noise (such as road traffic). Therefore, 
the GDG estimated the burden on health from exposure to wind turbine noise at the population level 
to be low, concluding that any benefit from specifically reducing population exposure to wind turbine 
noise in all situations remains unclear. Nevertheless, proper public involvement, communication and 
consultation of affected citizens living in the vicinity of wind turbines during the planning stage of future 
installations is expected to be beneficial as part of health and environmental impact assessments. 
In relation to possible harms associated with the implementation of the recommendation, the GDG 
underlined the importance of wind energy for the development of renewable energy policies. 

The GDG noticed that the values and preferences of the population towards reducing long-term noise 
exposure to wind turbine noise vary. Whereas the general population tends to value wind energy 
as an alternative, environmentally sustainable and low-carbon energy source, people living in the 
vicinity of wind turbines may evaluate them negatively. Wind turbines are not a recent phenomenon, 
but their quantity, size and type have increased significantly over recent years. As they are often 
built in the middle of otherwise quiet and natural areas, they can adversely affect the integrity of a 
site. Furthermore, residents living in these areas may have greater expectations of the quietness of 
their surroundings and therefore be more aware of noise disturbance. Negative attitudes especially 
occur in individuals who can see wind turbines from their houses but do not gain economically 
from the installations (Kuwano et al., 2014; Pedersen & Persson Waye, 2007; van den Berg et 
al., 2008). These situational variables and the values and preferences of the population may differ 
between wind turbines and other noise sources, as well as between wind turbine installations, which 
makes assessment of the relationship between wind turbine noise exposure and health outcomes 
particularly challenging.

Assessing resource use and implementation considerations, the GDG noted that reduction of noise 
exposure from environmental sources is generally possible through simple measures like insulating 
windows or building barriers. With wind turbines, however, noise reduction interventions are more 
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complicated than for other noise sources due to the height of the source and because outdoor 
disturbance is a particularly large factor. As generally fewer people are affected (compared to 
transportation noise), the expected costs are lower than for other environmental sources of noise. 
The GDG was not aware of any existing interventions (and associated costs) to reduce harms from 
wind turbine noise, or specific consequences of having regulations on wind turbine noise. Therefore, 
it could not assess feasibility, or discern whether any beneficial effects of noise reduction would 
outweigh the costs of intervention. In particular, there is no clear evidence on an acceptable and 
uniform distance between wind turbines and residential areas, as the sound propagation depends 
on many aspects of the wind turbine construction and installation. 

In light of the assessment of the contextual factors in addition to the quality of evidence, the 
recommendation for wind turbine noise exposure remains conditional. 

Additional considerations or uncertainties

Assessment of population exposure to noise from a particular source is essential for setting health-
based guideline values. Wind turbine noise is characterized by a variety of potential moderators, 
which can be challenging to assess and have not necessarily been addressed in detail in health 
studies. As a result, there are serious issues with noise exposure assessment related to wind turbines.

Noise levels from outdoor sources are generally lower indoors because of noise attenuation from 
the building structure, closing of windows and similar. Nevertheless, noise exposure is generally 
estimated outside, at the most exposed façade. As levels of wind turbine noise are generally much 
lower than those of transportation noise, the audibility of wind turbines in bedrooms, particularly 
when windows are closed, is unknown. 

In many instances, the distance from a wind farm has been used as a proxy to determine audible 
noise exposure. However, in addition to the distance, other variables – such as type, size and 
number of wind turbines, wind direction and speed, location of the residence up- or downwind from 
wind farms and so on – can contribute to the resulting noise level assessed at a residence. Thus, 
using distance to a wind farm as a proxy for noise from wind turbines in health studies is associated 
with high uncertainty. 

Wind turbines can generate infrasound or lower frequencies of sound than traffic sources. However, 
few studies relating exposure to such noise from wind turbines to health effects are available. It is also 
unknown whether lower frequencies of sound generated outdoors are audible indoors, particularly 
when windows are closed. 

The noise emitted from wind turbines has other characteristics, including the repetitive nature of 
the sound of the rotating blades and atmospheric influence leading to a variability of amplitude 
modulation, which can be a source of above average annoyance (Schäffer et al., 2016). This 
differentiates it from noise from other sources and has not always been properly characterized. 
Standard methods of measuring sound, most commonly including A-weighting, may not capture 
the low-frequency sound and amplitude modulation characteristic of wind turbine noise (Council of 
Canadian Academies, 2015).

Even though correlations between noise indicators tend to be high (especially between LAeq-like 
indicators) and conversions between indicators do not normally influence the correlations between 
the noise indicator and a particular health effect, important assumptions remain when exposure to 
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Factors influencing the 
strength of recommendation

Decision

Quality of evidence Average exposure (Lden)
Health effects

•	Evidence for a relevant absolute risk of annoyance at 45 dB Lden was rated 
low quality.

Interventions

•	No evidence was available on the effectiveness of interventions to reduce 
noise exposure and/or health outcomes from wind turbines.

Night-time exposure (Lnight)
Health effects

•	No statistically significant evidence was available for sleep disturbance 
related to exposure from wind turbine noise at night. 

Interventions

•	No evidence was available on the effectiveness of interventions to reduce 
noise exposure and/or sleep disturbance from wind turbines.

Balance of benefits versus harms 
and burdens

Further work is required to assess fully the benefits and harms of exposure 
to environmental noise from wind turbines and to clarify whether the potential 
benefits associated with reducing exposure to environmental noise for 
individuals living in the vicinity of wind turbines outweigh the impact on the 
development of renewable energy policies in the WHO European Region.

Values and preferences There is wide variability in the values and preferences of the population, with 
particularly strong negative attitudes in populations living in the vicinity of 
wind turbines.

Resource implications Information on existing interventions (and associated costs) to reduce harms 
from wind turbine noise is not available. 

Additional considerations or 
uncertainties

There are serious issues with noise exposure assessment related to wind 
turbines.

Decisions on recommendation 
strength 

•	Conditional for guideline value for average noise exposure (Lden)

•	Conditional for the effectiveness of interventions (Lnight)

Table 42. Summary of the assessment of the strength of the recommendation

wind turbine noise in Lden is converted from original sound pressure level values. The conversion 
requires, as variable, the statistical distribution of annual wind speed at a particular height, which 
depends on the type of wind turbine and meteorological conditions at a particular geographical 
location. Such input variables may not be directly applicable for use in other sites. They are sometimes 
used without specific validation for a particular area, however, because of practical limitations or lack 
of data and resources. This can lead to increased uncertainty in the assessment of the relationship 
between wind turbine noise exposure and health outcomes.

Based on all these factors, it may be concluded that the acoustical description of wind turbine noise 
by means of Lden or Lnight may be a poor characterization of wind turbine noise and may limit the 
ability to observe associations between wind turbine noise and health outcomes. 

3.4.3 Summary of the assessment of the strength of recommendations
Table 42 provides a comprehensive summary of the different dimensions for the assessment of the 
strength of the wind turbine recommendations.
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             3.5 Leisure noise

Recommendations

For average noise exposure, the GDG conditionally recommends reducing the yearly average 
from all leisure noise sources combined to 70 dB LAeq,24h, as leisure noise above this level is 
associated with adverse health effects. The equal energy principle19 can be used to derive 
exposure limits for other time averages, which might be more practical in regulatory processes. 

For single-event and impulse noise exposures, the GDG conditionally recommends following 
existing guidelines and legal regulations to limit the risk of increases in hearing impairment from 
leisure noise in both children and adults.

Following a precautionary approach, to reduce possible health effects, the GDG strongly 
recommends that policy-makers take action to prevent exposure above the guideline values 
for average noise and single-event and impulse noise exposures. This is particularly relevant 
as a large number of people may be exposed to and at risk of hearing impairment through 
the use of personal listening devices (PLDs). There is insufficient evidence, however, to 
recommend one type of intervention over another.

3.5.1 Rationale for the guideline levels for leisure noise
As specific evidence for the relationship between leisure noise and hearing loss is of insufficient 
quality, the GDG decided to follow a different approach for this noise source, based on knowledge 
regarding prevention of hearing loss in the workplace and on the CNG (WHO, 1999). There is 
sufficient evidence that the nature of the noise matters little in causing hearing loss, so using the 
existing guidelines is a justified step to prevent permanent hearing loss from leisure noise. 

In accordance with the procedures for the other noise sources, the GDG would have considered 
evidence on exposure–response relationships for the prioritized health outcomes. However, no such 
ERFs could be established in the systematic reviews for any of the health outcomes (Table 43).

Table 43. Average exposure levels (LAeq,24h) for priority health outcomes from leisure noise

Summary of priority health outcome evidence Benchmark level Evidence quality
Incidence of IHD
Incidence of hypertension
Prevalence of highly annoyed population 
Reading skills and oral comprehension in children

No evidence was 
available

Permanent hearing impairment 
There is an indication that PLDs have an effect on hearing 
impairment and tinnitus. 
There was no evidence (because no studies were found) for an 
effect of other sources of leisure noise on hearing impairment 
or tinnitus. The results of the studies could not be synthesized 
because of heterogeneity of outcome measurement.

No increase Very low quality/no 
evidence

19 The equal energy principle states that the total effect of sound is proportional to the total amount of sound energy 
received by the ear, irrespective of the distribution of that energy in time (WHO, 1999). 
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In accordance with the evidence on the effects of PLDs on permanent hearing loss from leisure noise, 
the GDG recommended a guideline exposure level of 70 dB LAeq,24h yearly average from all leisure 
noise sources combined. It was confident that there was no relevant risk increase for permanent 
hearing impairment below this exposure level of average leisure noise. The GDG recognized that a 
conversion to alternative time averages for exposure to leisure noise might be helpful for regulatory 
purposes; thus, a detailed table converting hourly and weekly exposure into yearly averages is 
provided in the subsection on additional considerations or uncertainties in section 3.5.2.3, Table 
49. Furthermore, the GDG recommended sticking to the CNG recommendations for single events 
to limit the risk of hearing impairment from leisure noise increases for both children and adults 
(WHO, 1999).20 Due to the nature and limited amount of available evidence, the GDG made the 
recommendation conditional. 

Next, the GDG assessed the evidence for night noise exposure and its effect on sleep disturbance 
(Table 44).

Table 44. Night-time exposure levels (Lnight) for priority health outcomes from leisure noise 

Summary of priority health outcome evidence Benchmark level Evidence quality
Sleep disturbance 3% absolute risk No evidence was 

available

Because of a lack of evidence, the GDG was not able to formulate a recommendation addressing 
sleep disturbance due to leisure noise at night time. 

The GDG also looked for evidence about the effectiveness of interventions for leisure noise 
exposure. Owing to a lack of research, however, no studies were available on existing interventions 
and associated costs to reduce leisure noise. As no evidence was available, it was not possible 
to develop a recommendation on any specific type of intervention measure. However, following a 
precautionary approach, to reduce possible health effects, the GDG made a strong recommendation 
that policy-makers take action to prevent exposures above the guideline values for average noise 
and single-event and impulse noise exposures. This is particularly relevant as a large number of 
people may be exposed to and at risk of hearing impairment through the use of PLDs. There is 
insufficient evidence, however, to recommend one type of intervention over another.

3.5. 1.1 Other factors influencing the strength of recommendations

Other factors considered in the context of recommendations on leisure noise included those related 
to values and preferences, benefits and harms, resource implications, equity, acceptability and 
feasibility; moreover, nonpriority health outcomes were considered. Ultimately, the assessment of 
all these factors did not lead to a change in the strength of recommendation. Further details are 
provided in section 3.5.2.3.

20 The GDG acknowledged the scarcity of cohort study-based evidence to define a threshold for hearing damage due 
to single loud exposures. It initially decided to propose LAF,max = 110, but after much discussion it appeared that the 
conversion of relevant standing limits (expressed in Lpeak,C and others) lacked sufficient basis.  

SR0380

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 383 of 615



89

RECOMMENDATIONS

3.5.2 Detailed overview of the evidence 
The following sections provide a detailed overview of the evidence constituting the basis for setting 
the recommendations on leisure noise. As noted above, however, only limited evidence was available 
for several of the prioritized health outcomes, so it is presented and summarized for all critical and 
important health outcomes where possible, along with indications of the GDG’s judgement of the 
quality of evidence. Research into health outcomes and effectiveness of interventions is addressed 
consecutively.

A comprehensive summary of all evidence considered for each of the critical and important health 
outcomes can be found in the eight systematic reviews published in the International Journal of 
Environmental Research and Public Health (see section 2.3.2 and Annex 2).

3.5.2.1 Evidence on health outcomes 

The key question posed was: in the general population exposed to leisure noise, what is the 
exposure–response relationship between exposure to leisure noise (reported as various noise 
indicators) and the proportion of people with a validated measure of health outcome, when adjusted 
for main confounders? A summary of the PICOS/PECCOS scheme applied and the main findings 
is set out in Tables 45 and 46.

Table 45. PICOS/PECCOS scheme of critical health outcomes for exposure to leisure noise 

PECO Description
Population General population

Exposure Exposure to high levels of noise produced by leisure activities (average/night time)

Comparison Exposure to lower levels of noise produced by leisure activities (average/night time)

Outcome(s) For average noise exposure: 

1. cardiovascular disease

2. annoyance

3. cognitive impairment

4. hearing impairment and tinnitus

5. adverse birth outcomes

6. quality of life, well-being and mental health 

7. metabolic outcomes

For night noise exposure: 

1. effects on sleep

SR0381

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 384 of 615



90

Envi ronmenta l  Noise Guidel ines

Table 46. Summary of findings for health effects from exposure to leisure noise (LAeq,24h)

Noise 
metric

Priority health 
outcome 
measure

Quantitative 
risk for adverse 
health

Lowest level 
of exposure 
across studiesa

Number of 
participants 
(studies)

Quality of evidence

Cardiovascular disease

LAeq,24 Incidence of IHD – – – –

LAeq,24 Incidence of 
hypertension

– – – –

Annoyance

LAeq,24 %HA – – – –

Cognitive impairment

LAeq,24 Reading and oral 
comprehension

– – – –

Hearing impairment and tinnitus

LAeq,24 Permanent 
hearing 
impairment

Not estimated – 484  
(3)

Very low

(downgraded for study 
limitations, precision)

Hearing impairment and tinnitus

Several types of leisure activity are accompanied by loud sounds, such as attending nightclubs, 
pubs and fitness classes; live sporting events; concerts or live music venues; listening to loud music 
through PLDs. This recommendation is informed by a systematic review that assessed the evidence 
on permanent hearing loss and tinnitus due to exposure to leisure noise (Śliwińska-Kowalska & 
Zaborowski, 2017). The review identified two existing systematic reviews that summarized recent 
estimates of the risk of developing permanent hearing loss from the use of PLDs. It did not identify 
any studies with objective measurement of exposure to any other type of leisure noise.

The Scientific Committee on Emerging and Newly Identified Hazards and Risk (SCENIHR) (EC, 
2008b) report concluded that prolonged exposure to sounds from PLDs may result in temporary 
hearing threshold shift, permanent hearing threshold shift and tinnitus, as well as poor speech 
communication in noisy conditions. However, based on the data available, there was no direct 
evidence for an effect of repeated, regular daily exposure to music through PLDs on development of 
permanent noise-induced hearing loss. Data on tinnitus were inadequate and therefore inconclusive. 
No meta-analysis was provided for any of the hearing effects; nor were the exposure–effect curves 
reported. The SCENIHR report was based on a narrative review of 30 original papers with over 2000 
participants and exposure to music sounds that covered a range of 60–120 dB. Studies included in 
the review were carried out between 1982 and 2007.

In 2014 a second systematic review was published by Vasconcellos et al. (2014). Although the 
objective of this publication was to determine threshold levels of personally modifiable risk factors 
for hearing loss in the paediatric population, specific thresholds analyses were limited. Based on 
the descriptive overview of original papers, the authors identified exposure to loud music (including 
use of PLDs) and working on a mechanized farm as the main risk factors for hearing loss in children 
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and teenagers. Thresholds of exposure to music, significantly associated with hearing loss in youth, 
were:

•	more than four hours per week or more than five years of personal headphone usage; 

•	more than four visits per month to a discotheque.

The evidence review identified five new cross-sectional studies on noise from PLDs since the 
publication of the SCENIHR report (Feder et al., 2013; Levesque et al., 2010; Sulaiman et al., 2013; 
2014; Vogel et al., 2014). Direct measurement of hearing thresholds with pure tone audiometry was 
performed only in three studies – by Feder et al. (2013) and Sulaiman et al. (2013 and 2014). In total, 
audiometric data from 484 subjects were analysed; among them, 449 were exposed and 35 were  
not exposed to PLD music. Two other studies by Levesque et al. (2010) and Vogel et al. (2014) did 
not perform audiometric measurement but reported on tinnitus in a total of 1067 participants. 

Noise from PLDs was estimated based on direct measurement of equivalent sound pressure levels 
(in dB) in four studies (Feder, 2013; Levesque et al., 2010; Sulaiman et al., 2013; 2014) and based 
on converting volume-control setting levels of PLD into dB levels in one study (Vogel et al., 2014). 
The resulting exposure levels (LAeq values) had a mean of between 72 dB and 91 dB, although in two 
studies these data were not provided. In all studies, individual LAeq,8h value was calculated based on 
an estimated level of music and the number of hours a day listening to the music through the PLD 
declared by an individual in the questionnaire. Resulting LAeq,8h mean values were between 62 dB 
and 83 dB when provided.

Potential confounding was controlled by excluding the subjects with exposure to other sources 
of high-level noise or prior ear problems (Sulaiman et al., 2013), by excluding those with these 
factors and ototoxic drug intake (Sulaiman et al., 2014) or by controlling for these confounders by 
accounting for them in the statistical models. The confounders comprised socioeconomic status, 
demographic factors, tubes in the ear and leisure exposures in one study (Feder, 2013), and age 
and sex in one study (Vogel et al., 2014). One of the studies did not adjust for confounding factors 
(Levesque et al., 2010).

Data on permanent hearing loss were taken from audiometric measurements (Feder, 2013; Sulaiman 
et al., 2013; 2014), while data about permanent tinnitus were taken from self-reported responses to 
questionnaires (Levesque et al., 2010; Vogel et al., 2014). In one case, the outcome was defined as 
“permanent hearing-related symptoms”, but it is not clear what proportion of subjects experienced 
permanent tinnitus (Vogel et al., 2014).

For permanent hearing loss, there is no pooled effect size, because the authors of the original 
studies either did not report data or reported in different formats. However, these studies indicate 
a harmful effect of listening to PLDs. For permanent tinnitus, there is no pooled effect size because 
the effects of noise from PLDs on permanent tinnitus were contradictory. These results are generally 
consistent with previous reviews by SCENIHR (EC, 2008b) and Vasconcellos et al. (2014).

The risk of bias was assessed as high for all five studies. The overall evidence for an effect of PLDs 
on hearing impairment and tinnitus was rated very low quality.
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3.5.2.2 Evidence on interventions 

The following section summarizes the evidence underlying the recommendation on the effectiveness 
of interventions for leisure noise exposure. The key question posed was: in the general population 
exposed to leisure noise, are interventions effective in reducing exposure to and/or health outcomes 
from leisure noise? A summary of the PICOS/PECCOS scheme applied and the main findings is set 
out in Tables 47 and 48.

Table 47. PICOS/PECCOS scheme of the effectiveness of interventions for exposure to 
leisure noise

PICO Description
Population General population

Intervention(s) The interventions can be defined as:

(a) a measure that aims to change noise exposure and associated health effects; 

(b) a measure that aims to change noise exposure, with no particular evaluation of the impact on 
health; or 

(c) a measure designed to reduce health effects, but that may not include a reduction in noise 
exposure.

Comparison No intervention

Outcome(s) For average noise exposure: 

1. cardiovascular disease

2. annoyance

3. cognitive impairment

4. hearing impairment and tinnitus

5. adverse birth outcomes

6. quality of life, well-being and mental health

7. metabolic outcomes

For night noise exposure: 

1. effects on sleep

Table 48. Summary of findings for interventions for leisure noise 

Type of intervention Number of 
participants 
(studies)

Effect of intervention Quality of 
evidence

Hearing impairment

Type E – behaviour change 
interventions

(education programme/campaign)

4151  
(7)

None of the studies involved 
measurement or estimation of exposure 
levels or health outcomes.

Most studies found a significant effect 
of change in knowledge or behaviour.

–

Seven individual studies on PLDs, attendance at music venues and participation in other recreational 
activities where there was risk of hearing damage and/or tinnitus were included in the systematic 
review (Dell & Holmes, 2012; Gilles & Van de Heyning, 2014; Kotowski et al., 2011; Martin et al., 
2013; Taljaard et al., 2013; Weichbold & Zorowka, 2003; 2007). All studies examined interventions 
directed at changes in knowledge or behaviour and hearing impairment. 

The studies all sought evidence on the effectiveness of some form of educational programme or 
campaign aimed at children, adolescents or college students. These addressed perceptions and 
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knowledge of the risk of high levels of noise – generally, but not exclusively, from PLD sources 
or from attendance at music events – and actual or intended changes to hearing damage risk 
behaviours, including avoidance, frequency or duration of exposure, regeneration periods when in 
high noise, or playback levels. 

The outcome assessed in all intervention studies was the change in knowledge and behaviours 
towards hearing damage risk. The health outcome measures varied widely and included 
measurements on the youth attitude towards noise scale, participants’ knowledge about hearing 
damage, participants’ PLD usage patterns, participants’ attitudes to wearing hearing protection 
(some in general; some at discotheques) and frequency of discotheque attendance. A majority of 
the studies found a significant effect of change in knowledge or behaviour. No indication on the 
persistence of knowledge and behavioural change was given, though. 

None of the studies included objectively measured outcomes or a measured change in noise level 
exposure; thus, the effectiveness of the interventions could not be assessed, and the quality of the 
evidence was not rated according to GRADE.

3.5.2.3 Consideration of additional contextual factors 

Based on the quality of the available evidence discussed in the foregoing overview, the GDG set 
the strength of recommendation of leisure noise to conditional. As a second step, it qualitatively 
assessed contextual factors to explore whether other considerations could have a relevant impact 
on the recommendation strength. These considerations mainly concerned the balance of harms and 
benefits, values and preferences, and resource use and implementation. 

When assessing the balance of benefits and harms, the GDG recognized that exposure to leisure 
noise is widespread and frequent. In particular, as many as 88–90% of teenagers and young adults 
report listening to music through PLDs earphones (Pellegrino et al., 2013; Vogel et al., 2011). In 
2015 WHO estimated that 1.1 billion young people worldwide could be at risk of hearing loss due 
to unsafe listening practices (WHO, 2015a). Furthermore, among young people aged 12–35 years 
in middle- and high-income countries, nearly 50% listen to unsafe levels of sound through personal 
audio devices (mp3 players, smartphones and others), and around 40% are exposed to potentially 
damaging levels of sound at nightclubs, bars and sporting events. Noise-induced hearing loss can 
be prevented by following safe listening practices, so the GDG concluded that health benefits can 
be gained from markedly reducing population exposure to leisure noise, including through actions 
to promote safe listening practices. A reduction of leisure noise is also assumed to reduce nuisance 
that can be caused to other people than those who enjoy leisure activities, such as neighbours. 
Furthermore, specifically for PLDs, it can reasonably be expected that a reduction of noise exposure 
could also lead to a reduction in accidents, injuries and other potential safety risks. In relation to 
possible harms and burdens, the GDG could not identify any harms (except economic costs, which 
are addressed in the paragraph on resource use and implementation) arising from implementation 
of the recommended guideline values. 

Considering values and preferences, the GDG recognized that listening to music with the help 
of a PLD, going to concerts and attending sport events are activities regarded as enjoyable and 
therefore assumed to be valued by the overall population. Furthermore, it is expected that values and 
preferences might vary in particular with respect to the use of PLDs and embracing leisure activities 
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involving loud noise, like concerts, and that some population groups – especially younger individuals 
– might voluntarily expose themselves to high levels of sound during these activities. Despite this, 
the GDG was confident that recommendations to lower noise levels for the prevention of hearing 
damage from leisure noise would be welcome by a majority of the population. Recommendations 
are expected to be particularly welcome when it comes to protecting the hearing of young children 
and teenagers, as these vulnerable groups often do not have control over their environment and the 
noise levels to which they are exposed, such as from noisy toys or at school.

With resource use and implementation, the GDG noted that interventions exist to reduce exposure 
to leisure noise from PLDs, attendance at music venues and participation in recreational activities, 
as aggregated by the systematic review on environmental noise interventions and their associated 
impacts (Brown & van Kamp, 2017). As most of these relate to implementation of a behaviour 
change, the reduction of exposure to leisure noise is expected to be technically feasible and cheap. 
None of the empirical investigations objectively measured outcomes or a measured change in 
noise level exposure, so the effectiveness of such measures cannot be assessed. Nevertheless, it 
is important to note that there is ample evidence from the occupational health field that high noise 
levels cause hearing damage, and that occupational interventions to reduce noise exposure are 
effective at lowering the risk of hearing problems or hearing damage (EC, 2003; Garcia et al., 2018; 
ISO, 2013; Maassen et al., 2001). In conclusion, resources needed to reduce exposure to leisure 
noise are not expected to be intensive, but implementation and long-term success of measures 
might be challenging, owing to cultural factors, as changes in behaviour are expected to be tricky 
to implement. 

In light of the assessment of the contextual factors in addition to the quality of evidence, the 
recommendation remains conditional. 

Additional considerations or uncertainties

The GDG considers the noise levels selected for this recommendation to be reasonable precautionary 
measures, in view of the rating of very low quality for the available evidence on an effect of leisure 
noise on permanent hearing impairment and tinnitus identified in the systematic review. 

Extensive literature shows hearing impairment in populations exposed to specific types of 
nonoccupational environments, although these exposures are generally not well characterized. There 
are no studies with objective measurement of exposure to any other type of leisure noise (except 
PLDs) and permanent hearing impairment or tinnitus. Nevertheless, this recommendation generally 
applies to all leisure noise exposures, such as events in public venues (concerts halls, sports events, 
bars and discotheques) and educational facilities, and use of PLDs. The recommendation also 
applies to exposure to impulse sounds, such as those in shooting facilities or from the use of toys 
and firecrackers. 

Hearing loss is the resultant value of combined exposures to different sources of leisure noise 
including, but not limited to, PLDs. Therefore, the recommendations apply to the combined noise 
levels from all sources. 

Noise-induced hearing loss develops very slowly over years of exposure, giving rise to challenges 
in the assessment of the health impacts from prolonged use of PLDs and exposure to leisure noise. 
The induction period for the development of hearing impairment and tinnitus is long, and varying 

SR0386

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 389 of 615



95

RECOMMENDATIONS

exposure conditions and changing lifestyle habits (including confounding noise sources), particularly 
among young people, will have an impact. Therefore, recommendations regarding leisure noise 
have often been inferred from the occupational field, where exposure conditions are more stable 
over time. 

Indeed, long-term exposure to noise, objectively assessed and at levels measured in occupational 
settings for various professions, can lead to permanent hearing loss and tinnitus. This evidence, 
while not reviewed systematically as part of the work related to these guidelines, can be used as 
supportive evidence and justification for the need to develop a recommendation for leisure noise, 
given that many people could be at risk of developing hearing loss and/or tinnitus from exposure to 
lower levels of environmental noise. Similar otobiological mechanisms must also be considered for 
environmental noise. 

To date, no commonly accepted method for assessing the risk of hearing loss due to environmental 
exposure to noise has been developed. One of the main challenges is to conduct a long-term 
objective exposure assessment of environmental noise and relate this to the development of 
permanent hearing impairment and tinnitus. The GDG underlined the strong need for research to 
develop a comprehensive methodology. In the absence of a method, and as long as no other tools 
are available, the equal energy principle outlined in the ISO standard for the estimation of noise-
induced hearing loss (WHO, 1999) can be used as a practical tool for protecting public health from 
exposure to leisure noise. As a result, the relationship between leisure noise exposure and auditory 
effects can be quantified for a variety of exposure levels, duration and frequency.

Several organizations have established regulations for the protection of workers from risks to their 
health and safety arising from exposure to noise, and in particular risk to hearing. Of particular 
relevance is EU Directive 2003/10/EC on the minimum health and safety requirements regarding 
the exposure of workers to the risks arising from physical agents (noise) (EC, 2003). Based on the 
ISO 1999 standard (ISO, 2013), the Directive sets limits of exposure depending on equivalent noise 
level for an eight-hour working day and obliges the employer to take suitable steps if the limits are 
exceeded. It recommends three action levels for occupational settings, setting the lowest, most 
conservative value at Lex,8hr = 80 dB. According to the Directive, no consequences of exposure to 
occupational noise are expected at this level. While exposure patterns and certain characteristics 
of occupational and leisure noise exist, knowledge of the hearing impairment risks and preventive 
interventions can be used to assess health risks associated with leisure noise (Neitzel & Fligor, 2017). 

The CNG recommend a limit of LAeq,24h  =  70  dB(A) for preventing hearing loss from industrial, 
commercial shopping and traffic areas, indoors and outdoors (WHO, 1999). Health and safety 
regulations are usually based on an exposure profile of a typical worker (eight hours per day, five days 
per week). Using the existing knowledge from the ISO standard and established health and safety 
regulations, it is possible to use the equal energy principle to derive the resulting noise exposure level 
for an exposure profile more appropriately suited for leisure noise. Converting 40 hours at 80 dB to a 
continuous exposure to noise (24 hours per day, seven days per week), this leads to a yearly average 
exposure of 71 dB for lifelong exposure.21 This is the same value as the WHO recommendation of 

21 71 dB = 80 dB (derived from ISO standard) − 6.2 dB (conversion of yearly average of 40 working hours divided 
by continuous exposure to noise: (10 log (2080hrs/8760 hrs)) – 3 dB (extrapolation of 40 working years to lifelong 
exposure).
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70 dB (WHO, 1999). Table 49 presents the noise levels per hour for various time averages in order to 
keep within the recommended yearly average exposure, and assuming that exposure to other noise 
sources generally does not contribute significantly. For example, for specific events taking place for 
one-, two- or four-hour averages, once a week (such as visiting a discotheque or watching a loud 
movie), an hourly noise level of 85 dB would lead to an average yearly exposure of 63 dB, 66 dB and 
69 dB, respectively. However, the same hourly exposure of 85 dB for an activity taking place for 14 
hours per week (two hours per day, seven days a week) would lead to a yearly exposure of 74 dB, 
which exceeds the recommendations. 

Table 49. Combination of hourly exposure and number of hours per week to arrive at a yearly 
average LAeq

Hours of exposure per week One-hour exposure level (LAeq)

70 75 80 85 90 95 100

1 48 53 58 63 68 73 78

2 51 56 61 66 71 76 81

4 54 59 64 69 74 79 84

14 (2 hours per day, 7 days per 
week)

59 64 69 74 79 84 89

28 (4 hours per day, 7 days per 
week)

62 67 72 77 82 87 92

40 (8 hours per day, 5 days per 
week)

64 69 74 79 84 89 94

168 (24 hours per day, 7 days per 
week)

70 75 80 85 90 95 100

Note: green = combinations of exposure/duration below current guideline level; red = combinations of exposure/duration 
above current guideline level; blue = input parameters.

The equal energy principle cannot be used to derive single-event limits because at high levels 
the ear starts to respond with nonlinear behaviour. The CNG provides several values, in different 
units: LAF,max =  110  dB for industrial noises (no distance stated), Lpeak,lin =  140  dB for adults and 
Lpeak,lin = 120 dB for children (measured at 100 mm) (WHO, 1999). EU Directive 2003/10/EC on the 
minimum health and safety requirements regarding the exposure of workers recommends a lower 
action level of Lpeak,C = 135 dB (at 100 mm). In a recent overview Hohmann (2015) provided an ERF 
for hearing damage caused by shooting noise, from which it appears that a safe level of LE = 120 dB 
can be derived. 

Although it is clear that high noise levels cause acute hearing damage, there is no agreement on a 
safe level. Further research is highly recommended. In the mean time, existing guidelines should be 
applied.
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3.5.3 Summary of the assessment of the strength of recommendation 
Table 50 provides a comprehensive summary of the different dimensions for the assessment of the 
strength of the leisure noise recommendations. 

Table 50. Summary of the assessment of the strength of the recommendation

Factors influencing the 
strength of recommendation

Decision

Quality of evidence Average exposure (LAeq,24h)

Health effects 

•	Evidence of an effect from PLDs on hearing impairment and tinnitus, in the 
absence of evidence for other health outcomes and absence of evidence 
on hearing impairment and tinnitus from other types of leisure noise besides 
PLDs, was rated very low quality.

Interventions 

•	No evidence was available on the effectiveness of interventions to reduce 
noise exposure and/or health outcomes from leisure noise.

Balance of benefits versus 
harms and burdens

The general benefit from reduction of leisure noise outweighs any potential 
harms. 

Values and preferences There is variability in the values and preferences of the general population.

Resource implications The resources needed to reduce exposure to leisure noise are not expected to 
be intensive, but implementation and the long-term success of measures may 
be challenging, mainly due to cultural factors.

Decision on strength of 
recommendation

•	Conditional for guideline level for average noise exposure (LAeq,24h)

•	Conditional for single-event and impulse noise 

•	Strong for interventions to reduce noise exposure

3.6 Interim targets 
An interim target was proposed in the NNG (WHO Regional Office for Europe, 2009), “recommended 
in situations where the achievement of NNG is not feasible in the short run for various reasons”. The 
NNG emphasized that an interim target is “not a health-based limit value by itself. Vulnerable groups 
cannot be protected at this level”. 

The GDG discussed whether to propose interim targets as part of the current guidelines, and if so, 
what process would be needed to derive those values. The current recommendations are health-
based and already provide guideline values per noise source (for both Lden and Lnight). They also 
include information on exposure–response relationships for various health outcomes, which can be 
used by policy-makers or other stakeholders to inform the selection of different values, if needed. 
Further, interim targets may work differently in different countries and for different noise sources, 
and it may not be optimal to propose them Europe-wide. As a result, there was consensus among 
members of the GDG not to provide interim targets. 
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4. Implications for research
The development of these environmental noise guidelines for the WHO European Region has made 
evident some key knowledge gaps and research needs. The main ones specific to the guideline 
recommendations are presented as implications for research in the sections that follow. 

4.1 Implications for research on health impacts from transportation noise 
For the assessment of health effects from the main sources of transportation noise (road traffic, 
railways and aircraft), the various evidence reviews show the following knowledge gap: there is a 
need for longitudinal studies on the health impacts from exposure to environmental noise, to inform 
future recommendations properly (Table 51). 

Table 51. Implications for research on health impacts from transportation noise (air, rail, road)

Current state of the 
evidence

Limited evidence is available on health impacts from transportation noise from large-scale 
cohort and case-control studies, with objective measurement of both noise exposure and 
health outcomes.

Population of 
interest

Research is needed into effects of exposure on children and adults exposed to environmental 
noise from transportation sources.

Exposure of interest Objective measurement or calculation of transportation noise exposure is required; in 
particular, from studies of health effects related to combined exposure to different noise 
sources.

Comparison of 
interest

The data should be compared to the effects of lower levels of transportation noise.

Outcomes of 
interest

Measures of the following health outcomes is required, assessed objectively and harmonized 
where possible – for example, according to common protocols: 

•	 annoyance 

•	 effects on sleep

•	 cardiovascular and metabolic effects

•	 adverse birth outcomes

•	 cognitive impairment

•	mental health, quality of life and well-being

•	 hearing impairment and tinnitus 

•	 any other relevant health outcome.

Time stamp The systematic review included studies between October 2014 and December 2016.

4.1.1 Specific implications for annoyance
To predict absolute %HA at the full range of levels (and the corresponding CIs), an integrated 
analysis of the original raw data from all of individual studies would be necessary. The evidence 
review conducted as part of the guidelines focused only on secondary data handling and therefore 
does not replace a full meta-analysis of all individual data. The development of a generic exposure–
response relationship (from a full meta-analysis based on all individual data) is suggested as a 
priority research recommendation (see Table 52).
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Table 52. Recommendation for research addressing the exposure–response relationship

Current state of the 
evidence

The evidence review on annoyance conducted as part of the guidelines does not provide a 
generalized ERF but points to significant differences compared to the curves used in the past. 
It shows that the available generalized ERFs are in need of adjustment, preferably as a result 
of undertaking a full meta-analysis. This is especially the case for the sources aircraft and 
railway noise, which new data show are more annoying than previously documented.

Population of 
interest

Research is needed into effects of exposure on children and adults exposed to air, rail and/or 
road traffic noise.

Exposure of interest Objective measurement of transportation noise exposure is required.

Comparison of 
interest

The data should be compared to the effects of lower levels of transportation noise.

Outcomes of 
interest

Measures of health outcomes are required, assessed objectively according to common 
protocols (such as the International Commission on Biological Effects of Noise (ICBEN) scale 
for annoyance).

Time stamp The systematic review included studies up to October 2014.

4.2  Implications for research on health impacts from wind turbine noise
Further research into the health impacts from wind turbine noise is needed so that better-quality 
evidence can inform any future public health recommendations properly. For the assessment of 
health effects from wind turbines, the evidence was either unavailable or rated low/very low quality. 
Recommendations for research addressing this priority are proposed in Table 53.

Table 53. Implications for research on health impacts from wind turbine noise

Current state of the 
evidence

The current evidence on health outcomes related to wind turbine noise is unavailable or of 
low/very low quality and mainly comes from cross-sectional studies. Methodologically robust 
longitudinal studies with large samples investigating the quantitative relationship between 
noise from wind turbines and health effects are needed.

Population of 
interest

Research is needed into effects of exposure on children and adults exposed and living near 
sources of wind turbine noise. Studies should assess subgroup differences in effects for 
vulnerable groups such as children, elderly people and those with existing poor physical and 
mental health. 

Exposure of interest Exposure to noise at a wide range of levels and frequencies (including low-frequency noise), 
with information on noise levels measured outdoors and indoors (particularly relevant for 
effects on sleep) at the residence is needed. The noise exposure should be measured 
objectively and common protocols for exposure to wind turbine noise should be established, 
considering a variety of noise characteristics specific to wind turbine noise. 

Comparison of 
interest

The data should be compared to the effects in similar areas without wind turbines. Pre/
post studies of new wind turbine installations are needed, especially if “before measures” 
unbiased by the stress and knowledge of potential wind turbine farm development need to be 
developed. 

Outcomes of 
interest

Measures of health outcomes are required, assessed objectively – for example, according 
to common protocols (ICBEN scale for annoyance and self-reported sleep disturbance). The 
studies should include the most important situational and personal confounding variables, 
such as negative attitudes towards wind turbines, visual impact, economic gain and other 
socioeconomic factors.

Time stamp The systematic review included studies between October 2014 (review on annoyance) and 
December 2016 (review on cardiovascular disease).
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Alongside the defined needs for research on wind turbine noise it should be noted that research 
regarding industrial noise in general is required. More specifically, there is a need to investigate 
stationary sources (including heat, ventilation and acclimatization devices) and their impacts on 
health. Studies on hearing disorders from impulse and/or intermittent sounds are also needed; these 
would enable assessment of adverse effects created by one or several sounds of short duration with 
a high maximum sound level or impulse sound level. 

4.3 Implications for research on health impacts from leisure noise
For the assessment of effects from leisure noise, the evidence to make a recommendation on the 
ERF to use for health risk assessment, or of a threshold for effects, was either unavailable or rated 
very low quality. This is a research gap: longitudinal studies with longer follow-up are needed; these 
should measure noise objectively, not only from PLDs but also from other types of leisure noise. 

There is uncertainty in the measurement of early hearing disorders among young people using the 
tonal audiometry commonly applied. Precise methods to identify early hearing impairment and other 
hearing disorders are needed. Owing to long induction periods, however, adequate research may be 
difficult to perform, particularly among young people who change their exposure in terms of sound 
level and frequency as they age (for example, changing their music listening habits and venue visits). 
As a result, the recommendations refer to the results derived from stationary noise sources in the 
occupational field, in conjunction with the equal energy principle (see Table 54).

Table 54. Implications for research on health impacts from leisure noise

Current state of the 
evidence

Currently, no evidence is available on hearing impairment and tinnitus from large-scale cohort 
and case-control studies, with objective measurement of noise exposure and using a suitable 
method to assess hearing impairment in young people. 

Population of 
interest

Research is needed into effects of exposure on children and adults exposed to environmental 
noise from different sources and in different settings.

Exposure of interest Objective measurement of leisure noise exposure is required.

Comparison of 
interest

The data should be compared to the effects of no leisure noise exposure from these sources.

Outcomes of 
interest

The primary outcomes identified are:

•	 hearing loss measured by audiometry;

•	 specific threshold analyses focused on stratifying the risk of permanent hearing loss 
according to clearly defined levels of exposure to leisure noise, such as music through 
PLDs;

•	 concise methods to identify early hearing impairment and other hearing disorders;

•	 temporary threshold shift after exposure to leisure noise, as it may be reasonably predictive 
of future permanent threshold shift;

•	 age-related hearing loss progression depending on early-age exposure to leisure noise, 
such as to loud music; and

•	 tinnitus, measured objectively and subjectively.

Time stamp The systematic review included studies up to June 2015.
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4.4 Implications for research on effectiveness of interventions to reduce 
exposure and/or improve public health

The quality of the evidence on the effectiveness of interventions to reduce exposure to and health 
outcomes from environmental noise was variable. Further studies directly linking noise interventions 
to health outcomes are required, particularly for sources other than road traffic noise, and for human 
health outcomes other than annoyance. 

Most studies involved road traffic noise (63%), followed by aircraft noise (13%) and railway noise 
(6%). The remaining interventions were for leisure noise (13%) and noise in hospital settings (4%). 
No interventions were identified that either addressed wind turbine noise or focused on educational 
settings. 

Exposure-related interventions were mainly associated with a reduction in environmental noise 
exposure. However, in five studies (four road traffic noise studies and one aircraft noise study) some 
or all of the participants experienced noise exposure increases. 

There is no clear evidence with respect to thresholds, which are defined as:

•	the smallest change in exposure levels that results in a change in outcome; and 

•	the minimum before-level, regarding changes in health outcomes as a result of interventions.

The limited evidence base on the health effects of environmental noise interventions is thinly spread 
across different noise source types, outcomes and intervention types. Diversity exists between 
studies even within intervention types in terms of study designs, methods of analysis, exposure 
levels and changes in exposure experienced as a result of the interventions. For these reasons, 
carrying out a meta-analysis across studies examining the association between changes in level and 
changes in outcome was not possible.

To remedy this main research gap, longitudinal studies assessing noise exposure and health 
outcomes objectively should be developed, taking into account the most relevant confounders. The 
establishment of common protocols for future research is warranted (see Table 55). 

Authorities should include significant funding for the design and implementation of studies to evaluate 
the effectiveness of interventions to reduce noise and their impact on health. 
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Table 55. Implications for research on effectiveness of interventions to reduce exposure and/
or improve public health

Current state of 
the evidence

The current evidence on effectiveness of interventions to reduce health outcomes is limited 
and of varying quality. Few longitudinal studies have been done that take into account the 
most relevant confounders and measure the noise exposure and the outcomes objectively.

Population of 
interest

Research is needed into effects of interventions on defined populations exposed to and/or 
living near sources of environmental noise. 

Intervention of 
interest

Research into any noise intervention at various points along the system pathway between 
source and outcome, for a variety of noise sources, is required.

Comparison of 
interest

The data should be compared to:

•	 a steady-state control group, in similar areas with various exposure gradients from 
environmental noise sources; 

•	 the noise exposure in the same population, through a series of sequential measurements 
assessing the change before and after the intervention, preferably with multiple after 
measurements. 

Outcomes of 
interest

Future intervention studies should use validated and, where possible, harmonized measures of 
exposure and outcome, as well as of moderators and confounders.

The studies should use measures of exposure including noise exposure at a wide range 
of levels and frequencies (including low-frequency noise), with information on noise levels 
outdoors and indoors (particularly relevant for effects on sleep). 

They should also use measures of health outcomes, including the following outcomes 
assessed objectively – for example, according to common protocols (ICBEN scale for 
annoyance) – with consideration that the change in human response for some health outcomes 
from a step change in exposure may have a different time course to that of the change in 
exposure:

•	 annoyance 

•	 effects on sleep

•	 cardiovascular and metabolic diseases

•	 adverse birth outcomes

•	 cognitive impairment

•	mental health, quality of life and well-being

•	 hearing impairment and tinnitus 

•	 any other relevant health outcome.

Further, they should use measures of moderators and confounders, including repeated 
measurements of situational and personal variables such as activity interference, potential 
confounders such as noise sensitivity, coping strategies and a range of other attitudinal 
variables.

Time stamp The systematic review included studies up to October 2014.
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5. Implementation of the guidelines

5.1 Introduction
These guidelines focus on the WHO European Region and provide guidance to Member States 
that is compatible with the noise indicators used in the EU’s END (EC, 2002a). They provide 
information on the exposure–response relationships between exposure to environmental noise from 
different noise sources and the proportion of people affected by certain health outcomes, as well as 
interventions that are considered efficient in reducing exposure to environmental noise and related 
health outcomes.

The WHO guideline values are evidence-based public health-oriented recommendations. As such, 
they are recommended to serve as the basis for a policy-making process in which policy options 
are considered. In the policy decisions on reference values, such as noise limits for a possible 
standard or legislation, additional considerations – such as feasibility, costs, preferences and so on 
– feature in and can influence the ultimate value chosen as a noise limit. WHO acknowledges that 
implementing the guideline recommendations will require coordinated effort from ministries, public 
and private sectors and nongovernmental organizations, as well as possible input from international 
development and finance organizations. WHO will work with Member States and support the 
implementation process through its regional and country offices.

5.2 Guiding principles
Four guiding principles provide generic advice and support when incorporating the recommendations 
into a policy framework, and apply to the implementation of all the recommendations. 

The first principle is to reduce exposure to noise, while conserving quiet areas. The recommendations 
focus on reduction of population exposure to environmental noise from a variety of sources, in 
different settings. The general population can be exposed regularly to more than one source of 
noise simultaneously (including, in some cases, occupational noise), as well as to other nonacoustic 
factors that can modify the response to noise (such as vibration from railways, air pollution from 
traffic or visual aspects of wind turbines). Thus, overall reduction of exposure from all sources should 
be promoted. Furthermore, noise exposure reduction in one area should not come at the expense 
of an increase in noise elsewhere; existing large quiet outdoor areas should be preserved.

The second principle is to promote interventions to reduce exposure to noise and improve health. 
The evidence from epidemiological studies on adverse health effects at certain noise levels, used as 
a basis to derive the guideline values proposed in the recommendations, supports the promotion of 
noise interventions. The potential health impacts from environmental noise are significant, especially 
when considering the widespread exposure to environmental noise across the population and the 
high baseline rates for various health outcomes associated with environmental noise. 

There are challenges in assessment of the effectiveness of interventions to reduce noise exposure 
and/or improve health, as there is often a significant time lag between the intervention and a 
measurable change in exposure and related health benefits. The lack of – or limited direct evidence 
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for – quantifiable health benefits of some specific interventions does not imply that measures to 
achieve population exposure according to the proposed guidelines should be ignored.

Given the different factors that determine noise exposure, a single measure alone may not be 
sufficient to reduce exposure and/or improve health significantly, and a combination of methods 
may be warranted. Nevertheless, it is widely acknowledged that the most effective actions to reduce 
exposure tend to be those that reduce noise at the source. Such actions have the biggest potential, 
whereas other measures can be less effective or sustained over time, especially when they depend 
on behaviour change or noise reductions inside houses.

The third principle is to coordinate approaches to control noise sources and other environmental 
health risks. Considering the common transport-related sources of environmental noise and air 
pollution, and in particular the evidence of independent effects on the cardiovascular system, a 
coordinated approach to policy development in the sectors related to urban planning, transport, 
climate and energy should be adopted for policies with an impact on environmental noise, air quality 
and/or climate. Such an approach should yield multiple benefits through increased commitment 
and financial resources; increased attention to securing health considerations in all policies; and use 
of policy to control noise and other environmental risks such as air pollutants, including short-lived 
climate pollutants. There is wide consensus on the value of pursuing coordinated policies that can 
deliver health and other benefits, such as those associated with the local environment and economic 
development. Furthermore, coordinated policy-making is potentially cost-saving.

The fourth principle is to inform and involve communities that may be affected by a change in noise 
exposure. In planning new urban and/or rural developments (transport schemes, new infrastructures 
in less densely populated areas, noise abatement and mitigation strategies), bringing together 
planners, environmental professionals and public health experts with policy-makers and citizens 
is key to public acceptability and involvement and to the successful guidance of the decision-
making proces. Potential health effects from environmental noise should be included as part of 
health impact assessments of future policies, plans and projects, and the communities potentially 
affected by a positive or negative change in noise exposure should be well informed and engaged 
from the outset to maximize potential benefits to health. Introducing measures incrementally may 
help with acceptance.

5.3 Assessment of national needs and capacity-building
National needs, including the need for capacity-building, differ between Member States in the 
WHO European Region. They depend on the existence and level of implementation of national and/
or European and international noise policies; these are more likely to be implemented fully in EU 
countries thanks to the legally binding provisions of the EU’s END (EC, 2002a). In most countries 
in the Region noise is perceived as a major and growing environmental health and public health 
problem. Noise mapping and action plans are carried out in accordance with the END in EU Member 
States, and in south-eastern European countries noise legislation has mainly been harmonized with 
the END. Nevertheless, significant differences still exist in the completeness and regular updating 
of noise exposure assessment between countries. Noise exposure assessment is a required input 
for noise health impact assessments, along with exposure–response relationships and population 
baseline data. 
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WHO has identified some common needs for knowledge transfer and capacity-building for health 
risk assessment of environment noise in the Member States that joined the EU after 2003, the newly 
independent states and south-eastern European countries (WHO Regional Office for Europe, 2012): 

•	implementation of the END and its annexes, especially in the preparation of strategic noise 
mapping and action plans; 

•	human resources development through education and training in health risk assessment and 
burden of diseases stemming from environmental noise; 

•	methodological guidance for health risk assessment of environmental noise. 

These guidelines mostly recommend exposure–response relationships related to the exposure 
indicators Lden and Lnight. They are therefore of particular relevance to EU countries and those applying 
the END. In countries that do not use these indicators, users of the guidelines need to convert their 
noise indicators into Lden and Lnight before being able to apply the recommendations. Conversion 
between indicators is possible, using a certain set of assumptions (Brink et al., 2018).

5.4 Usefulness of guidelines for target audiences
The provision of guideline values as a practical tool for guiding exposure reduction and the design of 
effective measures and policies is widely seen as useful. The WHO guidelines equip policy-makers 
and other end-users with a range of different needs with the necessary evidence base to inform 
their decisions. As indicated in section 1.4, these guidelines serve as a reference for several target 
audiences, and for each group they can be useful in different ways.

•	For technical experts and decision-makers, the guidelines can be used to provide exposure–
response relationships that give insight into the consequences of certain regulations or standards 
on the associated health effects. They also can be useful at the national and international level when 
developing noise limits or standards, as they provide the scientific basis to identify the levels at 
which environmental noise causes a significant health impact. Based on these recommendations, 
national governments and international organizations can be better informed when introducing 
noise limits, to ensure protection of people’s health. 

•	For health impact assessment and environmental impact assessment practitioners and researchers, 
these guidelines provide exposure–response relationships that give insight into the expected 
health effects at observed or expected noise exposure levels. They offer recommendations on the 
maximum admissible noise levels for some sources and provide important input to assit in deriving 
the health burden from noise; in that sense, they can be used when producing studies such as 
noise maps and action plans to obtain an evaluation of the magnitude of the health problem. The 
systematic reviews developed in support of these guidelines allow practitioners to raise awareness 
of the credibility of the issue of noise as a public health problem and to use the recommended 
exposure–response relationships uniformly. Researchers will also benefit from the guidelines as 
they clearly identify critical data gaps that need to be filled in the future to better protect the 
population from the harmful effects of noise.

•	The guideline recommendations provide a useful tool for national and local authorities when 
deciding about noise reduction measures, as they provide data to estimate the health burden 
on the population and therefore allow comparison among different policy options. These options 
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can include measures to reduce the noise emitted by the sources, measures aimed at impeding 
the transmission of noise from the sources to people and measures aimed at better planning the 
location of houses (urban planning).

•	The guideline recommendations can also be used by civil society, patients and other advocacy 
groups to raise awareness and encourage actions to protect the population, including vulnerable 
groups, from exposure to noise. 

Regarding noise abatement and mitigation of noise sources, practical exposure–response 
relationships for various noise sources are useful quantitative input to determine the impact of noise 
on health. They can be valuable information to use in cost–effectiveness and cost–benefit analyses 
of various policies for noise abatement. In this respect, the guideline recommendations can be an 
integral part of the policy process for noise reduction by various institutions; they are of great value 
for communicating the health risks and potential cost-effective solutions to reduce noise. 

National and local authorities and nongovernmental organizations responsible for risk communication 
and general awareness-raising can use these guidelines for promotion campaigns and appropriate 
risk communication. The guidelines provide scientific evidence on a range of health effects associated 
with noise and facilitate appropriate risk communication to specific vulnerable groups. They therefore 
need to be promoted broadly to citizens, national and local authorities and nongovernmental 
organizations responsible for risk communication.

5.5 Methodological guidance for health risk assessment of environmental noise
A health risk assessment is the scientific evaluation of potential adverse health effects resulting from 
human exposure to a particular hazard – in this case, environmental noise. The main purpose of the 
assessment is to estimate and communicate the health impact of exposure to noise or changes in 
noise in different socioeconomic, environmental and policy circumstances.

The guideline recommendations, along with the detailed information contained in the systematic 
evidence reviews, can be used to assess health impacts in order to answer a variety of policy 
questions on:

•	the public health burden associated with current or projected levels of noise;

•	the human health benefits associated with changing a noise policy or applying a more stringent 
noise standard;

•	the impacts on human health of emissions from specific sources of noise for selected economic 
sectors (and the benefits of policies related to them); and

•	 the human health impacts of current policy or implemented action.

The results from a health risk assessment are usually reported as the number of attributable deaths, 
number of cases, years of life lost, years lost due to disability or DALYs. 

The quantification of the impacts for one combination of noise source, noise exposure indicator and 
health outcome may to some extent include effects attributable to another. Consequently, for any 
particular set of combinations, consideration should be given to potential double counting.

It is also important to note the uncertainties in quantification of the health impacts. One set of 
uncertainties relates to the CIs associated with the recommended ERFs; these quantify the random 
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error and variability attributed to heterogeneity in the epidemiological studies used for health risk 
assessment. Other types of uncertainty include modelling/calculation of noise exposure, estimates 
of population background rates for morbidity and mortality, and transferability of ERFs from 
locations where studies were carried out or data were otherwise gathered to another location. This 
is especially true for noise annoyance, for which there is often considerable heterogeneity in effect 
sizes of studies because estimates vary between noise sources and are to some degree dependent 
on the situation and context. Furthermore, cultural differences around what is considered annoying 
are significant, even within Europe. It is therefore not possible to determine the “exact value” of %HA 
for each exposure level in any generalized situation. Instead, data and exposure–response curves 
derived in a local context should be applied whenever possible to assess the specific relationship 
between noise and annoyance in a given situation. If, however, local data are not available, general 
exposure–response relationships can be applied, assuming that the local annoyance follows the 
generalized average annoyance. Despite the challenges in applying a “generalized” ERF to specific 
local situations, the GDG believes that the percentage of high annoyance defined in section 2.4.3 
is an acceptable estimate of the “average” %HA at a certain noise level – for example, in Europe.

When performing a health risk assessment of environmental noise, it is important to note several 
considerations. The selection of particular noise source(s), noise exposure indicator(s) and health 
outcome combinations to be used for estimation of the health impacts depends on the particular 
policies and/or measures being assessed. These guidelines propose recommendations for four 
types of noise source using noise indicators Lden and/or Lnight (road traffic, railway noise, aircraft noise 
and wind turbine noise) and one recommendation using LAeq,24h (leisure noise). Any population may 
be exposed to different noise sources associated with the same health outcome. Estimated impacts 
should not be added together without recognizing that addition will, in most practical circumstances, 
lead to some overestimation of the true impact. Impacts estimated for only one combination will, on 
the other hand, underestimate the true impact of the noise mixture, if other sources of noise also 
affect that same health outcome.

The scientific evidence reviewed and summarized in these guidelines implies that the following 
health outcomes can be quantified in a health risk assessment, and that their effects are cumulative:

•	from road traffic noise – incidence of IHD, annoyance and sleep disturbance, and potentially 
incidence of stroke and diabetes;

•	from railway noise – annoyance and sleep disturbance;

•	from aircraft noise – annoyance, reading and oral comprehension in children, sleep disturbance 
and potentially change in waist circumference and incidence of IHD;

•	from wind turbine noise: annoyance.

The DWs suggested in section 2.4.3 can be used to calculate DALYs.

Data on incidence and prevalence of some health outcomes related to noise (mainly cardiovascular 
disease) can be found at a national level in online databases available on the WHO Regional Office 
for Europe website (WHO Regional Office for Europe, 2017). 

General principles of relevance for environmental factors when conducting health risk assessments 
and quantifying the burden of disease can be found elsewhere (European Centre for Health Policy, 
1999; Murray, 1994; Murray & Acharya, 1997; Murray & Lopez, 2013; Quigley et al., 2006; WHO, 
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2014a; 2014b; WHO Regional Office for Europe, 2016). In particular, the WHO Regional Office for 
Europe and JRC jointly published the first estimates of the burden of disease from environmental 
noise in 2011 (WHO Regional Office for Europe & JRC, 2011). The publication includes guidance 
on the procedure for the health risk assessment of environmental noise, exemplary estimates of 
the burden of the health impacts of environmental noise and a discussion of the uncertainties and 
limitations of the procedure to calculate the environmental burden of disease. The reader is referred 
to this publication for more detailed explanations on quantitative risk assessment methods for 
environmental noise. 

5.6 Route to implementation: policy, collaboration and the role of the health 
sector

Preventing noise and related health impacts relies on effective action across different sectors: health, 
environment, transport, urban planning and so on. The health sector needs to be engaged effectively 
in different sectors’ policy processes at national, regional and international levels. It needs to provide 
authoritative advice about the health impacts of noise and policy options that will bring the greatest 
benefits to health. 

In most countries in the WHO European Region, the commitment of the health sector to engage 
in action to address environmental noise issues needs to be improved and better coordinated. A 
more coherent overall response is needed, taking into account relevant linkages with existing health 
priorities and concerns. Thus, some actions can be seen as aspects of the role of the health sector:

•	engaging in proper communication with relevant sectors about noise exposure from different 
sectors and sources (environmental, urban development, transport and so on) to ensure that 
health issues are adequately addressed as part of international, regional, national and/or local 
efforts to address environmental noise – the implementation approach may differ across sectors, 
depending on the level of awareness of noise as a public health problem;

•	promoting the guideline recommendations to policy-makers from different sectors and organizing 
information campaigns and awareness-raising activities in collaboration with national health 
authorities and WHO country offices to inform citizens and health practitioners about the health 
risks of environmental noise;

•	using decision support instruments such as health impact and health risk assessments to quantify 
health risks and potential benefits associated with policies and interventions aimed at addressing 
environmental noise, including presenting information about the severity of the health effects (for 
example, with cardiovascular disease) to convey the serious impacts of noise and to try to change 
attitudes and behaviours of policy-makers and the general public;

•	promoting the guidelines to health practitioners and physicians, especially at the community level 
(through associations of physicians, cardiologists and so on as part of the stakeholder group); 

•	supporting the establishment of national health institutions capable of initiating and developing 
health promotion measures, and conducting research, monitoring and reporting on health impacts 
from environmental noise and its different sources;
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•	organizing capacity-building workshops and training to increase knowledge of the guidelines as 
well as creating tools, skills and resources for health risk assessment and developing intersectoral 
collaboration, particularly in non-EU countries;

•	promoting relevant research initiatives and shaping the research agenda, in part based on critical 
research recommendations and gaps identified in the guidelines, as well as on the impact and 
effectiveness of interventions and experience with their implementation;

•	developing and updating guidelines and policies that influence national, regional and international 
benchmarks and targets related to environmental noise, as well as advocating the inclusion of the 
guidelines in development and shaping of national, regional and international noise policies and 
standards;

•	working with other sectors to strengthen noise level monitoring and evaluation, particularly in non-
EU countries, to ensure proper conducting of health risk assessments of environmental noise.

5.7 Monitoring and evaluation: assessing the impact of the guidelines 
Exposure–response relationships and other recommendations provided by these guidelines should 
be incorporated into national health policies and the main related policy documents. They should 
be used for health impact and health risk assessments to identify health risks and potential benefits 
associated with policies and interventions related to environmental noise. 

Population noise exposure should be monitored and assessed at a national scale, at least in urban 
areas. Furthermore, information on trends in occurrence of noise-related health outcomes considered 
in these guidelines, such as annoyance or sleep disturbance, should be gathered. These monitoring 
activities should be performed on a regular basis to ensure proper health risk assessments of noise. 

5.8 Updating the guidelines 
The progress and pace of noise and health research has intensified over the last 10 years, including 
new studies published after the completion of the systematic reviews done for these guidelines. This 
is partly related to the growing car fleet and resulting traffic, the density of urbanization, demographic 
changes and shifts towards renewable energy, including wind turbines, which have caused an 
increase in public perception and political awareness of the environmental noise problem. Noise 
exposure assessment has also improved, due partly to European legislation, and this has provided 
useful data for epidemiological studies on the health effects of environmental noise. Considering 
this, the recommendations proposed in these guidelines are expected to remain valid for a period 
of about 10 years. WHO will monitor the development of the scientific advancements on noise and 
health research in order to inform any updated guidance on environmental noise.
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Annexes

Annex 1. Steering, advisory and external review groups

Tables A1.1–A1.5 give details of the various teams involved in the development of the WHO 
environmental noise guidelines for the European Region.

Table A1.1 WHO Steering Group

Name Role Affiliation
Shelly Chadha Technical Officer, Office for Hearing 

Impairment
WHO headquarters, Geneva, Switzerland

Carlos Dora Coordinator WHO headquarters, Department of Public Health 
and Environment, Geneva, Switzerland

Marie-Eve Héroux Technical Officer, Air Quality and Noise WHO Regional Office for Europe, European Centre 
for Environment and Health, Bonn, Germany

Dorota Jarosinska Programme Manager, Living and 
Working Environments

WHO Regional Office for Europe, European Centre 
for Environment and Health, Bonn, Germany

Rokho Kim Environmental Health Specialist, Team 
Leader

WHO Regional Office for the Western Pacific, 
Division of Noncommunicable Diseases 
and Health through the Life-Course, Manila, 
Philippines

Jurgita Lekaviciute Consultant, Noise WHO Regional Office for Europe, European Centre 
for Environment and Health, Bonn, Germany

Srdan Matic Coordinator, Environment and Health WHO Regional Office for Europe, Copenhagen, 
Denmark

Julia Nowacki Technical Officer, Health Impact 
Assessment

WHO Regional Office for Europe, European Centre 
for Environment and Health, Bonn, Germany

Elizabet Paunovic Head of Office WHO Regional Office for Europe, European Centre 
for Environment and Health, Bonn, Germany

Poonum Wilkhu Consultant, Noise WHO Regional Office for Europe, European Centre 
for Environment and Health, Bonn, Germany

Jördis Wothge Consultant, Noise WHO Regional Office for Europe, European Centre 
for Environment and Health, Bonn, Germany
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Table A1.2. Guideline Development Group 

Area of expertise Reference Area of expertise Reference
Noise sources and their 
measurement

1 Annoyance 6

Biological mechanisms of effects 2
Cognitive impairment, quality of life, mental 
health and well-being

7

Cardiovascular and metabolic 
diseases

3 Adverse birth outcomes 8

Sleep disturbance 4 Environmental noise interventions 9

Hearing impairment/tinnitus 5 Methodology and guideline development 10

Name Position and affiliation
Area of expertise sought for guideline development 

(see reference numbers above)

1 2 3 4 5 6 7 8 9 10

Wolfgang 
Babisch

Senior Scientific Officer (retired)
Federal Environment Agency
Germany

X X X

Goran 
Belojevic

Professor
Institute of Hygiene and Medical 
Ecology Faculty of Medicine
University of Belgrade 
Serbia

X X

Mark Brink Senior Scientist
Federal Office for the Environment
Switzerland

X X X

Sabine 
Janssen

Senior Scientist
Department of Sustainable Urban 
Mobility and Safety
Netherlands Organisation for 
Applied Scientific Research (TNO) 
Netherlands

X X

Peter 
Lercher  
(2013–2014)

Professor
Medical University of Innsbruck
Austria

X X

Marco 
Paviotti

Policy Officer 
Directorate-General for Environment 
European Commission 
Belgium

X X

Göran 
Pershagen

Professor
Institute of Environmental Medicine 
Karolinska Institute
Sweden

X X X

[
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Area of expertise Reference Area of expertise Reference
Noise sources and their 
measurement

1 Annoyance 6

Biological mechanisms of effects 2
Cognitive impairment, quality of life, mental 
health and well-being

7

Cardiovascular and metabolic 
diseases

3 Adverse birth outcomes 8

Sleep disturbance 4 Environmental noise interventions 9

Hearing impairment/tinnitus 5 Methodology and guideline development 10

Name Position and affiliation
Area of expertise sought for guideline development 

(see reference numbers above)

1 2 3 4 5 6 7 8 9 10

Kerstin 
Persson 
Waye

Professor
Occupational and Environmental 
Medicine
The Sahlgrenska Academy 
University of Gothenburg 
Sweden

X X X

Anna Preis Professor
Institute of Acoustics 
Adam Michiewicz University 
Poland

X X

Stephen 
Stansfeld 
(Chair)

Professor/Head of the Centre for 
Psychiatry
Barts and Queen Mary University of 
London
United Kingdom

X

Martin van 
den Berg

Senior Noise Expert
Ministry of Infrastructure and 
Environment
Netherlands

X

GRADE methodologist

Jos Verbeek

Senior Researcher
Finnish Institute of Occupational 
Health
Finland

X

Table A1.2. contd
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Table A1.3. Systematic Review Team

Systematic review 
topics

Experts involved Affiliation

Cardiovascular and 
metabolic diseases

Elise van Kempen National Institute of Public Health and the Environment (RIVM), 
Netherlands

Göran Pershagen Institute of Environmental Medicine, Karolinska Institute, Sweden

Maribel Casas 
Sanahuja

Institute for Global Health (ISGlobal), Spain

Maria Foraster Barcelona Institute for Global Health (ISGlobal), Spain and 
Swiss Tropical and Public Health Institute, Switzerland

Sleep disturbance Mathias Basner Department of Psychiatry, Perelman School of Medicine at the 
University of Pennsylvania, United States of America

Sarah McGuire Department of Psychiatry, Perelman School of Medicine at the 
University of Pennsylvania, United States of America

Hearing impairment and 
tinnitus

Mariola Sliwinska-
Kowalska 

Nofer Institute of Occupational Medicine, Poland

Kamil Rafal 
Zaborowski 

Nofer Institute of Occupational Medicine, Poland

Annoyance Rainer Guski Department of Psychology, Ruhr-University, Germany

Dirk Schreckenberg ZEUS GmbH, Centre for Applied Psychology, Environmental and 
Social Research, Germany

Rudolf Schuemer Consultant for ZEUS GmbH, Centre for Applied Psychology, 
Environmental and Social Research, Germany

Cognitive impairment, 
mental health and well-
being

Charlotte Clark Ove Arup & Partners, United Kingdom

Katarina Paunovic Institute of Hygiene and Medical Ecology, Faculty of Medicine, 
University of Belgrade, Serbia

Adverse birth outcomes Mark Nieuwenhuijsen Institute for Global Health (ISGlobal), Spain

Gordana Ristovska Institute of Public Health of Republic of Macedonia, the former 
Yugoslav Republic of Macedonia 

Payam Dadvand Institute for Global Health (ISGlobal), Spain

Interventions Lex Brown Griffith School of Environment/Urban Research Program, Griffith 
University, Australia

Irene Van Kamp National Institute of Public Health and the Environment (RIVM), 
Netherlands
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Table A1.4. External Review Group 

Area of expertise Reference Area of expertise Reference

Cardiovascular and metabolic diseases 1 Cognitive impairment, mental health and 
well-being 5

Sleep disturbance 2 Adverse birth outcomes 6

Hearing impairment/ Tinnitus 3 Environmental noise interventions 7

Annoyance 4 Recommendations and implementation 
guidance 8

Name Affiliation
Area of expertise sought for guideline 

development  (see reference numbers above)

1 2 3 4 5 6 7 8
Gunn Marit 
Aasvang

Norwegian Institute of Public Health, Norway X

Bernard Berry Berry Environmental Limited, United Kingdom X

Dick 
Botteldooren

Department of Information Technology, Ghent 
University, Belgium X

Stephen Conaty South Western Sydney Local Health District, 
Australia X

Ulrike Gehring Institute for Risk Assessment Sciences, 
Utrecht University, Netherlands X

Truls Gjestland SINTEF, Department of Acoustics, Norway X

Mireille Guay Healthy Environments and Consumer Safety 
Branch, Health Canada/Government of 
Canada, Canada

X X

Ayse Güven Audiology Department, Faculty of Heath 
Sciences, Baskent University, Turkey X

Anna Hansell Centre for Environmental Health & 
Sustainability, George Davies Centre, 
University of Leicester, United Kingdom

X X

Stylianos 
Kephalopoulos

European Commission, DG Joint Research 
Centre, Italy X X

Yvonne de 
Kluizenaar

The Netherlands Organization for applied 
scientific research (TNO), Netherlands X

David S. 
Michaud

Healthy Environments and Consumer Safety 
Branch, Health Canada/Government of 
Canada, Canada

X X

Arnaud Norena Université Aix-Marseille, Fédération 
de Recherche, Laboratoire Cognitive 
Neuroscience, France

X

Enembe 
Okokon

National Institute for Health and Welfare, 
Finland X

Dieter Schwela Stockholm Environment Institute, University 
of York, United Kingdom X

Daniel Shepherd AUT University, Auckland, New Zealand X

Mette Sörensen Danish Cancer Society Research Centre, 
Denmark X X

Rupert Thornley-
Taylor

Rupert Taylor Ltd, Noise and Vibration 
Consultants X X

David Welch School of Population Health, Faculty of 
Medical and Health Sciences, University of 
Auckland, New Zealand

X X
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Table A1.5. Stakeholders and end users that participated in the stakeholder consultation

Area of expertise/interest Reference Area of expertise Reference
Implementation of recommendations on 
railway noise

1
Implementation of recommendations on 
wind turbine noise

4

Implementation of recommendations on 
aircraft noise

2
Implementation of recommendations on 
leisure noise

5

Implementation of recommendations on 
road traffic noise

3
Implementation of overall 
recommendations

6

Organization Area of expertise specifically sought for 
Guidelines (see reference number above)

1 2 3 4 5 6
Airlines for Europe X

Airports Council International Europe (ACI) X

Anderson Acoustics X

Bundesverband der Deutschen Luftverkehrswirtschaft e.V. X

European Automobile Manufacturers’ Association (ACEA) X

European Aviation Safety Agency X

European Express Association X

European Noise Barrier Federation X

Flughafenverband (ADV) X

International Air Transport Association (IATA) X

International Civil Aviation Organization (ICAO) X

International Union of Railways X

Landesamt fuer Natur, Umwelt und Verbraucherschutz 
Nordrhein-Westfalen

X

Public Health Agency of Sweden X

Stephen Turner Acoustics X X

Union Européenne Contre les Nuisances Aeriennes X

Vie en.ro.se. X

Note: in total 53 organizations and institutions had been approached to participate in the stakeholder consultation.
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Annex 2. Systematic reviews and background documents used in preparation 
of the guidelines

Annex 2 provides a detailed list of all the supplementary documents accompanying the WHO 
environmental noise guidelines for the European Region.22 

Systematic reviews 
•	Basner M, McGuire S (2018). WHO environmental noise guidelines for the European Region: a 

systematic review on environmental noise and effects on sleep. Int J Environ Res Public Health. 
15(3):pii: E519 (http://www.mdpi.com/1660-4601/15/3/519/htm).

•	Brown AL, van Kamp I (2017). WHO environmental noise guidelines for the European Region: a 
systematic review of transport noise interventions and their impacts on health. Int J Environ Res 
Public Health. 14(8). pii: E873 (http://www.mdpi.com/1660-4601/14/8/873/htm).

•	Clark C, Paunovic K (2018). WHO environmental noise guidelines for the European Region: a 
systematic review on environmental noise and cognition. Int J Environ Res Public Health. 15(2). pii: 
E285 (http://www.mdpi.com/1660-4601/15/2/285/htm).

•	Clark C, Paunovic K (in press). WHO Environmental noise guidelines for the European Region: a 
systematic review on environmental noise and quality of life, wellbeing and mental health. Int J 
Environ Res Public Health.

•	Guski R, Schreckenberg D, Schuemer R (2017). WHO environmental noise guidelines for the 
European Region: a systematic review on environmental noise and annoyance. Int J Environ Res 
Public Health. 14(12). pii:1539 (http://www.mdpi.com/1660-4601/14/12/1539/htm).

•	Nieuwenhuijsen MJ, Ristovska G, Dadvand P (2017). WHO environmental noise guidelines for the 
European Region: a systematic review on environmental noise and adverse birth outcomes. Int 
J Environ Res Public Health. 14(10). pii: E1252 (http://www.mdpi.com/1660-4601/14/10/1252/
htm).

•	Śliwińska-Kowalska M, Zaborowski K (2017). WHO environmental noise guidelines for the European 
Region: a systematic review on environmental noise and permanent hearing loss and tinnitus. Int 
J Environ Res Public Health. 14(10). pii: E1139 (http://www.mdpi.com/1660-4601/14/10/1139/
htm). 

•	van Kempen E, Casas M, Pershagen G, Foraster M (2018). WHO environmental noise guidelines 
for the European Region: a systematic review on environmental noise and cardiovascular and 
metabolic effects: a summary. Int J Environ Res Public Health. 15(2). pii: E379 (http://www.mdpi.
com/1660-4601/15/2/379/htm).

22 All references were accessed on 27 June 2018.
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Background documents 
•	Eriksson C, Pershagen G, Nilsson M (2018). Biological mechanisms related to cardiovascular and 

metabolic effects by environmental noise. Copenhagen: WHO Regional Office for Europe (http://
www.euro.who.int/en/health-topics/environment-and-health/noise/publications/2018/biological-
mechanisms-related-to-cardiovascular-and-metabolic-effects-by-environmental-noise). 

•	Héroux ME, Verbeek J (2018a). Results from the search for available systematic reviews and 
meta-analyses on environmental noise. Copenhagen: WHO Regional Office for Europe (http://
www.euro.who.int/en/health-topics/environment-and-health/noise/publications/2018/results-
search-for-available-systematic-reviews-environmental-noise).

•	Héroux ME, Verbeek J (2018b). Methodology for systematic evidence reviews for the WHO 
environmental noise guidelines for the European Region. Copenhagen: WHO Regional 
Office for Europe (http://www.euro.who.int/en/health-topics/environment-and-health/noise/
publications/2018/methodology-systematic-evidence-reviews-who-environmental-guidelines-for-
the-european-region).

SR0440

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 443 of 615



149

ANNEXES

Annex 3. Summary of conflict of interest management

All external contributors to the guidelines, including members of the GDG, Systematic Review Team 
and External Review Group, completed WHO declaration of interest forms in accordance with 
WHO’s policy for experts. Further, at the initial stage of the project WHO technical staff reviewed and 
accepted curricula vitae of the candidates for the GDG. 

At the beginning of the GDG meetings, the participants declared any conflict of interest by submitting 
declaration of interest forms. Updated declarations of interest were also collected from the members 
of the GDG, Systematic Review Team and External Review Group at the final stage of the project. 

The conflict of interest assessment was done according to WHO procedures. If a conflict was 
declared, an initial review was undertaken by the WHO Secretariat to assess its relevance and 
significance. A declared conflict of interest is insignificant or minimal if it is unlikely to affect or to be 
reasonably perceived to affect the expert’s judgment. Insignificant or minimal interests are: unrelated 
or only tangentially related to the subject of the activity or work and its outcome; nominal in amount 
or inconsequential in importance; or expired and unlikely to affect current behaviour. 

The WHO Secretariat reviewed and assessed the declarations. In one case the legal unit was 
consulted for advice; in another the potential conflict was reported in the updated declaration of 
interest at the final stage of the process and assessed unlikely to affect expert’s performance; in a 
further case a member of the GDG was also a co-author of a systematic review owing to the need 
to support systematic review authors with additional expertise, but there was no remuneration for 
this activity.

No member of the GDG or the Systematic Review Team was excluded from his or her role in the 
guideline development process. The declared conflicts of interest of the External Review Group 
members were considered when interpreting comments during the external review process. 
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Annex 4. Detailed overview of the evidence of important health outcomes 

As a first step of the evidence retrieval process, the GDG defined two categories of health outcome 
associated with environmental noise: those considered (i) critical or (ii) important, but not critical for 
decision-making in the guideline development process. 

The GDG relied on the critical health outcomes to inform its decisions on priority health outcomes, 
so only these were used to inform the recommendations. Nevertheless, as the relevance of some of 
important health outcomes was difficult to estimate a priori, systematic reviews were conducted for 
both critical and important health outcomes. 

This annex provides a detailed overview of the evidence of the important health outcomes – namely 
adverse birth outcomes, quality of life, well-being and mental health and metabolic outcomes – for 
each of the noise sources. A comprehensive discussion of all the evidence considered (both critical 
and important) is available in the published systematic reviews (see section 2.3.2 and Annex 2 for 
details). 

1. Road traffic noise

1.1 Adverse birth outcomes

In total, the systematic review found five studies (two with more or less the same population) on road 
traffic noise and birth outcomes and three related studies on total ambient noise, likely to be mostly 
road traffic noise. Too few studies for each of the various measures related to adverse birth outcomes 
were available to undertake a quantitative meta-analysis. There was evidence rated low quality for 
a relationship between road traffic noise and low birth weight (Dadvand et al., 2014; Gehring et al., 
2014; Hjortebjerg et al., 2016; Wu et al., 1996); however, the estimates were imprecise and in some 
cases not statistically significant. Further, there was no clear relation between exposure to road 
traffic noise and pre-term delivery, but there was a positive association between road traffic noise 
and small for gestational age (OR = 1.09; 95% CI: 1.06–1.12 per 6 dB increase). The evidence for 
both measures of adverse birth outcomes comes from the same publications and this evidence was 
rated low quality (Gehring et al., 2014; Hystad et al., 2014).

This evidence was supported by one ecological time-series study published recently looking at 
total ambient noise and various measures related to adverse birth outcomes (Arroyo et al., 2016a; 
2016b; Diaz et al., 2016).

1.2 Quality of life, well-being and mental health

Evidence rated moderate quality was found for an effect of road traffic noise on emotional and 
conduct disorders in childhood (Belojevic et al., 2012; Crombie et al., 2011; Hjortebjerg et al., 
2015; Ristovska et al., 2004; Stansfeld et al., 2005; 2009a; Tiesler et al., 2013) and evidence rated 
moderate quality for an association of road traffic noise with hyperactivity in children (Hjortebjerg et 
al., 2015; Tiesler et al., 2013).
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There was no clear relationship, however, between road traffic noise exposure and self-reported 
quality of life (evidence rated low quality) (Barcelo Perez & Piñeiro, 2008; Brink, 2011; Clark et al., 
2012; Honold et al., 2012; Roswall et al., 2015; Schreckenberg et al., 2010b; Stansfeld et al., 2005;  
2009b; van Kempen et al., 2010); medication intake for depression and anxiety (evidence rated 
very low quality) (Floud et al., 2011; Halonen et al., 2014); depression, anxiety and psychological 
distress (evidence rated very low quality) (Honold et al., 2012; Stansfeld et al., 2009b); and interview 
measures of depression and anxiety (evidence rated very low quality) (Stansfeld et al., 2009b). 

1.3 Metabolic outcomes

1.3.1 Diabetes

For the relationship between road traffic noise and the incidence of diabetes, one cohort study was 
identified, which included 57 053 participants and 2752 cases (Sörensen et al., 2013). The estimate 
of the effect was RR = 1.08 (95% CI: 1.02–1.14) per 10 dB Lden increase in noise across the range 
of 50–70 dB, and therefore the evidence was rated moderate quality.

Furthermore, two cross-sectional studies were identified that looked at the prevalence of diabetes 
(Selander et al., 2009; van Poll et al., 2014). The studies included 11 460 participants and 242 
cases. Both studies reported a harmful effect of noise, and one showed a statistically significant 
association. However, the results were imprecise and with serious risk of bias, so the evidence was 
rated very low quality.

1.3.2 Obesity

With regard to the association between road traffic noise and change in body mass index (BMI) 
and waist circumference, three cross-sectional studies were identified, with 71  431 participants 
(Christensen et al., 2016; Oftedal et al., 2014; 2015; Pyko et al., 2015). For each 10 dB increase 
in road traffic noise, there was a statistically nonsignificant increase in BMI of 0.03 kg/m2 (95% CI: 
−0.10–0.15 kg/m2) and in waist circumference of 0.17 cm (95% CI: −0.06–0.40 cm). There was 
inconsistency in the results between the studies; therefore, for both associations, the evidence was 
rated very low quality (Fig. A4.1 and Fig. A4.2).
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Notes:  The black vertical line corresponds to no effect of noise exposure. The black dots correspond to the estimated 
slope coefficients per 10 dB for each sex in each study, with 95% CIs. The diamond designates summary estimates 
and 95% CIs based on random effects models. The dashed red line corresponds to these summary estimates.

 Heterogeneity between studies: p = 0.000; heterogeneity between genders: p = 0.360; overall (I-squared = 84.4%, 
p = 0.000). Weights are from random effect analysis. 

Fig. A4.1 The association between exposure to road traffic noise (Lden) and BMI in three 
Nordic studies

Studies  

Norway
Women
Men

Sweden
Women
Men

Denmark
Women
Men

kg/m2 per 10 dB Lden (95% Cl)   % Weight

0.01 (-0.11–0.13)   17.65
-0.04 (-0.14–0.06)   18.62

-0.17 (-0.38–0.04)   12.81
-0.19 (-0.42–0.04)   12.12

0.20 (0.12–0.28)   19.50
0.19 (0.11–0.27)   19.29

0.03 (-0.10–0.15)  100.00

-1       -0.5       0       0.5       1        1.5 
kg/m2   per 10 dB Lden
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Notes:  The black vertical line corresponds to no effect of noise exposure. The black dots correspond to the estimated 
slope coefficients per 10 dB for each sex in each study, with 95% CIs. The diamond designates summary estimates 
and 95% CIs based on random effects models. The dashed red line corresponds to these summary estimates.

 Heterogeneity between studies: p = 0.001; heterogeneity between genders: p = 0.842; overall (I-squared = 69.0%, 
p = 0.007). Weights are from random effect analysis. 

2. Railway noise

2.1 Adverse birth outcomes 

No studies were found, and therefore no evidence was available on the association between railway 
noise and adverse birth outcomes.

2.2 Quality of life, well-being and mental health

Evidence rated very low quality was found for a weak effect of railway noise exposure on self-
reported quality of life or health, albeit from a limited number of studies (Roswall et al., 2015; Torre et 
al., 2007). There was evidence rated moderate quality for an effect of railway noise on emotional and 
conduct disorders in childhood (Hjortebjerg et al., 2015), but no clear relationship between railway 
noise and children’s hyperactivity (Hjortebjerg et al., 2015); this evidence was rated moderate quality.

cm per 10 dB Lden

Fig. A4.2  The association between exposure to road traffic noise (Lden) and waist circumference 
in three Nordic studies

Studies  

Norway
Women
Men

Sweden
Women
Men

Denmark
Women
Men

cm per 10 dB Lden (95% Cl)       % Weight

-0.12 (-0.43–0.19) 17.78
-0.18 (-0.47–0.11)     18.51

-0.56 (0.05–1.07)    11.57
-0.12 (-0.47–0.71)          9.75

0.30 (0.08–0.52)        21.28
0.40 (0.18–0.62)        21.10

0.17 (-0.06–0.40)     100.00

-1       -0.5       0       0.5       1        1.5 
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2.3 Metabolic outcomes

2.3.1 Diabetes

One cohort study was identified that looked at the relationship between railway noise and the 
incidence of diabetes (Sörensen et al., 2013). The cohort study of 57 053 participants, including 
2752 cases, found evidence rated moderate quality that there was no considerable effect of railway 
noise on diabetes, with an RR of 0.97 (95% CI: 0.89–1.05) per 10 dB Lden increase in noise. 

Furthermore, one cross-sectional study was identified that looked at the relationship between 
railway noise and the prevalence of diabetes (van Poll et al., 2014), including 9365 participants and 
89 cases. An RR of 0.21 (95% CI: 0.05–0.82) per 10 dB Lden increase in noise was found, but the 
reasons for the beneficial effect were not immediately apparent. The evidence in the study was rated 
very low quality.

2.3.2 Obesity

Regarding the association between railway noise and change in BMI and waist circumference, two 
cross-sectional studies were identified, with 57 531 participants (Christensen et al., 2016; Pyko 
et al., 2015). Christensen and colleagues observed a statistically significant increase of 0.18 kg/
m2 (95% CI: 0.00–0.36 kg/m2) per 10 dB for BMI and 0.62 cm (95% CI: 0.14–1.09 cm) per 10 dB 
for waist circumference in those exposed to railway noise, at levels above 60 dB Lden. Pyko and 
colleagues found a statistically significant increase in waist circumference of 0.92  cm (95% CI: 
0.06–1.78 cm) per 10 dB Lden. The corresponding estimate for BMI was statistically nonsignificant, 
at 0.06 kg/m2 (95% CI: −0.02–0.16 kg/m2). The evidence was rated low/very low quality.

3. Aircraft noise 

3.1 Adverse birth outcomes

Evidence rated very low quality was available for an association between aircraft noise and pre-term 
delivery, low birth weight and congenital anomalies, as evidenced by six studies included in the 
systematic review (Ando & Hattori, 1973; Edmonds et al., 1979; Jones & Tauscher, 1978; Knipschild 
et al., 1981; Matsui et al., 2003; Schell, 1981). The potential for risk of bias in these was high and 
the results tended to be inconsistent.

3.2 Quality of life, well-being and mental health

Evidence rated very low quality was available for an effect of aircraft noise on medication intake for 
depression and anxiety (Floud et al., 2011). There was evidence rated very low quality for an effect 
of aircraft noise exposure on interview measures of depression and anxiety (Hardoy et al., 2005) and 
rated low quality for an association of aircraft noise with hyperactivity in children (Clark et al., 2013; 
Crombie et al., 2011; Stansfeld et al., 2009a).

The evidence showed, however, no substantial effect of aircraft noise on self-reported quality of 
life or health (Clark et al., 2012; Schreckenberg et al., 2010a; 2010b; Stansfeld et al., 2005; van 
Kempen et al., 2010) or on emotional and conduct disorders in childhood (Clark et al., 2012; 2013; 
Crombie et al., 2011; Stansfeld et al., 2005; 2009a). This evidence was rated very low quality.
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3.3 Metabolic outcomes

3.3.1 Diabetes

For the relationship between aircraft noise and incidence of diabetes one cohort study was identified, 
including 5156 participants and 1346 cases (Eriksson et al., 2014). The estimate of the effect was 
imprecise, with an RR of 0.99 (95% CI: 0.47–2.09) per 10 dB Lden increase in noise; the evidence 
was therefore rated very low quality.

Furthermore, one cross-sectional study was identified that looked at the prevalence of diabetes (van 
Poll et al., 2014), including 9365 participants and 89 cases. The RR was 1.01 (95% CI: 0.78–1.31) 
per 10 dB increase in aircraft noise. The evidence was rated very low quality.

3.3.2 Obesity

For the association between aircraft noise and change in BMI and waist circumference, one cohort 
study was identified, with 5156 participants (Eriksson et al., 2014). For each 10 dB increase in 
aircraft noise level, the increase in BMI was 0.14 kg/m2 (95% CI: −0.18–0.45) (evidence rated low 
quality), and the increase in waist circumference was 3.46 cm (95% CI: 2.13–4.77) (evidence rated 
moderate quality). The range of noise levels in the study was 48–65 dB Lden. In the case of BMI, the 
change over the whole range in noise values was not statistically significant and was less than what 
could be considered clinically relevant (3–5% change in BMI); however, for waist circumference, the 
change was equivalent to an increase of 5.8 cm. 

4. Wind turbine noise

4.1 Quality of life, well-being and mental health

Five low-quality systematic reviews of wind turbine noise effects on mental health and well-being 
have been carried out (Ellenbogen et al., 2012; Kurpas et al., 2013; Merlin et al., 2013; Onakpoya 
et al., 2015; Schmidt & Klokker, 2014 ). These reviews differed in their conclusions and delivered 
inconsistent evidence that wind turbine noise exposure is associated with poorer quality of life, well-
being and mental health. Therefore, the evidence for no substantial effect of wind turbine noise on 
quality of life, well-being or mental health was rated very low quality. 

4.2 Metabolic outcomes

4.2.1 Diabetes

For the relationship between wind turbine noise and prevalence of diabetes, three cross-sectional 
studies were identified, with a total of 1830 participants (Bakker et al., 2012; Pedersen, 2011; 
Pedersen & Larsman, 2008; Pedersen & Persson Waye, 2004; 2007; Pedersen et al., 2009; van den 
Berg et al., 2008). The number of cases was not reported. The effect sizes varied across studies, 
and only one study found a positive association between exposure to wind turbine noise and the 
prevalence of diabetes; therefore, no meta-analysis was performed. Due to very serious risk of 
bias and imprecision in the results, this evidence was rated very low quality. As a result, there is no 
clear relationship between audible noise (greater than 20 Hz) from wind turbines or wind farms and 
prevalence of diabetes (Fig. A4.3). 
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Note: The dotted vertical line corresponds to no effect of exposure to wind turbine noise. The black circles correspond to 
the estimated RR per 10 dB (sound pressure level) and 95% CI.

 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and cardiovascular and metabolic effects (van Kempen et al., 2018).

5. Leisure noise 
Owing to a lack of evidence meeting the critieria for systematic reviewing, no results for any of the 
important health outcomes can be given for exposure to leisure noise.

Fig. A4.3 The association between exposure to wind turbine noise (sound pressure level) and 
self-reported diabetes

Study (N)

SWE–00 (351)

SWE–05 (754)

NL–07 (725)

0.0370     0.1111     0.3333     1.0000     3.0000    9.0000    27.0000 

Estimated RR per 10 dB
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Envi ronmenta l  Noise Guidel ines
The WHO Regional 
Office for Europe

The World Health Organization (WHO) is a specialized 
agency of the United Nations created in 1948 with 
the primary responsibility for international health 
matters and public health. The WHO Regional Office 
for Europe is one of six regional offices throughout 
the world, each with its own programme geared to 
the particular health conditions of the countries it 
serves.

Member States
Albania
Andorra
Armenia
Austria
Azerbaijan
Belarus
Belgium
Bosnia and Herzegovina
Bulgaria
Croatia
Cyprus
Czechia
Denmark
Estonia
Finland
France
Georgia
Germany
Greece
Hungary
Iceland
Ireland
Israel
Italy
Kazakhstan
Kyrgyzstan
Latvia
Lithuania
Luxembourg
Malta
Monaco
Montenegro
Netherlands
Norway
Poland
Portugal
Republic of Moldova
Romania
Russian Federation
San Marino
Serbia
Slovakia
Slovenia
Spain
Sweden
Switzerland
Tajikistan
The former Yugoslav 
  Republic of Macedonia
Turkey
Turkmenistan
Ukraine
United Kingdom
Uzbekistan

World Health Organization Regional Office for Europe
UN City, Marmorvej 51, DK-2100 Copenhagen Ø, Denmark

Tel.: +45 45 33 70 00   Fax: +45 45 33 70 01 
E-mail: eurocontact@who.int

Noise is an important public health issue. It has 
negative impacts on human health and well-being 
and is a growing concern. The WHO Regional 
Office for Europe has developed these guidelines, 
based on the growing understanding of these 
health impacts of exposure to environmental noise. 
The main purpose of these guidelines is to provide 
recommendations for protecting human health 
from exposure to environmental noise originating 
from various sources: transportation (road traffic, 
railway and aircraft) noise, wind turbine noise and 
leisure noise. They provide robust public health 
advice underpinned by evidence, which is essential 
to drive policy action that will protect communities 
from the adverse effects of noise. The guidelines 
are published by the WHO Regional Office for 
Europe. In terms of their health implications, the 
recommended exposure levels can be considered 
applicable in other regions and suitable for a global 
audience.
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Perfluorinated Compounds

Madison tap water meets all federal and state standards for drinking water safety.

Per and Polyfluoroalkyl Substances (PFAS)
PFAS, or Per and Polyfluoroalkyl Substances, is a class of thousands of chemicals used in everything from food packaging and cookware to
upholstery, clothing and firefighting foam. The chemicals do not break down in the environment and are commonly found in dust, air, soil and
water.

Madison Water Utility first began in-depth testing for a broad spectrum of PFAS chemicals at all city wells in 2019 at the urging of community
members who petitioned the Water Utility Board for comprehensive monitoring. Testing for PFAS isn’t required by state or federal regulators, and
most communities in Wisconsin do not test drinking water for the compounds.

Latest PFAS Test Results

Map of Madison wells

Well 15

False Positives & Estimated Results

Different types of PFAS compounds

At-home filters

PFAS information from Public Health

Latest PFAS Test Results
At least some PFAS are present in every Madison well, with total amounts ranging from 2.5 to 47 parts-per-
trillion.

All wells in Madison more than meet groundwater standards  (https://www.dhs.wisconsin.gov/water/gws-

cycle11.htm)recently recommended by the WI Dept. of Health Services for 18 types of PFAS compounds.
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PFAS chemicals are not yet regulated in drinking water, but there could be limits established by the State of
Wisconsin for some PFAS comounds over the next 1 to 3 years.

View complete 2020 testing results at all operating wells for more than 30 types of PFAS chemicals. PDF  (/water/documents/PFAS_2020.pdf)

Compare proposed Wisconsin PFAS regulatory limit with levels found in Madison wells. PDF 
(/water/documents/PFOA_PFOS__2020_figure.pdf)

Compare recommended PFAS groundwater standards with levels found in Madison wells (https://www.cityofmadison.com/water/water-
quality/water-quality-testing/perfluorinated-compounds/dhs-recommended-groundwater). 

To receive all lab reports generated during 2020 PFAS testing (about 300 pages), email water@madisonwater.org
(mailto:water@madisonwater.org)

Is Madison's water safe?
Yes, Madison tap water meets all federal and state standards for drinking water safety. If you have special circumstances or want to further purify
your water, home filtration (activated carbon filters and reverse osmosis) is an option to reduce PFAS levels.

View map of municipal wells
There are 21 well facilities across Madison that provide the city's water and protect from fires. Wells 15 and 23 are not in service.

View map PDF  (/water/documents/Water_Facilities_2020_wells_only.pdf)

Which wells serve your home? Enter your address here (/water/waterquality/mywells.cfm) to find out

False positives and estimated results
New analytical technology can detect PFAS chemicals down to a fraction of one part-per trillion. But looking for chemicals at such ultra-trace
levels means that many detections reported by labs are too low to accurately measure. Levels that are below two parts per-trillion are often
reported as estimates. Some results may also be false positives.

Madison Water Utility will test all operating wells again in 2021.

Different types of PFAS compounds
Thousands of types of PFAS chemicals have been manufactured, but a just handful have been well-studied or tied to known health risks. Most
drinking water regulation focuses on two types of PFAS compounds called PFOA and PFOS, which have been phased out of use in the United
States. Madison Water Utility detected PFOA and/or PFOS in sixteen wells. The estimated level of PFOA + PFOS found ranged from 0.5 to 3.4
parts per trillion. The DNR is considering imposing a safe drinking water limit of 20 parts per trillion for PFOA and PFOS in Wisconsin.

Madison Water Utility also found a broad range of other types of PFAS chemicals during its testing. Most types are not regulated by any state.
Others are regulated at much higher levels than PFOA and PFOS.

For example, over 80% of the PFAS detected in Well 9 is a single chemical called PFBA. The most restrictive health-based guideline for PFBA in
the United States comes from the Minnesota Department of Health and is set at 7,000 parts-per-trillion. Madison Water Utility found a total PFAS
concentration in Well 9 of 47 ppt, with 37 ppt coming from PFBA.

At-home filters
While the very low levels of PFAS found in Madison wells don’t require large-scale wellhead treatment, Madison Water Utility often gets questions
about at-home filters. It is possible to reduce PFAS chemicals in water using a home filter. A recent study by Duke University and North Carolina
State University analyzed the effectiveness of a variety of household filters at removing PFAS from tap water.

View the study summary  (https://www.cityofmadison.com/water/water-quality/water-quality-testing/perfluorinated-compounds/household-filter-
study-pfas)

About one percent of the water pumped to Madison homes is used for drinking and cooking. The rest is used for flushing toilets, doing laundry,
dishes, outdoor watering and other needs.

Well 15
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Madison Water Utility first discovered PFAS in two Madison wells in 2017 while conducting limited testing at wells near landfills and the airport.
One of those wells – Well 15 located on East Washington Ave. – was shut down in 2019 amid community concerns about PFAS chemicals found
there. Madison Water Utility just completed a $50,000 feasibility study looking at possible PFAS treatment at Well 15. The utility will now evaluate
whether installing a treatment system at Well 15 is the best, most cost-effective option for meeting water supply needs on Madison's east side.
The utility believes the chemicals detected in that well likely migrated from Truax Air Field, about a mile away. It’s unclear where PFAS chemicals
found in other city wells are coming from.

Learn more about PFAS chemicals at well 15. (/water/water-quality/water-quality-testing/perfluorinated-compounds/pfas-at-well-15)

PFAS information from Public Health Madison and Dane County
High concentrations of certain types of PFAS chemicals have been showen to affect health.

View more information on Public Health Madison and Dane County website. (https://www.publichealthmdc.com/environmental-
health/environmental-hazards/per-and-polyfluoroalkyl-substances-pfas)

Test results from 2019
View 2019 PFAS testing results  here (https://www.cityofmadison.com/water/water-quality/water-quality-testing/perfluorinated-compounds/pfas-
water-quality-testing-results-2019).

Water Quality
Phone: (608) 266-4654

Email: water@madisonwater.org (mailto:water@madisonwater.org)

eNews: Sign up for Water Utility News & Alerts (http://my.cityofmadison.com)

Subscribe to Email List
Subscribe to the PFAS Testing and News email list

Email: * required

Subscribe
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PFAS at Well 15

Madison Water Utility first discovered PFAS in two Madison wells in 2017 while conducting limited testing at wells near landfills and the airport.
One of those wells – Well 15 located on East Washington Ave. – was shut down in 2019 amid community concerns about PFAS chemicals found
there. The utility believes the chemicals detected in that well likely migrated from Truax Air Field, about a mile away.

Latest News

Well 15 Feasibility Study for PFAS Removal PDF 
(/water/documents/2021_Well_15_Feasiblity_Study_PFAS_Removal_Report_Final.pdf)

The final report of the Well 15 feasibility study was completed April 8, 2021. It will be presented to the Water Quality Technical Advisory Committee
(https://www.cityofmadison.com/city-hall/committees/water-quality-technical-advisory-committee/4-12-2021) and Water Utility Board
(https://www.cityofmadison.com/city-hall/committees/water-utility-board) in April.

Goals of the study:

Evaluate treatment technologies

Get a general estimate of upfront and ongoing costs for effective treatments

Provide a recommended treatment design that would:

Remove PFAS.

Remove PCE and TCE, eliminating the need for the air stripper system that’s currently set up at Well 15.

Allow 1000 gallons per minute of water to be produced from the well.

Study results:

A granular activated carbon system was the recommended treatment technology.

Granular activated carbon successfully removed PFAS, PCE, and TCE.

The estimated initial cost of the recommended system was $825,000. 
Note: This is a general estimate for the treatment system only. There would be additional costs to modify the
building at Well 15 because it is not tall enough.

The estimated ongoing costs would depend on how frequently the carbon is replaced. The preliminary estimate
was $50,000 to $300,000 a year.

The major components for the recommended system (ex: bag filter units, steel pipes, tank) have a life
expectancy of approximately 30 years.

Read the full report:  Well 15 Feasibility Study for PFAS Removal: Bench-Scale Testing Report PDF 
(/water/documents/2021_Well_15_Feasiblity_Study_PFAS_Removal_Report_Final.pdf)

What’s next?

Madison Water Utility will evaluate different alternatives to determine whether a treatment system at Well 15 is the best, most cost-effective option
for meeting water supply needs on Madison’s east side.

Well 15 Testing
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Madison Water Utility detected low-level concentrations of PFAS chemicals at Well 15 on East Washington Ave. (located near Truax National Air
Base). PFAS have been detected at high levels in shallow groundwater at Truax National Air Base, according to the DNR. The base sits just one
mile from Well 15.

While water at Well 15 does not exceed any state or federal health-based drinking water standard, Madison Water Utility will not operate the
well until the Wisconsin Department of Health Services (DHS) recommends groundwater standards for 34 types of PFAS, which it is currently
investigating.

A type of PFAS compound called Perfluorohexanesulfonic Acid (PFHxS) has been detected in Well 15 at around 20-21 parts per trillion (ppt).
Wisconsin DHS is working to determine a groundwater standard for for this compound. DHS has already recommended a standard for two other
types found in Well 15, called PFOA and PFOS, of 20 ppt. Levels of PFOA and PFOS in Well 15 are below this recommended standard at around
12 ppt. 
 

Well 15 Modeling & Groundwater Study report PDF  (/water/documents/TechnicalMemo_final.pdf)

This groundwater study was initiated by Madison Water Utility to evaluate the time of travel for PFAS contamination from the Truax Air Field to
Well 15 and update the Well 15 capture zones to determine if Truax could be the source of PFAS at Well 15.The study confirmed that Truax is
inside Well 15’s groundwater capture zone. It also showed that the time of travel for groundwater from Truax to Well 15 is about 35 to 50 years.
Based on the study, Madison Water Utility concluded that Truax Air Field is the likely source of low levels of PFAS detected at Well 15.

Water Quality
Phone: (608) 266-4654

Email: water@madisonwater.org (mailto:water@madisonwater.org)

eNews: Sign up for Water Utility News & Alerts (http://my.cityofmadison.com)

Subscribe to Email List
Subscribe to the PFAS Testing and News email list

Email: * required

Subscribe
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Madison Water Utility 2020 PFAS Test Results

PFAS.2020.xlsx Madison Water Utility 7/28/2020  jdg

MWU 2020 PFAS Results Source Well 06 Well 06 Well 06 Well 06 Well 07 Well 07 Well 08 Well 08 Well 09 Well 09 Well 09 Well 09 Well 09 Well 11 Well 11 Well 11 Well 11 Well 12 Well 13 Well 14 Well 14 Well 14 Well 14 Well 14 Well 16 Well 16 Well 17 Well 17 Well 18 Well 19 Well 20 Well 24 Well 25 Well 26 Well 27 Well 28 Well 29 Well 29 Well 30 Well 31
Sample Date 26-May 26-May 26-May 26-May 5-May 5-May 26-May 26-May 26-May 26-May 26-May 26-May 26-May 26-May 26-May 26-May 26-May 5-May 26-May 26-May 26-May 26-May 26-May 26-May 26-May 26-May 26-May 26-May 5-May 5-May 5-May 5-May 5-May 26-May 26-May 5-May 5-May 5-May 5-May 5-May

PFAS Compound Laboratory TA WSLH WSLH WSLH TA WSLH TA WSLH TA TA WSLH WSLH WSLH TA WSLH WSLH WSLH TA TA TA TA WSLH WSLH WSLH TA WSLH TA WSLH TA TA TA TA TA TA TA TA TA WSLH TA TA
Lab Method Mod 537 ISO 537.1 537.1 Mod 537 ISO Mod 537 537.1 Mod 537 537.1 537.1 537.1 ISO Mod 537 ISO 537.1 537.1 Mod 537 Mod 537 Mod 537 537.1 537.1 537.1 ISO Mod 537 537.1 Mod 537 537.1 Mod 537 Mod 537 Mod 537 Mod 537 Mod 537 Mod 537 Mod 537 Mod 537 Mod 537 ISO Mod 537 Mod 537

Perfluorooctanoic acid PFOA 0.82J <0.356 <0.820 <0.837 1.0J 0.347J 1.1J 0.990 1.2J 0.54J <0.861 <0.887 <0.359 1.0J <0.359 <0.850 <0.838 <0.75 1.4J 1.8 1.4J 1.04 1.32 0.699 1.6J <0.868 1.0J <0.872 0.80J <0.78 <0.73 <0.77 0.82J 0.79J 1.2J <0.76 0.78J <0.0973 0.80J <0.73

Perfluorooctanesulfonic acid PFOS 0.47J <0.356 <0.543 <0.554 <0.47 0.123J 1.5J 0.903 0.68J 0.65J <0.570 <0.587 <0.359 0.75JI <0.359 <0.562 <0.555 <0.47 0.54J 0.76J 0.99J <0.571 <0.569 <0.367 1.8 1.20 0.71J <0.577 0.53J <0.50 <0.47 0.52J 0.62J 0.99J 0.55J <0.48 <0.48 0.150J 0.51J <0.46

Perfluorobutanoic acid PFBA 1.4J <3.56 n/a n/a 0.60JB <1.80 1.1J n/a 37 n/a n/a n/a 27.6 4.1 3.74 n/a n/a 0.65JB 1.8 3.9 n/a n/a n/a 4.03 1.6J n/a 0.85J n/a 1.0JB 0.70JB 0.48JB 0.64JB 0.45JB 0.90J 1.2J 0.71JB 1.2JB <1.84 0.61JB 0.41JB

Perfluoropentanoic acid PFPeA 0.77J <0.356 n/a n/a <0.42 <0.180 0.67J n/a 1.0J n/a n/a n/a 0.650 0.73J 0.401 n/a n/a <0.43 1.6J 2.0 n/a n/a n/a 1.49 1.2J n/a <0.42 n/a 0.49J <0.45 <0.42 <0.44 <0.41 0.42J 0.93J <0.44 <0.44 <0.184 <0.41 <0.42

Perfluorohexanoic acid PFHxA 0.93J 0.607 0.708 0.646 <0.50 <0.126 0.75J <0.624 0.82J 0.79J <0.629 <0.647 0.485 0.53J <0.359 <0.620 <0.612 <0.51 1.9 2.2 2.1 1.76 1.57 1.58 1.1J 0.827 <0.50 <0.636 <0.49 <0.53 <0.50 <0.52 <0.49 <0.48 0.87J <0.52 <0.52 <0.128 <0.49 <0.50

Perfluoroheptanoic acid PFHpA 0.29J <0.356 <0.419 <0.428 <0.22 <0.121 0.31J <0.437 0.35J <0.50 <0.440 <0.453 <0.359 0.26J <0.359 <0.434 <0.428 <0.22 0.52J 0.70J 0.78J 0.502 0.513 0.468 0.50J <0.444 <0.22 <0.446 <0.21 <0.23 <0.22 <0.23 <0.21 <0.21 0.30J <0.22 <0.22 <0.124 <0.21 <0.21

Perfluorooctanesulfonamide FOSA 1.6JB <0.356 n/a n/a 2.4B 0.470B 2.0B n/a 3.1B n/a n/a n/a <0.359 1.2JB <0.359 n/a n/a 1.5JB 2.4B 2.0B n/a n/a n/a <0.367 1.7B n/a 2.5B n/a 2.6B 2.1B 1.8B 2.9B 3.2B 1.8B 2.2B 2.6B 3.6B 0.261JB 3.7B 4.4B

Perfluorononanoic acid PFNA <0.22 <0.356 <0.319 <0.326 <0.23 <0.0684 <0.23 <0.332 <0.24 <0.50 <0.335 <0.345 <0.359 <0.23 <0.359 <0.330 <0.326 <0.24 <0.24 <0.24 <0.50 <0.335 <0.334 <0.367 <0.24 <0.338 <0.23 <0.339 <0.23 <0.25 <0.23 <0.24 <0.23 <0.22 <0.23 <0.24 <0.24 <0.0697 <0.23 <0.23
Perfluorodecanoic acid PFDA <0.26 <0.356 <0.730 <0.746 <0.27 <0.133 <0.26 <0.761 <0.27 <0.50 <0.767 <0.790 <0.359 <0.26 <0.359 <0.757 <0.746 <0.27 <0.27 <0.27 <0.50 <0.768 <0.766 <0.367 <0.27 <0.773 <0.27 <0.776 <0.26 <0.28 <0.27 <0.28 <0.26 <0.26 <0.27 <0.28 <0.28 <0.136 <0.26 <0.27
Perfluoroundecanoic acid PFUnA <0.91 <0.356 <0.803 <0.820 <0.95 <0.121 <0.93 <0.836 <0.96 <0.50 <0.843 <0.868 <0.359 <0.92 <0.359 <0.831 <0.820 <0.97 <0.96 <0.97 <0.50 <0.844 <0.842 <0.367 <0.96 <0.850 <0.95 <0.853 <0.94 <1.0 <0.95 <0.99 <0.92 <0.91 <0.95 <0.98 <0.99 <0.124 <0.93 <0.94

Perfluorododecanoic acid PFDoA 0.56J <0.356 <0.915 <0.934 <0.48 <0.0936 <0.47 <0.953 <0.48 <0.50 <0.961 <0.989 <0.359 <0.46 <0.359 <0.948 <0.935 <0.48 <0.48 <0.49 <0.50 <0.962 <0.960 <0.367 <0.48 <0.968 <0.48 <0.973 <0.47 <0.51 <0.47 <0.50 <0.46 <0.45 <0.48 <0.49 <0.49 <0.0954 <0.46 <0.47

Perfluorotridecanoic acid PFTrDA <1.1 <0.356 <0.803 <0.820 <1.1 <0.146 <1.1 <0.836 <1.1 <0.50 <0.843 <0.868 <0.359 <1.1 <0.359 <0.831 <0.820 <1.1 <1.1 <1.1 <0.50 <0.844 <0.842 <0.367 <1.1 <0.850 <1.1 <0.853 <1.1 <1.2 <1.1 <1.2 <1.1 <1.1 <1.1 <1.2 <1.2 <0.149 <1.1 <1.1

Perfluorotetradecanoic acid PFTeDA 0.52J <0.356 <0.681 <0.695 <0.25 <0.261 <0.25 <0.709 <0.25 <0.50 <0.715 <0.736 <0.359 <0.24 <0.359 <0.705 <0.695 <0.25 <0.25 <0.26 <0.50 <0.716 <0.714 <0.367 <0.25 <0.720 <0.25 <0.723 <0.25 <0.27 <0.25 <0.26 0.29J <0.24 <0.25 <0.26 <0.26 <0.266 <0.24 <0.25

Perfluoro-n-hexadecanoic acid PFHxDA <0.74 <0.889 n/a n/a <0.77 <0.314 <0.75 n/a <0.78 n/a n/a n/a <0.897 <0.74 <0.897 n/a n/a <0.78 <0.78 <0.79 n/a n/a n/a <0.917 <0.78 n/a <0.77 n/a <0.76 <0.82 <0.77 <0.80 <0.75 <0.73 <0.77 <0.79 <0.80 <0.320 <0.75 <0.76
Perfluoro-n-octadecanoic acid PFODA <0.38 n/a n/a n/a <0.40 n/a <0.39 n/a <0.40 n/a n/a n/a n/a <0.38 n/a n/a n/a <0.40 <0.40 <0.41 n/a n/a n/a n/a <0.40 n/a <0.40 n/a <0.39 <0.42 <0.40 <0.41 <0.39 <0.38 <0.40 <0.41 <0.41 n/a <0.39 <0.39

Perfluorobutanesulfonic acid PFBS 1.1J 0.749 0.855 0.796 <0.17 <0.214 <0.17 <0.402 0.92J 0.89J 0.654 0.680 0.668 0.48J 0.389 <0.400 <0.394 <0.18 1.1J 1.7J 1.7J 1.28 1.22 1.30 0.85J 0.624 <0.17 <0.410 <0.17 <0.18 <0.17 <0.18 <0.17 0.25J 0.62J <0.18 <0.18 <0.218 <0.17 <0.17

Perfluoropentane sulfonic acid PFPeS 0.74J 0.555 n/a n/a <0.26 <0.0504 <0.25 n/a 0.26J n/a n/a n/a <0.359 <0.25 <0.359 n/a n/a <0.26 <0.26 0.41J n/a n/a n/a <0.367 <0.26 n/a <0.26 n/a <0.26 <0.28 <0.26 <0.27 <0.25 <0.25 <0.26 <0.27 <0.27 <0.0514 <0.25 <0.26

Perfluorohexanesulfonic acid PFHxS 4.2B 3.37 3.76 3.66 0.75JB 0.545 0.93JB 0.618 1.4JB 1.8J 1.13 1.20 1.09 1.7B 1.31 1.29 1.26 <0.15 2.6B 5.0B 6.4 4.15 4.08 4.15 2.9B 2.40 0.77JB 0.597 0.46JB 0.30JB 0.25JB 0.28JB <0.14 0.92JB 1.8B 0.26JB 0.43JB 0.131J 0.30JB 0.26JB

Perfluoroheptane sulfonic acid PFHpS <0.16 <0.356 n/a n/a <0.16 <0.0675 <0.16 n/a <0.17 n/a n/a n/a <0.359 <0.16 <0.359 n/a n/a <0.17 <0.17 <0.17 n/a n/a n/a <0.367 <0.17 n/a <0.16 n/a <0.16 <0.17 <0.16 <0.17 <0.16 <0.16 <0.16 <0.17 <0.17 <0.0688 <0.16 <0.16
Perfluorononane sulfonic acid PFNS <0.13 <0.356 n/a n/a <0.14 <0.0450 <0.14 n/a <0.14 n/a n/a n/a <0.359 <0.13 <0.359 n/a n/a <0.14 <0.14 <0.14 n/a n/a n/a <0.367 <0.14 n/a <0.14 n/a <0.14 <0.15 <0.14 <0.14 <0.13 <0.13 <0.14 <0.14 <0.14 <0.0459 <0.13 <0.14
Perfluorodecane sulfonic acid PFDS <0.27 <0.356 n/a n/a <0.28 <0.123 <0.27 n/a <0.28 n/a n/a n/a <0.359 <0.27 <0.359 n/a n/a <0.28 <0.28 <0.28 n/a n/a n/a <0.367 <0.28 n/a <0.28 n/a <0.27 <0.29 <0.28 <0.29 <0.27 <0.26 <0.28 <0.29 <0.29 <0.126 <0.27 <0.27
Perfluorododecanesulfonic acid PFDoS <0.37 <0.356 n/a n/a <0.39 <0.121 <0.38 n/a <0.39 n/a n/a n/a <0.359 <0.38 <0.359 n/a n/a <0.40 <0.39 <0.40 n/a n/a n/a <0.367 <0.39 n/a <0.39 n/a <0.38 <0.41 <0.39 <0.41 <0.38 <0.37 <0.39 <0.40 <0.40 <0.124 <0.38 <0.39
N-Methyl perfluorooctane sulfonamide NMeFOSA <0.36 <0.889 n/a n/a <0.37 <0.731 <0.36 n/a <0.38 n/a n/a n/a <0.897 <0.36 <0.897 n/a n/a <0.38 <0.38 <0.38 n/a n/a n/a <0.917 <0.37 n/a <0.37 n/a <0.37 <0.40 <0.37 <0.39 <0.36 <0.35 <0.37 <0.38 <0.39 <0.745 <0.36 <0.37
N-Ethyl perfluorooctane sulfonamide NEtFOSA <0.72 <0.889 n/a n/a <0.75 <0.584 <0.74 n/a <0.76 n/a n/a n/a <0.897 <0.73 <0.897 n/a n/a <0.76 <0.76 <0.77 n/a n/a n/a <0.917 <0.76 n/a <0.75 n/a <0.74 <0.80 <0.75 <0.78 <0.73 <0.72 <0.75 <0.78 <0.78 <0.595 <0.73 <0.75
N-Methyl perfluorooctane sulfonamidoacetic acid NMeFOSAA <2.6 <0.356 <0.950 <0.970 <2.7 <0.184 <2.6 <0.990 <2.7 <0.50 <0.998 <1.03 <0.359 <2.6 <0.359 <0.984 <0.971 <2.7 <2.7 <2.7 <0.50 <0.999 <0.996 <0.367 <2.7 <1.01 <2.7 <1.01 <2.6 <2.8 <2.7 <2.8 <2.6 <2.6 <2.7 <2.8 <2.8 <0.188 <2.6 <2.7
N-Ethyl perfluorooctane sulfonamidoacetic acid NEtFOSAA <1.6 <0.356 <0.843 <0.861 <1.6 <0.147 <1.6 <0.879 <1.7 <0.50 <0.886 <0.912 <0.359 <1.6 <0.359 <0.874 <0.862 <1.7 <1.7 <1.7 <0.50 <0.887 <0.885 <0.367 <1.7 <0.893 <1.6 <0.897 <1.6 <1.7 <1.6 <1.7 <1.6 <1.6 <1.6 <1.7 <1.7 <0.150 <1.6 <1.6

N-Methyl perfluorooctane sulfonamidoethanol NMeFOSE <1.2 <0.356 n/a n/a <1.2 <0.180 <1.2 n/a <1.2 n/a n/a n/a <0.359 <1.2 <0.359 n/a n/a 9.0 <1.2 <1.2 n/a n/a n/a <0.367 <1.2 n/a <1.2 n/a <1.2 <1.3 <1.2 <1.3 <1.2 <1.2 <1.2 <1.3 <1.3 <0.184 <1.2 <1.2

N-Ethyl perfluorooctane sulfonamidoethanol NEtFOSE <0.71 <0.356 n/a n/a <0.74 <0.115 <0.72 n/a <0.74 n/a n/a n/a <0.359 <0.71 <0.359 n/a n/a 1.5J <0.74 <0.75 n/a n/a n/a <0.367 <0.74 n/a <0.74 n/a <0.72 <0.78 <0.73 <0.77 <0.71 <0.70 <0.74 <0.76 <0.76 <0.117 <0.72 <0.73

4:2 Fluorotelomer sulfonic acid 4:2 FTS <4.3 <0.356 n/a n/a <4.5 <0.235 <4.4 n/a <4.5 n/a n/a n/a <0.359 <4.3 <0.359 n/a n/a <4.6 <4.5 <4.6 n/a n/a n/a <0.367 <4.5 n/a <4.5 n/a <4.4 <4.8 <4.5 <4.7 <4.4 <4.3 <4.5 <4.6 <4.7 <0.239 <4.4 <4.5

6:2 Fluorotelomer sulfonic acid 6:2 FTS <1.7 <0.356 n/a n/a <1.7 <0.0738 <1.7 n/a <1.7 n/a n/a n/a <0.359 <1.7 <0.359 n/a n/a <1.8 <1.7 <1.8 n/a n/a n/a <0.367 <1.7 n/a <1.7 n/a <1.7 <1.8 <1.7 <1.8 <1.7 <1.6 <1.7 <1.8 <1.8 <0.0752 <1.7 3.0J

8:2 Fluorotelomer sulfonic acid 8:2 FTS <1.7 <0.356 n/a n/a <1.7 <0.108 <1.7 n/a <1.7 n/a n/a n/a <0.359 <1.7 <0.359 n/a n/a <1.8 <1.7 <1.8 n/a n/a n/a <0.367 <1.7 n/a <1.7 n/a <1.7 <1.8 <1.7 <1.8 <1.7 <1.6 <1.7 <1.8 <1.8 <0.110 <1.7 <1.7
10:2 Fluorotelomer sulfonic acid 10:2 FTS <0.16 <0.356 n/a n/a <0.16 <0.0864 <0.16 n/a <0.17 n/a n/a n/a <0.359 <0.16 <0.359 n/a n/a <0.17 <0.17 <0.17 n/a n/a n/a <0.367 <0.17 n/a <0.16 n/a <0.16 <0.17 <0.16 <0.17 <0.16 <0.16 <0.16 <0.17 <0.17 <0.0881 <0.16 <0.16
ADONA ADONA <0.15 <0.356 <0.806 <0.823 <0.16 <0.133 <0.15 <0.840 <0.16 <0.50 <0.847 <0.872 <0.359 <0.15 <0.359 <0.835 <0.824 <0.16 <0.16 <0.16 <0.50 <0.848 <0.845 <0.367 <0.16 <0.853 <0.16 <0.857 <0.15 <0.17 <0.16 <0.16 <0.15 <0.15 <0.16 <0.16 <0.16 <0.136 <0.15 <0.15
9Cl-PF3ONS F-53B Major <0.20 <0.356 <0.906 <0.925 <0.21 <0.0549 <0.20 <0.944 <0.21 <0.50 <0.952 <0.980 <0.359 <0.20 <0.359 <0.939 <0.926 <0.21 <0.21 <0.21 <0.50 <0.953 <0.950 <0.367 <0.21 <0.959 <0.21 <0.963 <0.20 <0.22 <0.21 <0.22 <0.20 <0.20 <0.21 <0.21 <0.22 <0.0560 <0.20 <0.21
11Cl-PF3OUdS F-53B Minor <0.27 <0.356 <1.08 <1.10 <0.28 <0.0828 <0.27 <1.13 <0.28 <0.50 <1.13 <1.17 <0.359 <0.27 <0.359 <1.12 <1.10 <0.28 <0.28 <0.28 <0.50 <1.14 <1.13 <0.367 <0.28 <1.14 <0.28 <1.15 <0.27 <0.29 <0.28 <0.29 <0.27 <0.26 <0.28 <0.29 <0.29 <0.0844 <0.27 <0.27
HFPA-DA / HFPO-DA GenX <1.2 <0.889 <2.11 <2.15 <1.3 <0.480 <1.3 <2.20 <1.3 <0.50 <2.21 <2.28 <0.897 <1.3 <0.897 <2.18 <2.15 <1.3 <1.3 <1.3 <0.50 <2.22 <2.21 <0.917 <1.3 <2.23 <1.3 <2.24 <1.3 <1.4 <1.3 <1.4 <1.3 <1.2 <1.3 <1.3 <1.3 <0.489 <1.3 <1.3

PFOA+PFOS* 1.3 ND ND ND 1.0 0.5 2.6 1.9 1.9 1.2 ND ND ND 1.8 ND ND ND ND 1.9 2.6 2.4 1.0 1.3 0.7 3.4 1.2 1.7 ND 1.3 ND ND 0.5 1.4 1.8 1.8 ND 0.8 0.2 1.3 ND
Combined PFAS* 13 5.3 5.3 5.1 4.8 1.5 8.4 2.5 47 4.7 1.8 1.9 30 11 5.8 1.3 1.3 13 14 20 13 8.7 8.7 14 13 5.1 5.8 0.6 5.9 3.1 2.5 4.3 5.4 6.1 9.7 3.6 6.0 0.5 5.9 8.1

NOTES:
All results in ng/L or parts per trillion (ppt) Results with J indicate an estimated value due to being below reporting limit Varying results and levels of detection are due to differences in analytical methods and lab capabilities  n/a - not analyzed Lab:  TA = TestAmerica Method:  537.1 - EPA Standard Method Method: ISO - Modified ISO 21675

Faded results with < indicate result was below detection limit Results with B indicate the PFAS was also detected in the laboratory method blank * - this is an estimate derived from the sum of estimated values ND - none detected Lab:  WSLH = WI State Laboratory of Hygiene Method:  Mod 537 - Modified EPA Method 537 
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ALERT  TOP STORY

DNR: Fish from Yahara chain of lakes contaminated with PFAS;
anglers warned to limit consumption

Chris Hubbuch | Wisconsin State Journal
Jun 9, 2021

H ealth officials are warning anglers to limit consumption of fish from all but two

of Madison’s lakes after new test results revealed high levels of toxic “forever

chemicals.”

The Department of Natural Resources announced the warnings Wednesday based on

tests of fish collected last year from the Yahara River chain of lakes.

Based on new test results, the DNR has expanded existing advisories for Starkweather

Creek and Lake Monona to include all waters downstream to the Rock River, including

lakes Waubesa and Kegonsa. 

The DNR released data showing fish had levels of one compound, PFOS, above the

health standard recommended by an interstate commission for the Great Lakes region.

PFOS has been linked to cancer, high cholesterol and decreased immunity.

Nathan Kloczko, site evaluation program coordinator for the Department of Health

Services said people who’ve been eating fish from the lakes may want to talk to their

doctors about individual health concerns.

Kloczko said the consumption advisories seek to balance the risks of contaminants

such as PFOS against the health benefits of eating fish.

“Fish are an excellent source of lean protein and omega fatty acids,” he said. “The risk

assessments … take all of that into account.”
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The DHS recommends eating crappie, largemouth bass, northern pike and walleye no

more than once a month. The agency says it is safe to eat bluegill, yellow perch and

pumpkinseed once a week.

Data provided by the DNR show PFOS concentrations were all below the level

considered safe to eat by the Great Lakes Consortium for Fish Consumption

Advisories, although average levels were at or above what the New Jersey Department

of Environmental Protection has recommended for children and women of

childbearing age.

Wisconsin’s health advisories are uniform across all ages, which environmental

advocate Maria Powell calls “problematic.” Powell also criticized the state for focusing

only on PFOS and not the thousands of other less-studied compounds.

“This ‘one-size-fits-all’ approach does not protect everyone in the population,

especially the most vulnerable,” Powell said. “People are ingesting all of the PFAS in

the fish, not just one at a time. They all add to the toxicity.”
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While PFOS was not found at dangerous levels in fish from lakes Mendota and Wingra,

a once-a-month advisory remains in effect for carp because of high PCB levels. The

DNR publishes advisories for specific species from around the state in an annual

guidebook available on the agency website.  

Anglers concerned
Jack Hurst, an active member of the Yahara Fishing Club since 1953, said PFAS is a

growing concern for the club, which was formed to protect the rights of anglers to use

the lakes.

“I don’t eat 'em out of Monona anymore,” Hurst said.

Angler and environmentalist Touyeng Xiong called the news disheartening.

Xiong said he and his father used to eat

crappie from Monona Bay but stopped

after learning about PFAS

contamination.

He worries that others are unaware or

unconcerned by the advisories.

“I still see people pretty regularly

fishing there,” Xiong said. “I always

wonder if they know of the current

conditions.”

Early last year officials warned

anglers to limit consumption of certain fish from Lake Monona after tests

showed elevated levels of PFAS in fish from the lake and Starkweather Creek.

Xiong

JOHN HART, STATE JOURNAL ARCHIVES
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The DNR has since issued PFAS consumption advisories for smelt from Lake

Superior and trout from Silver Creek in the Fort McCoy Army base in Monroe

County. PFAS advisories were previously in place for fish caught in three pools of the

Mississippi River.

Signs installed in 2019 by Public Health Madison & Dane County caution against consuming water from
Starkweather Creek, which is contaminated with hazardous chemicals known as PFAS.

CHRIS HUBBUCH, STATE JOURNAL

In January the DNR said it had found PFAS compounds in all five Madison lakes -- in

some cases above proposed surface water standards -- but did not provide guidance on

the safety of fish caught there.

No source named
The DNR has not identified a source for the contamination.
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It's been almost three years since the agency ordered the city of Madison, Dane County

and the Wisconsin National Guard to clean up PFAS contamination sites at the airport

where firefighters trained for decades with fluorinated foams that contaminated soil

and groundwater. PFAS have also been found in water draining from airport storm

sewers into Starkweather Creek.

That cleanup has not begun, but earlier this year the DNR approved a plan by all three

entities to further investigate the source of the contamination. 

The plan aims to find where PFAS-contaminated groundwater is seeping into the

stormwater system and seal up leaky pipes. It also calls for additional sampling of

Starkweather Creek to get a better idea of where PFAS are coming from.

The National Guard says it has received authorization from the Department of Defense

to move forward with an investigation through the federal Superfund, a process that

could take 13 years or more.

“People just not doing their jobs is what it amounts to,” Hurst said. “They know about

it and they don’t do anything about it.”

State Sen. Melissa Agard, D-Madison, called on Republican lawmakers to pass

legislation requiring the DNR to establish enforcement standards for PFAS in air,

water and soil and to hold polluters responsible for cleanup.

The bill, re-introduced this spring after Republicans denied it a vote in the last session,

has support from environmental and public health organizations but not

manufacturing and industrial groups.

“Water is life, and addressing PFAS should not be a partisan issue,” Agard said. “It

affects the health of people in blue and red districts.”

Chris Hubbuch | Wisconsin State Journal
Covers energy and the environment for the Wisconsin State Journal. Rhymes with Lubbock. Contact him
at 608-252-6146.
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BREAKING  TOPICAL

PFAS POLLUTION STARKWEATHER CREEK

Madison mayor calls on National Guard to speed up Truax
investigation after PFAS found in Starkweather Creek

Chris Hubbuch | Wisconsin State Journal
Oct 9, 2019

Chris Hubbuch | Wisconsin State Journal

Dave Duane, of Madison, tries to catch panfish Monday in Starkweather Creek.

AMBER ARNOLD, STATE JOURNAL
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I n the wake of reports of elevated levels of hazardous chemicals in Starkweather

Creek, Madison Mayor Satya Rhodes-Conway renewed calls Tuesday for the

Wisconsin Air National Guard to address soil and groundwater contamination at

Truax Field.

The state Department of Natural Resources released test results Monday

showing concentrations of highly fluorinated chemicals known as PFAS at

more than 24 times the level considered safe by Michigan, one of the few states to

adopt surface water standards.

The DNR said it plans further investigation to identify potential sources of

contamination, but firefighting foam used in training at Truax Field, where the west

branch of Starkweather Creek originates, has long been a known source.

In a statement, Rhodes-Conway called on the National Guard to complete a site

investigation into the extent of PFAS contamination and implement a clean-up plan

“as soon as possible.”

“The Wisconsin National Guard takes

this issue very seriously, and we will

continue to work with the city, the

county, the DNR and other partners

statewide to ensure we remain in

compliance with all federal advisory

levels for PFOS/PFOA,” Capt. Joe

Trovato of the Wisconsin Air National

Guard said in an email. Rhodes-Conway

MICHELLE STOCKER

Trovato did not say if the Guard has any immediate plans to complete the

comprehensive PFAS investigation agreed to by the Guard, city and county in 2018.
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The city Engineering Department has said the National Guard cannot “safely and

legally” start construction of projects to accommodate a squadron of F-35 fighter

jets the Air Force wants to station there without a complete site investigation.
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Public Health Madison and Dane County is working to create signs advising the public

of the presence of PFAS, including warnings against people or pets drinking the water

and suggesting people wash their hands after touching the water.

The signs will not include any specific warnings against consumption of fish from the

stream but will refer to state guidelines related to PCBs, which suggest children and

pregnant women not eat panfish more than once a week, said Public Health

spokeswoman Sarah Mattes.

Mattes said the department is consulting with Friends of Starkweather Creek and local

residents about the best placement for signs and whether they should be posted in

languages other than English.

Concern for anglers
The DNR is still awaiting test results on fish collected from Starkweather Creek and is

considering a more comprehensive fish monitoring program next year.

Maria Powell, executive director of the Midwest Environmental Justice Organization,

said anglers need to be warned now that fish could contain much higher

concentrations of PFAS than water tests indicate.
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“People are fishing from the mouth of the creek and eating it right now,” Powell said.

“Given these high PFAS levels in water, the levels in fish are very likely much higher.

Will anglers be warned?”

 Madison mayor wants details on cause of July transformer explosion, says public
deserves full report

The mayor said the PFAS contamination of Starkweather Creek does not affect the

city’s drinking water, which is drawn from deep wells.

However, the Madison Water Utility has voluntarily shut down Well 15 on East

Washington Avenue, which is near the airport, because of elevated levels of PFAS, and

the utility is expecting results this week from tests at three seasonal wells, including

Well 8, which is near Truax Field.

 Madison to keep contaminated East Side well offline except in 'extreme' water
shortage

Cancer risk
PFAS are a group of chemicals found in numerous products, including foam used to

fight oil-based fires. Studies have shown two of these compounds, PFOA and PFOS,

may increase people’s risk of cancer and affect cholesterol levels, childhood behavior,

the immune system and the ability to get pregnant.

There are no federal health standards, but the DNR is working to establish water

standards for PFOA and PFOS.

The state Department of Health Services has recommended a combined groundwater

enforcement standard of 20 parts per trillion for those two compounds but has not

issued any guidance on surface water. Michigan has set surface water standards of 11

to 12 ppt for PFOS, the compound most likely to build up in fish.

The test results announced Monday were from the first round of samples taken this

summer from five bodies of water near known or suspected PFAS contamination sites,

including firefighting training grounds and two spots where elevated levels were
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previously found in fish and wildlife.

Of the five sites surveyed, the west branch of Starkweather Creek near Fair Oaks

Avenue, in Madison, had the highest concentration of PFOA and PFOS, at 43 ppt and

270 ppt. Samples taken near Atwood Avenue, just above a popular fishing spot where

the creek enters Lake Monona, showed a combined PFAS concentration of 187 ppt.

Tests results released last month showed potentially dangerous amounts of PFAS

entered Lake Monona after a July 19 transformer explosion near Downtown Madison.

Samples from the storm sewer outlets on July 25 had PFOA and PFOS concentrations

between 17.4 and 21.9 ppt. Including some newer unregulated PFAS compounds, the

concentrations were as high as 92 ppt.

Chris Hubbuch | Wisconsin State Journal
Covers energy and the environment for the Wisconsin State Journal. Rhymes with Lubbock. Contact him
at 608-252-6146.

SR0474

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 477 of 615

https://madison.com/users/profile/Chris%20Hubbuch


3/23/2021 Madison mayor, City Council members seek funds for PFAS testing at airport training areas | Science & Environment | madison.com

https://madison.com/wsj/news/local/environment/madison-mayor-city-council-members-seek-funds-for-pfas-testing-at-airport-training-areas/article_441… 1/5

https://madison.com/wsj/news/local/environment/madison-mayor-city-council-members-seek-funds-for-pfas-
testing-at-airport-training-areas/article_44183258-2992-5c40-a851-b4fabeda7f00.html

ALERT

MADISON | PFAS CONTAMINATION

Madison mayor, City Council members seek funds for PFAS testing
at airport training areas

Chris Hubbuch | Wisconsin State Journal
Nov 10, 2020

M
Chris Hubbuch | Wisconsin State Journal

ore than two years after state authorities first ordered testing, Madison city

leaders are seeking funds to test for pollution at firefighting training areas

near the Dane County Regional Airport.

AMBER ARNOLD, STATE JOURNAL
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A budget amendment sponsored by Mayor Satya Rhodes-Conway and three City

Council members requests an additional $50,000 next year for PFAS “testing and

planning at the Dane County Regional Airport, Air National Guard 115th Fighter Wing

Base, and surrounding area.”

The city, along with Dane County and the Wisconsin National Guard, is responsible for

investigation and cleanup of suspected contamination at two former training areas

near the airport.

A memo sent to council members by Deputy Mayor Christie Baumel said the city

doesn’t yet have a clear sense of what testing and planning will occur next year.

“That scope of work will be informed by the findings of the initial testing as well as any

further requests from the DNR based on the test results,” Baumel wrote. “Nonetheless,

we would like to be prepared to act.”

 Wisconsin health officials recommend groundwater caps for 22 contaminants;
list includes pesticides, PFAS

The amendment, sponsored by council members Syed Abbas, Grant Foster and

Marsha Rummel, is one of a dozen up for consideration Tuesday that together

would add about $870,000 to the $349 million budget approved by the finance

committee.

PFAS, a group of largely unregulated synthetic compounds found in firefighting foam

and other products, has been shown to increase the risk of cancer and other ailments.

The compounds have been found in drinking water, groundwater, surface water, soil,

sediments, air, fish and wildlife, and have been detected in all of Madison’s

municipal wells.

The state Department of Natural Resources first notified the city, county and military

in June 2018 about potential PFAS contamination at a former testing site near

International Lane and Darwin Road. The agency requested that the three parties

conduct soil, groundwater and surface water testing that summer to determine the

extent of PFAS contamination and any potential remediation plans.
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In October 2019, after high levels of PFAS were found in Starkweather Creek,

the DNR sent another letter to the city, county and National Guard notifying them that

all were legally responsible for contamination at two “burn pits” where

firefighters had trained with PFAS foams.

The mayor responded the next day with a news release calling on the Air National

Guard to address contamination at Truax Field but made no mention of the burn

pit investigation. City leaders told the DNR they did not believe the city should be

responsible for contamination at either site.

But the DNR maintains that the city provided firefighting services for Truax Field and

owned the Darwin Road site until 1974, when the federal government required the use

of PFAS foams at military bases.

“We are still investigating what our proportion of total responsibility may be,” said

Hannah Mohelnitzky, public information officer for the city’s engineering division.

“Which includes researching the total number of users of those sites and when we

started using PFAS-containing firefighting foams.”
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Dane County officials last year requested $200,000 to address PFAS

contamination at the airport. Results from the county’s first round of testing are

expected to be delivered to the DNR in the coming weeks.

Environmental contamination concerns taint Oscar Mayer redevelopment plan

The DNR is monitoring more than 40 PFAS contamination sites around the state,

most of which the agency says can be traced to firefighting foam. Several contaminated

sites at the Dane County Regional Airport have been linked to training areas used for

decades by the Wisconsin Air National Guard and local fire departments.
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Chris Hubbuch | Wisconsin State Journal
Covers energy and the environment for the Wisconsin State Journal. Rhymes with Lubbock. Contact him
at 608-252-6146.

Beautiful and resilient: blu� country landscapes key for species survival as planet warms
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TRUAX FIELD | ENVIRONMENTAL CONCERNS

DNR says Air Force F-35 study didn't address PFAS contamination
at Truax

Chris Hubbuch | Wisconsin State Journal
Nov 1, 2019

W isconsin environmental regulators say the Air Force has not accounted for all

the environmental impacts of stationing a squadron of F-35 jets in Madison,

which they contend will require a yet-unfunded investigation of existing pollution.

In a letter Wednesday, the Department of Natural Resources said the military’s draft

environmental impact statement fails to address contamination of hazardous

chemicals known as PFAS, which are used in firefighting foam and have been found at

high levels throughout Truax Field.

The DNR also raises concerns about the impact of noise on wildlife and public lands,

specifically the 2,000-acre Cherokee Marsh, nearly half of which would be subject to

higher noise levels, according to the Air Force’s models.

While it mentions three construction projects near sites where PFAS have likely been

spilled, the 1,099-page environmental study does not discuss the probability of

widespread PFAS contamination or the need for a complete site investigation, which

F-35 opponents say jets have brought 'chaos' to Burlington, want more
answers from Air Force
Chris Hubbuch | Wisconsin State Journal

DNR says Air Force F-35 study didn't address PFAS contamination atSHARE THIS
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the DNR ordered in 2018.

The DNR said a 2018 preliminary investigation does not meet state requirements and

said the extent and nature of PFAS contamination has not been determined, although

results of the preliminary study indicate there is a likelihood of contamination “across

much of the installation.”

The Pentagon has identified Madison and Montgomery, Alabama, as the preferred

sites for two squadrons of F-35s as soon as 2023.

Report: Dane County airport stormwater contributing PFAS to
Starkweather Creek
Chris Hubbuch | Wisconsin State Journal

If selected, Truax would require up to $120 million in construction to prepare for the

new planes. Planning is already underway for $34 million worth of projects that could

start next year if the mission is granted.

The DNR said all planned construction projects will require a site investigation, and

the National Guard may need permits for any contaminated soil or water.

The agency’s comments echo those of the city, which argues the Guard can’t “safely

and legally” begin construction without a complete site investigation.

PFAS are a group of chemicals found in numerous products. Studies have shown two

of these compounds may increase people’s risk of cancer and affect cholesterol levels,

childhood behavior, the immune system and the ability to get pregnant.

The DNR in 2018 informed the 115th Fighter Wing, along with the Dane County

Regional Airport and the city of Madison, that they were responsible for possible PFAS

contamination at former firefighter training sites — known as burn pits — near the

base.

Madison mayor calls on National Guard to speed up Truax investigation
after PFAS found in Starkweather Creek

DNR says Air Force F-35 study didn't address PFAS contamination atSHARE THIS
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The 115th agreed to take the lead on the required investigation, which it said would be

done as part of a nationwide study of bases expected to be completed by September,

but Capt. Joe Trovato said the Pentagon has not provided funding or authorization for

the Wisconsin National Guard to conduct that investigation.

Chris Hubbuch | Wisconsin State Journal

Trovato said PFAS testing would be done in connection with any individual

construction project and remediation plans developed if necessary independent of a

comprehensive site investigation.

“The Wisconsin National Guard appreciates the Wisconsin DNR’s comments on the

draft EIS for the F-35 along with all comments from the community, legislators and

other stakeholders,” Trovato said, “so that the best decision can be made not only for

the Air Force, but for the surrounding communities as well.”

Friday is the deadline to submit comments on the 1,099-page EIS. A final decision

by the secretary of the Air Force is expected in February, 30 days after the final EIS is

released.

Chris Hubbuch | Wisconsin State Journal
Covers energy and the environment for the Wisconsin State Journal. Rhymes with Lubbock. Contact him
at 608-252-6146.
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ALERT

Chris Hubbuch | Wisconsin State Journal
Aug 17, 2021

M
Chris Hubbuch | Wisconsin State Journal

adison’s Lake Monona, contaminated with hazardous “forever chemicals,” is among 92 lakes,

rivers and streams added to Wisconsin’s list of polluted waters.

A sign near Monona Bay in Madison warns anglers to limit consumption of fish caught there. The Department of Natural Resources has
proposed to include Lake Monona on its list of impaired waters because it contains a "forever chemical" known as PFOS.

CHRIS HUBBUCH, STATE JOURNAL

Watch: DNR officials pledge action on water pollution

PFOS contamination lands Lake Monona on impaired waters list | Scien... https://madison.com/wsj/news/local/environment/pfos-contamination-lan...
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The state Department of Natural Resources on Monday released a proposed list of 743 “impaired” waters

that cannot support recreation or healthy plant and animal populations, and that contain fish that may be

unsafe to eat.

Wisconsin has about 15,000 lakes, 86,000 miles of streams and rivers, and 650 miles of Great Lakes

shoreline.

More than half the new listings are for waters with too much phosphorus, which can come from urban and

farm runoff and causes algae to grow faster than ecosystems can handle. About a third of the new

listings were for high levels of bacteria such as E. coli.

The DNR is proposing to drop 22 bodies of water from the list, which must be updated every two years to

comply with the federal Clean Water Act. The DNR is accepting comments on the proposed list

through Oct. 1.

Chris Hubbuch | Wisconsin State Journal

Waters on the list must have a restoration plan to improve habitat or recreation opportunities, or to make

their fish safe for consumption. The DNR says the majority of impaired waters can be used as long as

people are warned about water quality and fish that might not be safe to eat.

PFOS contamination lands Lake Monona on impaired waters list | Scien... https://madison.com/wsj/news/local/environment/pfos-contamination-lan...
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A water body can be listed for multiple contaminants.

Other Dane County additions to the list include Lake Mendota’s Gov. Nelson State Park beach, Lake

Monona’s Schluter beach and Wingra Creek, which were added because of E. coli.

High phosphorus levels resulted in the addition of Stewart Lake, Tiedeman’s Pond and new sections of Six

Mile and Mud creeks.

Starkweather Creek, already listed because of metals and chloride contamination and for having too much

sediment, will now also be listed because it's contaminated with E. coli and the "forever chemical" known

as PFOS.

Lake Monona and Starkweather Creek, along with the Biron and Petenwell flowages, are the state’s first

inland bodies of water making the list because of PFOS contamination. Sections of the Mississippi River

between Pepin and La Crosse counties were listed in 2008 for PFOS contamination.

Still, state officials have warned anglers to limit consumption of fish from all but two of the

Madison area's lakes — Wingra and Mendota — because of elevated concentrations of PFOS, a human-

made compound linked to cancer, high cholesterol and decreased immunity.

Chris Hubbuch | Wisconsin State Journal

Chris Hubbuch | Wisconsin State Journal

Lake Monona was already on the list for PCBs and phosphorus contamination.

The DNR is proposing to drop a PCB listing for Lake Mendota that’s been in place since 1998 and a

chloride listing for the Yahara River, which would remain listed for phosphorus.

Photos: See how Madison's lakes have changed since the 19th century

PFOS contamination lands Lake Monona on impaired waters list | Scien... https://madison.com/wsj/news/local/environment/pfos-contamination-lan...
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https://madison.com/ct/news/local/neighborhoods/plan-commission-halts-raemisch-farm-development-over-f35s-environmental-impacts
/article_254f3677-10c3-5296-8d57-71a658bf94f2.html

Nicholas Garton
Apr 15, 2021

Nicholas Garton

Sign up for the Morning Update email newsletter

Uncertainty around the future impact of the noise from F35 fighter jets based at Madison’s Truax Field led

to the city’s Plan Commission halting a major development proposal earlier this week.

An aerial photo shows the Raemisch Farm property on Madison's north side.

Plan Commission halts Raemisch Farm development over F35s, enviro... https://madison.com/ct/news/local/neighborhoods/plan-commission-halts...

1 of 3 8/17/2021, 3:00 PM
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The Plan Commission on Monday reviewed a proposal to rezone property at 4000-4150 Packers Ave. and

4201 N. Sherman Ave. in order to allow construction of 124 single family homes as well as a potential mix

of condominiums, apartment buildings, mixed-use buildings and commercial space called Raemisch Farm.

The Rifkin Group, a Madison-based company, has partnered with Quam Engineering from McFarland to

build the proposal on an area currently zoned for agriculture with non-residential marshy wetland, located

directly west of the Dane County Regional Airport and the Truax Field Air National Guard Base.

The applicants have appeared before the Plan Commission eight times since July 2020 and the proposal

also appeared before the City Council in October 2020. Each time, the proposal has been referred to a later

meeting and delayed. 

During Monday’s Plan Commission meeting, concerns were raised by opponents of the proposal who said

it would create a number of environmental issues by reducing the area’s woodland and natural area.

Residents living in the area said acres of marshy wetland and wooded areas are gathering places for rare

birds, ducks, geese and other animals. 

Additionally, the nature-heavy area provides opportunities and uses for outdoor learning for students of

Lake View Elementary School, which borders the proposed area. 

Last summer, the Northside Planning Council created a working group to help residents learn about the

proposal and discuss some of the issues involved or float ideas about what the proposal should include. But

on Monday night, residents representing the working group said that none of their concerns had been

addressed by the development team despite numerous meetings.

“Mr. Rifkin had listened to our concerns and he actually met with a small group of us several times. He

came to walk the school forest with our work group,” said Michelle Ellinger, who represented the working

group. “On April 1 of this year, we had our final meeting with Mr. Rifkin. … At this meeting the workgroup

expressed our concerns with the current plat design and at that time we learned that this plat would not be

changed at all. It was the exact same plat, so here we are. After a full year with knowledge of our work and

these issues, this plan remains unchanged.”

The impending and controversial arrival of F-35 fighter jets at Truax was also a major issue for

residents, members of the commission, and City Council members who went on record during the meeting.

During the meeting on Monday, commissioners asked city staff if it was possible to approve zoning

changes currently and then revisit the zoning of the proposed area years down the road when the impact of

the F-35s is more known. Ald. Syed Abbas, whose north side district includes the proposed development,

wondered about the unknown impact of the fighter jets on communities located near the airport.

City staff informed the commissioners that the zoning changes before them weren’t able to be changed at

the meeting.

Plan Commission halts Raemisch Farm development over F35s, enviro... https://madison.com/ct/news/local/neighborhoods/plan-commission-halts...
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As a result, Alds. Marsha Rummel and Patrick Heck, both of whom represent east side districts, made a

motion to place the proposal on file without prejudice.

“This proposal isn’t quite there,” Rummel said. “There are so many unanswered questions. We can’t make

serious changes later. While I think this is a good place to build new housing — single-family if we can, or

mixed-use or low residential/medium residential — I just have grave concerns about the plat on Packers

Avenue and what kind of quality can go there and until I have more information on that, I don’t really want

to approve this.”

Heck pointed to the issues of habitability once the F-35s are here. 

“For me it’s about the unknown impact of the F-35s and I liked what Ald. (Sayed) Abbas had to say about if

we have to wait five years to understand the impacts, that we can still minimize the chances that people are

going to be living in uninhabitable zones by potentially rethinking the eastern portion along Packers Ave.,”

Heck said.

The motion to deny the proposal passed unanimously. 

Nicholas Garton

Plan Commission halts Raemisch Farm development over F35s, enviro... https://madison.com/ct/news/local/neighborhoods/plan-commission-halts...
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https://madison.com/wsj/news/local/environment/dnr-orders-new-plan-to-stop-spread-of-pfas-at-madison-airport-after-experimental-
treatment/article_75265398-0636-5b66-b992-148ec1eba362.html

ALERT

POLLUTION | PFAS ‘FOREVER CHEMICALS’

Chris Hubbuch | Wisconsin State Journal
Jan 27, 2021

T
Chris Hubbuch | Wisconsin State Journal

he Department of Natural Resources says an experimental technology has failed to keep so-called

“forever chemicals” from the Madison airport out of Madison’s lakes and streams, but county

officials say they need more time to test it.

Signs installed in 2019 by Public Health Madison & Dane County caution against consuming water from Starkweather Creek, which is
contaminated with hazardous chemicals known as PFAS.

CHRIS HUBBUCH, STATE JOURNAL

DNR orders new plan to stop spread of PFAS at Madison airport after ex... https://madison.com/wsj/news/local/environment/dnr-orders-new-plan-to...
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In May, after tests showed stormwater from the airport contained high levels of hazardous PFAS

compounds, Dane County announced plans to test a system of booms and “bioavailable absorbent media”

— also known as BAM — to treat water draining into Starkweather Creek.

In letters sent Thursday to city and county officials, the DNR said the treatment “has not proven to be

successful in reducing PFAS concentrations” in water from the outfall.

The DNR has given the city and county until April 16 to come up with a new plan to keep PFAS from

leaving the property.

Airport spokesman Michael Riechers provided a written statement saying “comprehensive results are not

yet available,” for the project, but preliminary results are “promising.”

“However, as the process continues to be reengineered and refined, additional testing is required to

determine its scalability and effectiveness in this particular environment,” Riechers said. “The cleanup

technology being tested is working on other sites and may be a feasible solution at the airport.”

Riechers said the county and its partners continue to assess the feasibility of using the technology for

interim mitigation and long-term remediation and have yet to spend all of the $15,760 set aside for the

BAM treatment.

“This is a results-driven process and the technology is continually being refined to deliver more consistent

results,” Riechers said. “As such, there isn’t a specific date by which we can confidently say results will be

finalized.”

Little is known about the experimental treatment which, according to the manufacturer, Orin

Technologies, uses a honeycomb-type substance made mostly of carbon and derived from “a proprietary

blend of organic materials” to soak up and eliminate biodegradable compounds. The county hasn’t clarified

how the technology works with PFAS, which don’t break down naturally.

Watch now: Midwest governors encourage residents to plan for vaccination

DNR orders new plan to stop spread of PFAS at Madison airport after ex... https://madison.com/wsj/news/local/environment/dnr-orders-new-plan-to...
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Governors and lieutenant governors from Illinois, Wisconsin, Indiana, Michigan, Kentucky, Minnesota and Ohio are encouraging residents
to make a plan for how they can get the coronavirus vaccine once they become eligible.

No results have been posted to the DNR’s online spills database.

Christine Haag, director of the DNR’s remediation and redevelopment program, said the DNR’s

assessment of the technology was based on conversations with airport staff who are carrying out the tests.

“None of the data from the BAM technology has been submitted to DNR,” Haag said.

Madison city council member Syed Abbas, whose district includes neighborhoods around the airport, said

the county has not provided the council with information either.

“We did not receive any information about how it is working, how much it costs,” Abbas said.

Dane County Supervisor Yogesh Chawla, who represents the district south of the airport where

Starkweather Creek empties into Lake Monona, said he also has not received information about the test.

State officials last year warned people to limit consumption of fish from Lake Monona because of

elevated levels of PFAS, which accumulates in the body and has been linked to cancer and other diseases.

Just last week the DNR reported that PFAS have been found in all five of Madison’s lakes — with

the highest levels found in those downstream from Starkweather Creek, which the agency said confirmed

suspicions that the airport is the primary source of contamination.

The DNR is now testing fish from each of the lakes.

DNR orders new plan to stop spread of PFAS at Madison airport after ex... https://madison.com/wsj/news/local/environment/dnr-orders-new-plan-to...
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PFAS have been found in groundwater beneath the airport and in stormwater draining into

Starkweather Creek at concentrations thousands of times higher than recommended health standards.

In June 2018, the DNR notified Dane County, the city of Madison and the Wisconsin Air National Guard

that they share responsibility for the contamination at sites used for firefighter training between the 1950s

and 1980s.

But so far the BAM pilot is the only cleanup effort undertaken, according to information posted to the

DNR’s spills database.

Dane County has budgeted $200,000 this year to address PFAS contamination at the airport, and has

agreed to pay engineering firm Mead and Hunt up to $800,000 for remediation. The city council last year

allocated $50,000 for PFAS “testing and planning” around the airport.

Chris Hubbuch | Wisconsin State Journal
Covers energy and the environment for the Wisconsin State Journal. Rhymes with Lubbock. Contact him at 608-252-6146.

Riechers

DNR orders new plan to stop spread of PFAS at Madison airport after ex... https://madison.com/wsj/news/local/environment/dnr-orders-new-plan-to...
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6/11/2021 Long road ahead for addressing PFAS contamination at Dane County airport | Local Government | madison.com
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https://madison.com/ct/news/local/govt-and-politics/long-road-ahead-for-addressing-pfas-contamination-at-
dane-county-airport/article_ef870b74-20d2-57ef-bad5-9231f3285075.html

ALERT

Long road ahead for addressing PFAS contamination at Dane
County airport

Abigail Becker | The Capital Times
Jun 4, 2021

Abigail Becker | The Capital Times

Sign up for the Morning Update email newsletter

A view of Starkweather Creek from Milwaukee Street in Madison photographed in 2019. Dane County is
working to improve storm water pipes that may be leaking or broken to address the movement of PFAS
compounds from the airport via Starkweather Creek. 

 

MICHELLE STOCKER
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It could be another two to four years before Dane County has enough information to

know how to address contamination at the airport caused by PFAS — a group of

manmade chemicals that can exist in the environment for possibly centuries.

For years, firefighting efforts at Dane County Regional Airport and Truax Field on

Madison's north side, which also houses the Wisconsin Air National Guard’s 115th

Fighter Wing, included using a substance that contained PFAS. The Federal Aviation

Administration continues to require using this substance, citing its effectiveness. In

2018, the Department of Natural Resources found PFAS contamination in soils and

groundwater underneath the guard’s base. 

Since then, Dane County, the city of Madison and the Wisconsin Air National Guard —

all named by the Wisconsin Department of Natural Resources in 2019 as responsible

for remediating contamination at the airport — have been dealing with the issue. 

“Although there aren’t quick answers here, it doesn't mean we’re not making

progress,” Dane County assistant corporation counsel Amy Tutwiler said at a County

Board committee of the whole meeting Thursday addressing PFAS remediation at the

airport. “We are all committed to solving this problem for the community.” 

It’s a tricky problem with the responsible parties working on various ongoing

solutions. 

Complicating the situation, the Air National Guard is moving forward with

construction of a 19,000-square-foot, state-of-the-art F-35 flight simulator facility

that requires demolishing a 4,600-square-foot facility on the base, disturbing the

contaminated soil. 

Also, the county’s agreement with the Air National Guard for firefighting expired,

which airport director Kim Jones said leaves the two “working under a handshake

agreement” to provide these services. 

Some question if the county can use this joint use agreement to force the Guard to

clean up PFAS before building new structures. But Jones said that’s not an option for

this type of agreement, which details responsibilities for the joint facilities and their
SR0494
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operations. 

“Its intent is to address the airfield joint use; it is not to address environmental issues,”

Jones said. 

The DNR is working with the Guard on how its construction project can move forward

and to regulate the management of contaminated soils through the project’s material

management plans. 

Col. Michael Hinman said 20% of the construction site contains PFAS, though the

levels are below the DNR’s recommendations for appropriate levels. Currently, the

Guard is looking to remediate the soil because the landfill won't accept it. The other

costly option would be to ship the soil to a facility in Oregon. 

“In the National Guard, we live in the community we serve and we share the

community’s concern about any possible impacts on drinking water sources,” Lt. Col.

Dan Statz, deputy commander of the 115th Mission Support Group, said.  

Statz said the Air National Guard has “no intention” of discontinuing firefighting

services at the airport. Also, he said the Guard plans to continue construction and soil

remediation as regulators allow. 

County Supervisor Yogesh Chawla, District 6, is concerned that more wells in the

Madison area could be affected by PFAS. The city of Madison shut down Well 15,

located near the airport, in March 2019 after discovering PFAS.  

Madison’s water utility recommended implementing conservation

measures to balance water supply on the east side and across the city given the

continued closure of this well. 

“We are already seeing real pressures on providing the drinking water that is needed

for our community,” Chawla said in an interview.

He asked Tutwiler to provide a legal opinion on how the county could regulate activity

at the airport using its storm water ordinances. 
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“The county needs to explore any and all authority that we have to keep our drinking

water supply safe,” Chawla said. "To date, it has been disappointing that our elected

officials haven’t taken these concerns more seriously.”   

[Dane County leans in to remote work for environmental benefits]

Ongoing work 

Last September, the Air National Guard Readiness Center chose Truax Field to receive

a remedial investigation for PFAS. This effort, which is coordinated by the U.S. Army

Corps of Engineers, involves collecting data to determine the extent of contamination

and assess risk to human health and the environment.  

This two- to four-year effort is the third step in a federal process established by

the Comprehensive Environmental Response, Compensation, and Liability Act

(CERCLA)— also known as Superfund — that oversees the cleanup of hazardous

materials.

“That’s a huge milestone in the CERCLA process,” Statz said.  

Next up: a feasibility study that will develop and evaluate possible remedies. This

could take another four years, according to the guard. 

While the remedial investigation will address former fire training areas on Darwin

Road and Pearson Street, the DNR approved interim actions to reduce the movement

of PFAS compounds from the airport via Starkweather Creek. 

These actions include studying samples of Starkweather Creek to better understand

the distribution and concentration of PFAS in the creek in areas within and just

downstream of the airport boundary. Also, Dane County is working to improve storm

water pipes that may be leaking or broken. 

“The goal is to grout and basically tighten where contamination at highest levels is

coming in, so we can prevent groundwater from infiltrating the system,” Tutwiler said,

noting a goal of completing the work in the fall. 
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Dane County is also looking into technology that could potentially remove PFAS

substances by capturing and containing them and working on reducing the discharge

of PFAS coming from the storm water system into Starkweather Creek.

Tutwiler told the County Board there’s many reasons to have confidence the situation

is being handled effectively, professionally and transparently. 

“We’re not dealing with a situation that is out of control,” Tutwiler said. “But it does

take time.” 

To date, a public town hall on airport remediation that was delayed by the pandemic

has not been rescheduled. Jones said she hopes to hold it before September. More

information can be found on the airport’s website. 

This story has been updated to reflect that the Federal Aviation Administration

mandates that airports use a firefighting agent containing PFAS.

Share your opinion on this topic by sending a letter to the editor to tctvoice@madison.com. Include your full
name, hometown and phone number. Your name and town will be published. The phone number is for verification
purposes only. Please keep your letter to 250 words or less.

Abigail Becker
Abigail Becker joined The Capital Times in 2016, where she primarily covers city and county government.
She previously worked for the Wisconsin Center for Investigative Journalism and the Wisconsin State
Journal. 

Abigail Becker | The Capital Times
Abigail Becker joined The Capital Times in 2016, where she primarily covers city and county government.
She previously worked for the Wisconsin Center for Investigative Journalism and the Wisconsin State
Journal.
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Introduction 
 

This Summary for Policymakers (SPM) presents key findings of the Working Group I (WGI) 

contribution to the IPCC’s Sixth Assessment Report (AR6)1 on the physical science basis of climate 

change. The report builds upon the 2013 Working Group I contribution to the IPCC’s Fifth 

Assessment Report (AR5) and the 2018–2019 IPCC Special Reports2 of the AR6 cycle and 

incorporates subsequent new evidence from climate science3. 

  

This SPM provides a high-level summary of the understanding of the current state of the climate, 

including how it is changing and the role of human influence, the state of knowledge about possible 

climate futures, climate information relevant to regions and sectors, and limiting human-induced 

climate change. 

  

Based on scientific understanding, key findings can be formulated as statements of fact or 

associated with an assessed level of confidence indicated using the IPCC calibrated language4. 

 

The scientific basis for each key finding is found in chapter sections of the main Report, and in the 

integrated synthesis presented in the Technical Summary (hereafter TS), and is indicated in curly 

brackets. The AR6 WGI Interactive Atlas facilitates exploration of these key synthesis findings, and 

supporting climate change information, across the WGI reference regions5. 

  

 
1 Decision IPCC/XLVI-2. 

2 The three Special reports are: Global warming of 1.5°C: an IPCC Special Report on the impacts of global warming of 1.5°C above 

pre-industrial levels and related global greenhouse gas emission pathways, in the context of strengthening the global response to the 

threat of climate change, sustainable development, and efforts to eradicate poverty (SR1.5); Climate Change and Land: an IPCC 

Special Report on climate change, desertification, land degradation, sustainable land management, food security, and greenhouse gas 

fluxes in terrestrial ecosystems (SRCCL); IPCC Special Report on the Ocean and Cryosphere in a Changing Climate (SROCC). 

3 The assessment covers scientific literature accepted for publication by 31 January 2021. 

4 Each finding is grounded in an evaluation of underlying evidence and agreement. A level of confidence is expressed using five 

qualifiers: very low, low, medium, high and very high, and typeset in italics, for example, medium confidence. The following terms 

have been used to indicate the assessed likelihood of an outcome or a result: virtually certain 99–100% probability, very likely 90–

100%, likely 66–100%, about as likely as not 33–66%, unlikely 0–33%, very unlikely 0–10%, exceptionally unlikely 0–1%. 

Additional terms (extremely likely 95–100%, more likely than not >50–100%, and extremely unlikely 0–5%) may also be used when 

appropriate. Assessed likelihood is typeset in italics, for example, very likely. This is consistent with AR5. In this Report, unless 

stated otherwise, square brackets [x to y] are used to provide the assessed very likely range, or 90% interval. 

5 The Interactive Atlas is available at https://interactive-atlas.ipcc.ch 
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A. The Current State of the Climate 
 

Since AR5, improvements in observationally based estimates and information from paleoclimate archives 

provide a comprehensive view of each component of the climate system and its changes to date. New climate 

model simulations, new analyses, and methods combining multiple lines of evidence lead to improved 

understanding of human influence on a wider range of climate variables, including weather and climate 

extremes. The time periods considered throughout this Section depend upon the availability of observational 

products, paleoclimate archives and peer-reviewed studies. 

 

 

A.1 It is unequivocal that human influence has warmed the atmosphere, ocean and land. 

Widespread and rapid changes in the atmosphere, ocean, cryosphere and biosphere 

have occurred.  

{2.2, 2.3, Cross-Chapter Box 2.3, 3.3, 3.4, 3.5, 3.6, 3.8, 5.2, 5.3, 6.4, 7.3, 8.3, 9.2, 9.3, 9.5, 

9.6, Cross-Chapter Box 9.1} (Figure SPM.1, Figure SPM.2)  

 

 

A.1.1 Observed increases in well-mixed greenhouse gas (GHG) concentrations since around 1750 are 

unequivocally caused by human activities. Since 2011 (measurements reported in AR5), concentrations have 

continued to increase in the atmosphere, reaching annual averages of 410 ppm for carbon dioxide (CO2), 

1866 ppb for methane (CH4), and 332 ppb for nitrous oxide (N2O) in 20196. Land and ocean have taken up a 

near-constant proportion (globally about 56% per year) of CO2 emissions from human activities over the past 

six decades, with regional differences (high confidence)7. {2.2, 5.2, 7.3, TS.2.2, Box TS.5} 

 
A.1.2 Each of the last four decades has been successively warmer than any decade that preceded it since 

1850. Global surface temperature8 in the first two decades of the 21st century (2001-2020) was 0.99 [0.84-

1.10] °C higher than 1850-19009. Global surface temperature was 1.09 [0.95 to 1.20] °C higher in 2011–

2020 than 1850–1900, with larger increases over land (1.59 [1.34 to 1.83] °C) than over the ocean (0.88 

[0.68 to 1.01] °C). The estimated increase in global surface temperature since AR5 is principally due to 

further warming since 2003–2012 (+0.19 [0.16 to 0.22] °C). Additionally, methodological advances and new 

datasets contributed approximately 0.1ºC to the updated estimate of warming in AR610. 

 

 
6 Other GHG concentrations in 2019 were: PFCs (109 ppt CF4 equivalent); SF6 (10 ppt); NF3 (2 ppt); HFCs (237 ppt HFC-134a 

equivalent); other Montreal Protocol gases (mainly CFCs, HCFCs, 1032 ppt CFC-12 equivalent). Increases from 2011 are 19 ppm 

for CO2, 63 ppb for CH4 and 8 ppb for N2O. 

7 Land and ocean are not substantial sinks for other GHGs. 

8 The term ‘global surface temperature’ is used in reference to both global mean surface temperature and global surface air 

temperature throughout this SPM. Changes in these quantities are assessed with high confidence to differ by at most 10% from one 

another, but conflicting lines of evidence lead to low confidence in the sign of any difference in long-term trend. {Cross-Section Box 

TS.1}  

9 The period 1850–1900 represents the earliest period of sufficiently globally complete observations to estimate global surface 

temperature and, consistent with AR5 and SR1.5, is used as an approximation for pre-industrial conditions.  

10 Since AR5, methodological advances and new datasets have provided a more complete spatial representation of changes in surface 

temperature, including in the Arctic. These and other improvements have additionally increased the estimate of global surface 

temperature change by approximately 0.1 ºC, but this increase does not represent additional physical warming since the AR5. 
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A.1.3 The likely range of total human-caused global surface temperature increase from 1850–1900 to 

2010–201911 is 0.8°C to 1.3°C, with a best estimate of 1.07°C. It is likely that well-mixed GHGs contributed 

a warming of 1.0°C to 2.0°C, other human drivers (principally aerosols) contributed a cooling of 0.0°C to 

0.8°C, natural drivers changed global surface temperature by –0.1°C to 0.1°C, and internal variability 

changed it by –0.2°C to 0.2°C. It is very likely that well-mixed GHGs were the main driver12 of tropospheric 

warming since 1979, and extremely likely that human-caused stratospheric ozone depletion was the main 

driver of cooling of the lower stratosphere between 1979 and the mid-1990s. 

{3.3, 6.4, 7.3, Cross-Section Box TS.1, TS.2.3} (Figure SPM.2) 

 
A.1.4 Globally averaged precipitation over land has likely increased since 1950, with a faster rate of 

increase since the 1980s (medium confidence). It is likely that human influence contributed to the pattern of 

observed precipitation changes since the mid-20th century, and extremely likely that human influence 

contributed to the pattern of observed changes in near-surface ocean salinity. Mid-latitude storm tracks have 

likely shifted poleward in both hemispheres since the 1980s, with marked seasonality in trends (medium 

confidence). For the Southern Hemisphere, human influence very likely contributed to the poleward shift of 

the closely related extratropical jet in austral summer. 

{2.3, 3.3, 8.3, 9.2, TS.2.3, TS.2.4, Box TS.6} 

 
A.1.5 Human influence is very likely the main driver of the global retreat of glaciers since the 1990s and 

the decrease in Arctic sea ice area between 1979–1988 and 2010–2019 (about 40% in September and about 

10% in March). There has been no significant trend in Antarctic sea ice area from 1979 to 2020 due to 

regionally opposing trends and large internal variability. Human influence very likely contributed to the 

decrease in Northern Hemisphere spring snow cover since 1950. It is very likely that human influence has 

contributed to the observed surface melting of the Greenland Ice Sheet over the past two decades, but there is 

only limited evidence, with medium agreement, of human influence on the Antarctic Ice Sheet mass loss. 

{2.3, 3.4, 8.3, 9.3, 9.5, TS.2.5} 

 
A.1.6 It is virtually certain that the global upper ocean (0–700 m) has warmed since the 1970s and 

extremely likely that human influence is the main driver. It is virtually certain that human-caused CO2 

emissions are the main driver of current global acidification of the surface open ocean. There is high 

confidence that oxygen levels have dropped in many upper ocean regions since the mid-20th century, and 

medium confidence that human influence contributed to this drop.  

{2.3, 3.5, 3.6, 5.3, 9.2, TS.2.4} 

 
A.1.7 Global mean sea level increased by 0.20 [0.15 to 0.25] m between 1901 and 2018. The average rate 

of sea level rise was 1.3 [0.6 to 2.1] mm yr–1 between 1901 and 1971, increasing to 1.9 [0.8 to 2.9] mm yr–1 

between 1971 and 2006, and further increasing to 3.7 [3.2 to 4.2] mm yr–1 between 2006 and 2018 (high 

confidence). Human influence was very likely the main driver of these increases since at least 1971.  

{2.3, 3.5, 9.6, Cross-Chapter Box 9.1, Box TS.4} 

 
A.1.8 Changes in the land biosphere since 1970 are consistent with global warming: climate zones have 

shifted poleward in both hemispheres, and the growing season has on average lengthened by up to two days 

per decade since the 1950s in the Northern Hemisphere extratropics (high confidence). 

{2.3, TS.2.6} 

 

 

 

 

 
11 The period distinction with A.1.2 arises because the attribution studies consider this slightly earlier period. The observed warming 

to 2010–2019 is 1.06 [0.88 to 1.21] °C. 

12 Throughout this SPM, ‘main driver’ means responsible for more than 50% of the change. 
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Human influence has warmed the climate at a rate that is unprecedented
in at least the last 2000 years

Changes in global surface temperature relative to 1850-1900
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b) Change in global surface temperature (annual average) as observed and 
simulated using human & natural and only natural factors (both 1850-2020)

a) Change in global surface temperature (decadal average)
as reconstructed (1-2000) and observed (1850-2020)
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Panel a): Changes in global surface temperature reconstructed from paleoclimate archives (solid grey line, 
1–2000) and from direct observations (solid black line, 1850–2020), both relative to 1850–1900 and decadally 
averaged. The vertical bar on the left shows the estimated temperature (very likely range) during the warmest 
multi-century period in at least the last 100,000 years, which occurred around 6500 years ago during the current 
interglacial period (Holocene). The Last Interglacial, around 125,000 years ago, is the next most recent candidate 
for a period of higher temperature. These past warm periods were caused by slow (multi-millennial) orbital 
variations. The grey shading with white diagonal lines shows the very likely ranges for the temperature 
reconstructions. 
Panel b): Changes in global surface temperature over the past 170 years (black line) relative to 1850–1900 
and annually averaged, compared to CMIP6 climate model simulations (see Box SPM.1) of the temperature 
response to both human and natural drivers (brown), and to only natural drivers (solar and volcanic activity, green). 
Solid coloured lines show the multi-model average, and coloured shades show the very likely range of simulations. 
(see Figure SPM.2 for the assessed contributions to warming). 
{2.3.1, 3.3, Cross-Chapter Box 2.3, Cross-Section Box TS.1, Figure 1a, TS.2.2}

Figure SPM.1:    History of global temperature change and causes of recent warming.
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Observed warming is driven by emissions from human activities, with 
greenhouse gas warming partly masked by aerosol cooling
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b) Aggregated contributions to 
2010-2019 warming relative to 
1850-1900, assessed from 
attribution studies 

a) Observed warming
2010-2019 relative to 
1850-1900 

Contributions to warming based on two complementary approachesObserved warming
c) Contributions to 2010-2019 
warming relative to 1850-1900, 
assessed from radiative
forcing studies

Panel a): Observed global warming (increase in global surface temperature) and its very likely range {3.3.1, 
Cross-Chapter Box 2.3}.
Panel b): Evidence from attribution studies, which synthesize information from climate models and 
observations. The panel shows temperature change attributed to total human influence, changes in well-mixed 
greenhouse gas concentrations, other human drivers due to aerosols, ozone and land-use change (land-use 
reflectance), solar and volcanic drivers, and internal climate variability. Whiskers show likely ranges {3.3.1}. 
Panel c): Evidence from the assessment of radiative forcing and climate sensitivity. The panel shows 
temperature changes from individual components of human influence, including emissions of greenhouse gases, 
aerosols and their precursors; land-use changes (land-use reflectance and irrigation); and aviation contrails. 
Whiskers show very likely ranges. Estimates account for both direct emissions into the atmosphere and their effect, 
if any, on other climate drivers. For aerosols, both direct (through radiation) and indirect (through interactions with 
clouds) effects are considered.{6.4.2, 7.3}

Figure SPM.2:    Assessed contributions to observed warming in 2010–2019 relative to 1850–1900.  
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A.2 The scale of recent changes across the climate system as a whole and the present state of 

many aspects of the climate system are unprecedented over many centuries to many 

thousands of years. 

{Cross-Chapter Box 2.1, 2.2, 2.3, 5.1} (Figure SPM.1) 

 

 

A.2.1 In 2019, atmospheric CO2 concentrations were higher than at any time in at least 2 million years 

(high confidence), and concentrations of CH4 and N2O were higher than at any time in at least 800,000 years 

(very high confidence). Since 1750, increases in CO2 (47%) and CH4 (156%) concentrations far exceed, and 

increases in N2O (23%) are similar to, the natural multi-millennial changes between glacial and interglacial 

periods over at least the past 800,000 years (very high confidence). 

{2.2, 5.1, TS.2.2} 

 

A.2.2 Global surface temperature has increased faster since 1970 than in any other 50-year period over at 

least the last 2000 years (high confidence). Temperatures during the most recent decade (2011–2020) exceed 

those of the most recent multi-century warm period, around 6500 years ago13 [0.2°C to 1°C relative to 1850–

1900] (medium confidence). Prior to that, the next most recent warm period was about 125,000 years ago 

when the multi-century temperature [0.5°C to 1.5°C relative to 1850–1900] overlaps the observations of the 

most recent decade (medium confidence). 

{Cross-Chapter Box 2.1, 2.3, Cross-Section Box TS.1} (Figure SPM.1) 

 

A.2.3 In 2011–2020, annual average Arctic sea ice area reached its lowest level since at least 1850 (high 

confidence). Late summer Arctic sea ice area was smaller than at any time in at least the past 1000 years 

(medium confidence). The global nature of glacier retreat, with almost all of the world’s glaciers retreating 

synchronously, since the 1950s is unprecedented in at least the last 2000 years (medium confidence). 

{2.3, TS.2.5} 

 

A.2.4 Global mean sea level has risen faster since 1900 than over any preceding century in at least the last 

3000 years (high confidence). The global ocean has warmed faster over the past century than since the end of 

the last deglacial transition (around 11,000 years ago) (medium confidence). A long-term increase in surface 

open ocean pH occurred over the past 50 million years (high confidence), and surface open ocean pH as low 

as recent decades is unusual in the last 2 million years (medium confidence). 

{2.3, TS.2.4, Box TS.4} 

 

  

 
13 As stated in section B.1, even under the very low emissions scenario SSP1-1.9, temperatures are assessed to remain elevated above 

those of the most recent decade until at least 2100 and therefore warmer than the century-scale period 6500 years ago. 
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A.3 Human-induced climate change is already affecting many weather and climate extremes 

in every region across the globe. Evidence of observed changes in extremes such as 

heatwaves, heavy precipitation, droughts, and tropical cyclones, and, in particular, their 

attribution to human influence, has strengthened since AR5. 

{2.3, 3.3, 8.2, 8.3, 8.4, 8.5, 8.6, Box 8.1, Box 8.2, Box 9.2, 10.6, 11.2, 11.3, 11.4, 11.6, 11.7, 

11.8, 11.9, 12.3} (Figure SPM.3) 

 

 

A.3.1 It is virtually certain that hot extremes (including heatwaves) have become more frequent and more 

intense across most land regions since the 1950s, while cold extremes (including cold waves) have become 

less frequent and less severe, with high confidence that human-induced climate change is the main driver14 of 

these changes. Some recent hot extremes observed over the past decade would have been extremely unlikely 

to occur without human influence on the climate system. Marine heatwaves have approximately doubled in 

frequency since the 1980s (high confidence), and human influence has very likely contributed to most of 

them since at least 2006.  

{Box 9.2, 11.2, 11.3, 11.9, TS.2.4, TS.2.6, Box TS.10} (Figure SPM.3) 

  
A.3.2 The frequency and intensity of heavy precipitation events have increased since the 1950s over most 

land area for which observational data are sufficient for trend analysis (high confidence), and human-induced 

climate change is likely the main driver. Human-induced climate change has contributed to increases in 

agricultural and ecological droughts15 in some regions due to increased land evapotranspiration16 (medium 

confidence).  

{8.2, 8.3, 11.4, 11.6, 11.9, TS.2.6, Box TS.10} (Figure SPM.3) 

 
A.3.3 Decreases in global land monsoon precipitation17 from the 1950s to the 1980s are partly attributed to 

human-caused Northern Hemisphere aerosol emissions, but increases since then have resulted from rising 

GHG concentrations and decadal to multi-decadal internal variability (medium confidence). Over South Asia, 

East Asia and West Africa increases in monsoon precipitation due to warming from GHG emissions were 

counteracted by decreases in monsoon precipitation due to cooling from human-caused aerosol emissions 

over the 20th century (high confidence). Increases in West African monsoon precipitation since the 1980s are 

partly due to the growing influence of GHGs and reductions in the cooling effect of human-caused aerosol 

emissions over Europe and North America (medium confidence). 

{2.3, 3.3, 8.2, 8.3, 8.4, 8.5, 8.6, Box 8.1, Box 8.2, 10.6, Box TS.13} 

 

 
14 Throughout this SPM, ‘main driver’ means responsible for more than 50% of the change.  

15 Agricultural and ecological drought (depending on the affected biome): a period with abnormal soil moisture deficit, which results 

from combined shortage of precipitation and excess evapotranspiration, and during the growing season impinges on crop production 

or ecosystem function in general. Observed changes in meteorological droughts (precipitation deficits) and hydrological droughts 

(streamflow deficits) are distinct from those in agricultural and ecological droughts and addressed in the underlying AR6 material 

(Chapter 11). 

16 The combined processes through which water is transferred to the atmosphere from open water and ice surfaces, bare soil, and 

vegetation that make up the Earth’s surface.  

17 The global monsoon is defined as the area in which the annual range (local summer minus local winter) of precipitation is greater 

than 2.5 mm day–1. Global land monsoon precipitation refers to the mean precipitation over land areas within the global monsoon.  
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A.3.4 It is likely that the global proportion of major (Category 3–5) tropical cyclone occurrence has 

increased over the last four decades, and the latitude where tropical cyclones in the western North Pacific 

reach their peak intensity has shifted northward; these changes cannot be explained by internal variability 

alone (medium confidence). There is low confidence in long-term (multi-decadal to centennial) trends in the 

frequency of all-category tropical cyclones. Event attribution studies and physical understanding indicate 

that human-induced climate change increases heavy precipitation associated with tropical cyclones (high 

confidence) but data limitations inhibit clear detection of past trends on the global scale.  

{8.2, 11.7, Box TS.10} 

  
A.3.5 Human influence has likely increased the chance of compound extreme events18 since the 1950s. 

This includes increases in the frequency of concurrent heatwaves and droughts on the global scale (high 

confidence); fire weather in some regions of all inhabited continents (medium confidence); and compound 

flooding in some locations (medium confidence). {11.6, 11.7, 11.8, 12.3, 12.4, TS.2.6, Table TS.5, Box 

TS.10} 

  

 
18 Compound extreme events are the combination of multiple drivers and/or hazards that contribute to societal or environmental risk. 

Examples are concurrent heatwaves and droughts, compound flooding (e.g., a storm surge in combination with extreme rainfall 

and/or river flow), compound fire weather conditions (i.e., a combination of hot, dry, and windy conditions), or concurrent extremes 

at different locations. 
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Climate change is already affecting every inhabited region across the globe 
with human influence contributing to many observed changes in weather 
and climate extremes
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c) Synthesis of assessment of observed change in agricultural and ecological drought
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Figure SPM.3: Synthesis of assessed observed and attributable regional changes.  

 

The IPCC AR6 WGI inhabited regions are displayed as hexagons with identical size in their approximate 

geographical location (see legend for regional acronyms). All assessments are made for each region as a whole and 

for the 1950s to the present. Assessments made on different time scales or more local spatial scales might differ 

from what is shown in the figure. The colours in each panel represent the four outcomes of the assessment on 

observed changes. White and light grey striped hexagons are used where there is low agreement in the type of 

change for the region as a whole, and grey hexagons are used when there is limited data and/or literature that 

prevents an assessment of the region as a whole. Other colours indicate at least medium confidence in the observed 

change. The confidence level for the human influence on these observed changes is based on assessing trend 

detection and attribution and event attribution literature, and it is indicated by the number of dots: three dots for 

high confidence, two dots for medium confidence and one dot for low confidence (filled: limited agreement; empty: 

limited evidence).  

 

Panel a) For hot extremes, the evidence is mostly drawn from changes in metrics based on daily maximum 

temperatures; regional studies using other indices (heatwave duration, frequency and intensity) are used in addition. 

Red hexagons indicate regions where there is at least medium confidence in an observed increase in hot extremes.  

 

Panel b) For heavy precipitation, the evidence is mostly drawn from changes in indices based on one-day or five-

day precipitation amounts using global and regional studies. Green hexagons indicate regions where there is at least 

medium confidence in an observed increase in heavy precipitation.  

 

Panel c) Agricultural and ecological droughts are assessed based on observed and simulated changes in total 

column soil moisture, complemented by evidence on changes in surface soil moisture, water balance (precipitation 

minus evapotranspiration) and indices driven by precipitation and atmospheric evaporative demand. Yellow 

hexagons indicate regions where there is at least medium confidence in an observed increase in this type of drought 

and green hexagons indicate regions where there is at least medium confidence in an observed decrease in 

agricultural and ecological drought.  

 

For all regions, table TS.5 shows a broader range of observed changes besides the ones shown in this figure.  Note 

that SSA is the only region that does not display observed changes in the metrics shown in this figure, but is 

affected by observed increases in mean temperature, decreases in frost, and increases in marine heatwaves. 

 

{11.9, Table TS.5, Box TS.10, Figure 1, Atlas 1.3.3, Figure Atlas.2} 

 

 

 

A.4 Improved knowledge of climate processes, paleoclimate evidence and the response of the 

climate system to increasing radiative forcing gives a best estimate of equilibrium 

climate sensitivity of 3°C with a narrower range compared to AR5. 

{2.2, 7.3, 7.4, 7.5, Box 7.2, Cross-Chapter Box 9.1, 9.4, 9.5, 9.6} 

 

A.4.1 Human-caused radiative forcing of 2.72 [1.96 to 3.48] W m–2 in 2019 relative to 1750 has warmed 

the climate system. This warming is mainly due to increased GHG concentrations, partly reduced by cooling 

due to increased aerosol concentrations. The radiative forcing has increased by 0.43 W m–2 (19%) relative to 

AR5, of which 0.34 W m–2 is due to the increase in GHG concentrations since 2011. The remainder is due to 

improved scientific understanding and changes in the assessment of aerosol forcing, which include decreases 

in concentration and improvement in its calculation (high confidence).  

{2.2, 7.3, TS.2.2, TS.3.1}  
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A.4.2 Human-caused net positive radiative forcing causes an accumulation of additional energy (heating) 

in the climate system, partly reduced by increased energy loss to space in response to surface warming. The 

observed average rate of heating of the climate system increased from 0.50 [0.32 to 0.69] W m–2 for the 

period 1971–200619, to 0.79 [0.52 to 1.06] W m–2 for the period 2006–201820 (high confidence). Ocean 

warming accounted for 91% of the heating in the climate system, with land warming, ice loss and 

atmospheric warming accounting for about 5%, 3% and 1%, respectively (high confidence). 

{7.2, Box 7.2, TS.3.1} 

 

A.4.3 Heating of the climate system has caused global mean sea level rise through ice loss on land and 

thermal expansion from ocean warming. Thermal expansion explained 50% of sea level rise during 1971–

2018, while ice loss from glaciers contributed 22%, ice sheets 20% and changes in land water storage 8%. 

The rate of ice sheet loss increased by a factor of four between 1992–1999 and 2010–2019. Together, ice 

sheet and glacier mass loss were the dominant contributors to global mean sea level rise during 2006-2018. 

(high confidence)  

{Cross-Chapter Box 9.1, 9.4, 9.5, 9.6}  

 

A.4.4 The equilibrium climate sensitivity is an important quantity used to estimate how the climate 

responds to radiative forcing. Based on multiple lines of evidence21, the very likely range of equilibrium 

climate sensitivity is between 2°C (high confidence) and 5°C (medium confidence). The AR6 assessed best 

estimate is 3°C with a likely range of 2.5°C to 4°C (high confidence), compared to 1.5°C to 4.5°C in AR5, 

which did not provide a best estimate. 

{7.4, 7.5, TS.3.2}  

 

  

 
19 cumulative energy increase of 282 [177 to 387] ZJ over 1971–2006 (1 ZJ = 1021 J). 

20 cumulative energy increase of 152 [100 to 205] ZJ over 2006–2018. 

21 Understanding of climate processes, the instrumental record, paleoclimates and model-based emergent constraints (see glossary).  
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B. Possible Climate Futures 
 

A set of five new illustrative emissions scenarios is considered consistently across this report to explore the 

climate response to a broader range of greenhouse gas (GHG), land use and air pollutant futures than 

assessed in AR5. This set of scenarios drives climate model projections of changes in the climate system. 

These projections account for solar activity and background forcing from volcanoes. Results over the 21st 

century are provided for the near-term (2021–2040), mid-term (2041–2060) and long-term (2081–2100) 

relative to 1850–1900, unless otherwise stated. 

 

Box SPM.1: Scenarios, Climate Models and Projections 
 

Box SPM.1.1: This report assesses the climate response to five illustrative scenarios that cover the range of 

possible future development of anthropogenic drivers of climate change found in the literature. They start in 

2015, and include scenarios22 with high and very high GHG emissions (SSP3-7.0 and SSP5-8.5) and CO2 

emissions that roughly double from current levels by 2100 and 2050, respectively, scenarios with 

intermediate GHG emissions (SSP2-4.5) and CO2 emissions remaining around current levels until the middle 

of the century, and scenarios with very low and low GHG emissions and CO2 emissions declining to net zero 

around or after 2050, followed by varying levels of net negative CO2 emissions23 (SSP1-1.9 and SSP1-2.6) 

as illustrated in Figure SPM.4. Emissions vary between scenarios depending on socio-economic 

assumptions, levels of climate change mitigation and, for aerosols and non-methane ozone precursors, air 

pollution controls. Alternative assumptions may result in similar emissions and climate responses, but the 

socio-economic assumptions and the feasibility or likelihood of individual scenarios is not part of the 

assessment. 

{TS.1.3, 1.6, Cross-Chapter Box 1.4} (Figure SPM.4)  

 

Box SPM.1.2: This report assesses results from climate models participating in the Coupled Model 

Intercomparison Project Phase 6 (CMIP6) of the World Climate Research Programme. These models include 

new and better representation of physical, chemical and biological processes, as well as higher resolution, 

compared to climate models considered in previous IPCC assessment reports. This has improved the 

simulation of the recent mean state of most large-scale indicators of climate change and many other aspects 

across the climate system. Some differences from observations remain, for example in regional precipitation 

patterns. The CMIP6 historical simulations assessed in this report have an ensemble mean global surface 

temperature change within 0.2°C of the observations over most of the historical period, and observed 

warming is within the very likely range of the CMIP6 ensemble. However, some CMIP6 models simulate a 

warming that is either above or below the assessed very likely range of observed warming.  

{1.5, Cross-Chapter Box 2.2, 3.3, 3.8, TS.1.2, Cross-Section Box TS.1} (Figure SPM.1 b, Figure SPM.2) 

 

Box SPM.1.3: The CMIP6 models considered in this Report have a wider range of climate sensitivity than 

in CMIP5 models and the AR6 assessed very likely range, which is based on multiple lines of evidence. 

These CMIP6 models also show a higher average climate sensitivity than CMIP5 and the AR6 assessed best 

estimate. The higher CMIP6 climate sensitivity values compared to CMIP5 can be traced to an amplifying 

cloud feedback that is larger in CMIP6 by about 20%.  

{Box 7.1, 7.3, 7.4, 7.5, TS.3.2} 

 

Box SPM.1.4: For the first time in an IPCC report, assessed future changes in global surface temperature, 

ocean warming and sea level are constructed by combining multi-model projections with observational 

constraints based on past simulated warming, as well as the AR6 assessment of climate sensitivity. For other 

quantities, such robust methods do not yet exist to constrain the projections. Nevertheless, robust projected 

 
22 Throughout this report, the five illustrative scenarios are referred to as SSPx-y, where ‘SSPx’ refers to the Shared Socio-economic 

Pathway or ‘SSP’ describing the socio-economic trends underlying the scenario, and ‘y’ refers to the approximate level of radiative 

forcing (in W m–2) resulting from the scenario in the year 2100. A detailed comparison to scenarios used in earlier IPCC reports is 

provided in Section TS1.3 and 1.6 and 4.6. The SSPs that underlie the specific forcing scenarios used to drive climate models are not 

assessed by WGI. Rather, the SSPx-y labelling ensures traceability to the underlying literature in which specific forcing pathways are 

used as input to the climate models. IPCC is neutral with regard to the assumptions underlying the SSPs, which do not cover all 

possible scenarios. Alternative scenarios may be considered or developed.  

23 Net negative CO2 emissions are reached when anthropogenic removals of CO2 exceed anthropogenic emissions. {Glossary} 
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geographical patterns of many variables can be identified at a given level of global warming, common to all 
scenarios considered and independent of timing when the global warming level is reached. 
{1.6, Box 4.1, 4.3, 4.6, 7.5, 9.2, 9.6, Cross-Chapter Box 11.1, Cross-Section Box TS.1} 

Future emissions cause future additional warming, with total warming 
dominated by past and future CO₂ emissions

a) Future annual emissions of CO₂ (left) and of a subset of key non-CO₂ drivers (right), across five illustrative scenarios
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b) Contribution to global surface temperature increase from different emissions, with a dominant role of CO₂ emissions
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Figure SPM.4: Future anthropogenic emissions of key drivers of climate change and warming contributions by 
groups of drivers for the five illustrative scenarios used in this report. 
 
The five scenarios are SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5.  
 
Panel a) Annual anthropogenic (human-caused) emissions over the 2015–2100 period. Shown are emissions 
trajectories for carbon dioxide (CO2) from all sectors (GtCO2/yr) (left graph) and for a subset of three key non-
CO2 drivers considered in the scenarios: methane (CH4, MtCH4/yr, top-right graph), nitrous oxide (N2O, 
MtN2O/yr, middle-right graph) and sulfur dioxide (SO2, MtSO2/yr, bottom-right graph, contributing to 
anthropogenic aerosols in panel b). 
 
Panel b) Warming contributions by groups of anthropogenic drivers and by scenario are shown as change 
in global surface temperature (°C) in 2081–2100 relative to 1850–1900, with indication of the observed 
warming to date. Bars and whiskers represent median values and the very likely range, respectively. Within each 
scenario bar plot, the bars represent total global warming (°C; total bar) (see Table SPM.1) and warming 
contributions (°C) from changes in CO2 (CO2 bar), from non-CO2 greenhouse gases (non-CO2 GHGs bar; 
comprising well-mixed greenhouse gases and ozone) and net cooling from other anthropogenic drivers (aerosols 
and land-use bar; anthropogenic aerosols, changes in reflectance due to land-use and irrigation changes, and 
contrails from aviation; see Figure SPM.2, panel c, for the warming contributions to date for individual drivers). 
The best estimate for observed warming in 2010–2019 relative to 1850–1900 (see Figure SPM.2, panel a) is 
indicated in the darker column in the total bar. Warming contributions in panel b are calculated as explained in 
Table SPM.1 for the total bar. For the other bars the contribution by groups of drivers are calculated with a 
physical climate emulator of global surface temperature which relies on climate sensitivity and radiative forcing 
assessments.  
 
{Cross-Chapter Box 1.4, 4.6, Figure 4.35, 6.7, Figure 6.18, 6.22 and 6.24, Cross-Chapter Box 7.1, 7.3, Figure 
7.7, Box TS.7, Figures TS.4 and TS.15} 

 
 
 
B.1 Global surface temperature will continue to increase until at least the mid-century 

under all emissions scenarios considered. Global warming of 1.5°C and 2°C will be 
exceeded during the 21st century unless deep reductions in CO2 and other greenhouse 
gas emissions occur in the coming decades. 
{2.3, Cross-Chapter Box 2.3, Cross-Chapter Box 2.4, 4.3, 4.4, 4.5} (Figure SPM.1, Figure 
SPM.4, Figure SPM.8, Table SPM.1, Box SPM.1) 
 

 
B.1.1 Compared to 1850–1900, global surface temperature averaged over 2081–2100 is very likely to be 
higher by 1.0°C to 1.8°C under the very low GHG emissions scenario considered (SSP1-1.9), by 2.1°C to 
3.5°C in the intermediate scenario (SSP2-4.5) and by 3.3°C to 5.7°C under the very high GHG emissions 
scenario (SSP5-8.5)24. The last time global surface temperature was sustained at or above 2.5°C higher than 
1850–1900 was over 3 million years ago (medium confidence).  
{2.3, Cross-Chapter Box 2.4, 4.3, 4.5, Box TS.2, Box TS.4, Cross-Section Box TS.1} (Table SPM.1) 
 
 
Table SPM.1: Changes in global surface temperature, which are assessed based on multiple lines of evidence, for 

selected 20-year time periods and the five illustrative emissions scenarios considered. Temperature 
differences relative to the average global surface temperature of the period 1850–1900 are reported in 
°C. This includes the revised assessment of observed historical warming for the AR5 reference period 
1986–2005, which in AR6 is higher by 0.08 [–0.01 to 0.12] °C than in the AR5 (see footnote 10). 
Changes relative to the recent reference period 1995–2014 may be calculated approximately by 
subtracting 0.85°C, the best estimate of the observed warming from 1850–1900 to 1995–2014. 
{Cross-Chapter Box 2.3, 4.3, 4.4, Cross-Section Box TS.1} 

 
 

 
24 Changes in global surface temperature are reported as running 20-year averages, unless stated otherwise. 
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 Near term, 2021–2040 Mid-term, 2041–2060 Long term, 2081–2100 

Scenario Best estimate 
(°C) 

Very likely 
range (°C) 

Best estimate 
(°C) 

Very likely 
range (°C) 

Best estimate 
(°C) 

Very likely 
range (°C) 

SSP1-1.9 1.5 1.2 to 1.7 1.6 1.2 to 2.0 1.4 1.0 to 1.8 

SSP1-2.6 1.5 1.2 to 1.8 1.7 1.3 to 2.2 1.8 1.3 to 2.4 

SSP2-4.5 1.5 1.2 to 1.8 2.0 1.6 to 2.5 2.7 2.1 to 3.5 

SSP3-7.0 1.5 1.2 to 1.8 2.1 1.7 to 2.6 3.6 2.8 to 4.6 

SSP5-8.5 1.6 1.3 to 1.9 2.4 1.9 to 3.0 4.4 3.3 to 5.7 

 
 
 
B.1.2 Based on the assessment of multiple lines of evidence, global warming of 2°C, relative to 1850–
1900, would be exceeded during the 21st century under the high and very high GHG emissions scenarios 
considered in this report (SSP3-7.0 and SSP5-8.5, respectively). Global warming of 2°C would extremely 
likely be exceeded in the intermediate scenario (SSP2-4.5).  Under the very low and low GHG emissions 
scenarios, global warming of 2°C is extremely unlikely to be exceeded (SSP1-1.9), or unlikely to be exceeded 
(SSP1-2.6)25.  Crossing the 2°C global warming level in the mid-term period (2041–2060) is very likely to 
occur under the very high GHG emissions scenario (SSP5-8.5), likely to occur under the high GHG 
emissions scenario (SSP3-7.0), and more likely than not to occur in the intermediate GHG emissions 
scenario (SSP2-4.5)26. 
{4.3, Cross-Section Box TS.1} (Table SPM.1, Figure SPM.4, Box SPM.1) 
 
B.1.3 Global warming of 1.5°C relative to 1850-1900 would be exceeded during the 21st century under the 
intermediate, high and very high scenarios considered in this report (SSP2-4.5, SSP3-7.0 and SSP5-8.5, 
respectively). Under the five illustrative scenarios, in the near term (2021-2040), the 1.5°C global warming 
level is very likely to be exceeded under the very high GHG emissions scenario (SSP5-8.5), likely to be 
exceeded under the intermediate and high GHG emissions scenarios (SSP2-4.5 and SSP3-7.0), more likely 
than not to be exceeded under the low GHG emissions scenario (SSP1-2.6) and more likely than not to be 
reached under the very low GHG emissions scenario (SSP1-1.9)27. Furthermore, for the very low GHG 
emissions scenario (SSP1-1.9), it is more likely than not that global surface temperature would decline back 
to below 1.5°C toward the end of the 21st century, with a temporary overshoot of no more than 0.1°C above 
1.5°C global warming. 
{4.3, Cross-Section Box TS.1} (Table SPM.1, Figure SPM.4) 
 

 
25 SSP1-1.9 and SSP1-2.6 are scenarios that start in 2015 and have very low and low GHG emissions and CO2 emissions declining to 
net zero around or after 2050, followed by varying levels of net negative CO2 emissions. 
26 Crossing is defined here as having the assessed global surface temperature change, averaged over a 20-year period, exceed a 
particular global warming level. 
27 The AR6 assessment of when a given global warming level is first exceeded benefits from the consideration of the illustrative 
scenarios, the multiple lines of evidence entering the assessment of future global surface temperature response to radiative forcing, 
and the improved estimate of historical warming. The AR6 assessment is thus not directly comparable to the SR1.5 SPM, which 
reported likely reaching 1.5°C global warming between 2030 and 2052, from a simple linear extrapolation of warming rates of the 
recent past. When considering scenarios similar to SSP1-1.9 instead of linear extrapolation, the SR1.5 estimate of when 1.5°C global 
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B.1.4 Global surface temperature in any single year can vary above or below the long-term human-induced 
trend, due to substantial natural variability28. The occurrence of individual years with global surface 
temperature change above a certain level, for example 1.5°C or 2ºC, relative to 1850–1900 does not imply 
that this global warming level has been reached29.   
{Cross-Chapter Box 2.3, 4.3, 4.4, Box 4.1, Cross-Section Box TS.1} (Table SPM.1, Figure SPM.1, Figure 
SPM.8) 
 
 
B.2 Many changes in the climate system become larger in direct relation to increasing global 

warming. They include increases in the frequency and intensity of hot extremes, marine 
heatwaves, and heavy precipitation, agricultural and ecological droughts in some 
regions, and proportion of intense tropical cyclones, as well as reductions in Arctic sea 
ice, snow cover and permafrost. {4.3, 4.5, 4.6, 7.4, 8.2, 8.4, Box 8.2, 9.3, 9.5, Box 9.2, 11.1, 
11.2, 11.3, 11.4, 11.6, 11.7, 11.9, Cross-Chapter Box 11.1, 12.4, 12.5, Cross-Chapter Box 
12.1, Atlas.4, Atlas.5, Atlas.6, Atlas.7, Atlas.8, Atlas.9, Atlas.10, Atlas.11} (Figure SPM.5, 
Figure SPM.6, Figure SPM.8) 

 
 
B.2.1 It is virtually certain that the land surface will continue to warm more than the ocean surface (likely 
1.4 to 1.7 times more). It is virtually certain that the Arctic will continue to warm more than global surface 
temperature, with high confidence above two times the rate of global warming. 
{2.3, 4.3, 4.5, 4.6, 7.4, 11.1, 11.3, 11.9, 12.4, 12.5, Cross-Chapter Box 12.1, Atlas.4, Atlas.5, Atlas.6, 
Atlas.7, Atlas.8, Atlas.9, Atlas.10, Atlas.11, Cross-Section Box TS.1, TS.2.6} (Figure SPM.5) 
 
B.2.2 With every additional increment of global warming, changes in extremes continue to become larger. 
For example, every additional 0.5°C of global warming causes clearly discernible increases in the intensity 
and frequency of hot extremes, including heatwaves (very likely), and heavy precipitation (high confidence), 
as well as agricultural and ecological droughts30 in some regions (high confidence). Discernible changes in 
intensity and frequency of meteorological droughts, with more regions showing increases than decreases, are 
seen in some regions for every additional 0.5°C of global warming (medium confidence). Increases in 
frequency and intensity of hydrological droughts become larger with increasing global warming in some 
regions (medium confidence). There will be an increasing occurrence of some extreme events unprecedented 
in the observational record with additional global warming, even at 1.5°C of global warming. Projected 
percentage changes in frequency are higher for rarer events (high confidence). 
{8.2, 11.2, 11.3, 11.4, 11.6, 11.9, Cross-Chapter Box 11.1, Cross-Chapter Box 12.1, TS.2.6} (Figure 
SPM.5, Figure SPM.6) 
 

 
warming is first exceeded is close to the best estimate reported here. 
28 Natural variability refers to climatic fluctuations that occur without any human influence, that is, internal variability combined with 
the response to external natural factors such as volcanic eruptions, changes in solar activity and, on longer time scales, orbital effects 
and plate tectonics.  
29 The internal variability in any single year is estimated to be ± 0.25°C (5–95% range, high confidence). 
30 Projected changes in agricultural and ecological droughts are primarily assessed based on total column soil moisture. See footnote 
15 for definition and relation to precipitation and evapotranspiration. 
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B.2.3 Some mid-latitude and semi-arid regions, and the South American Monsoon region, are projected to 
see the highest increase in the temperature of the hottest days, at about 1.5 to 2 times the rate of global 
warming (high confidence). The Arctic is projected to experience the highest increase in the temperature of 
the coldest days, at about 3 times the rate of global warming (high confidence). With additional global 
warming, the frequency of marine heatwaves will continue to increase (high confidence), particularly in the 
tropical ocean and the Arctic (medium confidence). 
{Box 9.2, 11.1, 11.3, 11.9, Cross-Chapter Box 11.1, Cross-Chapter Box 12.1, 12.4, TS.2.4, TS.2.6} (Figure 
SPM.6) 
 
B.2.4 It is very likely that heavy precipitation events will intensify and become more frequent in most 
regions with additional global warming. At the global scale, extreme daily precipitation events are projected 
to intensify by about 7% for each 1°C of global warming (high confidence). The proportion of intense 
tropical cyclones (categories 4-5) and peak wind speeds of the most intense tropical cyclones are projected to 
increase at the global scale with increasing global warming (high confidence). 
{8.2, 11.4, 11.7, 11.9, Cross-Chapter Box 11.1, Box TS.6, TS.4.3.1} (Figure SPM.5, Figure SPM.6) 
 
B.2.5 Additional warming is projected to further amplify permafrost thawing, and loss of seasonal snow 
cover, of land ice and of Arctic sea ice (high confidence). The Arctic is likely to be practically sea ice free in 
September31 at least once before 2050 under the five illustrative scenarios considered in this report, with 
more frequent occurrences for higher warming levels. There is low confidence in the projected decrease of 
Antarctic sea ice. 
{4.3, 4.5, 7.4, 8.2, 8.4, Box 8.2, 9.3, 9.5, 12.4, Cross-Chapter Box 12.1, Atlas.5, Atlas.6, Atlas.8, Atlas.9, 
Atlas.11, TS.2.5} (Figure SPM.8) 
 
  

 
31 monthly average sea ice area of less than 1 million km2 which is about 15% of the average September sea ice area observed in 
1979-1988 
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With every increment of global warming, changes get larger 
in regional mean temperature, precipitation and soil moisture

a) Annual mean temperature change (°C)
at 1 °C global warming

b) Annual mean temperature change (°C)
relative to 1850-1900

Across warming levels, land areas warm more than oceans, and the Arctic 
and Antarctica warm more than the tropics.

Warming at 1 °C affects all continents and 
is generally larger over land than over the 
oceans in both observations and models. 
Across most regions, observed and 
simulated patterns are consistent.

Simulated change at 2 °C global warming Simulated change at 4 °C global warmingSimulated change at 1.5 °C global warming

Simulated change at 1 °C global warmingObserved change per 1 °C global warming

Change (°C)
Warmer

Panel a) Comparison of observed and simulated annual mean surface temperature change. The left map 
shows the observed changes in annual mean surface temperature in the period of 1850–2020 per °C of global 
warming (°C). The local (i.e., grid point) observed annual mean surface temperature changes are linearly regressed 
against the global surface temperature in the period 1850–2020. Observed temperature data are from Berkeley 
Earth, the dataset with the largest coverage and highest horizontal resolution. Linear regression is applied to all 
years for which data at the corresponding grid point is available. The regression method was used to take into 
account the complete observational time series and thereby reduce the role of internal variability at the grid point 
level. White indicates areas where time coverage was 100 years or less and thereby too short to calculate a reliable 
linear regression. The right map is based on model simulations and shows change in annual multi-model mean 
simulated temperatures at a global warming level of 1°C (20-year mean global surface temperature change relative 
to 1850–1900). The triangles at each end of the color bar indicate out-of-bound values, that is, values above or 
below the given limits. 
Panel b) Simulated annual mean temperature change (°C), panel c) precipitation change (%), and panel d)
total column soil moisture change (standard deviation of interannual variability) at global warming levels of
1.5°C, 2°C and 4°C (20-yr mean global surface temperature change relative to 1850–1900). Simulated changes
correspond to CMIP6 multi-model mean change (median change for soil moisture) at the corresponding global
warming level, i.e. the same method as for the right map in panel a).

Figure SPM.5:    Changes in annual mean surface temperature, precipitation, and soil moisture.
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c) Annual mean precipitation change (%)
relative to 1850-1900

Change (%)

d) Annual mean total column soil
moisture change (standard deviation)

-1.0 -0.5 0.5 1.0 1.50
Change (standard deviation

of interannual variability)

-1.5

Precipitation is projected to increase over high latitudes, the equatorial 
Pacific and parts of the monsoon regions, but decrease over parts of the 
subtropics and in limited areas of the tropics.

Relatively small absolute changes
may appear as large % changes in 
regions with dry baseline conditions

Relatively small absolute changes 
may appear large when expressed
in units of standard deviation in dry 
regions with little interannual 
variability in baseline conditions

Across warming levels, changes in soil moisture largely follow changes in 
precipitation but also show some differences due to the influence of 
evapotranspiration.

Simulated change at 2 °C global warming Simulated change at 4 °C global warmingSimulated change at 1.5 °C global warming

Simulated change at 2 °C global warming Simulated change at 4 °C global warmingSimulated change at 1.5 °C global warming

-40 -30 -20 -10 0 10 20 30 40

WetterDrier

WetterDrier

In panel c), high positive percentage changes in dry regions may correspond to small absolute changes. In panel 
d), the unit is the standard deviation of interannual variability in soil moisture during 1850–1900. Standard 
deviation is a widely used metric in characterizing drought severity. A projected reduction in mean soil moisture 
by one standard deviation corresponds to soil moisture conditions typical of droughts that occurred about once 
every six years during 1850–1900. In panel d), large changes in dry regions with little interannual variability in the 
baseline conditions can correspond to small absolute change. The triangles at each end of the color bars indicate 
out-of-bound values, that is, values above or below the given limits. Results from all models reaching the 
corresponding warming level in any of the five illustrative scenarios (SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0 and 
SSP5-8.5) are averaged. Maps of annual mean temperature and precipitation changes at a global warming level of 
3°C are available in Figure 4.31 and Figure 4.32 in Section 4.6.
Corresponding maps of panels b), c) and d) including hatching to indicate the level of model agreement at grid-cell 
level are found in Figures 4.31, 4.32 and 11.19, respectively; as highlighted in CC-box Atlas.1, grid-cell level 
hatching is not informative for larger spatial scales (e.g., over AR6 reference regions) where the aggregated signals 
are less affected by small-scale variability leading to an increase in robustness.
{TS.1.3.2, Figure TS.3, Figure TS.5, Figure 1.14, 4.6.1, Cross-Chapter Box 11.1, Cross-Chapter Box Atlas.1}
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Projected changes in extremes are larger in frequency and intensity with 
every additional increment of global warming

Frequency and increase in intensity of heavy 1-day 
precipitation event that occurred once in 10 years on 

average in a climate without human influence

Heavy precipitation over land

Frequency and increase in intensity of an agricultural and ecological 
drought event that occurred once in 10 years on average across 

drying regions in a climate without human influence
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Figure SPM.6: Projected changes in the intensity and frequency of hot temperature extremes over 

land, extreme precipitation over land, and agricultural and ecological droughts in drying regions. 
 
Projected changes are shown at global warming levels of 1°C, 1.5°C, 2°C, and 4°C and are relative to 1850-
19009 representing a climate without human influence. The figure depicts frequencies and increases in 
intensity of 10- or 50-year extreme events from the base period (1850-1900) under different global warming 
levels. 
Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on 
average once in a decade (10-year event) or once in 50 years (50-year event) during the 1850–1900 reference 
period. Extreme precipitation events are defined as the daily precipitation amount over land that was 
exceeded on average once in a decade during the 1850–1900 reference period. Agricultural and ecological 
drought events are defined as the annual average of total column soil moisture below the 10th percentile of 
the 1850–1900 base period. These extremes are defined on model grid box scale. For hot temperature 
extremes and extreme precipitation, results are shown for the global land. For agricultural and ecological 
drought, results are shown for drying regions only, which correspond to the AR6 regions in which there is at 
least medium confidence in a projected increase in agricultural/ecological drought at the 2°C warming level 
compared to the 1850–1900 base period in CMIP6. These regions include W. North-America, C. North-
America, N. Central-America, S. Central-America, Caribbean, N. South-America, N.E. South-America, 
South-American-Monsoon, S.W. South-America, S. South-America, West & Central-Europe, Mediterranean, 
W. Southern-Africa, E. Southern-Africa, Madagascar, E. Australia, S. Australia (Caribbean is not included in 
the calculation of the figure because of the too small number of full land grid cells). The non-drying regions 
do not show an overall increase or decrease in drought severity. Projections of changes in agricultural and 
ecological droughts in the CMIP5 multi-model ensemble differ from those in CMIP6 in some regions, 
including in part of Africa and Asia. Assessments on projected changes in meteorological and hydrological 
droughts are provided in Chapter 11. {11.6, 11.9} 
 
In the ‘frequency’ section, each year is represented by a dot. The dark dots indicate years in which the 
extreme threshold is exceeded, while light dots are years when the threshold is not exceeded. Values 
correspond to the medians (in bold) and their respective 5–95% range based on the multi-model ensemble 
from simulations of CMIP6 under different SSP scenarios. For consistency, the number of dark dots is based 
on the rounded-up median. In the ‘intensity’ section, medians and their 5–95% range, also based on the 
multi-model ensemble from simulations of CMIP6, are displayed as dark and light bars, respectively. 
Changes in the intensity of hot temperature extremes and extreme precipitations are expressed as degree 
Celsius and percentage. As for agricultural and ecological drought, intensity changes are expressed as 
fractions of standard deviation of annual soil moisture.  
 
{11.1, 11.3, 11.4, 11.6, Figure 11.12, Figure 11.15, Figure 11.6, Figure 11.7, Figure 11.18} 
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B.3 Continued global warming is projected to further intensify the global water cycle,

including its variability, global monsoon precipitation and the severity of wet and dry 

events. 

{4.3, 4.4, 4.5, 4.6, 8.2, 8.3, 8.4, 8.5, Box 8.2, 11.4, 11.6, 11.9, 12.4, Atlas.3} (Figure SPM.5, 

Figure SPM.6)  

B.3.1 There is strengthened evidence since AR5 that the global water cycle will continue to intensify as

global temperatures rise (high confidence), with precipitation and surface water flows projected to become

more variable over most land regions within seasons (high confidence) and from year to year (medium

confidence). The average annual global land precipitation is projected to increase by 0–5% under the very

low GHG emissions scenario (SSP1-1.9), 1.5-8% for the intermediate GHG emissions scenario (SSP2-4.5)

and 1–13% under the very high GHG emissions scenario (SSP5-8.5) by 2081–2100 relative to 1995-2014

(likely ranges). Precipitation is projected to increase over high latitudes, the equatorial Pacific and parts of

the monsoon regions, but decrease over parts of the subtropics and limited areas in the tropics in SSP2-4.5,

SSP3-7.0 and SSP5-8.5 (very likely). The portion of the global land experiencing detectable increases or

decreases in seasonal mean precipitation is projected to increase (medium confidence). There is high

confidence in an earlier onset of spring snowmelt, with higher peak flows at the expense of summer flows in

snow-dominated regions globally.

{4.3, 4.5, 4.6, 8.2, 8.4, Atlas.3, TS.2.6, Box TS.6, TS.4.3} (Figure SPM.5)

B.3.2 A warmer climate will intensify very wet and very dry weather and climate events and seasons, with

implications for flooding or drought (high confidence), but the location and frequency of these events depend

on projected changes in regional atmospheric circulation, including monsoons and mid-latitude storm tracks.

It is very likely that rainfall variability related to the El Niño–Southern Oscillation is projected to be

amplified by the second half of the 21st century in the SSP2-4.5, SSP3-7.0 and SSP5-8.5 scenarios.

{4.3, 4.5, 4.6, 8.2, 8.4, 8.5, 11.4, 11.6, 11.9, 12.4, TS.2.6, TS.4.2, Box TS.6} (Figure SPM.5, Figure

SPM.6)

B.3.3 Monsoon precipitation is projected to increase in the mid- to long term at global scale, particularly

over South and Southeast Asia, East Asia and West Africa apart from the far west Sahel (high confidence).

The monsoon season is projected to have a delayed onset over North and South America and West Africa

(high confidence) and a delayed retreat over West Africa (medium confidence).

{4.4, 4.5, 8.2, 8.3, 8.4, Box 8.2, Box TS.13}

B.3.4 A projected southward shift and intensification of Southern Hemisphere summer mid-latitude storm

tracks and associated precipitation is likely in the long term under high GHG emissions scenarios (SSP3-7.0,

SSP5-8.5), but in the near term the effect of stratospheric ozone recovery counteracts these changes (high

confidence). There is medium confidence in a continued poleward shift of storms and their precipitation in

the North Pacific, while there is low confidence in projected changes in the North Atlantic storm tracks.

{TS.4.2, 4.4, 4.5, 8.4, TS.2.3}

B.4 Under scenarios with increasing CO2 emissions, the ocean and land carbon sinks are

projected to be less effective at slowing the accumulation of CO2 in the atmosphere. 

{4.3, 5.2, 5.4, 5.5, 5.6} (Figure SPM.7)  

B.4.1 While natural land and ocean carbon sinks are projected to take up, in absolute terms, a

progressively larger amount of CO2 under higher compared to lower CO2 emissions scenarios, they become

less effective, that is, the proportion of emissions taken up by land and ocean decrease with increasing

cumulative CO2 emissions. This is projected to result in a higher proportion of emitted CO2 remaining in the

atmosphere (high confidence).

{5.2, 5.4, Box TS.5} (Figure SPM.7)
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B.4.2 Based on model projections, under the intermediate scenario that stabilizes atmospheric CO2

concentrations this century (SSP2-4.5), the rates of CO2 taken up by the land and oceans are projected to

decrease in the second half of the 21st century (high confidence). Under the very low and low GHG

emissions scenarios (SSP1-1.9, SSP1-2.6), where CO2 concentrations peak and decline during the 21st

century, land and oceans begin to take up less carbon in response to declining atmospheric CO2

concentrations (high confidence) and turn into a weak net source by 2100 under SSP1-1.9 (medium

confidence). It is very unlikely that the combined global land and ocean sink will turn into a source by 2100

under scenarios without net negative emissions32 (SSP2-4.5, SSP3-7.0, SSP5-8.5).

{4.3, 5.4, 5.5, 5.6, Box TS.5, TS.3.3}

B.4.3 The magnitude of feedbacks between climate change and the carbon cycle becomes larger but also

more uncertain in high CO2 emissions scenarios (very high confidence). However, climate model projections

show that the uncertainties in atmospheric CO2 concentrations by 2100 are dominated by the differences

between emissions scenarios (high confidence). Additional ecosystem responses to warming not yet fully

included in climate models, such as CO2 and CH4 fluxes from wetlands, permafrost thaw and wildfires,

would further increase concentrations of these gases in the atmosphere (high confidence).

{5.4, Box TS.5, TS.3.2}

32 These projected adjustments of carbon sinks to stabilization or decline of atmospheric CO2 are accounted for in calculations of 

remaining carbon budgets.  
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The proportion of CO₂ emissions taken up by land and ocean carbon sinks 
is smaller in scenarios with higher cumulative CO₂ emissions

Total cumulative CO₂ emissions taken up by land and oceans (colours) and remaining in the atmosphere (grey) 
under the five illustrative scenarios from 1850 to 2100

…meaning that the proportion
of CO₂ emissions taken up by
land and ocean carbon sinks
from the atmosphere
is smaller in scenarios
with higher CO₂ emissions.
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Figure SPM.7: Cumulative anthropogenic CO2 emissions taken up by land and ocean sinks by 2100 under
 the five illustrative scenarios. 

The cumulative anthropogenic (human-caused) carbon dioxide (CO2) emissions taken up by the land and ocean 
sinks under the five illustrative scenarios (SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5) are 
simulated from 1850 to 2100 by CMIP6 climate models in the concentration-driven simulations. Land and 
ocean carbon sinks respond to past, current and future emissions, therefore cumulative sinks from 1850 to 2100 
are presented here. During the historical period (1850-2019) the observed land and ocean sink took up 1430 
GtCO2 (59% of the emissions). 
The bar chart illustrates the projected amount of cumulative anthropogenic CO2 emissions (GtCO2) between 
1850 and 2100 remaining in the atmosphere (grey part) and taken up by the land and ocean (coloured part) in 
the year 2100. The doughnut chart illustrates the proportion of the cumulative anthropogenic CO2 emissions 
taken up by the land and ocean sinks and remaining in the atmosphere in the year 2100. Values in % indicate 
the proportion of the cumulative anthropogenic CO2 emissions taken up by the combined land and ocean sinks 
in the year 2100. The overall anthropogenic carbon emissions are calculated by adding the net global land use 
emissions from CMIP6 scenario database to the other sectoral emissions calculated from climate model runs 
with prescribed CO2 concentrations33. Land and ocean CO2 uptake since 1850 is calculated from the net biome 
productivity on land, corrected for CO2 losses due to land-use change by adding the land-use change 
emissions, and net ocean CO2 flux.  
{Box TS.5, Box TS.5, Figure 1, 5.2.1, Table 5.1, 5.4.5, Figure 5.25}

33 The other sectoral emissions are calculated as the residual of the net land and ocean CO2 uptake and the prescribed atmospheric 
CO2 concentration changes in the CMIP6 simulations. These calculated emissions are net emissions and do not separate gross 
anthropogenic emissions from removals, which are included implicitly.
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B.5 Many changes due to past and future greenhouse gas emissions are irreversible for

centuries to millennia, especially changes in the ocean, ice sheets and global sea level. 

{Cross-Chapter Box 2.4, 2.3, 4.3, 4.5, 4.7, 5.3, 9.2, 9.4, 9.5, 9.6, Box 9.4} (Figure SPM.8) 

B.5.1 Past GHG emissions since 1750 have committed the global ocean to future warming (high

confidence). Over the rest of the 21st century, likely ocean warming ranges from 2–4 (SSP1-2.6) to 4–8 times

(SSP5-8.5) the 1971–2018 change. Based on multiple lines of evidence, upper ocean stratification (virtually

certain), ocean acidification (virtually certain) and ocean deoxygenation (high confidence) will continue to

increase in the 21st century, at rates dependent on future emissions. Changes are irreversible on centennial to

millennial time scales in global ocean temperature (very high confidence), deep ocean acidification (very

high confidence) and deoxygenation (medium confidence).

{4.3, 4.5, 4.7, 5.3, 9.2, TS.2.4} (Figure SPM.8)

B.5.2 Mountain and polar glaciers are committed to continue melting for decades or centuries (very high

confidence). Loss of permafrost carbon following permafrost thaw is irreversible at centennial timescales

(high confidence). Continued ice loss over the 21st century is virtually certain for the Greenland Ice Sheet

and likely for the Antarctic Ice Sheet. There is high confidence that total ice loss from the Greenland Ice

Sheet will increase with cumulative emissions. There is limited evidence for low-likelihood, high-impact

outcomes (resulting from ice sheet instability processes characterized by deep uncertainty and in some cases

involving tipping points) that would strongly increase ice loss from the Antarctic Ice Sheet for centuries

under high GHG emissions scenarios34.  {4.3, 4.7, 5.4, 9.4, 9.5, Box 9.4, Box TS.1, TS.2.5}

B.5.3 It is virtually certain that global mean sea level will continue to rise over the 21st century. Relative

to 1995-2014, the likely global mean sea level rise by 2100 is 0.28-0.55 m under the very low GHG

emissions scenario (SSP1-1.9), 0.32-0.62 m under the low GHG emissions scenario (SSP1-2.6), 0.44-0.76 m

under the intermediate GHG emissions scenario (SSP2-4.5), and 0.63-1.01 m under the very high GHG

emissions scenario (SSP5-8.5), and by 2150 is 0.37-0.86 m under the very low scenario (SSP1-1.9), 0.46-

0.99 m under the low scenario (SSP1-2.6), 0.66-1.33 m under the intermediate scenario (SSP2-4.5), and

0.98-1.88 m under the very high scenario (SSP5-8.5) (medium confidence)35. Global mean sea level rise

above the likely range – approaching 2 m by 2100 and 5 m by 2150 under a very high GHG emissions

scenario (SSP5-8.5) (low confidence) – cannot be ruled out due to deep uncertainty in ice sheet processes.

{4.3, 9.6, Box 9.4, Box TS.4} (Figure SPM.8)

B.5.4 In the longer term, sea level is committed to rise for centuries to millennia due to continuing deep

ocean warming and ice sheet melt, and will remain elevated for thousands of years (high confidence). Over

the next 2000 years, global mean sea level will rise by about 2 to 3 m if warming is limited to 1.5°C, 2 to 6

m if limited to 2°C and 19 to 22 m with 5°C of warming, and it will continue to rise over subsequent

millennia (low confidence). Projections of multi-millennial global mean sea level rise are consistent with

reconstructed levels during past warm climate periods: likely 5–10 m higher than today around 125,000 years

ago, when global temperatures were very likely 0.5°C–1.5°C higher than 1850–1900; and very likely 5–25 m

higher roughly 3 million years ago, when global temperatures were 2.5°C–4°C higher (medium confidence).

{2.3, Cross-Chapter Box 2.4, 9.6, Box TS.2, Box TS.4, Box TS.9}

34 Low-likelihood, high-impact outcomes are those whose probability of occurrence is low or not well known (as in the context of 

deep uncertainty) but whose potential impacts on society and ecosystems could be high. A tipping point is a critical threshold beyond 

which a system reorganizes, often abruptly and/or irreversibly. {Cross-Chapter Box 1.3, 1.4, 4.7} 

35 To compare to the 1986–2005 baseline period used in AR5 and SROCC, add 0.03 m to the global mean sea level rise estimates. To 

compare to the 1900 baseline period used in Figure SPM.8, add 0.16 m. 

SR0527

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 530 of 615



Approved Version Summary for Policymakers IPCC AR6 WGI 

SPM-29 

  

Total pages: 41  

Human activities affect all the major climate system components, with 
some responding over decades and others over centuries

d) Global mean sea level change relative to 1900
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Figure SPM.8: Selected indicators of global climate change under the five illustrative scenarios used in this 

report. 

The projections for each of the five scenarios are shown in colour. Shades represent uncertainty ranges – more 

detail is provided for each panel below. The black curves represent the historical simulations (panels a, b, c) or the 

observations (panel d). Historical values are included in all graphs to provide context for the projected future 

changes.  

Panel a) Global surface temperature changes in °C relative to 1850–1900. These changes were obtained by 

combining CMIP6 model simulations with observational constraints based on past simulated warming, as well as 

an updated assessment of equilibrium climate sensitivity (see Box SPM.1). Changes relative to 1850–1900 based 

on 20-year averaging periods are calculated by adding 0.85°C (the observed global surface temperature increase 

from 1850–1900 to 1995–2014) to simulated changes relative to 1995–2014. Very likely ranges are shown for 

SSP1-2.6 and SSP3-7.0. 

Panel b) September Arctic sea ice area in 106 km2 based on CMIP6 model simulations. Very likely ranges are 

shown for SSP1-2.6 and SSP3-7.0. The Arctic is projected to be practically ice-free near mid-century under mid- 

and high GHG emissions scenarios. 

Panel c) Global ocean surface pH (a measure of acidity) based on CMIP6 model simulations. Very likely ranges 

are shown for SSP1-2.6 and SSP3-7.0. 

Panel d) Global mean sea level change in meters relative to 1900. The historical changes are observed (from tide 

gauges before 1992 and altimeters afterwards), and the future changes are assessed consistently with observational 

constraints based on emulation of CMIP, ice sheet, and glacier models. Likely ranges are shown for SSP1-2.6 and 

SSP3-7.0. Only likely ranges are assessed for sea level changes due to difficulties in estimating the distribution of 

deeply uncertain processes. The dashed curve indicates the potential impact of these deeply uncertain processes. It 

shows the 83rd percentile of SSP5-8.5 projections that include low-likelihood, high-impact ice sheet processes that 

cannot be ruled out; because of low confidence in projections of these processes, this curve does not constitute part 

of a likely range. Changes relative to 1900 are calculated by adding 0.158 m (observed global mean sea level rise 

from 1900 to 1995–2014) to simulated and observed changes relative to 1995–2014. 

Panel e): Global mean sea level change at 2300 in meters relative to 1900. Only SSP1-2.6 and SSP5-8.5 are 

projected at 2300, as simulations that extend beyond 2100 for the other scenarios are too few for robust results. The 

17th–83rd percentile ranges are shaded. The dashed arrow illustrates the 83rd percentile of SSP5-8.5 projections 

that include low-likelihood, high-impact ice sheet processes that cannot be ruled out.  

Panels b) and c) are based on single simulations from each model, and so include a component of internal 

variability. Panels a), d) and e) are based on long-term averages, and hence the contributions from internal 

variability are small. 

{Figure TS.8, Figure TS.11, Box TS.4 Figure 1, Box TS.4 Figure 1, 4.3, 9.6, Figure 4.2, Figure 4.8, Figure 4.11, 

Figure 9.27} 
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C. Climate Information for Risk Assessment and Regional Adaptation

Physical climate information addresses how the climate system responds to the interplay between human 

influence, natural drivers and internal variability. Knowledge of the climate response and the range of 

possible outcomes, including low-likelihood, high impact outcomes, informs climate services – the 

assessment of climate-related risks and adaptation planning. Physical climate information at global, 

regional and local scales is developed from multiple lines of evidence, including observational products, 

climate model outputs and tailored diagnostics. 

C.1 Natural drivers and internal variability will modulate human-caused changes, especially

at regional scales and in the near term, with little effect on centennial global warming. 

These modulations are important to consider in planning for the full range of possible 

changes. 

{1.4, 2.2, 3.3, Cross-Chapter Box 3.1, 4.4, 4.6, Cross-Chapter Box 4.1, 4.4, Box 7.2, 8.3, 8.5, 

9.2, 10.3, 10.4, 10.6, 11.3, 12.5, Atlas.4, Atlas.5, Atlas.8, Atlas.9, Atlas.10, Cross-Chapter 

Box Atlas.2, Atlas.11} 

C.1.1 The historical global surface temperature record highlights that decadal variability has enhanced and

masked underlying human-caused long-term changes, and this variability will continue into the future (very

high confidence). For example, internal decadal variability and variations in solar and volcanic drivers

partially masked human-caused surface global warming during 1998–2012, with pronounced regional and

seasonal signatures (high confidence). Nonetheless, the heating of the climate system continued during this

period, as reflected in both the continued warming of the global ocean (very high confidence) and in the

continued rise of hot extremes over land (medium confidence).

{1.4, 3.3, Cross-Chapter Box 3.1, 4.4, Box 7.2, 9.2, 11.3, Cross-Section Box TS.1} (Figure SPM.1)

C.1.2 Projected human caused changes in mean climate and climatic impact-drivers (CIDs)36, including

extremes, will be either amplified or attenuated by internal variability37 (high confidence). Near-term cooling

at any particular location with respect to present climate could occur and would be consistent with the global

surface temperature increase due to human influence (high confidence).

{1.4, 4.4, 4.6, 10.4, 11.3, 12.5, Atlas.5, Atlas.10, Atlas.11, TS.4.2}

C.1.3 Internal variability has largely been responsible for the amplification and attenuation of the observed

human-caused decadal-to-multi-decadal mean precipitation changes in many land regions (high confidence).

At global and regional scales, near-term changes in monsoons will be dominated by the effects of internal

variability (medium confidence). In addition to internal variability influence, near-term projected changes in

precipitation at global and regional scales are uncertain because of model uncertainty and uncertainty in

forcings from natural and anthropogenic aerosols (medium confidence).

{1.4, 4.4, 8.3, 8.5, 10.3, 10.4, 10.5, 10.6, Atlas.4, Atlas.8, Atlas.9, Atlas.10, Cross-Chapter Box Atlas.2,

Atlas.11, TS.4.2, Box TS.6, Box TS.13}

36 Climatic impact-drivers (CIDs) are physical climate system conditions (e.g., means, events, extremes) that affect an element of 

society or ecosystems. Depending on system tolerance, CIDs and their changes can be detrimental, beneficial, neutral, or a mixture of 

each across interacting system elements and regions. CID types include heat and cold, wet and dry, wind, snow and ice, coastal and 

open ocean. 

37 The main internal variability phenomena include El Niño–Southern Oscillation, Pacific Decadal variability and Atlantic Multi-

decadal variability through their regional influence. 
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C.1.4 Based on paleoclimate and historical evidence, it is likely that at least one large explosive volcanic

eruption would occur during the 21st century38. Such an eruption would reduce global surface temperature

and precipitation, especially over land, for one to three years, alter the global monsoon circulation, modify

extreme precipitation and change many CIDs (medium confidence). If such an eruption occurs, this would

therefore temporarily and partially mask human-caused climate change.

{4.4, Cross-Chapter Box 4.1, 2.2, 8.5, TS.2.1}

C.2 With further global warming, every region is projected to increasingly experience

concurrent and multiple changes in climatic impact-drivers. Changes in several climatic 

impact-drivers would be more widespread at 2°C compared to 1.5°C global warming 

and even more widespread and/or pronounced for higher warming levels. 

{8.2, 9.3, 9.5, 9.6, Box 10.3, Box 11.3, Box 11.4, 11.3, 11.4, 11.5, 11.6, 11.7, 11.9, 12.2, 12.3, 

12.4, 12.5, Atlas.4, Atlas.5, Atlas.6, Atlas.7, Atlas.8, Atlas.9, Atlas.10, Atlas.11, Cross-

Chapter Box 11.1, Cross-Chapter Box 12.1} (Table SPM.1, Figure SPM.9) 

C.2.1 All regions39 are projected to experience further increases in hot climatic impact-drivers (CIDs) and

decreases in cold CIDs (high confidence). Further decreases are projected in permafrost, snow, glaciers and

ice sheets, lake and Arctic sea ice (medium to high confidence)40. These changes would be larger at 2°C

global warming or above than at 1.5°C (high confidence). For example, extreme heat thresholds relevant to

agriculture and health are projected to be exceeded more frequently at higher global warming levels (high

confidence).

{9.3, 9.5, 11.3, 11.9, 12.3, 12.4, 12.5, Atlas.4, Atlas.5, Atlas.6, Atlas.7, Atlas.8, Atlas.9, Atlas.10, Atlas.11,

TS.4.3, Cross-Chapter Box 11.1, Cross-Chapter Box 12.1} (Table SPM.1, Figure SPM.9)

C.2.2 At 1.5°C global warming, heavy precipitation and associated flooding are projected to intensify and

be more frequent in most regions in Africa and Asia (high confidence), North America (medium to high

confidence)40 and Europe (medium confidence). Also, more frequent and/or severe agricultural and

ecological droughts are projected in a few regions in all continents except Asia compared to 1850–1900

(medium confidence); increases in meteorological droughts are also projected in a few regions (medium

confidence). A small number of regions are projected to experience increases or decreases in mean

precipitation (medium confidence).

{11.4, 11.5, 11.6, 11.9, Atlas.4, Atlas.5, Atlas.7, Atlas.8, Atlas.9, Atlas.10, Atlas.11, TS.4.3} (Table SPM.1)

38 Based on 2,500 year reconstructions, eruptions more negative than –1 W m–2 occur on average twice per century. 

39 Regions here refer to the AR6 WGI reference regions used in this Report to summarize information in sub-continental and oceanic 

regions. Changes are compared to averages over the last 20–40 years unless otherwise specified. {1.4, 12.4, Atlas.1, Interactive 

Atlas}. 

40 The specific level of confidence or likelihood depends on the region considered. Details can be found in the Technical Summary 

and the underlying Report. 
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C.2.3  At 2°C global warming and above, the level of confidence in and the magnitude of the change in

droughts and heavy and mean precipitation increase compared to those at 1.5°C. Heavy precipitation and

associated flooding events are projected to become more intense and frequent in the Pacific Islands and

across many regions of North America and Europe (medium to high confidence)40. These changes are also

seen in some regions in Australasia and Central and South America (medium confidence). Several regions in

Africa, South America and Europe are projected to experience an increase in frequency and/or severity of

agricultural and ecological droughts with medium to high confidence40; increases are also projected in

Australasia, Central and North America, and the Caribbean with medium confidence. A small number of

regions in Africa, Australasia, Europe and North America are also projected to be affected by increases in

hydrological droughts, and several regions are projected to be affected by increases or decreases in

meteorological droughts with more regions displaying an increase (medium confidence). Mean precipitation

is projected to increase in all polar, northern European and northern North American regions, most Asian

regions and two regions of South America (high confidence).

{11.4, 11.6, 11.9, 12.4, 12.5, Atlas.5, Atlas.7, Atlas.8, Atlas.9, Atlas.11, TS.4.3, Cross-Chapter Box 11.1,

Cross-Chapter Box 12.1} (Table SPM.1, Figure SPM.5, Figure SPM.6, Figure SPM.9)

C.2.4 More CIDs across more regions are projected to change at 2°C and above compared to 1.5°C global

warming (high confidence). Region-specific changes include intensification of tropical cyclones and/or

extratropical storms (medium confidence), increases in river floods (medium to high confidence)40, reductions

in mean precipitation and increases in aridity (medium to high confidence)40, and increases in fire weather

(medium to high confidence)40. There is low confidence in most regions in potential future changes in other

CIDs, such as hail, ice storms, severe storms, dust storms, heavy snowfall, and landslides.

{11.7, 11.9, 12.4, 12.5, Atlas.4, Atlas.6, Atlas.7, Atlas.8, Atlas.10, TS.4.3.1, TS.4.3.2, TS.5, Cross-Chapter

Box, 11.1, Cross-Chapter Box 12.1} (Table SPM.1, Figure SPM.9)

C.2.5 It is very likely to virtually certain40 that regional mean relative sea level rise will continue

throughout the 21st century, except in a few regions with substantial geologic land uplift rates.

Approximately two-thirds of the global coastline has a projected regional relative sea level rise within ±20%

of the global mean increase (medium confidence). Due to relative sea level rise, extreme sea level events that

occurred once per century in the recent past are projected to occur at least annually at more than half of all

tide gauge locations by 2100 (high confidence). Relative sea level rise contributes to increases in the

frequency and severity of coastal flooding in low-lying areas and to coastal erosion along most sandy coasts

(high confidence).

{9.6, 12.4, 12.5, Box TS.4, TS.4.3, Cross-Chapter Box 12.1} (Figure SPM.9)

C.2.6 Cities intensify human-induced warming locally, and further urbanization together with more

frequent hot extremes will increase the severity of heatwaves (very high confidence). Urbanization also

increases mean and heavy precipitation over and/or downwind of cities (medium confidence) and resulting

runoff intensity (high confidence). In coastal cities, the combination of more frequent extreme sea level

events (due to sea level rise and storm surge) and extreme rainfall/riverflow events will make flooding more

probable (high confidence).

{8.2, Box 10.3, 11.3, 12.4, Box TS.14}

C.2.7 Many regions are projected to experience an increase in the probability of compound events with

higher global warming (high confidence). In particular, concurrent heatwaves and droughts are likely to

become more frequent. Concurrent extremes at multiple locations become more frequent, including in crop-

producing areas, at 2°C and above compared to 1.5°C global warming (high confidence).

{11.8, Box 11.3, Box 11.4, 12.3, 12.4, TS.4.3, Cross-Chapter Box 12.1} (Table SPM.1)
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Multiple climatic impact-drivers are projected to change in all regions
of the world

Number of land & coastal regions (a) and open-ocean regions (b) where each climatic impact-driver (CID) is projected 
to increase or decrease with high confidence (dark shade) or medium confidence (light shade)

Climatic impact-drivers (CIDs) are physical climate system conditions (e.g., means, events, extremes) that affect an element 
of society or ecosystems. Depending on system tolerance, CIDs and their changes can be detrimental, beneficial, neutral, 
or a mixture of each across interacting system elements and regions. The CIDs are grouped into seven types, which are 
summarized under the icons in the figure. All regions are projected to experience changes in at least 5 CIDs. Almost all 
(96%) are projected to experience changes in at least 10 CIDs and half in at least 15 CIDs. For many CIDs there is wide 
geographical variation in where they change and so each region are projected to experience a specific set of CID changes. 
Each bar in the chart represents a specific geographical set of changes that can be explored in the WGI Interactive Atlas.
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Figure SPM.9: Synthesis of the number of AR6 WGI reference regions where climatic impact-drivers are 

projected to change. 

A total of 35 climatic impact-drivers (CIDs) grouped into seven types are shown: heat and cold, wet and dry, wind, 

snow and ice, coastal, open ocean and other. For each CID, the bar in the graph below displays the number of AR6 

WGI reference regions where it is projected to change. The colours represent the direction of change and the level 

of confidence in the change: purple indicates an increase while brown indicates a decrease; darker and lighter 

shades refer to high and medium confidence, respectively. Lighter background colours represent the maximum 

number of regions for which each CID is broadly relevant. 

Panel a) shows the 30 CIDs relevant to the land and coastal regions while panel b) shows the 5 CIDs relevant to 

the open ocean regions. Marine heatwaves and ocean acidity are assessed for coastal ocean regions in panel a) and 

for open ocean regions in panel b). Changes refer to a 20–30 year period centred around 2050 and/or consistent 

with 2°C global warming compared to a similar period within 1960-2014, except for hydrological drought and 

agricultural and ecological drought which is compared to 1850-1900. Definitions of the regions are provided in 

Atlas.1 and the Interactive Atlas (see interactive-atlas.ipcc.ch).  

{Table TS.5, Figure TS.22, Figure TS.25, 11.9, 12.2, 12.4, Atlas.1} (Table SPM.1) 

C.3 Low-likelihood outcomes, such as ice sheet collapse, abrupt ocean circulation changes,

some compound extreme events and warming substantially larger than the assessed very 

likely range of future warming cannot be ruled out and are part of risk assessment. 

{1.4, Cross-Chapter Box 1.3, Cross-Chapter Box 4.1, 4.3, 4.4, 4.8, 8.6, 9.2, Box 9.4, Box 

11.2, 11.8, Cross-Chapter Box 12.1} (Table SPM.1) 

C.3.1 If global warming exceeds the assessed very likely range for a given GHG emissions scenario, 
including low GHG emissions scenarios, global and regional changes in many aspects of the climate system, 
such as regional precipitation and other CIDs, would also exceed their assessed very likely ranges (high 
confidence). Such low-likelihood high-warming outcomes are associated with potentially very large impacts, 
such as through more intense and more frequent heatwaves and heavy precipitation, and high risks for 
human and ecological systems particularly for high GHG emissions scenarios.

{Cross-Chapter Box 1.3, 4.3, 4.4, 4.8, Box 9.4, Box 11.2, Cross-Chapter Box 12.1, TS.1.4, Box TS.3, Box 
TS.4} (Table SPM.1)

C.3.2 Low-likelihood, high-impact outcomes34 could occur at global and regional scales even for global 
warming within the very likely range for a given GHG emissions scenario. The probability of low-likelihood, 
high impact outcomes increases with higher global warming levels (high confidence). Abrupt responses and 
tipping points of the climate system, such as strongly increased Antarctic ice sheet melt and forest dieback, 
cannot be ruled out (high confidence).

{1.4, 4.3, 4.4, 4.8, 5.4, 8.6, Box 9.4, Cross-Chapter Box 12.1, TS.1.4, TS.2.5, Box TS.3, Box TS.4, Box 
TS.9} (Table SPM.1)

C.3.3 If global warming increases, some compound extreme events18 with low likelihood in past and 
current climate will become more frequent, and there will be a higher likelihood that events with increased 
intensities, durations and/or spatial extents unprecedented in the observational record will occur (high 
confidence).

{11.8, Box 11.2, Cross-Chapter Box 12.1, Box TS.3, Box TS.9}
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C.3.4 The Atlantic Meridional Overturning Circulation is very likely to weaken over the 21st century for

all emission scenarios. While there is high confidence in the 21st century decline, there is only low

confidence in the magnitude of the trend. There is medium confidence that there will not be an abrupt

collapse before 2100. If such a collapse were to occur, it would very likely cause abrupt shifts in regional

weather patterns and water cycle, such as a southward shift in the tropical rain belt, weakening of the African

and Asian monsoons and strengthening of Southern Hemisphere monsoons, and drying in Europe.

{4.3, 8.6, 9.2, TS2.4, Box TS.3}

C.3.5 Unpredictable and rare natural events not related to human influence on climate may lead to low-

likelihood, high impact outcomes. For example, a sequence of large explosive volcanic eruptions within

decades has occurred in the past, causing substantial global and regional climate perturbations over several

decades. Such events cannot be ruled out in the future, but due to their inherent unpredictability they are not

included in the illustrative set of scenarios referred to in this Report. {2.2, Cross-Chapter Box 4.1, Box TS.3}

(Box SPM.1)

D. Limiting Future Climate Change

Since AR5, estimates of remaining carbon budgets have been improved by a new methodology first presented 

in SR1.5, updated evidence, and the integration of results from multiple lines of evidence. A comprehensive 

range of possible future air pollution controls in scenarios is used to consistently assess the effects of various 

assumptions on projections of climate and air pollution. A novel development is the ability to ascertain when 

climate responses to emissions reductions would become discernible above natural climate variability, 

including internal variability and responses to natural drivers. 

D.1 From a physical science perspective, limiting human-induced global warming to a

specific level requires limiting cumulative CO2 emissions, reaching at least net zero CO2 

emissions, along with strong reductions in other greenhouse gas emissions. Strong, rapid 

and sustained reductions in CH4 emissions would also limit the warming effect resulting 

from declining aerosol pollution and would improve air quality. 

{3.3, 4.6, 5.1, 5.2, 5.4, 5.5, 5.6, Box 5.2, Cross-Chapter Box 5.1, 6.7, 7.6, 9.6} (Figure 

SPM.10, Table SPM.2) 

D.1.1 This Report reaffirms with high confidence the AR5 finding that there is a near-linear relationship

between cumulative anthropogenic CO2 emissions and the global warming they cause. Each 1000 GtCO2 of

cumulative CO2 emissions is assessed to likely cause a 0.27°C to 0.63°C increase in global surface

temperature with a best estimate of 0.45°C41. This is a narrower range compared to AR5 and SR1.5. This

quantity is referred to as the transient climate response to cumulative CO2 emissions (TCRE). This

relationship implies that reaching net zero42 anthropogenic CO2 emissions is a requirement to stabilize

human-induced global temperature increase at any level, but that limiting global temperature increase to a

specific level would imply limiting cumulative CO2 emissions to within a carbon budget43.

{5.4, 5.5, TS.1.3, TS.3.3, Box TS.5} (Figure SPM.10)

41 In the literature, units of °C per 1000 PgC are used, and the AR6 reports the TCRE likely range as 1.0°C to 2.3°C per 1000 PgC in 

the underlying report, with a best estimate of 1.65°C.  

42 condition in which anthropogenic carbon dioxide (CO2) emissions are balanced by anthropogenic CO2 removals over a specified 

period. 

43 The term carbon budget refers to the maximum amount of cumulative net global anthropogenic CO2 emissions that would result in 
limiting global warming to a given level with a given probability, taking into account the effect of other anthropogenic climate 

forcers. This is referred to as the total carbon budget when expressed starting from the pre-industrial period, and as the remaining 

carbon budget when expressed from a recent specified date (see Glossary). Historical cumulative CO2 emissions determine to a large 

degree warming to date, while future emissions cause future additional warming. The remaining carbon budget indicates how much 

CO2 could still be emitted while keeping warming below a specific temperature level.
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Every tonne of CO₂ emissions adds to global warming

Future cumulative
CO₂ emissions differ 
across scenarios, and 
determine how much 
warming we will 
experience

SSP1-1.9
SSP1-2.6
SSP2-4.5
SSP3-7.0
SSP5-8.5

Cumulative CO₂ emissions between 1850 and 2019 Cumulative CO₂ emissions between 2020 and 2050

Historical global
warming

The near linear relationship 
between the cumulative
CO₂ emissions and global 
warming for five illustrative 
scenarios until year 2050

SSP1-1.9

SSP1-2.6

SSP2-4.5

SSP3-7.0

SSP5-8.5
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Figure SPM.10:      Near-linear relationship between cumulative CO2 emissions and the increase in global 
       surface temperature. 

Top panel: Historical data (thin black line) shows observed global surface temperature increase in °C since 1850–
1900 as a function of historical cumulative carbon dioxide (CO2) emissions in GtCO2 from 1850 to 2019. The grey 
range with its central line shows a corresponding estimate of the historical human-caused surface warming (see 
Figure SPM.2). Coloured areas show the assessed very likely range of global surface temperature projections, and 
thick coloured central lines show the median estimate as a function of cumulative CO2 emissions from 2020 until 
year 2050 for the set of illustrative scenarios (SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5, see Figure 
SPM.4). Projections use the cumulative CO2 emissions of each respective scenario, and the projected global 
warming includes the contribution from all anthropogenic forcers. The relationship is illustrated over the domain of 
cumulative CO2 emissions for which there is high confidence that the transient climate response to cumulative CO2 
emissions (TCRE) remains constant, and for the time period from 1850 to 2050 over which global CO2 emissions 
remain net positive under all illustrative scenarios as there is limited evidence supporting the quantitative 
application of TCRE to estimate temperature evolution under net negative CO2 emissions.
Bottom panel: Historical and projected cumulative CO2 emissions in GtCO2 for the respective scenarios.
{Figure TS.18, Figure 5.31, Section 5.5}
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D.1.2 Over the period 1850–2019, a total of 2390 ± 240 (likely range) GtCO2 of anthropogenic CO2 was

emitted. Remaining carbon budgets have been estimated for several global temperature limits and various

levels of probability, based on the estimated value of TCRE and its uncertainty, estimates of historical

warming, variations in projected warming from non-CO2 emissions, climate system feedbacks such as

emissions from thawing permafrost, and the global surface temperature change after global anthropogenic

CO2 emissions reach net zero.

{5.1, 5.5, Box 5.2, TS.3.3} (Table SPM.2)

Table SPM.2: Estimates of historical CO2 emissions and remaining carbon budgets. Estimated remaining carbon 

budgets are calculated from the beginning of 2020 and extend until global net zero CO2 emissions are 

reached. They refer to CO2 emissions, while accounting for the global warming effect of non-CO2 

emissions. Global warming in this table refers to human-induced global surface temperature increase, 

which excludes the impact of natural variability on global temperatures in individual years. {Table 

TS.3, Table 3.1, Table 5.1, Table 5.7, Table 5.8, 5.5.1, 5.5.2, Box 5.2} 

Global warming between 

1850–1900 and 2010–2019 

(°C) 

Historical cumulative CO2 emissions from 1850 to 2019 (GtCO2) 

1.07 (0.8–1.3; likely range) 2390 (± 240; likely range) 

Approximate 

global 

warming 

relative to 

1850–1900 

until 

temperature 

limit (°C)*(1) 

Additional 

global 

warming 

relative to 

2010–2019 

until 

temperature 

limit (°C) 

Estimated remaining carbon budgets 

from the beginning of 2020 (GtCO2) 

Likelihood of limiting global warming 

to temperature limit*(2) 

Variations in reductions 

in non-CO2 

emissions*(3) 

17% 33% 50% 67% 83% 

1.5 0.43 900 650 500 400 300 
Higher or lower 

reductions in 

accompanying non-CO2 

emissions can increase or 

decrease the values on 

the left by 220 GtCO2 or 

more 

1.7 0.63 1450 1050 850 700 550 

2.0 0.93 2300 1700 1350 1150 900 

*(1) Values at each 0.1°C increment of warming are available in Tables TS.3 and 5.8.  

*(2) This likelihood is based on the uncertainty in transient climate response to cumulative CO2 emissions 

(TCRE) and additional Earth system feedbacks, and provides the probability that global warming will not 

exceed the temperature levels provided in the two left columns. Uncertainties related to historical warming 

(±550 GtCO2) and non-CO2 forcing and response (±220 GtCO2) are partially addressed by the assessed 

uncertainty in TCRE, but uncertainties in recent emissions since 2015 (±20 GtCO2) and the climate 

response after net zero CO2 emissions are reached (±420 GtCO2) are separate.  

*(3) Remaining carbon budget estimates consider the warming from non-CO2 drivers as implied by the 

scenarios assessed in SR1.5. The Working Group III Contribution to AR6 will assess mitigation of non-

CO2 emissions. 
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D.1.3 Several factors that determine estimates of the remaining carbon budget have been re-assessed, and

updates to these factors since SR1.5 are small. When adjusted for emissions since previous reports, estimates

of remaining carbon budgets are therefore of similar magnitude compared to SR1.5 but larger compared to

AR5 due to methodological improvements44.

{5.5, Box 5.2, TS.3.3} (Table SPM.2)

D.1.4 Anthropogenic CO2 removal (CDR) has the potential to remove CO2 from the atmosphere and

durably store it in reservoirs (high confidence). CDR aims to compensate for residual emissions to reach net

zero CO2 or net zero GHG emissions or, if implemented at a scale where anthropogenic removals exceed

anthropogenic emissions, to lower surface temperature. CDR methods can have potentially wide-ranging

effects on biogeochemical cycles and climate, which can either weaken or strengthen the potential of these

methods to remove CO2 and reduce warming, and can also influence water availability and quality, food

production and biodiversity45 (high confidence).

{5.6, Cross-Chapter Box 5.1, TS.3.3}

D.1.5 Anthropogenic CO2 removal (CDR) leading to global net negative emissions would lower the

atmospheric CO2 concentration and reverse surface ocean acidification (high confidence). Anthropogenic

CO2 removals and emissions are partially compensated by CO2 release and uptake respectively, from or to

land and ocean carbon pools (very high confidence). CDR would lower atmospheric CO2 by an amount

approximately equal to the increase from an anthropogenic emission of the same magnitude (high

confidence). The atmospheric CO2 decrease from anthropogenic CO2 removals could be up to 10% less than

the atmospheric CO2 increase from an equal amount of CO2 emissions, depending on the total amount of

CDR (medium confidence). {5.3, 5.6, TS.3.3}

D.1.6 If global net negative CO2 emissions were to be achieved and be sustained, the global CO2-induced

surface temperature increase would be gradually reversed but other climate changes would continue in their

current direction for decades to millennia (high confidence). For instance, it would take several centuries to

millennia for global mean sea level to reverse course even under large net negative CO2 emissions (high

confidence).

{4.6, 9.6, TS.3.3}

D.1.7 In the five illustrative scenarios, simultaneous changes in CH4, aerosol and ozone precursor

emissions, that also contribute to air pollution, lead to a net global surface warming in the near and long-term

(high confidence). In the long term, this net warming is lower in scenarios assuming air pollution controls

combined with strong and sustained CH4 emission reductions (high confidence). In the low and very low

GHG emissions scenarios, assumed reductions in anthropogenic aerosol emissions lead to a net warming,

while reductions in CH4 and other ozone precursor emissions lead to a net cooling. Because of the short

lifetime of both CH4 and aerosols, these climate effects partially counterbalance each other and reductions in

CH4 emissions also contribute to improved air quality by reducing global surface ozone (high confidence).

{6.7, Box TS.7} (Figure SPM.2, Box SPM.1)

44 Compared to AR5, and when taking into account emissions since AR5, estimates in AR6 are about 300–350 GtCO2 larger for the 

remaining carbon budget consistent with limiting warming to 1.5°C; for 2°C, the difference is about 400–500 GtCO2.  

45 Potential negative and positive effects of CDR for biodiversity, water and food production are methods-specific, and are often 

highly dependent on local context, management, prior land use, and scale. IPCC Working Groups II and III assess the CDR potential, 

and ecological and socio-economic effects of CDR methods in their AR6 contributions. 
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D.1.8 Achieving global net zero CO2 emissions is a requirement for stabilizing CO2-induced global surface 
temperature increase, with anthropogenic CO2 emissions balanced by anthropogenic removals of CO2. This 
is different from achieving net zero GHG emissions, where metric-weighted anthropogenic GHG emissions 
equal metric-weighted anthropogenic GHG removals. For a given GHG emission pathway, the pathways of 
individual greenhouse gases determine the resulting climate response46, whereas the choice of emissions 
metric47 used to calculate aggregated emissions and removals of different GHGs affects what point in time 
the aggregated greenhouse gases are calculated to be net zero.  Emissions pathways that reach and sustain net 
zero GHG emissions defined by the 100-year global warming potential are projected to result in a decline in 
surface temperature after an earlier peak (high confidence). 
{4.6, 7.6, Box 7.3, TS.3.3} 
 
 
D.2 Scenarios with very low or low GHG emissions (SSP1-1.9 and SSP1-2.6) lead within 

years to discernible effects on greenhouse gas and aerosol concentrations, and air 
quality, relative to high and very high GHG emissions scenarios (SSP3-7.0 or SSP5-8.5). 
Under these contrasting scenarios, discernible differences in trends of global surface 
temperature would begin to emerge from natural variability within around 20 years, 
and over longer time periods for many other climatic impact-drivers (high confidence). 
{4.6, Cross-Chapter Box 6.1, 6.6, 6.7, 9.6, Cross-Chapter Box 11.1, 11.2, 11.4, 11.5, 11.6, 
12.4, 12.5} (Figure SPM.8, Figure SPM.10) 
 

D.2.1 Emissions reductions in 2020 associated with measures to reduce the spread of COVID-19 led to 
temporary but detectible effects on air pollution (high confidence), and an associated small, temporary 
increase in total radiative forcing, primarily due to reductions in cooling caused by aerosols arising from 
human activities (medium confidence). Global and regional climate responses to this temporary forcing are, 
however, undetectable above natural variability (high confidence). Atmospheric CO2 concentrations 
continued to rise in 2020, with no detectable decrease in the observed CO2 growth rate (medium 
confidence)48. 
{Cross-Chapter Box 6.1, TS.3.3}  
 
D.2.2 Reductions in GHG emissions also lead to air quality improvements. However, in the near term49, 
even in scenarios with strong reduction of GHGs, as in the low and very low GHG emission scenarios 
(SSP1-2.6 and SSP1-1.9), these improvements are not sufficient in many polluted regions to achieve air 
quality guidelines specified by the World Health Organization (high confidence). Scenarios with targeted 
reductions of air pollutant emissions lead to more rapid improvements in air quality within years compared 
to reductions in GHG emissions only, but from 2040, further improvements are projected in scenarios that 
combine efforts to reduce air pollutants as well as GHG emissions with the magnitude of the benefit varying 
between regions (high confidence). {6.6, 6.7, Box TS.7}.  
 

 
46 A general term for how the climate system responds to a radiative forcing (see Glossary). 
47 The choice of emissions metric depends on the purposes for which gases or forcing agents are being compared. This report 
contains updated emission metric values and assesses new approaches to aggregating gases. 
48 For other GHGs, there was insufficient literature available at the time of the assessment to assess detectable changes in their 
atmospheric growth rate during 2020. 
49 Near term: (2021–2040) 
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D.2.3 Scenarios with very low or low GHG emissions (SSP1-1.9 and SSP1-2.6) would have rapid and 
sustained effects to limit human-caused climate change, compared with scenarios with high or very high 
GHG emissions (SSP3-7.0 or SSP5-8.5), but early responses of the climate system can be masked by natural 
variability. For global surface temperature, differences in 20-year trends would likely emerge during the near 
term under a very low GHG emission scenario (SSP1-1.9), relative to a high or very high GHG emission 
scenario (SSP3-7.0 or SSP5-8.5). The response of many other climate variables would emerge from natural 
variability at different times later in the 21st century (high confidence). 
{4.6, Cross-Section Box TS.1} (Figure SPM.8, Figure SPM.10) 
 
D.2.4 Scenarios with very low and low GHG emissions (SSP1-1.9 and SSP1-2.6) would lead to 
substantially smaller changes in a range of CIDs36 beyond 2040 than under high and very high GHG 
emissions scenarios (SSP3-7.0 and SSP5-8.5). By the end of the century, scenarios with very low and 
low GHG emissions would strongly limit the change of several CIDs, such as the increase in the frequency 
of extreme sea level events, heavy precipitation and pluvial flooding, and exceedance of dangerous heat 
thresholds, while limiting the number of regions where such exceedances occur, relative to higher GHG 
emissions scenarios (high confidence). Changes would also be smaller in very low compared to low 
emissions scenarios, as well as for intermediate (SSP2-4.5) compared to high or very high emissions 
scenarios (high confidence). {9.6, Cross-Chapter Box 11.1, 11.2, 11.3, 11.4, 11.5, 11.6, 11.9, 12.4, 12.5, 
TS.4.3} 
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Complaint Form 
447 responses 

 
 
 
 

13 responses 
 
 

Option 1 
 
 
 
 

100% 
 
 
 
 
 
 
 
 
 

Were you indoors or outside when exposed to F-35 noise? 

 
If you were indoors were the windows open or closed? 

343 responses 
 
 
 
 

Indoors, windows closed 
 
 
 
 
 

Indoors, windows open 

 
 
 
 
 
 
 

144 (42%) 

240 (70%) 

 
 
 

0 100 200 300 
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If you were outdoors check all that apply 

173 responses 
 
 

I was outdoors 141 (81.5%) 
 

Outdoors working 62 (35.8%) 
 

Outdoors at school 8 (4.6%) 
 

Outdoors walking or 93 (53.8%) 
playing 

Riding bike 35 (20.2%) 
 

In motor vehicle 30 (17.3%) 
 

0 50 100 150 

 

 
Town, location, date, and time when you were exposed to F-35 

 
Town where I was exposed to F-35 

447 responses 
 
 

Burlington 214 (47.9%) 
Winooski 102 (22.8%) 

South Burlington 40 (8.9%) 
Williston 87 (19.5%) 

Colchester 31 (6.9%) 
Richmond 7 (1.6%) 

Essex or Essex Junction 6 (1.3%) 
Hinesburg 10 (2.2%) 

Huntington 2 (0.4%) 
Shelburne 2 (0.4%) 

Hinesburg and Huntington 1 (0.2%) 
St george 1 (0.2%) 
Charlotte 1 (0.2%) 

Jericho 1 (0.2%) 

0 100 200 300 
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Give address or cross streets where you were exposed to F-35 noise 

424 responses 
 
 

297 Abigail Dr 
 

70 Bilodeau Ct. 
 

67 Roseade Parkway 
 

190 Elmwood 

Staniford rd 

Hood and Hawthorne 

Loomis & Greene St 

25 North Street 

North Brownell Road 
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Give date and time of your exposure to F-35 noise 

440 responses 
 
 

5/27/21 
 

4/8/21 
 

Usually around 4:00pm to as late as 10pm 

4/7/2021 

April 8 2021 7:50-7:52pm 
 

4/7/21 
 

5/19/21 
 

4/16/21 5:20pm 
 

10x today (and tonight)? I lost track 

 

 
Noise Level 

 
If you had a noise measurement device, what was your measurement of 
peak F 35 noise level? 

152 responses 
 
 

70 to 79 decibels 19 (12.5%) 
 

80 to 89 decibels 31 (20.4%) 
 

90 to 99 decibels 36 (23.7%) 
 

100 to 104 decibels 19 (12.5%) 
 

105 to 109 decibels 19 (12.5%) 
 

110 to 114 decibels 15 (9.9%) 
 

115 to 119 decibels 17 (11.2%) 
 

0 10 20 30 40 
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Overall experience 

 
Your overall experience with F-35 noise 

445 responses 
 
 

Loud but doesn't bother… 
 

Deafening   

Severe annoyance 

Pain 

Fright 

Distress or anxiety 

Trauma, suffering or unb… 

 
8 (1.8%) 

 
 
 
 
 
 
 

105 (23.6%) 
 

133 (29.9%) 
 
 
 

129 (29%) 

 
 
 

251 (56.4%) 

 
 
 
 
 

346 (77.8%) 
 
 
 
 

332 (74.6%) 

0 100 200 300 400 
 
 
 
 

Further describe your experience in your own words if desired 

305 responses 
 
 

Always stops conversations, blocks bird songs and upsets dog 
 

Inside, at first I thought it was thunder it was so loud! 6 min later I can still here it. 
Saw the aircraft from my window. Noise is annoying and very stressful to think about 
death and the military. 

 
It's fucking AWFUL 

 
When they started taking off, I checked the time and said "Did the clocks change? 
It's not 9:20AM" --- which is the time we generally start preparing ourselves for the 
sudden but predicatable scream and roar of the F-35 morning flights departing. It 
was only not "deafening" because this morning they took off south, terrorizing the 
people in Williston, Richmond, Hinesburg, and Huntington, instead of us in East End 
Burlington and Winooski. I generally measure 80db constant inside my Burlington 
home during north-facing take offs. Outside far worse, especially when the butt-end 
of the F-35 is facing me as the jets climb. 

 
So, now our earlier mornings are also going to be ruined for the war games practice? 
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Effects on Your Ears and Hearing 

 
Effect of your exposure to F-35 noise on your ears and hearing 

354 responses 
 
 

Hurt my ears 
 
 

Hurt my child's ears 
 
 

I am worried about hearing 
loss 

 
I am worried about child 

hearing loss 

 
 
 

97 (27.4%) 
 
 
 
 
 

93 (26.3%) 

308 (87%) 
 
 
 
 
 

241 (68.1%) 

 

0 100 200 300 400 
 
 
 
 

Further describe ear pain or worry about hearing loss in your own words if 
desired 

132 responses 
 
 

When jets first arrived I had an inadvertent exposure to them taking off near Kirby Rd 
in So Burlington with my cat windows open causing severe pain and ringing lasting 
several days. Since then, ears have been much more prone to pain. 

 
It's ABSURD 

 
I hated working in a garden raising organic food and feeling like the place was being in 
a war. 

 
Repeat exposure to these noise levels are inhumane 

Buzzing in ears 

No pain. Stop exaggerating your claims 
 

Not worried about hearing damage. Noise brings all human communication to a hard 
stop 
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Effects on your hearing 

 
Hearing loss 

208 responses 
 
 

I suffered some hearing 
loss 

Hearing loss was 
temporary              

Hearing remains damaged 

I have ringing in one ear 
 

I have ringing in both ears 

 
37 (17.8%) 

 

31 (14.9%) 
 

29 (13.9%) 
 

44 (21.2%) 

 
 
 
 
 
 
 
 
 
 
 
 

141 (67.8%) 
 

0 50 100 150 
 
 
 
 

Further describe effect on your hearing in your own words if desired 

62 responses 
 
 

perhaps I need to purchase military grade ear protection and wear it all day? 

Exposure isn't long enough to suffer hearing loss. 

I have a constant singing sound in my ears "zzzzzng" Hearing loss doesn't come 
back. 

 
cascade of stress chemicals- increased heart rate and utter anger and sadness that 
VT Representatives think this is ok! They have the facts and CHOOSE to put 
constituents at risk. THAT should be a crime. Accountability? It's time. 

 
It hurts and is by no means reasonable. 

Can’t hear well during or after the noise. 

This noise exacerbates tenitus 

No effect on hearing. 
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Effects on Your body 

 
Did the F-35 cause pain or internal vibration? 

334 responses 
 
 

I felt pain 

The pain was intense 

Headache                       

I felt pain inside my body 

61 (18.3%) 
 

22 (6.6%) 
 
 
 

48 (14.4%) 

 
 
 
 
 

134 (40.1%) 

Vibration inside my body 
 

Intense vibration in my 
body 

0 100 200 

248 (74.3%) 
 
 
 

300 
 
 
 
 

Further describe the pain or the vibration in your own words if desired 

77 responses 
 
 

Inside so felt a mild vibration in my head. 
 

The very low frequency of the F-35 when taking off or screaming overhead preparing 
for landing is qualitatively so different from the F-16s. No comparison. I can feel it in 
my chest when they take off. This cannot be healthy. 

 
I felt really agitated. Anxious. 

 
unbelievable! criminal! deliberately, knowingly exposing my family to health risk / 
pain 

 
Couldn't settle thought after, buzzing ongoing 

If anyone checks these, they're a liar. 

Like I said, like a jackhammer on my brain. My stomach feels the rumble. 

I have migraines and the tension and sound exacerbates them. 

 
113 (33.8%) 
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Speech & learning 

 
In the Environmental Impact Statement the Air Force states that high 
aircraft noise levels can impair learning. Please describe your experience 
of F-35 while learning at home or at school. 

345 responses 
 
 

F-35 blocked speech 

F-35 blocked learning 

Interfered with teaching 

 
 
 

168 (48.7%) 
 

127 (36.8%) 

258 (74.8%) 

Blocked concentration 
 

Blocked speech multiple 
times a day 

 
 

205 (59.4%) 

317 (91.9%) 

0 100 200 300 400 
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Describe effect of F-35 noise in your speaking or learning at home or in a 
classroom at school in own words if desired 

124 responses 
 
 

Distracted me, forgot what I was doing. 
 

Impossible to carry on conversation or even think during the six minutes of constant 
roar and rumble while a "pod" of four-packs takes off. 

 
cannot concentrate or speak/hear when flying over 

 
My dogs and I come inside when the planes fly over. The dogs hate them. 

 
Learning, teaching, concentrating is impossible when these planes fly over like right 
now. 

 
If it flies during class or video lecture I cannot hear what is going on, or I cannot 
speak in class. This also affect other students in the class so everyone just has to 
stop for a while. Class time is valuable and expensive. 

 
Very disruptive 

 

  
Protective measures 

 
What did you do to protect yourself from the F-35 noise? 

391 responses 
 
 

I did nothing to protect 76 (19.4%) 
myself 

 
I put my fingers in my ears 

 
I wore earplugs or ear 44 (11.3%) 

muffs 
 

I ran indoors 80 (20.5%) 
 

I was forced to close 133 (34%) 
windows 

 
0 100 200 

 
 
 
 
 
 
 
 
 
 
 
 
 

229 (58.6%) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
300 
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Your action to protect yourself from F-35 noise in your own words if desired 

136 responses 
 
 

Hands covering ears 
 

There is NOTHING that can be done. Stopping my ears for the six minutes it takes  
for each pod of four-packs to take off is hopeless but I keep hoping it will work. Still, 
there is no talking, music, bird sounds or wind in the trees while they are taking off. 
It's like time and the world stops and waits for it to end. 

 
there's nothing to do 

 
I am buying earmuffs tomorrow because I am irritated by having to choose between 
covering my ears or continuing with my current tasks. 

 
they knew from the beginning that there was nothing they could do to mitigate 
noise /health risks and should be held accountble 

 
I had my door open to my deck to let air in but when I started to hear the f-35 I got up 
to close it 

 

  
Does F-35 Keep You Indoors? 

 
Do the daily F-35 flights keep you confined indoors for a period of time? 

302 responses 
 
 

I go outside during F-35 34 (11.3%) 
flights 

 
The F-35 keeps me indoors 122 (40.4%) 

 
I stay in until F-35 flights 208 (68.9%) 

finish 

F-35 makes me afraid to go 134 (44.4%) 
out 

I stay inside because F-35 93 (30.8%) hurts me 
 

0 100 200 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
300 
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In your own words if desired: Are you kept inside by F-35 flights? 

 
131 responses 

 
 
 

No 

Yes 

Sometimes, but the flight pattern is so random I never know when they will fly by... 
sometimes it is multiple times in one day! 

 
It's not a matter of inside or outside! It's deafening EVERYWHERE 

It wouldn't help. Can still feel and hear them taking off and landing. 

There is no schedule so I am regularly caught outside with my toddler during flights 
 

I work as a gardener and am an avid walker and biked. I am outside most of the 
time. These flights are causing me great distress! 

 
Luckily if the f-35s fly over where I am working outside, I am already wearing ear 
protection for the chainsaw. 

 

 
How long are you confined indoors? 

 
Does the varying F-35 takeoff time keep you confined indoors longer than 
the actual flight time? 

205 responses 
 
 

I am in well before F-35 19 (9.3%) 
flights start 

 
Confined 5 minutes or less 29 (14.1%) 

 
Confined 10 minutes or 59 (28.8%) 

more 

Confined 20 minutes or 68 (33.2%) 
more 

Confined 30 minutes or 45 (22%) 
more 

 
0 20 40 60 80 
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Are you kept inside a longer time than the actual F-35 flights? How long does the 
F-35 noise keep in you inside, in your own words if desired 

80 responses 
 
 

No 
 

I'm not sure how to answer this. I can hear them a long way away. 
 

The noise lasts 2 to 3 minutes. I stop what I am doing for this period to cover my 
ears and hopefully prevent hearing loss. 

 
unscheduled for safety reasons? define that. 

 
I don’t really know what time they fly because my day varies, I don’t adjust my 
activity 

 
Lmao. Is the F35 holding a gun to your head telling you to stay inside? 

I do not have the schedule. Am usually indoors 

Yes, we know they vary the times so we will often give a full hour buffer around the 
typical times of day we know they will fly. They do sometimes randomly fly at 

 

  
Status--Renter, home owner, worker . . . 

 
Reasons I was in the area affected by F-35 noise 

445 responses 
 
 

Renter 125 (28.1%) 
 

Home owner 
 

Landlord 9 (2%) 
 

Customer 38 (8.5%) 
 

Worker 121 (27.2%) 
 

Business Owner 64 (14.4%) 
 

Walker or bike rider 109 (24.5%) 
 

0 100 

  
 
 
 
 
 
 
 
 
 
 
 

296 (66.5 

 

 
 
 
 
 
200 

 
 
 
 
 

300 
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Status--Child, student, teacher 

 
Check all that apply to further describe your reasons for being in the F-35 
noise area 

184 responses 
 
 
 

Child living in F-35 noise 
area 

 
 
 

Student in F-35 noise area 
 
 
 

Teacher or staff in F-35 
noise area 

 
90 (48.9%) 

 
 
 

86 (46.7%) 
 
 
 

91 (49.5%) 

 
0 25 50 75 100 

 
 
 
 

Disproportionate impact 

 
In its Environmental Impact Statement, the Air Force states that the F-35 
flights in Burlington will have "disproportionate impact" on low income and 
minority populations. Please indicate your status. 

251 responses 
 
 

Low income 
 

Black Hispanic Asian 
Native American 

New American 
 

Disabled 

Senior 

Veteran 

 
 

13 (5.2%) 
 

2 (0.8%) 
 

19 (7.6%) 
 
 
 

14 (5.6%) 

139 (55.4%) 
 
 
 
 
 
 
 
 

117 (46.6%) 

0 50 100 150 
 
 
 
 

My Home, Yard, and Family 
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F-35 effects on home, yard, & family. Check all that apply. 

423 responses 
 
 

Blocks quiet enjoyment of 416 (98.3%) 
my home 

Blocks quiet enjoyment of 401 (94.8%) 
my yard 

Intrudes into my private 399 (94.3%) 
space 

Blasts unsafe noise into my 373 (88.2%) 
home 

Reduces value of my home 287 (67.8%) 
 

Violates my bodily integrity 308 (72.8%) 
in my home 

0 200 400 600 

 

 

F-35 impact on your home and family in your own words if desired 

103 responses 
 
 
 
 

all of the above 

Constant rage 

I would NEVER show my house to potential buyer at any time they might be taking 
off or landing. I would NEVER buy a house that faces this assault every day like we 
now do. 

 
VTANG has told me that they do NOT consider multiple calls from the same person-- 
-as that person is a " complainer"--so if I committed multiple assaults, only one 
counts? Good to know that's how this rigged system protects people---not that they 
should even be here, ruining VT 

 
The noise causes moments of acute anxiety and fear when otherwise at rest in my 
home. 

 
The F35s should not be stationed in a residential area. I also live in the commercial 

 
 
 

Night Flights of the F-35 
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Check all that apply to night flights of the F-35 

 
284 responses 

 
 

Interferes with child 82 (28.9%) 
bedtime 

 
Disrupts child bedtime  82 (28.9%) 

My child cries or gets upset 67 (23.6%) 

Hurts my child 62 (21.8%) 
 

Intrudes into family life 271 (95.4%) 
 

Hurts my family 174 (61.3%) 
 

0 100 200 300 

 

 

F-35 night flight impact on your home and family in your own words if desired 

81 responses 
 

 
I have no young children but I can only imagine the impact on my neighbors who do. 
When multiple pairs of jets build their crescendo several times an evening 

 
Inarticulatable rage at the magnitude of this stupidity 

I can't wait for flights to be over. 

GET F35's OUT OF VT NOW and hold politicians who rigged this basing accountable 
for the damage and suffering they knowingly cause 

 
Usually by 8 PM I try to wind down and relax due to sleep issues. The f-35s at night 
disrupt my quiet relaxation time 

 
Again, y'all chose to live near an airport. That's on you. 

makes it hard to go to bed on time and go to sleep. I'm 70. 

TOTAL BULLSHIT 

 
Physical Impact on My Home 
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F-35 shaking of my home. Check all that apply. 

275 responses 
 
 
 
 

F-35 shook parts of my 248 (90.2%) 
home 

 
 
 

 
Intense shaking of my 75 (27.3%) 

home 
 
 

0 100 200 300 

 

 

F-35 physical impact on your home in your own words if desired 

85 responses 
 

 
Noise 

 
No shaking. 

 
Windows vibrate 

 
the vibrations knocked a clock off the wall 

 
Have listed earlier in form. Deep resonating vibration in frame of house and windows 
that we never experienced with the F-16s. And we are supposedly in a sound zone that 
was IMPROVED by the F-35s vs F-16. TOTAL LIE! 

 
this time? far alarm, broken glass 

 
It's a plane... Not an earthquake generator. 

House Shaking 

 
 

Impacts on my businesses 
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My business. Check all that apply. 

 
216 responses 

 
 

Interferred with business 167 (77.3%) 
 

Stopped business 177 (81.9%) 
conversation 

Interrupted business phone 173 (80.1%) 
call 

Shook or vibrated my 74 (34.3%) 
business 

Reduced my business 36 (16.7%) 
revenue 

Reduced my business 25 (11.6%) 
value 

0 50 100 150 200 

 

 

F-35 impact on your business in your own words if desired 

65 responses 
 

 
Distracted me from working on business at home. 

 
I take a lot of Zoom classes and webinars and can't talk when the planes go over. 

Frequently experience interruptions in work meetings due to noise 

Interrupts all business communication when they are flying during the day. 

TOTAL BULLSHIT 

I don't know if my clients choose to work with others because it's annoying to try and 
communicate with me when we are so often interrupted, I just know it stops all 
communication until they pass. Depending on where the client is, sometimes right 
after it stops for me, we have to stop for them as they pass my client's house. 

 
Both my wife and I own and run businesses in Winooski, Burlington, and my 
business also has a shop in Essex Junction. The F-35s have interrupted sales 
meetings, client meetings, team meetings, zoom meetings, phone calls, outdoor 

 
 

Impact on pets 
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My dog or cat. Check all that apply 

221 responses 
 
 

My pet showed fear or 196 (88.7% 
anxiety 

Runs, hides, or tries to 123 (55.7%) 
escape 

Worried about my pet's 139 (62.9%) 
hearing 

Worried when walking my 64 (29%) 
dog 

Interfered with my guide 4 (1.8%) 
dog 

 
0 50 100 150 200 

 

 

Impact of F-35 on your dog, cat, or other pet in your own words if desired 

47 responses 
 

 
No pets 

 
Worried about pets well being. Worried about wildlife. 

 
And mine is the cattest of all cats, and still runs scared while they are taking off, but 
there is no escape. 

 
I’m worried about my gecko’s hearing in the summer when the windows need to be 
open (no ac) she is a small animal and cannot handle the same level of stress as a 
dog or cat 

 
Pets don't care. 

TOTAL BULLSHIT 

N/A 

 
As a dog trainer I have heard first-hand from many clients who live in areas of 

 
 

Contact information 
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My name (optional) 
 

227 responses 
 
 

David Nacmanie 

Mike Chamness 

Nicholas Gray 

Terry Marron 

Susan Parente 

G 

Craig Chevrier 

Paul Rocheleau 

Adam Jacobs 

 
 
 

My business's name (if applicable) 

40 responses 

 
6 

 

4 
 
 
 

2 
1 ( 

 
 

0 
- None - 

 
C.P. Smith Ele… 

 
Fetch the Leash 

 
New Framewo… 

 
SJR LLC 

 
Vermo… 

Answer Media Congregation… Laurie Euler (p… RGH The Small Boa… 

6  
  

%) 5 
 
 
 
 
 
 

%1)  

 

 
 

2 (52%((5) %)) 

 

2 (5%) 

211.5((%221..55)(%%2.5) %) 1  211.5((%21..5)(%211.5))(%211.5)(%211.5)(%211.5)(%211.5)(%211.5)(%211.5)(2%1.5)(%21.5)(%211.5)(%211.5)(%211.5)(%211.5)(%211.5)(%2.5) 11.5((2%1.5)(%%211.5)(%211.5)(%211.5)(%2.5) %1)  211.5((%2..55) 
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6 (3.5  
011.6((0%.66)%) 

 

My home or business town (optional) 

173 responses 

 
60 

 
 
 

40 
 

 
20 (9.8%) 

 

 

 
 
 
 6 (3.5%) 

 
 
 
 6 (3.5%) 

24 (13.9%) 

 
12 (6.9%) 

8 (4.6%) 
1 ( 2 (1.2%) 4 (2.355%(()2.9%) 5 (2.9%)

%.2)3%()1.7 1 (011.6((01%.66()011%.6()011%.6()011%.6()0%.6)1%(()011.6((01%.6()011%.6()01%.6()011%.6()01%.6()0%.6)1%(()011.6((001%..66()0%%.6)%)1 (0.611%(()0.6%) 
0 

2 (122.2((1 (0.6%) 

05408 Burlington, b… Hinesburg,… North Brown… South Burlin… Winooski 
Burlington Colceshter NNE Burling… SOUTH BU… WINOOSKI south burlin… 

 
 
 
 

My home or business street address (optional) 

118 responses 
 
 

Pearl St 
 

637 CHRISTMAS LN 
 

North Brownell Road. 

49 Pleasant Acres Drive 

37 Bright Street 

29 HILDRED DRIVE 
 

360 White Street 
 

205 Archibald 
 

25 North Street 

) 

50 (28.9%) 
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My telephone number (optional) 

 

75 responses 

 
18028783953 

802-557-0628 

8023243081 

8023496328 

8023561668 

8022383356 

504.209.4960 

8028815811 

8027341936 

 
This content is neither created nor endorsed by Google. Report Abuse - Terms of Service - P rivacy Policy 

 
Forms 
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pro 

Provided below are further responses available by scrolling through the online survey. 
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Further describe your experience in your own words if desired305 responses 

 
Always stops conversations, blocks bird songs and upsets dog 
Inside, at first I thought it was thunder it was so loud! 6 min later I can still here it. Saw the aircraft from my window. 
Noise is annoying and very stressful to think about death and the military. 
It's fucking AWFUL 
When they started taking off, I checked the time and said "Did the clocks change? It's not 9:20AM" --- which is the time 
we generally start preparing ourselves for the sudden but predicatable scream and roar of the F-35 morning flights 
departing. It was only not "deafening" because this morning they took off south, terrorizing the people in Williston, 
Richmond, Hinesburg, and Huntington, instead of us in East End Burlington and Winooski. I generally measure 80db 
constant inside my Burlington home during north-facing take offs. Outside far worse, especially when the butt-end of 
the F-35 is facing me as the jets climb. So, now our earlier mornings are also going to be ruined for the war games 
practice? Senator Leahy: how about using earmarks to do a study on (1) what other assignments can be given to our 
Air Guard so the F-35s don't have to be based here and (2) better uses for decommissioned F-35 BTV base, than 
terrorizing civilians for no good reason? 
I was working in my community garden plot and the flotilla of F-35s shot past one at a time. Then they began to make 
a circle following each other. It seemed like the community garden was in the center. Another senior citizen in his 
garden plot and I put her hands over our ears. It seems like they were playing some game of follow the leader. They 
circle about three times, flew off and then flew higher in a tight formation. 
horrifyingly low and loud---total political disregard for people here---hateful 
My toddler screams in agony and runs for protection from us everytime the F-35s fly over our house 
My 3 year old son started crying and yelling no while looking at the sky with his hands over his ears. It’s unbearable for 
him 
I was trying to have a phone conversation and had to call back after the noise passed overhead , lasting approximately 
3 minutes! The 2nd time I was trying to relax after a long day. Not conducive at all! 
I did not sign up to live in what sounds like a war zone. 
whistling screaming explosive - shattering the morning 
Need to pause my indoor activities/conversation until the noise passes because I cannot hear....it is night time... 
Chaos 
Our students were taking the Federal SBAC exams which require quiet concentration. It is difficult to achieve best 
results when loud disruptions like this occur. 
They're freaking awesome. 
The planes were scarily loud today, roaring overhead 
TOTAL BULLSHIT 
They are horrible and I warn people about it if they are thinking about moving here. Quality of life has decreased since 
they arrived. 
Untenable. We had six go over while working outside, we had to put down tools and cover our ears. We couldn't 
communicate at all over it, and with 6 passes, it went on and on, completely disrupting what we were trying to say to 
each other. It's just not fair. This is the wrong place for this kind of outrageous intensity. It seems the frequency is 
going up and the times of day are getting worse. It really pisses us off. There's got to be something we can do to stop 
this insanity. 
We were trying to teach and our class was disrupted by the loud noise. The students couldn't hear us and we had to 
stop the teaching/learning process. 
I love Winooski and now I avoid it. I visit friends regularly there and the noise gives me headaches. I live in downtown 
Burlington and have to stop my work meetings every time the jets are out. I also work at UVM and have to stop 
meetings or close windows to avoid the headaches. It was such a mistake to bring them here. The community knew it 
was going to be bad but Senator Leahy did not care at all. 
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Unacceptable 
Music classroom class had to stop because we couldn't hear ourselves over the planes. 1st graders scared of the 
roar. 
Planes roaring over our house from 8:45pm-9:35 pm at unknown intervals and groups. Our daughter waking up crying 
in fear. Walls and windows shaking (they always do). My one night to get sleep and go to bed early as a parent and 
business owner ruined, and being so agitated with feelings of "why do we live here? Am I being an irresponsible parent 
exposing my child and family to this stress? Should we move? Why are they doing this to us? Can nothing be done?" 
Such a feeling of helplessness and desperation and anger, I was shaking and couldn't get back to sleep. 
I teach evening classes from my home and the noise very much interrupted my classes on both nights they were 
heard. I could not hear my students on Zoom and it was very distracting for everyone. I had one student who lives in 
Winooski and her dog went and hid in the bathroom because he was scared by the noise and couldn’t participate in 
the rest of class due to stress. 
not the level of noise you said it would be 
Horrible and overwhelming 
Again, these flights interrupted a phone cal with a customer. They are INSANELY loud today! I hate putting my life on 
hold whenever they fly by. 
Remind me EVERYTIME of the horrors of war, the pain all sides cause. Rattles my psychologically and physiologically 
for 10-30 minutes. Also so loud I cannot talk to others, cannot hear others. So loud I have to cover my ears and I feel 
like my sinuses and brain is shaking. 
7 or 8 very loud takeoffs. 3 or 4 at a time, was out walking w/ my partner and could not hear each other shouting over 
the noise. absolutely obnoxious 
Horrifying! When will the men who put this here be held accountable for deliberately, knowingly putting residents-
taxpayers at risk .Our bodies are not your runway. GO AWAY 
the F-35 began warming up while we were relaxing on our deck; this was our warning that we needed to go inside 
soon. The warm up is an extended droning sound that alters my mental/emotional outlook from content/relaxed to 
annoyed/angry. Having to adjust our plans to retreat from the onslaught of further noise attack is frustrating. 
some were even lower than usual - loud is an understatement 
whole house shook, windows, pets scrambling, deafening! LOATHE them. 
Trying to enjoy the peaceful scenery of Vermont in the new park in the middle of town – totally disrupted by F-35 noise 
to the point I couldn't hear my partner speaking right next to me. Not what living in a Vermont city is meant to be like. 
All conversation ceases. Cover grandchild's ears and hurry home. Still loud indoors with windows shut. Only good 
thing is it doesn't last forever. 
One after the other. It's the sound of death 
My dog shakes from anxiety and I won't raise my kid here any longer. 
Several times last week when I was a outside I had to cover my ears because the noise was so loud and 
uncomfortable. I had to stop conversations as well several times. 
My 5 year old is afraid of them, we try to take our dog for a walk and she cries; I go for runs in the woods or work in my 
garden during work breaks and it's a really unfortunate additon; sometimes I try to join work meetings online outdoors 
when it's nice outside and I can't if they are out 
this noise is hazardous to hearing, and harmful to environment for animals of most species 
It was not as annoying as the civilian planes. 
Was reading and writing at my desk on my laptop, and was startled by the noise and it lingered for for five minutes 
making it hard to concentrate or get anything done. Afterwords I was filled with thoughts of war and hate and pain and 
death. So now I’m fully distracted and jarred. 
The last few jets flew right over our house. I was inside with windows closed and has reading of over 90db! This is 
absolutely ridiculous and unnecessary. They have been flying since 10 am and just circling overhead with low rumble 
at times. This is not the 2-3 min a day of noise, but nearly 2 hours of noise. Hardly what our officials promised which 
would be a minor annoyance. 
This cannot be good for my long term mental health, or that of our amazing wildlife for that matter 
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I live right under the flight path in Winooski. I was on the phone when the first pair of F35s came in for a landing, and 
was unable to get to my hearing protectors fast enough to avoid the pain of the extremely loud noise. I was unable to 
carry on a phone conversation when the planes went over. This is the first time I remember being disrupted late on a 
SATURDAY EVENING!! I feel for all the children and adults who were asleep by 9pm and were so scarily jarred awake. 
I don't have a particular "experience" related to the flying of F35s in my area. It's jet noise and it's not overly disruptive 
to me. Sometimes I have to pause a conversation for a few moments or turn up the radio, but that's about it. 
My young daughter's cover their ears and run inside. One often cries when she hears the planes coming. 
The flyovers are painfully loud this morning. Is there something new? Are they flying lower? Have they adjusted their 
flight paths in some way? Living with this level of disruptive noise is awful--why is that happening? I moved here, to a 
quiet, residential, civilian neighborhood and now feel like I'm living on a military base. 
I was outside, working on my yard, and the noise actually hurt my ears. I went inside, took a phone call, and even 
inside, I had to go to the basement in order to not disrupt my conversation. The jets are unacceptably loud 
Was sitting with my 9 y/o and her friends enjoying our first creemee of the season when an F-35 flew overhead. The 
sound was deafening and we all covered our ears and cringed in pain. It put a damper on what was a fun, peaceful 
respite from the heat and covid anxiety. 
Awful, can't hear music even with headphones on inside. 
The noise is out of control. It causes my ears to hurt. The noise is vey destructive. I work night shift so usually I am 
woken out of a deep sleep from the jets.They cause a lot of stress and anxiety as I feel I never know when they are 
actually going to come. They disrupt any phone calls I have. It feels criminal to me that these jets are flying over our 
communities, essentially terrorizing us. 
The noise disrupts me at my job, makes my plates and glasswear shake and terrorizes my children and animals. 
Frighteningly loud flyover just now. For the first time, my cat jumped and looked terrified. 
Shook the literal poop out of me. 
The noise was so loud I had to pause my phone conversation, but really it was the vibration - rattling the windows and 
even knocking a figurine off of my bookshelf - that unnerved me. 
Just a taste of what summer will look like with the kids playing on the back porch, partial windows open and deafening 
roar of the jets and vibrating windows over the otherwise quiet of birds chirping. We shouldn't have to worry about 
hearing loss for our kids in their own backyard 10 minutes away from the airport (which doesn't even fall in the 
airport's noise map radius) 
I was unable to converse with people immediately around me. Multiple flights overhead, about 5 that evening. The 
afternoon I heard them, I was working on Zoom and the sound transferred through my speakers, disrupting my Zoom 
call 
It takes over 
Disruptive and truly a blight on the community that I felt pride in previously 
Night flights are again beginning earlier than what we were originally told. 
Annoying in the day time. But after 9pm on a school night? My kids are in bed. C'mon 
I am inside, windows CLOSED, and the dryer is on. Still, the plane was so loud it scared the hell outta me. 
Infuriating 
ear pressure/pain, heart shaking along with the windows, whole body assault. 5min. before the UNSCHEDULED take-
offs, I was admiring the song of a cardinal by the window 
Breaks into anything else that I am doing. 
these aircraft have destroyed quality of life in vermont. If its not in the evenings, its in the daytime while I am walking 
my dogs. They shake the house, and create huge amounts of anxiety, and everything must stop until all 8 of them take 
off or pass...I cannot imagine what it will be like when all 20 or 30 that are slated to arrive are on base. in other parts 
of the country where I have lived that military planes fly ( new mexico + north carolina) they NEVER take off anywhere 
near residential areas or fly so low that it creates the issues these are creating because the AIRPORTS are 20 min 
outside of town . We are not equipped, geographically to support this. 
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Every time the planes go by, they set off my infant sons baby monitor. The monitor reads the noise from the planes as 
being just as loud as when my son is crying right next to the monitor. It lights all the way up the red section of lights, 
indicating a high volume. This is particularly annoying when the planes pass at his bedtime. 
The noise prevents any communication. We must stop any activity involving communication until it's over, and we 
never know when it will be over. Meetings are constantly interrupted, then cancelled after the third or fourth 
interruption. This has impacted my ability to do business. I moved to Vermont because it's supposed to be a peaceful 
state, not a war zone. The Guard was useless when we were actually attacked on 9/11. I don't fear Vermont being 
attacked, but if we ever were I'd choose that, I'd choose risking death by highly unlikely enemy attack from those pesky 
Canadians then living daily under the assault of these useless, overpriced toys that serve as welfare for military 
contractors. 
It makes me so angry because I have no escape or control over my experience. I can't fully participate in meetings, 
conversations. It disrupts my sleep as well. There is no place to go to shut out the noise. 
I am a psychotherapist seeing clients through video conferencing at home. Even with windows closed the noise 
comes in and shakes up the sessions. This week's "night flying" begins in mid-afternoon and the planes are louder 
than ever and I have been frightened by the noise, and anxious about when it is going to start up again. I've taken my 
phone out on the deck to have the caller ( not a client ) hear the planes and they could not believe how loud it was. 
I was on a zoom conference and had to keep muting and was unable to participate 
Woke up my one year old from sleeping and scared my 5 year old who was about to fall asleep. These jets are 
incredibly loud and make living in Winooski untenable. 
I live in Burlington and the occasions of F35's overhead are too numeoros to limit to the previous questions. I live in 
the old north end and work downtown. On a regular basis, even while indoors, with closed windows, I need to cease 
conversation, zoom meetings, telephone calls and wait several minutes to resume. The experience is deafening, 
frightening and disturbing. When i am outside, I hsve had to cover my ears, paralyzed in place or dodge for indoor 
shelter on numerous occasions. I am not delicate. I grew up in NYC surrounded by subways, ambulances, fire engines. 
NOTHING in my experience compares to this. The fact that it is a regular occurrence is also appalling. For a state that 
prides itself on Act 250, not polluting the visual landscape, how is this noise pollution justified? Moreover, as we face 
a climate crisis, how many tax dollars and how much fuel is consumed, and to what end? Many have framed this as a 
controversy that is or is not about supporting our military. Preposterous. The guard men,women and families live here 
too and should have a livelihood, but not at the psychologicl, aural expense of all our children and neighbors. It is like 
living in a military zone. The first time I heard them, moving from Montpelier to Burlington, I thought Burlington was 
under military style attack. 
Increased flights this week and warm weather makes working at home difficult to impossible - headaches past two 
days 
I was attempting to host a public event attended by ~90 people on Zoom and I could not facilitate because no one on 
the other end could hear me when I came off mute because the planes were so loud. I had to shout for someone else 
to speak until the take-offs ended. 
The F-35 flights prevent me from being able to work. I produce educational videos and lead, live virtual trainings 
online. If I am recording a video when the f-35s fly i have to stop and start over. This is causing me to lose hours of 
work. If I am giving a live training when the f-35s fly I have to stop and explain to the trainees to wait while I go on 
mute. It is embarrassing, frustrating and maddening to have my work be disrupted so frequently. I video conference 
with people all over the world, and the noise here in Vermont is by far the most disruptive on virtual calls. 
This is an atrocious invasion into our lives. It scares our pet, makes conversation impossible, the nighttime flights 
disturb our ability to sleep. The noise pollutes the serenity of Vermont's natural beauty and most likely alarms our 
wildlife. I have friends who tell me their kids cry. These vessels of war are not welcome in our skies. Planes like this 
should Not be based near such a large population area. 
No peace here...sadly, just practice for nuclear war while destroying this local community.  
The noise of the jets has interrupted business calls I've attended (thankfully none I was hosting). They are loud 
enough to drown out any other noise in my apartment. 
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Heard multiple times during the week living in Richmond. Extremely loud, comes out of nowhere, unable to 
concentrate 
I have a feeling of deafness. 
I live in Winooski but will be moving soon in large part because of the unbearable noise. I suffer from PTSD and find 
the jet noise physically distressing-- ear pain as well as anxiety. While appreciate the preparedness of the Guard, 
personally I have found the current practices incompatible with daily life in Winooski. I have had phone calls, zoom 
meetings, and workshops interrupted by jet noise. My dog is afraid to walk in areas where we have happened to be 
when jets have gone over. The disruption has been significant. 
...and to think, just earlier I was grateful that at least I could enjoy a Sunday morning in peace, following several days 
in a row of horrendous NOISE / F35 assault 
Oh my god, I hate these F-35s so much. I hope the government (federal, state, local) offers a buy out so I can afford to 
leave this ridiculous situation. I have been forced into a way of life that I never signed on for. I am not a soldier, I 
should not be living on a military base. 
10:10pm F35's flying over 
Truly awful. 
Unsettling and very disappointing that we have to endure this almost every day. To the point that i'm seriously thinking 
on moving out of this state. Even though I love my house. 
We were told night flights would run from 4 to 10 pm, but the planes are taking off earlier than specified today. With 
absolutely no predictability, it's impossible to plan/prepare for these flights. I now have to sit and wait until all the 
planes are done before I can resume my work on the phone with customers. 
My grandchild is scared to death of the noise and there is no reason for flights around bedtime 
It makes my two year old scared 
7:45 is my young children's bedtime. Jet noises are distressing enough during the day but at bedtime when we are 
trying to settle it is scary and disruptive to my kids. It is a highly inappropriate time for young children. 
I was involved with a Zoom meeting and could not hear the other participants during the time it took the several F-35s 
to fly over my house. 
Every time a F-35 flys overhead I'm concerned about my child waking up, concerned for people outside, concerned for 
animals. Its very loud and aggressive 
They are scary and loud, I hate hearing them over my home. 
disrupted Hebrew class, had to stop multiple times, lost significant amount of class time 
This is the fourth time today flights have interrupted my work. They are unbearably loud. I feel as though I'm living in a 
war zone, given how often everything in my house is brought to a complete standstill so I can plug my ears while 
machines of war fly over my otherwise lovely, quiet home in my otherwise civilian, residential neighborhood. 
flying directly overhead extremely loud 
The noise was so intense and so distressing I could not remain outside on my own property 

OTHER (203) SEE SHEETS 
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Further describe ear pain or worry about hearing loss in your own words if desired132 responses 

 
When jets first arrived I had an inadvertent exposure to them taking off near Kirby Rd in So Burlington with my cat 
windows open causing severe pain and ringing lasting several days. Since then, ears have been much more prone to 
pain. 
It's ABSURD 
I hated working in a garden raising organic food and feeling like the place was being in a war. 
Repeat exposure to these noise levels are inhumane 
Buzzing in ears 
No pain. Stop exaggerating your claims 
Not worried about hearing damage. Noise brings all human communication to a hard stop 
When my hands are full and I'm not able to push my palms hard into my ears it's like a jackhammer on my brain. It's so 
f'n offensive! 
The strong noise gives me headaches. 
We all plug our ears and hum quietly to counterract the sheer violence of the sound. Our daughter is trained to run to 
us whenever she hears the engines start up or begin to come near us, and she buries her head in our bodies and we 
cover her ears at risk to our own. While outdoors, we run indoors immediately and shut all windows and doors if we 
can. We adjust our walks or outdoor time to try to miss them (if we know when they are flying, sometimes they vary 
the schedule and we can't anticipate). So we carry noise cancelling headphones for our daughter with our stroller, like 
gas masks as if we were in war. Which is honestly what living with the F-35s feels a little bit like. 
So loud I have to Cover my ears. I feel like my whole head is shaking and throbbing. 
afterburners in this mix of take-offs. My ears are ringing 8:02pm and I can STILL hear them 
My concern about hearing loss led me to have a hearing exam this year, which documented the beginning of hearing 
loss. 
ears ringing and have established hearing damage- but then they KNEW this was a risk to our health before the basing-
--criminals 
Ears started ringing afterwards and later in the day 
When outside in Winooski my ears start ringing and my son 2.5yo covers his right away. My dog starts shaking from 
anxiety 
Can’t hear anything else when this is happening and level of noise feels uncomfortable. 
Why would you put this hazardous machine in the most populates place in Vermont!t?! 
None. 
these jets need to fly out and away to do their trailing. There is no reason they need to fly overhead constantly. Very 
disruptive 
I have ringing in my ears for a minute after the rumbling stops 
I have tinnitus in both ears, and am very concerned about making it worse with the noise of these planes. 
I do not experience ear pain or worry about hearing loss due to the presence of the F35s. 
I have ringing in my ears immediately after 
The ear pain from the jets is intense for me and my kids and I worry about hearing loss for all of us. 
Not only the ear pain but worse is the stress hormones that are probably more dangerous. 
There needs to be further noise studies done to understand the impact these jets have on the kids 
Indoors, no ear pain, noise freaked me out 
i have ringing in both my ears courtesy of corrupt politicians and this basing--and I don't take that lightly. 
Constantly reminding me of war and death, conflict and loss. 
i already have hearing loss and these planes are causing increased deterioration. 
Since these planes arrived I have been diagnosed with tinnitus. I pray every day they will stop, the ringing in my ears is 
constant and worsened. If I do kill myself, I will be publishing a letter to the Washington Post explaining the cause so 
you won't be able to cover it up. 
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Feels like it could br damaging my ears 
Nervous about the impact of noise on my young children 
I worry that being exposed to this level of noise on a daily basis could hurt my hearing. 
Sometimes felt pain in ears 
Couldn't work 
I don't have my own kids but have worked with young kids and am very aware of how many little ones live in this area, 
including infants. All the professional trainings I've had in child development make me concerned for the kids who are 
exposed to these noise levels on a regular basis. For me the noise is physically painful. For infants, it must be 
excruciating. And they can't make the choice to go inside or close the windows. 
should be "NOISE CONCERN" line not complaints---I'm not just complaining. I want these people to know they are 
deliberately assaulting thousands w/o any concern, disregarding AF testimony outlining the dangers to this 
community's hearing. 
I'm fairly sure I suffer from tinnitus thanks to the airplanes and every time they fly by it gets louder and annoying 
This erodes our quality of life and property values as well. 
Mostly great 
It's not just in the ears, it's everywhere. It's as if your inner organs are vibrating. It's painful. 
Feels like an earache 
Luckily we were all inside, I am worried that if my children were outside they could sustain irreparable hearing 
damage. 
While outside with my children Need tobhold my hands over their ears. It’s a sharp, deafening vibration. 
The repeated takeoffs at over 100 db are concerning for my hearing. I will not walk around my home/yard with ear 
protection just waiting for the next jet to take off! 
Sometimes there is a ringing in my ears when the planes pass from a certain direction. I'm not sure why some are 
louder than others, I assume it is my home's position in the flight path but I'm not sure. 
My ears ring continuously after the jets have passed. 
Deadening and hurt ears. I sought shelter. 
Everyday multi-exposure to noise not good for my hearing. 
So loud it leaves ringing noise. You can feel it vibrate your whole house and body. 
tinnitus 
I am already hearing impaired..this exposure can exacerbate it 
I've been having more headaches and tinnitus episodes since the flights started 
I am a neuroscientist, and am aware of the damage that prolonged exposure to >100 dB sounds can cause. I am 
certain that these planes are damaging the hearing of many residents in Burlington and the surrounding towns. It is 
inexcusable to blatantly cause permanent damage to citizens in this way. 
Can't hear your own voice, can't hear anything but Hell 
My hearing is already not as good as it used to be, but my child's should be protected. 
The noise sends vibrations through my entire body, so I am very concerned about what it's doing to my hearing  
I am worried that being subjected to this level of noise almost daily will have last effects down the road  
I’ve been suffering migraines lately with the barometric pressure changes of spring. The violence on my ears worsens 
my migraines or triggers new headaches 
Defining 
completely disrupts my ability to perform at work. Distracts train of thought, inhibits ability to follow and participate in 
meeting for my work, writing is completely impossible, and causes physiological symptoms of anxiety/panic due to 
sensory overwhelm. I am not even able to plan for these distractions, as there is no consistent fight schedule. 
Uncomfortable feeling. Used hands to close ears. 
I have very acute hearing and this noise is a full body experience. Not just my ears. It makes me tremble. I am unable 
to think. It makes me feel afraid, powerless, distressed. 
Could not hear any thing but the roar of the planes 
These planes are too loud 
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This is the second time today the F 35’s flew overhead, the first ETA 10 minutes were tolerable and then it got so loud 
I had to sit inside the house with my ears covered 
Repeated exposure on a daily basis is damaging 
Even wearing ear plugs the intense volume is a huge concern for our hearing 
When I walk or jog. I feel the need to cover my ears(noise is too loud). Unfortunately, can’t do that when I am biking. 
The sound hurt my ears 
Yes, I do worry about hearing loss. 
It physically pounds and vibrates my entire body. It causes piercing ear pain. 
I was indoors with windows closed and could not be heard over the noise. When I stuck my DB reader out the door for 
an audio reading, the meter peaked over 110dbs several times. 
There is long lasting affects as my child all have done poorly on their hearing tests at the doctor and my tinnitus had 
increased over the years from prolonged exposure. 
The noise is anxiety inducing, I didn’t have a decibel reading but felt very loud. 
I have to plug my ears or use noise canceling headphones, and it’s still unbearable. I can’t do anything for at least 20 
minutes as I recover. 
I already have hearing loss and the F35 creates more deafening noise 
None 
No effect 
Really loud to the point of pain in my ears 
Its so loud even at that distance that it makes me worry that my hearing is being damaged. 
I have tinnitus and the sound exacerbates the condition 
Pain and sense of pressure 
already a senior, don't need more impact on hearing 
I do not live in the "unfit for residential use" zone. My fear for my own hearing and my wife's is that an F-35 will fly over 
when we are outdoors and unprepared. 
People who do not protect their ears from this level of intensity WILL suffer loss over time. This is a class action law 
suit waiting to happen no doubt. Give it a few years. I personally will make sure of it. It will be easy to win with the data 
collected from decibel readers readily available and being used in the area by citizens. 
My tinnitus has gotten much worse and now it is continuous. Before jets fly over it was only intermittent and the 
volume of ringing in my ears was much lower. Now I am distracted so much by my tinnitus, I am left with this 
condition! 
Causes tinnitus 
Several times I’ve been in situation where my ears hurt for several minutes after experience of jets flying over. One 
time was very serious when pain lasted hours 
My ears hurt afterwards and I get headaches 
Felt the pressure on my ears 
If I had been outside for long, I would definitely have been exposed to sustained and damaging noise levels. 
Ringing in the ears 
The very loud mix of sound frequencies seems especially likely to cause hearing damage. 
It’s piercing, and this is coming from some one who loves live music. The damage from the sounds of the planes is 
worse than any speaker at any concert. It literally hurts. 
Headache, anxiety, irritability 
painful to my ears. I thought that my years in the military were over. 
No ear pain but it makes my whole head shake 

OTHER (31) SEE SHEETS 
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Further describe effect on your hearing in your own words if desired62 responses 

 
perhaps I need to purchase military grade ear protection and wear it all day? 
Exposure isn't long enough to suffer hearing loss. 
I have a constant singing sound in my ears "zzzzzng" Hearing loss doesn't come back. 
cascade of stress chemicals- increased heart rate and utter anger and sadness that VT Representatives think this is 
ok! They have the facts and CHOOSE to put constituents at risk. THAT should be a crime. Accountability? It's time. 
It hurts and is by no means reasonable. 
Can’t hear well during or after the noise. 
This noise exacerbates tenitus 
No effect on hearing. 
The F35s have not had any effect on my hearing. 
I was exposed to the jets a few weeks ago every night during our evening walk (around 8 PM around the ONE of 
Burlington). My daughter and I both got headaches and ear pain afterward. 
I haven't experienced hearing loss yet. I don't think constant exposure to that level of noise is healthy. 
Can't hear anything else for about 60 seconds, but i think it's temporary 
For the hearing impaired this noise sets off tinnitus making it hard to function. 
I had perfect hearing before the planes, no problems at all. Now I have to repeatedly ask "what?" anytime someone 
speaks to me. It's made it hard to socialize and have fun. The military is ruining our lives in pursuit of more money. I 
will never vote for anyone who does not support severely cutting the military's unbelievably bloated and disgusting 
budget. The Pentagon is a shameful symbol of everything wrong with our country, Americans live like paupers and our 
children starve while the military brass live like Saudi kings. 
I have ringing but cannot attribute it to anything in particular. 
Painful sound, pressure 
'm fairly sure I suffer from tinnitus thanks to the airplanes and every time they fly by it gets louder and annoying 
I'm concerned about the long-term effects of noise pollution on my body, others bodies and animals. 
I haven't had my hearing checked, but I'm sure it can't be getting better. 
I stepped outside to take a DB reading on my porch. That short exposure resulted in temporary ringing my ears. 
I just have some ringing. 
I have had my hearing ruined by a number of things - and I can still hear this! 
intense vibrations, windows shaking, scrambling to shut windows---so nice, right? 
Temporary ringing and dizziness 
ringing in ears has been since f-35 arrival only 
Tinnitus is at an all time high 
I have previously never experienced tinnitus. I now experience it in both ears after living on the flight path for 2 years. 
the quality of life that I had when I purchased this property has been trashed by these monster machines 
It is quiet now and my ears are still both ringing 
My ears feel like they're buzzing after the jets fly overhead 
Severely ANNOYING 
I have no clue how this is affecting my hearing. And for me to find that information out I would have to pay out-of-
pocket to go to a doctor and probably should’ve had a baseline measure of hearing Prior to the F 35’s invading my 
neighborhood. But again, all that would be out of pocket of a civilian citizen. 
Since an inadvertent initial painful encounter near the airport my ears have been experiencing low buzz or hum 
I did not check anything above, but likely could if this noise level does not change. 
I'm afraid of the vast effects the keys will have on my hearing over the decades as I continue to live in my home. 
No lasting effects beyond 20 min at this time 
I hae hearing loss and fear the noise of the F35 can cause additional loss and tinnitus 
None 
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No effect 
Pat Leahy's polluters. 
I have tinnitus and the planes complicate that condition 
Pre and post hearing tests will help to prove loss 
I now qualify for hearing aids, after going for a hearing test 
Since I have not had my hearing checked it’s difficult to say how much damage has been done. 
Painfully loud and sustained. 
Even without my hearing aids on, this noise is deafening. No conversation possible. 
painful 
I’ve lost high tone in both ears 
I woke up a few nights after the jets flew overhead with ringing ears that were actually painful enough to wake me up. 
My ears ring for several minutes after they’ve gone 
Worsens Tinnitus 
not sure if my tinnitus is FROM the f35s, but it really doesn't help! 
Upsetting annoying angering AND totally unnecessary during global pandemic. HEARTLESS makes me HATE Miro, 
Leahy and Sanders AND the Military who shoved this down our throats in SpITE of 3 cities agreeing NO basing !!!!!!!!! 
I'm unsure. 
Ringing stops after a minute, but this can only get worse. 
maybe i need to ask VTANG what military grade ear protection they use, buy it and then take them to small claims 
court to reimburse me? frustrating to be singled out as disposable residents by mis-representatives 
I had ringing in both ears temporarily after getting home. 
Not sure how much of my hearing loss is from F-35s 
RInging in ears 
Ringing in my ears goes louder during and a few minutes after 
I already suffer from moderate hearing loss and wear hearing aids. The noise of the planes is more painful now that I 
wear hearing aids, previously it was uncomfortable and annoying. There have been times where I had to remove my 
hearing aids to reduce the pain. 
My hearing has declined dramatically since the F-35s invaded Winooski 
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Further describe the pain or the vibration in your own words if desired77 responses 

 
Inside so felt a mild vibration in my head. 
The very low frequency of the F-35 when taking off or screaming overhead preparing for landing is qualitatively so 
different from the F-16s. No comparison. I can feel it in my chest when they take off. This cannot be healthy. 
I felt really agitated. Anxious. 
unbelievable! criminal! deliberately, knowingly exposing my family to health risk / pain 
Couldn't settle thought after, buzzing ongoing 
If anyone checks these, they're a liar. 
Like I said, like a jackhammer on my brain. My stomach feels the rumble. 
I have migraines and the tension and sound exacerbates them. 
My whole head feels like it is shaking... especially my sinuses. 
cascade of stress chemicals in the body-plus the obvious 
Felt my feet vibrating. 
The roar of this failed fighter jet pauses sympathetic vibrations throughout my body: Not good vibrations. 
No pain. 
The noise just vibrates thru you body 
I do not experience pain or disruptive vibration as a result of the F35s flying over/by. 
At times, if outside do feel vibration. 
Today I was rattled which triggered my brain into fight/flight/freeze. I now have a headache. 
None 
Creates tightening, increased heart rate, stress, shot of adrenalin throughout my body, neck tightens, feels of anxiety 
and hard to breathe 
I was leaning against a wall in my home and felt the vibration 
Sometimes I have a headache for a few minutes after the jets have passed. 
Any time in Williston, my body vibrates and sometimes vehicle if I'm driving 
When I happen to be outside when the jets pass, my entire body registers pain as well as vibrations-- pain mostly in my 
ears with a headache right afterwards. The vibrations are worst in my stomach, which isn't great for somebody with 
PTSD. 
it shakes everything around you 
Heart rate went up. Shortness of breath. Nausea 
It's like nothing I've ever experienced before in all of my 47 years. I can't imagine what it's doing to the elderly and the 
young. Plus, there is no way that an infant can sleep through that trauma. Plus of course there are the animals...not 
just pets, but also wildlife. Way to go Green Mountain State! 
Inside my own home, with windows and doors closed my body was vibrates by the low frequency sound waves. My 
home shakes at least for a moment during every flyover. 
I don’t feel pain, but I feel a vibration in my chest. The planes were flying towards Williston today and that seems to 
make the vibration worse for me. 
Migraine with these planes is absolutely unbearable 
It takes over the moment - very distracting 
My ears hurt. 
Distress and headache. 
human body organs heart brain all vibrating along with the structure i call home, not to mention the cascade of stress 
chemicals coursing thru the body 
everything vibrating even a minute or so after they have taken off and are well into the flight 
The vibration when the planes are low over your location is sickening. Especially for persons with anxiety, this is a 
noxious stimulus. 
disturbing 
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i am hyper-auditory as part of my neurodivergence, and the F-35s cause a visceral feeling of sensory overwhelm and 
resultant panic. (Sweating, elevated heart rate, chest tightness, hyperventilation) 
Uncomfortable pain and vibration inside body, like machinery too close. 
I wear the best noise cancelling headphones I can afford. They do almost nothing to reduce the sound and absolutely 
nothing about the vibration. It is a full body experience. Very abusive. 
I A severe pain in my wallet ( to the tune of $1.8 trillion) 
I feel anger. Psychological warfare. I pray to God, archangel Michael, and Master Jesus, please end the f-35s in 
Vermont, please end the actions of war, please end the causes of war. 
Noise sensitive with resulting anxiety 
I get 'all shook up' and takes awhile to regain my calm 
trembling, fearful 
It was a whole body experience, vibrating my body and my home. 
The jets can cause massive headaches when outside or if the windows are open. If I'm outside my body feels stress 
and pressure. 
I have to stop and put my hands over my ears until the F35 is gone or else the noise can kill ear cells 
Immediate joy and envious - I would love to take a ride in one 
No pain 
I felt a swelling sense of national pride 
The fact one can feel this in their body proves the intensity level is dangerous to the ears. 
The vibration stops me in my tracks and causes a disruption to what ever I am doing 
Ear pain for a few minutes after exposure to f35 jet noise 
Should not be in a residential area. 
Stressful neck pain 
It's especially difficult to concentrate on riding my bike safely with the anger and frustration I feel when exposed to 
this sudden and unexpected noise. 
My whole head especially where my sinuses are I feel like it’s shaking. My heart was fucking racing A mile a minute 
and I felt like it was triggering a panic attack. It completely disrupted my work for the morning. The military can go 
fuck themselves Because their flaunting of unnecessary war machines is making me hurt physically and makes me 
want to kill myself. 
No pain or vibration 
I never take medicine lightly, but I had to take a Tylenol in order to finish out my work day since my headache was so 
bad. 
When they fly over, it is very low over residential neighborhoods. My whole apartment complex shakes, anything on 
windows rattle and can feel the vibration from the sky 
I woke up from sleeping terrified. My heart was racing and I felt extreme anxiety 
HATE what they are doing to our community HATE 
Again, I felt this THROUGH my laptop. 
I feel pain inside my ears and I feel vibration inside my chest when the planes fly over. 
My heart is pounding from the fright, and I can feel increased blood pressure. "Fight or flight" response to sudden 
shrieking as they approached to land. 
Hard to describe. It causes me great anxiety not being able to escape it; in part due to not knowing how many more 
passings are to come after exposure to the first. 
Pain and vibrations in body can trigger panic attacks for me. When I am driving, walking to pick-up my kids at school, 
trying to do work from home, being unsure when I may have a panic attack triggered is incredible unsafe. 
I have to get psychologically and physically ready each time the planes come through. The vibrations cause me much 
stress and pain, so much I can not continue my work at times. 
Not this time, although I have felt internal vibration form the F-35 before. 
Deep unsettled sensation - creates anxiety 
Hurts my ears. Makes me furious and that is bad for my heart. I have heart condition 
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Uncomfortable. 
Moderate pain in my ears. I have only had issues with vibration once so far but it was jarring and anxiety inducing and 
went in for several minutes. 
My heart rate increased and my whole chest vibated. 
Internal organs especially but not only the heart were vibrating in a terribly invasive and very uncomfortable way. This 
is unhealthy and unjust 
The stress this places on my mental health is extreme. I am filled with rage every time these planes take off. 
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Describe effect of F-35 noise in your speaking or learning at home or in a classroom at school in own 

words if desired124 responses 

 
Distracted me, forgot what I was doing. 
Impossible to carry on conversation or even think during the six minutes of constant roar and rumble while a "pod" of 
four-packs takes off. 
cannot concentrate or speak/hear when flying over 
My dogs and I come inside when the planes fly over. The dogs hate them. 
Learning, teaching, concentrating is impossible when these planes fly over like right now. 
If it flies during class or video lecture I cannot hear what is going on, or I cannot speak in class. This also affect other 
students in the class so everyone just has to stop for a while. Class time is valuable and expensive. 
Very disruptive 
Oh no.... You have to stop talking for a minute. Get over it. 
I am a psychotherapist and the planes interfered with my sessions 
Impossible 
Living and working outside near the Burlington airport when the F-35's take off is terrible, inconvenient, and anxiety-
inducing to say this least. I work at an outdoor school at Rock Point and most days we need to pause our group 
activities for several minutes at a time in order to wait for the deafening sound of the engines during takeoff to 
subside. Meanwhile, we have a group of 25 or so elementary children waiting impatiently for instruction, to hear the 
rest of a story, or the rules of a game, depending on what activity we are involved in at that time. Then we have to try 
to regain the attention of the kids that we lost during this time, which can be difficult at times. Doing this everyday is 
exhausting, disheartening, and makes me not want to be here. It feels abusive and wrong to have these jets taking off 
in such a densely populated area. This is unsustainable and greatly reduces the quality of life in the Burlington area. 
Please stop flying them at BTV. 
I work from home teaching computers to adults and when the jets go by we just have to stop altogether. There's no 
way to communicate through that. 
We have to stop meetings for the time the noise is happening. One colleague lives in Winooski, some others in the 
Burlington, So. Burlington area. When we have online meetings we can hear the jets in the meeting as it hits my 
Winooski colleague first and then we know the noise is coming to Burlington so we have to stop until the noise is over 
for all of us. 
Music class had to stop once again because we cannot hear ourselves think nor make music in the school. 
All learning has to completely stop 
My wife and I both have had to work from home during the pandemic, and she works from home usually. It is 
impossible for us to speak or be heard in critical work meetings while jets are going over. 
See previous answer, but I teach evening dog training classes via Zoom from my home. The noise was extremely 
disruptive to my classes on both Tuesday and Wednesday evenings. Students could not hear me due to noise levels, 
and I had one dog who lives in Winooski who got so scared by the noise he hid in the bathroom and was too stressed 
to join class and learn. 
Impossible to do zoom until they have passed. 
Interferes with phone conversations, zoom calls, in person conversations. 
can't hear anything but "our " good neighbors" attack 
It has hindered me when on the phone for work on many occasion, having to ask customers to standby until noise 
clears. I cannot talk to my child when they fly over and he covers his ears each time they do. Moving back to 
Switzerland, where family values still mean something. 
When teaching a class I have to stop instruction when jets are flying by. Students can not hear and it’s very difficult for 
anyone to concentrate. Although it’s even louder when outdoors, it is very loud and disruptive indoors as well. 
I teach at UVM and have been having to teach remotely at home and it is a huge disturbance for that. My family and I 
are outside a lot and we have to stop all conversation during F-35 noise. 
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While working on the computer it blocks out both my speaking while on line as well as the computer speaking visual 
information on the monitor. 
No impact on learning. 
I was taking an online class and couldn't hear my teacher 
N/A 
My day/thoughts/speech is interrupted (I'm sometimes home with my children and sometimes teaching out of the 
home) whenever the planes are going over. 
Blocked my ability to have a conversation 
Interupts studying at home and business calls. 
Had to stop piano lessons for this horribleness 
I have to pause and am distracted EVERY DAY by the jets. Sometimes we have to pause for a quite a while as they fly 
over my various co-workers' houses and our office, since we are all remote. 
Working from home my colleagues are shocked from the background noise and I regularly have to pause and delay 
the conversation until the jets have cleared the area 
Distracting and impedes flow of conversation, makes it difficult to hear the person you're with, even online 
I'm not in school 
blocked conversation w/ business and medical 
unbearable. 
I have missed essential parts of meetings with hospitals, clients, families, staff 
INTERFERES WITH COUNSELING AND WITH CONCENTRATION AS A PROFESSIONAL!!!!! 
Feels like we are living in a war zone 
My students cannot hear me and I cannot hear myself. If I am recording an educational video or leaving a recorded 
comment I have to start over. It’s maddening and I feel like I am at my wits end. 
I have had to routinely stop teaching for several minutes each interval that the planes were taking off and landing. I 
teach in Winooski and the flight path is often directly over our building. 
I can talk with the children I teach when they fly or hear what they are asking me 
Stops interaction and communication between teacher and kids 
disrupted Hebrew class, had to stop multiple times, lost significant amount of class time 
these planes fly over multiple time per day and this was the added weekend flights of the month 
Everything has to stop when they go by. Everything. 
My daughter has delayed speech 
I was working on a project and had to stop talking 
I am teaching remotely due to the pandemic and the F35 noise makes it hard for me to hear my students or be head by 
them. Students are all over the Burlington area. 
I have been doing several zoom meetings per week for work and they have interrupted my work almost every single 
time I have a meeting. It’s infuriating. 
Everything stopped as they passed over. 
Unable to hold any conversation, in person or on the phone. 
It makes living and working in Winooski untenable 
Class had to stop again in my sound proofed music classroom 
We cannot hear or teach when they fly over. We often have to stop and wait for them to be gone. This is really 
disruptive. 
I homeschool my son - we can't hear anything when they're flying over 
I am a teacher in Winooski and this severely interferes with teaching and learning 
Has negatively impacted my ability to teach and learn as a PhD student and professor at UVM. When the planes start, I 
cannot hold class and must mute my Zoom and wait until they are done (sometimes they are quite spaced apart). If I 
am learning, I miss content. 
too loud to have a conversation  
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Completely ruined the lesson. Parents are paying good money to have their children attend these after school 
programs. 
I have had to pause my remote teaching of classes as planes flew over. I have also had students complain about the 
sound, including having to turn off the sound/microphones while planes flew over. 
I cannot hear or speak for long periods of time during meetings/calls, and leaves me incredibly frustrated, impeding 
my ability to concentrate 
I was about to get on a work call, and had to delay the meeting in order to be able to speak and hear. This is incredibly 
frustrating, and causes me to lose focus and concentration. This is very irritating, and takes me a while to get back on 
track, but leave me angry and frustrated with the fact that so many of us are subjected to this level of noise. 
Myself and my students literally have to stop what they are doing. I have MANY students covering their ears. They are 
scared if we are outdoors and they go over. 
All conversation halted. Homework interrupted. 
I am a horticultural writer. I am unable to process information (learn, write, work) while the jets are overhead and for a 
lengthy period of time afterwards. 
Completely interrupts learning 
multiple meetings today were interrupted and concentration is hard to regain when your left wondering and waiting for 
another flight 
Conversing at normal volumes is impossible. 
The sound is too loud to concentrate. It's extremely obnoxious. 
these jets do not just fly over once a day, they are circling overhead in the sky with rumbling 
F 35 noise and vibrations STOP our lives, and certainly disrupts concentration and learning 
I am a therapist who works from home, and even with windows closed am unable to hold sessions via telehealth when 
the F-35s are flying above because I can't hear anything (and no one can hear me). 
Retired so not in a classroom setting but all conversation stops when they fly over. 
I'm a teacher and I was in a remote meeting which could not continue to the noise. 
I was reading to my 7-year-old at bedtime. The planes interrupted us. Bedtime is our only time to connect, the only 
time we read together now. 
I was in class and couldn't hear the teacher even with the volume all the way up. I was also disoriented during and 
after since it was so loud, so it took a bit of time to get back into class. 
There are several minutes in my life that are affected, were all activities have to stop. It's a major inconvenience in 
addition to the physical and mental stress. 
Why are they training in the evening? At 8pm?? 
Have to mute myself and can’t hear others in meetings. Sometimes I’ve counted up to 10 planes and I don’t know how 
to schedule meetings around it. Cannot focus 
Flights also around 11am. There were 2 brutally loud flights yesterday. 
None 
No impact 
One cannot continue with online work when these planes are flying over; they are incredibly disruptive, for many 
minutes at a time, several times per day. 
I was trying to relay information when the jets came & it interrupted my concentration. 
It is difficult to concentrate during the fly overs. The sound envelopes the entire atmosphere inside and outside of the 
house. 
Conversation and phone calls are.impossible as is listening to news music etc 
Stopped my evening reading. 
Unable to hear or participate in conversations, reading, writing, comprehension, disrupts tasks at hand. 
when they fly overhead you can only stop in horror that they are containing to assault us 4-7 x/week 
Unable to hold conversation, can not hear when they fly over head. 
When the F35 are flying I cannot hear when I am on the phone talking to others. I also cannot hear another person 
talking. 

SR0586

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 589 of 615



8/18/2021 F-35 Spring-Summer 2021 Report and Complaint Form 

https://docs.google.com/forms/d/1tmEqEFUYQv7mxR5PnSn49mARczYZfNLObabuY1cvp6A/viewanalytics 40/22 

 

 

You can not speak with someone in person or over a zoom call (yes it’s that disturbing indoors with windows closed) 
It's impossible to learn/do anything but wait until it's over. F-35's are extremely intrusive. 
I have to mute my computer multiple times a day due to meetings happening while the planes are flying over. 
I was about to get ready to sit down to get work done and I’m so fucking shaken I can’t get anything done. 
Just interrupts conversation for a minute 
The noise interrupted an important work meeting, in which learning, sharing, and assignments were being discussed. 
It is so loud you cannot be heard until the noise is gone. 
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Your action to protect yourself from F-35 noise in your own words if desired136 responses 

 
Hands covering ears 
There is NOTHING that can be done. Stopping my ears for the six minutes it takes for each pod of four-packs to take 
off is hopeless but I keep hoping it will work. Still, there is no talking, music, bird sounds or wind in the trees while they 
are taking off. It's like time and the world stops and waits for it to end. 
there's nothing to do 
I am buying earmuffs tomorrow because I am irritated by having to choose between covering my ears or continuing 
with my current tasks. 
they knew from the beginning that there was nothing they could do to mitigate noise /health risks and should be held 
accountble 
I had my door open to my deck to let air in but when I started to hear the f-35 I got up to close it 
We closed the classroom windows despite the need to keep good air circulation due to Covid 19. Children still are not 
vaccinated 
There's no need to protect yourself. Grow up. 
No escape 
I don't use fingers in my ears, I press my palms against my ears. Inside is slightly better, but not much if windows are 
open. 
I'm protecting in a way that I can. I'm happy to wear mi mask because it protects the community from Covid-19, a 
disease that cannot be controlled. However it bothers me to have to use earplugs to protect myself from an 
insensitive decision from our distinguished Senator 
We all plug our ears and hum quietly to counterract the sheer violence of the sound and to assert our safety. Our 
daughter is trained to run to us whenever she hears the engines start up or begin to come near us, and she buries her 
head in our bodies and we cover her ears at risk to our own. While outdoors, we run indoors immediately and shut all 
windows and doors if we can. We adjust our walks or outdoor time to try to miss them (if we know when they are 
flying, sometimes they vary the schedule and we can't anticipate). So we carry noise cancelling headphones for our 
daughter with our stroller, like gas masks as if we were in war. Which is honestly what living with the F-35s feels a 
little bit like. 
I was busy holding my phone to record the db level of 108 
I wear noise cancelling headphones while working, I had the volume CRANKED all the way up, and I could still BARELY 
hear my customer. 
Covered ears with my hands (not fingers). Which meant I couldn’t do anything else but stand there while the war 
machines won. 
Research clearly says there is NO mitigation for this level of noise assault 
jump to close doors / windows...the stress of that in my own home- my animals running around freaked out-from 
peace to chaotic. 
Don't have an option to "protect myself" from insanely loud noise while I'm out doors. 
There's nothing you can do to protect yourself 
I try to cover my ears when I can. Even indoors the whole building shakes, glas clinks and noise is unbearable. Can't 
hear anything but the planes when they fly over us. 
I covered my ears with my hands. 
Despite headphones and closed thermo pane windows the noise is still intollerable. 
No action was required, they are not that loud. 
I was inside my home! 
I own two pairs of Safety Works hearing protectors. One pair lives in my car, to be grabbed if I am caught outside at 
home when the planes go overhead. The other pair lives in my apartment in an easily accessible place. I have had to 
use them so often over the last year that the over-the-head piece snapped and broke last week. 
I do not feel that it is necessary to protect myself from F35 noise, as I do not feel they're damaging me in any way. 
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My windows were already closed and the noise is deafening. I’m afraid to be outside during flight times due to the 
hearing loss issues 
Ran to the bathroom 
I was already inside with only a few windows open 
Fuck me for wanting to enjoy an open window I guess? 
Couldn’t go outside or near windows until it is over... been almost 10 minutes and I can still hear it. 
My company recently bought me $300 active noise cancelling headphones. They still don't block most of the noise 
out, and they do nothing for the whole-house vibrations 
fingers in the ears---laughable and hardly effective- and often caught with things in my hands, including work projects, 
the phone...you know...LIFE. we should each purchase military grade ear protection and one at a time, take them to 
small claims court for the expense / exposure. eventually someone will win. 
It's all I can focus on for a couple minutes, just death and killing 
not much you can do. removed my hearing aids 
The only effective action is to leave the house, get in the car and drive away. 
I can't enjoy an open window in my OWN HOUSE 
I cover my ears when outside. It hurts. 
When I am outside with my kids I cover there ears at the sacrifice of my own hearing, when I am outside by myself I 
cover my own ears. 
I am inside with the windows closed. I am usually on a virtual call and cannot cover my ears or put my fingers in them. 
See above 
Closing windows has some, minimal effect. Noise cancelling headphones can also help. 
My hands cover my ears 
Just to note, going inside makes a difference but there is still significant noise and vibration. Even with closed 
windows I have been on zoom calls and phone calls and had to pause, usually with loss of the flow of the 
conversation. This has most frequently been in the afternoons, but also frequently in the evenings and as my family is 
heading for bed around 9pm. 
I like opening windows to get some fresh air in my house but it is imposible having them open as the noise is 
unbearable. I have to stop doing what I'm doing to run around the house up and down to close windows like a chicken 
without a head as it is so loud that I don't even know which window to close first. 
My kids cover their ears and run to me 
not this time but other times today when they flew over I put ear muffs on 
I was recording the 106 db on my phone and taking screen shots 
I believe I should not be required to protect myself from this awful sound while on my own property. The noise is not 
compatible with day to day activitiy in a residential neighborhood. It should not be permitted. 
Looking for noise cancelling earplugs 
My windows are already closed and I still have double storm windows installed from the winter season. Even so my 
DB meter got readings between 90-99 DBs indoors. With the one minute average hovering around 85 for the entire 10 
minutes of flyovers. 
I protect myself and my children whenever possible 
I did nothing this time. 
I'm inside my own home, what more can I do? 
it depends on my activity whether I cover my ears or not. If I am recording db level I do not but when gardening I will 
cover ears with hands 
We leave the door open, without a screen, so our cat can run inside during fly overs because he is terrified. 
I’m already inside with closed windows and the sound is deafening so there’s really not much more I can do! 
hide, cover ears 
Putting fingers in ears, humming to drown out noise. 
Not only was I forced to close windows on this otherwise beautiful spring day, I also had to close interior doors and 
still the noise was too loud to continue with my work. 
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I bought active noise canceling headphones so I could TRY to work with the F35s roaring. They don't work. 
noise level is distressing even with windows closed 
I was wearing active noise cancelling headphones while on a customer call. The noise cancelling did nothing. 
I can't do anything, it keeps coming 
Sometimes they are so loud that plugged ears is insufficient and I must actually bury my head under a pillow. 
go in the house & close doors & windows - even so, unable to have a conversation inside 
All the children covered their ears. Later that night I had to close my windows and it was still unbearably loud. The 
F16s were NOTHING like this, not remotely as loud. 
Partick Leahy's polluting bastards have to go away. 
I couldn’t protect myself as I was busy covering my infants ears 
Covered my child's ears but then I could not cover my own 
I covered my ears 
did my best to still follow my meeting via headphones, but my participation was still impossible, and i missed critical 
elements of our team meeting to the extent that I will need a follow up to learn what i missed 
I wear top shelf ear protectors intended for working with heavy equipment. They have little to no effect as the terrible 
effect of these jets is a vibration as well as a deafening sound. 
Be more outspoken about overpriced, under-utilised, Faustian deals with the devil !! 
hold corrupt politicians accountable, spread the story nationwide, get support from all of VT not just locally 
The first 8 to 10 minutes weren’t that bad and then it got to the point where it was so loud I had to cover my ears and I 
felt like my whole body was shaking. I had to go inside and now I’m sitting inside waiting for them to stop filling out 
the stupid form and I am totally lost concentration from the work I was doing outside 
everything possible 
Indoors, I have to put my fingers in my ears to tolerate the noise which even then is still ridiculously loud. It is 
unreasonable that I should be subjected to this degree of disruption in my own home from an external source several 
times a day. 
i have ordered noise cancelling headphones! 
Wearing noise cancelling headphones but still can't hear people in my webex meeting 
As I am on telehealth often, I cannot cover my ears because it is not professional. 
i am not certain what to do this summer. having the windows open makes the noise unbearable. 
See above, had to choose between protecting my dog and myself 
I have to cover my ears or else it feels as if my ears are going to bleed. 
Noise canceling headphones, calm music, ran into corner of home 
Put hands over my ears 
None 
Nothing 
I was outside - only thing I could do was put my hands over my ears. 
We should not have to cover our ears, go inside the house or take any precaution to avoid loud sounds such as the 
F35. Basing the planes in a community such as Burlington was the worst decision the city and state has ever made. 
The planes are overly disruptive to the environment. 
Absolutely can't stand the disruption and not being able to have windows open on a beautiful day 
can't be outside, have to come inside, have to close windows 
Left my position to go more internally into my apt, and kept hands covering ears 
Cover ears, end conversations, it is not possible to escape effects of noise even in my own home with windows 
closed! 
Pat Leahy's polluting bastards are unwanted. 
Already inside with windows shut. Fuck these planes 
I was sitting in my home , inside but still the db are 70+ each time 
Sadly I've decreased the amount of time I am outside because I don't want to "get caught" unprotected walking 
outside in the neighborhood. 

SR0590

Case 1:21-cv-00634-CKK   Document 20-3   Filed 08/20/21   Page 593 of 615



8/18/2021 F-35 Spring-Summer 2021 Report and Complaint Form 

https://docs.google.com/forms/d/1tmEqEFUYQv7mxR5PnSn49mARczYZfNLObabuY1cvp6A/viewanalytics 44/22 

 

 

I have closed windows and plugged my ears but I have found no way to protect my hearing because I never know 
when they are going to fly over. 
Went inside. Closed all doors. Windows were already sealed with double storm windows still installed. Covered my 
ears while outdoors. Could not converse with my spouse while indoors. 

OTHER (35) SEE SHEETS 
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In your own words if desired: Are you kept inside by F-35 flights?131 responses 

 
No 
Yes 
Sometimes, but the flight pattern is so random I never know when they will fly by... sometimes it is multiple times in 
one day! 
It's not a matter of inside or outside! It's deafening EVERYWHERE 
It wouldn't help. Can still feel and hear them taking off and landing. 
There is no schedule so I am regularly caught outside with my toddler during flights 
I work as a gardener and am an avid walker and biked. I am outside most of the time. These flights are causing me 
great distress! 
Luckily if the f-35s fly over where I am working outside, I am already wearing ear protection for the chainsaw. 
No but walks outside are not enjoyable. You can not converse and be heard or enjoy the sounds of nature. 
Where did the F35 touch you? 
Yes, even louder outside 
Depends what I'm doing. If I have the choice, yes, I go inside. otherwise I just stand where I am, drop what I'm holding 
and put my hands on my ears and wait. 
If I'm in the Winooski area I go indoors. I do t know when they will go out so it's hard. I go into my car if needed 
Yes, our entire household sets our routines based on the flights. We ensure our daughter, and all of us, will be indoors 
with doors and windows closed during their typical flight windows in the morning and afternoon. If we are caught 
outdoors, we run inside if we are close; or carry noise cancelling headphones with our daughter on her stroller or in a 
backpack to put those on when they fly over. Our house shakes and the sound is still so loud in our home when they 
go over that we all have to plug our ears anyway, but the house provides at least some shelter and reduction of 
exposure to the sheer volume and vibration of being outdoors. 
when i am not already outside 
No because I don’t know the flight patterns. On days in which I am not feeling well, I would consider staying inside 
with music blaring. 
I wish I had been indoors for this 
Tonight take-offs started at 7:55pm and at 8:02pm I could still hear them. My whole house shook with the explosive 
protracted take-offs of 8+ F35's. My heart vibrated, I loathe them. I don't support this on any level. 
absolutely- what informed person would expose themselves to bodily harm 
They destroy everything here and around the globe. They pollute, rob people on every level of life itself! no support for 
people who opt to shave their heads and train to drop bombs/kill. Just another morning in Willston...could be 
peaceful, working and listening to the birds not F'ers. What madness and lies brought them here. 
I try to avoid taking child for walk or playground but there is no set schedule, so I can't plan and we usually hurry 
home. 
I try to stay indoors when I can, even then it's way too loud. Winooski gets hit hard by the noise. When outsite my ears 
start ringing, so my entire family tries covering their ears. 
Sometimes I go inside but often I cover my ears. 
Yes, I often move inside until they finish. 
while I do go outside during some flights, and when not working, I find whatever I am doing has to stop until; the 
flights have passed. This sometimes takes as long as 5 minutes 
No, the F35s do not keep me inside. 
This is hard to stay inside till they finish flying b/c you never know how many will be flying. The weather will be 
improving soon and folks will be outside more . Are we all supposed to run inside or walk around with ear protection 
on? Really!!! 
I study online during the day, so am mostly indoors when they go over. With warm weather here, I will be outdoors 
more often, and am afraid of getting caught outdoors without hearing protectors. 
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No. 
We immediately go inside when we hear them coming. 
I don't intentionally go out during flights and try to avoid doing so, but often am caught outside without an indoor place 
to retreat to. 
I have stayed inside with my windows closed, which was rare for me. I am less likely to be outside since they arrived, 
afraid to be caught outside when they fly by. 
I'm not staying confined in my house but I'm regularly frustrated when out with the kids when they fly by. 
Yes, I am waiting for it to be over before I can go work outside 
yes- I feel the vibrations and readiness prep before they even take-off sometimes. I'm afraid to throw open the 
windows on a beautiful VT morning, knowing and not knowing they will fly over, shattering the peace. So they "have 
me" on alert even as I prepare for my own day, rearranging my steps...my life...adjusting to avoid the ferocious high 
decibel blasts, assault on my health, my well being, my ears, my cardiovascular system, my brain...the list. But also, my 
spirit, my sense of safety, my sense of being home is taken from me. Saddens me. Makes me angry. How dare them 
"select me" to this exposure as "ok" and on a global level, it's appalling the impacts on this planet, killing, climate, all of 
it. Old men dream of nuclear war. And of course, follow the money. And to the folks who quip, "it's only 6 min"---let me 
hold your head under water for 6 min twice a day? 
They bother me no matter where i am 
Even getting in a car is not an escape 
when they are this loud, I will not go out. Scares and upsets me, plus it's painful. why go out into that? 
I hate it, I feel like I bought a house only to lose access to its backyard during the summer. 
If I'm planning to go out and I hear the jets, I'll wait until I no longer hear them. 
If I knew when the jets were going to be flying I might stay indoors and close the windows, cancel all my phone calls 
and schedule everything around the flight plan; but I never have any warning. I guess I am just as afraid of 
experiencing these awful things indoors as outdoors, and anyway for me staying indoors isn't really an option. As I 
said, wherever I am these flights are a significant disruption to my daily life. They have impacted my sense of 
wellbeing as well as interrupting all aspects of my day. 
Even at 10:10pm we're not able to relax in our own home 
I only go out to take sound measurements 
Sadly I do not keep tabs on their flight schedule so often times we are caught outside, typically with the kids and the 
dog. It's painful. 
Since flight times are not known I try to maintain a normal routine UT when out doors during fly overs it is extremely 
painful 
I step outside sometimes to get readings outside and am always overwhelmed by how my louder it is. Today (as most 
days) during the peak noise my DB meter maxed out at 110 DBs. The one minute average for the minute I was outside 
was over 100 DBs. Completely intolerable and dangerous! 
If we’re outside I typically have to run inside with the children. We rush to shit windows as well. 
No, I may shut the windows if children are napping. I need to be outdoors and they are so loud and I’m so frustrated 
that we have to listen to them so much. 
If I lived in the flightpath I would be! 
Yes, I am outside much less than I used to be and keep my windows closed. 
yes---best we can given the fact that for undisclosed reasons, we're not privy to schedules as with the F16's---unsafe? 
From who? Terrorists? Journalists recording them? EXPLAIN that VTANG 
I am more often already outside. I don’t go outside because I hear them. Once out I can’t escape them. Except to cover 
my ears. 
Even indoors with windows shut it is still too loud and hurts my ears 
I am afraid when I take my children out that these planes are going to fly over. My 5 year old now knows how to 
protect his ears, but we have to stop whatever we are doing and I cover my 1 year olds years and subject myself to the 
noise. 
how could I avoid it? they fly at all different times 
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If I had any clue when the flights were happening I'd stay inside. 
it's not even safe to stay inside! Nice Spring-Summer ahead...but not here. 
i can't seem to find flight schedules. If i knew when they're coming I'd stay inside 
Yes, also the pandemic keeps me inside 
just when you think it's safe to finally go outside...10:08am...BLASTING overhead? F35! 
Every time the F-35s fly over I run inside with my dog until they pass. 
YES! 
I do not know when they'll be flying, but they are usually when I am working or trying to sleep, so more often than not, 
I'm indoors (but very inconvenienced)  
I don't want to be outside when Patrick's polluting bastards (F-35's) are in flight. 
We have to run indoors every time they fly over 
It is impossible to walk my dog during the flights as he acts like he is about to be abducted by ailens and runs around 
in terror 
I am kept inside because the noise is unbearable outside. 
From April-October it makes no difference being indoors or out as the windows are open. During the winter, closed 
windows helps, but reduces the vibrational effects very little. 
I can only swear, and wait for the roaring to stop. This deployment is a severe detriment to our quality of life. 
absolutely! who in their right mid would subject themselves to this level of bodily harm 
I go out to record db level with phone 
This is fucking bullshit that I live in Vermont, hippie progressive land And I have to stop working to run inside because 
you’re flying military planes above my house in a residential area 
wheb I can get away from all the noise I go inside, yes 
The F-35 flights have reduced my quality of life and I am considering moving. 
I arrange my daily activities because of the activity 
I never know when they will strike; if I'm inside when they start (or in my car), I certainly stay in until they're over. Often 
I'm outside when they fly over, and that can truly be a deafening, panic-inducing experience. 
I wish it were that simple, but of course we don't know when the flights will happen. If a sortie starts while I'm indoors I 
can stay in until it's done, but my daily walks are essential to my health & if I'm out walking when flights start, I can't 
get inside. 
I have to move inside of the jets go by when I'm outside for to the stress it causes on my and my children's bodies. 
Unbearable outside not tolerable inside. Trapped and pacing until complete 
Simply stop my bike and pull to side of the road and put my hands over my ears for the 3-4 minutes that the F35 fly 
directly overhead 
No I run outside to see them and wave to them 
I keep a pair of ear muffs in my car. If I go outside at my house and the jets roar, I can dash for the car. If I am helping 
harvest in the Intervale, I have to stop what I'm doing and put my fingers in my ears, as I have not yet gotten in the 
habit of carrying my ear muffs into the field. 
I live in a home with very flimsy walls and staying indoors with the windows closed does not protect me from the noise 
and vibration so it makes me feel there is literally nowhere to hide. 
Not a good area to have such loud noise over my home. I don't live in a war zone. 
Only if I am in my own yard where I can retreat inside. If I am out walking, of course that is not possible. 
If I am in South Burlington, I stay inside until the jets are gone. 
Either inside or out the noise and disruption is horrendous 
I don't know the schedule, therefore I have a physical reaction anytime they fly over. 
I try to avoid being outside when they are active. 
People should not be forced indoors. And even indoors, the jets make talking on the phone impossible. 
Since they refuse to release an actual schedule, it's impossible to avoid them. I am regularly outside on walks when 
multiple F-35s go screaming by overhead. "morning" is not a schedule. They know when they will be taking off. This 
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isn't a war. They don't need to surprise us. They should give us the most basic decency of informing us of the time 
that they will be taking off so that we can avoid them if at all possible (which we shouldn't have to do). 
It is not always possible to seek shelter during fly overs!!! 
we will all be outside soon trying to enjoy our homes only to be forced inside several times a day 4-7 days a week. It is 
a disgrace to our local, state and federal government to allow this to continue! 
I've decreased the amount of time I spend outside quite a bit as I feel tense not knowing when I will be exposed to the 
noise. 
I am afraid of being outside when the planes fly over, it hurts my ears. 
Because the flight schedule is unpredictable and often coincides with my commute schedule, there's nothing I can do 
to avoid being subjected to these flights. 
No, my life isn't changed. 
When they are flying overhead we are forced to go indoors to protect our hearing. 
During flights I ware hearing protection. Noise is unbareable. 
Today I am. I was going to go outside and work in my garden and then do a walk and now I literally just wanna fucking 
shoot myself in the head. Thankfully I don’t have a gun but the military does and EVERY TIME I hear the war machines 
I’m reminded of all the horrible atrocities the USA and other countries have done because of greed and Need for 
power. And that makes me feel horrible as an empathetic human being. It makes me feel like I don’t even want to be 
part of this planet. 
 
OTHER (27) 
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Are you kept inside a longer time than the actual F-35 flights? How long does the F-35 noise keep in 

you inside, in your own words if desired80 responses 

 
No 
I'm not sure how to answer this. I can hear them a long way away. 
The noise lasts 2 to 3 minutes. I stop what I am doing for this period to cover my ears and hopefully prevent hearing 
loss. 
unscheduled for safety reasons? define that. 
I don’t really know what time they fly because my day varies, I don’t adjust my activity 
Lmao. Is the F35 holding a gun to your head telling you to stay inside? 
I do not have the schedule. Am usually indoors 
Yes, we know they vary the times so we will often give a full hour buffer around the typical times of day we know they 
will fly. They do sometimes randomly fly at different times, which is really challenging to feel like we can make good 
choices to minimally protect ourselves from this severe nuisance and health risk. 
you never know how many jets are going to fly over. We had 16 fly over in one time period 
the above doesn't take into consideration the PTSD...knowing they're coming, hesitating to step out or hurry through a 
walk, running to open and shut and open and shut windows, dreading the morning assault...actually planning around it! 
So, the days these thing fly, they rule life under the flight path. I want to strap Leahy to my driveway and let him 
experience it w/o his fingers in his ears. Criminal. 
no schedule -never know- have to even time a walk around the,. guesswork. It wrecks life here. 
Doesn't matter where i am, it shakes up everything around me and the noise is by far unreasonable. 
The question is Why should I have to stop whatever I am doing, and why should the F-35 have to worry about security? 
If the F-35 is worried about security, shouldn't we all be worried and move its presence from Vermont? 
The F35s do not keep me inside. 
F35 noise or anticipating F35 noise does not keep me inside. 
About 20 minutes, now that there are more of them. That's about how long it takes of late. 
I never know when or how long it will be so I hide indoors for at least 30 mins 
The phased flying is even more frustrating that you think the noise is over and then another set of 3-4 fly by a few 
minutes later and then another set start a few minutes later. Just get it over with one time. 
Fear- of being exposed to noise 
it keeps me indoors even before they're blasting overhead---wondering, hesitating to take a walk or work outside, etc. 
open all the windows. Have to consider decibels. And no schedule...for "safety reasons". Define SAFETY...theirs not 
ours. Disturbing on so many levels. 
just trying to avoid the discomfort and hearing damage..they are frightening 
We never know when it's going to happen or end. Having precise windows of time would be very helpful for 
scheduling, but would not increase the quality of life. Being forced to live in a war zone is punitive beyond any 
measure. 
I can't figure out the timing and don't think it is fair I should have to be figuring this out, planning my work and my 
outdoor time around the constantly varied flight times. 
Last night was 20+ minutes with gaps between them that I was unable to enjoy my home. 
Because it's rarely a single jet, I'd estimate the total time at 5-10 minutes. 
I have no idea when the F35s will be taking off, in flight, or landing. I moved here from out of state last summer. What I 
would say about the varied timing is that it keeps me on my toes in a very undesirable and unhealthy way. Again, I 
have PTSD. This is not compatible with being around military aircraft that make war noises near me at unpredictable 
times. 
TOO LONG!  
I am afraid to go out of my house after 8 am as we never know when they are going to fly by and for how long 
because they keep coming on groups of 2-4 planes 
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Unable to answer this question 
I go inside during the flyovers and make my way back out when I am sure they are done. This makes it very difficult to 
plan to get things done outside. (My business includes a fair amount of outside work) also I am extremely concerned 
about my kids being exposed. Since the flights are mostly unpredictable (we are alerted when they will be flying a lot 
or at night, but otherwise completely uninformed when to expect this intense intrusion into our home and 
neighborhood) it severely impacts our quality of life. 
disruptive to my enjoyment outdoors 
I don’t let the jets dictate my indoor or outdoor time. They need to be removed from Vermont. The “economic benefit “ 
is not worth it. 
Varying the times makes the sound unpredictable and far worse 
no schedule- no way to know safety and enjoy where i live 
Yes, once inside in the evening, I rarely go out again ... reduces quality of life. 
Cumulatively, for today I was affected adversely by the noise for over an hour. My wife complained at dinner. It is 
ruining the neighborhood and family and school life. 
I never know when the last one is finished, so I typically wait for awhile before going outside 
They come and go at deferent times. So I don't go out for about 20 minutes after last F-35 has passed. 
A major component of F-35 flyovers is their utter unpredictability. Can’t they land and depart safely at a lower thrust 
level, and use Loring in Limestone Me., an abandoned SAC base , for full throttle manoeuvres ? 
can never trust it's over since it's "unscheduled for security"--If they need special "security around take-off times"--what 
exactly does that say about our safety?! 
you never know how many will be taking off at one time, so hard to know when it is safe to go out into my yard for 
enjoyment 
Anywhere from 15 minutes to an hour or two depending on how loud they were and how distressing it was on that 
given day. Some days I can force myself to go back and do work or some thing after a half hour other days I’m fucking 
useless for hours 
No, I endure the noise outside and in. I refuse to reschedule my day according to the whims of the F-35s. 
Do to the circling back my life has to be put on hold until the fight is completed. 
Yes the vibrations and piercing sound is heard well before and after the flight. Extra scary when you don’t know where 
it’s coming from 
Not at all 
The time inside is irrelevant. The planes are disruptive whether they keep me in 10 minutes or 20 minutes. As I stated 
before the planes should not be in a community such as Burlington. 
The aftermath noise lasts a few minutes beyond flyocer 
you don't know when it is going to end. sometimes there is a pause, then a whole other streak of planes goes over. I 
haven't timed this but believe it can take up an hour. Yes, confined indoors during all that. 
The jet noise usually lasts for over 4 minutes with 5 jets. 
IF I can get indoors! Also being indoors is not protection either! 
you never know how many will be flying over at a time and at what db level. Something they should be able to control 
Well, since there are multiple jets, I wait another 15 minutes after what I think was the last one. 
I never know when they are going to fly by, so if I happen to be outside I have to run back inside 
None. 
Yes. Hearing them in the morning throws off my entire day. Not only am I stressed out about them but then I have to 
take the time to fill out a fucking form to complain about some thing that should be a no brainer that those planes 
should not be flying over the most populated area in Vermont. 
I usually go back out or open the windows as soon as I notice the flight is over, although it may take from 5 min - 1 
hour for me to realize, because I put headphones on inside. 
Yes, because we never know when exactly the flights are going to take place 
For FEAR of getting caught outside when they fly, makes me a nervous wreck. Afraid they will crash (junk that they 
are) bad mechanical history AND the deafening noise 
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I would have to stay in all morning and part of the afternoon. I risk it. It concerns me. 
when I am stuck outside I need to cover my ears 
Yes! Being caught under unpredictable take-offs is excruciating and putting one's fingers in one's ears useless. What 
do I do about my heart vibrating in my chest? 
I do not know the schedule. I have planned to go on walks but had to remain inside for at least 10 minutes to wait for 
the F35s to pass. 
When they go over I have no idea when they are done. Will it be two times, three, more? 
since there are currently NO RESTRICTIONS on training flights nor are they scheduled for reasons of concern clarify 
that one please), there's no way to protect oneself adequately  
I try to stray inside until the fly overs have stopped. 
Too noisy to be outside 
However long I am kept inside is irrelevant. The fact that people need to go inside is unacceptable 
Today I was stuck outside during the flights. 
seriously? who keeps track of flight times, other than VTANG ... i shouldn't have to post a schedule of flights (if one is 
even available) and work my activities around them. this is an intrusion into the peaceful enjoyment of my property, it's 
unhealthy and there were/are plenty of alternatives available to resolve the issue. 
I am beginning a writing online on Fridays at 9:30am and can often not hear the opening response clearly because of 
the F-35s - so maddening. 
No predicting when this terrible noise will ruin what I'm doing. 
We are never sure when are they going to pass so we feel traped and scared we are going to be caught outside while 
they fly by. Again I feel traped in my own house. 
Seems to last forever. Just when you think they are done, another one starts up. 
PTSD from living here. We are adjusting our life to the POTENTIAL they will suddenly, and without warning, takeoff, 
blasting us with115dbl's--they need to buy people out and station staff/supporters here in the flight path! 
I'm afraid to go back outside because I'm worried if that last flight was actually all of them. Then I'm worried when I do 
go out if they are going to be coming back and landing via the route directly over my house. 
several hours per day because it is difficult to predict when they fly. there are way too many exceptions to vague 
schedule Vtang has announced. 
I never know when its coming. 
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F-35 impact on your home and family in your own words if desired103 responses 

 
all of the above 
Constant rage 
I would NEVER show my house to potential buyer at any time they might be taking off or landing. I would NEVER buy a 
house that faces this assault every day like we now do. 
VTANG has told me that they do NOT consider multiple calls from the same person---as that person is a " complainer"-
-so if I committed multiple assaults, only one counts? Good to know that's how this rigged system protects people---
not that they should even be here, ruining VT 
The noise causes moments of acute anxiety and fear when otherwise at rest in my home. 
The F35s should not be stationed in a residential area. I also live in the commercial flight path which is sometimes 
loud but it does not interfere with all ability to function. I literally wonder every time they fly over if bombs are going to 
start dropping. I know this is an irrational fear but my home should not sound like a war zone. There are plenty of 
places in this country where these aircraft could be stationed that would not be damaging to communities. 
destroyed our comfort and sense of safety. Apparently we live in the crash zone... "disposable residents" zone 
Annoying and disruptive. 
Y'all chose to live near an airport. This one is on you. 
Again, TOTAL BULLSHIT 
We are left feeling angry and helpless. It's disruptive and painful. 
The F-35s cause us to enjoy our yard and home significantly less than we would were they not here. I know because 
we lived here when we had the F-15/16s and it was way less terrible. 
it forces me to leave my home/community to get away from them to luckier communities who do not get bothered by 
them 
I am a sound engineer and musician. The problem is beyond a nuisance. 
It's absolutely unbelievable that these are allowed to fly in residential areas. 
Makes me not want to live in Burlington, not just because of noise, but because excessive militarization in USA is 
against my moral values. 
It is clear to my family that we have been knowingly selected to be exposed to indisputable health risks, 
cardiovascular disease, hearing less, etc. and the only alternative it to leave VT 
Sad-angry-frustrated-health and well being impacted- and can't help but reflect on the people of Gaza City as they 
endure bombs from F16's/F35's compliments not just of Israel but USA 
I spend a lot of time outside in my garden/yard and walking around town so the loud noise impacts me frequently. 
My condo is worth eighty thousand dollars more than I paid for it 11 years ago. 
I can’t get anything done when I hear them flying over even indoors with the windows closed. Even after words I am 
distracted and shaken for 10 to 15 minutes. And then put in a bad mood and anxious because I think about war and 
death. 
The presence of F35s has had zero impact on my home and family. 
The F-35s have taken the peace and quiet and enjoyment I have had in my home and neighborhood. It's been 
devastating. 
It is very sad and frustrating because the jets distract me every day and are causing real harm across our community 
to people who are trying to work, learn, or take care of themselves. It has to stop. They are too loud for a residential 
area. 
They fucking suck. You can't talk with anyone whenever they are going. Have to turn off the tv, or pause an audiobook. 
Forget about being on the phone. 
It’s more than just a noise but the stress from worrying how it’s affecting other people with PTSD how it’s affecting 
domesticated and wild animals, stress from worrying how it’s affecting our war refugee population. Seriously, what 
fucking idiot thinks that The most populated county in Vermont of all states is a good place to fly these death 
machines? 
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It rattles my Windows and makes ot very hard to live here. 
After having lived in the same apartment for over a decade, I've thought about moving specifically because the F-35 
noise is so intrusive and impossible to ignore. 
Sadly, ruined our life in VT 
Makes me want to leave VT all together 
Scares my young children, especially at bedtime! 
Leahy's pollunting bastards shouldn't be in this area. 
It should be illegal. 
Normal contact, conversation, enjoyment of reading, listening to music, speaking via zoom are all stopped 
Absolutely the worst. Literally the only reason we would ever consider moving out of Winooski. We love this town, live 
the school, love our neighbors, hate the jets and are not sure we can continue to live here with them ruining our home. 
They are so intrusive that it can’t be blocked out. 
My partner and I are planning to have a child in the next two years and we really wanted to stay in Winooski because 
the school district is so diverse and we love our home. We are very seriously considering selling and moving in the 
next year because of the noise. 
It ruins my quality of life daily. I absolutely despise it and wish the jets would go to a rural area. It’s irresponsible for 
them to be here. 
I love my home and wanted to stay here for a long time. If this does not stop in next couple of years, I most likely will 
move out of the area. I am angry and sad about this. 
Blatant disregard for this community! Lying politicians don't live here. Should be accountable for lying-tampering with 
the basing outcome and indirectly assaulting thousands of people. 
Triggers anxiety. Wakes sleeping toddler. Distracts from work. Intrusive constant reminder of war and violence. 
The noise of the F-35s makes our property unlivable for several minutes, every day they fly. 
The noise level is interruptive and frightening. It represents alarming indifference to the citizen’s quality of life, health 
and safety. 
Compelled to move---cost of moving- where? out of state? Being driven out of VT by politicians 
I would never buy a home in the F35 flight path. We will be moving soon. 
If an entity has reliable data and still proceeds to knowingly support or perp practices that cause undeniable bodily 
harm, isn't that a crime? If an entity deliberately poisons the environment, aren't they generally held accountable? Isn't 
it time, in this age of accountability, that military and crooked politicians are held up to the light? 
Completely disrupts what used to be a lovely quiet place to live. 
We want to move but can't afford a new house 
I am still working from home with no in-person option. These flights interrupt my work, are impossible to schedule 
around even if I wanted to, and significantly impact my performance. This is unacceptable. 
devastating mentally and emotionally 
No matter what I'm doing, it forces me to pay attention to them, reminds me of those who are indebted in oil wars, 
bullying, systems of control and manipulation, denial of love light, and forces me to pray for their peace, global peace, 
and to remove themselves from my presence. If they want to be at war, don't do it with our tax dollars. Join mma or 
something. 
this have decreased the value of my home and the enjoyment I once had 
Lowers our Quality of Life and Home Value 
I have to work remotely due to covid-19. The F-35 flights interrupt my meetings and class times, sometimes making it 
so that I cannot continue teaching. 
This is just like any unwanted simple physical assault by arrogant authorities 
The F-35s have absolutely reduced the value of our home. If the flights continue or ramp up, I may have to move, 
which I don't want to do. 
My whole house shakes when the jets go by. The physical and mental stress is daily to myself and my children. We are 
in this home as it's the best we can afford and it was prior to the F35s. Due to financial reasons, we have to stay in this 
home and suffer each time the jets go by. My children's bedtime, schooling, studying, and play are negatively affected 
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my the sheer loudness and vibrations from the jets. I also work near the flight path and it's disruptive to myself, my 
fellow coworkers, and the people we service. The jets negatively affect every aspect of my life, my children's live and 
the effectson our health are yet to be determined but are unnecessary and could be prevented by the ceasing of the 
flights. 
Unable to work, play, relax 
Tinnitus/hearing loss 
Brings me and my husband ( was in the Air Force) great joy 
The F-35 jets frequently interrupt my telehealth appointments with my patients. 
No impact. 
*adds a layer of strategic security to my home 
If I knew about this assault on the senses before I moved to South Burlington, I would probably not have moved here. 
Even in the NNE, the noise is so loud it makes me unhappy & anxious each time they fly. 
The noise from the F35 is intrusive and offensive on every level...inside, outside and in with every activity. 
The F-35 waste valuable resources. We have never needed jets to fight our battles. Jets were helpful in world wars to 
help other nations, but never once since then and never used to defend our land. 911 was not a nation in war with us, 
but a handful of extremists...who died in their attack. We do not bomb our domestic terrorist training centers! We 
must stop living in fear of what may happen when we are living with real threats such as pandemics, climate change, 
cyber attacks, disasters, domestic terrorism, racism, gun violence, police violence, hunger.... The F-35s does not help 
protect us against any of our real threats. 
This is so invasive, and I regret that because I am not wealthy enough to buy a house and move away from the F-35 
flight path, I'm forced to endure this without any ability to stop it. 
The noise and the effects of the F-35 noise is not acceptable on any level! 
all of the above and more! 
The F-35s have ruined my sense of peace and security in my own home. It feels criminal to me. 
I get highly annoyed every time I hear them. Worry about accidents and how that would affect civilians & the lake. 
I’ve considered moving 
In case you haven’t figured it out yet, every time I hear those fucking planes it causes anxiety and sometimes it’s so 
severe I just want to die. So thanks a lot military for saying you’re saving lives because your machines make me want 
to kill myself. 
The weeks of the night flights were a nightmare!!! Seemed like those jets were constantly taking off and landing! So 
many times!! 5-6 times a day is horrible! 
I'm concerned about all of the above, especially the quiet peace of mind, resulting in the need for me to seek out a 
therapist for my anxiety. I'm also anxious about the long term effects on my ears, as well as the long term devaluing of 
my home. 
The F-35's should NOT have been based in BTV with a high residential neighborhood population. Other areas rather 
than Vermont were more suitable for this military plane. Thoughtless planning from our reps Leahy, Welch, Sanders, 
and Mayor Weinburger just to "save" 1,000 VTANG jobs, even though it effected over 6,000 families AND we later learn, 
the VTANG was not in jeopardy after all and would have remained with the F-35's. These "reps" did not listen to the 
concerns and data information which was provided of the harmful environmental and personal/medical effects of this 
plane from the people that have elected them years BEFORE the F-35's were to turn our beautiful Vermont into a noisy 
military base. Shame on them! 
The constant noise is invasive. 
This has to end. 
Leahy's polluting bastards don't belong here. 
The mental health of my family is greatly affected. 
Sucks!!!! Damaged my nest egg. Who wants to live in this hell hole, soon to be ghetto. 
It’s the worst 
even with prices rising, these homes come in lower than other areas, because of F35's 
Violates my bodily integrity in my yard. 
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this continued assault on my home life is wearing me down 
I feel very violated and unsafe with the Jets flying over Winooski. 
I hate these things with a passion. It has completely turned my life upside down and probably my future because of 
value of my house. 
It is a daily assault on my well- being to the point of considering moving. 
The Planes do not make us safer. 
six of 6 checked above isn't enough? 
don't know about home value impact - but would have to acquaint prospective buyers with the real experience - might 
lose potential buyers I would imagine 
Furious and scared when these planed destroy my peace and quiet and finterrupt my business by forcing me to stop 
zoom meetings. . I feel invaded by own military. Makes me furious, increases heart rate. I have heart condition. 
Can't rely on a day w/o F35's trashing life here and the environment, too. This is a for-profit Lockheed product draining 
American pockets and ruining VT life. 
I'm afraid that if we ever go to sell our house that buyers will hear the jets and back out. 
Living in the flight path of the airport comes with certain known issues. Noisy air traffic is expected throughout the day 
and sporadically at night. The F35’s are a completely different level of intrusion. And, though I have always supported 
our military, these flights are having an adverse impact on my family 
This is supposed to be a quiet place to live or has been for generations. The noise created by these planes has 
destroyed quality of life in rural and urban Vermont. 
Makes our enjoying our property on a Saturday impossible. 
premeditated, informed assault on our health and well being...perpetrator " Legacy of Lies" and cronies that all need to 
be held accountable as they destroy the environment with PFA's and the resident taxpayer families 
 
OTHER (See Sheets) 
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F-35 night flight impact on your home and family in your own words if desired81 responses 

 
I have no young children but I can only imagine the impact on my neighbors who do. When multiple pairs of jets build 
their crescendo several times an evening 
Inarticulatable rage at the magnitude of this stupidity 
I can't wait for flights to be over. 
GET F35's OUT OF VT NOW and hold politicians who rigged this basing accountable for the damage and suffering they 
knowingly cause 
Usually by 8 PM I try to wind down and relax due to sleep issues. The f-35s at night disrupt my quiet relaxation time 
Again, y'all chose to live near an airport. That's on you. 
makes it hard to go to bed on time and go to sleep. I'm 70. 
TOTAL BULLSHIT 
We don't have young ones here anymore, but it is too much for my wife and I. 
Yes, our entire household sets our routines based on the flights. We ensure our daughter, and all of us, will be indoors 
with doors and windows closed during their typical flight windows in the morning and afternoon. If we are caught 
outdoors, we run inside if we are close; or carry noise cancelling headphones with our daughter on her stroller or in a 
backpack to put those on when they fly over. Our house shakes and the sound is still so loud in our home when they 
go over that we all have to plug our ears anyway, but the house provides at least some shelter and reduction of 
exposure to the sheer volume and vibration of being outdoors. We all have an experientially-based fear/anger reaction 
to the planes, due to the disrespect we feel from the Guard and military for the planes even being considered 
appropriate to be in such a populated area, and the extremely negative affect it has on our daily lives and the lives of 
our neighbors who have PTSD. 
Often I am out walking at that time and it is stressful and anxiety provoking. 
Who wouldn't want to hear this abomination till 10pm? Worse yet, I dread the day schedule, when I won't be able to 
wake up and start the day begin without these F'er's, all day, between take-offs and returns an hour later x 2 rounds, 
each 10-12 flights. 
limits our ability to enjoy our deck in the evening or go for walks. 
Interveres with late afternoon nap. Late afternoon/night flights interferes with dinner, reading television, peace & quiet. 
No impact  
After a long day at work, I want to relax in a peaceful atmosphere at night. I have begun getting hypervigilant to the 
noise. I can hear them coming from a long ways away. I am getting so sensitive to the noise that I thought the 
streetsweeper going by was a plane and instinctively reached for the hearing protectors. 
F35 night flight does not impact my home and family. 
Emotional distress from being barraged with extreme noise in my home at night. 
Any F35 over these homes, at extremely low altitude, blasting high decibels, polluting the air is outrageous- day or 
night 
Totally unacceptable 
I am 70- yo and go to bed at 9 pm. It is not right that they fly later than 7 pm. 
Disturbs the peace! An assault on our bodies! 
No additional impact relative to daytime flights. It's a huge nuisance and an imposition on my life that makes it 
difficult to focus on much of anything else. 
My family consists of myself, my spouse, and our dog, who has also had a tough life including a fair amount of 
trauma. We feel terrible having exposed her to ear pain and new fear-- to the point of avoiding familiar walks and 
needing to sleep closer to us-- after rescuing her and doing everything we can to give her a better life. I have also been 
very aware of flights during our family time in the evenings, the only time we really get to see each other when we're 
both home from work-- and having to stop conversations repeatedly because of jet noise. It's intrusive. 
Interferes with my my husband's my dogs and my bed time 
No at home children. With planned post COVID visits with grandchildren planned I am fearful of how they will react 
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Wakes my sleeping children, gives my oldest anxiety. 
the pilot's can train on simulators for this purpose along with many of the day training sessions. There is no need for 
the disruption and waste of fossil fuels 
It wakes up children in my neighborhood EVERY time there are night runs. Parents I speak to are beyond frustrated 
and it’s disturbing on so many levels to children and pets, never mind the effects on adults.everyone I speak to is 
bothered on some level by the jets. They are ruining my quality of life. 
Annoying - I feel sorry for all the kids! 
We are being forced to consider selling our home and leaving Hinesburg. 
Disrupts naps and bedtimes every time. 
I do not have children but sympathize with those who do. I do not appreciate my own sleep schedule being dictated by 
these planes. 
Ruined this area of VT 
I do not have children, but I do care for children with Autism Spectrum Disorders. The sound interferes with their 
sensory processing, nap times, and bedtimes. 
Have to turn TV volume up to unsafe levels just to here the dialogue. 
Feels like even more of a violation of our safety at night. 
Practice night maneuvers SOMEWHERE ELSE, which believes they are the sound of Freedom, whatever that is. 
Invasive Noise STOPS our abilities to enjoy life 
just plain stressful. they hang around, hover, return - it's endless - Daytime flights bother us more, the droning on and 
on, the leaving us in peace only to return and harass us again. 
I am worried about the health effects on me and on our pets. 
It's just me. I'm my own family. 
Interferes with my bedtime. 
My child has experienced a trauma in the past year (unexpected loss of a sibling). She already struggles with anxiety 
and feeling unsafe. Home, particularly at bedtime, is where she feels safest. Extremely loud war planes flying over 
right at bedtime completely disrupts that fragile feeling of safety and relaxation that I'm trying to help her rebuild. 
Needless to say, I experienced this same trauma and am struggling with all of these issues as well. My main concern 
is for my child. We moved here to give her a peaceful, calm life. This is not what we expected. 
I have work meetings several nights per week. Last night due to the flights I had to mute myself multiple times and 
missed hearing key information that was shared in the meeting. 
The flights occur birth during nap and bedtime. My children cannot get the rest they need to be healthy as the flights 
push back or interrupt the sleep times for my children. 
Ruins bike ride 
None 
No impact 
Startling! 
Have to stop speaking each time they fly over. 
The flights interrupt every activity in the house or yard every time they fly over. There is no escaping the noise. 
My son is 14 and suffers fear, anxiety, and aggression as a direct result of fly overs. 
absolutely ridiculous that they have to do night flights for 3 weeks straight. And right at the height of bird migration 
Night time is the time to unwind, which won't happen with jets flying overhead. 
Interferes with my husband's and my bed time 
Since I live in Richmond, the night flights are often noisy, but not dangerously so. 
Disrupts time to relax from the day, phone calls, watching TV or if I decide to sleep early. 
The evening flights don’t have as much of an impact on me as I do not have children. But when I’m outside they’re still 
really loud and triggering. Thankfully there’s not as many people outside so I’m not as likely to have a fucking panic 
attack or meltdown in the presence of other people. 
Although I do not have any children, the noise effects myself, my partner and my roommate detrimentally, causing 
personal anxiety in each of us, as well as creating a tense, unpleasant dynamic between the three of us.  
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Low flying, vibrating building, noise so intense you cannot read, sleep, converse or watch television. Why is it so 
necessary to fly so late???? 
They severely disrupt mine snd my dogs sleep patterns leaving me tired and lethargic throughout the day 
Not only does it disturb me, but my neighbors children flip out whenever they go overhead... 
My family is more irritable, frustrated, and uncomfortable because of the jet noise. 
Sucks and enrages 
I would like to live in Burlington, my partner insists we move due to the f35 noise. Life sucks 
what could be good about F35 night flights? 
We moved here so that we could have quiet. We had no idea we would be assaulted in this way with daily noise blasts-
-and at bedtime! In fact, as I file this report about flights at 7:50 pm (and having just completed one about the noise at 
4 pm), we are being assaulted again by yet more flights, now at 9:25 pm! On the same day! It doesn't end. 
We would expect peace and quiet after automobile rush hour, but the night flights just extend the damage that 
constant noise brings to human beings. 
Why do they need to fly so late and low at night, interfering with sleep patterns, t.v. watching or just quiet, unwinding 
time! 
When the nighttime started, I could not believe It. How much can we take, no peace, not even at night. 
Awakens me during MY sleep. I have a job that I must show up for early in the morning and I need full concentration. 
Being startled awake and not being able to go back to sleep is the worst part. 
This incident I'm referring to did not disrupt bedtime, because it was at 4 pm. 
Hate it! More distress in a time which had previously been quiet and I am concerned for all the children's bedtimes and 
their parents trying to help them settle in. 
had to turn off the tv because couldn't hear 
Disrupts my own fucking bedtime. 
Interferes with our household bedtime 
we have to go inside and try to avoid walking our dog during the usual flight times. 
Awakens us just as we are falling asleep and sometimes even later in the evening. 
Rest is impossible. The noise rips into an otherwise peaceful atmosphere and shreds it to pieces. It is the worst. 
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F-35 physical impact on your home in your own words if desired85 responses 
 
Noise 
No shaking. 
Windows vibrate 
the vibrations knocked a clock off the wall 
Have listed earlier in form. Deep resonating vibration in frame of house and windows that we never experienced with 
the F-16s. And we are supposedly in a sound zone that was IMPROVED by the F-35s vs F-16. TOTAL LIE! 
this time? far alarm, broken glass 
It's a plane... Not an earthquake generator. 
House Shaking 
The windows rattle 
As much shaking as a garbage truck flying down the street. 
Vibrated things off the shelves- broken, can't replace...like our health and exposure to F35's. No vaccine for this! 
My body is standing in m vibrating home---my floors vibrating under my bare feet...I am physically vibrating along with 
the structure! How SICK is that that people have diliber4ately selected me for suffering. 
Everything shakes, the ground, walls and the glas on windows clink 
Felt shaking in my feet while standing on porch 
I can definitely feel the vibrations. Vibrations like large truck driving down the street... Except that while at large truck 
vibrations will last 10 to 15 seconds this lasts for many minutes at a time... It is difficult to get back to the mental 
state I was in before this physical and psychological interruption 
you can feel the vibration in your chair 
Sometimes my home shakes, depending on the altitude of the jets, but it doesn't bother me and I'm not worried about 
the structural integrity of my home. 
Window pains shake 
This time is one of the first times I did not notice shaking. But usually there is shaking 
Shaking house and windows 
had to resituate a display of decorative glassware for fear it would shake of shelves and be destroyed 
We have to straighten paintings & pictures almost daily because the vibration rattles everything around. 
Windows rattle 
windows rattle 
I am a renter. Shakes my building and workplace. 
I often feel the rumble in the floors and walls before I can 'hear' the jets. I can't imagine being able to sell this home to 
someone if they experience the jets flying over while looking at it. 
My windows and other surfaces vibrate during the flights. 
Not only do my floors vibrate, but the light fixture in my office rattles every time an F-35 flies over. 
Number of crystal figurines have broken by falling due to vibration 
I live in an old 1830's house 
Everything shakes, including the insides. Thanks Sonic Boom! 
Can definitely feel vibration in floors and windows 
The planes are extra loud and rumbling today. I hate it. 
Windows shake. 
I'm in downtown Burlington, but the air hums like nearby machinery. 
Rattles windows and vibrates floors 
Things have fallen off shelves and broken 
Frightening noise and some vibration 
No noise cancelling can block the feeling of my damn HOUSE rumbling 
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the ground's moving under my feet - sad, deeply disturbing loss of my life in VT thanks to this F35 basing---makes this 
the worst place I've ever lived instead of a quality life in VT 
Curious what continued intense vibrations are doing to the structures / mechanicals etc. as windows vibrate, things 
migrate off shelves, car alarms go off etc 
Could feel the deck shake as I sat on it. 
Rattles the storm windows 
Can feel the house shake. 
This will be on my next complaint form... I work and also live in the flight path. 
Just a major detriment to the normal use and enjoyment of a place that we have cultivated and enjoyed for 35 years. 
The Williston Community Forest, established around 2019, surely suffers as much if not more than we do- ask them. 
I live in an old 1830's home which is no match for these jets 
It feels like the country has gone to war. 
shakes windows on back porches 
Daily 110 decibels peaks over a twenty to thirty five minute timeframe two to six launch windows. 
Windows rattle and the vibrations are intense enough that I am sure they are having long-term, cumulative impact on 
my brick face and stonework. 
My whole house shakes and my body also feel it's intensity. 
Excitement 
Good morning! No worse than the BED chip train 
There is a vibration that envelopes the atmosphere when the planes fly over. 
Vibrations of walls windows floor and chair sofas being sat in 
sometimes windows rattle 
F-35 doesn't usually shake parts of my home. That's part of how I judged today to be much worse than usual. 
Cracks in grout, shaking of objects inside 
Floors, walls and windows vibrate and rattle 
I can feel the vibration sitting in my home. 
Windows rattled. I have a brick home with stone foundation and I am sure that vibrations are adding wear and tear to 
the masonry. 
the F-35's don't belong in a populated area like Chittenden county. 
It fucking shakes like there’s a garbage truck speeding through my neighborhood for almost 10 minutes straight. And 
while that doesn’t seem like a long time to psychological and physically (increase heart rate, increased blood pressure, 
nausea, etc.) draining impact can last for hours. 
Everything rattles!! 
FWW blasting in there quarry Shake my home more than 35 
Our skylights were shaking visibly. 
Live in a 55+ Senior complex. The windows/building vibrates with the low flying of F-35's 
Shakes my apartment so hard the windows rattle if they are oriented with the jets toward my home 
Rattles every window. Even dishes in the dish rack. Criminal invasion of my home 
industrial vibration meters monitor noise impact/damage on equipment. I wonder what this intense shaking is doing 
to property. Glass rattling, pictures tilting, things vibrating off the shelf, car alarms going off... 
pictures on wall sometimes rattle against the wall 
Floors vibrate and chandelier rattles. 
can hear vibrations inside walls (structure) and also window panes. 
I feel like there is a small earth quake happening every time they fly, even with all of my windows closed inside my 
home. 
Plants rattle on window shelves, sun catchers rattle on window, shakes building 
My back porch has windows that shake when the F35s go over. 
My house is in Jericho and it still rattles when they fly by 
I rent but all the dishes jangle. And I can't do business in my own house. 
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I worry about flights disturbing friable asbestos insulation in some of these old attics. 
during lower flights the older windows rattle from the pressure waves. 
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F-35 impact on your business in your own words if desired65 responses 

 
Distracted me from working on business at home. 
I take a lot of Zoom classes and webinars and can't talk when the planes go over. 
Frequently experience interruptions in work meetings due to noise 
Interrupts all business communication when they are flying during the day. 
TOTAL BULLSHIT 
I don't know if my clients choose to work with others because it's annoying to try and communicate with me when we 
are so often interrupted, I just know it stops all communication until they pass. Depending on where the client is, 
sometimes right after it stops for me, we have to stop for them as they pass my client's house. 
Both my wife and I own and run businesses in Winooski, Burlington, and my business also has a shop in Essex 
Junction. The F-35s have interrupted sales meetings, client meetings, team meetings, zoom meetings, phone calls, 
outdoor meetings, meetings in our offices, and work outdoors. Ironically, my wife is a former state legislator and she 
would have to mute herself during participation in zoom legislature events and while speaking on the "floor", etc. 
I teach classes in the evenings and if my students cannot hear or their dogs are too stressed by the noise to learn I 
cannot provide a quality learning environment for them. 
can't rely on working-talking-concentration, etc. 
Hard to work when you can't hear 
No impact on my business. 
The F35s occasionally interrupt a business phone call, but I'm not bothered by it and so far, the people on the other 
end of the phone aren't bothered by it. 
Currently in a training session for work and I cannot hear/understand the material because of the planes. This has 
been on and off for the past 30 minutes. I absolutely cannot get any work done until they're finished. 
F35s interrupted my weekly departmental meeting, making me unable to participate meaningfully. 
Substitute business for school. 
negatively impacts counseling sessions and client safety 
Again, productivity lost because I cannot take phone calls or participate in meetings with F35s flying. 
about 1/2 of my team lives in the Burlington area and we lose about an hour of meetings a day to the jet noise. 
Phonecalls are impossible during the flights, and I work at a job where I may need to take phonecalls at any time 
during normal business hours. 
Work out of the house--very disturbing to be repeatedly put off course by training pilots careening overhead--can't 
hear, can't have a conversation, lose focus, get angry-calm down and then, they come again 
I am a musician. Every flight brings my work to a standstill. 
I work from home and disrupts my concentration and can't hear anything if I'm in a meeting or on a phone call 
Yet again, these flights go on FOREVER. I am sitting at my desk for at least 20 minutes now because I'm waiting for 
these fucking planes to be done. I cannot perform my job in the meantime. 
Zoom calls, any calls, have to stop as they pass. 
Retired and not impacted this way 
Planes started around 9:55, it's 10:05 now. Can I turn my phone back on and take customer calls yet? I don't know. I 
can only sit here and wait until they're finally gone and I can back to work. The F-35s reduce my productivity multiple 
times per day, sometimes multiple times per hour. They legitimately affect my job performance. 
How long will it go on?? I've been sitting here 15 minutes waiting until I can DO MY JOB because it involves speaking 
with people on the phone. I should send the government a bill for the lost productivity. 
I have to pause conference calls often and explain to clients what is happening. They are all out of state and are often 
extremely surprised that Vermont would allow this in such a populated area. 
I could have stayed in NYC if I wanted noise like this. 
We are extremely busy this week and I am prevented from using the phone while the planes fly overhead for I don't 
know how long. I lost count at 8 fly bys already. When will it end? My productivity drops to zero when they're flying 
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Couldn't hear members at drive up of financial institution, many members are hard of hearing to begin with and this 
made them frustrated and upset 
It was so nice to be free of these planes for a few weeks. Now it's back to answering phone calls where you suddenly 
can't hear the customer because SURPRISE IT'S PLANE TIME. 
When will I be able to take phone calls from customers again? I don't know! These planes go on FOREVER 
was on a video call and had to stay on mute/not participate in group discussion as a result of F-35 flights. made me 
look bad in front of clients 
I cannot perform my job when the F35s are flying. 
Disrupts my chain of thought. 
Have to stop conversations. Get grumpy. Frustrating 
disrupts communication, focus and output 
Once again, the planes are taking off for night flights and I am unable to perform my job until they are done. Yesterday 
this took ~15 minutes. 
F-35s interrupted a webex meeting with colleagues. I was unable to participate in the meeting for a good 20 minutes 
because of the planes. These planes are severely affecting my productivity. 
I don't own the business I work at but the jets negatively disrupt the flow of a workday for to the superfluous noise the 
jets make. 
Outdoor yard work, so the noise interrupts my work 
None 
No impact 
It is too early to know how this will change our business (guesthouse) but I cannot imagine wanting to stay in a 
guesthouse when the noise levels from the planes are as intense as they are. 
Retired business not applicable 
I am a psychotherapist, counseling individuals who are troubled. the roar of the warplanes is not at a therapeutic and 
must be apologized for again and again and again 
At Taft Corners the decibel intensity can reach 110. That is insanely loud. 
Work stops cannot hear or communicate with coworkers and customers. 
Had to discontinue business call/meeting. Cannot concentrate and work when they fly over. 
When will they end? When will I be able to take calls again? Why do the planes need to go for 10-20 minutes at a time?! 
Due to working from home since March 2020, these planes are a regular nuisance to my work life and communication 
with my team. 
I work from home because of the pandemic. Instead of getting work done I’m trying to figure out What the fuck I need 
to do so that I am not so stressed and I am mentally and physically able to sit down and get my work done. And guess 
what, if I’m not getting any work done I’m not making any money. So thanks a lot military for ruining my fucking life. 
Interrupted a work call, which could have effected my career long term due to missed assignments. 
Not applicable 
the noise disrupts my work 
Once again I am unable to perform my job functions while the F-35s are flying. This one occurred in the middle of a 
customer call and I could not hear anything they were saying. 
concentration / phone conversation 
I work from home and there have been many times I could not continue on a call or Zoom due to the excessive noise. 
Horrible 
Completely interrupted my work this evening. I can't believe I am subjected to this near-daily bombardment of noise. I 
pay way too much in city and state taxes to have my quality of life affected so negatively in my own home. 
Can't tape video or record or talk to clients when these planes are roaring overhead. 
I'm working from home an have to stop what I'm doing every time to cover my ears while they are passing by and lately 
they are flying more and more it is very unsettling, disappointing, makes me angry and not want to live here anymore 
even though I love my home and the location where we are. 
Multiple interruptions while recording. Many hours of work have to be redone due to ruined recordings. 
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Impact of F-35 on your dog, cat, or other pet in your own words if desired47 responses 

 
No pets 
Worried about pets well being. Worried about wildlife. 
And mine is the cattest of all cats, and still runs scared while they are taking off, but there is no escape. 
I’m worried about my gecko’s hearing in the summer when the windows need to be open (no ac) she is a small animal 
and cannot handle the same level of stress as a dog or cat 
Pets don't care. 
TOTAL BULLSHIT 
N/A 
As a dog trainer I have heard first-hand from many clients who live in areas of extreme noise impact that their dogs 
have suffered adverse impacts such a panicking when walking outside during flights which risks them getting loose 
and lost, hiding/shaking/panting/drooling when indoors during high noise level times, and now have underlying stress 
and anxiety issues that were not present prior to the F-35 flights. These clients mostly live in Winooski, South 
Burlington, and Colchester. 
...and wildlife? 
Dog anxiously barks when these noise levels are happening 
How about impact on small animals; birds, deer squirrels anything living in the flight path! 
My cat slept through it. 
I have two dogs and they seem completely oblivious to F35 noise. Doesn't bother them at all. 
I pity my pets- their exquisite hearing so much finer than humans. And, I'm aware of wildlife / environment. Data cites 
"noise is affecting birds ability to reproduce". There's plenty to read online. And locally, let's not forget water pollution / 
PFA's courtesy of VTANG, our "good neighbors" 
My dog becomes visibly anxious when planes pass on a walk. 
My poor cat was in the window during the flyover. She was terrified and left the window, coming to me for comfort. My 
cat is old and suffering from kidney disease and starting to slow down but she LOVES being in the window. The F35s 
are denying her this simple enjoyment 
Please see my previous comments on this. My dog is a rescue and has suffered increased anxiety that has affected 
her behavior during and immediately after F35 encounters. 
Our cat is terrified and needs to have open access to immediately run inside and sit with us. 
The planes upset the neighborhood dogs, which in turn leads to more noise 
We are trying to keep weight on our cat with kidney disease. It's already enough of a struggle getting to her eat, and 
now the planes interrupted her feeding today. 
I cannot leave a window open for my cat with the F35s flying. She will blot in fear, and I worry about hearing damage. 
pathetic, and then there's the wildlife 
I have a service dog. The sound distracts him to a level where I am unsure he would provide an alert if one was 
necessary. 
very stressful to both my dog and two cats 
We have indoor cats and rabbits who run, hide, and show obvious distress. I am worried about the effects of the F-35 
flights on my pets' health. 
My dog, a puppy, hates the flights. She runs and hides. 
I have cats and the cats jump down and hide under beds or couches. They will run away from the windows. 
2 dogs and 2 cats - no problem 
Emotional support animal sleeps through it. 
My dog grew up in winooski she didn’t care. Again shame on you for your survey design. 
Our cats always run inside when the planes fly over...it is frightening to them. 
Pet free location 
My cat runs and hides when he hears the jet noise. 
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My puppy gets anxious when they are flying over at night 
He is visibly shaken and panicked 
Can’t verbally communicate with my animals. They get really stressed out when they see how upset I am 
My cat is terrified when the jets fly over!! 
My dog loves the 35s 
My cat was upset and panting with fear for hours afterward. 
Terrified 
the cats run for the house door 
My dog is so frightened that he tries to hide but is so confused. It takes him over an hour to recover after they have 
passed. 
Again I'm afraid I'll be out walking my dogs and we are going to be exposed to the crazy and deafening noise 
My cat reacts with anxiety and sometimes runs and hides 
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