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Selection of targets among a large and diverse group of chemicals

® Widely used
m Bioaccumulation

m Detections in environmental media

Resulting Selections

m PFOA and PFOS - primary or only focus in many regulatory jurisdictions

PFOA, PFOS, PFNA — New Jersey USA

PFOA, PFOS and PFHxS — primary indicators for Australia under PFAS NEMP

PFOA, PFOS, PFENA, PFHxS, PFHpA — focus of several US States

PFOA, PFOS, PFNA, PFHxXS, PFHpA, PFBA, PFBS, PFPeA, PFHxA — Canada

PFOA, PFOS, PFNA, PFHxS, PFHpA, PFBS, PFPeA, PFHXA + 6 more - Texas
Replacements for PFOS and PFOA

Expanded analyte lists (UCMR - 6, USEPA 537 -14, USEPA 537.1 — 18; NYSDEC - 21)

Which PFAS to Focus on?
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Regulatory Status of PFOA &

H 1 0.038 ug/L PFOA
P FOS I n U n Ited States 0.035 pg/L PFOA 0.070 Ug/l— PFOA+PFOS
0.027 pg/L PFOS 0.085 pg/L PFHxS
0.027 ug/L PFHXS 0.02 pg/L sum of 0.023 pg/L PFNA
2 ug/L PFBS PFOA, PFOS,
7 ug/L PFBA PFHxS, PFHpA,
PENA 0.07 pg/L sum of
PFOA, PFOS,
Proposed PFHxS, PFHpA,
0.01 pg/L PFOA |\ PFNA
0.01 pg/l PFOS e
0.014 ug/L PFOA g T
0.013 ug/L PFOS 0.014 ug/L PFOA proposed
— ~ °510.013 pg/L PFOS proposed

0.013 pg/L PENA final

0.140 pg/L GenX

All values presented in micrograms per liter

USEPA advises that drinking water
meets the Health Advisory of 0.07 ug/L
and that water providers “act” if above

Criteria for PFAS are rapidly changing; check with local regulators to confirm current status
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Regulatory Status of PFOA & LI

. § &
P FOS In Canada Health Canada has established guidance L J (%0..
on drinking water screening values® .9 ®
& é.
0.2 ug/L PFOA 0.6 pg/L PFHxS 9.9
0.6 ug/L PFOS 0.2 ug/L PFPeA & t'..
30 pg/L PFBA 0.2 pg/L PFHxA ®
15 pg/L PFBS 0.2 pg/L PFHpA
0.02 pg/L PENA

* As of December 2018

= Canadian Council of Ministers of the
Environment (CCME) has developed
PFOS draft soil and groundwater
quality guidelines

= Government of Canada has prohibited
PE import, manufacture, use, and sale of
PFOA and LC-PFCAs (December 23,
2016)

All values presented in micrograms per liter Criteria for PFAS are rapidly changing; check with local regulators to confirm current status
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How are the Potential Releases of PFAS being
identified Globally?
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Has Exposure Risk Decreased as a Result of
Regulatory Guidelines?

Voluntary cessation of production of PFOA and PFOS in USA, EMEA, and
Japan has reduce mass going into products and environment

Japan has observed in Tokyo Bay basin (Masunaga & Zushi, 2016)
®m Increases in PFHXA, PFOA and PFNA — 1977 through 2005, then decreases from 2006

m Decreases in PFOS since 1990s

Treatment of drinking water in USA, Canada, Australia, EMEA, Japan has
reduced exposure for millions of persons (>6M in US alone)

m Arnsberg, Germany - PFOA reductions in blood plasma of 39% in children and mothers
within two years of treating drinking water supplies (Brede et al, 2010)

m Reduced concentrations observed in human blood in US in NHANES
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PFAS Concentration Reductions Observed in the °® e
Blood of Population of USA

1999-2000
2003-2004
2005-2006
2007-2008
2009-2010
2011-2012
2013-2014
2015-2016

Survey of PFAS in Population of USA
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O PFHXS W PFNA EPFOS ®PFOA

30

35

Largest percentage
reductions in PFOS
and PFOA

After May 20167

2019 NHANES Results
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PFAS Concentration Reductions Observed in the
Blood of Residents After Implementation of GAC

Comparison - Hoosick Falls

m2/16to4/16 mW6/16t011/16

All Adults
Years on Water Supply

Less than 10 yrs

10to 24 yrs
25t040yrs
More than 40 yrs
0 20 40 60 80 100
Concentration PFOA in sera (ug/L 2018 Presentation

by NYSDOH
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Complications of Publishing Criteria and
Regulations in Midst of Evolving Science

Criteria and target compound list change rapidly
Public outrage and distrust of regulators

Inconsistent regulations and guidance for different media or uses and
Federal/Local

Delays in investigation and remediation
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USEPA

USEPA
November 2015

2 months

USEPA
January 2016

4 months

“Don’t Drinking the Water If....”

USEPA
May 2016

2 years

ey
S UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
H 1) REGION 2
H H 290 BROADWAY
S e NEW YORK, NY 10007-1866

e ot

NOV 2 5 05

Honorable Mayor David B. Borge
Municipal Building

24 Main Street

Hoosick Falls, NY 12090

Dear Mayor Borge:

1 am writing regarding the perfluorooctanoic acid (PFOA) water contamination that hes been
discovered in groundwater and drinking water in the Village of Hoosick Falls, NY. On

October 15, 2015, 1 was contacted about the problem with the Hoosick Falls public water supply
and was asked if funding from the U.S. Environmental Protection Agency (EPA) was available
10 address this drinking watet problemn.

EPA does not have a funding stream to which the Village could apply in this situation. A more
detailed response will be provided shortly. In summary, EPA provides Safe Drinking Water Act
State Revolving Funds to New York State to address drinking water needs. EPA’s Safe Drinking
‘Water Act State Revolving Fund Program is implemented by the New York State Department of
Health (DOH).

Because of PFOA’s extreme persistence in the environment and its toxicity, mobility and
bivaceumulation potential, which pose potential adverse effects o human health and the
environment, EPA has been gathering information regarding the Hoosick Falls PFOA
contamination and has been discussing this matter with DOH and the New York State
Dopartment of Environmental Conses vation (DEC). While EPA has not, o date, promulgaed an
enforceable drinking water standard for PFOA under the Safe Drinking Water Act, in 2009,
EPAs Office of Water established a provisional health advisory of 400 nanograms per liter, that
s, 400 parts per trillion (ppt). for PFOA.T

Provisional health advisories reflect reasonable, health-based hazard concentrations above which
action should be taken to reduce exposure to unregulated contaminants in drinking water. In
2014, EPA stated that its provisional health advisory for PFOA, if exceeded, supgests the need
for discantimiing use of the water for drinking or cooking: and that the advisory reflects an
‘amount of PFOA that may cause adverse health efTects in the short term (weeks to months)

EPA Statement on Private Wells in
The Town of Hoosick and Village of Hoosick Falls, NY
January 28, 2016

The EPA is developing a lifetime health advisory level for PFOA. While this work
continues, the EPA recommends that people in the Town of Hoosick and the Village of
Hoosick Falls who have private wells at which PFOA has been found to be present at a
level greater than 100 parts per trillion not use that water for drinking or cooking, and
instead take advantage of the free bottled water that is being made available at the
Tops Market in Hoosick Falls. In addition, the EPA recommends that people in the Town
of Hoosick and the Village of Hoosick Falls who have private wells that have not yet
been tested for the presence of PFOA ask the New York State Department of Health to
test their well and, in the meantime, take advantage of the bottled water available at the
Tops Market in Hoosick Falls.

.provisional health
advisory for PFOA [400 ppt],
if exceeded, suggests the

need to discontinue the use
of the water for drinking or
cooking...”

greater than 100 ppt

not use that water for
drinking or cooking...”

FACT SHEET
PFOA & PFOS Drinking Water
Sareres Haealth Advisories
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IeveI.

FACT SHEET
PFOA & PFOS Drinking Water Health Advisories

EPi'z 2016 Lifetime Health Advisories, continued

with e 70 parts per trillion hes v
s0ry level offers & margin of protection for their
reziing from axpazure s FROA and PROS i dinking water.

ATSDR - draft
June 2018

9

Toxicological Profile for

Perfluoroalkyls

Draft for Public Comment
June 2018

.{C ATSDR
= “Agency for Toxic Substances and Disease Registry

ATSDR recommendations
may result in lower levels
than USEPA’s current HAs

~7 ppt for PFOS
~11 ppt for PFOA
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Australia — “Don’t Drink the Water If....+

enHealth
June 2016

June 2016

efHEALTH

‘Envirenmental Heath Standing Comitee (entealth of the
“Aastralian Heath Protection incipal Conmitize:
enHealth Statement: Interim national guidance on human health
reference values for per- and poly-fluoroalkyl substances for use in site
investigations in Australia

Background and context:

In March 2016, the Australian Health Protection Principal Committee (AHPPC) endorsed
the Standing Committee on Environmental Health (enHealth) Guidance Statements on
Pel Chemicals (Guid: to support responses to
incidents of environmental contamination with per- and poly-fluoroalkyl substances
(PFAS)‘ Guidance Statement 3 concerned the development of human health reference
values for perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA) for

“...Interim Drinking Water
Quality Guidelines

PFOA - 5000 ppt
PFOS / PFHxS — 500 ppt

Toxicity reference value PFOS/PFHXS PFOA
Tolerable Daily Intake

0 0.15 15
(ugkg/d)
Drinking Water Quality 05 5

Guideline (ug/L)

Recreational Water
Quality Guideline (pg/L)

10 months

Australian DOH
April 2017

Australian Government
Department of Health

Health Based Guidance Values for PFAS
FOR USE IN SITE INVESTIGATIONS IN AUSTRALIA

In June 2016, the Department of Health commissioned
Food Standards Australia New Zealand (FSANZ)

to develop final health based guidance values for

per sulfonate (PFOS), pe acid
(PFOA) and perflucrohexane sulfonate (PFHxS), which
belong to a group of chemicals known as per- and poly-
fluoroalkyl substances (PFAS).

The Departmag

Assessment

guidance val

The final hea|

FSANZ has recommended final health based guidance
values for PFOS and PFOA in the form of a tolerable
daily intake. A tolerable daily intake is 2 level of daily oral
exposure over a lfetime that is considered to be without
significant health risk for humans.

s ...Final Drinking Water

Quality Guidelines:

assessments)

based guidar PFOA
Heslth Stand| =
health referef

ey  PFOS / PFHxS — 70 ppt

of human hej
when condu Ca s g Gl
in providing advice to affested communities on how to
minimise exposure to PFAS,

Health based guidance values indicate the amount of
a chemical in food or drinking water that a person can
consume on a regular basis over a ifetime without any
significant risk to health. Health based guidance values
can be expressed as a tolerable monthy intake (TMI), a
tolerable weekly intake (TW1) or a tolerable daily intake
(TDI). The choice of whether a TMI, TWI or TDI is set
depends on the nature of the chemical.

Heslth based guidance values are used by

560 ppt

The health based guidance values for use in site
investigations in Australia are:

Toxicity PFOS/PFHxS OA
reference
value

20 0.02 160 016

Tolerable
daily intake
(ngorpg/
kg bw/day)
Drinking
water
quality value

70 0.07 560 056

and government agencies o investigate and assess
potential human health risks.

(ngorpg /L)
Recreational
water

quality value
(ngorpg /L)
Nete: bw = body weight, ng = nancgrams, ug = micrograms

700 07 | 5800 | 56
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Germany- “Don’t Drink the Water If....+

Drinking Water Committee of
Federal Health Ministry
2006

Statement by the Drinking Water Commission (Trinkwasserkommission) of the German
Ministry of Health at the Federal Environment Agency

June 21, 2006 (revised July 13, 2006)

5. Overview of the key maximum value guidance in the present report for com-

posite PFOA and PFOS concentrations

population groups

Precautionary action
value for infants

Drinking Water

Type of max. value | English (German) | Relevant value Relevant section in
abbreviation the present report

Health based precau- HPV, (GOW, = 0.1 pg/L Section 2.1: lifelong

tionary value (long term | Gesundheitlicher precautionary value,

minimum quality goal) | Orientierungswert) e.g. in case additional

for non-genotoxic perfluorocarbons would
t be present

Strictly health based GV (LW = Leitwert) 0.3 ug/L Section 3:

guide value for safe Composite concentra-

lifelong exposure of all tions of PFOA and

PFOS are (still) toler-

PFOA + PFOS - 300 ppt

Mapnahmewert jur
Séiuglinge)

nfants, e.g. against the
presence of additional
perfluorocarbons

Precautionary action
value for adults

PAV, VMV, =
Vorsorge-
Mapnahmewert fiir
Erwachsene)

5.0 pg/l

Section 2.3 (PAV) and
section 3 (AV)g) in
conjunction with the
action value guidance:
drinking water inad-
missible for food
processing and prepara-
tion

German
Federal Environment Agency

January 2017

11 Years

Drinking Water

PFOA + PFOS - 100 ppt
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Complications of Publishing Criteria and
Regulations in Midst of Evolving Science

Acceptance of criteria from one regulatory entity by another entity is complicated:
® Human/ecological toxicological thresholds may be different
m Consumption amounts (e.g. fish) differ among different populations
m Different calculated bioaccumulation factors
m Example for PFOA:

2017 Dutch proposed Surface Water EQS for human consumption of
fish = 0.048 ug/L

Using German guidelines, calculated EQS for human consumption of
fish = 28 to 109 ug/L

www.erm.com



Inconsistent Regulations and Guidance for
Different Media or Uses and Federal/State

Germany

Soil — Sludge application vs soil

m 100 ug/kg — Under German Fertilizer Ordinance [Dungemittel-Verordnung], maximum of
100 ug/kg PFOA+PFOS in sewage sludge may be used as fertilizer on agricultural land

m Local Values for Soil — e.g. Bavarian Water Management Agency

m Preliminary Level 1 — 0.1 ug/L in soil leachate (de minimus threshold)

m Preliminary Level 2 — 0.4 ug/L in soil leachate (remedial measures indicated)
m BBodSchV - No values for soil

Drinking Water vs Groundwater

m Federal/state Water Working Group (LAWA) formulating a preliminary threshold value
(GFS) of 0.1 pg/L for maximum concentration classified as insignificant (based on
ecological and human toxicology)
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Inconsistent Regulations and Guidance for
Different Media or Uses

USA

Groundwater vs Soil
m Protection of groundwater values for soil?

Groundwater vs Drinking Water
m Not all groundwater is drinking water

Discharge of Treated Water

m Requirements to treat water to less than drinking water criteria or even to non-detect prior
to discharge to sewers

AFFF

m Fluorosurfactant containing AFFF required by US Military under Mil Spec and by FAA at
commercial airports (until reauthorization in October 2018)

m Implications of C6 replacement foams as regulators expand list of target PFAS
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“Non-PFOS” AFFF Concentrate — Before and After
Oxidation in TOP Assay

TOP Assay Results (log scale)
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Effects on Businesses and Municipalities °® 0

(.
¢ ‘p’.
5 T38
. . . .- & t’..
Businesses: Municipalities: ®
m Reformulation of products and processes m \Wastewater treatment upgrades
® Replacement of equipment m Landfill leachate treatment
m Supply chain management ® Drinking water treatment
®m Re-opening of closed environmental sites m AFFF usage by local fire departments
m Hidden liabilities in portfolio and for mergers or m Costs to search for sources of contamination
acquisitions

m Toxic tort claims

SIHEEELLL
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Impact on Remediation Strategies

Today’s investigation and remediation may be insufficient for tomorrow’s criteria
Changing regulatory criteria require flexible strategies

Treatment of water to “ND” to cover all future outcomes

Concern that disposal of impacted media may result in future liabilities
Challenge of large dilute plumes with limited attenuation

Return of “Pump & Treat” and other containment strategies:

Focus on blocking exposure pathways (e.g. treat drinking water)
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Thank you

Questions?
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