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WHEN YOU NEED TO BE SURE




WHAT ARE PFAS COMPOUNDS?

= PFAS are a class of synthetic compounds containing thousands of
chemicals formed from carbon chains with fluorine attached to
these chains

= The C-F bond is the shortest and strongest bond in nature and is
responsible for most of the unique and useful characteristics of
these compounds

= PFAS are surfactants that repel oil and water, and reduce wear or
surface adhesion

= Introduced as early as 1948 (Teflon, or PTFE polymer) with a great
increase in use in the late 1960s and 1970s

= At low concentrations, many have significant water solubility
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SOURCES OF PFAS

= PFAS have been used in many industries, including aerospace,
automotive, construction, manufacturing, electronics, and textiles

= PFAS have been used since the 1940s as manufacturer-applied

oil and water repellants on products such as clothing, upholstery,
e e paper, and carpets, and were also used in making fluoropolymers
for non-stick cookware

= PFAS surfactant qualities were also utilized in mist suppressants
that can be added to metal plating baths to prevent air releases,
and to firefighting foams used for fires in flammable liquids

*Image courtesy of https://www.atsdr.cdc.gov




S!;SI HUMAN EXPOSURE TO PFAS AND EFFECTS

Food and
packaging

Drinking

Water

Human exposure to PFAS in indoor dust, food, and water.
However, the main sources of exposure to PFAS are usually from
eating food and drinking water contaminated with these chemicals
Increases cholesterol levels

Decreases how well the body responds to vaccines

Increases the risk of thyroid disease

Decreases fertility in women

Birth defects, delayed development, and newborn deaths

Can cause cancer in the liver, pancreas, and thyroid




SI ES ENVIRONMENTAL FATE OF PFAS
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PFAS IN SURFACE WATER

® PFAS in surface water may originate from one of the sources below:
= Groundwater
= Stormwater runoff

= Direct discharge to the waterbody, such as industrial release or
wastewater treatment plant effluent

= Via wet or dry atmospheric deposition from long range transport or
a localized source

KEY © Atmospheric Deposition @ Diffusion/Dispersion/Advection @ Infiltration @ Transformation of precursors (abiotic/biotic)

Figure 3. Conceptual site model for landfills and WWTPs.
(Source: Adapted from figure by L. Trozzolo, TRC, used with permission)




SIESI PFAS IN SEDIMENT

L W Typically, the longer chain perfluorinated compounds
' preferentially partition to sediments, while the shorter chain
compounds remain largely in the dissolved state. However,
even though the longer chain compounds may generally
partition to the sediments, sediments can also serve as a
source of these compounds to the adjacent surface water.

® The length of the carbon chain and the type of attached
functional group influences the compound’s chemical
properties and behavior in the environment (Labadie et al.,
2011) These characteristics, along with the magnitude of
concentration in the environment, will affect the compound’s
impact on the ecosystem and human health receptors.
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BIOACCUMULATION AND BIOMAGNIFICATION?

Bioaccumulation is the build-up of persistent chemical substances,
such as pesticides, heavy metals (Pb or Hg), PCBs, Dioxins, and
PFAS, in an organism over time. Bioaccumulation occurs when an
organism absorbs a substance at a rate faster than that at which the
substance is lost by catabolism and excretion. Thus, the longer the
biological half-life of a toxic substance, the greater the risk of chronic
poisoning, even if environmental levels of the toxin are not very high.

As the fish grows, it consumes more and more toxins which are
essentially stored and accumulate over time. Based on this, older,
larger fish from a polluted area carry the risk of higher PFAS levels.

Biomagnification refers to the increase in concentration of pollutants as
they move from one trophic level to the next. An example of
biomagnification is when small fish eat contaminated microscopic
organisms, and big fish eat the small fish. The pollutants are
transferred from microscopic organisms to the small fish that feed on
them, and then to the big fish that feed on these small fish.




S';S BIOACCUMULATION AND BIOMAGNIFICATION?

® Unlike typical bioaccumulative organic compounds such as PCBs

o [ and Dioxins, PFAS do not readily partition to the fatty tissues of the

[ﬁ o A fish, because of their chemical structure. These compounds are

N 1 not “lipophilic” or “hydrophilic”, but can be better described as

“proteinophilic”. This means that the compounds preferentially

partition to the blood, liver, and other high protein tissues such as
muscle.

® Since humans are at the top of this food chain, when they eat a lot
of contaminated fish, those chemicals accumulate in our bodies.
. zooplankon g “ While it won’t make them sick immediately, the chemicals could

small carnivores

* phytoplankton - cause health problems, such as cancer or diabetes, later in life.
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S';S PFAS IN FISH

aw @ Prediction of the bioaccumulative potential of PFAS in specific
" species of fish is not straightforward. The relative concentrations of
specific PFAS in fish tissue at each site is driven by two factors —
first, the presence of PFAS in surface water and sediments, and
second, the partitioning ability of the PFAS from water, food and
sediment to fish tissue.

Since it remains hard to accurately predict bioaccumulation in fish,
even with highly sophisticated models, the analysis of fish tissue
levels is required.

Two factors that affect the potential for bioaccumulation of PFAS in
fish tissue are the length of their carbon chain and the identity of
their anionic group (carboxylate or sulfonate).
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S';s PFAS IN FISH

FISH CONTAMINATED

¥/ DO NOT EAT |

'

¥ In general, bioaccumulation of these compounds is directly related
to the length of their fluorinated carbon chain and to which
functional group they belong. Sulfonates are more bioaccumulative
than carboxylates with the same fluorinated carbon chain length.

Perfluoroalkyl acids with eight or more fluorinated carbons (i.e.
starting with PFNA for carboxylates and with PFOS for sulfonates)
have substantial potential for bioaccumulation in fish.

® However, shorter chain compounds (e.g. PFOA and PFHxS) can
also bioaccumulate, although to a much lesser degree, and may
also be found in fish tissue when surface water concentrations are
high enough (Conder et al., 2008).
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S';S WHAT IS REFERENCE DOSE “RFD”

® A Reference Dose is an amount of chemical ingested into the body
below which health effects are not expected. RfDs are published
by EPA.

B RfDs are not enforceable standards. Instead, the EPA uses RfDs

as risk assessment benchmarks and tries to set other regulations

EXPOSURE so that people are not exposed to chemicals in amounts that
exceed RfDs.

W By using the known concentration of a contaminant in a fish
species, it is possible to calculate an allowable amount that can be
eaten for that species without exceeding the reference dose (RfD)
for that contaminant.

W The equation used to calculate a safe consumption rate is shown
below with exposure parameters

IMMEDIATE |3 LONG-TERM
(AUTE (CHRONIC)

8-ounce fish meals per month = [RfD x (Days / Month) x BW] / [Meals size x C]




Do Not Eat Fish

- Advisory issued by
| theStateof Michigan
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PFOS AND FISH CONSUMPTION

W The fish consumption advisory triggers are based on the same
exposure assumptions (227 gram [8 ounce] meal size and 70 kg
[154 Ibs] body weight) and recommended consumption frequency
categories:

= No limit applied for consumption (unlimited),
= No more than one meal per week (weekly),
= No more than one meal per month (monthly),

= No more than one meal every 3 months (once/3 months),

=P No more than one meal per year (yearly),

“ = And consumption not recommended (do not eat)) used in
existing New Jersey fish consumption advisories.
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Do Not
From Clazk’s Marsh

The Michigan Department of
Community Health has found
unsafe levels of
perfluorinated chemicals (PFCs)
in fish from this area.

i
)

Eating fish from Clark’s Marsh
could harm your'health.

Catching and releasing fish LT
is fine. Touching the fish or

is
water will not harm you.

or more information,
at e ﬂi il
ichigan.gov/eatscfefish. ':ll
. &

Stat Fish

PFOS AND FISH CONSUMPTION

®m The US Environmental Protection Agency (EPA) has
developed a Reference Dose (RfD) of 0.077 ug/kg per day for
calculating the allowable limit of PFOS in fish tissue.

How much PFOS in fish tissue is safe to eat?

= Using the RfD and some standard information based on
national body weight and food consumption patterns, the
following values were determined.

o No restriction = 0 — 40 ug/kg

o 1 meal/week = 41 — 200 ug/kg

o 1 meal/month = 201 — 800 pg/kg
o Do Not Eat = >800 ug/kg
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NJ INVESTIGATION ON FISH, SURFACE
WATERS AND SEDIMENTS

W The Division of Science, Research and Environmental Health
(DSREH) in NJ performed an initial assessment of 13 PFAS, all of
which are perfluorinated compounds (PFCs), at 11 waterways
Environmental Health across the state. Fourteen surface water and sediment samples and
94 fish tissue samples were collected at sites along these
waterways.

W Analysis of water, sediment, and fish tissue samples were
conducted by the SGS AXYS laboratory following documented
Standard Operating Procedures. The analytical methods shown
below rely upon the use of Liquid Chromatography-Tandem Mass
Spectrometry (LC-MS/MS) and are based isotope dilution/recovery
correction for quantification of target analyte.

= Fish tissue SGS AXYS Method MLA-043
= Sediment SGS-AXYS Method MLA-041
= Surface Water SGS-AXYS Method MLA-060




NJ INVESTIGATION ON FISH, SURFACE
WATERS AND SEDIMENTS

® Preliminary fish consumption advisory triggers were calculated
for three PFAS — PFOA, PFNA and PFOS - based on current
New Jersey Reference Doses established for each of these
compounds.

W Based on the preliminary advisories, all 11 sites would have
some level of fish consumption guidance ranging from “one meal
per week” to “do not eat”.

® Proposed NJ advisory limits are even lower.

Table 8: DRAFT Preliminary Fish Consumption Advisory Triegers

General Population High Risk Population®
PFOA PFNA PFOS PFOA PFENA PFOS
(ng/g; ppb) | (ng/g; ppb) | (ng/g; ppb) | (ng/g; ppb) | (ng/g; ppb) | (ng/s; ppb)

Unlimited 0.62 0.23 0.56 0.62 0.23 0.56
Weekly 4.3 1.6 39 4.3 1.6 39
Monthly 18.6 6.9 167 18.6 6.9 17
Once/3 months =7 21 57 | N/A N/A N/A
Yearly 226 84 204 N/A N/A N/A

*High risk individuals are considered to be at higher risk from contaminants in fish than
members of the general public. This group includes infants, children, pregnant women, nursing
mothers and women of childbearing age.




SITE SPECIFIC FISH ADVISORY IN NJ

Table 9: Echo Lake Reservoir Site Parameter Summary and Preliminary Fish Consumption
Advisory

Average* | Preliminary Detection | Standard

Parameter (ng/g) Advisory Ratio Deviation
Bluegill Sunfish

PFOS 2.33 3/3 0.49

PFUNA 0.798 | NA 3/3 0.15

Brown Bullhead

pros | 243 [WeSKMU 23| 057

PFUNA 0.807 | NA 2/3 0.06
Largemouth Bass
PFDA 0.791 | NA 1/3
PFOS 4.63 | Monthly 3/3 0.37 PF‘;“ PF':“ "F‘/’s
ng/g ng/g ng/g
aielis Ly | e 3/3 SEL {Unlimited 0.62 0.23 0.56
*The average concentration in the fish tissue includes only those fish with detectable levels.
| Weekly 4.3 1.6 3.9
Monthly 18.6 6.9 17
Once/3 months 57 21 51
Yearly 226 84 204




SITE SPECIFIC FISH ADVISORY IN NJ

Table 11: Raritan River Site Parameter Study and Preliminary Fish Consumption Advisory

Average* Preliminary Detection | Standard
Parameter (nLg) Advisory Ratio Deviation
Channel Catfish
PFDA 1.75 | NA 3/3 0.54
PFDoA 1.47 | NA 3/3 0.59
PFOS 32.10 3/3 0.58
PFUNA 1.56 | NA 3/3 0.30
Common Carp
PFDA 1.94 | NA 3/3 0.69
PFDoA 3.10 | NA 3/3 0.62
PFOS 11.54 | Monthly 3/3 4.45
PFUNA 4.26 | NA 3/3 1.36
White Catfish
PFDA 0.66 | NA 3/3 0.18
PFDoA 0.83 | NA 3/3 0.15
PFOS 2.27 H 3/3 0.81
PFUNA 0.75 | NA 3/3 0.16
White Perch PFOA PFNA PFOS
PFDA 1.66 | NA 3/3 0.31 ng/g ng/g ng/g
crben 2.01 B4 3/3 9851 lUnlimited 062 | 023 | 056
PFOS 13.11 | Monthly 3/3 4.09
PFUNA 1.85 | NA 3/3 0.51 | [Weekly 4.3 1.6 3.9
*The average concentration in the fish tissue includes only those fish with detectable levels Monthly 18.6 6.9 17
Once/3 months 57 21 51
Yearly 226 84 204




STATE OF ALABAMA FISH ADVISORY LIMITS

Fish consumption advisory recommended for the Baker's Creek Embayment at Wheeler
Reservoir

Using the RfD of 0.077 ug/kg-day and standard information based on national body
weight and food consumption patterns, ADPH determined the following limits for PFOS:
No restriction = 0 — 40 ug/kg
1 meal/week = 41 — 200 ug/kg
1 meal/month = 201 — 800 pg/kg
Do Not Eat = >800 ug/kg

Based upon the results of joint testing by the Alabama Department of Environmental
Management (ADEM) and the 3M Company, it was determined that largemouth bass in
the Decatur area contained tissue concentrations greater than 800 pg/kg or part per
billion (ppb).
= Largemouth bass are a top predator fish and are used commonly as a sample species for fish
testing.

= Using the cutoff concentrations for PFOS in fish tissue shown above, the “Do Not Eat” value was
assigned and the advisory recommendation issued.

Other species fell into the 1 meal per month advisory.
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MICHIGAN REPORT ON FISH CONSUMPTION
CONTAINING PFAS

g B As part of the State of Michigan'’s effort to address the emerging
" contaminant, PFAS, the Michigan Department of Health and
Human Services (MDHHS) has issued Eat Safe Fish guidelines
for fish caught from Freska and Versluis Lakes in Kent County,
as well as fish caught from Lake Margrethe and the Au Sable
River, upstream of the Mio Dam in Crawford and Oscoda
Counties. (March 15, 2018)

. Chemical Causing M : : Recommended
Lpz e IesEe Serving Recommendation SR ElEh MI Servings per Month
Bluegill Mercury & PFOS Any 2
Sunfish Mercury & PFOS Any

2
Largemouth and M Under 18” 2
smallmouth bass ercury Over 187 1
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WISCONSIN FISH CONSUMPTION GUIDLINES

B Wisconsin released Choose Wisely 2016: A health guide for eating fish in
Wisconsin. Choose Wisely provides general statewide safe-eating
guidelines and exceptions to statewide advice based on higher levels of
contaminants found in fish from some locations. The table below lists
species/locations where exceptions are based upon PFOS. To view the
full list of Wisconsin’s fish consumption guidelines, including contaminants

other than PFCs, access the link provided below:

Waterbody Species*
T Bluegill
M River-Pool 3
ississippi River-Poo Crappie
Mississippi River-Pool 4 Bluegill
L Bluegill
Mississippi River-Pools 5, 5A, and 6 .
Crappie

PFOS-based Advice**
1 meal/week
1 meal/week
1 meal/week
1 meal/week
1 meal/week

* Advice for consuming other species from these locations is based on PCBs

**WI Serving Size:
Body Weight
75 pounds
150 pounds
225 pounds

Fillet Weight Before Cooking
14 pound (4 ounces)

15 pound (8 ounces)

3 pound (12 ounces)
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STATE OF VICTORIA, AUSTRALIA ADVISORY

In 2018 EPA Victoria issued advisory in the Heart and Morass Wetlands not to
consume Eel, Carp, and Ducks.

FSANZ trigger level for investigation in mammals

Sample

- Measure
size

Breast sample: 3.5 ug/kg Liver sample: 96 ug/kg

Heart

4l 10 15.5 palkg 132.4 palkg

Hirds

Swamp 10 Mean 3.6 pug/kg 6.5 pg/kg

Lake

Bolac 9 0.9 pug/kg 1.3 pg/kg

Based on the guidelines from Food Standards Australia New Zealand (FSANZ) the
mean PFAS concentration is above trigger levels for mammalian meat.

PFAS persists for significantly longer duration in the environment (>80 years) than in
humans and livestock (Lupton et al 2014).

Environmental contamination is of growing concern as PFAS have been shown to
have adverse impacts on fish and some animals. PFAS accumulate in the bodies of
animals, particularly those that breathe air and consume fish (such as dolphins,
whales, seals, sea birds and polar bears), and concentrations increase significantly in
the tissues of animals higher up in food chains.

Source: Publication 1669.2, Aug 2018, EPA Victoria
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HOW FAR DOES CONTAMINATION EXTEND?

- ® Studies have shown PFAS compounds were found
in liver tissues and blood of polar bears from five
locations in the North American Arctic and two
locations in the European Arctic.

Other studies have shown a dramatic
biomagnification of several PFASs, and particularly
one known as (PFOS) as well as several
compounds of the (PFCAs) grouping, in polar
bears.

B The transport pathway for these chemicals to the
RE—— Arctic remains unclear.

atmospheric transport

( H > T ——— = Bioaccumulation thru food chain (High in
irborne ‘. trapsformation ', .
precursors % K kY fOOd Ch al n )?

| . bbbl s = By wet deposition and Atmospheric
— g T T - .
. ‘;’ ;4 %\ Q transportation?
l ol A:_:’:zf‘g_gg
k—@’«_’« ;}/\ <
e ~raul
plants

Source: PFOA & FPCs in Polar bear: Rune Dietz 4 May 2010 Department of Arctic Environment, National
Environmental Research Institute, Aarhus University
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S';S NEW AND UPCOMING

= SPLP (1312) and LEAF (1315)
» Bottle Extractor HDPE
« Filtration Apparatus Stainless Steel
« Waste Characterization impact analysis
= Air
« Various Media: Impinger Fluids, Particulate Filter, XAD-2 Resin
« Media prepared by lab and batch tested,
* Prep Procedures Modified for Various Media
= PFAS Forensic

» Custom projects — project needs clear definition, information on products and site,
and an investigative plan.

« Matching the fingerprints of a source or product (composition or degradation
products) with the fingerprints at an area with PFAS concerns.

» Analysis of products and consumer goods (PFAS and TOP) vs field results to
determine sources found in field.
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SI ES CONTACT INFORMATION

B Norm Farmer

PFAS Program Director- US Technical Director
Email: Norman.Farmer@sgs.com

Harry Behzadi, Ph.D.
= VP of Business Development NAM

Email; Harry.Behzadi@sgs.com

Julie Shumway

Business Development SGS AK
Email: Julie.Shumway@sgs.com

Andrea Colby

National PFAS Project Manager
Email: Andrea.Colby@sgs.com

Geoffrey Pellechia

National Sales Manager - Ultratrace and PFAS
Email: Geoffrey.Pellechia@sgs.com

Cell: 407-595-9987

Cell: 407-615-0381

Cell: 907-550-3215

Cell: 609-495-5321

Cell: 508-630-4940
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