What are PFAS? Per- and polyfluoroalkyl substances

* Unique chemical properties

— water- and oil-repelling properties

— surfactant and friction-reducing properties II: '|: II: '|'- 'I: '|: '|= '|:
— resistant to heat PFOS T
F F F F F F F F
— Not readily biodegradable
F F F F F F F o
* Two compounds most persistent in environment PFOA = i I l I I I I /\/
— PFOA: Perfluoro octanoic acid (C-8) F F F F F F F OH
— PFOS: Perfluoro octane sulfonic acid (C-8) \ }\ }
* Thousands of different compounds Y Y
— Polyfluoroalkyl isomers — Precursors (e.g., 6:2 FTOH) “Tail” is “Head”
Insoluble in is Water
* 40+ additional PFAS compounds can be analyzed in Water and Soluble
soil or groundwater Lipid
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History of PFAS use and significant events
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Major uses of PFAS compounds
Implications: Legacy and Active Facilities

Firefighting — aqueous film forming foam (AFFF)
* Required by federal law for use at airports

Textiles and paper products — coating to repel water, oil, and stains
e Quterwear (Gore-Tex®), treated carpets/upholstery (Scotchgard®)

Metal electroplating operations
e Corrosion and mechanical wear prevention, fume suppressant

Wire manufacturing
* Coating and insulation
Industrial surfactants, resins, molds
* Mold-release compounds, rubber, plastic manufacturing

Manufacturing involving Teflon®
* Medical instruments

Semiconductor manufacturing
e Surfactants, anti-reflective coatings, photo-resist ==
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PFAS in consumer products

e Paper and packaging (including
pizza boxes, microwave
popcorn bags)

* Clothing, sporting equipment
e Ski and snowboard waxes
* Non-stick cookware

* Polishes and waxes

* Hydraulic fluids
* Windshield wipers

e Adhesives

* Shampoo, hair conditioners,
sunscreen, cosmetics, toothpaste,

dental floss

e Pesticides and herbicides
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Why are PFAS emerging contaminants of concern?

* PFAS are persistent in the environment

— PFOS/PFOA do not biodegrade under most environmental conditions

* PFAS accumulate within ecological and human receptors
— PFOS/PFOA body burden currently 2-6 ppb
— Adverse health effects not well understood

* PFAS migrate through environmental media
— High aqueous solubility increases potential to contaminate drinking water supplies
— Low soil adsorption increase areal extent of impacts from point sources

* PFAS are being detected at concentrations above health advisory levels in
thousands of water supply wells in the US and around the world
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Challenges in developing toxicity values

* Human epidemiology studies not sufficient to establish a
statistically significant relationship between PFAS intake and
adverse effect

* Relationship between PFAS level and health effect is not
established

* Mechanism of toxicity in humans not well understood
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Why do we care about PFAS?

* Not limited to DuPont, 3M, and Department of Defense

— PFAS was widely used in industry for over 60 years in industrial processes and to
manufacture consumer products

— Dupont (2017) and 3M (2018) settlements nearly $2 Billion

e https://www.pca.state.mn.us/waste/3m-and-pfcs-2018-settlement

* Evolving understanding of health risks, increased public awareness,
and “Flint” (Michigan) effect

— Pressure on agencies to act

* Health-based standards are very low, and may go lower
— Analytical procedures, lower detection limit, more compounds detectable

* PFAS are persistent, health effects unclear, and cleanup treatment options are

limited
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https://www.pca.state.mn.us/waste/3m-and-pfcs-2018-settlement

State P FAS Sta N d a rd S * B Making progress towards standards or advisories

I Established individual standards lower than HAL

l . Bl Accepted Nov 2016 HAL as an enforceable standard
ﬁ
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Study of PFAS in surface water
Results

* 34 samples; 24 PFAS compounds
analyzed

* Non-detect (<2 ng/L) in all headwaters
and most ‘mid river’ zones

:
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* Detects generally only in most down-river | 5.
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Study of PFAS in surface water
Results

* PFAS composition very similar among locations
within a river but composition differed among
rivers

* Did not observe detectable migration from soil
to surface water
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Radar Plot Fingerprints

e Radar Plots

Perfluor;(%:otanoic Acid (PFBA)
Perfluorooctanesulfonicacid 2 Perfluoropentanoic Acid (PFPeA) - 9 PFAS
(PFOS)
— Separated Carboxylates and
Sulfonates

PerTite Bhestltonicacd ) Perfluorohexanoic acid (PFHxA)

i — Plotted concentrations for each
compound
Perfluorobutane Sulfonate (PFBS)“ , | Perfluoroheptanoic acid (PFHpA)
' '  Assessed concentrations
Perfluorononandic Acid (PFNA) “Perfluorooctanoic Acid (PFOA, CB) and fingerprints over time

— Multiple rounds, multiple years
v 30-0Oct-14

© -
. HARRIS BEACH 2
ATTORMEYS AT Law = Hﬁl:EKlCH




PFAS Fingerprint typically changes little over time

PFBA

PFHxS PFHxA

PFBS PFHpA

PFMNA PFOA, CB

o, J0-0CT-14 s 19-W3Y-15 s 13-AUE-15 s 2-D2C0-15 s 25-MY-10 s 10-May-17 o 16~ 12 y-18
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A PFAS Fingerprint typically changes little with distance

Perfluorobutanoic Acid Perfluorobutanoic Acid

Perfluorooctanesulfonic
acid (PFOS)

Perfluoropentanoic Acid
(PFPeA)

Perfluorooctanesulfonic

acid (PFOS) (PFPeA)

Perfluorohexanesulfonic
acid (PFHxS)

Perfluorohexanoic acid
(PFHxA)

Perfluorohexanesulfonic
acid (PFHxS)

Perfluorobutane
Sulfonate (PFBS)

Perfluoroheptanoic acid
(PFHpA)

Perfluorobutane
Sulfonate (PFBS)

Perfluorooctanoic Acid
(PFOA, C8)

Perfluorononanoic Aci} Perfluorooctanoic Acid
(PFNA) (PFOA, C8)

Perfluorononanoic Acit}
(PFNA)

1 9-May-17

5/22/2017

Perfluoropentanoic Acid

Perfluorohexanoic acid Perfluorohexanesulfonic

Perfluoroheptanoic acid
(PFHpA)

Perfluorobutanoic Acid

Perfluorooctanesulfonic
acid (PFOS)

Perfluoropentanoic Acid
(PFPeA)

Perfluorohexanoic acid

acid (PFHxS) (PFHxA)

Perfluorobutane
Sulfonate (PFBS)

Perfluoroheptanoic acid
(PFHpA)

Perfluorooctanoic Acid
(PFOA, C8)

Perfluorononanoic Aci
(PFNA)

e 15-May-17

DOWNGRADIENT
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Source identification example (for illustration purposes only)

Perfluorobutanoic Acid

ReSidentiaI pemum?::;:?mcnmd " . 3 X N 1 ; ‘ 3 : A ¢ 1 » ¢ -, Airport soofpm”

Perfluorooctanesulfonic
acid (PFOS)

Perfluorohexanesulfonic
acid (PFHXS)

Perfluorobutane
Sulfonate (PFBS)

Perfluorononanoic Acid

(PFNA)

40
35
30
25
20

Perfluoropentanoic Adid
(PFPeA)

Perfluorohexanoic acid
(PFHXA)

Perfluoroheptanoic acid

(PFHpA)

Perfluorooctanoic Acid
(PFOA, C8)

Former Landfitlo~

Perfluorooctanesulfonic
acid (PFOS)

Perfluorohexanesulfonic
acid (PFHxS)

Perfluorobutane

Sulfonate (PFBS)

Perfluorononanoic Acid
(PFNA)

5

Perfluoropentanoic Acid
(PFPeA)

Perfluorohexanoic acid
(PFHXA)

Perfluoroheptanoicacid

(PFHPA)

Perfluorooctanoic Add
(PFOA, C8)

Perfluorooctanesulfonic
acid (PFOS)

Perfluorohexanesulfonic
acid (PFHxS)

perfluorobutane
Sulfonate (PFBS)

500.

Perfluorononanoic Acid

(PFNA)

perfluoropentanoic Acid
(PFPeA)

Perfluorohexanoic acid
(PFHXA)

Perfluoroheptanoic acid

(PFHPA)

Perfluorooctanoic Acid
(PFOA, C8)

Perfluorobutanoic Acid

(PFBA)

50.00
40.00
30.00

Perfluorooctanesulfonic
acid (PFOS)

Perfluorohexanesulfonic
acid (PFHxS)

Perfluorobutane
Sulfonate (PFBS)

Perfluorononanoic Acid
(PFNA)

Wastewater

Perfluorooctanesulfonic
acid (PFOS)

Perfluorohexanesulfonic
acid (PFHxS)

Perfluorobutane Sulfonate
(PFBS)

Perfluoropentanoic Acid
(PFPeA)

Perfluorohexanoic acid
(PFHXA)

Perfluoroheptanoic acid
(PFHPA)

Perfluorooctanoic Acid
(PFOA, C8)

Perfluorobutanoic Acid

(PFBA)
70.0

60.0

Perfluorononanoic Acid

(PFNA)

Perfluoropentanoic Acid
(PFPeA)

Perfluorohexanoic acid
(PFHXA)

Perfluoroheptanoic acid

(PFHpA)

Perfluorooctanoic Acid
(PFOA, C8)






