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PFAS - Emerging Contaminant Issues
INn Michigan

John Cuthbertson
AECOM Central Region PFAS Practice Lead



What is an Emerging Contaminant?

Chemicals and materials that have pathways to enter the
environment and present real or potential unacceptable
human health or environmental risks...

and either

Do not have peer-reviewed human health standards

or

Standards/regulations are evolving due to new science,
detection capabilities or pathways
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PFAS Development....

1930’s 1940’s 1950’s 1960’s

Teflon accidentally DOD Research Consumer products Aqueous Film Forming
discovered in 1938 (Uranium Enrichment) Foam (AFFF) is
developed
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... and Evolution

1970’s 2000’s Current

Product enhancement Global distribution of certain Public scrutiny
expands PFAS in biota Changing regulatory climate
Lawsuit settlements
Development of new PFAS
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Use of PFAS

Building and Chemicals and

) . Electronics
Construction Pharmaceuticals

A/ -
Tass

Aerospace Apparel

Healthcare and Aqueous Film

Hospitals Forming Foam
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Semiconductors

Oil & Gas Energy




Terminology Evolution: PFCs vs. PFAS

The terminology and classifications of these
compounds has evolved

« Perfluorinated Compounds (PFCs) — Past

« Per- and Polyfluoroalkyl Substances (PFAS) - Current P% S
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PFAS Family Tree

> PF Acids — »PF Carboxylic Acids » TFAA
. > PF Sulfonamides »{FOSA] [ L2 Sulfinic Acids » PF Sulfonic Acids [T PFEtS *_PFPrA
| Perfluorinated 1, 5F 1ogides  >/PEAx] > PF Phosphonic Acids L, PFPIS > PFBA
> PF Aldehydes PENAL » PF Phosphinic Acids > PEBS » PFPeA
> PFHXA
PF Sulfonyl POSF K - —> PFPeS
Non-Polymers > Fluorides SBSF » n:2 FT lodides (FTIs) LT PErS »[ PFHpA
» n:2 FT Olefins (FTOs >
Fluorotelomer ns { ) > PFHpS " _PFOA
» n:2 FT (Unsat)Alcohols (FTOHs, FTUOHSs) »| PENA
. Substances > PFOS
N —*|Polyfluorinated _ > n:2 FT (meth)acrylate (FTMACs) L PENS » PFDA
Note: PF = Perfluorinated PF Sulfonamido| _ _ _ R
E FT = Fluorotelomer Derivatives ,| n:2 Polyf. Phosphoric acid esters and s PFDS *PFUNDA
o Unsat. = Unsaturated T phosphates, FT phosphates (PAPS) PEUNDS PFDoDA
k et al., [EAM 20
After Buck et a ’E;'_‘Zj 123 — [ T\ »[n:2 FT (Unsat aldehydes (FTALs & FTUALs)]  L[pFpops) PFTIDA
ide-Chain rethane . — PFTeDA]
> : »n:2 FT (Unsat.)carb. Acids (FTCAs & FTUCAS) PFTeDA
»n:2 FT Sulfonic Acids (FTSAS) » 6:2 FTSA
PTFE I: 5> ETon PFHXDA
IE\-;EIE: — N-alkyl PF Sulfonamides (MeFASAs, EtFASAs, BUFASAS) 10:2 FTSA| » PFHpDA
> Fluoropolymer Sr L/ (N-alkyl) PF Sulfonamidoethanols (FASEs, MeFASEs, EtFASEs, BUFASES) PFODA
*Polymers - FEP —N-alkyl PF Sulfonamidoethyl (meth)acrylates (MeFAS(M)Acs, EtFAS(M)Acs, BUFAS(M)ACs)
> Perf. polyether PFPE —(N-alkyl) PF Sulfonamido Acetic Acids (FASA,IAS, MeFASAAs, EtFASAAs, BUFASAAS)
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Chemical Properties

Carbon-fluorine bonds:

— The H is replaced with a F

— Very strong, inert

— Resists thermal, chemical, and biological degradation
— Surfactant, reduced surface tension

— Hydrophobic(repels water) and oleophobic (repels oil/fat/grease)

Fluorinated Tail Functional Head
F F F
\ / \ / \ /
SO A O < Hydrophilic

SRR A

PFOA - perfluorooctanoic acid
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Chain Lengths

Short-chain Long-chain
PFBS n=4 PFHXS n=6
PFPeSn =5 PFHpS n=7
PFOS n=8
F F F F F F F F F F F F
\/ \/ o \/ N/ \/ \/ o
I O SN N /C\c/c\ P NG N
ST TCT s _C C” ¢ sy
F7 / \ / >0 Foo /N /N /N /Do
F F F O~ F F F F F F F O
PFBS PFOS
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Environmental Fate of PFAS

Atmosphere Lakes and Rivers Biosolids

Dust Groundwater Soils
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PFAS Emissions at a Manufacturing Facility CSM

-

- -

e :
E-JF!'F-':!I-EE E:!FEE:'E_lTlﬂ"J
UNSATURATED & - . a
SOIL ' 1 '

- AQUEOUS
OISCHARGE

| lFI-II"-I

PRIMARY WIND CIREGTIOR - 7 -7

. AIR EMISSIONS. -

ki

FACILITY

T 8. RUNOEE T Ear T T l

BY PRECIFITATION

L)
MIGRATICN WITH : ;
> PRECIPITATION - e

M1 Ft.ﬂTICIAI.ﬁ.

= GROUMNDWATER FLOW
—E

RIVER A T RIVER
RECHARGE RECHARGE

AQLNFER
WWELL

AECOM Technical Workshop Series: PFAS 11

A=COM



Daily Consumer Exposure

Direct Contact

Food Ingestion Treated Materials
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Drinking Water Exposure

Landfill

o tor trash: A Laiw

c
PFAS e SN
Treated E — e

‘Matenal

Materials

Drinking Water

Surface Water /
Groundwater

Industrial Effluent

FaC|I|ty

Via Atmospheric Deposition
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C8 Study Overview

— Primary Sources: s
» Industrial discharge (Ohio River) ﬁwj 73
« Stack particulates during drying process

Little
Hocking |

— Largest PFAS epidemiological study
* PFOA study
« ~70,000 Ohio and West Virginia
» Residents of all ages (infants to very elderly)

« Exposure to PFOA from drinking water sources
with concentrations between 50 to 3,500 ng/L

* Included 6 Water Districts

Tuppers
Plains =

Pomeroy

A\ chemical Facility
[} Water Districts

0 10 20 40
e ilometers

AECOM Technical Workshop Series: PFAS 14 A=COM




C8 Study PFOA Results

“Probable Link” (more likely than less likely)

High cholesterol 279 | EEE C8Health Project

1.
A Al (o 52 [ NHANES 19992000
2. Thyroid disease ' 279 B NHANES 2003-2004
Female 54.8
3. Ulcerative colitis : 204
Male g.?
4. Testicular cancer : 293
12-19 years 95.5
5. Kidney cancer : 252
20-39 years EI5.2
6. Pregnancy-induced 36.2
. 40-59 years [ 154
hypertension 42 o
> 60 years _;1.8 |
* 15 Conditions were found to have No “Probable Link” 0.00 10.00 20.00 30.00 40.00 2000
PFOA (ng/mL)
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PFOA Blood Concentrations Nationally

Average PFOA Levels in Blood (Micrograms per Liter)

3M Workers, AL (2000)

C8 Study, Ohio River Valley (2005-2006)
Hoosick Falls, NY (2016)

Decatur, AL (2009)

E. Metro, MN (2008-2009)
Bennington, VT (2016)

Southern, NH (2016-2017)

MVD, NH (2016-2017)

U.S. Population (2005-2006)
Pease Tradeport, NH (2015)
Pease Tradeport, NH (2016-2017)
U.S. Population (2013-2014)

= 1130

AECOM Technical Workshop Series: PFAS 16 A=COM



Regulatory Climate

* No regulatory or environmental concerns
1930’s — 1990’s

* Initial environmental concerns documented

« US EPA Provisional Health Advisory (HA)
(PFOA =400 ppt, PFOS = 200 ppt)

1990’s - 2009

* Individual States developing criteria

« US EPA Lifetime HA
(PFOA, PFOS, or PFOA + PFOS = 70 ppt)
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Unregulated Contaminant Monitoring Rule 3 (UCMR3)

Hydrological units with

UCMR 3 MRL USEPA Method detectable PFASs
(ng/L) 537 MRL (ng/L) :
(2013-2015) (2009) | ,

PFHpA 10 3.8

PFOA 20 5.1

PFNA 20 5.5

PFBS 90 3.7

PFHxS 30 8.0

PFOS 40 6.5 B Deotected
MRL = Method Reporting Limit :} Not detected

No data

« 6 million US Residents were drinking water above
the Health advisory
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Downward Trend in Regulatory Guidance/Standards

RISK = HAZARD + OUTRAGE

— USEPA - Drinking Water
- 70 ppt — PFOA, PFOS, PFOA + PFOS

— Connecticut
 Total of PFHXA, PFHpA, PFOA, PFENA, PFOS
« Screening Tool

— Minnesota
« 35 ppt PFOA ; 27 ppt PFOS

— Vermont
« 20 ppt PFOA
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States with PFAS Criteria

o P _
A o (- —
/ i T
—— %
" Washington TTe—— T -‘1\
" — _ 0\
r__.." :.._?-%‘ Alasks | J—“‘""\_.’“—x P
* . (u" S Maire :_
S ! Nosth Dakota ral ‘ermant
" e/ NMinnesata ol ‘/‘;_\_w,--— Ty B \.-"' ?‘M
{:* /" . M nlg:fvr___.--me-ﬂ - ~
ol { an - [
b, e \ P Maw
= =3 “—'; 4 ¥ ! -} Hampshirs

Rhode |sland
Connactout

£ A
o k ¥ 4 = f d | 3
T 4 T, Idah .JJ"‘-'
Iapd & gl e ; :
ey i A 3 South Dakota Wiscansin "T l,'l fif\'. q___u_,,)ﬂcu\m *’ Massachusetis
/'r g IJ ¢ 1 ‘T -
il 2

¥ {% M""‘-Del:w:r:
e’ 4

Dihia

ingis Indiana rf

: = Maryland
ﬂ Mortn _:!?I
e = Carclina %
n f /

. Arizana sauth -
't____ MEw MEEse Carciina

T .
< \T - \ R ;

‘California

Mississinpl Alabama

Y
\ tommmne TN e

", ,"Hh‘__\, —— Soh
Rt o 5 = kr&?‘% ] \

i i
[ 1.200.000 2,400,000 l‘x\“_ L M
P e ——
Fast

AECOM Technical Workshop Series: PFAS 20 A=COM




New Jersey Establishing MCL

—Current Criteria
* 14 ppt PFOA — MCL*
« 13 ppt PFOS - Draft MCL Nov. 15, 2017
« 13 ppt PFNA — Proposed MCL

*Maximum Contaminant Level (MCL) : Enforceable
standard for public water systems regulated under Safe
Drinking Water Act

*USEPA has not set MCLs for PFAS
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New Hampshire - Requests for PFAS Analysis

Required PFAS Sampling at:

 Groundwater Release Detection Permits
* Landfills

« All active sites which:
» PFAS-containing products were used and

release in the environment

> AFFF was release in the environment
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The State of New Hampshire
DEPARTMENT OF ENVIRONMENTAL SERVICES

Thomas S. Burack, Commissioner

November 22, 2016

Subject: Sampling for Per- and Polyfluoroakyl Substances/Perfluorinated Chemicals

(PFASs/PFCs) at Contaminated Sites

EMAIL ONLY
May 18, 2017

Subject: Inclusion of Per- and Polyfluoroalkyl Substances (PFAS) as Contaminants of

Concern at New Hampshire Waste Sites

EMAIL ONLY

October 19, 2017

Subject: Inclusion of Per- and Polyfluoroalkyl Substances (PFAS) as Contaminants
of Concern at New Hampshire Waste Sites
Clarification to May 18, 2017 Letter
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Michigan PFAS Action Response Team (MPART)

Michigan Governor Executive Directive No. 2017-4

“*Establish a strategic and proactive approach DE%"-,-

**Identify Impacted Sites

Department of
I8 Agriculture & Rural Development

**Develop long-term Mitigations Plan

Michigan Promulgates Criteria

- Drinking Water Surface Water

PFOA 70 12,000

PFOS 70 12

Units : Water = ng/L (ppt)
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ITRC — PFAS Direction for Regulators and Industry

2017 Fact Sheets 2018 Technical Document

Naming Conventions and Physical and Chemical
4 Properties of Per- and Polyfluoroalkyl Substances (PFAS)

* INTERSTATE

ASOTONHD3L *

“ History and Use of Per- and ..
4 Polyfluoroalkyl Substances (PFAS)

Regulations, Guidance, and Advisories
for Per- and Polyfluoroalkyl Substances (PFAS)

4 Environmental Fate and Transport

Site Characterization Tools, Sampling Techniques, and
JH Laboratory Analytical Methods

» COUNCIL »

] Remediation Technologies and Methods

+ COUNCIL »«
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Regulatory Direction

+ PFAS }

Manufacturers

» Department of Defense
Secondary (AFFF)

 Potential Sources }
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Potential PFAS Sources in Industry

*
e * 0y

P ot A o

Wastewater Treatment
Plants

Landfills and Waste

Metal Platting Manufacturing Disposal Areas
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Analytical Challenges

dMethodology
JWhich method to run
dWhat lab to use
dList of constituents

Cost of analysis
JTurnaround times
1 Detection limits

JdHow to handle low level
detections
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Dealing with Part Per Trillion Levels

1 ppt=1drop (0.05mL)
in 20 Olympic
Swimming Pools

4 =

i

pic Pool = 660,000 gallons
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Sample Collection Challenges

Stringent SOPs
Proper staff training
Focusing on materials to avoid

1 Cross contamination

A Decon water
dSample prior to work?

dWaste generation

Public perception
dWho will take waste
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Investigation Challenges

dChange in approach
dChange in how we approach problem
dReceptor driven
Solution driven

dWidespread in Groundwater
dLimited understanding of Fate and Transport
dPotential Reopener
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Investigation Challenges — Potential Reopener
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A%
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Investigation Challenges - Degradation to PFOA and PFOS

APRPRAPRP: ,A\jt
F X
1 7l F S H ISI,—OH 8:2 FtTAoS
F F F F 5

Various PFAS Intermediates

Various PFAS Intermediates

FFFFFFO I:FFFF>?FFFO
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F F F F F F O FPETETF

PFHxA PFHpA PFOA
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Investigation Challenges - Example Side-Chain Polymer

Protective Coatings

. - )
(e.g. textile, leather, paper) (CH. (:: =
-
i
(I.‘.Hz
i
CIFz
Perfluorinated CF.
carbon chain of :
varying length
CF;
Perfluoroalkyl acrylate
R,=-CHj3, H

] . Water repellency
Non-Fluorinated Backbone 0il repellency

Alkyl acrylate
R.=-CHj3;, H

Soil release
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Softness
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Remediation Challenges — Limited Groundwater Options

e - e e

Synthetic Media (Resin) Reverse Osmosis Advance Oxidation

AECOM Technical Workshop Series: PFAS 34 A=COM




Remediation Challenges - Separation and Destruction Technologies

o=

Resms (+)
Concentrated

, e
Sepa ration /\/ Regeneration l

Treatment (Revsave)

Waste

) — Disposal

Destruction ——
Treatment %/ -’ﬂ - /\/
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Key Take Away Points

Unlike contaminants we're familiar with
oWidespread / mobile
oPotential health risks
oChallenging to remediate

Science Evolving Rapidly

oRegulations, policy, laboratory analysis, toxicity, fate & transport,
treatment technologies

Other Considerations
oMedia / Residents / Public perception
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Thank You!

John M. Cuthbertson
AECOM Central Region PFAS Practice Lead

o Grand Rapids, Ml
o (616) 481-4009
o john.cuthbertson@aecom.com



