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What are PFAS?

Per- and polyfluoroalkyl substances
(PFAS) are a family of fluorinated organic
compounds of anthropogenic origin.

213113131 -
PFAS represent a diverse group of > 4000 o

PFOA

compounds (Sunderland et al., 2019). QD P PG
D-0-0-0—® PFBA
O ®® ®
The highest number of PFAS and their
precursors are used in the textile ?
industry, followed by paper packaging @é‘% PFBS
and aftermarket consumer products

(Glige et al., 2020).

PFOA and PFOS have been the most
extensively produced and studied of
these chemicals and are very persistent
in the environment and in the human N | - | |
body — meaning they don’t break down i Gl Fas ans teirsubstutes in grouncwater. Gccurence, tansformation and

and they can accumulate over time. remediation, Journal of Hazardous Materials, Volume 412, 2021,125159,
ISSN 0304-3894, https://doi.org/10.1016/j.jhazmat.2021.125159.



https://www.sciencedirect.com/science/article/pii/S0048969721060812#bb0545
https://www.sciencedirect.com/science/article/pii/S0048969721060812#bb0230

Sub-classes of PFASs

Examples of
Individual compounds*

Number of peer-reviewed
articles since 2002**

PFCAs
(C.F,, . ,—COOH)

n'2n+1

PFSAs <
(CF o= SO,H)

. n an+1
perfluoroalkyl acids

(PFAAs) PEPAS
(CnF2n+1_P03H2)
PFPiAs«
(CaFans—~BOH-C Fony)
PFECAs & PFESAs«
(CF, ,.—O-C_F —R)

n 2n+1 m’ 2m-+1

PFASs PASF-based
(C.F. . —R) substances
A (CnF2n+1 Soz_R)
> over 3000
PFASs may PFAA -
have been precursors
the global
?nnark:tgo ¢ fluorotelomer-based
substanceso
(CnF2n+1 C2H4_R)

fluoropolymers:«
others

O PFBA (n=4) 928
) PFPeA (n=5) 698
PFHXA (n=6) 1081
PFHpA (n=7) 1186
0 PFOA (n=8) 4066
PFNA (n=9) 1496
PFDA (n=10) 1407
> PFUNA (n=m) 1069
O PFDoA (n=12) 1016
D PFTrA (n=13) 426
PFTeA (n=14) 587
PFBS (n=4) 654
PFHXS (n=6) 1081
o PFOS (n=8) 3507
o PFDS (n=10) 340
PFBPA (n=4) 3
O PFHxPA (n=6) 33
PFOPA (n=8) 31
o PFDPA (n=10) 35
O C4/C4 PFPIA (n,m=4) 4
o C6/C6 PFPIA (n,m=6) 12
> C8/C8 PFPIA (n, m=8) 12
C6/C8 PFPIA (n=6,m=8) 8
ADONA (CFi -0-C Fs -0- CHFCFE—COOH) 4
GenX(C3F7—CF(CFJ—COOH) 2
EEA (C,F,—O—C,F,—~0—CF,—COOH) 6
F-538 (CI-C4F,,—O—C,F,—SO,H) 14
MeFBSA (n=4,R=N(CH,)H) 25
O MeFOSA (n=8R= N(CH JH) 134
> EtFBSA (n=4,R= NCH) 7
EtFOSA (n=8,R=N(C, H )H) 259
> MeFBSE (n=4,R=N(CH, )CzH OH) 24
0 MeFOSE (n=8R= N(CH )CZH OH) 116
ELFBSE (n=4,R=N(C,H,JC,H,OH) 4
EtFOSE (n=8,R= N(C H JC,H,0H) 146
SAMPAP {[CqF,,SO,N(C,H,)C,H,0],—PO,H} 8
100s of others’
© 4:2 FTOH (n=4,R=0H) 106
6:2 FTOH (n=6,R=0H) 375
8:2 FTOH (n=8,R=0H) 412
0 10:2 FTOH (n=10,R=0H) 165
> 12:2 FTOH (n=12,R=0H) 42
6:2 diPAP [(C4F ,C,H,0),—PO,H] 23
O 8:2 diPAP [(C4F,,C,H,0),—PO,H] 25

100s of others

> polytetrafluoroethylene (PTFE)
polyvinylidene fluoride (PVDF)

o fluorinated ethylene propylene (FEP)

o perfluoroalkoxyl polymer (PFA)

>perfluoropolyethers (PFPEs)

*

PFASs in RED are those that have been restricted under national/regional/global regulatory or voluntary frameworks,
with or without specific exemptions (for details, see OECD (2015), Risk reduction approaches for PFASs. http://oe.cd/1AN).
** The numbers of articles (related to all aspects of research) were retrieved from SciFinder® on Nov. 1,2016.

“Family tree” of PFASSs, including
examples of individual PFASs and
the number of peer-reviewed
articles on them since 2002.

Published in: Zhanyun Wang; Jamie C. DeWitt;
Christopher P. Higgins; lan T. Cousins; Environ. Sci.
Technol. 2017, 51, 2508-2518.

DOI: 10.1021/acs.est.6b04806

Copyright © 2017 American Chemical Society



Where are PFAS found?
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Gail L. Carlson, Skylar Tupper, Ski wax use contributes to environmental
contamination by per- and polyfluoroalkyl substances, Chemosphere,
Volume 261, 2020,128078, ISSN 0045-6535,
https://doi.org/10.1016/j.chemosphere.2020.128078.
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Why are PFAS imporiant?

Increased cholesterol levels Small decreases in infant Changes in liver enzymes
birth weights
: . Increased risk of high blood
Decreased vaccine Increased risk of kidney or Ig *
. ressure or pre-eclampsia
response in children testicular cancer P P P

in pregnant women

ATSDR

AGENCY FOR TOXIC SUBSTANCES
AND DISEASE REGISTRY
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PFAS Timeline Highlights

* 1950’s — PFOS & PFOA, Teflon, Scotchgard, AFFF
* 1980’s — Human exposure concerns begin
e 1990’s — Parkersburg, WV Lawsuit (DuPont - PFOA)

e 2000’s — PFOS & PFOA phase-out initiated; provisional drinking water
advisory PFOS 200 ppt & PFOA 400 ppt; EPA Method 537 released

* 2010’s — UCMR 3 Included six PFAS targets; Cape Fear river; revised
advisory PFOS+PFOA 70 ppt; EPA Method 537.1 released

e 2020’s — EPA Method 533 Support for UCMR 5, regulatory determination
for PFOS & PFOA, revised (interim) health advisory PFOS 20 ppq,
PFOA 4 ppg

m
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|JEPA PFAS Health-Based Guidance Level

PFAS Analyte Acronym | Health-Based Minimum
Guidance |Reporting
Level Level
(ng/L) (ng/L)
Perfluorobutanesulfonic acid PFBS 2,100 2
Perfluorohexanesulfonic acid PFHXS 140 2
Perfluorononanoic acid PFNA 21 2
Perfluorooctanesulfonic acid PFOS 14 2
Perfluorooctanoic acid PFOA 2 2
Perfluorohexanoic acid PFHXxA 560,000 2
Hexafluoropropylene oxide dimer acid GenX 21 2

CORSNA |Eyimonmenma.



. ¢ . - Filter by CW... Not ... Syst ith D...
* lllinois EPA's PFAS Sampli... 7 ichii et

|JEPA PFAS
Monitoring s

« Development and promulgation of Roporing Lovel (M . Points

maximum contaminant level | srano o (A

(MCL) standards in lllinois for P 2 o oh U84 -

certain PFAS . PSR . "
 Samples will be analyzed using Rl e oo

and Less than Guidance Level ) R i Nz=

U.S. EPA Method 537.1 82 e ‘. ®
« |f PFAS are detected, the lllinois Vol S NRbIIe 8 Unc

EPA will return to collect a e e "H Groundwate
confirmation sample at the rorasws decteamene | |NERETIORN £ G0 °F B 0oy
distribution system entry point(s) mple st leveks o ox cussSuR o aaiel g Lousile  p

- Based on the results of the bbrestons can el .
confirmation sampling, additional . | | ™
evaluation or actions may be .t
necessary to protect human health _ rENKESSE

and the environment . 32

Esri, HERE, Garmin, FAO, NOAA, USGS, EPA, NP5 | lllinois ... Powered by Esri
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EPA SENDS PFAS DRINKING WATER
REGULATION TO OMB FOR REVIEW

™ October 7, 2022 & Stephanie Schlea < Off &= Drinking Water Headlines

Latest News
on USEPA
PFAS

= Regulatory
s ——— Development

announced that the Agency would move forward with actions on the final

Yesterday (October 6), the U.S. — 1"" |
Environmental Protection Agency (EPA) [

sent the proposed rule to regulate
PFOA and PFOS in drinking water to the
Office of Management and Budget
(OMB) for review. In February of this

year, after a re-evaluation in

Regulatory Determinations for PFOA and PFOS, solidifying the Agency's decision to
regulate the two PFAS under a National Primary Drinking Water Regulation. It is
unclear how long OMB will review the proposal, but EPA has stated on multiple

occasions that the Agency intends to publish the proposal by the end of the year.
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Relevant Drinking Water Analytical Methods

EPA 537.1

EPA 533
Eurofins L402

Eurofins 75PFAS

18 PFAS Compounds 2 ppt ~5250
25 PFAS Compounds 2 ppt ~S350
45 PFAS Compounds; 2 ppt ~S450
In-house method

75 PFAS Compounds; In- 2 ppt ~$1050

house method

CORoNA|

ENVIRONMENTAL
CONSULTING

11



UCMR 5 (Jan ‘23 — Dec ‘25)

* 10,311 public water systems participating nationally

EPA Method 533 (PFAS monitored under UCMR 3 are in bold)

1H, 1H, 2H, 2H-perfluorodecane sulfonic acid 9-chlorohexadecafluoro-3-oxanone-1-sulfonic  4,8-dioxa-3H-perfluorononanoic acid

Perfl h i id (PFHxA
(8:2 FTS) acid (9CI-PF30ONS) (ADONA) erfluorchexanoic acid ( )

1H, 1H, 2H, 2H-perfluorochexane sulfonic acid Hexafluoropropylene oxide dimer acid

Perfluorobutanoic acid (PFBA) Perfluorohexanesulfonic acid (PFHxS)

(4:2 FTS) (HFPO-DA) (GenX)

?EH'Z:LI::_’S)ZH’ i perfluoraoctane sulfonic acld Perfluoroheptanesulfonic acid (PFHpS) Perfluorobutanesulfonic acid (PFBS) Perfluorononanoic acid (PFNA)
Nonafluoro-3,6-dioxaheptanoic acid (NFDHA)  Perfluoropentanesulfonic acid (PFPeS) Perfluorodecanoic acid (PFDA) Perfluorooctanesulfonic acid (PFOS)
QR Pre (2-ethoxyethane) sulfonic acid Perfluoropentanoic acid (PFPeA) Perfluorododecanoic acid (PFDoA) Perfluorooctanoic acid (PFOA)

(PFEESA)

11-chloroeicosafluoro-3-oxaundecane-1-

Perfluoro-3-methoxypropanoic acid (PFMPA) sulfonic acid (11CI-PF30UdS)

Perfluoroheptanoic acid (PFHpA) Perfluoroundecanoic acid (PFUnA)

Perfluoro-4-methoxybutanoic acid (PFMBA)

PFAS Analytes Unique to EPA Method 537.1

N-ethyl perfluorooctanesulfonamidoacetic N-methyl perfluorooctanesulfonamidoacetic

acid (NEtFOSAA) acid (NMeFOSAA) Perfluorotetradecanoic acid (PFTA) Perfluorotridecanoic acid (PFTrDA)

EPA Method 200.7 or Alternate SM 3120 B or ASTM D1976-20

Lithium




PFAS Treatment Technologies

Granular Activated
Carbon

lon Exchange

Reverse Osmosis

. \ L
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GAC vs IX

GAC IX

e Effective removal of PFAS e Effective removal of PFAS

 Lower media cost * Lower capital cost

* Lower headloss (energy cost) * Smaller footprint

* Treat co-occurring contaminants * Does not have nitrate sloughing issues

* Lower sensitivity to TSS, Fe, & Mn * Lessimpact from competing organics
fouling such as TOC

e Less impact from competing ions such
as sulfate

= Co R@N Al ENVIRONMENTAL
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Example Equipment Comparison
___Parameter | Units | IX | _GAC__

Treatment train

Number # 1 2

Contactor # in series/train 2 2
Media

Product PFAS-specific SBA-IX-NR 12x40 mesh, bituminous coal

Bed diameter ft 10 10

Bed depth ft ~5 ~8
Flow rate gpm 600 600
EBCT

Contactor min ~2.0 ~10.0

Total min ~4.0 ~20.0
HLR gpm/ft? ~7.6 ~3.8

Budgetary Cost for Equipment: $630,000 $880,000

Co R@NA' ENVIRONMENTAL
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GAC & IX Equipment Example
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Media Replacement Cost

e |X media can cost ~4-5x

higher than GAC media cost
. Estimated Breakthrough Time for PFOA in Bed Volumes
e Evaluate the bed-life. How Media RL 60% of Influent Concentration
il i Granular Activated Carbon
long will |t.Iast before | have e 24 000" 571 000"
to replace it AV1240LDX 41,400 40,800
] AV1240CB 40,500 32,700
 Modeling, Bench (RSSCTs), AV1240PFAS 33,900 31,800
. . . lon-Exchange Resin
& Pilot-scale testing is used PSR Plus 575.000° 570.000°
i _h SIR-110-HP 520,000* 490,000*
to inform the bed-life N 200.000° 180000°
PFAG94E 380,500 350,800

* Pilot-testing will provide
the most accurate
information for comparison

\\_w
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What Should | be Doing?

* Planning & Preparing for
— Risk Communications with customers
— Monitoring for PFAS if not performed yet including UCMR 5
— Release of draft MCLs for PFOA and PFOS by the end of the year

e After Draft MCLs are Released by USEPA

— Evaluate alternatives to meet the new MCLs including treatment
evaluations for impacted sources

— Consider future PFAS regulations to come with UCMR 5 results

CORSNA[ZTw



Questions

Jonathan “Jake” Causey, PE

Senior Water Quality & Treatment Engineer

(P) 781-753-6666 ext 117
(M) 225-603-4169
jcausey@coronaenv.com
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