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Per- and Polyfluoroalkyl Substances

CLASSES OF PFAS

PERFLUOROALKYL

All hydrogens on the carbons are
replaced by fluorine

Strongest chemical bond in nature
Difficult to treat
PFCAs and PFSAs

F F F F F F
[ | | | |
F
20 BN
HO F F F F F F
POLYFLUOROALKYL

Non-fluorine atom (usually H or O) attached to
at least one, but not all, carbon atoms in the talil

Creates a “weak link” susceptible to biotic
or abiotic degradation

More susceptible to treatment
Fluorotelomers

AKA precursors
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CHOOSING THE RIGHT TEST METHODS

Da ceecscan ;E]ﬁ_ ﬁ;ﬂ\f@
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Drinking water Groundwater, surface Wastewater, sludge AFFF - concentrate &
water, & leachate & biosolids diluted

@@ =

Soil, sediment, solid Biota - plant & Consumer &
waste & other solids animal tissue Industrial Products

G D e
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TEST METHODS <,

DRINKING

WATER

METHOD EPA 537.1 V2.0 EPA 533
MATRIX Drinking Water Drinking Water
COMPOUNDS 18 25
HOLDING TIMES, DAYS 14/28 28/28

EXTRACTION

Solid Phase (SPE)

Solid Phase (SPE)

QUANTIFICATION

Internal Standard (1S)

|sotope Dilution (ID)

NOTES

All 6 regulated
compounds are in this
test method

All 6 regulated compounds are in
this test method. Developed for
UCMR 5 and additional PFAS.

Does not replace 537.1.




TEST METHODS "WATER

US EPA reports 25
compounds from EPA 533
and 4 that don’t overlap
from EPA 537.1

Note: All 29 PFAS in EPA’s
UCMR 5 for its survey of
the nation’s public water

systems are included In
EPA Method 1633

PFEESA
HFPOA-DA/Gen X
NFDHA

PFOS
PFUdA
N-MeFOSAA

PFPeA
PFPeS
6:2 FTS
N-EtFOSAA
PFHXA
PFDoA
PFOA
PFDA
PFHxXS
PFBA
PFBS
PFHpA
PFHpS
PFNA
PFTeDA
PFMOPrA
8.2 FTS
PFTrDA
9C|-PF3PONS
4:2 FTS
1CL-PF30UdS
PFMOBA
ADONA




— \)¢’ SOIL & OTHER BIOTA — PLANT &
TEST METHODS LEACHATE 7  SOLIDS AL TS

METHOD 537M 1633

MATRIX Non-DW Non-DW
(6{0]\7/[OISIN DRI Lab-dependent (>40) 40 +

HOLDING 09/ 28 28/ 28 AQ*
TIMES, DAYS 90/ 28 SOLIDS
EXTRACTION SPE SPE
SNU AT Isotope Dilution Isotope Dilution

ION

Rapidly on decline, but
still accepted depending Became “Final” in

NOTES on regulatory venue and January 2024
project DQOs




— \)¢’ SOIL & OTHER BIOTA — PLANT &
TEST METHODS LEACHATE 7  SOLIDS S AL IS

EPA 1633

* Valid for 8 matrices - wastewater, surface water, Did You Know?
grogndwater, solls, biosolids, landfill leachate, biota, and . 1633 is a “performance-
sediment based” method?

- Joint EPA/DOD 'development . No material concerns

« Method is now final with comparability

* This method will eventually eliminate the use of
“modified” methods/lab-specific SOPs

* There are several important differences between the
“modified” method and 1633



EPA 1633 Development Timeline

» August 2021: First Draft Published

October 2021: MLV process begins (Pace Baton Rouge)

= June 2022: Second Draft Published QEI’I’ﬂtﬂ

= December 2022: Third Draft Published
“Final” control limits for WW matrix (only) 1633A Dec. 2024

_ Editorial Clarification form March 2024
= July 2023: Fourth Draft Published
“Final” control limits for all AQ (WW, +GW, +SW)

 January 2024: “Final” Method, with data for all 8 applicable matrices
WW (3" Draft); GW/SW (4% Draft); leachate, soil, sediment, biosolid, tissue (Final Method)




\N/J SOIL & OTHER Q@BIOTA _ PLANT &

LEACHATE " ™\ SOLIDS ANIMAL TISSUE

1633 Aqueous Containers

537M/ PFAS by ID

Solids Container




s NPW & \¢J SOIL & OTHER BIOTA — PLANT &
TEST METHODS LEACHATE 7 SOLIDS ANIMAL TISSUE

Analyte Analyte

PFBA 8:2 FTS
PFPeA PFOSA
EPA 1633 — 40 plus PFAS PFHA N-MeFOSAA
PFHpA N-EtFOSAA
Compounds
- Addition of Precursors will be insightful these zigi P:[“)”s;:\
can degrade to terminal PFAS like PFBA SEUNDA SCLPEIONS
- 5:3 fluorotelomer carboxylic acid (FTCA) is a PFDODA ISh AR ONE
common and often dominant constituent of ARl e
PFAS found in landfills and is released from orBS =ETCR
carpet in model anaerobic landfill reactors. This PFPeS N-EtFOSA
compound could prove to be an indicator of PFHXS N-EtFOSE
PFAS in the environment originating from Z:f N:'AFDF“O‘;A
landfills (Land et al. 2017, 2016). NS NMeFOSE
5:3 FTCA PFDS PFDoS
4:2 FTS PFEESA

FE FFE F o

FW 6:2 FTS PFMOBA
OH
’ PFPrA

HQ-115/TFSI



FTCA has several potential degradation

pathways

F FF F O P
F3c)%5xfy%x(u\or| F3C2y17(JLXJH

EFE F F FF F - F
FBCMOH _ PFHxA PFBA
F FF F 0 F FF FF F RFERF O
F FFFF F O F F F F F F

PEOA PFPEA



———= NON-POTABLE
TEST METHODS & “Witne © @ ol s ener AR TS

LEACHATE

EPA 1633 — Lower Detection Limits

|| waterngit | Solids,ug/ke
| Acowm | 100 | oL | t0a | oL

PFBA 4 | oss

08 |
| koA
0.2

0

DL
0.14

006 |
oo |
oo |
oo |

0.03

003 |
oo |
003 |
003 |
003 |

| watenng | solidsug/kg Note: Detection

| Aconym | toa | o. | toa | b | W
- limits for Leachate
are 5X and

: .

| Nverose | 10 | 152 | 20 | o040 Biosolids are 10X
| a2Fs | 4 | 063 | 08 | o015

| e2Fs | 4 | 095 | 08 | o014

| s2rs | 4 | 0sa | 08 | 013

| epA | 2 | 032 | 04 | o004

| evBA | 2 | 030 | 04 | o004

| weoDA | 4 | o |

| neora |

| eeesa | 2 | 048 | 04 | 0

| ocer3oNs | a4 | 073 | 08 | oos |

| aiciersouds | 4 | 094 | 08 | om1 |
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EPA Method 1633 vs PFAS by ID/537M Comparison - Water
« Water also showed high 1633 bias, but not as consistent (75%)

Agueous Comparison: 537M vs. DM1633

412412

279

234730 294

8:2FTS PFBS PFDA PFDS PFHpA PFHpS PFHxA PFHxS PENA PENS PFOA PFOS
- pacelabs.com 17
* 537 Mod Isotope Dilution * EPA Draft Method 1633




EPA Method 1633 vs PFAS by ID/537M Comparison - Soll

 Soil showed consistently high 1633 bias (100% of the time)
« Greater extraction efficiency with 1633 method

Solid Comparison: 537M vs. DM1633

PFDS PFHpA  PFHpS  PFHxA  PFHxS PENA PENS PFOA PFOS PFPeA  PFPeS

6:2FTS  8:2FTS PFBA PEBS PFDA

* 537 Mod Isotope Dilution * EPA Draft Method 1633

pacelabs.com 18



SOLIDS in MY SAMPLE - OH MY!

Why Solids Content B
Matters....... —

* Representative?
 Lab/ Method Challenges
* Blas/ PFAS Profile




— Y!
SOLIDS in MY SAMPLE - OH M

23040003-001

PENNICHUCK ww
Sludge Holding Tank
3/31/2023 12:21 :00 PM




————  NON-POTABLE
TEST METHODS ﬁ WATER & X SOI;§L?DTSHER BAI\SITI\';I“A_LPTLIQQJJ_E&
LEACHATE

Liquid  Solid
Analyte ng/L  ug/kg
EPA 1633 - TSS Impacts — PFBA 53000 43

. . PFPeA 86000 96 Liquid  Solid
Somethlng to thlnk abOUt .. PFHxXA 130000 210 Analyte ng/L  ug/kg
PFHpA 15000 34 NMeFOSA <500 <0.17
PFOA 32000 79 NEtFOSA <500 <0.17

PFNA 1700 3.8 N-MeFOSAA 5900 14

PFDA 1300 3.1 N-EtFOSAA 3400 8

PFUNA <500 0.32 NMeFOSE <5000 4.2

PFDoOA <500 0.53 NEtFOSE <5000 4.9
PFTrDA <500 <0.17 HFPO-DA <2000 <0.69
PFTeDA <500 0.26 ADONA <2000 <0.69
PFBS 180000 430 9CI-PF3ONS <2000 <0.69
PFPeS <500 1.3 11CI-PF30UdS <2000 <0.69

PFHxXS 19000 49 3:3FTCA <5000 <1.7

PFHpS <500 0.47 5:3 FTCA 220000 140

PFOS 5400 14 7:3 FTCA 32000 28
PFNS <500 <0.17 PFEESA <1000 <0.35
PFDS <500 <0.17 PFMPA <1000 <0.35
PFDoS <500 <0.17 PFMBA <1000 <0.35
4:2FTS <2000 <0.69 NFDHA <1000 <0.35

6:2FTS 4800 7.8
8:2FTS <2000 2.6
PFOSA <500 <0.17

pacelabs.com 22



SOLIDS in MY SAMPLE - OH MY!

High Biased PFAS Results — Turbidity (AFFF Source) ‘) TRC

Turbidity 1000 NTU Turbidity 25 NTU

= PFUNDA - N/A
& PFDoDA - N/A
[ PFTrDA - N/A
# PFTeDA - N/A

B NMeFOSAA - N/A

m NEtFOSAA - N/A

Total — 1,161 ng/L 0 PFBS - 8.3 - / PFBS -8.38
7 g [ PFHXS - 730 Total 3__8 ng/L = PFHIS - 25
HPFHpS - 36 o T mPFHpS - 0.72
EPFOS-18 W PFOS - 0.99
W6:2Ft5-7 m6:2Ft5-3
W 8:2 FtS- N/A W 8:2 FtS - N/A
O PFBA - 37 CIPFBA - 43
O PFPeA -76 [1PFPeA - 110
1 PFHXA - 65 O PFHxA- 110
B PFHpA - 40 = PEHpA - 30
& PFOA - 160 = PFOA - 6
M PFNA-N/A M PFNA - N/A
= PFDA - N/A % PFDA - N/A

= PFUNDA - N/A
E PFDoDA - N/A
[ PFTrDA - N/A
# PFTeDA - N/A
& NMeFOSAA - N/A

B NEtFOSAA - N/A

Total PFAS 1,161 ppt Total PFAS 338 ppt SEOA MCL
PFHXS 730 ppt PFHxS 25 ppt 10 ppt
PFOA 160 ppt PFOA 6 ppt PP

PFAS Concentrations and PFAS Signatures Affected by Turbidity

Used with permission: Liz Denly, TRC




T EST M ET H O D S Non—pli)ézglhea\t/\éater & Soil, landfills

& other solids

METHOD ASTM D8421/D8535 and Advantages | o
EPA 8327 * 5 mL sample size (AQ) *triplicate
 Faster TAT
MATRIX Non-potable water and solids * Lower cost

« Will likely be added to 40CFR Part 136

COMPOUNDS 44 (Pace)
HOLDING TIMES,

DAYS 28
EXTRACTION Direct Injection (co-solvation, filter)

QUANTIFICATION Isotope Dilution* (Pace)

ASTM D8421 completed an ILS; while
NOTES published reporting limits are a little higher,
lab working on reducing reporting limits

pacelabs.com 24



Eleven Matrices

| Lot b

IROIBLE Iagiis g
Wwwl e b

Lo
7 gl g
ww §

Landfill Leachate
Metal Finisher
POTW Effluent 1
Hospital

POTW Influent
Bus Washing Station
Powerplant

Pulp and Paper
POTW Effluent 2
Ground Water
Surface Water

Nine sources supplied by OW/OST/EAD




D8421 vs. DM1633: Carboxylic Acids

D8421 Result {ng/L)

D8421 Result (ng/L)
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PFHXA in NPW

y =0.8453x-1.9933
R*=0.9811

A
..-
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DM1633 Result (ng/L)
PFNA in NPW n=7
°
y=0.8532x+0.5517
R?=0.7619
¢ e
T e
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DM1633 Result (ng/L)



Pace 537M vs. D8421: Leachate

Sample Name Method Anlayte Result DL RL Units RPD
1 D8421-ID PFBA 24 8.0 48 ng/L 4
1 PFAS by ID SOP PFBA 26 6.0 40 ng/L
2 D8421-ID PFBA 28 7.9 47 ng/L 14
2 PFAS by ID SOP PFBA 37 3.0 20 ng/L
3 PFAS by ID SOP PFBA 29 0.56 3.7 ng/L 3
3 D8421-1D PFBA 31 7.8 47 ng/L
4 D8421-1D PFBA 27 7.9 47 ng/L 2
4 PFAS by ID SOP PFBA 28 0.50 3.4 ng/L
5 PFAS by ID SOP PFBA 34 6.0 40 ng/L 16
5 D8421-ID PFBA 47 7.9 47 ng/L

F F 0



__ NON-POTABLE " SOIL & OTHER
TEST METHODS i e

Total Oxidizable Precursor (TOP) Assay

Under TOP Assay

oxidation, conversion occurs
of known and unknown
precursors to terminal PFAS
(PFCA).

Heat/Oxidation

>

Degradation of any precursor
would be to an equal or
shorter chain length.

R FR FR F
F V PFBA, PFPeA,

S —
89% of PFAS are Precursors F FF FF F g OH PFHXA, PFHpPA

6:2 FTS pacelabs.com 28




MOAP O LE ‘ () SOIL & OTHER

TEST METHODS watere - 2K sous

TOP Assay - Pre-Oxidation and Post-Oxidation Comparison

AFFF TOPS
180000
160000 8:2 FTS 22,300 ND
140000 PFBA 13,700 152,000
120000 PFDA ND 10,900
122222 PFHpA ND 52,600
60000 PFHxA ND 120,000
40000 PFNA ND 15,500
20000 I - o PFOA ND 34,500

0 PFPeA 14,900 154,000

Total 50,900 539,500

8:2FT5 PFBA PEDA PFHpA  PFHxA PENA PFOA PFPeA

H Pre-Ox Post-0Ox

All units of measure are expressed in ppt/ng/L



LEAF Testing

SW-846 Test Method 1315: Mass Transfer Rates of Constituents
in Monolithic or Compacted Granular Materials Using a Semi-
Dynamic Tank Leaching Procedure

R A L |

EXAMPLES OF MONOLITHIC SAMPLE HOLDERS
3-D Configuration

“IV

TestSample

63 mm OD
b 100 mm high

& 43mmoD
3 mm wall
6 mm high

PVC Stand PP Bucket

47 mm OD 140 mmID
3mm wall 6at top
51 mm high 200 mm high

Sample Holder Sample, Holder and Stand 3-D Leaching Setup




NON-POTABLE

TEST METHODS EACHATE

£
vEPA Approach — AOF/CIC
EPA 1621
How: Screening Method for
« Screening method adsorbs contaminants onto granular activated carbon, removal of inorganic the Determination of
fluoride with nitrate solution, followed by combustion of the carbon Adsorbable Organlc

Fluorine (AOF) in
Agueous Matrices by
Combustion lon

20 mL 1g/LKNO, Chromatography
Inorganic F removal (ClC)

N
L

Sample in boat

* Organofluorine compounds are converted to fluoride in the combustion process and measured
by ion chromatography

IC Absorption Combustion Sample
D e F G HF e Qrganic F waste waste

Method Detection Limit: 1.4 - 2.2 ug/L




Now That Methods Are

DRINKING WATER

« Draft Method 534 - 9 compounds
(6 MCL + 3) using co-solvation followed by direct injection

« Ultra-Short Chain (USC) = 6 compounds
(e.g., <C4 e.g., TFA, PFPrA) using direct-injection

« EOF/CIC method - Lower RL than EPA 1621 AOF

CLEAN WATER ACT
« Update to EPA 16337

« 40 CFR 136 Method Update Rule (early 2025) adding:
EPA 1633
EPA 1621
ASTM D8421

SW-846 (RCRA/CERCLA)
* Publish an SW-846 version of EPA 1633 (timeframe TBD) - 83287

pacelabs:.com 32



Pace® PFAS Labs

3700+ - ' ,G
Employees s

I egtS
~ 120 i e ' “E%
Locations
500 K 7 % |

+ o k

Certifications . N ." ‘/V

Pace® Laboratories and Service Centers 3 K’

@ Pace® PFAS Laboratories

O Pace® US EPA UCMR 5 Laboratories



Which method below is an EPA approved drinking water method?

1621

533

Modified 537
1633

COwx»



Which method below Is a screening method?

A.1633
B.537.1
C.1o021
D.8327



|Is EPA method 1633 finalized?

A.True
B.False



Corporate PFAS Team

Paul R. Jackson

Program Manager, Environmental
Compliance & Emerging Contaminants
813-731-1595
Paul.Jackson@pacelabs.com

Nick Nigro

Product Manager, PFAS
608-692-7645
Nick.Nigro@pacelabs.com

Lindsay Boone

Program Manager, Environmental
Compliance & Emerging Contaminants
910-262-5098
Lindsay.Boone@pacelabs.com

Stephen Somerville

Technical Director, PFAS
804-516-5887
Stephen.Somerville@pacelabs.com

Mike McFadden

Senior Account Manager/
Federal Program Manager
919-868-5215
Mike.McFadden@pacelabs.com
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PEOPLE ADVANCING SCIENCE

QUESTIONS?

Lindsay Boone, M.Sc.
PFAS Technical Specialist

THANK YOU 910-262-5098
Lindsay.Boone@pacelabs.com

@C(f

Additional resources:
e PFAS.com
« PACELABS.COM | Search: PFAS



