PFAS Analysis of Soils
What to Expect and How to Evaluate the Data
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= PFAS Analytical Methods

= Modifications/variations by laboratories for F F F F F F F
PFAS soil analyses - | \ \ \/ O o
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= Quality Controls used in PFAS analysis
F— \C/ \C/ \C/ \C/ %0

= What to expect in and how to read a PFAS
analytical report

= What the modifications/variations
can mean to PFAS data usability
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Acronyms QTRC

Results you can rely on

PFAS = Per- and Poly-fluoroalkyl substances

 PFCs — Perfluorinated compounds - Do not use this acronym

- PFCs do not include polyfluorinated compounds
Perfluoroalkyl Substances
- PFAA = Perfluoroalkyl acids
= PFOA = Perfluorooctanoic acid (perfluorooctanoate)
= PFOS = Perfluorooctane sulfonic acid (perfluorooctane sulfonate)
Poly-fluoroalkyl substances
- 8:2 FTS = 8:2 Fluorotelomer sulfonic acid

- MeFOSAA = N-methylperfluoro-1-octanesulfonamidoacetic acid
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Tree of Perfluoroalkyl and Polyfluoroalkyl Substances @TRC
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PFAS Drinking Water Method U.S. EPA 537 CQTRC

Results you can rely on

= Validated by U.S. EPA (accurate and consistent)
= Liquid Chromatography/Tandem Mass Spectrometry (LC/MS/MS)
= 14 PFAS reported (12 perfluoroalkyl acids and 2 polyfluoroalkyl acids)
= Quantitation by three (3) internal standards
= Extraction efficiency monitored by three (3) surrogates
= Quantitates linear isomers for 9 of the 14 reported PFAS
- Quantitates linear and branched-chain isomers for PFOS, PFHxS, NetFOSAA, NMeFOSAA

- U.S. EPA Technical Advisory September 2016 — added PFOA to the list of PFAS quantitated
for linear and branched-chain isomers for PFOA



U.S. EPA PFAS Analytical Methods QTRC

Results you can rely on

= Currently no standard U.S. EPA PFAS methods for GW, SW, WW, soils, sediments, or sludge
= September 2018 U.S. EPA Technical Brief (EPA/600/F-17/022d)

- Ongoing method development and validation of SW-846 methods
for matrices other than DW

- Phase One
v U.S. EPA laboratories tested direct injection for GW, SW and WW for 24 PFAS
v Drafted a solid-phase extraction/isotope dilution method (SPE-ID)
- Phase Two
Q External laboratories will validate the direct injection method (Draft SW-846 Method 8327)
Q U.S. EPA laboratory testing of SPE-ID (Draft SW-846 Method 8328)
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Laboratory PFAS Analytical Methods @TRC

Results you can rely on

No standard U.S. EPA methods for GW, SW, WW), soils, sediments, or sludge
= U.S. EPA Method 537 used as reference

= What's the same
- Instrumentation (LC/MS/MS)

=  What's different
- Sample preparation
- Quantitation

- Reporting
. Etjmber of reported PFAS s g %+ 2
. S

Many laboratory standard operating procedures (SOPs) are proprietary
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Solid Preparation/Extraction

There is no standard preparation/extraction for soil samples

Some laboratory preparation/extraction steps are proprietary

- Steps may include all or some of the following:

Homogenized

Use 1 to 5 grams of sample

Fortify with surrogates and spikes (LCS, MS, as applicable)
Extract with solvent mixture

Vortex or shake (number of hours)

Ultrasonic extraction (number of hours)

Centrifuge

Solvent filter

Solid Phase Extraction
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Results you can rely on




Quantitation

Two Options for Quantitation

= |nternal standards

= |sotope dilution
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QTRC

Quantitation — Option 1 Reuts youcan o

Internal standards

Limited number of internal standards (ex. 3 for 21 PFAS)

Surrogates verify extraction efficiency

Results not corrected for analytical bias

Not recommended for GW, SW, WW, soil, sediment, sludge
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QTRC

Results you can rely on

Quantitation — Option 2

Quantitation by isotope dilution (Preferred method)

- Extracted isotopically labeled isomers chemically specific to each PFAS

 Results are corrected for analytical bias

Difference between laboratories

 Extracted isotopically labeled isomers may vary
For example:  PFHpS with 13C4-PFOS or 3C;-PFHXS

- Additional precursor/product ions for qualitative purposes

- Internal Standard (monitor injection enhancement/suppression)
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QTRC

Reporting ittt

Verify with laboratory prior to sampling the reporting needs of the project

Number of PFAS reported (ex. 14, 17, 21)

Is there a specific PFAS list required for the project based on the regulatory agency

PFAS reported in acid or anion form

CAS numbers vary depending on if reporting acid or anion form

Reporting limits (range from 0.2 to 10 ng/g; also know as pg/kg)
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Summary of PFAS from Various Laboratories
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CQTRC

Results you can rely on
Lab 1 Lab 2 Lab 3 Lab 4 Lab 5
PFAAs via EPA 537(M)-Isotope Dilution (SOIL) 28 PFAS 3 PFAS 32 PFAS 21 PFAS 31 PFAS
Isotope Dilution Isotope Dilution Isotope Dilution Isotope Dilution Isotope Dilution
Sample Container/Preservation|1 - Plastic 8oz /<6°C 1 - glass 4oz/ <6°C 1- polyethylene/ <6°C 1- 8 oz HDPE/ <6°C 1- 8 oz HDPE/ <6°C
HT|28 d to ext/28 d to analysis 14 days to extraction 28 d to ext/28 d to analysis 14 d to ext/40 d to analysis 60 d to ext/30 d to analysis
Analyte RL MS/MSD LCS/LCSD RL MS/MSD LCS/LCSD RL (ng/g) MS/MSD LCS/LCSD RL MS/MSD LCS/LCSD RL MS/MSD LCS/LCSD
(na/q) Criteria (na/g) Criteria na’g Criteria (ng/g) Criteria (na/q) Criteria
Perfluorobutanoic Acd (PRBA) 1 S0-150°%/30 RPD 2 70-130°/30 RPD 0.6 70-1309/30 RPD 0.2 Lab Statistical/30 RPD 2 70-130°9%/50 RPD
Pedlucropentancic Acid (PFPeA) 1 50-150°/30 RPD 2 70-130%%/30 RPD 0.6 70-130%/30 RPD 0.2 Lab Statistical/30 RPD 2 70-1303%/50 RPD
Perfluorobutanesulfonic Acid (PFBS) 1 50-1503/30 RPD 2 70-130°a/30 RPD 0.6 70-130%/30 RPD 0.2 Lab Statistical/30 RPD 2 70-130%%/50 RPD
Perflucrohexanoic Acd (PRHXA) 1 S0-1509%/30 RPD 2 70-1309%/30 RPD 0.6 70-130a/30 RPD 0.2 Lab Statistical/30 RPD 2 70-1303%/50 RPD
Perflucropentanssutonic Acd (PAPeS) 1 S0-150°6/30 RPD - - - 2 Lab Statistical/30 RPD 2 70-13036/50 RPD
Perflucropentanssufonats [PRPeS) - - - - 0.6 70-130°/30 RPD - - - -
Perfluoroheotancic Acid (I ) 1 50-1509a/30 RPD 2 70-1309a/30 RPD 0.6 70-130%/30 RPD 0.2 Lab Statistical/30 RPD 2 70-1303%/50 RPD
Perflucronexanesulfonic Acid (PRHS) 1 50-1509%/30 RPD 2 70-1309%/30 RPD 0.6 70-130%%/30 RPD 0.2 Lab Statistical/ 30 RPD 2 70-130%%/50 RPD
Perfluorooctanoic Acd (PFOA 1 S0-1509%/30 RPD 2 70-1309%/30 RPD 0.6 70-1309a/30 RPD 0.2 Lab Statistical/30 RPD 2 70-1303%/50 RPD
Perfluoroneptanssutonic Acd (PAHPS) 1 S0-150°6/30 RPD - - - 0.2 Lab Statistical/ 20 RPD 2 70-130%%/50 RPD
Perflucroheptanesufonats (PRHDS) - - - - 0.5 70-130%%/30 RPD - - - -
Perflucrononancic Acid {[PRNA) 1 50-1509%/30 RPD 2 70-1309%/30 RPD 0.6 70-130°%/30 RPD 0.2 Lab Statistical/30 RPD 2 70-1309/50 RPD
Perflucrooctanesulfonic Acid (PFOS) 1 S0-150% RPD 2 70-130% RPD 0.9 70-130%¢/30 RPD 0.2 Lab Statistical/30 RPD 2 70-130%%/50 RPD
Perfluorodecancic Acd (PFDA) 1 50-150°%/30 RPD - - 0.6 70-130%9/30 RPD 0.2 Lab Statistical/30 RPD 2 70-13036/50 RPD
Perflucrononanesulfonic Acd [PANS) 1 S0-1502%/30 RPD - - - - - 2 70-130°%/50 RPD
Perflucrononanssulfonate (PENS) - - - - 0.6 70-1303a/30 RPD - - - -
Perflucroundecanoic Acd (PRURA) 1 S50-1509%/30 RPD - - 0.6 70-130%/30 RPD 0.2 Lab Statistical/30 RPD 2 70-1309/50 RPD
Perflucrodecanesulfonic Acc (PFDS) 1 S0-150% RPD - - 0.2 Lab Statistical/30 RPD 2 70-130%%/50 RPD
Perflucrodecanesuffonate (PFDS) - - - - 1 70-130%%/30 RPD - - - -
Perflucrooctanesufonamice (FOSA) 1 S50-150%/30 RPD - - 0.6 70-130%/30 RPD 0.2 Lab Statistical/30 RPD 2 70-130°%/50 RPD
Perfluorododacanoic Aca (PFDoA) 1 50-1509/30 RPD - - 0.6 70-130%%/30 RPD 0.2 Lab Statistical’30 RPD 2 70-130%%/50 RPD
Perfluorotnidecancic Acd (PFTIDA) 1 S0-1509a/30 RPD - - 0.6 70-1309/30 RPD 0.2 Lab Statistical/30 RPD 2 70-130%%/50 RPD
Perfluorotstradecancic Acid (PFTA) 1 S0-1502%/30 RPD - - 0.6 70-130%%/30 RPD 0.2 Lsb Statistical/30 RPD 2 70-1309%/50 RPD
Decafluoro-3H-4,8-Dioxanonanoats [ADONA) 1 S0-1503%/30 RPD - - - - - -
Perflucronexadecancic Acid (PFHxDA) 1 S50-150%%/30 RPD - - 0.6 70-130%/30 RPD - - 2 70-130°%/50 RPD
Perflucrooctadecancic Acid (PFODA) 1 S50-150%/30 RPD - - 0.6 70-130%/30 RPD - - 2 70-13036/50 RPD
Perfluorododecanesuonate (PFDoS) - - - - 0.5 70-130%:/30 RPO - - - -
[Perfluoroalkane sulfonamido acetic acids/ ethanols
N-Methyl Perfluorooctanesulfonamidoacetic Acd (NMaFOSAA) 1 50-1509%/30 RPD - - 2 70-130%/30 RPD 2 Lab Statistical/30 RPD - -
N-sthyl pefluorcoctanesulfonamidoacetic Acd (NEtFOSAA) 1 50-1503a/30 RPD - - 2 70-130%/30 RPD 2 Lab Statistical/30 RPD - -
N=thylperfluorooc=ne-1-sulfonamide (NEPEOSA) - = . B 2 70-1309%/30 RPD - s 10 70-13092/50 RPD
N-sthylpefiuoro-1-octanesulfonamido ethandl (NEXPFOSAE) - - - - 2 70-130%%/30 RPD - - 10 70-1302%/50 RPD
N-methylparfluoro-1-octanesulfonamide (NMePFOSA) - - - - 2 70-1309a/30 RPD - - 10 70-1309%/50 RPD
N-methylperfluoro-1-octanesulfonamicdo ethanol (NMePFOSAE) - - - - 2 70-130°/30 RPD - - 10 70-1303%/50 RPD
N-ethyl pefluorcoctanesulfonamidoacetic acid (N-EFFOSAA) - - - - - - - - 2 70-130%%/50 RPD
N-methyl perfluorooctanesulfonamidoacetic acd (N-MeFOSAA) - - - - - - - - 2 70-1309%/50 RPD
Hexafluoropropylens made dimer acid (HFPO-DA) 10 S0-15096/30 RPD - - - - - - 2 70-130%6/50 RPD
Fluorotelomers
4:2 Fluorotelomersulfondts - - - - 3 70-1309/30 RPD - - - -
1H, 1H,2H,2H-Pefluorchexanesulfonic Acd (4:2FTS) 1 50-1503%/30 RPD - - - - 2 70-1302%/50 RPD
6:2 fluoroeslomersuffonate - - - - 2 70-130%/30 RPD - - - -
1H, 1H,2H,2H-Pefiuorooctanesulfonic Acd (6:2FTS) 1 S50-150%%/30 RPD - - - 2 Lab Statistical/30 RPD 2 70-130°%/50 RPD
8:2 fluoroeslomersulfonate - - - - 2 70-130°/30 RPD - - - -
1H,1H,.2H,2H-Pefluorodecanssulfonic Acid (8:2FTS) 1 S50-1509&/30 RPD - - - 2 Lab Statistical/30 RPD 2 70-130%%/50 RPD
10:2-fluorot=lomersulfonate - - - - 3 70-1309%/30 RPD - - - -
Criteria Criteria Criteria Criteria Criteria
Extracted Isotopically Labeled Surrogates 21 S50-150%% 9 S0-150% 23 50-150%% 18 25-150% 24 50-150%
Internal Standards NA NA NA NA 4 50-150% 1 S0-150% 5 50-150%

Note: RL information is calculated using a 100% Solids factor.
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Types of QC used for PFAS Analysis OTRC

Results you can rely on

= Field Blanks

= Method Blanks (1/20 samples in a prep batch)

= LCS/LCSD

= MS/MSD (site specific; depends on project objectives)

= |nternal Standards (injection efficiency -suppression/enhancement)
= |sotopically Labeled Surrogates (recovery corrected quantitation)

- Additional precursor/product ion transitions (for qualitative purposes)

EXP DLT REL Amount
Signal RT RT RT RT Response ng/mil Rato(Limats) “.Rec SN

15 Perfluorococtanocic acid
413.00> 36900 3511 3528 -0.017 1.000 30746 0.2060 1.27(0.90-1.10) 21.9
41300 > 16S5.00 3511 3528 0017 1.000 24205

17 Perfluorcoctane sulfonic acid 4 05(0.90-1.10 121
43900 > 8000 3881 3847 0034 1.000 802151 4.05 e 210
499500 >99.00 3.881 3847 0034 1.000 198253
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PFAS Analytical Reports

Typical sample result summary form

= Number of PFAS reported

= Results, RLs, units

= Dilution results

= Collection date, prepared date, analysis date
= Percent solids (dry weight)

= |sotope Dilution recoveries

trcsolutions.com
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Results you can rely on

Client: 0
Project/Site: 00xx Site

Client Sample Resulits

Lab Job ID: x0xx

Client Sample ID: xxxx-08

Date Collected: 05/18/17 11:20
Date Received: 05/20/17 11:50

Lab Sample ID: xxxxx-19
Matrix: Solid
Percent Solids: 15.8

[_Method: 537 (modified) - Fluorinated Alkyl Substances

Analyte Result Qualifier RL MDL  Unit D _Prepared  _Analyzed  Dil Fac
Perfluorobutanoic acid (PFBA) ND 1.3 0.41 ug/Kg o 05/23/17 13:25 05/31/17 03:04 1
' Perfluoropentanoic acid (PFPeA) ND 13 0.83 ug/Kg % 0523117 13:25 05/31/17 03:04 4
Perfluorohexanoic acid (PFHxXA) 26 13 0.45 ug/Kg N OB/ K PR DECRE L 000, 2
Perfluoroheptanoic acid (PFHpA) 1.9 13 0.56 ug/Kg % 05/23/17 13:25 05/31/17 03:04 4
Perfluorooctanoic acid (PFOA) ND 13 065 ug/Kg & 05/23/17 13:25 05/31/17 03:04 i
Perfluorononanoic acid (PFNA) ND 13 053 ug/kg % 05/2317 13:25 05/31/17 03:04 i
Perfluorodecanoic acid (PFDA) ND 13 0.36 ugikg 5 05/23/1713:25 05/31/17 03:04 ;
Perfluoroundecanoic acid 079 J 13 0.68 ug/Kg o 05/23/17 13:25 05/31/17 03:04
(F":t:ﬂuu?:gdodecanoic acid (PFDoA) ND 13 0.77 ug/Kg & 05/23/17 13:25 05/31/17 03:04
Perfluorotridecanoic Acid (PFTrA) ND 13 0.59 uglKg % 05/23/17 13:25 05/31/17 03:04 1
Perfluorotetradecanoic acid (PFTeA) ND 13 0.37 ug/Kg T 05/23/17 13:25 05/31/17 03:04 1
Perfluorobutanesulfonic acid (PFBS) ND 13 066 ug/kg % 0523117 13:25 05/31/17 03:04 1
Perfluorohexanesulfonic acid 1.9 13 0.75 ug/Kg ¥ 05/23/17 13:25 05/31/17 03:04 1
PFHxS
:’erﬂuo:oheptanesulfonic Acid 36 13 0.75 ug/Kg T 05/23/17 13:25 05/31/17 03:04 1
PFH
E’erﬂu‘:wso)decanesulfonic acid (PFDS) ND 13 0.46 ug/Kg 052317 13:25 05/31/17 03:04 1
Perfluorooctane Sulfonamide (FOSA) ND 13 0.51 ug/Kg T 05/23/17 13:25 05/31/17 03:04 1
Isotope Dilution ' %Recovery Qualifier Limits Prepared Analyzed  Dil Fac
13C8 FOSA g T 25-150 05/23/17 13:25 05/31/17 03:04 1
13C4 PFBA 27 25.150 05/23/17 13:25 05/31/17 03:04 - 1
13C2 PFHxA 49 25.150 05/23/17 13:25 05/31/17 03:04 1
13C4 PFOA 48 25-150 05/23/17 13:25 05/31/17 03:04 1
13C5 PFNA 25.150 05/23/17 13:25 05/31/17 03:04 1
13C2 PFDA 63" 25.150 05/23/17 13:25 05/31/17 03:04 1
13C2 PFUnA 25150 05/23/17 13:25 05/31/17 03:04 1
13C2 PFDoA 57 25-150 05/23/17 13:25 05/31/17 03:04 1
1802 PFHxS 65 25.150 05/23/17 13:25 05/31/17 03:04 1
13C4 PFOS 49 25.150 05/23/17 13:25 05/31/17 03:04 1
13C4-PFHpA 47 25.150 05/23/17 13:25 05/31/17 03:04 1
13C5 PFPeA 41 25.150 05/23/17 13:25 05/31/17 03:04 1
Method: 537 (modified) - Fluorinated Alkyl Substances - DL
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
Perfluorooctanesulfonic acid 930 13 8.0 ugiKg % 05/23(17 13:25 05/31/17 13:37 10
(PFOS) .
Isotope Dilution %Recovery Qualifier Limits Prepared Analyzed  Dil Fac
| 13C4 PFOS 76 25.150 05723/17 13:25 05/31/17 13:37 10
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PFAS Analytical Report

Typical sample result summary form

= PFAS reported

Results, RLs, units

trcsolutions.com

COTRC

Results you can rely on

Client Sample Resulits

Client: 0
Project/Site: 00xx Site

Lab Job ID: x0xx

Client Sample ID: xxxx-08
Date Collected: 05/18/17 11:20
Date Received: 05/20/17 11:50

Lab Sample ID: xxxxx-19
Matrix: Solid
Percent Solids: 15.8

rMethod 537 (modified) - Fluorinated Alkyl Substances
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Arayte Result Qualifier RL MDL Unit D _Prepared  _Analyzed  Dil Fac
o J 13 041 ugiKg T 05023117 13:25 05/31/17 03:04
Method: 5§37 (modified) - Fluormated Alkyl Substances
Analyte Result Qualifier RL MDL  Unit
Perfluorobutanoic acid (PFBA) ND 13 0.41 ug/Kg
Perfluoropentanoic acid (PFPeA) ND 1.3 0.83 ug/Kg
Perfluorohexanoic acid (PFHxA) 2.6 1.3 0.45 ug/Kg
Perfluoroheptanoic acid (PFHpA) 1.9 1.3 0.56 ug/Kg
Perfluorooctanoic acid (PFOA) ND 1.3 065 ug/Kg
Perfluorononanoic acid (PFNA) ND 1.3 0.53 ugiKg
Perfluorodecanoic acid (PFDA) ND 1.3 0.36 ug/Kg
Perfluoroundecanoic acid
(PFUNA) 079 J 1.3 0.68 ug/Kg
Perfluorododecanoic acid (PFDoA) ND 1.3 0.77 ug/Kg
Perfluorotridecanoic Acid (PFTriA) ND ' 1.3 0.59 ug/Kg
Perfluorotetradecanoic acid (PFTeA) ND 1.3 0.37 ug/Kg
Perfluorobutanesulfonic acid (PFBS) ND 1.3 0.66 ug/Kg
Perfluorohexanesulfonic acid 1.9 1:8 0.75 ug/Kg
(PFHxS)
Perfluoroheptanesulfonic Acid 3.6 1.3 0.75 ug/Kg
(PFHpS) g
Perfluorodecanesulfonic acid (PFDS) ND 13 046 ug/Kg|
Perfluorooctane Sulfonamide (FOSA) ND 13 051 ug/Kg




PFAS Analytical Report

Typical sample result summary form

QTRC

Results you can rely on

Client: 0
Project/Site: 00 Site

Client Sample Results

Lab Job ID: x0xx

Client Sample ID: xxxx-08
Date Collected: 05/18/17 11:20
Date Received: 05/20/17 11:50

Lab Sample ID: xxxxx-19
Matrix: Solid
Percent Solids: 15.8

[_Method: 537 (modified) - Fluorinated Alkyl Substances

Analyte Result Qualifier RL MDL  Unit D _Prepared  _Analyzed Dil Fac
| | Perfluorobutanoic acid (PFBA) ND 13 0.41 ug/Kg o 05/23/17 13:25 05/3117 03{04 :
' Perfluoropentanoic acid (PFPeA) ND 13 0.83 ug/Kg : YL 15 05’3:2;33:3 S
Perfluorohexanoic acid (PFHXA) 26 13 045 ug/Kg 05/23/1713:25 053 : ?
Perfiuoroheptanoic acid (PFHpA) 1.9 1.3 0.56 ug/Kg ©05/23/17 13:25 05/31/17 03:04 1
[ Perfluorooctanoic acid (PFOA) ND 13 065 ug/kg % 05/23/17 13:25 05/31/17 03:04 1
Perfluorononanoic acid (PFNA) ND 13 0.53 uglKg % 05/23117 13:25 05/31/17 03:04 g
Perfluorodecanoic acid (PFDA) ND 13 0.36 ug/Kg % 05/23/17 13:25 05/31/17 03:04 1
-I . | Perfluoroundecanoic acid 078 J 1.3 0.68 ug/Kg o 05/23/17 13:25 05/31/17 03.04
" DI Utlon resu ts Ltﬂumn?gdodecano;c acid (PFDoA) ND 13 0.77 ug/Kg & 05/23/17 13:25 05/31/17 03:04
| Perfiuorotridecanoic Acid (PFTHA) ND 13 0.59 ug/Kg % 05/23/17 13:25 05/31117 03:04 1
. . -
. Method: 537 (modified) - Fluorinated Alky| Substances - DL
An ; A :
alyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
- Perfluorooctanesulfonic acid 930 13 80 ug/Kg = 052317 13:25 05/31/117 13:37
(PFOS)
Isotope 9 7 irmi .
: fope Dilution %Recovery Qualifier Limits Prepared  Analyzed  Dil Fac
_13C4 PFOS 76 25. 150 08723/17 13:25 058/31/17 13:37 !
73C2 PFDA 63 25- 150 31717 U307 T
13C2 PFUA 64 25.150 05/23/17 13:25 05/31/17 03:04 1
13C2 PFDoA 57 25.150 05/23/17 13:25 05/31/17 03:04 1
1802 PFHxS 65 25.150 05/23/17 13:25 05/31/17 03:04 1
13C4 PFOS 49 25.150 05/23/17 13:25 05/31/17 03:04 1
13C4-PFHpA a7 25.150 05/23/17 13:25 05/31/17 03:04 1
13C5 PFPeA 41 25.150 05/23/17 13:25 05/31/17 03:04 1
" Method: 537 (modified) - Fluorinated Alkyl Substances - DL e
Analyte Result Qualifier RL MDL Unit D  Prepared Ana il Fac
Perfluorooctanesulfonic acid 930 13 8.0 ugiKg % 05/23(17 13:25 05/31/17 13:37 10
(PFOS) .
. lsolopeDllulron %Recovery Qualifier Limits Prepared Analyzed Dil Fac
trcsolutions.com 13C4 PFOS 76 25-150 08723/17 1325 10

05/31/17 %1-37?7




PFAS Analytical Report

Typical sample result summary form

COTRC

Results you can rely on
Client Sample Results
Client: 0 Lab Job ID: x0mxx
Project/Site: 00 Site
Client Sample ID: xxxx-08 Lab Sample ID: xxxxx-19

Date Collected: 05/18/17 11:20
Date Received: 05/20/17 11:50

Matrix: Solid
Percent Solids: 15.8

[_Method 537 (modified) - Fluorinated Alkyl Substances

Analyte Result Qualifier RL MDL  Unit D _Prepared  _Analyzed  Dil Fac
- Perfluorobutanoic acid (PFBA) ND 13 041 ugiKg T 05023117 13:25 05/31/1703:04 ~ 1
'pe,ﬂuo,mnmm acid (PFPeA) ND 13 0.83 ug/Kg o 05/23/17 13:25 05/31/17 03:04 1
" Joic acid (PFHxA) 26 13 0.45 ug/Kg & 05/23/17 13:25 05/31/17 03:04 1
oic acid (PFHpA) 1.9 13 056 ug/Kg I 06/23/17 13:25 05/31/17 03:04 :
" iCacid (PFOA) ND 13 065 ug/kg & 05/23/17 13:25 05/31/17 03:04 i
ND 13 0.53 ug/Kg I 05/23/17 13:25 05/31/17 03:04 1
ND 13 0.36 ugikg 5 05/23/1713:25 05/31/17 03:04 ;
079 J 13 0.68 ug/Kg 0 05/23/17 13:25 05/31/17 03:04
" ND 13 0.77 ug/Kg i 05/23/17 13:25 05/31/17 03:.04
ND 13 0.59 uglKg % 05/23/17 13:25 05/31117 03:04 1
. . ni(}:ack.l (PFTeA) ND 13 0.37 uglKg i 05/23/17 13:25 05/31/17 03:04 ' 1
= Collection date, prepared date, analysis date . ,..f;?:’i?:s’ 7 TR I i o
:ﬂH:g:ohemmfonic Acid 36 - 13 0.75 ug/Kg o 05/23/17 13:25 05/31/17 03:04 1
= Percent solids (dry weight) minsscanssuloric acd (PFDS) o 13 oM ugNg B 0SZTMITIOZ5 SOUATOGDS
Perfluorooctane Sulfonamide (FOSA) ND 13 0.51 ug/Kg i 05/23/17 13:25 05/31/17 03:04 1
Isotope Dilution ) %Recovery Qualifier Limits Prepared Analyzed Dil Fac
| | o [~ 2
- # 1
Client Sample ID: xxxx-08 Lab Sample ID: xxxxx-19 |
Date Collected: 05/18/17 11:20 Matrix: Solid 1
- ° - - 2 1
Date Received: 05/20/17 11:50 , Percent Solids: 15.8 | -
1
| Method: 537 (modified) - Fluorinated Alkyl Substances 3
Analyte ifi : :
y Result Qualifier RL MDL E’"“ D Prepared  _Analyzed Dil Fac ;
Perﬂuorobutano;c acid (PFBA) ND 13 0.41 ug/Kg % 05/23/117 13:25 05/31/17 03:04 BE
 Perfluoropentanoic acid (PFPeA) ND 1.3 0.83 ug/Kg  05/23/17 13:25 05/31/17 03:04 1 [Duee
(PFOS) .
. Isotope Dilution %Recovery Qualifier Limits Prepared Analyzed  Dil Fac
trcsolutions.com 73C4 PFOS } 76 25.750 052317 1325 0SBTAT 1337 10




PFAS Analytical Report

Typical sample result summary form

QTRC

Results you can rely on

Client Sample Resulits

Project/Site: 00xx Site

Client: xxxx ) Lab Job ID: x0xx

Client Sample ID: xxxx-08
Date Collected: 05/18/17 11:20
Date Received: 05/20/17 11:50

Lab Sample ID: xxxxx-19
Matrix: Solid
Percent Solids: 15.8

[_Method: 537 (modified) - Fluorinated Alkyl Substances

Analyte Result Qualifier RL MDL  Unit D _Prepared  _Analyzed  Dil Fac
m Perfluorobutanoic acid (PFBA) ND 13 041 ugKg ¥ 05/23/17 13:25 05/31/17 03:04 :
3 0.83 ug/Kg % 05/2317 13:25 05/31/17 03:04 1
% 0502317 13:25 05/31/17 03:04 1
> 3 0.45 ug/Kg
0, L » - ~ 1
Isotope Dilution %Recovery Qualifier Limits o osuwxg = osznrisas ossurosos
™ 7 3 065 ugiKg o 05/23/17 13:25 05/31/17 03:04 b
13C8 FOSA 9 * : 25 150 3 053 ug/Kg % 052317 13:25 05/31/17 03:04 ;
: - 3 036 ug/Kg % 0523117 13:25 05/31/17 03:04 ;
3 068 ug/Kg o 05/23/17 13:25 05/31/17 03:04
. 13C4 PFBA 27 25_150
el E 0.77 K 1 :25 §
3 ug/Kg % 05/23/17 13:25 05/31/17 03:04
1 3C2 3 0.59 ug/Kg o 05/23/17 13:25 05/31/17 03:04 1
PF HXA 49 25 150 ¢ 037 ugiKg 5 0523117 13:25 05/3117 03:04 1
- > 3 066 ug/Kg % 052317 13:25 05/31/17 03:04 1
1 3C4 PFO A 4 8 3 0.75 ug/Kg ¥ 05/23/17 13:25 05/31/17 03:04 1
25' 156 3 0.75 ug/Kg o 05/23/17 13:25 05/31/17 03:04 1
(PFHPpS)
u Perfluorodecanesulfonic acid (PFDS) ND 13 0.46 ug/Kg o 05123117 13:25 05/31/17 03:04 i1
Perfluorooctane Sulfonamide (FOSA) ND 13 0.51 ug/Kg T 05/23/17 13:25 05/31/17 03:04 1
Dilution ' %Recovery Qualifier Limits Prepared Analyzed  Dil Fac
- | H 5 FOSA 9 ° "T25.150 05/23/17 13:25 05431/17 03:04 1
Isotope Dilution recoveries g > i -
2 PFHYA 49 25.150 05/23/17 13:25 05/31/17 03:04 1
13C4 PFOA 48 25-150 05/23/17 13:25 05/31/17 03:04 1
13C5 PFNA 43 25.150 05/23/17 13:25 05/31/17 03:04 1
13C2 PFDA 63" 25.150 05/23/17 13:25 05/31/17 03:04 1
13C2 PFURA 64 25.150 05/23/17 13:25 05/31/17 03:04 1
13C2 PFDoA 57 25.150 05/23/17 13:25 05/31/17 03:04 1
1802 PFHXS Y 65 25150 05/23/17 13:25 05/31/17 03:04 1
13C4 PFOS 49 25150 05/23/17 13:25 05/31/17 03:04 1
13C4-PFHpA 47 25.150 05/23/17 13:25 05/31/17 03:04 1
13C5 PFPeA 41 25150 05/23/17 13:25 05/31/17 03:04 1
Method: 537 (modified) - Fluorinated Alkyl Substances - DL
Analyte . Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
Perfluorooctanesulfonic acid 930 13 8.0 uglKg % 05/23(17 13:25 05/31/17 13:37 10
(PFOS) ‘
. Isotope Dilution ' %Recovery Qualifier Limits Prepared Analyzed Dil Fac
trcsolutions.com | 13C4 PFOS 76 25-150 052317 1325 OSBIATIZZT 10




PFAS Data Usability

QTRC

Results you can rely on

Main impacts of differences and QC non-conformances on data usability

- Sample preparation/extraction

« Number of PFAS reported

- Acid or anion form reported

- Isotope dilution vs IS quantitation

- Isotope recoveries

« Blanks

« Linear and branched isomers

trcsolutions.com
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Results you can rely on

PFAS Data Usability @TRC

Main impacts of differences and QC non-conformances on data usability

Isotope Dilution Summary

° Client: xxx Job ID: xxxx
Project/Site: xxxxxx

. Method: 537 (modified) - Fluorinated Alkyl Substances
Matrix: Solid Pre
Percent Isotope Dilution Recovery (Acceptance Li

b 3C8 FOS! 3C4 PFB!/ 3C2 PFHx 3C4 PFO/ 3C5PFN/ 3C2PFD/
Lab Sample ID Client Sample ID (25-150) (25-150) (25-150) (25-150) (25-150) (25-150)
lab-12 sample-01 26 46 72 68 72 75

° lab-13 sample-02 16* 28 59 60 71 80
lab-14 sample-03 30 35 62 63 70 69
lab-15 sample-04 23+ 28 52 59 65 73

. . . lab-16 sample-05 35 27 57 59 66 73

- |sotope Dilution recoveries lab-17 S 16 2 28 o a7 51 54
lab-18 sample-07 38 34 60 63 67 69
lab-19 sample-08 g* 27 49 48 43 63

[ )
lab-20 sample-09 29 31 61 58 63 7

o lab-21 sample-10 41 57 77 80 81 92
lab-22 sample-11 31 35 55 57 62 65
lab-22 MS sample-11 28 37 58 55 60 64
lab-22 MSD sample-11 29 33 54 53 57 59
LCS Lab Control Sample 40 89 84 99 103 101
MB Method Blank 37 85 82 96 105 102

trcsolutions.com -



Results you can rely on

PFAS Data Usability ©TRC

Main impacts of differences and QC non-conformances on data usability

Method: 537 (modified) - Fluorinated Alkyl Substances (Continued)

Lab Sample ID: MB 320-165772/1-A Client Sample ID: Method Blank
° Matrix: Solid Prep Type: Total/NA
Analysis Batch: 166742 Prep Batch: 165772
MB MB
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
Perfluoropentanoic acid (PFPeA) ND 0.20 0.13 ugKg ~ 0523117 1325 05/3117 01:27 1
° Perfluorohexanoic acid (PFHxA) ND 020 0071 ugKg 05/23/17 13:25 05/31/17 01:27 1
Perfluoroheptanoic acid (PFHpA) ND 020 0088 ugKg 05/2317 13:25 0531117 01:27 1
Perfluorooctancic acid (PFOA) ND 020 0.10 ugKg 05/23/17 13:25 053117 01:27 1
Perfluorononanoic acid (PFNA) ND 020 0083 ugKg 05/23117 13:25 05/31/17 01:27 1
L Perfluorodecanoic acid (PFDA) ND 020 0.057 ugKg 05/2317 13:25 05/31/17 01:27 1
Perfluoroundecanoic acid (PFUnA) ND 020 0.11 ugKg 05/23117 13:25 05/3117 01:27 1
Perfluorododecanoic acid (PFDoA) ND 020 0.12 ugKg 05/2317 13:25 05/31/17 01:27 1
Perfluorotndecanoic Acid (PFTrA) ND 0.20 0082 ugKg 05/23/17 13:25 053117 01:27 1
° Perfluorotetradecanoic acid (PFTeA) 0.0503 J 020 0.058 ugKg 05/23/17 13:25 053117 01:27 1
Perfluorobutanesulfonic acid (PFBS) ND 020 0.10 ugKg 05/23117 13:25 05/31/17 01:27 1
Perfluorohexanesulfonic acid (PFHxS) ND 020 0.12 ugKg 05/2317 13:25 05/31117 01:27 1
Perfluoroheptanesulfonic Acid ND 020 0.12 ugKg 05/2317 13:25 05/31/17 01:27 1
PFHpS
° E’erﬁufotgoctanesuh‘onic acid (PFOS) ND 0.20 0.13 ugKg 05/23/17 13:25 053117 01:27 1
Perfluorodecanesulfonic acid (PFDS) ND 0.20 0.072 ugKg 05/23/117 13:25 0573117 01:27 1
Perfluorooctane Sulfonamide (FOSA) ND 0.20 0.080 ugKg 05/23/17 13:25 053117 01:27 1
MB MB
° B | an kS Isotope Dilution %Recovery Qualifier Limits Prepared Analyzed  Dil Fac
13C8FOSA 37 25-150 05/23/17 13:25 05/31/17 01:27 1
13C4 PFBA 85 25-150 05/23/17 13:25 05/31/17 01:27 1
13C2 PFHxA 82 25_150 05/23/17 13:25 05/31/17 01:27 1
° 13C4 PFOA 96 25.150 05/23/7 13:25 05/31/17 01:27 1
13C5 PFNA 105 25-150 05/23/17 13:25 05/31/17 01:27 1
13C2 PFDA 102 25-150 05/23/17 13:25 05/31/17 01:27 1
13C2 PFUnA 98 25-150 05/23/17 13:25 05/31/17 01:27 1
13C2 PFDoA 91 25_150 05/23/17 13:25 05/31/17 01:27 1
1802 PFHxS 81 25-150 05/23/17 13:25 05/31/17 01:27 1
13C4 PFOS 84 25-150 05/23/17 13:25 05/31/17 01:27 1
13C4-PFHpA 93 25-150 05/23/17 13:25 05/31/17 01:27 1
13C5 PFPeA 87 25.150 05/23/17 13:25 05/31/17 01:27 1

trcsolutions.com -



PFAS Data Usability

QTRC

Results you can rely on

Main impacts of differences and QC non-conformances on data usability

« Linear and Branched isomers

trcsolutions.com

R FFR ,FFR ,FF_F

F .

F FF FF FF F

PFOS linear isomer

F FF FF FF F

PFOS branched isomer
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Branched and Linear Isomers: Lab Quantitation

Correct Integration Of PFOS

COTRC

Results you can rely on

Incorrect Integration Of PFOS

trcsolutions.com

[-Exp1 'mfz 499.00 > 80.00:Moving5_PtAverage_x3

— 4 058

Area: 15297431
Amount: 72.673157
Amount Units: ng/ml

Exp1:m/z 499.00 > 80.00:Moving5PtAverage_x3

30
oH 2
-+

247

§21—
Area: 12650671

X18 Amount: 60.099255
>-15_ Amount Units: ng/ml

¥
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QTRC

S u m m a ry - Ta ke AWayS Results you can rely on

No standard PFAS Analytical Method for non-DW matrix

SOPs are inconsistent across laboratories and proprietary

Preferred method of quantitation is Isotope Dilution

Large variations between laboratory reported PFAS results

trcsolutions.com -



QTRC

Results you can rely on

Questions?

Th dl K yO U Lisa Krowitz

P: (978) 656-3544 | E: LKrowitz@trcsolutions.com
www.trcsolutions.com






