SANITATION DISTRICTS OF LOS ANGELES COUNTY

Evaluation of QUEChERS Clean-up
Sorbents for the Analysis of
PFAS in Tissues and Biosolids

Syljohn Estil & Arnold Tesoro

- LACSD Chemistry Research Group

g NEMC August, 2019 ’a .‘




A %
e Outline

e |ntroduction
% e PFAS Methods — solid matrices
o QUECKhERS for PFAS

=

e Method Performance

e Conclusion



LlBgED, =

A Never-Ending Story of Per- and Polyfluoroalkyl Substances
(PFASs)?
Zhanyun Wang,’ Jamie C. DeWitt," Christopher P. Higgins,® and Tan T. Cousins*/®

perfluoroalkyl acids -

(PFAAS)

> Over 3000
PFASs may
have been
on the global
market

Sub-classes of PFASs Examples of Number of peer-reviewed
Individual compounds* articles since zo002**
—©o PFBA{n=g)— 928
— PFPes (nw=g) 598
— O PFHxA (N=6) 1081
——o PFHpA (n=7) 1186
——0 PFOA (n=8) L0646
PFCAso o PFNA En-gj 1494
—o PFDA (n=10) 1407
{Cn len -1 —COOH) —0 PFUNA (n=11) 1069
/ < PFDoA (n=12) 10146
——c PFTrA (n=13) H28
—o PFTeA (n=14) 587
o PFBS(n=g)——————— 654
- © PFHxS (n=6) 1081
" FPFSA;; _H_)L- PFOS (n=8) 3507
- PFDS (n=10) 340
: n 41 3
4 Pm{ﬂ:'ﬂ ) 3
. PFHxPA (n=6 33
W, PFPASO——= PFOPA (n=8) 31
[Cﬁffzn”—Post} PFDPA (n=10) 35
- C4/C4 PFPIA (n,m=4) 4
. - O CBICE PFPIA [n,m=6) 12
PRPiAsc —  eiCE PrRiA (nm8) 12
(ChFony—POH—C Fon) o CE/C8 PFRIA [n=6,m=8) 8
S _———© ADOMA [CF,—O—C,Fg—O—CHFCF,—COOH) 4
— - O GenX (C,F,—CFCF1—COO0H) 24
PFECAs & PFE — © EEA (C,F,—O—C,F,—O—CF,—CODH) &
(CrFani—O—CF, R) © F-53B (CI-C4F,,—O—C,F,—SO,H)- 14
© MeFBSA (n=4.R=N(CH,)H)- 25
——C MeFOSA (n=8R=N(CH HJ 134
——© EtFBSA [n=4.R=N[{C,H 7
PASF-based o EtFOSA (n=8.R=N(C, H’ o
. © MeFBSE (n=4.R=N({CH H OH) e
substg_unesH © MeFOSE (n=8 R NtCHilE HLOH) 116
(CrFane—SO,—R) — o EtFBSE {n-q_R-N[’C;':';&xH4OH} “
’ ——© EtFOSE (n=BR=N{C,H)C,H,OH) 146
——O SAmPAP |[|:8F SO,NI{CH)C H, 0], —FOH} 8
o 1wowos of othe
0 g2 FTOH fn-.q,R-OH}I 106
—— 6:2 FTOH (n=6R=0H}) 375
fluorotelomer-based ——0 8:2 FTOH (n=8.R=0H) 412
————0 10:2 FTOH {n=10,R=0H) 165
substanceso 5 12:2 FTOH (n=12,R=0H) 42
nFans—CaH,—R) T 0 6:2 diPAP [[CgF,,C,H,0),—PO,H] 23
0 8:2 diPAP [(CeF ,C,H,0),—PO,H] 25

e fluoropolymers<
otherso

© 100s of o

— —o polytetrafluoroethylene (PTFE)
— o polyvinylidene fluoride (PVDF)

— o fluorinated ethylene propylene (FEP)

o perfluoroalkoxyl polymer (PFA)

o perfluoropolyethers (PFPEs)
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“e Why are we interested?

e ubiquitous; recalcitrant

e documented and potential health and
- environmental effects

e not removed by conventional WW
J treatment
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%<  Why are we interested?

e Potential regulation in CA
- 70 ppt health advisory & 13/14 ppt NLs

.o CA State Water Board Phased PFAS
Investigation — LF, WRPs, biosolids

g e LACSD fish monitoring programs
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Solid Matrix PFAS Methods

ASTM EPA-821-R-
- D7968 11-007 537Ms / DoD

Matrix soils sludge, soil, sediments,
biosolids biosolids, tissues, etc.
RL (ng/q) 0.025-0.75 0.25-10 var
digestion,
prep method =ILE (i) incubation, SLE var

centrifuge, filter (shake), SPE

clean-up filtration SPE WAX + filtration var
SLE = Solid-Liquid Extraction

SPE = Solid Phase Extraction
WAX = Weak Anion Exchange
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%< LACSD Solids PFAS Method

e validated for marine and river sediments
for 17 PFAS compounds and 30+ CECs

e RL @ 0.25 ng/g based on 2 g sample

: e being developed for PFAS/other CECs in
p tissues and biosolids; not yet validated

q '@ QUEChERS method
Wg_ =
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e QUEChERS

e Quick, Easy, Cheap, Effective, Rugged,
and Safe

e developed for pesticide residue analysis in
" food

g J e solid-liquid micro-extraction followed by
‘ dispersive SPE (dSPE) clean up

?‘_ﬁs ; 8
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oo Sample Preparation
g N 7 * spike with
l, internal and QC
a o l, standards; mix
Air-dry (3-5 days) .
| 2 \;{H - * allow samples
— A : g;_*f_J to equilibrate
_ - v = overnight
2 gand l l,
(MB & LCS) * freeze-dried
_‘ samples
recommended

E 2 g biosolids 4 g fish tissue 9



1. Add 10 mL H20
and 10 mL ACN

4. Centrifuge at 3500
rpm for 15 min

2. Add extraction salts
(Phe rOQ QUEChERS
AOAC 2007.01 salts)

3. Vortex for 1 minute
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Sample Cleanup

dSPE Cartridge

Transfer extract into a dSPE tube
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Clean-up Sorbents
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Phe PSA/C18

- Phe Strata-X

Oasis HLB

Sigma zSEP+

@pLaldecn .
Phe GCB

UCT LipiFiltr

Phe Phree
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Column: Phenomenex Gemini C18 — 100 mm x 2.0 mm, 3 pm
f“ Delay Column: Oasis WAX -30 mm x 3.1, 3 um

Detector: SCIEX 5500 QTRAP in sSMRM mode

E Quantitation: Isotope Dilution / IS
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Method Performance Criteria

Clean up Method

PFAS Compounds

LCS 70-130%

Spikes 70-130%

IS 50-150%
RSD 20%
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% Recovery — LCS (Sand)

PFPeA
PFHxA
PFHpA
PFOA
PFNA
PFDA
PFUdA
PFDoA
PFTrA
PFTeDA

PFBS
PFPeS
PFHxS
PFHpS
PFOS
PFNS
PFDS

No Phe [Supelco|Agilent| Phe Phe Waters uct he Phe
cleanup [PSA/C18| zSEP+ | EMR | Strata X | Phree HLB LipiFiltr GCB LipoNo
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X % Spike Recovery — Fish (n=3)

PFPeA
PFHxA
PFHpA
PFOA
PFNA
PFDA
PFUdA
PFDoA
PFTrA
PFTeDA

PFBS
PFPeS
PFHxS
PFHpS
PFOS
PFNS
PFDS

No Phe Supelco | Agilent Phe Phe Waters UCT Phe Phe
cleanup | PSA/C18 zSEP+ EMR Strata X| Phree HLB LipiFiltr GCB LipoNo
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% RSD - Fish (n=3)

PFPeA

PFHxA

PFHpA

PFOA

PFNA

PFDA

PFUdA

PFDoA

PFTrA

PFTeDA

PFBS

PFPeS

PFHxXS

PFHpS

PFOS

PFNS

PFDS

No Phe Supelco | Agilent he Phe | Waters Phe Phe
cleanup | PSA/C18 2SEP+ EMR StrataX Phree HLB L|p|F|Itr GCB LipoNo
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X IS% Recovery — Sand (n=2)

PFPeA-IS
PFHXA-IS
PFHpA-IS

PFOA-IS
PFNA-IS
PFDA-IS

PFUdA-IS
PFDoa-IS

PFTeDA-IS

PFBS-IS
PFHXS-IS
PFOS-IS

no
cleanup

Phe
PSA/C18

Supelco
2SEP+

Agilent
EMR

Phe
Strata-X

Phe Phree

Waters
HLB

UCT
LipiFiltr

Phe
GCB

Phe
LipoNo




x 1S% Recovery — Fish (n=4)

no Phe Supelco | Agilent Phe Phe Waters UCT Phe Phe
cleanup | PSA/C18 | zSEP+ EMR | Strata-X| Phree HLB LipiFiltr GCB | LipoNo

PFPeA-IS

PrHcAi
PrHpALS

PFOA-IS
PFNA-IS
PFDA-IS
PFUdA-IS
PFDoa-IS
PFTeDA-IS
PFBS-IS

PFHXS-IS
PFOS-IS




X 1S% Recovery — Biosolids (n=3)

no Phe Supelco | Agilent Phe Phe |Waters| UCT Phe Phe Diluted - no
cleanup | PSA/C18 | zSEP+ EMR | Strata-X| Phree HLB | LipiFiltr | GCB | LipoNo [cleanup (n=1)
PFPeA-IS 60 19 81 12 59 57 53 44 64 77 101
PFHxXA-IS 86 21 86 13 61 61 51 51 69 83 107
PFHpA-IS | 87 25 95 21 66 69 81 58 72 89 116
PFOA-IS 81 21 87 82 37 66 70 70 67 83 106
PFNA-IS 38 27 94 108 73 34 77% 83 73 82 124
PFDA-IS 44 29 106 116 67 58 66 82 74 94 125
PFUdA-IS 48 24 53 67% 44 26 24 89 49 53 81
PFDoa-IS 29 19 81 43 18 13 11 92 34 31 54
PFTeDA-IS 21 19 12 19 15 9 4 84 15 22 25
PFBS-IS 117% 72% 130 124 91 124 288 111 91 116 128
PFHxS-IS 128% 81% 129 111 87 112 133 126 98 146 136
PFOS-IS 26 81% 141 176 44 0 214 134 88 94 121
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%< Method Development — Phase 2

e add more PFAS compounds (CA list +)

e focus on clean up w/ decent performance
0 zSEP+, LipoNo
o0 GCB (?)
o drop filter format — solvent waste

e optimize compounds; validate

— = 22



Conclusions

method for PFAS analysis (economical &
less solvent waste)

ASTM EPA-821-R- LACSD
D7968 11-007 QuEChERS

solvent/sample 10 mL 15 mL

Estimated Prep Time

e Excellent recoveries and precision
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“e Conclusions

e do not rely on isotope-dilution to
compensate for a bad method

e be wary of data showing excellent
| recoveries for everything

-,

-
%, |
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MISC. SLIDES
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VI PFOA ng/1)

No cleanup
Phe PSA/C18
Supelco zSEP+
Agilent EMR
Phe Strata-X
Phe Phree
Phe GCB
Waters HLB
UCT Lipifiltr
Phe LipoNo

3.74
4.43
5.32
9.91
6.45
6.46
0
9.91
51.9
4.16

* AllMBPFOA<1/5

RL except Lipifiltr

All other PFAS
MB = ND
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[ B XIC of -MRM (49 pairs): 462.900/419.000 amu Expected RT: 9.4 ID: PFNA.1 from Sample 34 (Salmon MS3 - zSEP) of Data061818 - PF... Max. 2.2e5 cps|

4.0e5
3.8e5+
3.6e5+
3.4e5+
3.2e5+
3.0e5+
2.8e5+
2.6e5
2465/ “
2.2e5+

2.0e5+

Intensity, cps

1.8e5-

1.6e5-

1.4e5 |
1.2654 |
1.0e5 | I

8.0e4 I \

6.0e4 1 | \

\
\
4.0e4 |
2.0e4y | L Lﬁ [/A\
50 85 9.0

5.0 55 6.0 6.5 7.0 75

Time, min




Intensity, cps
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