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EPA published a draft method 1633 that
Introduces the need for storing agueous,
solids, biosolids and tissue samples at
freezing temperature < - 20°C until sample
preparation for maintaining and/or extending
sample holding times. There has been
some push-back and guestioning as to the
need for such a requirement for compounds

considered “forever chemicals”.
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The objective of this study was to
understand the effects of storage
temperature on the stabllity of 70 per- and
polyfluorinated alkyl substances (PFAS) in
two different kinds of water.
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70 PFAS STUDIED - 11 groups

Perfluoroalkyl acids (PFAAS)

Short-chain Short-chain perfluoro
perfluorocarboxylic sulfonates (PFSAS)
acids (PFCASs) PFBS, PFPeS

PFPrA, PFBA, PFPeA,
PFHxXA, PFHpA

Long-chain PFCAs Long-chain (PFSAS)
PFOA, PFNA, PFDA,PFDoA PFHXS, PFHpS, PFOS
PFTeDA, PFTrDA, PFuUDA, PENS, PFEDS, PFDoS

PFHxDA, PFODA
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70 PFAS STUDIED - 11 groups

Precursors
Fluorotelomer sulfonic Fluorotelomer carboxylic Fluorotelomer unsaturated
acids (FTSs) acids (FTCASs) carboxylic acids (FTUCAS)
4:2 FTS 8:2 FTS 3:3FTCA 7:3 FTCA 6:2 FTUCA
6:2 FTS 10:2 FTS 5:3 FTCA 8:2 FTCA 8:2 FTUCA
6:2 FTCA 10:2 FTCA 10:2 FTUCA
Perfluoro sulfonamidoacetic acid Perfluoro sulfonamide
(FOSAAS) (FOSAS)
N-MeFOSAA, N-EtFOSAA FOSA, N-MeFOSA, N-EtFOSA

Perfluoro sulfonamidoethanol (FOSAES)
2-(N-ethylperfluoro-1-octanesulfonamido) ethanol
2-(N-methylperfluoro-1-octanesulfonamido) ethanol
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70 PFAS STUDIED - 11 groups

Other polyfluoroacids

DONA PFECA A PFO,DA

EVE Acid PFECA B PFO,DA

Hydro-EVE Acid PFECA F PES

Hydrolyzed PSDA PFECA G PFPrS

Hydro-PS Acid PFECHS PMPA

MTP PFMOAA PPF Acid

NVHOS PFO,HxA PS Acid

R-EVE R-PSDA R-PSDCA

TAF Perfluoro(2-propoxypropanoic) acid
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EXPERIMENTAL DESIGN

Samples Extraction schedule
1. Effluent wastewater 0,1,3, 8,15, 21 and 35" day
2. Lab spiked water Extraction volume — 250 mL in duplicate

Solid phase extraction (SPE)

Storage conditions
1. Room temp (20°C)
2. Refrigerator temperature (1 to 6°C)
3. Freezing temperature (- 20°C)
4. Room temperature, pH 3

Analytical
LC-MS/MS — Sciex 5500 Triple Quad
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Recoveries of Mass Labeled PFAS dur

Refrigerator Temperature (4°C}

Spiked Lab Water — 25 ng/mL
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Recoveries of Mass Labeled PFAS during Storage =™

Room Temperature

13C4 PFBA
13C5 PFPeA
13C5 PFHxA

3C3 PFBS

1

1

13C2-PFDODA |+ [I-»
13C2 PFTeDA | +HI— !
. |

1

13C3 PFHxS

13C8 PFOS
13C-6:2 FTCA

13C-8:2 FTCA | +
13C-10:2 FTCA |» R
13C-6:2 FTUCA
13C-8:2 FTUCA| +{Th

13C-10:2 FTUCA | 1

M2-4:2 FTS

M2-6:2 FTS
M2-8:2 FTS

d3-NMePFOSA 4«

d5-NEtFOSA#

d3-NMeFOSAA
d5-NEtFOSAA

13C3 HFPO-DA

Room Temperature, pH 3

PeA
HxA

13C5P
13C5 P

3C6 PFDA

FOS

13C8
13C-6:2

13C-6:2 FTUCA
13C-8:2 FTUCA| +[H—+
13C-10:2 FTUCA| [+

13C-8:2
13C-10:2

M2-4:2 FTS
M2-6:2 FTS
M2-8:2 FTS

13C8 FOSA | Il
d3-NMePFOSA 1+
d5-NEtFOSA

d3-NMeFO:

AA

d5-NEtFO
d7-N-MeFOSE-

d9-N-EtFOSE-

13C3 HFPO
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Spiked Effluent
25 ng/mlL

Perfluoroalkyl sulfonamides and
sulfonamido ethanol showed very low
recoveries of 4 and 22% on day 0.

No significant difference among
storage conditions

Dashed lines —recovery window (70 — 120%)

— Short-chain PFAAS
— Precursors
—Long-chain PFAAs /

/




Recoveries of Mass Labeled PFAS during Storage =™

Refrigerator Temperature

FTS

M2-6:

FO

d3-NM
d5-NEtFO

Copyright © 2022 Eurofins

13C2-PFDoDA

13C8

13C

1
1
13C-

d7-

Perfluoroalkyl sulfonamides and
sulfonamido ethanol showed very low
recoveries of 4 and 22% on day O.

No significant difference among
storage conditions

Dashed lines —recovery window (70 — 120%)

— Short-chain PFAAs
— Precursors
—Long-chain PFAAs




Recoveries in Laboratory Water - Refrigeration

Concentration (ng/mL)

Concentration (ng/mL)

Copyright © 2022 Eurofins

® 13C4 PFBA
13C4 PFHpA

13C5 PFPeA
13C3 PFBS

13C5 PFHxA

y=0.2253x+44.072
y=0.2749x+ 44.519

y =0.3424x+ 41.794

y = 0.0239x + 49.617

15 20 25 30
Time (day)

13C-6:2 FTCA
13C-6:2 FTUCA
M2-4:2 FTS

13C-8:2 FTCA 13C-10:2 FTCA
13C-8:2 FTUCA 13C-10:2 FTUCA
® M2-6:2 FTS ® M2-8:2 FTS

y =0.0677x+ 64.862
yi=:0:2287x+59:081 9

y =0.3596x + 39.343
y=0.3287x+38.253
y=0.2728x + 48.486

y=0.1513x+ 49.664
y=0.1119x+52.916

15 20 25 30 35
Time (day)

Concentration (ng/mL)

Concentration (ng/mL)

e 13C8 PFOA
13C2-PFDoDA

13CS PFNA 13C6 PFDA
13C2 PFTeDA @ 13C3 PFHxS

13C7 PFURA
® 13C8 PFOS

y =0.2394x +44.302
y =0.1561x +45.838

y=0.4679x+ 38.527
y=0.2405x +42.18

y=0.1756x + 44.518

15 20
Time (day)

® 13C8 FOSA
d3-NMeFOSAA
® d9-N-EtFOSE-M

d3-NMePFOSA
d5-NEtFOSAA
® 13C3 HFPO-DA

d5-NEtPFOSA
d7-N-MeFOSE-M

y =0.3648x+39.321
y =0.2518x+ 27.578
V20aassanaead
y=0.2621x+48.674

y=/0.3491x + 38.265
y =0.2418x + 40.551

y =0.0163x+47.485

15 20 25 30 35
Time (day)
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ependent
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rofiles and

regression lines
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/labelled PFAS
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Recoveries in Effluent Wastewater - Refrigeration

@ 13C4 PFBA 13C5 PFPeA 13C5 PFHxA

¢ 13C8 PFOA 13CS PFNA 13C6 PFDA 13C7 PFURA
13C4 PFHpA 13C3 PFBS

13C2-PFDoDA 13C2 PFTeDA @ 13C3 PFHxS ® 13C8 PFOS

=0. + .
y=0.1246x + 42,245 y=0.0718x+44.42

y =0.1079x+ 45.907 y=0.0079x +46.992

y=-0.0393x+43.773 4

y=0.2324x+40.194

y =-0.367x+ 29.435 Time

y=-0.2974x + 15.5

y=0.0038x+54.262 y=0.1755x+41.854 ependent

y=0.0185x+42.038

s o s L . concentration
rofiles and

Concentration (ng/mL)
Concentration (ng/mL)

Time (day) Time (day)

® 13C-6:2 FTCA 13C-8:2 FTCA 13C-10:2 FTCA

(] L]
13¢-6:2 FYCA 13C-8:2 FTUCA 13C-10:2 FTUCA ® 13C8 FOSA d3-NMePFOSA d5-NEtPFOSA r g reSSIO n II n es
o  M2-4:2 FTS o M2-6:2 FTS o M2-8:2 FTS

d3-NMeFOSAA d5-NEtFOSAA d7-N-MeFOSE-M

"“;ru:uo.0339><+ =7 ° ® d9-N-EtFOSE-M ® 13C3 HFPO-DA of m q SS

y=0.1638x+17.779
y=0.4231x+ 40.119

y = -0.0023x + 1.621 / Iqbe"ed PFAS

0315%+32°134° e y =10.0068x +1.3945 ¢

y=0:1464%+ 34.028

y.=0.0304x +24.639
y =0.48%6x+71.116

y=0.0091x+61.349
y=-0.034x+52.832

15 20 25 30 35 20 25 30 35
Time (day) Time (day)

Concentration (ng/mL)
Concentration (ng/mL)

Copyright © 20




Recoveries in Laboratory Water - Frozen Storage

® 13C4 PFBA

13C4 PFHpA 13C3 PFBS

Concentration (ng/mL)

15 20
Time (day)

13C5 PFPeA

13C5 PFHxXA

y =0.1248x + 45.977
y =0.1435x + 46.784

y=0.2436x+43.919

y =-0.0501x +52.494

® 13C-6:2 FTCA
®13C-6:2 FTUCA
® M2-4:2 FTS

13C-8:2 FTCA
13C-8:2 FTUCA
M2-6:2 FTS

13C-10:2 FTCA
13C-10:2 FTUCA
® M2-8:2 FTS

Concentration (ng/mL)

15 20
Time (day)

Copyright © 2022 Eurofins

y=-0.1351x+67.788
y=-0.0124x+61.768

y =0.1087x+41.775
y =0.2757x+38.281

y =0.0875x+ 54.369
y=-0.0956x+ 54.877

y=-0.0592x+56.28
25 30 35

Concentration (ng/mL)

Concentration (ng/mL)

® 13C8 PFOA
13C2-PFDoDA

13C9 PENA 13C6 PFDA 13C7 PFURA
13C2 PFTeDA @ 13C3 PFHxS e 13C8 PFOS

y=0.0993x + 46.18
y=0.1053x+ 46.665
y=0.0936x +47.9628

g T
s)ill:‘lliés&:”f,!filiuu: ::::H::::!:::::::::::::::::::l:::u:!::::::::::::::z:uzuu:unuun!lu
& 8 s
y =0.3479x + 39.664
y=0.6533x+32.476
y=0.1311x+44.671
y =0.1343x+45.457
15 20 25 30
Time (day)

® 13C8 FOSA
d3-NMeFOSAA
® dS-N-EtFOSE-M

d3-NMePFOSA
d5-NEtFOSAA
® 13C3 HFPO-DA

d5-NEtPFOSA
d7-N-MeFOSE-M

y =0.2839x+ 40.78

y =0.1263x + 30.359
y¥5.0.1158%x+ 301450
°

y = (:1955x+50:239
y =0.1609x + 39.832
y =0.1008x + 41.908
y =-0.0114x + 47.957

15 20 25 30 35
Time (day)
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Recoveries in Effluent Wastewater - Frozen Storage

Concentration (ng/mL)

® 13C4 PFBA
13C4 PFHpA

13C5 PFPeA
13C3 PFBS

13C5 PFHxA

y=0.391x+37.785
y=0.417x+40.927

y=0.4176x+47.056

15 20

Time (day)

13C-6:2 FTCA
13C-6:2 FTUCA
M2-4:2 FTS

L ]

13C-8:2 FTCA
13C-8:2 FTUCA
o M2-6:2 FTS

13C-10:2 FTCA
13C-10:2 FTUCA
@ M2-8:2 FTS ..ooveer

Concentration (ng/mL)

Copyright © 2022 Eurofins

15

.ye=0:3084% + 54.078 @
y=0.6777x+37.858

y.=.0.4694%+:29:87

¥.=.0.4982x+20:879
y =0.8044x + 62.055
y =0.4095x+ 53.416

y =0.2908x + 46.759

20 25 30 35

Time (day)

Concentration (ng/mL)

Concentration (ng/mL)

® 13C8 PFOA
13C2-PFDoDA

® 13C8 FOSA
d3-NMeFOSAA
@ d9-N-EtFOSE-M

13C9 PFNA
13C2 PFTeDA

15 20
Time (day)

d3-NMePFOSA
d5-NEtFOSAA
® 13C3 HFPO-DA

13C6 PFDA
® 13C3 PFHxS

13C7 PFUNA
e 13C8 PFOS
y =0.2999x + 40.044

y=0.3051x+42.032
y-=0.2964x+39.071 )

y'#0.086bx + 27.509
y-=-0.0725%+15:441

y=0.3611x+37.804

y=0.3528x+36.996

25 30 35

d5-NEtPFOSA
d7-N-MeFOSE-M
y =0.1684x + 16.94

y = 0.0815x + 4.2065
y =0.071x + 3.8608 &

y =0.2062x + 39.597
y =0.0171x+7.856
y =-0.009x + 7.679

I S R e L SR Y2884 43903
)

10

15 20
Time (day)

25 30
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Effect Of Storage Conditions On PFAS Stability
Spiked Lab Water

Regression coefficients (p-value)

Room Temperature 0.32 (0.53) 0.05 (0.95) 0.29 (0.64) -0.39 (0.62) 0.08 (0.74) -0.1 (0.62)

RT pH 3 0.14 (0.74) -0.67 (0.30) -0.31(0.30) -0.46 (0.14) -0.07 (0.7¢6) -0.22 (0.39)
Refrigerator Temp 0.37 (0.44) 0.78 (0.25) 1.01 (0.06) 0.10(0.77)  0.15(0.56)  0.15(0.60)
Freezer Temp 0.24 (0.62) -0.12(0.87) 0.19 (0.74)  -0.04 (0.89) 0.02 (0.93)  0.08 (0.75)

Room Temperature 0.00 (0.99) 0.42 (0.76) 0.09 (0.77) 0.28 (0.74) -0.05 (0.99)
RT pH 3 0.00 (0.99) -0.26 (0.84) -0.05 (0.88) -0.21 (0.84) -0.13 (0.97)
Refrigerator Temp -0.02 (0.98) 0.75 (0.60) 0.08 (0.78) 0.25 (0.76) 0.18 (0.94)
Freezer Temp -0.18 (0.80) 0.1 (0.94) 0.04 (0.88) 0.22 (0.79) -1.13 (0.75)

None of the PFAS group showed increasing or decreasing tre
statistically significant (p = 0.05)

Copyright © 2022 Eurofins




Effect Of Storage Conditions On PFAS Stability
Spiked Wastewater

Regression coefficients (p-value)

Room Temperature
RT pH 2-3
Refrigerator Temp

Freezer Temp

1.3 (0.03)
1.6 (0.02)
1.34 (0.02)
1.51 (0.01)

-1.9 (0.06)
-0.35 (0.7)
0.59 (0.36)
2.51 (0.01)

-1.87 (0.02)
0.9 (0.03)
1.08 (0.03)
1.6 (0.00)

0.98 (0.14)
-0.4 (0.05)
-0.5 (0.09)
-0.35 (0.6)

3.06 (0.00)
0.8 (0.02)

1.88 (0.00)
0.66 (0.00)

<% eurofins

-0.46 (0.21)
0.55 (0.04)
-0.02 (0.92)
1.31 (0.02)

Room Temperature
RT pH 2-3

Refrigerator Temp

1.91 (0.03)
2.58 (0.02)

4.11 (0.00)
4.79 (0.00)
2.17 (0.06) 4.34 (0.00)

Freezer Temp 1.99 (0.05) 4.60 (0.00
Statistically significant values are shown in bold

0.63 (0.01)
0.89 (0.01)
0.85 (0.02)
0.73 (0.02

0.93 (0.14)
1.67 (0.06)
1.17 (0.21)
1.57 (0.08)

13.3 (0.01)
18.6 (0.01)
16.07 (0.03)
7.72 (0.22)
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Mass balance and interconversion of PFAS

Spiked Wastewater

B FOSAs M FOSAEs ®FOSAAs = PFOA+PFNA W FOSAs WFOSAEs HFOSAAs [ PFOA+PENA

RT RT@pH3 Refrigerator Freezing RT RT@pH3 Refrigerator Freezing

Day O Day 35

Me
FFFFFFFQ\N
S >""OH
FF FF 0 F FF FF FF
MeFOSA FFFFF FF F MeFOSAA F FEFFRF O

MeFOSAE OH
FFF FF FF F

Copyright © 2022 Eurofins
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Conclusion

* None of the storage conditions (RT, RT@pH3, refrigeration and
frozen storage temperature) provided an appropriate
environment for maintaining the stability of all the PFAS In
effluent wastewater studied over 35 days.

 Laboratory grade water showed little to no difference between
the four storage conditions

« Room Temperature performed no worse (but also not better)
than the frozen storage conditions
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