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Method Development for Analysis of Short-and Long-chain Perfluorocarboxylates in

Sewage
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(State Key Laboratory of Pollution Control and Resources Reuse, College of Environmental Science and Engineering, Tongji University,
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Abstract: A method using weak anion exchange cartridge for solid phase extraction before high performance liquid chromatography-negative
electronspray ionization-tandem mass spectrometry [ WAX-SPE + HPLC-ESI(-)-MS/MS] detection has been developed to measure C2-Cl14
perfluorocarboxylates (PFCAs) in sewages. When the weak anion exchange (WAX) cartridges were used for solid phase extraction (SPE), the
better recoveries of short- and long-chain PFCAs (C2-C14) were achieved as the sewage samples were acidified to pH = 3.0 by formic acid,
2% formic acid was used for washing solvent and 1% ammonium hydroxide in methanol was used for elution solvent. The WAX cartridges used
for SPE overcame the disadvantages of reverse phase solid phase extraction cartridges, i.e. the recoveries of short-chain PFCAs (C2-C5) were
very low. The validity of this method was demonstrated by determination of short- and long-chain PFCAs (C2-C14) in influent of municipal
wastewater treatment plant A and B in Shanghai, China. The results indicate that the recoveries of all PFCAs in influent of plant A and B are
56%-121% and 54%-120%  respectively; the recovery relative standard deviations (RSD) of plant A and B are < 11% and < 14%,
respectively; and the method detection limits ( MDL) and method quantitation limits ( MQL) are 0.2-1.0 ng/L. and 1.0-5.0 ng/L,
respectively. In addition, the perfluorooctanoate (743 ng/L and 837 ng/L, respectively) and trifluoroacetic acid (139 ng/L and 489 ng/L,
respectively) are the most and the second most PFCAs found in both plant A and B.

Key words: perfluorocarboxylates ( PFCAs );  weak anion exchange cartridge: solid phase extraction ( SPE); high performance liquid
chromatography-tandem mass spectrometry; sewages
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Table 1 ~ Parent ions, product ions, collision energys and method detection limits (MDL) and quantitation limits (MQL) of PFCAs
oty SR 45wk gy opay  CORRRE O MDL o MOL
leV /ng*L /ng*L
=R OB Trifluoroacetic acid PFAA 2 113.1 69.1 12 1.00 5.00
F RN R Pentafluoropropionic acid PFPrA C3 162.7 119.0 12 1.00 5.00
£ N Perfluorobutyric acid PFBA C4 213.0  169.1 12 0.20 1.00
X s Perfluoropentanoic acid PFPeA cs 262.8  218.8 13 1.00 5.00
AW OR Perfluorohexanoic acid PFHxA C6 312.8  269.0 11 0.20 1.00
AR Perfluoroheptanoic acid PFHpA c7 363.0  318.9 13 0.20 1.00
IR Perfluorooctanoic acid PFOA C8 412.8  368.9 14 0.20 1.00
TR Perfluorononanoic acid PFNA 9 462.8  418.9 12 0.20 1.00
ISR Perfluorodecanoic acid PFDA C10 512.9  469.0 13 0.20 1.00
A kR Perfluoroundecanoic acid PFUnA Cl1 562.9  519.0 13 0.20 1.00
AT TR Perfluorododecanoic acid PFDoA CI12 612.8  569.1 13 0.20 1.00
AR DUk Perfluorotetradecanoic acid PFTA Cl4 713.1 668.8 15 0.50 1.5
SRR Perfluoro-n-[ 1,2, 3, 4-* C4 Joctanoic acid MPFOA c8 416.8 371.9 13 — —
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A6 BEE I ISR A 2 mIL FEEAT 2 mlL 0.1% NH,OH/
CH, OH, #Fl' PFCAs [ 218 2 Frow .

WP 2 v g, ERESE RS, A 29 FIR 1AL
WAX A 2AL T H NaAc/HAc . H 29 F 1AL
i, Bk T PFPrA LAAMN(56% ), HiAh PFCAs [F1[0]e% 1y
> 60% » I H1-E LA I PRCAs IR > 80% 5 (H 2
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PFHxA. PFHpA~ PFOA 1 PENA 19 5] e 3R 43 51 A
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Fig.2  Recoveries of PFCAs using different cleaning solvents
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NaAc/HAc 144 I [RDSE 22 BTG 1) Jist DRI AN W 4, 7] g
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Fig.3  Recoveries of PFCAs under different concentrations of ammonium hydroxide in methanol
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WA, IXF Taniyasu LI R — B H
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FTWAX AT (1) 1F F A, AT A5 B0 2 A B 1AL
I B IR 2L PRCAs AN BE B 5E 4 VEE, 7 AR 1)
Ml T PRUEBE N NH,OH/CH,OH W & A &
8 (1) S AR B T 2% SR AT VT 73 AT I YBORH 4 335 A 11
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R
2.4 R SE bR KRR

R YRS IR TV (RS B R R AT AT I, R b i T T
UG KA EL T A R B IR HE A BEAT A I 20 BT . R 4R

HY5KALER) ™ A A B /K BE R RO P 2 =R )5
TE12 000 t/min P #53E R &0 15 min, FH F R IH Y
pHIE 2 3.0 A4 M. 73 5l Al 4 mL 1% NH,OH/
CH,OH-4 mL A 4 mL 1% R /KW Waters
A EEFE Oasis® WAX #E(60 mgs 3 mL, 30 pm)HE
1Tk, SR G AR, EARE RSN 250 mL. b A 58 L
Jii s F 4 mL 2% TRV AL JE R WAX AR LA
T e, A 2 mL FEEFRT 2 mL 1% NH,OH/
CH, OH Y&, I HEATHUTL o3 AT, W5 7K Hh 4Bl PRCAs
1 gtk P L1 4 TR T YR TR R R R
PP, S AFASFE SR T AL 5 UK, LAIRTSAH X b of: f 2
(relative standard deviation, RSD). A~ [A] ZK £ it £ Fi
PFCAs & A AR W2 2.

I 2 T A0, 8 R 3 KRR pHL B A I 1

%2 LiBWHEISKAIE AT BRHK D & PFCAs & E . BWR KR EBMIRERERSD) (n=5)

Table 2 Concentrations, recoveries and their relative standard deviations (RSD) of PFCAs in influent of

municipal wastewater treatment plants A and B in Shanghai> China

PRCAC KEFES A 4P B
WS /nge 1! % /9% RSD /% WS /nge 17! [T % RSD /%

PFAA 139 + 14V 80+7 9 489 +22 76+ 8 11
PFPrA 115+9 69+5 8 97.5+8.4 56+ 4 7
PFBA 17.8+0.6 74+5 7 25.0£2.4 656 9
PFPeA 65.2+2.4 103+7 7 192+ 12 120+ 17 14
PFHxA 21.8+1.7 113+ 10 9 6.49+0.27 87+2 2
PFHpA 3.25+0.28 116 + 11 10 10.120.1 11229 8
PFOA 74323 116+ 12 11 837 £26 116 +5 4
PFNA 4.06+0.33 121+5 4 3.35+0.21 11+4 4
PFDA 3.33£0.17 83+2 2 2.95+0.16 69+2 3
PFUnA 2.36+0.21 3+6 8 <LOQYY T71+2 3
PFDoA 4.84+0.14 66+6 9 NDY 68 +7 10
PFTA 5.42+0.27 56+ 4 8 ND 54+4 7

P = bR 225 203 BT 75 WA B E BB 2 1] 3)ND o Ak

TR ) S e I P PP I v 2 S A P AR R 2 2D R,
KT 95 9 5 5~ A2 e A [ A AL + i OB 11 -1
HALIGE 55 - £ TR BT IR V25 ( weak anion exchange-solid phase
extraction + high performance liquid chromatography-
negative electrospray tandem mass spectrometry, WAX-
SPE + LC-ESIC-)-MS/MS) 73 Mri5 /K AL B A Rl B
e PRCAs 1, ml LURE [R5y 531 ¥ i HE 56% ~
121% M1 54% ~ 120% HIETE Y, RSD 233 /b 11%
M 149% , IX 3% WY R 3% 05 3 K i g 7K ob e K i
PFCAs(C2 ~ C14) 2 58 4 AT (1. BLAh, 275 7K Ak 2

J AR B W, SR A PRCAs ¥4 PFOACH 71 4

743 ng/LA1 837 ng/L), H 1k A PFAACST 74 139 ng/L
H1 489 ng/1), WK 2.

3 it

K WAX AT AT 6] AH 2 T, A8 A AR O Ty
TKFE pH = 3.0 J5 , 45 1 A0 5 5510 R0 5 I35 5770 43 ) 3%
H 29 % WA 19% NH, OH/CH, OH, W) AJ LLAg 5
KK BE PRCAsCC2 ~ C14)38 HLAT 8 i 1 IR
M 5e R T S AR [ AH A5 HUR: X 46 8 PFCAsCC2 ~ C5)
DR PR 55 a6 Lt Tl Ty By K Ab B ) A F0 B 31E
IK )53 #r 45 2 B, FI . WAX-SPE + HPLC-ESI(-)-
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Fig.4 Typical chromatogram for various PFCAs in sewage

MS/MS VA7 7K FE K 4 PFCAs(C2 ~ C14) & 58
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