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Abstract Perfluorinated compounds are emerging persistent organic pollutants. Wastewater

treatment plants are reported to be one of their primary sources. However a standard analyti-
cal method for sludge samples has not been set up. A novel and rapid analytical method based
on the liquid extraction followed by high performance liquid chromatography-tandem mass
spectrometry HPLC-MS/MS was set up for 7 perfluorocarboxylic acids PFCAs and their
precursors 6:2 and 8:2 unsaturated flourotelomer carboxylic acids FTUCAs and 2 perflu-
oroalkyl sulfonates PFASs and their precursors 5 derivates of sulfonamide in sludge. The
parameters of methanol extraction including pH sonication temperature and time and eluent
volume were optimized. The extraction method was optimized as neutral extraction under soni-
cation at 40 C for 10 min and it was successfully used for the analysis of perfluorinated com-
pounds in the sludge samples. The linear calibration curves were obtained in the ranges of 0. 1
-20 pg/L for PFCAs and 6:2/8:2 FTUCA and 0.25 - 50 pug/L for PFASs and their precusors
with linear correlation coefficients larger than 0.99. The recoveries of the target compounds
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ranged from 74% to 141%
0.6 to 30 png/kg dry weight .

except for FTUCAs

and the limits of quantification ranged from

The use of internal standards can well correct the ion suppres-

sion or enhancement induced by co-eluting components present in the sample extracts and

improve the quantitative accuracy.

Key words liquid extraction high performance liquid chromatography-tandem mass spectrom-

etry HPLC-MS/MS
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95:5 v/v 2.5 mmol/L )
0. 25 mL/min 20 pL
1 PFCAs 6:2 8:2 FTU- 2.1 HPLC-MS/MS
CA 0 ~4 min 20% A ~50% A 4 ~ 14 PFCs PFCAs  PFASs
min 50% A ~75% A 14 ~15 min 75% A 15 ~ 16
min 75% A ~20% A 16 ~25 min 20% A 2 Nucleodur C18 Gravity
PFBS PFOS FOSA N-MeFOSA N-
EtFOSA N-MeFOSAA N-EtFOSAA 0~0.8 pH 13
min 5% A ~60% A 0.8 ~12.5 min 60% A ~ 5 5 mmol/L
100% A 12.5 ~13.5 min 100% A 13.5 ~ 14.5 pH 16 25 min
min 100% A ~5% A 14.5 ~25 min 5% A
ESI~ PFCAs 6:2/8:2 FTU-
CA ~3000 V 200 C 13 [
PFBS PFOS - 55
4500 V 350 C ! 50 pe/ke
! 1~ 4
Table 1 Analysis parameters of mass spectrometry and
limits of quantification LOQ of perfluorinat- A /A
ed compounds
Ton Collision Cone LOQ* /
Analyte' . Q pH
monitored energy/eV voltage/V ng/kg
PFPeA 263 >218.7 7.0 -30 1.2
PFHxA 313 >268.7 7.5 -30 0.6 1 pH
PFHpA 363 >318.7 7.5 -30 0.6
PFOA 413 >368.7 7.5 -32 0.6 N-MeFOSAA
PFNA 463 >418.7 7.5 -32 0.6 0.8
PFDA 513 >468.7 7.5 -36 1.5 F [ JpH 34
PFDoA 613 >568.7 7.5 -36 3.0 [ 777 pH 6-7
(] [
6:2 FTUCA 457 392.7 8.0 —40 1.0 g 061 I pH 9-10
8:2 FTUCA 457 >392.7 8.0 -40 1.0 = I
B L
PFBS 299 >79.7 26.5 -76 6.0 =04
PFOS 499 >79.7 45 -104 5.0 %
FOSA 498 >77.7 24 =70 3.0 E 0.2
N-MeFOSA 512 >168.7 24 -70 5.0
N-EtFOSA 526 >168.7 23 -70 5.0 0.0
N-MeFOSAA 570 >418.7 16 -81 25 ’ 5 s < g <ZC <Dt < Zﬁ) 5
N-EtFOSAA 584 >418.7 16 -8l 30 E T £ £ & £ &£ 2 2
MPFOA 417 >371.7 7.5 -32 = R =
¥C,-6:2 FTUCA 359 >293.7 8.0 -35 g 8 et
MPFOS 503 >79.7 19 -104 3 [ IpH3—4
d-N-MeFOSA 515 >168.7 24 -70 [ 77 pH 6-7
< [
1 PFPeA perfluoropetanoic acid PFHxXA perfluorohex- g 61 I pH 9-10
anoic acid PFHpA perfluoroheptanoic acid PFOA perfluo- ﬁd [
rootanoic acid PFNA perfluorononanoic acid PFDA per- o i
fluorodecanoic acid PFDoA perfluorododecanoic acid 6:2 '«% F
and 8:2 FTUCA 6:2 and 8:2 fluorotelomer unsaturated car- 2 2L
boxylic acid PFBS sodium perfluorobutane sulfonate i
PFOS perfluorooctane sulfonate FOSA perfluorooctane ol M HZ. |—17/. h
sulfonamide N-MeFOSA mn-methyl perfluorooctane sulfona- g 8 % % % :F: :F:
mide N-EtFOSA n-ethyl perfluorooctane sulfonamide N- = B 8 8 8 4 4
MeFOSAA n-methyl perfluorooctane sulfonamido acetic ﬁ s 5 E
acid N-EtFOSAA n-ethyl perfluorooctane sulfonamido ace- Z “ § z
tic acid MPFOA perfluoro-n- 1 2 3 4-C, octanoic acid
13C,-6:2 FTUCA 2-perfluorohexyl- 1 2-°C, ethanoic acid 1 pH
Fig. 1 Relative peak areas of target analytes

MPFOS sodium perfluoro-1- 1 2 3 4-""C, octanesulfonate
d-N-MeFOSA mn-methyl-d3-perfluoro-1-octanesulfonamide.
2 LOD are calculated by dry weight.

extracted by the extraction solvent
with different pH values
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AA N-EtFOSAA PFCAs PFDA PFOA PFDoA
PFHxA PFCAs PFDA
PFOA PFDoA  PFHxA
8:2 FTUCA r =0.9875 PFCAs PFPeA PFHpA  PFNA
7 0.99 0.1 ~20 pg/L 6:2/8:2 FTUCA PFHxA
PFCAs 6:2/8:2 FTUCA 0.25 ~50 ng/L PFOA
PFSAs LOQ 0.6 ~30 FTOH 6:2/8:2 FTUCA
png/kg PF-
2.4 CAs
: N 3
matrix matched calibration curve
7
0.5¢ 2 ~1000 ng/kg 40 T
10 min Envi carbon
PFCAs PFBA
A /A C /C C4 PFTeA Cl4
=100% x /
N-MeFOSAA  N-EtFOSAA
LOQ
3 LOQ
2 74% ~
141% 6:2 FTUCA 8:2 FTUCA
50% 53% 10 100 Mg/kg 1 So M K Yamashita N Taniyasu S et al. Eviron Sci Techn-
3 ol 2006 40 2924
2 Yang YL WangH RuiZ R et al. Chinese Journal of Chro-
PFOS PFCs matography 2002 20
176 ~1 121 pg/kg 166
3 Simcik M F Dorweiler K J. Environ Sci Technol 2005 39
2 : n=3 8678
Table 2 Concentrations of target analytes in 4 Toms LML Calafat AM Kato K et al. Eviron Sci Techn-
sludge samples * and recoveries n =3 ol 2009 43 4194
Analvt S1/ S2/ S3/ Recovery/ 5 Giesy J P Kannan K. Environ Sci Technol 2001 35 1339
.
ayte pg/kg ng/kg pg/kg % 6 Zhang T Wang C P Sun H W. Chinese Journal of Safety
PFPeA <0.6 <0.6 <0.6 137 and Environment
PFHxA 5 2.4 1.8 112 2008 8 3 22
PFHpA 1.7 <0.6 1.5 141 7 Wang T Wang YW Liao CY et al. Environ Sci Technol
PFOA 11.6 4.3 5.6 122 2009 43 5171
PFNA <0.6 <0.6 3.1 134 8 Bossi R Strand J Sortkjaer O et al. Environ Int 2008
PFDA 14.5 5.7 12 78 34 443
PFDoA 5.5 7.9 5.9 122 9 Wang N Szostek B Folsom P W et al. Environ Sci Techn-
6:2 FTUCA 2.8 <1.0 2.6 50 ol 2005 39 531 ) )
3:2 FTUCA 5.8 4.6 1.4 53 10 Rhoads KR Janssen EM L Luthy R G et al. Environ Sci
Technol 2008 42 2873
PFBS <6.0 <6.0 <6.0 11 echmno
11 Sinclair E  Kannan K. Environ Sci Technol 2006 40
PFOS 1121 176 383 89 1408
FOSA 4.5 3.5 2.3 79
12 Powley CR George SW Ryan T W et al. Anal Chem
N-MeFOSA <5.0 <5.0 <5.0 85 2005 77 6353
N-EtFOSA <3.0 <3.0 <3.0 74 13 PanYY ShiYL Cai Y Q. Chinese Journal of Analytical
N-MeFOSAA <25 <25 <25 101 Chemistry 2008 36
N-EtFOSAA <30 <30 <30 130 10 1321

% S1 S2 and S3 are the sludge samples from wastewater
treatment plants around Zurich Switzerland.

14 Higgins C P Field J A Criddle C S et al. Environ Sci
Technol 2005 39 3946





