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Table 1 ~ Optimization parameters of perfluorinated compounds ( PFCs) in selective reactive mode ( SRM)

G ds Molecular Parent ion Product ion  Collision energy Tube lens offset
ompounds formula (m/z) (m/z) (eV) (V)
Perfluoroheptanoic acid PFHpA CgF;COOH 363 319 12 72
Perfluorooctanoic acid PFOA C,F;sCOOH 413 369 12 82
Perfluorononanoic acid PFNA CgF;;, COOH 463 419 13 91
Perfluorooctane sulfonate acid PFOS Cs 1750, 499 80 48 132
Perfluorodecanoic acid PFDA CyF;oCOOH 513 469 13 79
Perfluoroundecanoic acid PFUdA C1ol5 COOH 63 519 13 91
Perfluorododecanoic acid PFDoA €153 COOH 613 369 14 119
Be,- 13 ¢, - perfluorooctane 503 99 43 124
sulfonate acid ' C,PFOS" - ) )
BC,-
13 C, —perfluorooctanoic acid 13 Cy PFOA” - 417 372 13 70
E PFOS '*C,-PFOS B¢, PFOA .

Note: * labeled compound is the internal standard. ' C,-PFOS is the internal standard of PFOS while ' C,PFOA is the internal standard of
other compounds.
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Fig.2 Effect of extraction time ( a) and pH (b) of perfluorinated compounds ( PFCs) on hollow fiber ( HF) membrane
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Table 2 Parameters of linear range limit of detection ( LOD) limit of quantification ( LOQ) and stability of perfluorinated
compounds ( PFCs)

Compounds Linear Range Correlation 7co&fﬁcienl Limit of detection Limit of quantitation Repetition of method
(no/l) (R (LOD no/l) (10Q no/l) (BSD %)
PFHpA 50 ~ 1000 0.991 12.1 40.2 12.7
PFOA 10 ~ 1000 0.995 1.9 6.4 8.1
PFNA 5 ~500 0.998 0.8 2.7 11.5
PFOS 10 ~500 0.999 2.7 8.9 5.6
PFDA 5 ~500 0.998 0.8 2.7 18.5
PFUdA 10 ~500 0.997 2.0 6.5 18.1
PFDoA 10 ~500 0.997 2.4 8.9 13.4

PFHpA 12.1  40.2 ng/L; 6  PIFCs 0.8 ~
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2.7 ng/L 2.7 ~8.9 ng/L; RSD 5.6% ~18.5% o
3.4 3 HF PFCs
3 HF Table 3 Enrichment factor and spiked recoveries of PFCs extracted by HF
PFC 85, 50 membranes
S 5% ~
40 ng/L (n=3) 400 ng/L (n=3)
115. 0% ( 40 ng/L) 91. 6% ~ ichme . .
Compound Enrf;c}:f:; " Recovery R;D Recovery R(; D
113.2% (400 ng/L) . (%) (%) (%) (%)
7 PFCs HF PFHpA PFHpA 130 - - 91.6 7.7
PFOA 145 97.1 3.3 101.5 3.4
PFOA ( 130 PFNA 300 105.7 2.3 105.2 6.4
145 ) 5  PFGs PFOS 200 109.8 1.9 13.2 0.8
200 PFNA PFDA 200 85.5 4.2 105.1 2.8
PFUdA 250 103.9 2.3 112.9 0.9
( 300 ) ° PFDoA 250 115.0 6.5 96.9 6.9
3.5
pH =4 100 mL
N o 7  PFCs 0
40 400 ng/L ( 4.
. N PFCs o

4 HF PFCs
Table 4 Spiked recoveries of PFCs extracted by HF membranes in samples

Tap water Pearl River water
40 ng/L 400 ng/L 40 ng/L 400 ng/L
Compound Recovery RSD Recovery RSD Recovery RSD Recovery RSD
(%) (% n=3) (%) (% n=3) (%) (% n=3) (%) (% n=3)
PFHpA - - 94.2 7.3 - - 93.0 6.5
PFOA 98.1 3.5 116.7 5.3 102.6 14.2 94.0 5.4
PFNA 107. 1 3.0 109. 1 4.9 87.9 10.4 85.4 9.4
PFOS 103.2 14.1 112.7 1.4 75.0 12.5 82.1 6.9
PFDA 88.5 5.2 113.6 4.0 98.9 13.1 93.7 13.9
PFUdA 99.8 2.7 100. 6 7.0 79.2 10.5 97.6 2.8
PFDoA 108.3 1.5 110.0 1.9 86.2 6.9 84.9 4.3
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Determination of Perfluorinated Compounds in Water by
Electrospray Ionization Mass Spectrometry Combined
with Hollow Fiber Membrane Extraction
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Sun Yat-Sen University Guangzhou 510275 China)
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*( China National Analytical Center Guangzhou Guangzhou 510860 China)
*( School of Marine Sciences Sun Yat-Sen University Guangzhou 510275 China)

Abstract  In this study hollow fiber membrane extraction combined with ambient ionization mass
spectrometry ( AMS) was developed for the simultaneous determination of 7 perfluorinated compounds ( PFCs)
in aqueous solution including perfluoroheptanoic acid ( PFHpA)  perfluorooctanoic acid ( PFOA)
perfluorooctane sulfonate acid ( PFOS)  perfluorononanoic acid ( PFNA)  perfluorodecanoic acid ( PFDA)
perfluoroundecanoic acid ( PFUdA)  and perfluorododecanoic acid ( PFDoA) . PFCs were detected in negative
ion mode using selective reaction monitoring ( SRM) mode. The extraction time and the pH value of extraction
solution were optimized. " C,PFOS and " C,PFOA were used as internal standards for quantitative analysis.
The method showed good linearity with correlation coefficient values ( r*) greater than 0. 991 for the seven
target PFCs. With the exception of PFHpA the limit of detection ( LOD) for other six PFCs was within ranges
from 0.8 to 2.7 ng/L while the limit of quantitative ( LOQ) was from 2.7 ng/L to 8.9 ng/L. The enrichment
factor of five PFCs was more than two hundred. The developed method was applied to detect the seven PFCs in
tap water and Pearl River water and they were all not detected. The recoveries were within the ranges of
88.5% -108.3% and 94.2% - 116.7% when 40 ng/L and 400 ng/L. PFCs were spiked into tap water
respectively. In terms of the Pearl River water the recoveries were within the ranges of 75.0% —-102.6% and
81.2% -97.6% when 40 ng/L and 400 ng/L PFCs were spiked respectively.
Keywords Ambient ionization mass spectrometry; Solid phase microextraction; Perfluorinated compounds;
Hollow fiber membrane
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