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In this study, we evaluated extraction methods for the analysis of perfluorinated compounds (PFCs) in
human serum and breast milk samples. The recovery efficiencies of ion pairing extraction (IPE) and solid phase
extraction (SPE) in each serum and breast milk were examined. For serum samples, IPE was more efficient
(recovery efficiency: 81-105%) than SPE. For breast milk samples, except for perfluorododecanoic acid
(PFDoA), SPE showed better recoveries (80-98%) than IPE. As results of validity test, accuracy and precision
were in the range of 81~130% and 1~18% in serum, and 54~130% and 2~17% in breast milk, respectively.
We also analyzed PFCs in the cord serum and breast milk from 13 pregnant women using the method estab-
lished in this study. In the cord serum, all PFCs except for perfluorobutane sulfonate, perfluoroheptane sul-
fonate and perfluorohexanoic acid were detected. In the breast milk, perfluorooctane sulfonate, perfluorooctanoic
acid and PFDoA were detected dominantly compared with other PFCs.

Key words: breast milk, human blood, IPE, PFCs, SPE

LM B

&3} 3} 3= (perfluorinated compounds, PFCs)2
kol BEAZ o]Fozl EASSRIER 35hy, 949
sHH o 2 ok 3l EAJ ufjio] Wl (water-resistant) %
I (oil-resistant)®] =202 2p&2t, 14, 318k54,
A 5 OFe ARdRokl A o] &Eo] YT, w=tat
Y 5 FoAAES S0 2 PFOS (Perfluorooctane
sulfonate)2} PFOA (Perfluorooctanoic acid)y&= ##
EAEY A 4z A7 450053 600 71eF ABAH
H ZAoE HIHQA, 53] PFOSet 1 HHAEZ]
A A7 ALl 100,00080] o2+ Ze
2 35 g

o

"To whom correspondence should be addressed.

PFCs= 2740l wi&d §F 47 Zall=A] &o} A7
ol 2 Ao dHA slem ti7] B FAE Fl

HAZt F1ES FA 0 PFCs] Qg4ehe} <A #
gd 7l digk AAA] Aok A=A FE)7t 2
= Utk FH213] % oA (EUPIA PFOSe] A
Z 9 AL8-S A8l PFOASH # E4o tigh A
221 fsid HrF Zasita Husilon,
o= PFOSet #d 2458 2585 Joe B3l %t
FA571 2.9 E4 (persistent organic pollutants, POPs)
2 AAste] AL D AR Sl tigk FE7E SA1F L
2 oFofRIL Yo,

Tel: 82-(0)51-582-3964, Fax: 82-(0)51-582-3965, E-mail: jeoh@pusan.ac.kr



46 ol&d - A3 - Aeixl

AF7HA] & AEE E3l PFCse =39 w}%
ok u:]oﬂx]—oH, AN oH 2 AR = A ) 7

D}%kv& Aol BarE itk PFOSY] =4
2FoA AP} Zhell Foko] FiEE AoE &
o, PFOSSt PFOAE Ef-5E0 24 5=

rui rlo il

1

)

=
o PP ALNAE alste] 134 A e 3
NG9 5H A4S WHT Bk ohlet eoh 4%

S sl Zle® BauEdn?sd) e QAo g
AEE 53 =FF PFOS2 PFOAS] =7} Blo}
o] 37l L MAE AR B AFE Yo
U I Tk AToA= PFCse} Elofe] AR aki= £
Hog frolg AE HolA ¥ AoE Wik 3l
o] PFCs® QIAI9IENIES H7lshr] 98l o @ A+
A7t Q3 AA o o2,

PFCso] f3ll/dell digh Aol t&o] QAo <]
PFCs =% 752 Tofel7] flg d+% A AAIA L
2 ghits] 18 Folth, ml=g I o] F7HE
Aro @ g Aol waEm oaual Aol o Alge] A
% PFOS$} PFOAS Hi F-e 7—, 21.1 ng/mL2}
61.8 ngmLzE HAZ=|3om, 61 TeE AL
oV =7 5 239 Rl ZleE HaL ﬂ ACHY, gt
A PFOSSF PFOAS] % AEE ZARSE AAolA
= AR AFANAA 7HE =2 FEE Hole A
o2 YeptHY, o133 AN B EA)5ks PFCsS
FE37] 3 vk EEC] JEEe] AMgEo] gk
om Aek HEA (protein precipitation), ©]- 2% FEH
(ion pairing extraction)®} 23’3 FEH (solid phase ex-
traction) 5°] UTHD, Aehl WAL o EYELF
2o g ARt ol B2 TEERE /g

Table 1. Target compounds in this study
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n Compound Abbreviate
Perfluoroalkane sulfonates 4 Perfluoro-1-butanesulfonate PFBS
6 Perfluoro-1-hexanesulfonate PFHxS
'O—%—(CFZ),,CQ 7 Perfluoro-1-heptanesulfonate PFHpS
8 Perfluoro-1-octanesulfonate PFOS
Perfluorocarboxylic acids 6 Perfluoro-n-hexanoic acid PFHxA
8 Perfluoro-n-octanoic acid PFOA
9 Perfluoro-n-nonanoic acid PFNA
HO—ICI— (CF,),CFs 10 Perfluoro-n-decanoic acid PFDA
11 Perfluoro-n-undecanoic acid PFUdA
12 Perfluoro-n-dodecanoic acid PFDoA
Internal standard Perfluoro-n-[1,2,3,4-*C,Joctanoicacid MPFOA
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Table 2. LC-MS/MS conditions for analysis of PFCs
Parameters Conditions
Column ZORBAX Eclipse XDB-C18 (4.6 X 150 mm, 5 pm)

Mobile phase

Gradient

Column flow rate
Column temperature
Injection volume
Inoization mode

A: Methanol
B: 10 mM ammonium acetate in water
Time (min) 0 0.5 25 28
B (%) 95 95 5 5
0.3 mL/min
40°C
10 pL
Negative ion electrospray

29 35
95 95

Scan type MRM (multiple reaction monitoring)
Gas flow 9 L/min
Gas temperature 350°C
Nebulizer pressure 45 psi
Capillary voltage 4000 V
Table 3. Retention time, precursor ion and product ion of PFCs
RT Precursor ion Product ion Fragment voltage  Collision Energy
Compound (min) (m/2) m2) W W
PFBS 14.0 299 80 110 35
PFHxS 18.3 399 80 170 40
PFHpS 19.7 449 80 130 45
PFOS 20.8 499 80 200 55
PFHxA 16.2 313 269 70 5
PFOA 19.6 413 369 50 5
PFNA 20.8 463 419 100 5
PFDA 21.8 513 469 100 10
PFUdA 22.7 563 519 90 5
PFDoA 234 613 569 100 5
MPFOA 19.6 417 372 50 10
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Table 4. Comparison of recoveries of PFCs according to extraction method (unit: %)

PFBS PFHxS PFHpS PFOS PFHxA PFOA PFNA PFDA PFUdA PFDoA
Serum
IPE-1 82 92 95 92 92 88 79 97 104 96
IPE-2 95 94 100 111 105 114 93 107 106 104
IPE-3 80 81 92 71 89 68 70 97 106 104
mean 86 89 95 91 95 90 81 100 105 101
RSD 8 7 3 18 21 12 5 1 4
SPE-1 7 116 125 66 7 68 -163 75 56 30
SPE-2 56 112 123 109 49 112 -141 92 79 44
SPE-3 39 93 107 23 4 105 -8 87 83 39
mean 34 107 118 66 20 95 -104 85 73 38
RSD 60 9 7 53 104 20 -66 8 16 16
Breast milk
IPE-1 70 87 132 76 98 88 86 108 89 55
IPE-2 57 93 140 106 83 80 88 104 82 53
IPE-3 55 81 113 93 84 62 76 96 86 52
mean 61 87 128 92 88 77 83 103 86 53
RSD 11 5 9 13 8 14 6 5 4 2
SPE-1 76 90 83 96 90 76 88 98 89 53
SPE-2 78 94 79 88 89 78 94 96 81 54
SPE-3 85 103 93 93 104 91 94 99 89 46
mean 80 9% 85 92 94 82 92 98 87 51
RSD 5 6 7 3 7 8 3 1 4 8

RSD: relative standard deviation
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Table 5. Accuracy (Acc) and precision (RSD) of serum and breast milk spiked at three different levels (unit: %)

Serum Breast milk

0.04 ng/mL 0.4 ng/mL 4 ng/mL 0.04 ng/mL 0.4 ng/mL 4 ng/mL
Compound m=7 @=23) @=23) =7 =3 (n=23)

Acc RSD Acc RSD Acc RSD Acc RSD Acc RSD Acc RSD
PFBS 99 16 95 3 96 3 100 12 96 3 111 3
PFHxS 81 12 88 4 101 4 101 8 104 3 103 4
PFHpS 104 17 100 3 99 4 104 7 99 7 94 2
PFOS 99 15 104 1 99 4 98 17 108 11 115 2
PFHxA 109 5 94 2 88 5 108 10 104 4 122 3
PFOA 90 18 101 3 110 4 104 15 97 3 106 3
PFNA 102 17 82 8 109 3 123 13 106 5 129 2
PFDA 97 8 96 4 112 5 130 6 106 7 116 7
PFUdA 95 5 101 9 118 4 81 11 92 9 100 8
PFDoA 117 6 101 8 130 3 54 8 55 15 68 15
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Table 6. LODs, LOQs and Blank of PFCs in serum(IPE) and breast milk(SPE) (ng/mL)

Serum Breast milk
Compound
LOD LOQ Blank LOD LOQ Blank
0.011-0.013 ND-0.028
PFBS 0.017 0.056 (<LOQ) 0.014 0.044 (<LOQ)
0.007-0.013 0.004-0.007
PFHxS 0.011 0.036 (<LOQ) 0.009 0.030 (<LOQ)
ND-0.012
PFHpS 0.027 0.085 ND-0.093 0.008 0.026 (<LOQ)
PFOS 0.018 0.058 ND 0.020 0.065 ND
0.009-0.010 ND-0.021
PFHxA 0.006 0.019 (<LOQ) 0.013 0.042 (<LOQ)
0.006-0.011
PFOA 0.020 0.063 (<LOQ) 0.020 0.062 0.102-0.110
0.003-0.082 ND-0.041
PFNA 0.022 0.070 (<LOQ) 0.020 0.063 (<LOQ)
0.008-0.009 0.009-0.016
PFDA 0.010 0.030 (<LOQ) 0.010 0.030 (<LOQ)
0.009-0.010 0.011-0.017
PFUdA 0.007 0.022 (<LOQ) 0.011 0.036 (<LOQ)
ND-0.009 0.009-0.012
PFDoA 0.009 0.030 (<LOQ) 0.006 0.018 (<LOQ)
&l vlEA E(field blank)E #4131 tH(Table 6, Fig. A&
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Fig. 1. MRM chromatograms of (A) blank spiked with LS. for serum sample; (B) blank spiked with LS. for breast milk
sample; (C) serum sample spiked with L.S.; (D) breast milk sample spiked with L.S.; (E) 10 ng/mL spiked standard.
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Table 7. Concentration (ng/mL) of PFCs in cord serum and breast milk in 13 pregnant women in Korea
PFBS PFHxS PFHpS PFOS PFHxA PFOA PFNA PFDA PFUdA PFDoA
Serum
No.>L0Q 0 13 5 13 11 13 13 13 13 13
mean <LOQ  0.562 0.018 0.874 0.127 1.048 0.371 0.163 0.351 0.144
max <LOQ 1.126 0.050 1.877 0.199 1.814 0.548 0.309 0.541 0.205
min <LOQ 0.170  0.0004  0.410 0.039 0.461 0.191 0.095 0.216 0.103
SD NA 0.291 0.020 0.462 0.055 0.442 0.107 0.054 0.110 0.029
Breast milk
No.>L0Q 0 3 1 9 1 5 2 1 0 8
mean <LOQ  0.040 0.047 0.096 0.093 0.042 0.160 0.035 <LOQ 0.014
max <LOQ  0.051 NA 0.154 NA 0.070 0.200 NA <LOQ  0.026
min <LOQ  0.032 NA 0.066 NA 0.020 0.120 NA <LOQ  0.010
SD NA 0.009 NA 0.031 NA 0.022 0.057 NA NA 0.005
NA; Not available
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