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Abstract : An efficient extraction method was developed for the analysis of 16 perfluorinated compounds (PFCs) in fish samples.
We compared the recoveries from the lon-Pairing Extraction (IPE), Liquid-Liquid Extraction (LLE), Solid-Phase Extraction (SPE),
IPE + SPE method with varying the injection time of the internal standard. As a result, IPE method with the internal standard before
extraction was evaluated as the most effective pretreatment method. The RPM (Revolution Per Munite) and pH in IPE-before method
were additionally adjusted and the more efficient pretreatment method was established. The total 33 fish samples including liver
and gut samples were collected from Korean markets and analyzed PFCs with developed pretreatment method of this study. Total
16 PFC levels in fish samples ranged from ND to 1.67 ng/g with 100% detection frequency. The average PFCs concentrations of muscle,
liver and gut samples from fish were compared and showed the following trend: liver (17.8 ng/g) > gut (13.3 ng/g) > muscle (1.67 ng/g).
The PFC levels in fish samples were similar or lower than other available previous results of foreign studies.

Key Words : Fish, Perfluorinated Compounds (PFCs), lon-Pairing Extraction (IPE), Solid-Phase Extraction (SPE), IPE + SPE,
Liquid-Liquid Extraction (LLE)
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H AILoj| A 9] AGLYAEZI-L Perfluoroalkane sulfonates
(PFASs) A2 Perfluorobutane sulfonate (PFBS), Perfluorohex-
ane sulfonate (PFHxS), Perfluorohaptane sulfonate (PFHpS),
Perfluorooctane sulfonate (PFOS), Perfluorodecane sulfonate
(PFDS) 5%} Perfluorocarboxylic acids (PFCAs) 7| &Per-
fluorobutanoic acid (PFBA), Perfluoropentanoic acid (PFPeA),
Perfluorohexanoic acid (PFHxA), Perfluoroheptanoic acid
(PFHpA), Perfluorootanoic acid (PFOA), Perfluorononanoic
acid (PFNA), Perfluorodecanoic acid (PFDA), Perfluoroun-
decanoic acid (PFUnDA), Perflurododecanoic acid (PFDoDA),
Perflurotridecanoic acid (PFTrDA), Perflurotetradecanoic acid
(PFTeDA) 11502 % 1659 3Hslgtzoln, Yrizs
A 848 BHelg ERFUL 959 EYEZEUY Per-
ﬂuoro-n-[l3C4]butan01c acid (MPFBA), Perﬂuoro-n-[l,Z- Cz]
hexanoic acid (MPFHxA), Perfluoro-1-hexane['*O,]sulfonate
(MPFHXxS), Perfluoro-n-[1,2,3,4-"*C4Joctanoic acid (MPFOA),
Perﬂuoro-l-[1,2,3,4-13C4] octanesulfonate (MPFOS), Perfluoro-
n-1,2,3,4,5- °Cs] nonanoic acid (MPFNA), Perfluoro-n-[1,2-"C;]
dedanoic acid (MPFDA), Perﬂuoro-n—[1,2-13Cz]undecan0ic aicd
(MPFUnDA), Perfluoro-n-[1, 2-13C2]d0decan0ic acid (MPF-
DoDA)%}, 2%9 #&&4 Perfluoro- n[ Cg]octanoic acid
(M8PFOA), Perﬂuoro-l-[ Cg]octanesulfonate (M8PFOS)E
LaboratoriesA{Canada)2] A]oF2- Al&3l%ch Hgke, MTBE,
HPLCH water= J.T. BakerAHUSA) A]2FS A}E3}9 1
Tetra-n-butyl ammonium hydrogen sulfate (TBA)+— Alfa-Aesar
AHUK), carbonate buffer= BHANEET ZEANIER &
= Al9K(Crown, Japan)< o]-&3dto] A=s}%c) 28% iy
oF=¢t 1 mol/L i FobA|E|o] E+= Junsei (Japan)®] S+
Aok AHGBIGTL, olHte] mE BAo) AGH Alofe mE
Sg EL HPLC 59) Aloke Fojste] At A=
o] =& 4 AHAAE 95} vortex mixer (Hwashin TechA},
Korea)Q} ZIgH}9F7](Vision scientificAl, Korea)S AME-3}%
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Table 1, The information of samples in this study WAX (150 mg, 6 cc)E ARSIt 8|28 AR 9 A
Category Species Number x| DE(0.45 um pore size x 13 mm, Whatman UK)e} &
Mackerel 3 ol Ao AlFA|(1 mL, Norm-ject, USA)S AR5+

Tuna

th 7171248 Blolde HEEo] EAHA 32 Evar

Fish Croaker D z)219] La-pHa Pack AHGermany)o|A] T-]3Fe] A3}
Spanlsh.ma?okerel ogom o] Blo] WE A3 L7]9} u]¥ SO THEEE| &
Hairtail 2l3l= Ao 2 odyA SEAAL AFE-E wiAEt E2T=
Mackerel sgdou} Zejodal YR 7] o] 8Fte] HAS Al

Welleye st

Hairtail AT

Fish liver Csr(;itijr 22 AL A2

Octopus AF A1 AlB BAF A @ ateld 232 o] AbollA] It

At on, et FAE At HE AR AUARS AL
S5l th(Table 1). o1 Al& AAH 1S 9t AlRE=

Mackerel pike

Mackerel
Walleye I5olE AMEIYT) o]F & AR A RE 3719 AHE o
Hairtail E A 7HARE Este] st AlmR ARgskger 2F
Fish gut Croaker I Alme A= G2 A 35719 ZF R9E E3dst
Squid o] shitel AR AMES| AR dEAE olia} stk
Octopus

- 4 4 4 a4 a4 A a4 a4 a4 gl W W

Mackerel pike 2.3. 3|8 SRS flet M=z M2 W A32|d HAE

Total sample number 33 IPE, SPE, LLE, IPE + SPEH-& A}835}o] IE3}5HEL] =

S8E&S H|wsGt), IPERo] A8Ee Afole =5 A

3, AR THEZE Q5] YAlET|7]|(Vision scientific A}, (before) ¥} F(after) 2 U|H EFEZ(MPFOS, MPFOA) ¢
Korea)E ARE-31A Ty A4 &%= Supelco AHUSA) A AL gajs| A v|watgct 23A 02, IPE-before, IPE-

9] ZF7UAA](Vacuum manifold)2l, SPE 7FE 2] A& OASIS after, LLE, SPE, IPE + SPE-before, IPE + SPE-after = & 6

IPE method — before(1) IPE method — after (1) SPE method (V) LLE method (V)
(1) 1 g Sample +5 ng ISTD | ‘ 1 g Sample +2 mL Water | 1 g Sample +5 ng ISTD | 1 g Sample +5 ng ISTD
+2 mL Water(Tube A) (Tube A) + 40 mL MeOH (Tube C) + 40 mL MeOH (Tube E)
1 1 1 1
1 1 min vortex || [ Shaking(15 C, 300 rpm, 30 min) | | Shaking(15 C, 300 rpm, 30 min) |
1 l 1 1
l Centrifugation (4000 rpm, 20 min) || | Centrifugation (4000 rpm, 20min) | | Centrifugation (4000 rpm, 20 min) |
l 1 1
Supernatant to tube D, Supernatant to tube F,
¢ LmL Supernatant to tube B | | add 40 mL MeOH Tube C ‘ | add 40mL MeOH Tube E ‘
l 1 1
= = Concentration to 1mL
1 5 ng ISTD | | Dryness N2 45C bath | | (N3 45C bath) |
l 1 l l
l (2) ~ (10) inthe sameway | 1 1
L n!i: + SPE method ¥ . !
2 5 + = - . R
2 u(lL)O?ZHSlIL‘doc:bI;{n;]z[I&Jufﬁer after(IV) ’] Dilution with water to 15 mL ‘ l
1 l 1 l
(3) 5mLMTBE + 1 minvortex | l /7 SPE cartridge — Preconditioning l
. L P4 4mL 0.1% NHOH in MeOH/ L
' MeOH /H20
(4) Shaking (15 T, 300 rom, 160 _| i H 1 Il
1 1 1 | Sample Loading ] 1
(5) Centrifugation(4000 rpm, 20 min) | ! H 1 !
| l 1 SPE cartridge — Washing l
(6) Supernatant to tube B, | 1 : 12 mL 25 mM Ammonium 1
add 5 mLMTBE Tube A o e e e e e e Acetate buffer
1 1 ! 1 l
(7) Shaking (15 T, 300 rpm, 30 mi) | | IPE+SPEmethod— [ SPE cartridge — Dry | i
T H belute(ll!)' 1
(8) Centrifugation (4000 rpm, 10 min) | : l SPE cartridge — Elution I l
1 1 1 | 12mL0.1% NH:OHinMeOH | !
(6) ~ (8 repetit | =< i 1 i
1 Il [Concentration to 1mL Oz 45°C bath) | 1
(9) Dryness N2 45C bath | ! 1 i
1 l 1 l
(10) Make—upto 1 mL | i 1 i
1 1 1 1
LC—MS/MS Analysis | LC—MS/MS Analysis [}l LC—MS/MS Analysis | LC—MS/MS Analysis

Fig. 1. Method test flow chart,
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Table 2, The recovery results of each pretreatment method
(unit : %)
Method IPE IPE+SPE SPE  LLE

|.Sinjection Before After Before After Before Before
(Number) 0] (In m (v V) (V1)

MPFOS  Mackerel 680 848 399 754 423 84
MPFOA  Mackerel 632 713 504 736 632 7.8
MPFOA+= 63.2%9] oj¢&S Holet o] g2 4 W

-2 0|83} Ericson™'9] #]4~&(PFOS; 32~74%, PFOA; 61~
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Aes ALY 0.5 M TBAZ pHE 42 2H-st= 5 thofst
drESo] BiEa 9tk PFOAQ] pKa 1S 2.82 4w

213.,*® PFBA, PFHpA, PFNA, PFDA, PFUnDA, PFDoDA,
PFOS, PFHxS, PFOS2] pKagh-S -0.17~0.142 A= 9
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o 13t ojZA| R 3t pHE 1A} s}t o] &
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a4 shelek 1 AnkE ofefel o] trEhigik.

=

|

O
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o] =11 Aglsirtal TekE]| o] X IPE-before ] © 2 MPFOA,
MPFOSE X35t 950 WRETEZES YUt die]
719] RPMO|| w2} 3l-a AS 22 27004 33] v
slo] HIAEZE AuE Table 3o UERH AT 4,178 g (4,000
pm)2} 9,378 g (9,000 rpm)E AMESH Bt I8 75.9, 58.8
% 4,178 g (4,000 rpm)of| 4] 9,378 g (9,000 rpm)2] 7o
2o 3089 HYAT I B AR gt A
ZHxH(Relative Standard Deviation, RSD)7} 4,178 g (4,000
pm) 2] 73-¢- 5.4~105%, 9,378 g (9,000 rpm)<] - 2.5~26%
2 Uetgton, Ha A2 2442 £30%, £10% =
9,378 g (9,000 rpm)& ARERF -7} Hrk HE HAE HS)

Table 3, The PFCs recovery results of fish samples according

to RPM (unit : %)
Compound (4,?)33 ?pgm) (9%88?;?@
MPFBA 115 (+ 105) 28.2 (+ 9.5)
MPFHxA 67.7 (+ 19) 771 (+ 26)
MPFOA 712 (+ 17.5) 58.9 (+ 5.5)
PFCAs MPFNA 68.2 (+ 5.6) 58,5 (+ 7.5)
MPFDA 72.2 (+ 6.1) 59.9 (+ 6.3)
MPFUNDA 733(£54) 61.1(+ 13)
MPFDoDA 743 (+ 7.0) 52.9 (+ 16)
MPFHxS 1658 (+ 85) 699 (+ 25)
PFASs
MPFOS 789 (+ 17) 62.6 (+ 4.4)
Average 759 (+ 30) 58,8 (+ 10)
Min 115 (+ 5.4) 282 (+ 2.5)
Max 165.8 (+ 105) 771 (+ 26)

& AAL At A AR AlAo) lr-_o]-xlo o 3}04
H AILof| A= 9,378 g (9,000 rppm)S -85 = AASHA

3.2.2. pHoj| 2 3|8 TWI}

9,378 g (9,000 rpm) 283t IPE- before‘?;‘ ALgshe] =
=8 o] pHE HSA7|HA S I8 HAE d3E
Table 40 YERAT) pH 4, pH 7 183 pH 1094 2] H

& 324282 72} 55.5%, 40.0%, 43.4% = pHol| T 2 3]
Aol 5 Ho|A| QAN HHEA 0= pH 4of A 717
= Ko 589 pHE 42 ZAsIA:

Fge
o ol PaXe)
=2 I

Table 4, The average recovery results of fish according to pH

(unit : %)
Compound pH 4 pH 7 pH 10
MPFBA 116 13.6 16.4
MPFHXA 710 61.0 78.7
MPFOA 408 343 392
PFCAs MPFNA 449 349 378
MPFDA 480 359 385
MPFUNDA 554 373 409
MPFDoDA 439 36.6 413
PFASS MPFHXS 106.6 46.6 430
MPFOS 770 599 547
Average 555 400 434
Min 116 13.6 16.4
Max 106.6 61.0 78.7

Table 5, The average PFCs recovery results of fish samples

(unit : %)
Fish
Compound Mackerel Tuna Hairtail Croaker rizsﬁ(lje]zl
RSD) (RSD) (ASD) (ASD) ST
266 458 468 507 452
MPFBA (148 (+49 (+186) (£7.4) (+10.4)
404 60 389 578 605
MPFRA  (119) (+362) (+508) (+69) (+53)
467 631 571 578 675
MPFOA  (111) (£46.7) (+155) (£57) (+68)
44 884 541 542 631
PFCAs MPFNA | 119) (+233) (+98) (£66) (+9.1)
388 99 46 472 561
MPEDA  (i119) (+11.7) (83 (+8)  (+96)
358 104 491 505 604
MPFURDA - 44 4) (218 (£9) (£103) (+115)
310 862 438 464 594
MPFDODA 0 gy (424.0) (£159) (£115) (+153)
1019 795 623 73 914
MPFRXS  (10'1) (2247) (£20.6) (£10.7) (+115)
PRASs 871 923 62 623 741
MPFOS 56 (£119) (£134) (£78) (+111)
Averace 532 841 517 562 666
9 (£72) (+119) (+88) (+56) (+98)
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3.4. 4N AEAMRS SE

Z= ND~16.7 ng/g-5542 HelolA AE=HeH, &
%0] 72519 2(Z(PFBA~PFDS))0] Hfsrl 1.67 g/g-
G doluth AH1(2.88 ng/g) > 115-01(2.04 ng/g) > A=|(1.75

ng/g) > 27](1.50 ng/g) > 2+x](0.162 ng/g) =22 HZES)
o R ol F Alm9 A% 1659 AESIE F PFOS
9l bx Bmyl 7P =0 o3 el o, PEDA, PFU-
nDA, PFDoDA, PFTrDA, PFTeDA 59] Atz o &8 11 8=}
ol MEIFIEO] =2 WL R HAEEHQT, BE A HA 16
Z9 BE3RtE 5 4% ool AEEUTKFig. 2, Table 6).

=¢8] ol EA At Hlie 1659 HE3eE] of
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AN o FAIRY] 165 THEIFFES] 27te] W oA 8%0] IHESEHE(PFOA, PFNA, PFDA, PFUNDA,
4,07
3.0
3
2 T ==
2 207
T =
N
1.07
N =
T T T T T
Hairtail Mackerel Spanish Croaker Tuna
mackerel

Fig. 2. Concentration range of PFCs in fish samples.
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Table 6, Comparison of PFCs levels in different parts of fish sample (unit : ng/q)
(n De-
tection PFBA PFPeA PFHXA PFHpA PFOA PFNA PFDA PFUNDA PFDoDA PFTIDA PFTeDA PFBS PFHxS PFHpS PFOS PFDS XPFCs
/ Total)
Fish Muscle
Mackerel 00490 04520 0.185 0908 0,442 2,04
@ NP NDOONDONDND ND 04 (r007) (+004) (x0gg) O NDONDOND o hqq ND sy
Tuna 0.0780 0.0260 0.0171 0.0280 0.162
3/3) ND ND ND (+£0.14) ND ND (£001) (+0.03) (+0.03) ND ND ND ND ND ND ND (+0.14)
Hairtail 00740 0316 0116 0640 00570 0532 00172 175
(3/3) ND - ND - ND  ND ND ND (£0.03) (£0.02) (£001) (£0.21) (+0.05) ND - ND  ND (£0.02) (£0.03) (+0.23)
Croaker 00380 0277 00930 0522 0.0900 0457 00180 150
(3/3) ND - ND ND  ND ND ND (+£0.01) (£0.02) (+001) (+£0.20) (+0.03) ND ND  ND (+0.06) (£0.03) (+0.30)
Spanish
00800 0419 0106 0521 0.0870 167 288
mfz‘acgre' NDNDNDND O ND T ND g gy (20.11) (£002) (x0.11) (z001) DO NP NP ioag NP o6y
Fish Part
Fish liver 0111 0.119 0,030 0068 217 482 105 178
(7/7) ND (+0.19) ND (+0.32) (+0.08) (£0.18) (+2.1) ND (+4.0) N ND - ND - ND (+26.0) (+25.5)
Fish gut 1.56 0195 0265 0,184 154 282 0126 140 521 133
(7/7) ND (£2.7) ND (+0,52) (£0.48) (£0.27) ND (£1.7) ND (£2.7) ND (+0.33) ND (£3.7) (£3.7) ND (+13.8)
*ND: Not detected; (LOQ, A== 22l0f| 7|&S W& TAZH AL ND =02 X2
chEterA Zstslx| | MI357 ®75| 2013 72 |
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Fig. 4. Concentration range of PFCs in different parts of fish samples,
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