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Abstract Perfluorinated compounds (PFCs) are linked to adverse effect on human healths, therefore, the aim of this study
was to determine the levels of PFCs in prepared food. One hundred and fifty-one samples of six prepared food groups
were purchased from retail food establishments in Korea. Twelve PFCs were detected in the sample, the accuracy ranged
between 80.8-119.4% and precision ranged between 2.2-2.89% high and low concentrations in PFCs spiked samples. The
detection frequency of perfluoro-pentanoic acid (PFPeA) was and perfluorooctanoic acid (PFOA) above the limit of
detection, which was 84.1 and 82.8%, respectively, but positive detection frequency of perfluorooctanesulphonic acid (PFOS)
was as shown as low as 29.1%. Residual PFOA levels in most of the samples were higher than the PFOS levels. The average
concentration of total PFCs in the samples was 1.68+1.79 ng/g, and PFPeA and PFOA were the predominant PFCs.
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F2ole A Bl oJste] o] 753 PFCs] T/
7} 2008 Foll ©]EW(7), o]F Al FEFe] & thEAQl PFCs
£ PFOA (Perfluorooctanoic acid)®} PFOS (Perfluorooctane sul-
fonate)i & A ATHB). PFOSS} PFOA«] A w7 )E A
Tl wet 2-9d0 8 HIE0H(9- 12) 71 BE7| 2 Qldk <A

o] =x"o =z Azksk gs)E fis = E3] PFOAE A
PAokah wsgoks fabslal, PFOSE SEAIFAN 7148 o
o7l= AoZ FRIFe], HAl AMAHoE 2EEFFH |
2} 2], AIE I UTH(13,14).

olAe] F9 =EHZEH PFOAE He ES 53 k3o &
& Zlog RIHAOH(15), PFOSE ofF T FAkaZol|xe] &
=7 ]_ A]—\:HX% oz }.-—_91—37_(9 10), No]E %3} PFCs 94 19 == Ea
& 0.89-100 nghkg bwE FHE ATH11).
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I AA=Z22)0l oM L] PFCs=E 459 gt A7 IS
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o] zg), 7FE#4 F PFCsEEe] ¥i3} dFoxe *@ 152 7
% perfluorinated acids®] &%=7} Wolx|#, PFOS] # go] =
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12%°] PFCs #5543 7588 B4 59 == olgd
YH3xEFEZS Wellington Laboratories Inc. (Guelph, ON, Can-
ada)oll Al FH3FRTE A8 AAgEA o] AHEE SR/, HE
<, acetonitrile 2! methyl fert-butyl ether (MTBE)= Honeywell
Burdic & Jackson AH(Morris Plains, NJ, USA)o|A 3R o,
tetrabutylammonium hydrogen sulfate, sodium carbonate ! sodium
bicarbonate=Sigma-AldrichAHSt Louis, MO, USA)°IA %31
AREBFAATE U3EFS HIET ohde AFEA 8719 BviES
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LC-MS/MS &4 =7

2 A7elM 1289 PFCsE A8l S8l 2495 A
AZvlE 12 I (Agilent 1100 series, Agilent Technologies, Palo
Alto, CA, USA)-&IdH -4 7](API 4000, Applied Biosystems,
Foster City, CA, USA)E °]&sioith E4td=de Ze=

YMC-ODS Z#H(2.0x150mm, 3.0 um, Waters Co., Milford, MA,
UsAa)ez FaEglon, o]Fd2 0.02% formic acid®t 5mM
ammonium acetate T8N (A)F HEHEB)S AAEHERAAHOE
o] g3ttt EAU/EZ S A eEA]2 ESI (electrospray ioniza-
tion) &°]2 FXox MRM (multiple reaction monitoring) 2]

o7 FYsrt

A9 A5 Y8 2 AFolAE 0.05ngmL (AEE), 0.2 ng/
mL E55) 2 1ngmL G5E)NA 35S (recovery)S 43}
o 2 Grisipon, AUsE A7IR TR FFRoA HhE
FAoR Aozl B4 el HEZAXKRSD) #e=E Hek

. T2 001, 005, 0.1, 0.5, 1.0, 5.0,
2 10.0 ng/mLE ZAst] LC-MSMSE EAjste] AATHS vt
S35 ow 2=H A yEHE FFAUAS} 7279 v]&o
gk 334 Zho = AATH?RS).

g

An g
AE AMZ2 & PFCs 2MY S
A=

Aol 7153 125F9 PFCs, =, Perfluorohexanoic acid
(PFHxA), Perfluoroheptanoic acid (PFHpA), Perfluorootanoic acid
(PFOA), Perfluorononanoic acid (PFNA), Perfluorodecanoic acid
(PFDA), Perfluoroundecanoic acid (PFUnDA), Perflurodode-
canoic acid (PFDoDA), Perfluorohexane sulfonate (PFHxS), Per-
fluorooctane sulfonate (PFOS), perfluorobutane sulfonic acid
(PFBS), Perfluoropentanoic acid (PFPeA), Perflurotridecanoic acid
(PFTrDA) ¥ Perflurotetradecanoic acid (PFTeDA)S] A=, A
= 9 HESH(limit of detection, LOD):= Table 194] Hi= u}
of 2tk #49 Hgee deeR Hrlslderl, PFBSE A9
3t BE PFCs9] 3582 82.2-1194%3107, AUE= 2.2-28.9%
Rew, FEEore] et YUert 53] A sew
UERTE PFCse] LODE PFBSY 7% 0.03ng/gl 2 7P w9k
om, PFHXAE 022 ng/gl & 74 =9ttt %829 PFCs A
HE 2AIE 71E A79] 79, Tittlemier 5502 652 PFCs
9] LOD7} 0.5-6 ng/g 01212 ™, Ericson 5(26)> 8%<] LOD
7} 0.001-0.65 ng/g, Ostertag 5(11) 0.21-0.97 ng/g.2 & A+
o] ¥gte] LOD7} EQkth.

Table 1. Accuracy, precision, and limit of detection (LOD) of PFCs analysis in food samples

Accuracy (%) Precision (%) LOD
Compounds
Low Middle High Low Middle High (ng/mL)

PFHXA 84.7 111.7 119.4 28.9 7.9 8.6 0.220
PFHpA 94.9 98.6 95.0 7.7 7.3 5.8 0.060
PFOA 107.7 101.9 98.1 45 3.5 33 0.100
PFNA 105.9 106.6 99.5 10.4 7.8 5.8 0.110
PFDA 102.4 110.3 108.0 8.9 11.2 33 0.100
PFUnDA 822 103.0 107.9 26.5 8.2 43 0.050
PFDoDA 101.9 108.0 107.7 11.1 14.7 4.6 0.100
L-PFHxS 101.1 109.3 102.0 6.2 42 6.7 0.110
L-PFOS 80.8 104.9 109.6 20.1 12.7 22 0.035
L-PFBS 196.5 135.0 131.1 51.5 25.2 6.7 0.030
PFPeA 111.5 102.6 100.9 233 5.3 34 0.200
PFTrDA 102.7 92.9 90.0 5.7 6.2 7.7 0.050
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Table 2. Positive rates (%) of PFCs residue in prepared foods in Korea
PFCs Kimbab Fried chicken Ramen Bread Fish pastes Stir-fried pork Total
(n=26) n=30) (n=26) (n=25) n=17) n=27) (n=151)
PFHxA 26.9 46.7 30.8 20.0 23.5 37.0 31.79
PFHpA 69.2 60.0 61.5 64.0 353 66.7 60.93
PFOA 88.5 73.3 76.9 88.0 88.2 85.2 82.78
PFNA 57.7 40.0 23.1 44.0 52.9 48.1 43.71
PFDA 53.8 26.7 11.5 32.0 58.8 29.6 33.77
PFUnDA 73.1 63.3 38.5 60.0 70.6 59.3 60.26
PFDoDA 65.4 46.7 11.5 36.0 58.8 37.0 41.72
L-PFHxS 11.5 16.7 23.1 20.0 11.8 14.8 16.56
L-PFOS 26.9 333 30.8 24.0 353 259 29.14
PFBS 46.2 36.7 46.2 20.0 47.1 37.0 39.74
PFPeA 88.5 86.7 88.5 88.0 76.5 81.5 84.11
PFTrDA 26.9 16.7 19.2 12.0 11.8 259 20.53
Table 3. Concentrations (ng/g) of PFCs in prepared foods in Korea
Kimbab Fried chicken Ramen Bread Fish pastes Stir-fried pork Total
PFCs (n=26) n=30) (n=26) n=25) n=17) (n=27) (n=151)
Mean SD  Mean SD  Mean SD  Mean SD Mean SD Mean SD Mean SD
PFHxA 0.16 044 0.26 0.4 0.18 0.32 0.15 0.46 0.11 0.27 0.18 0.43 0.18 0.39
PFHpA 0.18 0.22 0.12 0.23 0.08 0.14 0.12 0.2 0.08 0.13 0.18 0.41 0.13 0.25
PFOA 0.44 0.52 0.36 0.67 0.24 0.64 037 051 0.28 0.33 0.44 0.85 0.36 0.62
PFNA 0.11 0.13 0.07 0.11 0.04 0.1 0.13 0.17 0.1 0.15 0.09 0.17 0.09 0.14
PFDA 0.06  0.06 0.03 0.05 0.02 0.05 0.05 0.08 006 006 0.06 0.15 0.04 0.09
PFUnDA 0.09  0.07 0.07 0.07 0.04 0.07 0.07 0.1 0.09  0.07 0.1 0.18 0.07 0.1
PFDoDA 0.1 0.1 0.06 0.08 0.02 0.06 0.07  0.12 0.08 0.08 0.09  0.17 0.07 0.11
PFHxS 0.01 0.04 0.04 0.1 0.05 0.12 0.06 014 0.04 0.16  0.03 0.09 0.04 0.11
PFOS 0.01 0.03 0.02 0.05 0.02 0.06 0.02 0.04  0.01 0.02 0.03 0.06 0.02 0.05
PFBS 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.03 0.14
PFPeA 079  0.78 0.53 0.48 0.48 0.39 0.89 1.19 069 091 059  0.73 0.64 0.77
PFTrDA 0.01 0.02 0.01 0.01 0.01 0.03 0.01 0.03 0.01 0.02 0.01 0.03 0.05 0.33

A= AR & PFCs9| HRTZ=

PFCs= 21#9] 45 AFAE AAe] 29 ¥R olue}, A&
o] Az, 28 AHIME =52 F U7, B4 AlE
o] PFCsEAY AEEH Ho {7 552 Table 29} 364 B
£ el 2ok AA 6579 1518 BFoA Holx 3 7 o)
’Fe] PRCs7t A& oPdom FFshe Aoz RI=EA=,
PFCs EZHZ= PFPeA (84.1%)2F PFOA (82.8%)%] AEE°] =
o, HF T 77 064 2 036ngglE F PFCsEE
1.68 ng/g®] 38.1%%}F 214%% X8I A8 FFHZE PFPeA
9} PFOAS] AZEY IFFTTS BT =4 YEwdth

HHH PFHXA (16.6%), PFTrDA (20.5%) % PFOS (29.1%) 5
S ge AZES B ARHEEE 7Y 73 PFHxS7)
11.5%, S%7S PFHxSS} PFTIDA7}F 2t 11.67%, 28-S PFDA
9} PFDoDA7} 7+ 11.5%, "WHF+ PFTDA7Z} 12.0%, S1&5&/E
PFHxS®} PFTIDAZF 7+ 11.8%, Al¥3HS-2 PFHxS7F 14.8%%
20% "Rk AZES HUh 1252 PFCs 5 PFPeA, PFOA ¥
PFHXxAE A|€|g 952 ZHzb 0.02-0.13 ng/gS 2 FPFCs9] 10%
nRke] we e Ry

Zejo] ApxAel H|WEFH, roast beefe} HAHR|E FHFo
4] PFOA7} 2.6 ¥ 3.6ng/g JF7st AL2 HIE HE QOm(5),
n=o] F2lo| AL tide] AR 318 F 17814 PFOATF AE
AR, FRFEE 0.02-1.8ng/gol™ ©1F WE(1.07 ngle), <

H50.8 ng/gollAl =3k=t, PFOAE
Al Zo2 FASATH6).

200120101 7kA] 2] 9|=ollA] B3 ¥ PFOS?| zH{ HHE &
Mgk Aol m2H, 7lES PHEA Y HEES 77 29.6%
I 245%= THE 2 Fe Hlete] wten, b AEFY A 0-
22.8%= ¥ Aol Blete] PR o JFFES 045-3.97 ng/gS
2 2 A7) 0.01-0.03 ng/gll HIsl A8 =UTH(12). 2 &
AT HAEEC] =2 HE 99 AFE Hstke LOD7F ¥
7] WEez HAPHoz vudd & gl 242 AIEFHAh
3] Tittlemier 5(5)2 199895-E 2004d71A] FivciollA A
PS5, HS, PAAE, BEAE, deEFE xR 2
8 FEAE2HE YR8 PFOSS PFOAS Z&3tgen, 1
TE 0545nggl 2 RS e ol B A3 A
v|3led w9 =& 5ol

Haug 5(28)2 AE5= o3l 554 2FolA PFOSS &
Fgo] Eoh sgoy B AT A gdst 48AES A}
|3 ZFYAF ABO|EE A5 FT/HZL Aol7t
ot L-PFOSe] #5771 SRlE A8
AFA 0370 ng/e T2 AEH ASA o, B4 A5 Fo
Aol AEEJAE W3} BHAMNE 1 T
7} 0308 ng/gl & =9Th

AZE3A olst2 YEhd PFCsoll tisted A&3A19 128 3

AFe] 7k 2%0) 71
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Fig. 1. Box plot of total of PFCs in food samples (median, 25th and 75th percentile, minimum and maximum). The results are summarized
as a boxplot showing the median, quartiles, maximum and minimum distances, and outliers (circles) at each residue position.

g3le] 2k&3 A|BY & PFCs F5& Fig 1914 BE uiel 72
o AR FFEE A7 1.98ng/ge® 7P =gkon wh(1.94
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2 JiFeR 92 sEE HEEJT AEE ¥ PFCs & &
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gﬁ}ﬂ A&E AU
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aAlel =

B ATE 20149 A F] R ] AN (@A
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