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Risk Assessment of Polychrorinated Biphenyls (PCBs) through
Food Intake for the Korean Population
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Abstract Polychlorinated biphenyls (PCBs) have been studied during the past few decades because of their potential
impacts on the environment and human health. PCBs are toxic environmental pollutants and persistent organic pollutants
(POPs). This study was carried out to assess the dietary exposure and risk to PCBs for the general Korean population
through food intake. Various samples (n=389) covering 28 kinds of food were collected from 5 cities in Korea. The PCB
content was not detected-182.4 ng/kg (mean of 5.4 pg/kg) in the food. The mean dietary exposure of PCBs for the general
population was 9.54 ng/kg bw/day with an intake of 0.19% of tolerable daily intake (TDI) (5 ng/kg bw/day). Therefore,
the level of overall dietary exposure to PCBs for the Korean population through food intake is below the recommended

TDI levels.
Keywords: PCBs, food, risk assessment
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Table 1. Description of food items sampled in market, purchased in five different cities in Korea

Region
Food Group Items Total
Seoul Busan Deajeon Gwangju  Gangneung  Miscellaneous
Cereals Rice 3 3 2 3 2 - 13
Chicken 5 5 4 5 4 23
Meats Beef 5 5 5 5 5 4 29
Pork 5 5 5 5 4 4 28
Eggs Egg 5 5 4 5 4 - 23
. ' Milk 4 4 1 4 1 - 14
Milk & dairy Butter 1 1 1 1 1 - 5
products
Cheese 5 5 3 3 2 10 28
Flatfish 1 1 1 1 1 - 5
Hairtail 5 5 4 5 4 - 23
Anchovy (dry) 2 2 2 2 2 - 10
Pacific mackerel 5 5 4 5 4 - 23
Pacific saury 1 1 1 1 1 - 5
Turbot 1 1 1 1 1 - 5
Tuna 2 2 2 2 2 - 10
Fish Snapper 1 1 1 1 1 - 5
Alaska pollack 3 3 3 3 3 - 15
Butterfish 1 1 1 1 1 - 5
Conger eel 1 1 1 1 1 - 5
Spanish mackerel 5 5 4 5 4 - 23
Rockfish 1 1 1 1 1 - 5
Eel 5 5 4 5 4 - 23
Yellow croaker 4 4 4 4 4 - 20
Squid 1 1 1 1 1 - 5
Oyster 3 3 2 3 2 - 13
Shellfish & Clam 1 1 1 1 1 - 5
miscellaneous
Mussel 1 1 1 - - 3
Crab 4 4 3 3 - 18
Total 81 81 67 78 64 18 389




366 =2 F 388 %] A 45 WA 3 & (2013)

Sodium sulfate anhydrous 2g

Activated silica gel 2g
Acid silica gel S¢g
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Fig. 1. multi-layer silica gel column for cleanup in PCBs analysis.
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Table 2. List of PCB congeners for analysis

190 19 A HHF 2 AFARE
B 2 FookEedA st s

831t} PCBs HAEH, 4154
FE AEeta g dYAF eI FH(tolerable daily intake,
TDI: 5 ug/kg bw/day) (12)2.2 ®wale] siA H71E st
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PCBs =% H7I= AAE2 W4 (deterministic approach)ol] tw}
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PCBs A&E&HIe}L A= 2k B4 tis] 0.1 2 1.0pg/
kgelth. EAthAF PCBs (Table 2)& GC-MSZE o8&l #4135}
Aom, & (calibration curve)> 1-250 pgkg Akele] F=ollA
R*ke] 0999 olde = yeht et 2244 (linearity)S Ko
Atk Eg 7+ FFAo] et 3]4E(percent recovery) AI=
68.6-120.0%= YEIHTE AZHTEZS oJFAIE(Carp2)E ©]
&3l 34Ee A4S A3, F5A PCB HE 74244.1-
119.6+7.0%°]% 2™ WHE =Ho] wl2 CV (coefficient of variation)
£ 10% "Rkl iTh &k pOPs 2o tdh A A3z
gdlo]dolA maEix]=, Aof, ARl thate] |Z] Score’t 0.18,
0.30, 034 #o2 ¥53 432 Jerjidot

AlZ = PCBs &2

U feHe A4 AFe] 2L¥9E A F 62F PCBsY A
229 N.D--1824 pgke(H 54 pgke) (Table 2)0]3L L & o]
Fo] HEHe A AANE A= 45.7%S AL, ¢
f 2 FAIES 17.6%, 7EAEER2 134%, 7= 11.2%, 7
E 109%, FRE 12% 22 UETthFig 2). L9% 7197}
=dY olF9 4§ PCBs AEFS ND-1824ugkg (B
82 pg/kg) ol om, AR o]F9 SdE= Z4X](25.10 g/
kg), AX(14.53 pgke), 7FAH1(14.11 pgkg), 57301(13.73 ugke),

PCBs congeners

IUPAC numbers

Monochlorinated biphenyls
Dichlorinated biphenyls
Trichlorinated biphenyls
Tetrachlorinated biphenyls
Pentachlorinated biphenyls
Hexachlorinated biphenyls
Heptachlorinated biphenyls
Octachlorinated biphenyls
Nonachlorinated biphenyls
Decachlorinated biphenyls

1,3

4,8, 10,15

18, 19, 22, 28, 33, 37

44, 49, 52, 54, 70, 74, 77, 81

87,95, 99, 101, 104, 105, 110, 114, 118, 119, 123, 126
128, 138, 149, 151, 153, 155, 156, 157, 158, 167, 168, 169
170, 171, 177, 178, 180, 183, 187, 188, 189, 191

194, 199, 201, 202, 205

206, 208

209
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Table 3. Concentration of PCBs in food as ng/kg wet weight in Korea.

PCBs
Food items No. (+) -
Average Min. Max. % of +?

Cereals Rice 13(9) 0.210 NDV 0.580 69.2
Chicken 23(18) 2.461 ND 11.01 78.3

Meats Beef 28(22) 2.078 ND 8.502 78.6
Pork 29(22) 1.572 ND 9.487 75.9

Eggs Egg 23(18) 1.975 ND 5.459 78.3
) ) Milk 5(5) 6.491 3.769 8.512 100.0
Mﬂfofl‘ug?s“y Butter 14(11) 0.383 ND 1.879 78.6
P Cheese 28(26) 2.633 ND 11.02 92.9
Flatfish 5(5) 14.11 2.366 32.12 100.0
Hairtail 23(23) 25.10 0.009 182.4 100.0
Anchovy (dry) 10(10) 3.383 0.001 11.31 100.0
Pacific mackerel 23(23) 11.22 0.002 40.87 100.0
Pacific saury 5(5) 13.64 4.638 24.66 100.0
Turbot 5(5) 0.006 0.003 0.009 100.0
Tuna 10(10) 3.001 0.002 9.835 100.0
Fish Snapper 5(5) 4.376 0.896 7.079 100.0
Alaska pollack 15(15) 0.744 0.001 4.059 100.0

Butterfish 5(4) 1.508 ND 5.080 80.0
Conger eel 5(5) 13.73 11.627 14.78 100.0
Spanish mackerel 23(23) 14.53 0.007 56.66 100.0
Rockfish 5(0) ND ND ND 0.0
Eel 23(23) 4.700 0.001 24.07 100.0
Yellow croaker 20(20) 12.42 0.006 51.80 100.0
Squid 5(5) 0.016 0.002 0.069 100.0
Oyster 13(10) 1.205 ND 2.085 76.9
Shellﬁsh & Clam 5(5) 6.216 ND 10.38 100.0
miscellaneous

Mussel 3(0) ND ND ND 0.0

Crab 18(18) 4.661 ND 20.23 83.3

Total 5.443 ND 182.40 85.4

Y ND, not detected,
D+, positive sample
FX(13.64 ug/kg), 271(12.42 pgkg), 15°1(11.22 uglkg) T2 =2 Cereals
Shellfishe 1.2%

velth SEAE AEFES A EH, hexaCBs (26.8%), pen- &Miscellous
taCBs (16.3%), heptaCBs (124%)°] 0.2 ZZ=AThFig 3). 13.4%

20109 European Food Safety Authority (EFSA) H.ilA{ol mp=H
(15), NDL-PCBs 2= A4 2F 5 /7 % 2 7 4
< 2.88-4.64 png/kg, o172 A% 2342230 pghkg, GF E 2 7}
FTEL 167 pgkg S22 AFA ZAME PCBsY LU=
Hr} ¥ Aoz Yehsith

E Mzl o2 PCBs 2laiAM ot

£ AoA A 28F 5 SulRE 2l tiste] ARl
o] HHF B AFS 2Eiste 2oldHE 59 PCBs =&
Bk e e 0dEs) P =9d AR A, A
A 7] HE =EFS 1.0 ngkg bw/dayo] 3, E1x]317]9]
Hd =% l4ngke bwidayz & 0|9t A 4F
AHE B vl ARk PCBs =& %2 9.539 ng/kg bw/

day= TDI H¥] 0.19% ==, AA] d7ee] S 435 HEHF A, 2407 SIS 722 T ARE EUR Sl
THhigh intake group; P95)°] 7, MANES T =FTF Aol S HHAFTe] A, A =EFn A HrkE $ 3
2830 ng/kg bw/day® TDIS] 0.57% 508 skt el dd otk AR AA AEe] PCBs 227|942 AWEH, 77}

Fig. 2. Contribution to the levels of PCBs in Food.



368 S| E8ls)A] A 45 A A 3 5 (2013)

Table 4. Daily dietary exposure and risk of PCBs by Food intake

Con. of Food intake Daily intake

Food Items PCBs (g/day) (ng/kg bw/day) % TDIof PCBs
(ng/g) Mean P95 Mean P95 Mean P95
Cereals Rice 0210 205.7 404.7 0.785 1.545 0.016 0.031
Chicken 2461 152 387 0.680 1732 0.014 0.035
Meats Beef 2078 372 1204 1.405 4.549 0.028 0.091
Pork 1572 17.8 568 0.509 1623 0.010 0.032
Eggs Ege 1.975 253 674 0.909 2420 0.018 0.048
. . Milk 6.491 0.1 04 0.012 0047 2360x10° 9.441x10*
Milk ‘;‘ df‘ry Butter 0.383 66.5 1316 0.463 0.916 0.009 0.018
products Cheese 2633 0.6 20 0.029 0.096 0.001 0.002
Flatfish 14.11 0.9 29 0.231 0.744 0.005 0.015
Hairtail 25.10 22 6.8 1.004 3.103 0.020 0.062
Anchovy 3.383 38 12.0 0234 0.738 0.005 0.015
Pacific mackerel 1122 58 209 1183 4264 0.024 0.085
Pacific saury 13.64 12 3.1 0.298 0.769 0.006 0.015
Turbot 0.006 2.1 56 2201x10%  6.109x10% 4.582x10° 1222x10°°
Tuna 3.001 2.0 53 0.109 0.289 0.002 0.006
Fish Snapper 4376 04 10 0.032 0080  6365<10%  0.002
Alaska pollack 0.744 33 146 0.045 0.197  8928x10%  0.004
Butterfish 1508 02 03 0.005 0008  1.097x10° 1.645%10°*
Conger eel 13.73 0.6 28 0.150 0.699 0.003 0.014
Spanish mackerel 14.53 0.6 16 0.159 0.423 0.003 0.008
Rockfish ND 0.1 27 9.091x107  2455%10° 1818x10°  4.909x107
Eel 4700 0.6 25 0.051 0214 0.001 0.004
Yellow croaker 12.42 35 10.8 0.790 2439 0.016 0.049
Squid 0.016 43 185 0.001 0005  2.502x10° 1.076x10°
Oyster 1.205 0.8 27 0.018 0059  3.505x10* 1.183x10°
Shellfish & Clam 6216 23 6.6 0.260 0.746 0.005 0.015
miscellaneous ~ . ~ .
Mussel ND 03 13 2727x10°  LI82x10° 5455%10° 2364x107
Crab 4.661 2.1 7.0 0.178 0.593 0.004 0.012
Total 9.539 28300 0.191 0.566

95" percentile

Shellfish &
miscellous
4.8%

Milk & dairy
products
5.3%

Fig. 3. Congener group contribution (%) to the levels of PCBs in Fig. 4. Contribution ratio of dietary exposure to PCBs by food
fish. intake.
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