J. Fd Hyg. Safety 16(4), 315-323 (2001)

MEALH TMAIEOIM FEEID U= TLAEQ| H[A(As),
7IEE(Cd) & EH(Pb)e| &HEF

Ay -

EHE|X" - olxfiel - o =Xt

AEA] H7EIZ 978

Heavy Metals in Fishery Products, Sold at Fish Markets in Seoul

Yeong-seop Cha, Hee-jin Ham', Jae-in Lee, and Jung-ja Lee
Seoul Health & Environmental Research nstitute, Seoul 138-701, Korea

ABSTRACT - This study was concentrated that the contents of heavy metals were estimated from 782 samples of
sold fisheries in Seoul(33 species in fishes, 15 in bivalves, 12 in crustaceans and 10 in others) by Atomic Absorption
Spectrometer. The contents of As, Cd and Pb [minimum ~maximum (mean)] were N.D.~0.162 mg/kg(0.021), 0.001~
0.120 mg/kg(0.014) and 0.015~0.499 mg/kg(0.111) in fishes, 0.003~0.311 mg/kg(0.052), N.D.~1.905 mg/kg(0.182)
and 0.013~0.462 mg/kg(0.138) in bivalves, N.D.~0.328 mg/kg(0.042), 0.002~1.113 mg/kg(0.079) and 0.006~0.510
mg/kg(0.109) in crustaceans, N.D.~0.181 mg/kg(0.024), 0.001~0.214 mg/kg(0.033) and 0.010~0.877 mg/kg(0.118)
in others respectively, bivalves were the highest than others. The average weekly intakes of three metals from sold
fisheries took about 1.4~26.4% of PTWI (provisional tolerable weekly intakes) that FAO/WHO Joint Food Additive
and Contaminants Committee had set to evaluate their safety.
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Table 1-1. Heavy metal contents in fishes in Korea (Unit : mg/kg)
o} F-(Fishes) No. of As cd Pb
Samples
7} A} ) (Flounder)Limanda herzensteini 14 0.013(N.D~0.033)  0.018(0.004~0.051)  0.102(0.029~0.183)
Z X| (Cutlassfish)Trichiurus lepturus 13 0.014(N.D.~0.028)  0.014(0.001~0.059)  0.070(0.023~0.127)
3L5-9)(Common mackerel)Scomber japonicus 16 0.035(0.004~0.162)  0.013(0.003~0.027)  0.146(0.037~0.297)
33 o) (Flatfish)Paralichthys oivaceus 3 0.020(0.008~0.035)  0.020(0.007~0.032)  0.083(0.063~0.105)
% X)(Saury)Cololabis saira 13 0.020(0.004~0.034)  0.010(0.003~0.016)  0.113(0.040~0.243)
& ] 1| (Spotty belly greenling)Hexagrammos agrammus 2 0.020(0.011~0.029)  0.022(0.014~0.030)  0.101(0.042~0.160)
%5©](Sea bass)Lateolabrax japonicus 4 0.016(0.006~0.028)  0.011(0.006~0.018)  0.077(0.039~0.102)
o T (Alaska cod fish)Gadus macrocepgalus 0.003(N.D.~0.006)  0.007(0.004~0.011)  0.091(0.041~0.140)
=t} (Finespotted flounder)Pleuronichthys cornutus 5 0.047(0.009~0.098)  0.011(0.006~0.014)  0.147(0.043~0.499)
%= 1) (Red seabream)Pagrus major 12 0.020(0.006~0.038)  0.010(0.003~0.018)  0.108(0.038~0.202)
W] 7] (Cat fish)Silurus asotus 2 0.025(0.021~0.028)  0.011(0.011~0.012)  0.102(0.099~0.104)
v} -2} 2) (Gunther)Misgurnus mizolepis 8 0.034(0.004~0.162)  0.022(0.007~0.047)  0.090(0.027~0.119)
91 o} (Brown croaker)Miichthys miiuy 4 0.015(0.010~0.023)  0.006(0.003~0.010)  0.056(0.035~0.088)
4l 730y (Common eel)Anguilla japonica 2 0.033(0.032~0.034)  0.023(0.011~0.036)  0.136(0.118~0.155)
i o] (Butterfish)Pampus argenteus 20 0.016(N.D.~0.050)  0.009(0.001~0.018)  0.089(0.032~0.227)
7} X] B-(Gga-chi-bog)Fugu xanthopterus 4 0.013(0.003~0.025)  0.024(0.016~0.044)  0.279(0.121~0.389)
4| (Yellow croaker)Pseudosciaena crocea 7 0.029(0.013~0.050)  0.032(0.006~0.106)  0.094(0.015~0.244)
% 1(Gold fish)Carassius auratus 3 0.024(0.021~0.027)  0.023(0.011~0.046)  0.117(0.029~0.176)
4} Z| (Spanish mackerel)Scomberomorus niphonius 18 0.010(N.D.~0.032)  0.013(0.006~0.024)  0.140(0.058~0.227)
™ Hi (Alaska pollack)Theragra chalcogramma 18 0.014(N.D.~0.052)  0.016(0.005~0.120)  0.092(0.019~0.211)
A1 dl(Red tongue sole)Cynoglossus joyneri 4 0.036(0.005~0.098)  0.029(0.010~0.054)  0.098(0.063~0.115)
%o} (Striped mullet)Mugil cephalus 9 0.047(0.014~0.162)  0.012(0.004~0.022)  0.111(0.071~0.175)
o} (Fishing frog)Lophiomus setigerus 4 0.015(0.007~0.030)  0.014(0.008~0.028)  0.207(0.105~0.275)
4E(Red horsehead)Branchiostegus japonicus 4 0.029(0.001~0.074)  0.015(0.008~0.030)  0.063(0.041~0.084)
-8 (Armorclad rockfish)Sebastes hubbsi 8 0.015(0.004~0.032)  0.012(0.003~0.029)  0.097(0.048~0.142)
&l A = o (Atka mackerel)Plewrogrammus azonus 10 0.011(0.001~0.023)  0.013(0.003~0.030)  0.133(0.089~0.232)
7t (Flathead)Platycephalus indicus 3 0.012(0.008~0.014)  0.020(0.006~0.043)  0.118(0.095~0.160)
7 ©)(Gizzard shad)Clupanodon punctatus 5 0.029(0.010~0.082)  0.014(0.004~0.027)  0.191(0.131~0.282)
7 /d & (Black porgy)dcanthopagrus schlegeli 2 0.034(0.034~0.035)  0.014(0.012~0.015)  0.100(0.095~0.105)
Z 71 (Redlip croaker)Pseudosciaena polyactis 17 0.013(N.D~0.034)  0.009(0.002~0.036)  0.074(0.027~0.139)
% o (Herring)Clupea pallasii 13 0.025(0.004~0.104)  0.015(0.004'0.067)  0.145(0.069~0.239)
83 X| (Horn fish)Hemiramphus sajori 4 0.022(0.004~0.048)  0.006(0.001~0.012)  0.093(0.057~0.147)
% o(Skate ray)Raja kenojei 3 0.030(0.016~0.039)  0.025(0.009~0.053)  0.090(0.043~0.122)
Subtotal 256 0.021(N.D~0.162)  0.014(0.001~0.120}  0.111(0.015~0.499)

The values arae means(min~max) N.D. : not detected

2 19 tH(p<0.003, Table 2).
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117)=2.94, p<0.023), 2279 7Z$% 0043 mgkg, 0.065mg/
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Table 1-2. Heavy metal contents in bivalves, crustaceans and others in Korea (Unit : mg/kg)
Classification No. of As Cd Pb
Samples
o] uff ] F(Bivalves)
24 o] (Whelk)Buccimon striatissimum 9 0.052(0.005~0.152)  0.040(0.003~0.120)  0.146(0.045~0.229)
= (Oyster)Crassostrea gigas 31 0.039(0.006~0.182) 0.341(0.014~0.973)  0.132(0.077~0.233)
71 2 Ark shell)Tegillarca granosa 28 0.052(0.004~0.311) 0.772(0.009~1.905)  0.128(0.058~0.306)
70 Z 7} (Shortnecked clam)Saxidomus purpuratus 31 0.048(0.003~0.155)  0.027(0.001~0.149)  0.143(0.057~0.319)
3 = (Surf clam)Mactra veneriformis 15 0.060(0.016~0.311)  0.068(0.006~0.141)  0.131(0.072~0.233)
H(Gould)Solen strictus 16  0.065(0.009~0.211) 0.128(0.005~1.383)  0.177(0.029~0.383)
1 A] Z 70 (Shortnecked clam)Tapes japonica 27  0.052(0.003~0.052) 0.051(0.0100~.174)  0.130(0.033~0.285)
B}R] 8 (Shortnecked clam)Tapes philippinarum 29  0.048(0.007~0.186)  0.087(0.009~0.599)  0.134(0.064~0.320)
i $H(Shortnecked clam)Meretrix lusoria 19  0.062(0.003~0.289) 0.079(N.D.~0.168)  0.147(0.041~0.462)
v) k27l (Pink butterfly shell)Peronidia venulosa 4 0.085(0.028~0.110)  0.299(0.010~0.406)  0.139(0.122~0.155)
Z~2H(Turban shell)Batillus cornutus 34 0.074(0.004~0.219)  0.093(0.001~1.437)  0.134(0.013~0.434)
A % (Marsh clam)Corbucula fluminea 9 0.065(0.006~0.101)  0.140(0.019~0.366)  0.159(0.049~0.336)
7] Z7W| (Pen shell)Pectinata japonica 8 0.054(0.017~0.184)  0.109(0.025~0.275)  0.128(0.069~0.226)
3 Z 7\ (Ark shell)Scapharca broughtonii 17 0.032(0.007~0.136)  0.165(0.021~0.569)  0.141(0.054~0.447)
Z-rMussel)Mytilus coruscus 35  0.037(0.008~0.113)  0.158(N.D~0.693)  0.131(0.057~0.246)
Subtotal 312 0.052(0.003~0.311) 0.182(N.D~1.905)  0.138(0.013~0.462)
7} 2} 5+ (Crustaceans)
7} A (Crayfish)Cambaroides similis 2 0.023(0.021~0.025)  0.812(0.510~1.113)  0.129(0.084~0.174)
£ Al (Blue crab)Portunus trituberculatus 16  0.025(0.009~0.053) 0.133(0.018~0.681) 0.126(0.061~0.229)
ol Sk(Fleshy shrimp)Penaeus trituberculatus 9 0.041(0.009~0.163)  0.053(0.013~0.147)  0.091(0.036~0.146)
Wl E-2)] $-(Oriental river prawn)Macrobrachium niphonese 3 0.027(0.010~0.036)  0.094(0.009~0.263)  0.066(0.049~0.089)
HAl(Ashiharagani)Helice tridens tridens 6 0.076(0.010~0.135)  0.052(0.023~0.076)  0.146(0.075~0.241)
1l A} 2-(Japanese paste shrimp)Acetes japonicus 15 0.035(0.008~0.081)  0.018(0.002~0.031)  0.095(0.031~0.166)
R 2] A} -$-(Banded shrimp)Penaeus japonicus 7 0.032(0.013~0.077)  0.015(0.002~0.036)  0.101(0.040~0.274)
Al A -9-(Flexed shrimp)Heptacarpus geniculatus 3 0.027(0.011~0.041)  0.323(0.271~0.423)  0.066(0.038~0.084)
£ Al (Shore crab)Pachygrapsus crassipes 6 0.068(0.036~0.163)  0.040(0.013~0.169)  0.094(0.054~0.202)
A = Al -9-(Grass shrimp)Penaeus monodon 4 0.034(0.005~0.055)  0.025(0.006~0.055)  0.086(0.026~0.198)
% &}(Shiba shrimp)Metapenaeus joyneri 9 0.021(N.D.~0.053)  0.024(0.011~0.043)  0.102(0.006~0.209)
& A} - (Hiodoshiebi)dcanthephyra purpurea 1 0.091(0.010~0.328)  0.019(0.006~0.040)  0.146(0.062~0.510)
Subtotal 91 0.042(N.D~0.328)  0.079(0.002~1.113)  0.109(0.006~0.510)
7] EH(Others)
<%Z F(Cephalopoda)>
7} 2 A o (Cuttle fish)Sepia esculenta 14 0.019(N.D.~0.047)  0.039(C.007~0.152)  0.124(0.045~0.233)
& 5= 7] (Beka squid)Loligo beka 8 0.014(N.D.~0.035)  0.076(0.015~0.184)  0.105(0.053~0.145)
2] (Poulp squid)Octopus minor 17 0.041(ND~0.181)  0.024(0.002~0.100) 0.128(0.029~0.387)
F-0] (Common octopus)Octopus dofleini dofleini 8  0.028(N.D~0.063) 0.014(0.003~0.039) 0.127(0.036~0.234)
2 A o](Squid) Todarodes pacificus 12 0.012(N.D.~0.041)  0.045(0.007~0.115)  0.101(0.033~0.188)
Z7 1] (Webfoot octopus)Octopus ocellatus 19 0.026(N.D.~0.083)  0.029(0.001~0.160)  0.121(0.017~0.361)
+2] (Arrow squid)Doryteuthis bleekeri 7 0.036(0.003~0.089)  0.033(0.011~0.060)  0.110(0.017~0.160)
<1 A 5 &(Protochodata)>
™ Al (Sea squirt)Halocynthia roretzi 6 0.025(0.007~0.044)  0.018(0.004~0.033)  0.073(0.016~0.135)
v] ] & (Eboya)Stylela clava herdman 27 0.020(N.D.~0.065)  0.032(0.001~0.214)  0.136(0.010~0.877)
<Z¥] 5 & (Echinodermata)>
3l 2+ (Seacucumbers)Stichopus japonicus 5 0.014(N.D.~0.035)  0.014(0.002~0.019)  0.088(0.041~0.156)
Subtotal 123 0.024(N.D.~0.181)  0.033(0.001~0.214) 0.118(0.010~0.877)
Total 782  0.036(N.D.~0.328)  0.091(N.D~1.905)  0.123(0.006~0.877)
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Table 2. Heavy metal contents in imported and domestic fisheries (Unit : mg/kg)
Class No. of Samples As Cd Pb
Fish domestic 171 0.021(N.D.~0.162) 0.013(0.001~0.067) 0.116(0.023~0.499)
imported 85 0.020(N.D.~0.162) 0.016(0.001~0.120) 0.101(0.015~0.389)
Bivalvia domestic 302 0.051(0.003~0.311) 0.182(N.D.~1.905) 0.137(0.013~0.462)
imported 10 0.074(0.006~0.289) 0.180(0.019~0.456) 0.142(0.049~0.336)
Crustacea domestic 79 0.043(N.D.~0.328) 0.080(0.002~1.113) 0.111(0.006~0.510)
imported 12 0.037(0.005~0.141) 0.051(0.006~0.134) 0.098(0.026~0.198)
Others domestic 104 0.021(N.D.~0.083) 0.033(0.001~0.214) 0.115(0.010~0.877)
imported 19 0.041(N.D.~0.181) 0.032(0.002~0.160) 0.142(0.029~0.387)
Table 3. Heavy metal contents in each domestic harvested areas in Korea (Unit : mg/kg)
Class Harvested area No. of Samples As Cd Pb
Fish
East sea 35 0.019(N.D.~0.104) 0.012(0.001~0.067) 0.131(0.040~0.282)
West sea 35 0.017(N.D.~0.050) 0.015(0.001~0.051) 0.098(0.029~0.215)
Southeast sea 63 0.021(N.D.~0.162) 0.012(0.003~0.027) 0.123(0.029~0.259)
Southwest sea 38 0.028(N.D.~0.162) 0.014(0.003~0.059) 0.109(0.023~0.499)
Bivalvia
East sea 5 0.094(0.028~0.130) 0.243(0.010~0.406) 0.159(0.122~0.239)
West sea 105 0.055(0.003~0.311) 0.094(N.D.~1.383) 0.141(0.029~0.462)
Southeast sea 31 0.052(0.004~0.219) 0.214(0.010~0.953) 0.132(0.068~0.262)
Southwest sea 161 0.047(0.003~0.311) 0.231(N.D.~1.905) 0.135(0.013~0.447)
Crustacean
East sea 15 0.043(N.D.~0.328) 0.103(0.009~1.113) 0.124(0.006~0.510)
West sea 34 0.065(0.025~0.163) 0.097(0.006~0.510) 0.119(0.084~0.216)
Southeast sea 6 0.039(0.008~0.135) 0.058(0.002~0.423) 0.099(0.031~0.278)
Southwest sea 24 0.037(0.005~0.141) 0.051(0.006~0.134) 0.098(0.026~0.198)
Others
East sea 23 0.020(N.D.~0.083) 0.031(0.003~0.115) 0.108(0.017~0.234)
West sea 12 0.017(N.D.~0.042) 0.024(0.007~0.105) 0.097(0.029~0.186)
Southeast sea 38 0.021(N.D.~0.065) 0.030(0.001~0.214) 0.122(0.010~0.877)
Southwest sea 31 0.024(N.D.~0.083) 0.043(0.001~0.184) 0.120(0.017~0.358)

=% sgEd o Wt Aolr] wjEe] A A Faish
o A gl

olslF & HIAFRFE AslE ks 35, U=, |
=, WF= T3 Ffyet Fola o] 7heu EFe AR
B S40] 7t Frmiol gisleint wAE sl ek

SHUEE AATHE A AFE o] vAFHFS o}
H2HAs,0,)0 2 $WHst gho 2 A 213 (1.5 mg/kgol}), o
A2 #(0.3 mg/kgelsh) 2] ZP1AE(1.5 mgkgolsh= A
AARY, AAe AEFA FHNA ALNA H) o]
st FAZIES HASA 23 Ut FAO/WHO(food
agricultural organization/'world health organization) A+ 2]
F5 B HlA AFHE UiF oA Hrke S4o) e
711&e] dlsi T AF kgD 15 uge 2 Fal Yo

Cdel EAdnt

Cde] #4437} ojFoAe] Cdo] HFdFS 0.014 mg/
kg(0.001~0.120 mghkg)R.2H, FA7F 0.032mgkg® 7+
=%, Poieb sHEX(0.006 mgke)t 7FE @itk o] &<
Cdel #3282 0.010 mg/kg ©13} 45.70%, 0.010~0.050 mg/
kg 51.17%, 0.050 mg/kg ©1’d 3.13%Z YEith AF7H4
oJFolAM Cd HIEHEL 0.01~0.03 mgkgS 2 BIFHYL,
SS9 A 500 Jixin] ND~0.027 mgkg, 4% N.D~0.059
mg/kg, 59 ND~0.042mgkg 22|32 EX] 0.003~0.053
mgkgs B3t £ HA¥o] Fxel dXFe B F}

ojmj s Fol A Cde] HFFHFL 0.182 mgkgN.D~
1.905 mg/kg)ol.0H, Z12to] 0772 mgkgl 2 M X2,
AZA7 0,027 mgkgS 2 7P WA debdttt. ol Fol
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A Cd FqF ¥£EE 0.10 mgkeoldt 61.54%, 0.10~0.50
mg/kg 30.77%, 0.50~1.0mgkg 5.45% 283 1.0 mgkg
ol 224%E Vel A e F 0.02~1.15 mgkg, ¥t
A 0.07~0.49 mghkg 18|13 ¥3F 0.02~0.37 mgkge] Cd
7t AEEdda 2sdo A §72 2 ND~1.630 mg/
kg, EAIZIH 0.015~0200 mghkg 28] 28 0005~ 0314
mgkgZt ZAEHATL den, & 0 Z 0.02~1.71
mg/kg, ¥ 0.02~0.49 mg/kg, 2% 0.11~1.93 mgkg
2 ¥ 0.02~0.37 mgked] Cd7t AEHAUT L 2o
22X 2 A9 Aol fAE Aoz et 39, ¢4
e olujHiFolA & FRo sl A Jehge),
Ishii et al™& HF 9| Cd TS 0.2~3 mgkgolahel
Yol AZHUT oM, Capar”= 0.5~2.2 mg/kgZHA) 7
SHAYL B IS AFrE cdE FHshe e ge
A FAHE T T, THIEY Ho| 43 2y T4
FREZ 44 5ol gtz gad Jo?. =3 fag=
Aellr Sojxez Cig B3l 7177t slo] AFY 7
7 Folle 30~50 mgkee] Cd7t 2FHATHE Ba9%% 9t

ZA7HRel Cd BaEdEE 0.079 mg/kg(0.002~1.113 mg/kg)
olewH, 7haellA 0.812 mgkgl B 7FY ¥ e, He
A-olA 0015 mgkg 7MY 2 he vehith 3R
A Cde FdF EXE 0010 mgkgoldt 9.89%, 0.010~
0.050 mg/kg 64.84% IE T 0.050 mgkg ©l4 2527%%
ARt 2 AgelM e A9 Cd o] 0271~0423
mg/kge| A, YA AZEF 0.01~0.11 mgkgHTt W
< e BAg

5 T 718 HEAM Cd BEEES 0.033 mgkg
(0.001~0.214 mg/kg)2. VEREI, ZE7]0)4 0.076 mgkg
2 7P sskon, st FololA 0.014 mgkgo g 7PF
SA VERtTE Z1EF AHEY] Cd g X E 0,010 mgkg
°]3} 18.7%, 0.010~0.050 mg/kg 64.23% 23 0.050 mg/
kg ol 17.07%E xR|3te Aoz vkttt B A7ds
A 240l Cd TS 0.007~0.115 mgkgol o™, o]

2 AP 24e](0.01~0.63 mgkg)BTH= Thh e
SR P

o, olmiel®, AF 2L 7|e} 4Ee) CdY d%
= #I9F Zol AHE A, ofFlA 7P Rar, olmjaffol
A1 7F& o} Duncan's multiple range testoA] o}&<} 7]
Bl HE, Jler AR R Alojdle R-93 Alelr}
o, o= T aF A9 {9 xolE 1Y
on, R} ARE 43 2jo|2 BATHESE, 778)=
21.92, p<0.0001). Cd9] o] HF>NLF{>FEF 5 7|
Bl FESO1F 02 WolXe AL Hole AL Yo
A AR AsollM VeRd Akt 7R ol iti(Table 1),

S Yt Cd FEs vlws) B, olFe] A%
0.013 mg/kg(0.001~0.067 mg/kg), 0.016 mgkg 0.001~0.120 mg/
kg), oluiziF2] 7 0.182 mgkg(N.D.~1.905 mgke), 0.180
mg/kg(0.019~0.456 mg/kg), TH2HF2] ¢ 0.080 mg/ke(0.002
~1.113 mg/kg), 0.051 mg/kg(0.006~0.134 mg/kg), 71e} 4t
4 7% 0.033 mg/kg(0.001~0.214 mg/kg), 0.032 mg/kg
(0.002~0.160 mg/kg)e 2A =uj4tat 9dake] Cd gk A
ol Qv ALZE Yelth(Table 2).

sE Cdel FBg Tk, Asl, dEsiat 28 3
Mafate s RSl A A3, ojFelAlE 0.012 mgkg,
0.015 mg/kg, 0.012 mgkg L3 0.014 mgkgs VFeERL,
ofuf s 7o 79 0243 mgkg, 0.094 mg/kg, 0.214 mgkg
I3 0231 mgkgd] AHE HIow, 7h7He A
0.103 mg/kg, 0.097 mg/ke, 0.058 mghkg 2 I 0.051 mg/
kg® ZAE B, 71el FAES A$ 0.031 mgkg,
0.024 mg/kg, 0.030 mgkg 283 0.043 mgkge] A2 1}
B gERE fold Aolgo] flE Aoz uehygh
(Table 3).

Cdoll gk &jFeo] FAXNE HH, 57 7S oF
0.2 mg/kg, TAIF 2.0 mghkg, HEANNE o F, dAF 2
7t 0.1 mg/kg, HvkaE= olF 0.05mgke, o179 7b, 737
o, AFAM 242} 0.5 mgke, FFNE 2, A, AF
2zk 20 mghkg, MIEAEE oF 0.05 mgkg, W2 03
mg/kg, AAF HF 2 1.0mgkg Sold, =9 AL
= 2000 9€ o] FHE FHFo sl 2.0 mgkgR FskL
A

B 2A] A S it 223 el W Cd
e Aol7t fle Fle= Hol EAF AR I Fo A4
she AR oo digt A 2L 5 jiou, 25
B HoAE oA R e 2gd vs] B ARE
Ho|3 glt}. Y HFIME A 1.9 mgkes] Cd7t A
Hof, dFell et FA71E20 2.0 mgkeol 2R A9w
AUt

Pbe| EAogdnt

Pbe] EAMAF o]FollAe Pbe HFTHL 0.111 mg/
kg(0.015~0.499 mg/kg)olRo™, 74X B 0.279 mgkg®
7P =93, WojollA 0.056 mgkgE 7HE RUTH o] R
Aol Pb £XZ &L 005mgkg ©13F 16.02%, 0.050~0.10
mg/kg 32.03%, 0.10~0.15 mgkg 33.98% L 0.15 mg/
kg °1%F 17.97%2 EPRdth W 522 o]FoA pbe)
dEHE 038 mgkg 8 BIslgon, & 08 yhxju
0.28 mg/kg(0.10~0.81 mgrkg), H A 0.28 mg/kg(0.07~0.71 mg/
kg) 2213 =) 0.26mgkg(0.06~0.68 mgkg)7’t AESHATH
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I Rye R B A¥e] ARET 2 @S B, A
598 Aok M4 ojFell FHH Pbel HIAFHL 0.16 mgy/
kgo 2 Bz, ¥ 2AF Ao} S

olmiw Fol A1) Pbe] HFFFE 0.138 mg/kg(0.013~

0462 mghkg)Z YERRIL, gtolA 0177 mghkegl 2 7V =
Al, 71209k Zetll A 0.128 mgkeS & 7P RA VRSt
FellAe] Pbe EEES 0.1 mgkgoldt 36.86%, 0.1~
0.15 mg/kg 29.17%, 0.15~0.20 mg/kg 16.67% &3 0.20
mg/kgol’d 17.3%= YUeRdth 2 59 2 0.08~1.20 mg/
kg, ¥EX 0.08~0.89 mg/kg, &3 0.02~1.01 mgkge] Pb7}
AEIJky Lrsgen, & 59 Z 0.06~1.51 mgkg,
vlRg 0.07~1.14 mg/kg, 222+ 0.08~1.05 mgkg 1851 ¥
3 0.02~1.51 mg/kge] Pb7t HEHIUTIL Haugto gy &
g AFur} th & e Uitk 2 5202 pbel
Hadgo] ZFollA 0.134 mg/kg, 71270 0.066 mgkg I
22} 0.03] mgkg? Bystoga B Ay Aduct o
Fe B}
HFolAe]l Pbe] HFEEFS 0.109 mgkg(0.006~0.510
mg/kg)elew, SAN$-9} WA 0.146 mghkge & 71
=L e, FIEASIA 0.066 mgkgR 71 e kS
el Tk AZRAA Y Pbe £X &L 0.05mgkg ©l38t
13.19%, 0.050~0.10mg/kg 42.86%, 0.10~0.15 mg/kg 25.27
% ZEL 0.15mgkg °d 18.68%% e} Aol =A}
Aol vig) tha 2o groz yepdoh'

718} FAHE A Pbe] HFTHEHL 0.188 mg/kg(0.010~
0.877 mghkg)® YeRER, vitige] 0.136 mgkgl = 7H
won, WAL 0.073 mgkel & 71 BA Jebdth 7]
Bl 3HEe] Pb XSS 0.05mgkg ©13F 12.2%, 0.050~
0.10 mg/kg 38.21%, 0.10~0.15 mg/kg 26.83% 221 0.15
mg/kg ©d 22.76%= UERHTH Y8 AT bjsixMe
AHoE thh Be £

F, olisl®, 2HE el 7lE AHEe] Po # S
e} 7ol AE A3, 7FbFolA 7P RaL, ofujsl o
A 7P E3kem, ol ] 29| Wi Duncan's multiple
range testollA] oo {7 FoSA & AHAE VeI,
7e} a2, R, U £02 Pb 0] Wolx|le A
& Hoj ol AWE As, Cdo] B$eke v Fdeldt
(F(3, 777)=7.06, p<0.0001, Table 1).

a4k Pb S viws] BE, ojF/e) A4
0.116 mg/kg(0.023~0.499 mg/kg), 0.101 mg/kg(0.015~0.389 mg/
kg), olrlulF-e] ¢ 0.137 mgkg(0.013~0.462 mg/kg), 0.142
mg/kg(0.049~0336 mg/kg), A2HFS] 79 0.111 mgkg (0.006
~0.510 mg/kg), 0.098 mg/kg(0.026~0.198 mg/kg) L& 7]
B} FAHE9) A9 0.115 mg/ke(0.010~0.877 mgrkg), 0.142

ol

E

o
s

T gL

mg/kg(0.029~0.387 mg/kg) o 2A] =|Akzt =9]1AHE9] Pb
T Foldt Aol gle AR WERTHTable 2).

sl Pbel FHFS B4k, AMEA, GEsiat 2B @
Ao r Rt AR A3, o]Rolxe] Pb T
0.131 mg/kg, 0.098 mg/kg, 0.123 mgkg &} T 0.109 mg/
kg2 VERGoH, T3t o F7} B #ge] ofFel Hls)]
oA w2 A3E BATHFA, 273)=1.17, p<0.136). $HH,
oluj =) F2] 7L 0.159 mg/kg, 0.141 mgkg, 0.132 mg/kg
a3 3 0135mgkgd ARE RAX, BAFY AL
0.124 mg/kg, 0.119 mg/kg, 0.099 mgkg L8] 0.098 mgrkg
o] A#%E HYoH, 7g F44ES A4S 0.108 mgkg,
0.097 mg/kg, 0.122 mg/kg 2 0.120 mgkgd] AAZ 1}
R, olujilF, 7R 23 e SRS SR &
o]3 zpo)7} gl AL E UERGTHTable 3).

SRR F9] Poell tigh 9o FAIXE B, 3F9
$ R0l wet 1.5~5.5mgke, Nutke] A% oF o
0.5 mg/kg, 4k, 91E oJullF 27z} 10 mgkg, W9
< o)F 03mgke, A2HF IAF 24zt 1.0 mgke, WIE
gex o Fo 1A 242t 0.5 mygke, SAFS HF 2z
20mgke, o120l 3% ExH 1.25~1.50 mgkeg, QA
F 20mgkg 502 I7MH, FRERE fYst FEEAE
Bola kB $euele] A9 R, AR, dAFM 2zt
7 20 mgkegl 2 AT S, B AdolA B4 &
AHE 7827300 gk Pb B S AV S ZFEhs Al
BEE 0

ol & odf

TiE BFS0 Cigt oM EIt

FAE AHAE T8 JA FrEe FEE UiF ok
3& Brsl] 98, S B AAEE S S
FAO/WHOOIA AA e QA& 157 4FH IAHNE
(PTWI : Provisional Tolerable Weekly Intake)2 H]L&}%
THO, B Aol M8 S B R A8 ] 98
N@EAtdate] 4 AF 43% AEEREH 559
FHFE AEFA, o] @ PTWISE HlZete T4HE 55
o tig obAA-S Hrksidg?
Sl ol F HHAFe] /M B2 A% 30~40
t(84.6 g/21/Q )™, ARH(74.9 g2/l vl HAH94.2 of
Q1/he] ofullF AFHZe] Bl uetr o7)dME 30 &
o] HHAF042g/8)) B AF(65kgre A&t A
A H)A AHEE AESI PTWISE HIZsIHT Hia #=F
o th$t PTWIE 15ug inorganic Askg body weight/week
ojth, Y digte] Rk FEFeE U EI|ES
AR e veke 359 72AE (1.0 mgkeg)elth &
9] S & FLE ke ES 7PEE BE, AF

B o 4
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65 kgl Algo] 99 140g AEE AHAAS @ PTWI =
@il "ot asEg F70 ul4 AHEHF(ug total Askg
body weight/week)S o1F+= 021 pg, ©l9i=iF 0.53pg, 3
745 043 pg 283 7)EF $AHE 0.24 el e, A B
FOZE 037 uglERN PTWISH Hlw3lA ©o]F 1.4%, °|v|
e 3.53%, AF 2.9%, 718 F4HE 1.6% 22]al Wi
25% AEE e FAE Bk 2y PTWIIXE 77
HAE 7|&o® AAF gol|x, B dFFAdME F HiR
g Byl oeng AA Frjuie] 43 Bl olRg ¥
S Ao AREL. $HUSelre FrHldel e A+
A7t A9 gloiM BEE & 1o, Mufioz et al. &
FAEA F Bl gt FrlH|4e] 7L 0.02~
6.88% ©lJtial Ryt on, FiE F F Hldd] g
274 HEE 0.15~11%AEE 7158 BaEP% 9}
o} L3 FAEEolY 1 7HEEel e & vlag 50%
A= EXo] A glom * §718]4¢] arsenobetaine 3
g2 Szt 2e itk adug fiHEd e
Z HlA 2 772 ¥EL 10%3EE FH3ME =
< B3 RruA & Helxf AWE FHoE 1/10 B
T2 FHod Aol

AR F Jl=g gl oid Fule] Hojs 87152 2.0
mg/kg@H)ols, FAO/ WHO oA 283 Ft=F thit
PTWIE 7ug Cdkg body weight/week(H% 65kgll AFg
o] 4 325g AEE A =28 F A P otk
sahtgeld olHFE 7P Hol dH ke dFUE v
Vhe 300) gRke] O AE AHFE 15734019, 2 T
ool Fe] AHTS 94200 2N HA| AF HAFHF 7hed oF
%A TS AR A2 BT TP, 7)ol AA)
H 99 AF HHF AR} B AFolA 2ARE =4

Cd &g Hgal] FAES 58 =Y FL AAF
(ug Cd/kg body weight/week)S &1 EH o]FolA 0.14
g, olWHF 1.85ug, TAF 0.80ug I 7|8 FAbE
0.33 ugoleH, HHEANZE 092 uge 2 AEHo] k=59
3k PTWIS} Bl off o} 2%, olwl#F 26.4%, T2
11.4%, 718} FAE 47% 283 HF 134%F F3haL
o aEE ojmiEiFe} AR &S A AF AHF
o gk o Fel AF ulEQ 6%ETE 2 HE&S A
e AL & & Aok o] FAIE ofHlF HHFY 942¢g
AL F T AAFRe 4T S 7P A
oA T, AL wEtME PTWI Bt} B2 4 HHY
7EsAol glemg wF ] BE AR didEe A
o Fulge AT I Qo) e A7F7F ey A
oz ydd

FAEe] i gl gk 9] HUserlEe odF
(@AF E3HelA 2.0 mgkgel™, FAO/WHO?] ‘dofl thdt

= 25ug Pb/kg body weight/week(XZ 65kg?l At

Po| a7 116gS HHANE o =3k FA)elt) o] +
AE L3l FAHES B3 @l MFHZFH(ug Pbkg body
weight/week) & AlAke] B ojFolA] 1.13pg, olwi=lF
140 ug, 245 111 pug 2313 7]ek $2HE 120 pgole
o PHAXEE 12522, PTWI B8] o]F 4.5%, o]}
WG 5.6%, AT 44%, 7|EF FAHE 4.8% 2Bl B
5%2 A sk o2 Vet

olafollA] A E nle} Zo] kB FEE T AF
AAFE T3 45T $I5 AFFS FAOWHOY dx
7139 PTWISH vlas) & A}, e 3 F354% 4
e pTWIol B3] 1.4%~264%F =2 Ve

aERY%

Sa}a dolellA o, me 9% olF 3F 2567, olviElF 15% 3127, AR 12F 914F 7824), 718
AR 102 12379 AEE OO E As, Cd 28 Pbe] FHE AASE A% A, ofFfelME 0.021 my
kg(N.D~0.162 mg/kg), 0.014 mg/kg(0.001~0.120 mgkg), 0.111 mg/kg(0.015~0.499 mg/kg), °IPi= 72l 73+ 0.052mg/
kg(0.003~0311 mg/kg), 0.182 mg/kg(N.D~1.905 mgke), 0.138mgke(0.013~0.462mgkg), 3772l 735 0.042mgkg
(N.D~0.328 mg/kg), 0.079 mg/kg(0.002~1.113 mg/kg), 0.109 mg/kg(0.006~0.510 mg/kg) L3 71E} F4b2-2] 735
0.024 mg/kg(N.D~0.181 mg/kg), 0.033 mg/kg(0.001~0.214 mg/kg), 0.118 mg/kg(0.010~0.877 mg/kg)o = 717} Veht,
olujF| 57} ThE E8o) Ha) foldl Be ARE BRIZ(Pp<0.0001), FH HFHETE osiAon, FiEd
23 4HHE i, b, =B F7HIA TS BT 23 FAO/WHOIA dAshRs PTWIE Bl 1.4~26.4% 73

=9 Ze= ey,
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