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AFE 8o b} 2 th(MeantSD, mgkg). o1& Jé& 34 32 Hg 0.08+0.01 mgkg, Pb
0.17£0.32 mg/kg, Cd 0.34+0.07 mg/kg, Cr 0.05+0.05 mg/kg, Cu 1.14£0.13 mgkg, As 0.24+0.22 mg/
STk, 9 f3l FEES] AAH FYNEG A uw FIE3} oiF Juglol 7He] FHAE
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o] 7h 25 H-9) 34 9k 7k A##AlE He (=0.989, p<0.01), Pb (=0.978, p<0.01), Cd (-=0.991,
p<0.01), Cu (1=0.998, p<0.01), As (=0.198, p<0.05)°llA] A&4AAE Yely o, Cr (=0.082) 2%
HAA T A EA &t
Abstract : This study was carried out to estimate the contents of heavy metals in big marine 17 kinds of fishes
(n=89) which had been sold at wholesale market in Seoul from January to December in 2005. The contents
of mercury (Hg), lead (Pb), cadmium (Cd), chrome (Cr), copper (Cu) and arsenic (As) were measured by the
mercury analyzer and atomic spectrophotometer (AAS) in the flesh, liver, and gill part. The values of heavy
metals in fishes were as follows (Mean+SD, mg/kg). The average contents of heavy metals in the fishes were
Hg 0.08+£0.01 mg/kg, Pb 0.17£0.32 mg/kg, Cd 0.34%£0.07 mg/kg, Cr 0.05£0.05 mg/kg, Cu 1.14£0.13 mg/
kg, As 0.24£0.22 mg/kg. Of the heavy metals detected in 3 parts, liver was measured highly in the all heavy
metals. Of the heavy metals detected in countries, Hg, Pb, and Cu were measured highly in New Zealand,
Cd and As in Norway, Cr in Korea. The range of heavy metal contents in imported and domestic fishes are
low level, except of mercury contents of imported Yellow porgy (n=2), compared with regulation value of anther

nations and Korea. And the contents of heavy metal in the imported fishes are natural. By correlation coefficients
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between fish livers of all subjects, a significant correlation was found Hg (r=0.989, p<0.01), Pb (r=0.978, p<0.01),
Cd (r=0.991, p<0.01), Cu (r=0.998, p<0.01), As (r=0.198, p<0.05) in fish livers and flesh.

Key words : heavy metal, fish, flesh, liver, gill
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Table 1. The species of samples in used analysis of heavy metals

fish group

domestic

imported total

Common mackerel (Scomber japonicus)
Gold fish (Carassius auratus)

Alaska cod fish (Gadus macrocepgalus)
Borwn croaker (Miichthys miiuy)

Japanese amberjack (Seriola quinqueradiata)
Yellow croaker (Pseudosciaena crocea)
Spanish mackerel (Scomberomorus niphonius)
Alaska pollack (Theragra chalcogramma)
Armorclad rockfish (Sebastes hubbsi)

Atka mackerel (Pleurogrammus azonus)
horse mackerel (Trachurus japonicus)
Gizzard shad (Clupanodon punctatus)
Redlip croaker (Pseudosciaena polyactis)
Slender shad ({lisha elongata)

Red sea bream (Chrysophrys major)

Herring (Clupea pallasii)

Yellow porgy (Dentex tumifions)
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Table 2. Concentration of the heavy metal standard solution

Conentration (ug/ml)
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Element - - 7y 2349 LTS ol ] 93k Pbe 50
High Medium Low
5 mg/kg, Cd 50 mg/kg, Cr 50 mg/kg, Cu 50 mg/kg, As
As 20 10 5 ° o=
= kgS spikedte] AlE T 7 &
Pb, Cr 50 25 12,5 img/ ke, Hog 5 mglkg spikeste] M= F2] .
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cd 1000 500 250 ks Aste 35S FIAoH, ol Table 5
YDissolved in 0.5N-HNO;. o] erhoiTt.
Table 3. Analytical condition of mercury analyzer Table 4. Wavelength for metal analysis
Sample Type Solid (moist) Element Wavelength(nm)
Maximum Capacity 500 mg Pb 283.3
Detector silicon UV photodetector Ccd 228.8
Wavelength 253.65 nm Cr 357.9
Light source Low pressure mercury Cu 217.9
vapour lamp As 193.7

Decomposition Temperature 800~1000°C
Amalgamator heating 850-050°C
temperature

4 bar (60 psig) with~200 ml/

Carrier Gas(Oxygen) flow rate min

Table 5. Recovery of the heavy metals in marine fish

Element Pb Cd Cr Cu As Hg
Recovery(%) 81.5 83.7 845 898 852 982
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Table 6. Heavy metal concentration of marine fishes consumed in Korea" (Unit : mg/kg)
Fish group No. Hg Pb Cd Cr Cu As
Common mackerel (Scomber japonicus) 7 0.07£0.08% 0.31£0.13 0.38+0.57 0.05+£0.07 0.75+0.17 0.39+0.17
Gold fish (Carassius auratus) 2 0.11£0.08 0.03£0.02 0.03£0.03 0.03+£0.02 1.72+1.43 0.12+0.11
Alaska cod fish(Gadus macrocepgalus) 9 0.07£0.08 0.15£0.44 0.06£0.20 0.04+0.05 1.19+0.39 0.28%0.21
Borwn croaker (Miichthys miiuy) 9 0.03£0.05 0.16£0.17 0.23+0.83 0.04%£0.03 0.70£0.21 0.288+0.31
Japanese amberjack (Seriola quinqueradiata) 2 0.04+0.03 0.06£0.05 0.09£0.17 0.10+0.12 1.89%£0.95 0.18£0.06
Yellow croaker (Pseudosciaena crocea) 7 0.02+0.01 0.21£0.29 0.01+0.02 0.03+£0.03 0.46+0.14 0.19£0.16
Spanish mackerel (Scomberomorus niphonius) 7 0.04+0.03 0.14£0.20 0.12+0.26 0.06+0.07 1.27+0.44 0.17+0.09
Alaska pollack (Theragra chalcogramma) 8 0.041£0.04 0.15+0.24 0.21£0.56 0.03£0.03 0.10+0.33 0.25+0.19
Armorclad rockfish (Sebastes hubbsi) 3 0.04£0.04 0.07£0.15 0.04£0.05 0.05%£0.04 0.97£0.45 0.07£0.09
Atka mackerel (Pleurogrammus azonus) 1 0.04£0.02 0.14£0.10 0.03£0.04 0.14£0.18 5.74%3.80 0.14%0.06
horse mackerel (Trachurus japonicus) 3 0.18£0.21 024+021 0.01+0.02 0.05£0.04 091+£0.46 0.26+0.05
Gizzard shad (Clupanodon punctatus) 1 0.01£0.01 0.09£0.07 0.03£0.00 0.08£0.08 0.44£0.32 0.10£0.03
Redlip croaker (Pseudosciaena polyactis) 5 0.05+£0.05 0.11£0.14 0.15£0.22 0.04£0.06 1.12+0.43 0.22+0.19
Slender shad (/lisha elongata) 3 0.07£0.05 0.11+£0.08 0.07+£0.10 0.03+0.03 0.294+0.09 0.09%+0.11
Red sea bream (Chrysophrys major) 12 0.13£0.18 0.27£0.53 0.73£0.27 0.05£0.04 1.22+£0.38 0.2520.22
Herring (Clupea pallasii) 2 0.18+0.11 0.08£0.06 0.04£0.05 0.03+0.02 1.13£0.90 0.23£0.13
Yellow porgy (Dentex tumifrons) 8 024+024 0.16+£0.20 1.09£0.52 0.05£0.04 1.52+0.65 0.30%£0.39
Total 89 0.08£0.01 0.17£0.33 0.34+0.07 0.05£0.05 1.14£0.13 0.2+0.22

DSignificantly different between the indicated groups (p<0.05).
IMean= SD.
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Table 7. Heavy metal concentration of different parts (Unit : mg/kg)
Samples Part Hg Pb Cd Cr Cu As

flesh  0.05+0.03 0.28+0.22 023+0.22 0.04£0.01 0.63+0.12  0.58+0.04
liver  0.13£0.04 0.46+0.31 0.90+0.19  0.02£0.00 1.58+0.27 0.31£0.04
gill 0.02£0.01 0.191+0.08 0.01£0.01 0.10£0.04 0.03+0.02  0.29+0.05

flesh  0.13£0.00 0.02£0.01 0.02£0.02 0.02£0.00 0.06£0.06  0.04+0.04
liver  0.18+0.04 0.04£0.00 0.02£0.02 0.02£0.01 5.04x3.79  0.12+0.03
gill 0.03£0.01 0.03+0.02 0.03£0.03  0.05£0.01  0.07£0.07  0.19%£0.12

flesh  0.04£0.00  030£025  0.00£0.00 0.02£0.00 0.14£0.07 0.35%0.10
liver  0.15£0.04  0.10£0.03  0.05£0.04 0.02£0.00 3.36£0.78 0.25+0.04
gill  002£0.00  0.05£0.01 0.12£0.11  0.09£0.02  0.05£0.02  0.22+0.06

flesh  0.04+0.02 0.11£0.04 0.00£0.00 0.03£0.00 0.11£0.038 0.18+£0.058
liver  0.05+0.02 0.19+0.07 0.68t046 0.03£0.00 191+042 0.45%+0.15
gill 0.01£0.00 0.17+0.06 0.01£0.00  0.07+0.01  0.10+£0.04 0.21%+0.06

flesh  0.06+0.03 0.05£0.04 0.00£0.00  0.04+0.01 0.67£0.14  0.17£0.03
liver  0.05£0.02 0.10£0.04 0.22+£0.21  0.04+0.02 4.61=1.49 0.19%£0.08
gill 0.01£0.01 0.04£0.04 0.06£0.06 0.21£0.12 0.37+£0.02  0.20%0.04

flesh  0.03£0.00 0.3210.16 0.01£0.01  0.02£0.01 0.12+£0.07  0.19%0.06
liver ~ 0.03£0.00 0.24£0.99 0.01£0.01  0.02£0.00 1.25£026  0.19+0.07
gill 0.01£0.00 0.08£0.04 0.01£0.00 0.06£0.01 0.07£0.00 0.19+0.06

flesh  0.02£0.00  019£0.08  0.01£0.001 0.02+0.01  0.15£0.05 0.18%+0.04
liver  0.08£0.01  0.17£0.09  029£0.15 0.03£0.01 3.52£0.81 0.15£0.03
gill  0.0440.01 0.07+0.04  0.06+£0.05 0.11£0.04 0.12+0.05 017£0.03

flesh  0.04+0.02 0.16+0.08 0.18£0.18  0.02£0.00  0.17+0.08  0.13+0.03
liver  0.04£0.02 0.24+0.12 0.44£0.29 0.02£0.00 2.72+0.65 0.46+0.05
gill 0.02£0.01 0.061+0.02 0.02£0.01  0.07£0.01 0.10+0.03  0.16+0.03

flesh  0.05£0.02 0.01£0.01 0.02£0.02  0.02£0.01  0.14x£0.07  0.06x0.06
liver  0.06£0.03 0.19£0.14 0.09£0.02 0.03£0.02 2.75£0.10  0.06+0.06
gill 0.01£0.00 0.03£0.02 0.00£0.00  0.09+0.01  0.02£0.02 0.10+0.064

flesh  0.05£0.00 0.04£0.00 0.00£0.00 0.02£0.00 3.69+0.00 0.08+0.00
liver ~ 0.05£0.00 0.15£0.00 0.07£0.00 0.05£0.00 13.10£0.00 0.14+0.00
gill 0.02+0.00 0.24£0.00 0.02£0.00 0.35£0.00 0.43x0.00 0.19+0.00

flesh  0.23+0.19 0.24+0.20 0.01£0.01 0.03£0.02 0.43+£0.11  0.28+0.04
liver  0.25£0.21 0.23+0.19 0.00+£0.00  0.02£0.00 2.30%+0.35 0.22£0.02
gill 0.06£0.05 0.25+0.18 0.03+0.03  0.10£0.01 ND" 0.28+0.04

flesh  0.01£0.00 0.03£0.00 0.03£0.00 0.02£0.00 0.27+£0.00  0.07+0.00
liver  0.03+0.00 0.17%+0.00 0.03£0.00 0.18£0.00 1.06+0.00  0.13+0.00
gill 0.00£0.00 0.08+0.00 0.03£0.00 0.05£0.00 0.00+0.00 0.10+0.00

flesh  0.07£0.03 0.06£0.02 0.02£0.01  0.01£0.00 0.72+£046  0.08+0.04
liver  0.06£0.02 0.19£0.10 0.39£0.11  0.05£0.03 244+1.02 0.33%£0.10
gill 0.02£0.02 0.07£0.03 0.04£0.02  0.07+£0.03  0.21%£0.01  0.24%0.08

flesh  0.07£0.01 0.06£0.01 0.01£0.01  0.02+£0.01  0.19£0.08  0.05%=0.04
liver  0.12£0.03 0.161£0.04 0.18£0.05  0.02£0.00 0.62+0.08  0.08+0.04
gill 0.01£0.00 0.12£0.07 0.02£0.02 0.06£0.02 0.05£0.03  0.13+0.11

flesh  0.14+0.03 0.13+0.06 0.34+£0.30 0.03£0.00 0.20+0.08  0.17+0.05
liver  0.22£0.08 0.29£0.11 1.55£0.68 0.05x0.01 2.53+0.57 0.27%£0.07
gill 0.03£0.03 0.37£0.25 0.29+0.27  0.08£0.01  0.93+0.89 0.31£0.08

Common mackerel
(Scomber japonicus)

Gold fish
(Carassius auratus)

Alaska cod fish
(Gadus macrocepgalus)

Borwn croaker
(Miichthys miiuy)

Japanese amberjack
(Seriola quinqueradiata)

Yellow croaker
(Pseudosciaena crocea)

Spanish mackerel
(Scomberomorus niphonius)

Alaska pollack
(Theragra chalcogramma)

Armorclad rockfish
(Sebastes hubbsi)

Atka mackerel
(Pleurogrammus azonus)

horse mackerel
(Trachurus japonicus)

Gizzard shad
(Clupanodon punctatus)

Redlip croaker
(Pseudosciaena polyactis)

Slender shad
(Ilisha elongata)

Red sea bream
(Chrysophrys major)
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Table 7. Heavy metal concentration of different parts

Samples Part Hg Pb Cd Cr Cu As
e flesh 0214000  0.04£0.00  002£0.02 0.02£0.01 0.12+0.06 0.10£0.08
eming y liver 0294003  0.14+0.05  008£0.60 0.03£0.01 3284227  0.30%0.05
(Clupea pallasii) .
gill 0054000  0.05£0.02  0.02£0.02 0.06£0.01 ND 0.28+0.08
flesh  033£0.06  0.10£0.07 0212021  0.03£0.00 0.03£0.01 0.14£0.04
Yellow porgy

. liver  0.45+0.13 0.20£0.08 3.06£1.35 0.03£0.01 4.49+151 0.50+0.21
(Dentex tumifrons)

gill 0.15£0.21 0.18+0.06 0.01£0.00 0.01+£0.01  0.04=0.04 0.24%0.07
flesh  0.09+0.01 0.16+0.03 0.10+0.05  0.02+0.00  0.30+0.06  0.19%+0.02
Total liver  0.14£0.02 0.21+0.03 0.99+0.22  0.03£0.00 3.23+0.34 0.29£0.03

gill 0.03£0.01 0.15+0.03 0.06£0.03 0.09£0.01 0.19%£0.11  0.22+0.02
UND - Not detected (< 0.1ug/kg).

0.58%0.04 mg/kgolal Z5NA2] As TaFe 50, (p<0.05).

B, Aol A E BE, AR, wol, oA FEE AAH SRS AvRE oiFT 4B
£ B, o], Aol 202 ¥ SHHUT, flo] BHHTHE 70 7L BA Uehgon, of
B4 08 BHIE He o As, 08 He IS SR 1Y e 392 2515 olsjol

Cd, Cr, Cu, °}7}9]= Hg, Cr, AselA A=Ak ALE 71F W =4 H5

Table 8. Heavy metal concentration of different countries and parts (Unit : mg/kg)
Element part Country Hg Pb Cd Cr Cu As
Flesh 0.14+0.004 0.03£0.00  0.00£0.01 0.021+0.00 ND" 0.14+0.00
Norway Liver 0.13£0.00  0.07£0.00  7.17£0.00  0.02%=0.05 2.07+0.00 0.41+0.00
Gill 0.00£0.01  0.10£0.06  0.04=0.08 0.07£0.01 ND 0.68£0.04
Total 0.10£0.02  0.07£0.01 2.40%1.51 0.03£0.01 0.691+0.44 041£0.10

Flesh 0.20+£0.06  0.21+0.10 0.66+t0.66  0.03+0.00 0.21+0.14 0.20%+0.09

New Zealand Liver 0.35£0.16 0.32%£0.18 2.34%1.81 0.03£0.01 4.58+2.81 0.35+0.10

Gill 0.04£0.01 0.15£0.08  0.02£0.017 0.08%0.02 0.05%£0.03 0.39£0.11

Total 0.20+£0.06  0.22+0.07  1.01+£0.65  0.05+0.01 1.61+1.03 0.31£0.06

Flesh 0.16£0.00  0.07£0.00 ND 0.03£0.003  0.17£0.00 0.06£0.00

Ocean Liver 0.17£0.00  0.03+0.00 0.95£0.00  0.01+0.00 0.661+0.00 0.10+0.00
Gill 0.02£0.00  0.04+0.00  0.00£0.00  0.03+0.00 ND 0.05%+0.00

Total 0.11+0.03  0.05+0.01  0.32+£0.20  0.02+0.00 0.27+0.12 0.07+0.01

Flesh 0.13£0.03  0.12£0.03  0.14£0.08  0.02%£0.00 0.15£0.04 0.12£0.02

Japan Liiver 0.16£0.05 0.24%0.05 1.20£0.47  0.04%£0.01 2.94£0.56 0.37£0.07
Gill 0.05£0.02 0.22%£0.10  0.12£0.11  0.08%£0.01 0.42£0.36 0.18%£0.03

Total 0.11+£0.02  0.19£0.04 0.49£0.17  0.05£0.00 1.17£0.26 0.22£0.03

Flesh 0.03£0.00 0.28%+0.15  0.02£0.01  0.02%+0.00 0.05£0.02 0.19+0.06

China Liver 0.03£0.00  0.20£0.08  0.09£0.06  0.02%0.00 1.26+£0.22 0.28+0.11
Gill 0.01£0.00  0.08£0.04 0.01£0.01  0.05£0.01 0.06£0.02 0.23£0.07

Total 0.02£0.00  0.18£0.06  0.03£0.02  0.03%£0.01 0.451£0.14 0.24£0.04

Flesh 0.07£0.01 0.17£0.06  0.04£0.03  0.02£0.00 0.38%0.10 0.25+0.03

Korea Liver 0.13£0.02  0.19£0.05 0.51£0.15  0.03=0.00 3.161£0.36 0.25+0.03
Gill 0.03£0.00  0.11£0.02  0.05£0.02  0.10£0.01 0.11+0.02 0.22+0.02

Total 0.08£0.01  0.16+0.03  0.20£0.05  0.05%£0.01 1.22+0.17 0.241+0.02

UND - Not detected (< 0.1ug/kg).
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Table 9. Correlation coefficients among parameters between fish livers and flesh

Liver
Item
Hg Pb Cd Cr Cu As
Hg 0.989%*
Pb 0.978%*
cd 0.991%*
Flesh Cr 0.082
Cu 0.998*
As 0.198%*
*Person's correlation at p<0.05.
**Person's correlation at p<0.01.
sh, 77 ol dojuH, Cu AlA s& AME & W3l = FFAEA WMo A=ty S4E §
Zwek Al B AFS AANS Bee WY 3t 59 zolol] 7IQlsteE AR F5E & Ao
| 5, AEY, EFUHE do7)= AR & gt AekS QEiME 22 A7), 2 AL S
HA Jt® o] F F9 Cu FFHE FASE JE Y E3tegzAate] AEAR1 A7t sttt AzbE Tk
= 357} 70 mgkg, FAYTE 50 mg/kg, G 20 mg/
kgO 2 tiFte] yeirt 71ERE =A FaB A, 34. 7int 2] AEEA
vl Rad ofsF T Cu 2 F o] AE F5 JF2 sAEAY TFH et 58S
3.31~4.25 mg/kg, HHAE 3.17-4.36 mgkg, 7}AH SIFETS dAHCRE Fdhe A9 Bon, 55
0.92~1.17 mg/kg, 23 0] % 2 mgkgo & B 865 3 €9 IHE 2 AErit) b2t o & 1 ojuF
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Al glo] B 249} ulwsl & ) £9 2 )
ob# wi-¢- sto} flsde] A
AT Ase AAA G g Exs)
E3] oIl 7] AF 0.2~18 mgkgl & V| &
Fo) &7t el Aok s atEel g of
= AsE AY §7180= gl B AFFo] 1
B 293l RE3 3t 2 Walsly] wio
Aol 2 87k e AR gl Jo 0 Ha
o o8 7R BH e H] Ao R sty FAHE
tXHo}%T LIRSS do| H2} thFE I Qe
99t 2 R F9 7 FEE T Aole A
g2 AH A7) 8 2dQelN WEHE FIET

o rz o ¥ r\o =) rlr r

(r=0.978, p<0.01), Cd(r=0.991, p<0.01), Cu(r=0.998,
p<0.01), As(r=0.198, p<0.05)2] H#HA S YEIN S
), Cr(r=0.082)2 214 FaA7F 1 =A@k
t}h ol& Cre& tE Fa&d vlal] of 7o 7kl F4

ZFRAIFE AL 91E He, Cd, Pb, Cr, As, Cu 5 67 5=
& o FEEFRT et wAe AN A
3 olFd FFE FFS Hed ASIste B /1FE
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