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Heavy Metal Contents of Fish Collected from the
Korean Coast of the East Sea (Donghae)
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Engineering, Kangnung National University, Gangwon 210-702, Korea

This study determined the heavy metal contents in fish from the Korean coast of the East Sea (Donghae).
The sample were divided into three parts (meat, liver, skin) and digested with acids. Then, contents of
lead, cadmium, mercury, and arsenic were analyzed using atomic absorption spectrophotometry. The heavy
metal contents in different parts of the fish were as follows: lead of 0.019-0.346 mg/kg (meat), 0.461-0.516
mg/kg (liver), 0.018-0.855 mg/kg (skin); cadmium of <0.049 mg/kg (meat), <1.224 mg/kg (liver), <0.019
mg/kg (skin); mercury of 1.018-2.751 ug/kg (meat), 3.057-7.023 rg/kg (liver), 1.068-3.940 rg/kg (skin);
arsenic of 0.938-25.935 g/kg (meat), <21.082 ug/kg (liver), <3.708 ug/kg (skin). Contents of heavy metals
in the liver and skin from some fish exceeded the maximum CODEX guideline levels, although the contents
in meat from all of the fish tested were much lower than the CODEX levels.
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Table 1. Classification by size and weight of fishes. Unit, cm (kg)

Size and Weight of Fishes

Classification —— - - — o
Liparis tanakai (n=6) Aptocyclus ventricosus (n=3) Limanda herzensteini (n=6)  Todarodes pacificus (n=6)

Small 40 (1.5) 15 (0.03) 21 (0.05)

Middle 50 (2.7) 32-38 (1.5) 19 (0.1) 25 (0.14)

Big 66 (5) 25 (0.22) 30 (0.25)

Table 2. Moisture contents by the parts of fishes. All data were expressed as mean+SD with three replications. Values
within column different superscript letters are significantly different at p<0.05. Unit, g/100 g

Part Liparis tanakai Aptocyclus ventricosus Limanda erzensteini Todarodes pacificus
Meat 84.43+1.91° 86.43+0.40° 78.72+1.38° 77.07£0.13°
Liver 46.48+2.52° 65.41x0.88° 53.88+2.71° 50.48+1.15
Skin 88.19+0.67° 85.86+0.27° 72.35%0.35° 84.48+0.48"
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Table 3. Maximum guidance levels of several nation and codex for contaminants in fish. ML/GL, maxium levels/guidance
levels in fish; PTWI, provisional tolerable weekly intake of Codex. BW, body weight. Unit, mg/kg

Lead Cadmium

Mercury or methyl mercury Arsenic

0.3 (ML, Codex)
0.5 (ML, Germany)
1.5-2.0 (ML, USA)
2.0 (ML, Korea)

ML/GL in fish

0.5 (ML, Canada)
1.0 (ML, Newzealand)
2.0 (ML, Codex)

0.3 (GL, Japan)
0.5 (ML, Korea)
0.5-1 (GL, Codex)
0.5-1 (GL, USA)

1.0 (GL, Newzealand)
3.5 (GL, Canada)

PTWI of Codex 0.025 mg/kg BW

0.007 mg/kg BW

0.005 mg/kg BW 0.015 mg/kg BW

Table 4. Heavy metals contents by the parts of fishes. S, small fish; M, middle fish; B, big fish. ND, not detected. All
data were expressed as mean+SD with three replications. Recovery (%): lead, 99.67+6.66; cadmium, 97.33+3.79; mercury,

95.67+3.21; arsenic, 97.67+1.15

Species Part Size Lead (mg/kg) Cadmium (mg/kg) Mercury (ug/kg) Arsenic («g/kg)
S 0.255+0.018 0.020+0.004 2.147+0.404 25.935+3.445
Meat M 0.264+0.042 0.049+0.013 2.049+0.335 18.995+1.719
B 0.300+0.001 0.049+0.005 2.735+0.667 13.472+2.575
S 0.489+0.055 ND 5.554+1.544 21.082+£10.779
Liparis tanakai Liver M 0.461+0.001 ” 6.87810.755 6.877+2.570
B 0.488+0.055 Y 7.023+0.717 3.779+2.803
S 0.227+0.001 0.006+0.001 1.117+£0.113 2.082+1.177
Skin M 0.255+0.018 0.011+0.004 1.313£0.116 0.216+0.131
B 0.291+0.035 0.019+0.011 1.265+0.098 2.293+1.158
Meat 0.019+0.001 0.042+0.004 2.751+1.331 1.414+1.258
Aptocyclus ventricosus Liver 0.352+0.001 0.056+0.032 6.193+£1.032 4.739+£1.193
Skin 0.227+0.001 0.025+0.001 1.412+£0.170 ND
S 0.300+0.001 0.002+0.002 1.019+0.001 9.978+2.605
Meat M 0.282+0.021 ND 1.019+0.001 14.355+1.835
B 0.264+0.001 " 1.088+0.021 8.137+3.559
S 0.489+0.055 " 3.05710.002 ND
Limanda herzensteini Liver M 0.51610.063 " 3.496+£0.295 0.835+0.385
B 0.516+0.038 " 4.963+1.004 2.250+£0.915
S 0.23610.018 n 1.068+0.098 0.104+0.048
Skin M 0.01810.055 " 3.352+0.339 3.708+0.472
B 0.791+0.001 " 3.940+1.020 1.805+1.183
S 0.227+0.001 0.002+0.001 1.118+0.113 1.087+0.336
Meat M 0.282+0.063 0.016+£0.014 1.117+0.001 0.938+0.326
B 0.346+0.018 0.029+0.001 1.018+0.002 4.233+1.266
S 0.461+0.001 0.027+0.017 4.379+0.292 1.208+0.672
Todarodes pacificus Liver M 0.466+0.001 0.062+0.043 5.847+0.564 1.804+£0.552
B 0.462+0.001 1.224+0.266 7.019+1.302 2.884+2.695
S 0.709+0.054 ND 3.352+0.338 ND
Skin M 0.855+0.129 0.011+0.019 3.953+0.736 ”
B 0.681+0.001 0.005+0.002 3.350+0.340 0.724+0.637
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Table 5. Heavy metals contents in edible parts of fishes. "The weight of fishes were calculated from provisional tolerable
weekly intake of Codex. All data were expressed as mean+SD with three replications. Values within column different superscript
letters are significantly different at p<0.05. Unit, mg/kg of wet weight (g’kg of BW)

Species Lead Cadmium Mercury Arsenic
T Emear ommmt ojmom
Aptocyclus ventricosus O.(1 2(1)(?105070)1 b 0?2 fgé)gg)za 0(2(1?(?6%%%1)5 0(2(;?;0%%%1)0
Unancs sonsiani 03000 ogmsoont  ogysoon  oorranons
Todarodes pacificus 0'2(15817(.)72:)3‘1'a O.? 312??70 é)(g))sb 0(205150%%%1; 0(2(;2;0%%%1)6

ARs At FkEe)e] AR TV 98 4= glo] B3 ot
o Al AFEA AAHY A7t Basitiy Alg R
2 A7olX =AM BE oF9 ol Fe e}
"% 9] 38 AF (1.5-2.0 mg/kg ©)SHET} e SFzow
UERtou dubAl 7hA1 97} obd 2k e g ole] 7R
< Y2} =9 58-3A % (0.3-0.5 mg/kg ©1FH)S Z3}
T Ao g vdelgdth 12w 28N F57 @Ay,
A F98 7t=F] Wv)e 33902 RuHgon
&F fFYolgtm JAAY ZHAHH Y2 71 § e
502 ¢4 3o} (Waldemar et al., 2005). £ o)) A
7t=we] e Ao o) zholl A 1.224+0.266 mgkg o
B o 54 vERg o, 1 9j9] oF X% &, 71 AN
<0.049+0.013 mg/kg, <0.062+0.043 mg/kg, <0.025+0.001
mg/kgC 2 UEh Ayt mex wRA=9] F8-FA %
(0.5-20 mgkg ©|3hol] XN F WA= 7ol I, #3)
& F7pAu] e} A9-= KoM 0.002+0.002 mg/kg O 2 W] #F
HAESHUL, BAME AEE R GUTh o F Fol 2H ==
T2 dREo] WAFL Y2 K42 HEle 4%
o} Aol HluA we Aow 44 Urh (Harmdy and
Prabhu, 1978, Boudou et al,, 1979). =22 $teke S} AdR
o ZHl A =& S Bgon SollA 1.019+0.001 - 2.751+
1.331 pg/kg, THllA] 3.057+0.002 - 7.023+0.717 ng/kg, 20l
A1 1.068+0.098 - 3.953+0.736 ng/kg Ato] & Zvz} ehydul,
ST E F52 0.5 mgkg 03}, YBH T 1= 7]
ojl=Zl FFEOoE WASLL 0.3 mgkg 8}, 0.5-1.0 mg/ke
olstZ ztzt ftAsta YEw B AFoA Foo] Fake
712 X ¥ vAe dAF FEo2 Jehdoh vk9)
FFe BA o B Sl A 13.472+2.575 - 25.93543.445
1glkg, 8.137+3.559 - 14.355+1.835 ng/kg Atol2 27} veEh}
A9} e Ao dEF <4.739+1.193 pgkgR U} Thh L
e BY AT BE ojf ] vk e mABse)
Adehe] 7hel=ER] 4F (1.0-3.5 mgkg ©l3hel] AR £ 0
e FEolH, FarEo FirE o HAe A §71¥
o2 AE W A= 1 A8 Ped T3 3= Ju)
E ] wiiof <lAle] £ &7l gle Ao g8l ot
(Bryan, 1984). 39, #x]9] A-¢ 443 o7 Ad5=E 53

)=
AR

QoA Hla] Faol FASHE AGE BT ol 4
2 volAlea) § Folyo Algsln, Fx)x]0)e] Aol
vt Belsln 9 Ao 35T & 9

MF A 2

FAO/WHOIM & &, 7t=w, 259 F50] A v =
HE= 54 W&ol A4 3583 (Provisional tolerable
weekly intake of Codex)& &8l 1 QATE M3l %
ARHTL Uk YA, 7 olFie] KA FS B 2
29] AR F S8 (PTWL: Table 3)S 7|Z02 B 9
TollA AH-E FAHE) diste] dFAES AH 7FsE 3
S ARt Table 52 VFERAITE 21 A} 7} o] Re) AF
AdEt AF 7Hed FAFS gl g & AIgS
HPoem FA <91.57 g/kg body weight, 54 <131.57 g/kg
body weight, #7121 <88.65 g/kg body weight, 22 7 o]
<87.72 g/kg body weight= 2}7} Yl 2 o] 79
o] zpol= Al ANV B G FNAM W&
ol Wl e A AETE 4% W
ztolo] 7|Q1ete AR FE5F 4 oy A3 &
HaMs 2e A7), 2 Zad SEgzALe A
Q) A7} skt e

LA~
THEE

pu
=

=1 2
BT

& oo fo ol

I ool ofy

AL A
AR AE G Navs HEAXAAR 25A BK213A]
Arde] el A wale AkelE B
g EH

AOAC. 2005. Official Method of Analysis of AOAC
International. 18th ed, 39.1.02(B).

Boudou, A., A. Delarche, F. Riberyre and R. Marty. 1979.
Bioaccumlation and bioamplification of mercury
compounds in a second level consumer. Bull. Environ.
Contam. Toxicol., 22, 813.

Bryan, F.L. 1984. Disease transmitted by foods: a
classification and summary. In Adverse Resctions to
Foods. Anderson J.A. and D.N. Soga eds. US De-



366 e -Man -4t

partment of Health and Human Services, Washington
D.C., Appendex, 1-101.

CFIA (Canadian Food Inspection Agency). 2003.
Tolerances or Guidelines of Fish and Seafood.
Canadian Food Inspection Agency, Canada.

Cerbrian, M.E., A. Albores, M. Aguilar and E. Blackeley.
1983. Chronic arsenic poisoning in the North Mexico.
Human Toxicol., 23, 121-133.

Choi, H.G., J.S. Park and P.Y. Lee. 1992. Study on the
heavy metal concentration in mussels and oysters from
the Korean costal water. Bull Kor. Fish. Soc., 25,
495-504.

Clarkson, T.W. 1980. Disease associated with exposure
to metal. Maxcy-Rosenar (11th) Public Health and
Preventive Medicine, Applection-Crotts, New York,
667-669.

Codex Alimentarius Commission. 2006 Codex General
Standard for Contaminants and Toxins in Foods.
CODEX, 1-37.

Dabrowski, WM. and Z.E. Sikorski. 2005. Toxin in Food,
CRC Press, Boca Raton, FL, USA.

FAO. 1983. Compilation of legal limits for hazardous
substances in fish and fishery products, FAO Fisheries
Circular No. 764.

FDA (Food and Drug Administration). 2004. FDA & EPA
Safety Levels in Regulations and Guidance. FDA,
USA.

Friberg, L., C.G. Elinder, T. Kjellstrom and G. Nordberg.
1986. Cadmium and Health: A Toxicological
Appraisal, Vol 11, Effects and Response, CRC Press,
Boca Raton. '

Ha, G.J., J.Y. Song and D.S. Hah. 2004. Study on the
heavy metal contents in fishes and shellfishes of
Gyeongsangnam-Do coastal area-part. 1. J. Food Hyg.
Safety, 19, 132-139.

Harmdy, M.K. and N.V. Prabhu. 1978. Behavior of
mercury in biosystems biotransferase of mercury

through food chains, Bull. Environ. Contam. Toxicol.,
21, 170.

Hong, J.H. and D.J. An. 2002. Cholesterol content and
formation of cholesterol oxidative products (COPs)
in processed squids. Kor. J. Diet. Cult., 17, 465-472.

Hwang, Y.O. and S.G. Park. 2006. Contents of heavy
metals in marine fishes sold in Seoul, Korea. Anal.
Sci. Technol., 19, 342-351.

Jeoung, 1.G., K.S. Ha and I.D. Choi. 2004. Heavy metals
in fish and shellfish at the coastal area of Tongyeoung,
Korea. J. Ins. Mar. Indust., 17, 39-46.

KFDA (Korea Food and Drug Administration). 2007. Food
Code Article 5-2. Temporary Specifications for
Marine Products. KFDA, Korea.

Kurland, L.T., S.N. Faro and H. Seidler. 1960. Minamata
disease. World Neurol, 15, 370-395.

NFRDI (National Fisheries Research & Development
Institute). 1994. Tllustrated Fish Book. NFRDI, Busan,
Korea.

NIEHS (The National Institute of Environmental Health
Science). 2004. Lead (CAS No. 7439-92-1) and Lead
Compounds. Report on Carcinogens, 11th, Substance
Profiles. NIEHS, USA.

Philip, A. and B. Gearson. 1994. Lead poisoning-partl:
incidence, etiology and toxicokinetics. Clin, Lab,
Med., 14, 423-439.

Sho, Y.S., J.S. Kim, S8.Y. Chung, M.H. Kim and M.K.
Hong. 2000. Trace metal content in fish and shellfishes
and there safety evaluation. J. Kor. Soc Sci., 29,
549-554.

Sung, D.W. and Y.W. Lee. 1993. A study on the content
of heavy metals of marine fish in Korean coastal
water. Kor. J. Food Hyg., 8, 231-240.

20073 9€ 20 HS
2007\ 119 2092 54



