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ABSTRACT —This study was carried out to find out the content of injurious heavy metals, such
as mercury, lead, cadmium and arsenic of marine fish which had been captured in adjacent sea
of Korea. From March, 1 to April, 30 in 1993, 60 sample of fishes were collected the adult
fish and young fish. These samples were analyzed by the Mercury Analyzer and Inductively Coupled
Plasma Emission Spectro Analyzer. The results of the study were summarized as follows: (1) The
content of mercury in Theragra chalcograma was 0.112+ 0.034 ppm which was higher than other
fishes, but Pseudosciaena manchurica and Pampus argenteus had lower (P<0.05). Although lead con-
tent of Trichiurus lepturus was 0359+ 0.056 ppm, which was higher than other fishes. The lead
content of Theragra chalcograma had lower to the almost same level. The cadmium content of
the Theragra chalcograma was 0.069% 0.010 ppm which was higher than other samples, but Pseudos-
ciaena manchurica had 0.0391 0.020 ppm to the lower level. Though there was some fluctuation
in the arsenic content which was 0.433~3.752 ppm, the arsenic content of Theragra chalcograma
was 3.752+ 2.873 ppm which was the higher than any other fishes. But there are not statistical
significances. (2) Heavy metal content by the maturity of the fishes: Mercury content of the old
Pseudosciaena manchurica was 0.055+ 0.15 ppm comparing to the young’s result of 0.030+ 0.009 ppm
(P<0.05). Though there were some differences according to the maturity, but there was no statistical
significance. (3) In view of the correlation of the heavy metal content, for Pseudosciaena manchurica,
high correlation was founded to r=0.6437 between mercury and cadmium (P<0.05). Though the
content of mercury, arsenic, cadmium and lead had positive correlation (r=0.2725) and negative
correlation (r= —0.3958), but there was no significance at all. The other fishes were not found
correlation between the heavy metal content. Positive correlation was found between age with mercury
in Pseudociaena manchurica (r=0.7018, P<0.05). The negative correlation of age with lead content
in the Pseudociaena manchurica was significant (P<0.05). The correlation coefficient was r= —0.
7623. The age with mercury content in Coloabis saira had high correlation (r=0.7201, P<0.05).
Through the above analysis, it can get conclusion that injurious heavy metal content of the fishes
in Korea such a mercury, lead, cadmium and arsenic were at the level of natural content. At
present, guidelines of maximum residue level allowed at foreign countries about the injurious heavy
metal have been used according to the kinds of fish but our government guideline for the marine
fishes in only total mercury below 0.7 ppm and lead below 2 ppm. So more aggressive guidelines
for the allowance level of heavy metals in marine fishes are required for the safety of foods.
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Table 1. Operating condition of mercury analyzer for
the analysis of mercury in fishes

Low Mode
Pannel time-1st step 4 min

Heating Condition

2nd step 6 min
20ng, 10 mV Rec. F.S
MY+ Sample +M+B?+M
Distiled deionized water
Combustion: 0.5

Measuring range
Additive
Washing liquid
Gas flow rate¥

(1/min) Carrier: 0.2

UM: sodium carbonate anhydrous+ calcium hydro-
xide=1+1 (w/w), ? B: aluminium oxide, * Purified
air.

Z B A

FAY 7 g 3B FEEE N Z2H5E
Aap Mol 715 3] AAY F 27)(F=, Zo))
T AT g He, obrie], WA, me RES
AASIL FFA RS 283 A REL BT A
# 8t ©]& homogenizer2 FAF}A &3sho]
Al RS AUFAAZYA00T, 347hes &
3L 2 AR F JARE i T4 =3

Y A= shdch

=

mlo ox N

Alef

Aok FEHE B4 EFAIGE AREskch

Hg ##-% A9k H7Ml+& sodium carbonate
anhydrous (Nakari Chmical Ltd.)$} calcium hyd-
roxide (Nakari Chemical Ltd.)& 1:1 (w/w) £33
7} aluminium oxide anhydrous& 800C o4} 2
A7 7Fd AR & dlAlAlo)E] Foll ] AZAIAX
ARE-3 )

233

BESY

o5 UAFFE44 (Wako pure chemical
Industry Ltd, Osaka, Japan: Factor=1.0 20T 1
m/=1000 ug each) EFUP& AlL3}d Hge 0.
001% L-cystein 8402 Asy 23} {542 Ph,
Cd+ 6% HS0, 8422 7+7} 0.1, 1,0, 10.0 mg/l<h
005, 0.5, 5.0mg/l2 3|Mzle] EFLHo2 AHg
shalch

=2 ¥ 335 58

Hgel &3 —Mercury analyzer (model SP-3A,
Nippon Instrument Co., Japan)& o] &3} 7}d7)
31 FoldzhH(Combustion-Gold  Amalgamation
Method)E Al& <F 0.1g% Table 18] xHo=
FA e

Pb, Cd, As® &F-Pb, Cd, As9] &AL BA
AR RFIT AR 19919 fEl SRS A gy
o E3tdch. A RAH oz AME A& of 5~
10gs 2o}, 250ml UG Fekihzdd Y32 2755
50ml, A4k 10~15ml, B 5miE 71 ¥ &3
3o 124]2F Wk & o 7l ste] W gEo] gtAo)
7} Alzpsie A4 2~3miY Fr)EieiA slde
A% WHESte] Efjofo] u] A=) w]Ho] a7t
A AT F AE8YE AY¥ 50mE A3
Table 22] 7o wte}r LCP Emission Spectro
Analyzer (JY 38 Plus ISA, Jobin Yvon, France)&
33 wHE ZH3le] Bz Thelen, blank &
Aol he M e 2 71 - B 22Hg st A
HEAL B4 - 23sg

3% &3 —olv] F =& <3 gl+ Pb, Cd, Hg,
As®] EEFLNE MEARC lele 7 FE5S

Table 2. Operation condition of ICP emission spectro analyzer
Pb Cd As

Wave length spectrum (nm) 22.353 214.438 193.699
Line gas pressure (psi) 70.0 70.0 70.0
Current gas flow rate (1/min) 120 12.0 120
Mebulizer: Sample gas pressure (psi) 40.0 40.0 40.0

Carrier gas flow rate (1/min) 0.4 04 0.4

Pump rate (m//min) 15 15 15
Integration period (sec) 10 10 10
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Table 3. Recovery rates of added heavy metals in se-
lected fishes

Metals Recovery Rates (%)
Hg 978
Pb 934
Cd 98.6
As 95.3

2% we} FAY 23E AX, Fd VR S
Yo e} $EE Fako] HHEE FYRAY
(Table 3).
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Table 4. The content of heavy metals in edible portion of marine fishes" (unit : ppm)
Metals Hg Pb Cd As
Moisture
Mean Range Mean Range Mean Range Mean Range (%)
Fish group S.D) (S.D) SD) (S.D)

Peseudosciaena 0.042% 0.018 0.318% 0.205 0.039° 0.018 0.753° 0.050 70.59
manchurica 0.017) —0.077 (0.067) —0.463 (0.020) —0.087 (0.647) —2.383 2.18)
Trichiurus 0.076° 0.023 0.359 0.266 0.045% 0.009 0433 0.349 64.90
lepturus (0.040) —0.132 (0.056) —0449  (0.018) —-0.067 0.067) —0.570 (1.33)
Cololabis 0.074° 0.048 0.286 0.128 0.067 0.046 0.658° 0.373 56.80
saira (0.015) ~0.097 (0.104) —0.420 (0.011) —0.081 (0.270) —1.204 2.93)
Theragra 0.112¢ 0.040 0.263¢ 0.124 0.069 0.053 3.752 0.742 82.88
chalcograma (0.034) —0.162 0.072) -0338  (0.010) —0.088  (2.873) —9.374 (1.35)
Pampus 0.027 0.010 0.340" 0.108 0.061° 0.038 1.558¢ 0414 74.46
argenteus (0.014) —0.061 (0.092) —0456  (0.018) —0.092 (1537) —4.548 (1.09)
Scomber 0.069 0.038 0.281¢ 0.190 0.057% 0.041 0.692¢ 0.340 65.50
Japonicus (0.032) —0.134  (0.068) —0.441 (0.009) —0.069  (0.207) —0.931 (L77)
Total 0.067 0.010 0.308 0.108 0.056 0.009 1.308 0.050 69.19
0.067) —0.162 (0.082) —0463  (0.018) —-0.092 (1.744) -9.374 (8.45)

D Number of sample in each groups=10.
»Mean with different superscript in the same column are significant differences at a.=0.05 level by Least-significant
different test.

At oA WAt o= FAIAE M,
E#ade]o}l 20~55ppm, A% 50ppm, 3F
20ppm, 7H#H= 1.0ppm, 29~ 0.1ppm °]3}
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FAAE zoshs B4 g oz e
Era=s

2 gFo A Ase o]EHE w o]FleAE
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Table 5. Comparision of content of heavy metals ac-
cording to age in Pseudosciaena manchuria
(unit > ppm)

Classification (year)

Adult fish (3.2~4.0) Young fish (1.2~14)

Hg 0.055+ 0.0151*" 0.030+ 0.009
Pb 0.276+ 0.049* 0.359+ 0.060
Cd 0.044£ 0.028 0.034+ 0.011
As 1.110% 0.765 0.040+ 0.202

b Mean+ S.D.
* Significantly different from young fish a=0.05 by
T-test.

Pbe] A% Aoldl e ko) 0.276 ppmel ot
) ojel| 4]+ Pbel §afo) 0.359 ppm.o-2 A ool )3}
°F 30% AT %L F3E Bgith Phe oFzEA
vy S4o) dsln FAEYEts 27Tl ek
Ao)7l gle AL Fol A s u
S EE wtol AEutg A FskA Fapar )
As7) dioz Adyss Uok® Cdet Ase ¥
gx Aojz} HojalM Rrh & Zlez FMFHY
o} EAH o Fo3 ol IAEA Asich

Ao A sz ue} AL T FEEe
W ek Table 63 Zth AoieA Hge Hit
Feke 0,090 ppmelsle 2loje] Hg ek 0.062
ppmoE thi uwobch Py} Ase) 34 g2 A
o} 2 ojoll A A9 wlgt $Fo)H o Cdo A5
Aojrx} xoje A ik & FAE yehfe] Vi-
nikour $°9] Ay AFe} A3t ol TFF
2o} AW FE Aloleld HILEAE FAI3I
s 2o Z o]y FE¥r} Cdol ofFe A4
o] mEche AF} AEFFFHY] S=e 4 F
Fxo wAsty, WAk dxv FTEEEc
238 AEANY Fxo v M Fo2 A
et leh

x| M= Hgot Ase] gake Aojrrh AojolA
t] %9kou} Pbet Cde) B ek o7} Adojrct
77t 12.63%, 7.69%4 ¥-& TF°]xcKTable 7).

ol Z&A 9 759}t o] AEA F=rl &7t
FF 2 wAdSE o] Pbel Cdel FH 3l
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Table 6. Comparison of content of heavy metals ac-
cording to age in Trichiurus lepturus
(unit : ppm)

Classification (year)

Adult fish (3.1~3.9) Young fish (2.5~29)

Hg 0.090+ 0.037V 0.062+ 0.042
Pb 0.335% 0.052 0.383% 0.054
Cd 0.035% 0.021 0.056% 0.008
As 0.429% 0.058 0.437+ 0.083

Y Meanz S.D.

Table 7. Comparison of content of heavy metals ac-
cording to age in Cololabis saira
(unit : ppm)

Classification (year)

Adult fish (24~3.3) Young fish (1.5~24)

Hg 0.081+0.011V 0.066+ 0.001
Pb 0.269% 0.102 0.303+ 0.115
Cd 0.065+ 0.015 0.070% 0.080

0.572+0.116

As 0.743+ 0.365

D Meant S.D.

gele} wels) HEArd wE FI&5e P
gake Table 8, 99} 7}

e o] #-$ Adojel 2ojellA Hgel Ha e
o 0.1 ppmo.2 w3kl om Cdo] | e of
0.07 ppm o2 Ajoje} X|oj 7kl qaFe] Aol vieh
] okgke}. 12{v Pbe} Asel 739 Fofellx A
ojHr} & FFekal 7o BAF Wyx &
29} vp A 2 %A v ol ube} Pho} Ase] A &3t
7 e & & glodh, AEANY oi71A
EAd 7IdHe e AlsE)

wol= Hgel 7 ol Aoiol A 0.024 ppme]
glom xojo & 0.030 ppmeE thE o] Foll A g
FA A9} p2A Hojell A o] o] @S e
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ppmel] ®]&ke] xojellA 1621 ppmoE Tih F
HAoeg EAM=ch ol e A= A HAE
z22) AEFSS P49 Wt rdde AL
sz glck

o2 A afg Fg4e P Pk
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Table 8. Comparison of content of heavy metals ac-
cording to age in Theragra Chalcograma
(unit . ppm)

Classification (year)

Adult fish (4.4~3.3) Young fish (3.6~4.1)

Hg 0.111+ 0.015Y 0.113%+ 0.049
Pb 0.221+ 0.082 0.305% 0.020
Cd 0.068+ 0.008 0.069* 0.014
As 3.361+ 2.211 4.143* 3.649

D' Meant S.D.

Table 9. Comparison of content of heavy metals ac-
cording to age in Pampus Argenteus
(unit * ppm)

Classification (year)

Adult fish (3.0~4.2) Young fish (1.5~2.0)

Hg 0.024+ 0.006 0.030+ 0.020
Pb 0.344+0.037 0.335+ 0.134
Cd 0.061+ 0.017 0.061% 0.021
As 1494+ 1.731 1.621+ 1.521

Y Meant S.D.

Table 105} 2t} Cde) Ha I AolollA 0.054
ppm, Xejoll4] 0.059 ppm o2 ®ls3lelen o2
T4 ek xojuo) AojdlA ki 2 A
o2 vebych

o] el Aol A o]FH Msrel WE FIEe
S fate thfdt zpelE RFET glch ol d
Aol o132 AAAA wet AFHke Holzt
7tz chEn £3k o {2 AHA)Y), FEat, 2
2A9 2o iy A B FHo| o]FoA&
22 AR 5 FFERAW A7k 23
o} W3} Gol wel =ZA 3L vA e A8
e vl ¢o.2 o] Holol| g A7t T W3]
o] Fojzo} & oz Azt

olEel zt SB4 2 U o] A
Table 11+ =7|A FF4& &= 7t A4

AE Jepd ZHzbeln], Hgol Cdzbell P<0.05 &

ol A r=064379 ¥ 4o AHIAE Jehlon
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Table 10. Comparison of content of heavy metals ac-
cording to age in Scomber japonicus
(unit . ppm)

Classification (year)

D W. Sung Y. W Llee

Table 12. Correlation between content of heavy me-
tals with age in each fishes

Adult fish (2.7~2.7) Young fish (1.9~2.7)

Hg 0.072% 0.039" 0.066+ 0.028
Pb 0.304% 0.079 0.257% 0.053
Cd 0.054* 0.011 0.059= 0.008
As 0.747% 0.245 0.637+ 0.170

U Meanz S.D.

Table 11. Cerrelation between content of heavy me-
tals in Pseudosciaena manchurica

Pb Cd As
Hg —0.39516 0.6437* 0.2725
Pb -0.2237 —0.2922
Cd —0.1982

*a=0.05 (2-tailed significance).

Hgs} As, Hge} Pbe] ol 27t ot 9] 4
FHA(r=02725)2 23 o FAFA (= —0.3956)
£ vehligley 94 $5& ohdch Pbet Cd
2 Pbe}t AsTllAE o3 g AAAE Bk

o]Z 9] A3 T4 g7t AAPA & Table
126 AAlEc). 27l QA= Hg §edzbel
o okol ART|AE FAY F 2ed (r=0.
7018, P<0.05) 7)) ddgde] ol A4Z Ph ek
Zraste] r=-0.72639] o A@PA L AAE F
A3 2 QtHP<0.05). Cdel Ase] 79 d#ol
wpe} oFgh o) ARAE JehlAR FAAL &
gAe glgick Fx9] Q3] =& Hg =& §
Ao o3 ¥ 49 ARHAE Hehlidd
tHr=0.7201, P<0.05). Pbs} CdellAle d9 Ars
BA, AsdllAde 4o ARBAE JepAAT F
94l £FL ol ). o] well 7], Hel, W
gl 3EodlAe d¥s FFE kel FoA
ARAAS B 5 sich

Hg Pb Cd As

Pseudosciaena  0.7018* —0.7263* ~ 0.2346  0.5042
manchurica

Trichturus 04618 —0.3153 —05450 0.1623
lepturus

Cololabis 0.7201* —0.2266 —02633 06131
saira

Theragra 0.1501 —03781 —0.2322 0.1390
chalcograma

Pampus —0.1751 0.0097 0.2319 —0.1522
argenteus

Scomber —0.0590 —0.1447 0.2248  0.3036
japonicus

*a=0.05 (2-tailed significance).

ol AE Egd B W YR A4k iF
&8 224 2 Hg Pb, Cd 2 Asoll W e
2AR AT BE A ge 536 B3hsigon 7]
wyd W9 AFARY wlas & Az 94
Ackak 2olzl viehdA @oich @A) FejelA 1
19 SRS 235 ¥ Y AEE woul
Fulold L1 olFY 234 BAAsE 2
WA edghow, e oFolet siizke AAAH
% A Sef chepgo Qlsted 1 gaFe] Aol
T 9l Ao 225E ulolrh webd $ejuiet
A2 Q, 28 oFe} FF% gakol g thzra
A, Wt 1A Agel Sated AxHo
A o] A 294F P 2L et o]
W SR Rlo] FaEojo} & HoB AEY
) B QoA olEd HEAsd @ F349
2ot e thoket 2polE Yehieh. o)2lg el
o}, A, Qb S L FEHAW e
7R 27 W Sl et AN FFE 33
2 wjde] ZA e mlA ez AlRislE w
go @ o] Yoo thsted i izl whreA)9)
AF7} W] o)FolAoby o2 Az
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2 ddAe o s oFe falFaSe oo Aue dedxd o HHFAE Fetstrl st 19939
3YRE 449743 SEjute) ddedA o8 FEEE AF 65 AT TR FHE F 6071E FHslA,
4a]g o] o] spAlR9jule A2 sled Hg Pb, Cd % Ase) k& ¥4 Aste ogd Aok (1) o1FY $359
Hgaere Hgel 4% sulolA 0112+ 0034 ppme 2 71 ¥stond, Wol, 27l o8 ool ¥M¥ Hg ekl
u)she] W £28 el tP<0.05). Pbe] 79 2Hx|el) 4] 0.359+ 0.056 ppm o2 7FA E3kew, el A 0263+ 0.072
ppmo 2 7h wekort o} &bl wisgt Pk FEoIsich Cdet 2 Hegel ze] =efolA 0069+ 0.010 ppmo.2 714
Egtony, x7)elA 0039+ 0020 ppmo2 7H4 wokek Asel 7§ o] Fd Hgefe] 3.752+ 2.873 ppm~0.433+ 0.067
ppm O E Thokgt FEolgi ot Hefel A 4] HF gafo] 3752+ 2.873 ppm S E ok o] F 9] H gl vt Ut
(P<0.05). 2) ©1% 9 A%Tol o1& T4 g3 27|19 3¢ Hg =k AofollA] 0055+ 0.015 ppm 22 o1 2] 0.030
+0.009 ppmell ]3] WA EUTHP<0.05). Pb FaFL Aojoll Al 0276+ 0.049 ppmol ot Aejef x& ool njsl of
30% HE EPcHP<0.05). thE o oM E YA L met 249 Fafel azte] Aol vehdot B2
£-28) Aol B 4 ¢iglch (3) o1Fe] Z F34 g ¥ Qe AR 27)9 3$ Hgot Cdzbell r=0.643749
2o ofe] AluEAE JehycHP<0.05). Hgt As, Hgeol Pbel @afztells 247t oy kol 433A(r=02725), o
AR DA (r= —0.3956)% eI et £ 558 ohdglnh g AR A 4 ST el ABIAE RolA
spch, thE o EelME 2 FFS gkl ARPAS Mol udsich 279 d| o}E Hg ##E r=070182
oko) Al A S JeRHYTHP<0.05). Pb ¥ o] WoldSE Fashe AAADAr=-0.7607)8] HA=
TR 5 9 UTHP<0.05). =3 ¥2]9] Q25 Hg FetalA #204<) 3] 4334 E vehld ckr=0.7201, P<0.05).
o]Abe] g v|Fo] Hol U &4t o]F F2 Hg Pb, Cd % Asell oidt 3L 29 8% W} F=7t ofd
Adged £2¢ Ao velhdol dA $ejuetdMe A AfFeY F34 BFHEIES F T 07ppm °]8},
¥ 2 ppm o)dtEt Fsted M e ARtk webd HT 4% FYAME SFEchE o f avnlst o Frlska
Qe Mg 7Hrd o FARE| glelA Erl PHAY BEIAl Y FFE ¢ 2x9 2AAANE B2 JEAE
Fated oAyt FRoA L FFEFO diY ARG HL4VET ot AAsol # Ao Aggch
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