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A Study on Heavy Metal Contents of the Fresh Water Fish,
and the Shellfish in Korean

Youn Cheon Kim' and Sun Hee Han
Food Safety Team, Seoul Metropolitan Goverment nstitute of Health and En vironment Yangjaedong,
Suchogu, Seoul 137-130 Korea

ABSTRACT - This study were conducted to estimate the values of the heavy metal in the
fresh water fish and shellfish collected from fish market. The levels of the heavy metal were
determined in a total of 319 samples of 11 species of the fresh water fish and 14 species of the
shellfish by mercury analyzer and atomic absorption spectrophotometer. The results of this
study were summerized as follows; The average contents of the heavy metal in the fresh water
fish were Pb 0.075, Hg 0.053, Cd 0.002. Cr 0.135, Fe 8.695, Mn 1.078, Zn 9.491, Cu 0.548 mg/
kg. The average contents of the heavy metal in the shellfish were Pb 0.059. Hg 0.007, Cd
0.146, Cr 0.147, Fe 40.808, Mn 7.738, Zn 13.943, Cu 2.731 mg/kg. Being compared the average
contents of the heavy metal of the fresh water fish with those of shellfish, the average con-
tents of Cd, Fe, Mn, Cu in the shellfish were significantly higher than in the fresh water
fish(P<0.001). Depending on the sampling areas, the average contents of the heavy metal were
different by districts. The contents of the heavy metal were changed with the seasons(P<0.05).

Key words [1 Heavy metal, Fresh fish water, Shellfish
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Table 1. Wavelength for metal analysis

ftem Wavelength(nm)
Pb 283.3

Cd 228.8

Cr 3593

Fe 248.3

Mn 279.6

Zn 213.9

Cu 324.8
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AlpaY

FARRF4 P, He, Cd, Cr, Fe, Mn, Zn, Cu

Al - HI7HAI(M)S Sodium carbonate®} Calcium hydro-
xide anhydrousE l:l(w/w)Z &%t Z(Nippon Instru-
ment Co.)S AFE33, A 7HA(B)E Aluminium oxide
anhydrous (Nippon Instrument Co.)& $00°Co| Al 2A] 7}
7FE st 5 Wrtate] AR

Nitric acid, Hydrochloric aCld, Sulfuric acidi= -3+
=48 EFA%(Junsei chemical Co., Ltd., Japany& A}

Jdon, SHre Ashie & 2ol 25 AHSE

£ %

7b %o ZEYNe FE | mgmle] YAREFERAE
(Wako Pure Chemical Industry Ltd, Japany2 ARE-3}532
v, HgZ 0.001% L-cystcin §HCZ 3[4l 0~2pg/
mlZ A ZAREEI 2, Pb, Cd, Cr, Fe, Mn, Zn, Cux
0.5N- HNO & o 2 3]4]sto] ARE-stSct.

Agel WA A ouFe Hevbett REvke
Hajeta A vish 3, Sl A 8-7]d] e
ate] —20°Cel| EastRIA]l Aol ARSI

Hge] #1-2 Mercury Analyzer(Model Sp-3A, Nippon
Instrument Co., Ltd., Japan)yg A3l 71E57]8) 0Pt

HoZ HAMSSY Ph, Cd, Cr, Fe, Mn, Zn, Cu®]
2 A8 10g BLEE FsiA ofulesiAzl £ 8 2
mE Bl {7lEEES FElAA 450°Ce] FstRel ¥
5] SJgtAlznt. slb 2y SRS B2 AR
6} 2~4mliE 7Io}04 l WMW 1z3 vhg, 3lghs

o

o

l

F

1
[e]

o m{n 02 RO oHEodY
R
2
[«

E
sl 25 mlE O‘ﬂak ﬂﬂj alAck! A& %—91 oree
AB AEeo g AEFdY).

Pb, Cd, Cr& Graphite A. A. S (Atomic Absorption

Spectrophotometry)(Hitachi Z-3700, Hitachi Co., Japan)2.

2 BA819 I, Fe, Mn, Zn, Cue Flame A. A. S.H

(Hitachi Z-5300, Hitachi Co., Japan)2 & H4I5}9]on,

2 o] EulEe 18 Table [o] 33 vep 70t}

% 0F
9=l 16671, W 1537

Mn, Zn, Cu 9| 8% ZF&% FFL xAS dide

Table 2~1334 74},

HPCR T

Pb
TEOIF A AN AEF Pbe 19.9%9] B %%é
vepdc HadEe 0.075 mg/kg,(o 000-0.840)0.2, W&

el X 7 A R, #2914 0.007 mg/kg—ﬁ 7}
A v Vet Table 2). 2evl S5k w)Areix]e] A
5- WA 7re] WEh - AAA po FHgo] H3 0.840 mg/
kgol A&¥ 29T Atk & 51 TEoIRe 285 F
A Pbe] HaEHES 0.645 mgkgl® BTN, A T
xjere] BofelAde] Pb S 0.354~0.659 mgkg, 3
e Jolald 0.679, HoloA 0810, w7]A
1.073 mg/kgO 82 Rysto g B Aol Axrt olEHT)
B ok gros AL v EEEE 0.10my
kg IREe] 84.3%, 0.10~0.50 mg/kg™ 11.4%, 0.51 mg/kg
Ol 42% 0% el

Aol AARE A8 Pz 109%2] BHEES vet
Wk, Ha S 0.060 mgkg (0.000-0.700)0)90 3, FollA
0.134 mg/kg® 2 71 A WElWL, 55 HErielA
0.008 mg/kgl®2 7H SA ERATHTable 3). A §7&
Z5HNAl 0.09~0.64 mgke, =olA 0.17~0.70 mgrkg, v}
Zlgtofl A 0.09~0.53 mg/kge] Pbol AEHIUTh KISt
t} o] §%e HFEdA|oA 029~ 1.5 myked S E U ThAL
allomn, g 572 okl oA 031 mgkg, WFEH] A
0.33 mg/kge] Pbo] HEEAUTHL sigiom, o] 2 4F9
Azpel dxsh=s o2 vehstrh 4 5 Aol ofat
HosjFelA e Pbe] FEEEEEC] 0.1 mgkg ©lstvt
7.9%, 0.1~0.5 mg/kgS 65.0%, 0.5~ 1.0 mgkgS 26.3%,
1.0~ 1.5 mg/kge 0.8%C1ct. & ZARIME 0.10 mgkg
njuke] 85.5%, 0.10~0.50 mg/kgS 9.4%, 051~ 1.00 mg/
ke 5%% VERLO™, 1.01 mg/kg o) %= lolo).

5ol gk Pbe] FAIXE HY(Table 14), UET==
2mgkg, 7= ZRFO QoM Smgkg, B3 et
E 10mgkge® HAIShs & HnA s Ut 4
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& FEAE ABIL At oFel g pbel AR
IFE 2.0~5. Omg/kg, ?HLM»E 10 me/kg, =8 7}A3L
of halA] 0.5 mghkg T8 FAs glom, Savehs
FAste] olgffellxle] Pb S 2.0 mgkgeldtE IS}
o]

A

E-*IONl—tll

_'Q

B Aol olsl 319790 B b S A
2 AT AR Al elcfelel Ph AR a3t
QA 1% dea kit el Selueleld 8%
Aol E T el ofalfel Pb e 7Rl St gl
Faolet A7hEIIT

r?: b3

o

Hg

TlEolfellal 2ANSE AIEF Hege 0.6%9] B#HE8S
veblch WEelF 11 166N e Hagde
0.053 mg/kg(0.000~0.237)°010 &1, 7HEx|ol|Afe] §hgo]
0.121 mgkgS 2 7F¢ =A e, w7l 0.028 mg/
kgoZ 7Fd @Al JElTHTable 2). s 2¥ ¥ &S
0.050 mg/kgP] 7Ho] 67.5%, 0.051~0.100 mg/kgS 21.7%,

0.101~0.200 mg/kgS 10.2%, 0.201~0.250 mgkg- 0.6%
2 yeylch 7 51 w7l Bol, dolollxfe] He §Hgel
0.043~0.161 mgkeo 2 AEEYrIy sy, 4 5V &
ojoll 2] Hg $HgFol 0.0167~0.0407 mgkel s A&
2 BIsirh B Adoalz vl7], Bof, defelaie] He
ko] 0.01~0.064 mgkel & FALE ] 7 ' A 579
AZRTE W 2108 viehkdth

Folr FAFE A BE Hee 5.7%2] 27 %%-% LE}
Wk, HaehEke 0.007 mgkg(0.000~0.092)01915, At
4 0.014 mgkeo 2 7P A VERLSL, B3, *L@H 7
2N 0.004 mgkeS E 7 9l LFERGTH Table 3).
E¥5-S 29 0010 mgkg 187} 73.0%, 0.010~0.050 mg/
kg2 15.1%, 0.050~0.1 mgkg? 0.6%S2 LERIT) Foj
A4 0.007 mgkg, FFlA 0.006 mgkgl R A T B
gk oAl 0.002 mgkg Brhs oft =4 Uelktt 9 5
& k] AFolA 0.006 mgkg, DFEHIA 0,005 mg/
kge] Hgel A&HAUTIL sl9om, o) 2 H¥e) Ade}
k= oz vERdth 3 5" wollA 0.013 mgke,
ZFNA 0.011 mgrkg, Z98elollA 0.095 mg/kgel Hgel 7
EHAT Baslglon, B Agle] Axpt olswrt W
UrE}L‘EP

ofgl F % FAbAIEe] i3 Heol ol=e] #AAE KA
(Table 14), 2=E#Az|olll A= ol FollM 1.0 mgrke, HIV}
3_01]*% ——E*Cﬂﬁ—oﬂ*i 1.0 mg/kg, B 0.5-0.7 me/
kg, - o] 72 7 FeollA] 1.0 mgkg, YEANAME
methyl-Hg§1 0.3 mg/kg, =Rl A= of Al Foll A
2.0 mg/kg, TFNAE 1.0 mgkeS = FRAISEY ok £

N' 010l' 12

Uglell e 0.5 mgkegl- 2 45 Uk

upepa] e gAbel| A VERG Hgel #H AL $HE-2 0272 mgy/
kgo & thate] vatollA s el tisir e AlstaL A
7L TrASAL ATk sttt 2ol Al x|eF 2AFR] 9}
Hlasl] & o o]z A wEolata AdE, F9dat
IF Fake] gk vlseek e g Shjal ojul ol &
2§k Heell ©lst 747 13l 7Fsd vt A zbs it

Cd

o] FollA] FARE AEF Cde 39.2%Y EHEES
vERRTE Hargh2 0.002 mg/keg(0.000~0.050)010 2, )
Feprlol A 0.005 mgkgo . 7P wA Vel 7HER,
A, BAFA e AR 0.001 mgkeR 7P WA
LERETHTable 2). #+E &8 ¥ 0.010 mgkgol 317t
95.8%, 0.010~0.050 mg/kg7l 4.2%= Veputt) 4 590
ZARE ol Fo] od HAFEEE 0.1256~0.1935 mg/kg,
FH FUol xAle RlEolR Fol Cd Hatdare wl7]elx
0.030, BoJollxl 0.054, YolollA 0.072 mg/kgl 2 B9
A7t olE Bt g GHA el

HFolr A8 A ES Cde 8.0%2 HAEES LE

Wt Hrgake 0.053 mg/kg,(0000~4450)°1013’_ 27y
oA 0.582 mekgl & 7H =A vERER, ulellA] 0.018 mg/
kgl &2 7H oA Vg ti(Table 3). FrE B¥ESES W

¥ 0.10 mgkg ©Yre]l 76.7%, 0.10~0.50 mgkes 16.1%,
051~ 1.00 mg/kgS 5%, 1.01 mgkg o4 1.9%2 LhElst
o} Cde] Haghado] & 0305 mgkg, 3§ 0.223 mgke |
o] 0.199 mgkgs o] Vol EANSH ZgtollA o] 0.09~
0.85 mg/kg, & 570 ZAF WAl 0.29 mgkg, AEEA
0.18 mg/k&l} FAbsE o w el o) Radl 2
040 mg/kg, W "0l WIE F 0.051 mgkg, ZFHWo
0.41 mg/kg, W S0l RIE ZF 0.79 mgkg, =4 o]
0.57 mgkee] At} vlawsl & o ¥l A g VeRst

ik

Cdel 9158] A& HH(Table 14) UE&=e] 49
A FolA 1.0mgke, LAEFdols A& 2 A
2.0~5.5 mg/kg, HU2] A9 WIEolte] sHAelA] 5.0 my

kg, M E & oM 2.0 mgkgl 8 FAEHE o,

o1 9le] Frlo M sheke rAlsk QA ekl
ER A 50N 50 5 Ay 2ARLY
Ao} Hlwste] B uf o W& BEEZ Hol= 07 Ho}
Cd SLEtTO

At ofsl el SRRl Cd SRR 7 fleiAdol e
sls paelgtar 2agn)
Cr

vlZoj oA ZAEE A 8E Crd 1.7%9] EAEES v}
eRdTh BardeRe 0.135(0.000~1.250)0)1 0 =), FA] oA
0249 mgkgl & 7HE =7 VRS, ZelR]ollA 0.040 mgy/
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Table 2. Heavy metal contents in different fresh water fishes (Unit : mg/kg)
Fishes No. of Variables Pb Hg Cd Cr Fe Mn Zn Cu
samples
7HE R Minimum  0.000 0.020 0.000 0.010 1.023 0.000 2.180 0.137
Snake head 9  Maximum 0.370 0.183 0.004 0.760 56.180 2.850 5.995 0.322
Channa argus Mean 0.069 0.121 0.001 0.215 9.983 0.470 3.662 0.240
Ak Minimum  0.000 0.000 0.000 0.010 0.839  0.191 2.880 0.131
Dark slepper 6  Maximum 0.109 0.078 0.005 0.160 4.188 1.624 5.975 1.006
Odontobutis platycephala Mean 0.031 0.038 0.001 0.047 1.795 0.791 4.890 0.519
3 %] Minimum  0.000 0.029 0.000 0.007 1.320 0.092 4.006 0.105
Steed barbel 8  Maximum 0.024 0.237 0.006 0.970 54910 3.470 8.060 1.231
Hemibarbus labeo Mean 0.007 0.081 0.001 0.249 10.438 0.715 5.938 0.678
o) 7 Minimum  0.000 0.010 0.000 0.005 1.283 0.000 1.350 0.155
Far eastern catfish 18  Maximum 0.500 0.063 0.014 1.070 43.380 2.150 5.030 1.168
Silurus asotus Mean 0.051 0.028 0.003 0.138 7.582 0.252 3.367 0.436
AR Minimum' 0.002  0.016  0.000 0.009 1.387 0.865 5.055 0.081
Goby minnow S Maximum  0.440 0.090 0.003 0.120 3.760 4.620 14.580 0.367
Pseudogobio esocinus Mean 0.103 0.046 0.001 0.040 2475 2.292 9.140 0.209
u] F- 242 Minimum  0.000  0.015 0.000  0.000  3.449 1.080  0.000  0.397
Chinese muddy loach 52 Maximum 0.840 0.160 0.050 1.250 121.240  31.250  69.490 2.370
Misgurnus mizolepis Mean 0.079 0.064 0.005 0.151 23.886 5.060 21.260 0.956
o Minimum  0.000 0.010 0.000 0.007 2.424 0.000 4.970 0.203
Crucian carp 20  Maximum 0.510 0.052 0.008 1.050 62.950 3.000 15.110 0.919
Carassius auratus Mean 0.063 0.030 0.002 0.152 8.129 0.469 8.722 0.484
=5 27N Minimum  0.000  0.018 0.000 0.008 1.735 0.000 4.128 0.153
Black bullhead 11 Maximum 0.030 0.131 0.004 0.570 51.030 2.780 25.291 0.997
Psedobagrus sp. Mean 0.009 0.056 0.001 0.118 7.652 0.391 7.575 0.426
o Minimum  0.000 0.010 0.000 0.011 3.337 0.000 3.642 0214
Carp, 13 Maximum 0.640 0.048 0.012 1.090 89.390 1.510 20.060 1.570
Cyprinus carpio Mean 0.113 0.033 0.002 0.178 12.882 0.330 9.466 0.507
RLEARS Minimum  0.000 0.019 0.000 0.004 1.166 0.000 5.710 0.110
Eel 18 Maximum 0.300 0.060 0.026 0.980 69.400 3.610 21.118 8.050
Anguilla japonica Mean 0.059 0.039 0.004 0.141 7.014 0.572 10.552 0.898
HE7H Minimum  0.020 0.009 0.000 0.000 1.370 0.000 11.099 0.328
Downstream fatminnow 6  Maximum 0.590 0.062 0.011 0.180 5.030 1.495 32.550 1.530
Moroco lagowskii Mean 0.241 0.044 0.003 0.058 3.812 0.520 19.831 0.679
166 Mean 0.075 0.053 0.002 0.135 8.695 1.078 9.491 0.548

kgo 2 74 B JERATHTable 2). Zz2u} w)7), vl4re}
2], Bolol gl I mgkes @A HEE A$7F A
th T BEES 050 mgkerltel 91.8%, 0.51~1.00 mg/
kg 3.7%, 1.01 mghkg o142 4.5%°ldch H S H
gk gpold] 25% Cr % 0.677~1.095 mg/kg 4 H]
W B ouf "R ke 2509

HFolM 2AE ABEFE Cre 48%2] BHEES e
Wk 2218 1534 5 HagERE 0.153 mgkg(0.000~3.964)
o], FxAM 0586 mgkegl 2 7H E=A vEREL,
Fuolo A 0.026 mgkgS R 7V BAl YERITH(Table 3).

A VRS, 3 0.10 mgkgRrRs R = UeRge

Cre NEo)FAAAM BHE~1.25 mgkg(EH < 0.135 mg/
kg), FFIA B7AZ-3.964 mgkg(H 0.147 mgkg)O-2
Uehdon, vls FDAM = 245 12ppm, #H(Oyster,

Mussel, clams) 13ppmS.Z AL AT
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Table 3. Heavy metal contents in different shellfishes (Unit : mg/kg)
Shellfishes No. of Variables Pb Hg Cd Cr Fe Mn Zn Cu
samples

7| Z7) Minimum  0.000 0.003 0.000 0.000 12.520 0.975 7.111 0.824

Butter clam 6 Maximum 0.032 0.012 0.500 0.194 31159 10.070 12.646 2410
Saxidomus purpuratus Mean 0.008 0.007 0.134 0.096 19417 3.348 9.003 1.852
Z o Minimum  0.000 0.006 0.001 0.012 10.759 0.553 14.173 2.441

Whelk 6 Maximum 0.065 0.021 1.034 0.061 20.890 11.459 22730 6.037
Buccimon striatissimum Mean 0.026 0.011 0.199 0.026 15.924 4.711 18.300 3.998
= Minimum  0.000 0.004 0.000 0.000 16.320 0.080 7.320 5.591

Oyster 17 Maximum 0.640 0.011 1.630 0.757 66.335 18.850  60.440  73.663

Crassostrea gigas Mean 0.134 0.007 0.305 0.129 39.609 7.711 30.511 18.933
&= Minimum  0.000 0.000 0.015 0.045 55.382 2519 6.900 0.601

Surf clam 5 Maximum 0.012 0.006 0.500 0.337 163.600  52.950 10.100 1.094
Mactra veneriformis Mean 0.008 0.004 0.118 0.163 93375  29.428 8.015 0.858
gt Minimum  0.000 0.000 0.000 0.000 30.980 1.071 5.950 0.542

Razor clam 12 Maximum 0.600 0.026 0.080 0.428 117.010  12.431 13.770 7.736
Solen strictus Mean 0.097 0.009 0.018 0.158 63.919 3.564 9.148 1.719

7N B 2= 7Y Minimum  0.000 0.000 0.000 0.000 7.861 0.171 3.700 0.330

Hen clam 11 Maximum 0.490 0.015 0.099 0.259 80.194 3.490 14.405 1.635
Mactra chinensis philippi Mean 0.083 0.006 0.030 0.101 36.905 1.644 9.661 1.058
A Minimum  0.000 0.004 0.015 0.039 29.390 2.930 3.740 1.770
Shortnecked clam 7  Maximum 0.037 0.017 0.200 0.153 110.590  55.670 14.578 4323
Tapes japonica Mean 0.013 0.008 0.050 0.090 56.098 10.937 9.510 2.731
el =y Minimum  0.000 0.004 0.018 0.053 26.692 1.750 3.632 0.847
Shortnecked clam 16 Maximum 0.690 0.020 0.700 0.597 106.640 44280  15.650 2.097
meretrix cormutus Mean 0.071 0.009 0.109 0.172 57.331 5.963 9.936 1.261
u) oF Minimum  0.000 0.000 0.000 0.000 12.720 0.970 8.785 1.036

Orient hard clam 6 Maximum 0.650 0.006 0.300 0.244 33.376 9.713 13.990 2.240
Meretrix lusoria Mean 0.110 0.005 0.068 0.081 24.223 4.602 11.650 1.591
A} Minimum  0.002 0.004 0.005 0.002 7.091 0.850 5.730 0.810

Turban shell 17 Maximum 0.150 0.092 0.314 0.245 44.800 6.970 25.670 5.824
Batillus cornutus Mean 0.031 0.014 0.053 0.079 16.138 2.644 14.967 2.662
=27 Minimum  0.000 0.000 0.000 0.000 38.734 2.500 4.690 0.386

Venus clam 14 Maximum 0.580 0.007 0.163 0.565 136.470  46.804 11.215 1.567
Notochione jedoensis Mean 0.090 0.004 0.046 0.172 72,782  24.143 7.072 0.840
7] 270 Minimum  0.000 0.000 0.000 0.000 10.202 0.000 4.377 0.226

Pen shell 10 Maximum 0.540 0.008 0.764 0.626 65.850 5.790 66.720 2.180
Pectinata japonica Mean 0.066 0.004 0.203 0.182 32.967 732 32917 0.761
3 27} Minimum  0.000 0.006 0.000 0.000 19.645 0.779 7.400 0.350

Ark shell 9 Maximum 0.161 0.0te6 4.450 3.964 69.180 52940  17.530 1.190
Scapharca broughtonii Mean 0.025 0.010 0.582 0.586 42912 8.005 12.605 0.647
=% Minimum  0.000 0.000 0.000 0.000 8.418 0.830 10.502 0.197

Mussel 17 Maximum 0.700 0.015 1.000 0.665 53.767 8.710 35.110 2.393
Mytilus coruscus Mean 0.078 0.006 0.223 0.113 29.443 2.429 16.762 1.138

153 Mean 0.060 0.007 0.153 0.153 42.932 7919 14.290 2.861

Fe HaehRe 8.695 me/kg(0.839~121.240)2. % VFEPHTH Table
TlEo]FolA AN AlEF Fez 100% HEHRLH, 2). w]EkR]ol A 23.886 mg/kgl® 71 wkaL, FAle]ol
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o

A 179 mgkgl = M B A0 R ek oLt 77
zpol7b AlsliA] mitElAloliA A 121.2 mgkeol HEE
Aen gt ¥EYW EIX S-S 1W 500 mgkg wTke)
44.6%, 5.00~10.00 mg/kgS 21.7%, 10.01~50.00 mg/kg
28.9%, 50.01~100.00 mg/kgS 3.6%, 100.01 mg/kg ©]3-2
1.2%0] 4t

| FoA ZAKEEH AlES Ferr 100% AEHIo™, Ha
Shake 40.808 mg/kg(2.490~163.600)2 LHEMTH(Table 3).
EENM 93375 mgkgo 2 7Y A UERGAL, Fao]of
Al 15924 mgkgo 2 71 WA VERTh siRolMe ol

2 Aol BE AR 27t o} B Y- F
3 163.6 mgkge]l ASH7IE o TEoFol vl
MAZEe zpols AR & Ao Ve Fed] T2
HE¥E&S HWH 500mgke YIFol 0.6%, 5.00~10.00 mg/
kg2 5.0%, 10.01~20.00 mg/kgS 23.3%, 20.01~50.00 mg/
kg 35.2%, 50.01~100.00 mg/kgS 32.7%, 100.01 mg/kg
o)Ak 3.1%%E viebdt

Mn

REoFo A AEF Mn2 6.6%2 EREES
et #Hdheko] 1.078 mg/kg(0.000~31.250)2.2, 1]
zJollA] 5.060 mgkegS F 71 UL, WIINA 0.252 mg/
kgl 2 74 YA Vel TH(Table 2). E¥E&S 29 1my
kg ©1317F 59.0%, 1~5mgkeS 31.3%, 5~10 mgkgS 8.4%,
10mgkg ol 1.2%elek & 5% High wolg]
=4 E Mn T 0.710~1.610 mg/keat v]wd] & o s
Al VkER Wik

HFollA 2AE AlEE MnS 0.6%2] 24 &5 vt
Wk, HWFsES 7.919 mg/kg (0.000~55.670)2, FZ)A
20428 mgkg &2 7 EA UERRAL, A ERRlA
1.644 mg/kgQ & 7174 WAl EPATH Table 3). Mne| &=
W OREES HE 1.00mgkg PRl 10.7%, 1.01~5.00 mg/
kg 58.5%, 5.01~10.00 mg/kgS- 15.5%, 10.01~50.00 mg/
kg 12.4%, 50.01 mg/kg ol 2.4%= ekt 4 &
Vo] Aol ofsh sFollAe] Mnol HEE] 1 mgkg
olal 29.7%, 1~5mgkg 57.1%, 5~10 mg/kgls.0%] ATk
B Ao Aay) 4] F'%] Bagk ZolA] 1.92~9.42 mg/
kg, W F'Po] B3 ZoloAe] 0.39~5.94 mgke, ©I
Sl Warst ol Ael 0.389~0.796 mg/kgel Zztet ¥
o8 B F Y 52 Jo® vehgrt.

ARl Al QoA Ferb F531H Mnél 71 S7H=H,
T3t Mol Arhe®E A9 Fe S5 Asleted RIES
Ak el Ark. MM o= F-Ee] Mn
b AR F O AldElojdop & Rlog Az}

o

-+

o )

,ﬁ
2
=
p

Zn

2 2ol ol e HAeES 9.49] me/kg(0.000~69.490)2
2 veRdti(Table 2). #17FebA oA 21.260 mgkge = 7}
2 E=A JelgT, WridlA 3367 mgked® M 2
el RiZolfEe] v 22E&S B9 5.00 mgkg
ujgke] 22.3%, 5.00~ 10.00 mgksS 31.3%, 10.01~50.00 mg/
kgd 45.8%, 50.01 mg/kgol d-2 0.6%01UTH # G0l B
Aok Hpole] % F Zn T 6.363~9.436 mg/ked Hl
el 2 oul FARHA v ole AAUelA] Zn2t Cu
T AEABIAE 2o sdvke Aet dRlE oo,

q_li).

A7) BaTFS 14290 mgkg (3.632~66.720) 2% L}
EPO(Table 3). 7127004 32917 mgkge 2 71 =9k
L, ANl 7.072 mgkeSE 7 WA UeRdL Zne)
FEYE E¥EES HWE 500mgkg YTl 3.1%, 5.00~
10.00 mg/kge 34.8%, 10.01~50.00 mgrkgS 58.4%, 50.01 mg/
kgol e 2.5%%= LERGTE B Ao A= o] ] 2
ARSE E3tellAe) 13.57~52.1 mgkg, & F7°) BaLE &
21 Zo| 2] 55.7 mgkg, WFEA AL 7.2 mg/ke} FAt
s VERE, 7 5] Bargk ZolAe] 23.62~189.26 mg/
kg, W 5'Wo] W3l FoAe] 34.24~207.17 mgked] Z
sheb vlwa) & uf we Ao vhepyict

AFE Fore Zn TS AL s SAEH YY)
olo] 74 1,000 mgkgS 2 TAIBIEL AN, Follr=
HF Solirel gk gAE ALty slom, made
ol FollA 40 mgrkg, W=rolA 50 mghkel 2 ASE le
ug, dFoMe] A &F 66.72 mgkg, BroiFolAel
A3 T 6949 mgkgs FAVE S S Qlria Azt
o}, wepr] AuiFolre] 5 Ak AESiA] o] Fof]
of & pAletal Azt

HEo]Fo] HAShES (.548 mg/kg(0.081~8.050) Table
)e & vjAEbAlelA 0956 mg/kgl 2 7HE ¥, T
2194 0.209 mghkgl 2 7HE @A UEhdTth RlEolwE e
e BESS ww 050mgkg vIvko] 48.5%, 0.50~
1.00 mg/kgS 34.3%, 1.01~5.00 mgkg 16.4%, 5.01 mg/
kgol & 0.7%c1rt. & 3o dipe # §] Hilgh
ggole] 28 Cu & 1.022~1.308 mgked Blaws) &
o vl A g Ve

s Fo] HFehEe 2.861 mg/kg(0.197~73.663)F VIERT
ThHTable 3). 294 18.933 mg/kg 2 7F3 ¥ vehd,
HzNAM 0.647 mghkgl Z 7 WA Vel wRE
EEEE HE 1.00mgkg FITH] 39.2%, 1.00~5.00 mg/
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kge 47.6%, 5.01~10.00 mgkge- 7.¢ 1.01 mg/kgol At
S 63%S % UERdTE o] FVol AR Z]Hgel Cu
0.69~2.77 mg/kg, B 570] HME AE 3.96 mgke,
TR 0.61 mgke?t 712] FAFsHA WrEbstTE

F59 Cu $HFe 7ASL U= UEhs Table 1490
UeRH ulel 7o, 337 10 mghke, WU 50 me/ke,
% 20 mgkgQ R ool velrh 71EAE =A A

at
£
=

=

T

glomg, Seue AglelRel Cu FaFe YTl
H, 2ale] TRsAle vk Azhec,
e

Pb

D Eoj 7ol Gl 0171 mgkeo 2 71 =4 L}
WAL, oA 0.000 mg/kgl B 7HE @Al vhebdtTh
(Table 4). FANM= 2FAM 0.124 mgkgl & 7H ¥
A VERET, 91-elM 0.031 mgkgS® T A ViR
o} 2RA|Zre] Pb FHEF FolAd2 I EA] 9AUTHTable

5).

Hg

HATEES 0.029 mg/kg(0.000-0.237) UERITh Sk
o] 7% Hg3tako] 0.072 mg/kel. & 3=F ¢deke] o3 Fol
A9) Hg Bt 2 Joz el YEo]F
He ke 220 0119 mghkel 2 7H 74 Vet y
Akl A 0.021 mgkgl 2 7HE WAl LlERS T Table 4).
i Fol Hg FHe Hxo4 0.009 mgkgl s 7MY =
Al VERGDL, F5olA 0.005 mgkgl 2 7 WA LFER
O 1H(Table 5), Hg Zlefe] o]4de AA =R
Rtg=

= O

1
EOTOV T T

070 mg/kg(0.000~4.450)2. 5 VFERSITT,

£ GENAM 0.013 mgkgo® 71 lﬂﬂl
OHH trace™ 7HE WA vEbdh siR F
13olM 0307 mghkgl & 7MY EA VEREAL,
ekl A 0.057 mgkgo 2 7HE WA UERETH Aol o)

ol

o{)«

2

>
on,FF o

xw

Table 4. Heavy metal contents of the fresh water fish produced in different districts (Unit : mg/kg)
Districts No. of samples Pb Hg Cd Cr Fe Mn Zn Cu
Kapyung 15 0.032 0.059 0.001 0.102 12.187 1.171 6.601 0.515
Kochang 7 0.075 0.042 0.001 0.291 13.152 0.999 9.151 1.887
Kohung 1 0.011 0.029 0.003 0.007 1.485 0.100 10.565 0.130
Kongju 1 0.002 0.028 0.002 0.009 3.285 0.180 3.190 0.155

Kimje 8 0.085 0.032 0.003 0.251 6.137 0.151 3.953 0.719
Namyang 9 0.153 0.050 0.000 0.640 7.056 0.208 9.674 0.736
Masan 2 0.035 0.036 0.001 0.016 4.825 0.3835 9.749 0.401
Mockpo 1 0.200 0.119 0.000 0.690 7.820 7.410 16.780 0.810
Munmak 2 0.010 0.067 0.008 1.270 4.158 0.368 8.448 0.434
Buan 21 0.096 0.058 0.004 0.118 22.794 4.500 17.278 0.929
Suhsan 2 0.004 0.021 0.002 0.305 15.870 1.275 10.685 0.777
Suchon 14 0.047 0.047 0.003 0.197 18.747 3.862 24.098 1.035
Chokcho 1 0.005 0.025 0.005 0.0t 6.240 0.411 13.040 0.535
Asan 10 0.074 0.031 0.003 0.084 4.600 0319 9.025 0.303
Yangpyung 3 0.030 0.022 0.000 0.026 4.999 0.683 10.409 0.469
Youngkwang 2 0.171 0.052 0.002 0.054 4.460 0.126 18.844 0.350
Yougsanpo 3 0.042 0.033 0.013 0.029 2614 0.573 10.807 0.543
Okchun 2 0.010 0.096 0.002 0.048 1.578 0.112 4.345 0.110
Onyang 2 0.007 0.033 0.001 0.047 7.254 0.199 4.509 0.262
IIsan 1 0.013 0.031 0.004 0.009 3.149 0.198 3.876 0.240
Chunjoo 1 0.020 0.03! 0.004 0.022 5135 0.190 4.505 0.259
Chungjoo 6 0.034 0.027 0.004 0.141 23.224 1.532 6.037 2.780
Pajoo 2 0.000 0.066 0.000 0.670 6.200 0.460 7.240 1.140
Paldang 3 0.018 0.047 0.002 0.019 4.263 0.237 5123 4317
Pyungtack 7 0.026 0.050 0.003 0.030 9.808 0.484 4.857 0.285
Hwachon 14 0.170 0.075 0.004 0.163 3.989 1.269 14.307 0.542
China 26 0.064 0.072 0.005 0.124 20.921 4.389 17.109 0.672
166 0.053 0.046 0.003 0.202 7.886 1.054 9.504 0.795
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Table 5. Heavy metal contents of the shellfish produced in different districts (Unit : mg/kg)
Districts No. of samples Pb Hg Cd Cr Fe Mn Zn Cu
Kohung 15 0.124 0.008 0.307 0.134 43.428 5.510 30.328 12.823
Kumsan 15 0.028 0.007 0.141 0.168 52.758 8.585 11.693 1.990

Masan 4 0.014 0.009 0.064 0.054 29.704 4226 14.517 1.738
Bulkyo 4 0.038 0.008 0.097 0.358 56.044 3.789 11.282 1.013
Buan 19 0.094 0.007 0.057 0.109 50.767 8.229 10.301 1.374
Samchompo 10 0.039 0.008 0.126 0.109 47.981 3.163 11.972 1.381
Shokcho 5 0.061 0.009 0.130 0.094 14.379 1.540 12.066 1.447
Yusoo 55 0.066 0.009 0.180 0.190 32.639 5.006 15.439 1.455
Inchun 15 0.031 0.007 0.074 0.120 56.629 18.540 8.768 2.304
Chumgmu 11 0.094 0.005 0.122 0.072 36.027 7.429 20.220 6.788
153 0.059 0.008 0.130 0.141 42.036 6.602 14.659 3.231
Table 6. Analysis of variance procedure in the fresh water fish on districts (Unit : mg/kg)

E]emenzlsma Buan China  Suchon Chungjoo Hwachon Kapyung Kochang Pyungtack Asan Namyang Kimje
a ab abc abced abed abed abed bed cd d d

Mn 4.500 4.388 3.886 1.532 1.242 1.171 0.999 0.484 0.283 0.208 0.151

b b a d be d cd d cd cd d

Zn 17.278  17.109  24.098 6.037 14.310 6.601 9.151 4.857 9.025 9.674 3.953

* a,b,c.d : Values in a row with different superscript letters are significantly different(P<0.001)

Table 7. Analysis of variance procedure in the shellfish on districts (Unit : mg/kg)

m Inchon Kunsan Buan Samchonpo Kohung  Chungmu  Yeusoo Masan Shockcho

a ab ab ab abc abced bed cd d
Fe 56.629 52.758 50.767 47.981 43.428 36.027 32.017 24.668 14.379
a b b b b b b b b
Mn 18.540 8.585 8.229 3.163 5.510 7.429 5.062 3.528 1.540
c c c c a b be be c
Zn 8.768 11.693 10.301 11.972 30.328 20.220 15.324 12.533 11.972

*a,b,c.d : Values in a row with different superscript letters are significantly different(P<0.01)

o)
= <l

AE=] 2%Skt(Table 4, 5).

3RS 0,164 mg/kg(0.000~3.964)0 7 LiEbdT) ¥l
E ] Cr HaSHE2 0.202 mg/kg(0.000-1.270)2.2,
ekl A 1270 mgkel 2 7HE A Ve, agellA]
0.007 mg/kgS 2 71 WA Ueidth R Fol Cr Hetgt
2o 0.118 mg/kg(0.000-3.96H)F, oI5l 0.186 mgkge
2 M BA JERGE, eRdelA 0.071 mgkeoE 7HE
| LERITHTable 4, 5). B F5take] A9 0.124 mg/kg

O B gk AQke] HehgRT W Aoz ekttt

FollA 23224 mgkg® & 7FE EA
1485 mg/kg 2 7Pg S VhERRL

oro
3T

O1KTable 4), i) wh& Fe FHedollz z}o)7}h =7
Aog e (Table 6). F 52 Fe ke QoA
56.629 mg/kgo = 7 EA vERLL, 30X 14379 mg/
kgo® 718 v YR o w(Table 5), A197H] Fe ¢

oAl zfol7} 2o 72 LERITHP<0.01)Table 7, 8, 9,
10, 11). Fe gtafo] Fol8lA A Uehd eldA|HoA] Af
AHEl S FoA EHo) WE Fe $H3F WH3E AR A3
WER 2kl A o] Fe 33Fo] 106.64 mgkeo 2 7HE Eohow,
2esfoll M 19.25 mgkgl & 7HE e Aoz Ve,
AMA A9 HF FHA WE Fe Tzl Folido] AH

1o
EAHP<0.01)(Table 8). W&

shak

[SIR=N
AR

~
N

=

T A+

% Fe-MnZhel| &

Mn
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Table 8. Analysis of variance procedure on name in the shellfish on Inchon (Unit : mg/kg)
Name Orient hard clam  Surf clam Razer clam Venus clam  Shortnecked clam  Turban shell Hen clam
Tapes Muactra veneri-  Solen strictus Notochione Tapes japonica Batillus cornutus Mactra chinen-
Element philippinarum  formis Reeve Jjedoensis sis philippi
a ab b b be ¢ ¢
Fe 106.64 74.22 64.86 64.36 45.59 24.86 19.25
a b c a c c c
Mn 44.280 20.618 2.746 41.962 3.592 2.395 1.630

* a,b.c,d : Values in a row with different superscript letters are significantly different(P<0.01)

Table 9. Analysis of variance procedure on name in the shellfish on Kunsan (Unit : mg/kg)
Name Razer clam Surtfclam  Shortnecked clam  Venus clam Ark shell Whelk Turban shell

Solen strictus Mactra Tapes Notochione Scapharca Buccimon Batillus

Elements veneriformis  philippinarum Jedoensis broughtonii  striatissimum COrnutys
a ab b b be c ¢

Fe 117.010 99.460 85.160 66.990 40.890 16.010 15.840
a b c a c c c
Mn 2.006 52.950 3.938 11.477 1.846 3.966 1.163
C ¢ be ¢ ab a a
Zn 6.250 6.900 10.320 6.455 13.639 16.803 17.471

* a,b,c : Values in a row with different superscript letters are significantly dittferent(P<0.005)

Table 10. Analysis of variance procedure on name in the shellfish on Buan (Unit : mg/kg)
Name Surf clam Venus clam Noto- Shortnecked clam Razer clam Orient hard clam Turban shell
Elements Mactra veneriformis chione jedoensis  Tapes japonica Solen strictus ~ Meretrix lusoria  Batillus cornutus
a b cd cd d d
Fe 163.60 84.74 54.16 52.07 24.22 16.44
b a b b b b
Mn 2.519 28.933 2.930 4.496 4.602 1.833

a,b,c.d : Values in a row with different superscript letters are significantly ditferent(P<0.0001)

Table 11. Analysis of variance procedure on name in the shellfish on Yeusoo (Unit : mg/kg)
Name  Short-  Surfclam Henclam  Venusclam Ark shell Penshell Mussel Butter clam  Turban Whelk
necked clam  Mactra  Muactra chinen- Notochione Scapharca Pectinata  Mytilus  Suxidomus shell Batil- Buccimon
Elements Tapes phil- venerifor- sis Jedoensis  broughto- japonica coruscus purpuratus lus Striatissi-
ippinarum mis philippi nii cornutus mum
a a ab ab abc abe abc abc abe be
Fe 55.39 55.38 53.50 52.39 40.84 32.58 23.30 20.28 15.58 14.80
b a b b b b b b b b
Mn 2.509 50.434 1.617 14.958 9.728 1.395 1.617 3.807 3.265 9.769
b ab ab ab ab a ab ab ab ab
Zn 7.114 7.896 9.743 7.542 12,748 29.207  18.929 8.989 15.906 22.730

* a.b,c : Values in a row with different superscript letters are significantly different(P<0.01)

B o] Foll M= Kt A 4,500 mg/k}:ﬁ~ 7 A L A VHERsCH(Table 5). Aol whe Mn §Hgolle zjo]7}
B, ALEolA 0.100 mpkpl R /P sl YERk e AeE Aoz vlelttHP<0.003)(Table 7, 8, 9, 10, 11).
(Table 4), A 7ke] ggkafo ]/} JE Hoew Yepdth(P< Mn ol frelsiA =4 viebd QIR SelA] ke )
0.001)(Table 6). @& = °l g QlxofA] 18.540 mg/kg FrolA TR/l wE T WskE ZARE A kx| el
o= 74 A Ve, S20A 1540 mgkgo® 7HE 9] shFo] 44280 mgkgl 2 71 ¥k, sfEks)olA
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1.630 mghkgl 2 7HF W& Aoz Jepda, AR
HF FHA wE Mn FFo] FeAdo] AAH

(P<0.01)(Table 8).

TEo)FoME AMHoM 24.098 mgkge® 7P EA W
BN, FFOlA 3,190 mgkgl® 7P WA vERton,
zlejzke] ghgatol7t Sl A0 VFERRTHP<0.001)(Table
7). HF FoAME TN 30328 mygkeo 2 7P )
VR, QoM 8,768 mekgl 2 71 YAl Ve o
2Aeq7ke] ghekatol7t Sl Ao YERHTHP<0.01) Table
7,9, 11).

Cu

o) Fo e dolr 4317 mgkgeE 718 =4 b
EP S, SAolA 0110 mgkgo 2 7H WAl vt
(Table 6). HFAAM = A2ZoNA 12823 mghkgl &2 714 &
Al e, BotellA 374 mg/ke 0.2 7H Bl VERE
TH(Table 7).

A

Pb

2lEol 7ok sjFollA 22 ol 0.028 mgkg(0.000~0.126),
0.027 mg/kg(0.001~0.161), 435l 0.022 mg/kg(0.002~0.061),
0.023 mg/kg(0.001~0.160), 7+l 0.043 mg/kg(0.000~0.370),
0.003 mg/kg(0.000~0.011), A&l 0.290 mg/kg(0.000~0.840),
0.287 mg/kg(0.000~0.730)° 1% (Table 14, 15), A& Pb
Shgo] v AlAlEel vlsl felahA we Zom vERd
THP<0.0001).

Hg

HlEolfel s Fol A ZHzl Eoll 0.047 mg/kg(0.009~0.237),
0.008 mg/kg(0.003~0.026), &l 0.055 mg/kg(0.015~0.170),
0.006 mg/kg(0.002~0.014), 7H2l 0.057 mg/kg(0.000~0.183),
0.011 mg/kg(0.000~0.092), A&l 0.050 mg/kg(0.015~0.102),
0.006 mg/kg(0.000~0.021)0.2 Welsdth He dake A-7
o] zjol7} FEiskx] ¢Ekti(Table 12, 13).

Cd

SlEolfel s F ZhzollA] Eofl 0.003 mg/kg(0.000~0.026),
0.113 mg/kg(0.005~1.034), o5l 0.005 mg/kg(0.001~0.020),
0.042 mg/kg(0.000~1.000), 7+l 0.001 mg/kg(0.000~0.008),
0.486 mg/kg(0.001~4.450), 72l 0.002 mg/kg(0.000~0.050),
0.198 mg/kg(0.000~1.630)0.5 eI, HlZoiRolr AH

Table 12. Analysis of variance procedure in the fresh water fish on seasons (Unit : mg/kg)

Elements Season Spring Summer Autumn Winter
Pb b b b a
0.028 0.022 0.043 0.290
(0.000-0.126) (0.002-0.061) (0.000-0.370) (0.000-0.840)
Hg b b a b
0.047 0.055 0.057 0.050
(0.009-0.237) ., (0.015-0.170) (0.000-0.183) (0.015-0.102)
Cd 0.003 0.005 0.001 0.002
(0.000-0.026) (0.001-0.020) (0.000-0.008) (0.000-0.050)
Cr b b b a
0.029 0.095 0.083 0.686
(0.000-0.107) (0.003-0.760) (0.005-0.597) (0.000-1.250)
Fe b b a b
8.804 9.425 22.888 12.099
(0.839-30.578) (1.271-27.563) (1.560-121.240) (3.760-36.690)
Mn 1.671 1.839 2.857 1.396
(0.051-7.761) (0.030-9.600) (0.000-31.250) (0.000-4.970)
Zn ab be ¢ a
13.679 10.940 8.393 16.576
(2.690-69.490) (2.436-22.480) (0.000-25.291) (3.700-32.550)
Cu ab b b a
0.686 0.423 0.417 1.524
(0.168-1.787) (0.081-1.194) (0.137-0.863) (0.420-8.050)

* a,b,c : Values in a row with different superscript letters are significantly different(P<0.05).

Journal of Food Hygiene and Safety, Vol 14, No. 3



A Study on Heavy Metal Contents of the Fresh Water Fish, and the Shellfish in Korean

0.226-33.925)

(0.197-12.300)

(0.330-5.824)

(0.720-32.430)

Table 13. Analysis of variance procedure in the shellfish on seasons (Unit : mg/kg)
Season Elements Spring Summer Autumn Winter
Pb b b b a
0.027 0.028 0.003 0.270
(0.001-0.161) (0.001-0.160) (0.000-0.011) (0.000-0.730)
He ab b a b
0.008 0.006 0.011 0.006
(0.003-0.026) (0.002-0.014) (0.000-0.092) (0.000-0.021)
Cd b b a b
0.113 0.060 0.486 0.192
(0.005-1.034) (0.000-1.000) (0.001-4.450) (0.000-1.630)
Cr a ab b ab
0.223 0.101 0.046 0.073
(0.002-3.964) (0.016-0.746) (0.012-0.087) {0.000-0.220)
Fe a b ab ab
47414 31.783 39.733 41.420
(7.545-163.600) (7.091-83.063) (3.090-107.070) (2.490-87.420)
Mn b b a b
4.674 6.603 16.505 6.491
(0.080-36.763) (0.553-46.804) (0.640-52.950) (0.000-45.980)
Zn b b ab a
14.077 11.794 16.636 21.515
(3.632-32.455) (3.740-36.960) (6.900-66.720) (5.080-60.440)
Cu 302 2.071 3.135 4.019

* a,b : Values in a row with different superscript letters are significantly different(P<0.05)

7ke] Cd kol gle Ao® uERtoL) wlRelAe
ATl ghagato] 7k vieht 7S Hol| Cd $Hol f-elalAl
=7 Uehes Aos BAET(P<0.01)Table 12, 13).

Cr

2o 7o} FlF ZzbollA Eoll 0.029 mgkg(0.000~0.107),
0.223 mg/kg(0.002~3.964), <12l 0.095 mgrkg(0.003~0.760),
0.101 mgrkg(0.016~0.746), 7F<ll 0.083 mg/kg(0.005~0.597),
0.046 mg/kg(0.012~0.087), 7=l 0.686 mgkg(0.000~1.250),
0.071 mg/kg(0.000~0.22010 2 VIebsteh, Ad 7o) gafajo)
7F YER A RlEoFolM ALH Cr ko] felatAl =
A VERFZL(P<0.0001), F A= B2 Cr $HEFol #2
A =2 HoF VERITHP<0.05) Table 12, 13).

Fe

sEolFol AT 2zl A ol §8.804 me/kg(0.839~30.578),
47.414 mg/kg(7.545~163.600), & 9.425 mg/kg(1.271~
27.563), 32.303 mg/kg(7.091~83.063), 7F&l 22.888 mg/
kg(1.560~121.240),  39.733 mg/kg(3.090~107.070), 7 &l
12.099 mg/kg(3.760~36.690), 44.157 mg/kg(') 490~87.420).2.
2 UERTE AT ghgalelvt ot vliEolsolr 7he

Holl Fe #o] o3l &4 e (P<0.0001), TNF
A= gol Fe o] foatAl A yeErwrt
(P<0.05)(Table 12, 13).

Mn

vlEojfeol s i Zhzbell M 2ol 1.671 mg/kg0.051~
7.761), 4.674 mg/ke(0.080~36.763), A&l 1.839 mgkg
(0.030~9.600), 6.742 mg/kg(0.553~46.804), 7H2-ol 2.857 mg/
kg(0.000~31.250),  16.505 mg/kg(0.640~52.950), 7ol
1.396 mg/kg(0.000~4.970), 6.698 mg/kg(0.000~45.980)0. %
vepdtl TlEolftollA] Mn ke Ald ke 2jol7) 91F
54 ersrort, sRelME AR gartolst LehA
7RgAE FelsA =4 WERTHP<0.001)(Table 12, 13).

ZIn

WEmol el slF ZHzbel A Eoll 13.679 mg/kg(2.690~
69.490), 14.077 mg/kg(3.632~32.455), o] &l 10.940 mg/
kg(2.436~22.480),  11.930 mg/kg(3.740~36.960), 7o
8.393 mg/kg(0.000~25.291), 16.636 mg/kg(6.900~66.720), 7]
ﬁﬂ 16.576 mg/kg(3.700~32.550), 22.218 mg/kg(5.080~60.440)

o2 vepth RIEolie) s RfollAl Aldyiel g xjol 7t
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(P<0.01)(Table 12, 13).
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Ao et

Cu

zoj el A fF Zhzhol Al 2ol 0.686 mg/ke(0.168~

Table 14. Legal limits for hazardous substances in fish and fishery products (Unit : mg/kg)

Trace Hg(total)
lement Fish,crustaceans, Pb Cd Cu Zn
Country molluscs
Argenitina 0.3 fish
Australia 0.5 fish content of fish 1.5 fish 0.2 fish and fish content  10.0 fish, fish products 1000.0 oysters
products 2.0 fish (N.S.W.S., of products containing only(Except N. S. W.
1.0 fish(South A A.Victory) fish Vic. S. A)
ustralia Tasmania) 2.5 fish(in tin plate 2.0 molluscs and the 30.0 (N. S. W. Vic. S.
container molluscs) mol lusc content of A)
5.5fish (N.S.W.S., molluscs product 70.0 molluscs, mollusc
A,Victory)molluscs 2.5 tasmania,molluscs products(Except N. S.
5.0 fish, mussel (Tas and the mollusc content ~ W. Vic. S. A.)
mania) molluscs of molluscs product 30 N.S.W.S. A Vic
5.5N.S. W
Canada 0.5 (except sword fish) 0.5 fish protein 50 marine and fresh
10 marine and fresh water products
water animal
Denmark 0.3 fish and fish 0.3 fish and fish 0.5 fish and fish products
products pro ducts 0.5 fish liver crustaceans
0.5 flounder,tuna, except canned and molluscs
bonito, cod producrs
1.0 eel,halibut, fresh 1.0 crustaceans and
water molluscs
fish,porbeagle,
crusta ceans, molluscs
France 0.5 fish and products
0.7 flounder,tuna,
bonito and cod
Greece 0.7 fish

Hong Kong

0.5 all solid foodstuffs

0.6 all solid food
stuffs

2.0 oyster, crabmeat, fish

[taly

0.7 fish, fishery prod
ucts imported from
outside the EEC

2.0 domestic mol
luscs

Japan

0.4(provisional
Guideline)

0.3(Methylmercury as
mercury)

Netherland

1.0 all fish, crustacea,
molluscs

0.5 fish, crustaces
2.0 molluscan shell-
fish

0.05 fish
0.3 crustacea
1.0 molluscan shellfish

Newzealand

1.0 fish and products
mackerel, herring,
sprat, molluscs
crustaceans

0.5 fish and products
flounder tuna,
bonito, cod, eel
halibut, fresh
water fish por-
beagle
crustaceans

2.0 mackerel, herring,
sprat, molluscs

1.0 fish and products,
mackerel, herring,
sprat, fish liver

0.3 crustaceans

1.0 molluscs

30.0 fish, fish
products,

40.0 fish, fish
products,
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Trace Hg(total)

lement  Fish,crustaceans, Pb Cd Cu Zn
Country molluscs
Switzerland 0.5 fish fishery 1.0 canned fish crust- 1.0 canned fish crusta
products, imported aceans molluscs-  ceans molluscs
crustaceans, fish, (imported) (imported)
Thiland 0.5 frozen cuttle 10 fish tloss, fish
fish, squid and octo-  flake and dried
pus ground fish
EC 0.5 most individual 1.0 sharks, eels,
tish tuna and rays
U.K. 2.0 fish(not other- 20 food(recommened 50 food(recommened
wise specified) as a general limit limit,natural) con-
3.0 canned fish in food) tain more than 50
5.0 dried fish mg/kg such as
10 shellfish herrings, shellfish,
craustaces should
not be objected to
U.S.A. 1.0 fish, shellfish,

crustaceans, Other
aquatic animals(edi-
ble portion only,
fresh, frozn or
processed)

Source : 1) Reference 13), 16)

2) National Health and Medical Research Council, Model Food Legislation, Australlia, Canberra, PA 12-2, All2-3, 1984,

3) International digest of Health Legislation. WHOQ, 34(3), 1983.
International digest of Health Legislation. 27(1) 1976.

4) National Health and Medical Research Council: MRL standard, Australian Government publishing Service canberra 1987.

5) Codex Alimentarius commission, FAO/WHO food standards programme, 1989,
6) Codex committee on food additives and contaminants, Joint FAO/WHO food standards programme, 1989,

1787), 3.302 mg/kg(0.226~33.925), A& 0423 mgke(0.081~ RlEofFoll A Adire] &3 xjo)7h vpehta AL
1.194), 2.131 mg/kg(0.197~12.300), 7}l 0.417 mg/ke olaHAl EA LR LH(P<0.05), SiFolA = A Q7ke]
(0.137~0.863), 2.301 mg/kg(0.330~5.824), A&l 1.524 mg/ o]7F vhERAA] ehTi(Table 12, 13).

kg(0.420~8.050), 4.373 mg/kg(0.720~32.430)0.2 L}ERL]

o

4:10

2

2229
AEe] QR e ERatal e Ade WXl Sete] w patolulE Fo| 2ot %}E*JEH% eta}7)
st =ielM fEEa e WEOIR 11F 1667, MF 14F 1538 5 & 31942 tAeR ph, Hg, Cd, Cr,

Fe, Mn, Zn, Cu 2| 87§ S%& AAS. 9 Mercury Analyzer® 243l t}o3 7
FolxMel F34 Fagrere

+e ;‘*FF:? a3t 1

= Pb 0.075, Hg 0.053, Cd 0.002, Cr 0.135, Fe 8.695, Mn 1.078, Zn 9.491,

_"3/]

Tl
Cu

0.548 mg/kg S 2 WERKITE A FolM O Fiid HaTHFS Pb 0.059, Hg 0.007, Cd 0.146, Cr 0.147, Fe
40.808, Mn 7.738, Zn 13.943, Cu 2.731 mg/kg®.& ZA}E]o], Cd, Fe, Mn, Cu So] Yl¥o]Ro| Hls| =& A

O FERITHP0.001). 2. 3% FFE AA) Wb fela Aol} = A0 Uelydr), gl 7.

AT

 Zn Fgol Ae7ke] 01**» HEPRTHP<0.001). 3521 739 Fe, Mn, Zn #3o] x7ke] fojie el
HEIEHP<0.01). 3. Al weh S5 ol Aol7} iz A0 Lepdth(P<0.05). NEFINE Aeae
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Pb, Zn, Cr, Cu Ero]

=0

I
A ARE Fgade Seueel Adska gl
Zn 5 7P IAR Be VA Be Ao U

RIS

AOZ Yeiytd, AfollMe A&dol Pb, Zn ol L o2 ekt 4. =
of T FHES S falleolsioln, Fe, Mn,

(9%}
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