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ABSTRACT-In 1987, the level of heavy metals were determined in a total of 200 samples of 9 species
of shellfish of Korea. The samples were collected at the fish. markets by 10 Public Institute of
Health.

The samples were whelk (Buccinum striatissimum), oyster (Crassostrea gigas), ark shell (Tegil-
larca granesa), shartnecked clam (Venerupis semidecussta), hard clam (Meretrix lusoria), top shell
(Turbo cornutus), abalone (Haliotis gigantea), ark shell (Scapharea broughtonii), sea-mussel (My-

tilus conuscus gould), respectively
The levels of total mercury, lead, cadmium, arsenic, copper, zinc and manganese were determin-

ed.
The total mercury levels were determined by. mercury analyzer using the combustion gold amal-

gamation. method. The arsenic level were determined by spectrophotometry using colorimetric sil-
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ver diethyldithiocarbamate method after dry ash digestion of the samples with magnesium oxide

and magnesium nitrate.

The levels of other metals were determined by inductively coupled plasma spectrophotometry
after wet digestion of the samples with nitric acid and sulfuric acid.

The results were summerized as follows;
1. The overallranges and mean(ppm) were;

Hg, ND-0.221 (0.036); Pb, 0.05-1.51 (0.37); Cd, 0.02-1.86 (0.61); As, 0.5-3.97 (1.22); Cu, 0.14-54.16
(4.93); Zn, 7.40-207.17 (30.09); Mn, 0.13-8.72 (3.40).

2. The levels of all 6 metals were found to be below the maximum permissible limits set by the
Japan for mercury, the Netherland for lead the Hong Kong for cadmium. The Finland for Arsenic
no statutory limits for Zn and Mn in shelifish in any countries.

3. The results show that all the 9 species of shellfish studied, none have accumulated levels dange-

rous enough to pose a health problem.
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Trace Elements in Foods

Table 1. The operating condition. of ICPS* (Labtest

Equipment Model 710)
Classification Condition
Wave length spectra(A) Pb :2203.53
Cd :2144.38
Cu :3247.54
Zn :2138.56
Mn:2576.10
Gas pressure Line gauge 400
(Kpa) Coolant gauge 200
Sample gauge 280
Pump speed (RPM) 800
Neubulizer Gas pressure 280
(Kpa)
Carrier gas
flow rate 0.85
(1/min.)
Pump rate
(1/min.) 18
Integration period (Sec.) 3

* With 1000C computer and super 5-CP printer.
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Table 2. Heavy.metal contents in shellfish of korea
(unit: Wet basis ppm)

Sam- mois-

ple ture Total
Sample “::r" %) Hg Pb Cd As Cu Zn Mn
1 698 0078 047 086 230 1995 46950 1.62
(20) 2 747 0056 011 048 235 14.97 2380 2.63
Whelk 3 742 0063 0.05 056 294 10.11 2691 0.97
4 723 0022 024 069 293 1520 6193 1.60
5 779 0.147 011 077 212 4.53 2920 0.78
6 737 0171 009 041 213 1.83 11.78 118
7 745 0.198 014 067 206 4.60 2816 1.60
Bucciman 8 779 0108 020 031 215 153 2827 074

striatissiman 9 777 0011 015 0.09 115 3.28 2299 248
10 765 0.030 0.09 0.04 098 6.92 2090 4.11
11 80.7 0.025 0.08 0.03 0.90 7.92 17.93 2.50
12 739 0.018 0.07 0.11 112 4.69 23.54 4.02
13 756 0012 030 017 2.13 4.04 20.39 4.42
14 761 0.070 0.17 070 235 6.90 30.00 594
15 758 0.016 0.28 098 222 842 29.29 4.66
16 757 0.071 047 0.13 219 4.62 26.05 4.34
17 804 0.194 075 079 241 19.09 50.02 0.98
18 79.2 0221 092 112 298 25.02 2740 162
19 734 0198 040 1.28 245 12.25 5223 2.26
20 741 0109 0.17 109 Z2.28 39.31 16.42 0.39

(24) 21 798 0.031 071 141 061 3853 196.22 7.17
Oyster 22 799 0.045 0.84 150 0.60 47.06 207.17 7.10
23 799 0.034 0.58 1.50 0.61 47.76 204.23 6.90

Crassostyea 24 79.8 0.044 054 156 0.68 12.43 200.50 7.43
agas 25 857 0.008 035 084 0.84 10.22 62.09 4.67
26 84.0 0.019 021 036 081 4.77 109.16 6.22

27 862 0.058 0.14 042 081 594 9193 6.12

28 88.7 0.008 0.07 0.67 0.84 11.63 4534 5.26

29 872 0.013 042 064 059 19.51 41.59 6.09

30 882 0.015 023 099 0.53 22.20 108.76 6.33

31 879 0.029 0.53 101 0.5 29.46 13533 7.96
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Sam- s Sam- mois-
ple ture Total ple ture Total
Sample MM %) Hg Pb €4 As Cu Zn Mn  Sample Tor %) Hg Pb Cd As Cu Zn Mn
32 871 0.017 0.80 081 054 4.16138.16 6.36  Meretrix 93 79.4 0.029 116 067 052 134 1762 4.23
33 80.0 0.013 017 019 117 4.16 41.79 591 Iusoria 94 797 0.032 147 063 053 155 17.17 4.32
34 796 0.011 0.28 047 135 7.27 7227 8.65 95 81.0 0.025 1.01 066 050 1.17 12.88 3.72
35 79.8 0.014 022 081 136 802 6821 7.26 96 79.0 0.024 0.82 061 051 1.63 14.58 4.29
36 79.0 0.056 0.23 068 114 7.70 6640 6.84 97 83.1 0.010 0.38 040 0.67 2.02 12.10 3.87
37 777 0.011 033 092 149 1504 6194 7.01 98 843 0.008 049 020 066 147 12.96 4.23
38 780 0.055 040 082 1.55 11.80 65.55 6.02 99 839 0.004 054 022 065 158 12.01 5.07
39 773 0.016 031 085 1.57 10.80 66.31 8.72 100 83.4 0.010 054 0.11 071 116 7.80 4.00
40 77.0 0.038 0.13 054 156 4.75 3424 6.13 101 822 0.013 0.15 0.13 0.84 0.65 1520 2.21
41 806 0.047 0.08 057 052 992 72.03 855 102 805 0.022 057 029 0.82 151 1420 343
42 825 0017 015 035 051 3.57 87.20 4.74 103 862 0.053 0.35 0.31 087 137 13.05 4.81
43 825 0.002 022 036 051 422 87.97 5.09 104 80.6 0.090 0.13 011 094 150 1152 1.58
4 -~ 0001 136 0.60 052 652 5349 7.38 105 787 0014 036 0.17 091 194 17.76 1.12
45 736 0025 037 176 0.89 117 1913 595 106 " 0015 023 0.12 096 079 1475 047
(24) 46 784 0.021 Q.24 131 097 291 1747 655 107 790 0.012 021 029 090 222 2395 171
Ark shell 47 789 0.011 011 128 120 169 13.96 4.57 108 " 0.020 041 012 098 3.22 18.03 0.64
48 80.0 0.009 036 139 099 148 17.78 6.16 109 77.1 0.037 063 092 1.07 567 2417 2.09
Tagillarcs 49 796 0010 038 1.89 061 051 17.95 693 (24) 110  * 0.016 028 061 116 501 27.73 0.63
granesa 50 81.6 0.020 021 182 063 091 1598 6.36 Top shell 111 801 0035 0.5 1.07 1.03 3.43 27.60 051
51 83.1 0.009 0.23 167 060 0.80 17.37 595 112 " 0042 033 102 105 3.00 3279 2.02
52 812 0.006 026 185 150 1.06 17.01 5.07 Turbo con- 113 76.7 0.041 027 104 193 21.89 59.78 2.04
53 798 0012 0.18 129 064 092 1636 641  uis 114 884 0030 029 084 186 54.16 56.00 2.35
54 867 O.D 014 123 066 091 1670 695 115 869 0076 042 055 156 42.37 37.62 245
55 82.8 0018 014 080 0.65 090 1249 4.96 116 826 0.084 038 0.89 197 2811 41.06 2.07
56 — 0022 010 110 069 037 1292 7.6 117 759 0.094 009 013 253 156 2657 0.98
57 855 0014 020 088 062 047 1371 7.00 118 757 0.074 0.18 0.0 292 161 22.72 092
58 848 0014 035 099 064 065 1262 6.65 119 758 0.089 021 0.12 270 127 1697 0.73
59 81.8 0013 0.22 096 063 108 1368 551 120 758 0.106 031 114 292 166 1823 0.40
60 838 0028 018 120 0.68 089 12.16 525 121 754 0043 006 1.07 345 245 2622 109
61 807 0.013 026 153 083 345 11.36 5.03 122 753 0.098 0.10 138 3.67 195 1351 131
62 854 0022 027 140 141 173 1206 4.93 123 755 0.102 0.09 111 3.38 2094 2856 3.04
63 817 0.012 025 160 0.80 045 1422 4.94 124 756 0.084 037 089 3.04 154 33.80 1.07
64 818 0025 0.14 143 086 0.53 1391 564 125 79.5 0205 0.65 0.13 3.31 7.94 3437 141
65 764 0.009 105 160 061 093 1824 7.79 126 783 0.105 051 0.13 397 429 60.31 0.99
66 — 0.006 012 143 062 085 14.11 6.04 127 747 0139 021 010 328 7.79 96.03 0.18
67 815 0.005 032 141 061 0.97 13.86 573 128 744 0206 040 0.12 3.94 11.08 102.86 1.07
68 825 0005 045 118 060 083 14.49 6.74 129 657 0.044 066 114 092 555 32.14 1.99
(20) 69 816 0.017 058 009 148 123 1152 4.05 130 — 0.006 0.16 1.07 0.87 7.79 22.82 0.83
Shartneck- 70 79.3 0.023 062 0.16 155 177 1446 4.68 131 764 0.008 051 1.38 091 6.73 34.07 2.33
ed clam 71 761 0.024 038 020 185 1.13 14.74 480 132 785 0.002 058 111 092 4.31 3043 195
Venerupis se- 72 814 0032 015 023 182 127 1398 431 133 75.0 0012 030 005 1.09 615 9.66 0.40
mideckssta 73 822 0.029 040 015 157 097 13.88 597 (20) 134 798 0.009 011 004 114 471 740 013
74 830 0.023 084 0.15 156 130 1240 555 Abalone 135 79.2 0.010 021 009 151 579 971 039
75 81.2 0.015 0.76 0.14 149 091 861 537 136 77.3 0.011 038 006 139 520 1041 046
76 821 0.022 082 0.6 159 174 1095 6.07 Haliotis 137 827 0.005 0.10 009 0.83 3.81 10.42 047
77 836 0.010 036 010 063 174 1139 3.85  gugantea 138 80.0 0.009 053 0.08 086 191 1994 018
78 842 0.020 041 021 051 127 1244 558 139 801 N.D 0.17 006 086 292 1111 0.63
79 838 0014 062 024 064 174 1353 6.07 140 80.1 0.018 056 0.03 089 1.03 11.75 049
80 835 0.015 0.69 008 062 135 1297 4.56 141 817 0.011 078 159 199 441 59.38 2.84
81 833 0.025 051 0.04 2.14 4.44 13.20 2.07 142 804 0048 023 135 195 181 63.80 1.87
82 83.0 0.007 032 0.02 183 3.71 1061 1.19 143 81.7 0038 019 141 192 191 61.20 1.74
83 825 0.058 0.21 006 198 4.05 1240 1.67 144 803 0.045 052 133 216 4.21 2740 098
84 — 0.016 007 007 1.86 226 1222 115 145 79.6 0.005 029 1.07 142 245 2429 118
85 859 0.025 114 015 061 169 11.27 525 146 814 0012 045 145 129 565 21.69 0.88
8 — 0.009 037 016 068 084 821 526 147 823 0.010 019 152 128 694 1587 179
87 828 0.002 051 016 069 1.04 1035 699 148 807 0008 0.14 152 143 4.09 1851 1.88
88 835 0.015 0.63 019 064 121 14.13 443 1499 — 0005 062 102 195 149 1058 060
89 795 0.018 063 0.12 063 212 1985 2.13 150 — 0.023 0.10 092 1.97 254 1351 0.21
(20) 90 80.2 0.014 047 043 062 1.23 1637 293 151 774 N.D 046 108 199 3.80 15.06 1.42
Hard clam 91 80.8 0.030 051 027 061 141 2854 341 152 78.4 0.002 033 074 197 475 7.46 0.58
92 805 0.035 024 023 061 179 1585 2.71
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Sam- rmois- Sam- mmois-
e e o e e T
Sample ber (%) Hg Pb Cd As Cu Zn Mn Sample ber (% Hg Pb Cd As Cu Zn Mn
153 — 0.020 0.33 0.74 197 475 7.46 056 sea-mussel- 180 810 0.013 0.16 026 0.63 065 19.45 2.25
(24) 154 — 0014 0.13 099 1.27 197 2520 260 fresh 181 826 0.019 031 002 059 067 12.88 1.58
Ark shell 155 — 0018 021 0.89 123 122 21.16 3.55 182 864 0.101 028 013 0.65 0.80 1536 081
156 — 0.025 048 055 129 0.56 23.25 3.35 Mytilsscon- 183 — 0.031 0.24 0.09 0.63 094 1266 1.77

Scapharea 157 821 N.D 015 061 061 044 1615 4.16
broughtonii 158 822 0.014 0.14 058 061 042 1291 317
159 82.4 0023 0.11 055 064 026 9.67 2.65
160 81.8 0.008 0.16 0.77 068 0.16 1013 271
161 781 0.005 0.15 026 0.79 0.24 16.14 2.64
162 833 0.010 033 0.10 0.72 1.63 11.89 1.09
163 835 0.007 0.15 027 0.72 0.70 14.69 2.45
164 836 0.009 051 023 074 044 1827 2.05
165 79.8 0.005 032 092 083 1.10 18.77 286
166 854 N.D 008 053 0.79 0.28 10.80 2.84
167 839 0.017 055 068 0.75 0.87 10.87 3.69
168 84.7 0027 0.10 036 078 043 13.03 3.51
169 82.0 0.003 089 056 057 1.19 26.71 4.10
170 811 0.021 151 0.38 061 0.35 13.37 2.9
171 845 0.008 0.14 074 058 0.62 14.81 3.27
172 832 0.005 026 062 062 0.65 1335 3.41
173 794 N.D 017 035 059 138 1057 1.50
174 793 0.010 032 0.27 0.63 199 13.75 175
175 793 0.016 026 045 0.63 .161 14.63 1.55
176 78.4 0.006 008 030 061 2.79 30.55 3.52

177 785 0.006 0.13 0.12 0.62 0.70 18.89 1.41
178 81.6 0.004 025 025 0.64 111 16.74 2.59
Ark shell 179 808 0.022 0.22 032 081 0.61 23.10 2.68

Al 0, 2ppmE 233 A o] 14, &
2t s F 2710] Ui+t
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o daiMde T PPN 2477 gl
I 2,
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2 Alg

FDAoI4 1983 %, A o AENZT
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= g el osd 97AFF of s Foll diste] 7
2492 FAHE AAde 9l vekE Table 5
o} Aok, 97 =F AR velellA wfel of

uscus gowld 184 826 0.027 087 0.07 062 036 1629 1.71
185 82.7 0013 0.16 0.17 051 147 2680 2.13
186 84.7 0.015 0.11 0.16 0.69 1.02 22.03 2.15
187 835 0.021 023 023 068 112 17.60 1.98
188 77.6 0.010 0.08 025 058 0.76 20.18 2.52
189 804 0.022 040 0.11 053 0.83 1527 3.84
190 84.0 0.016 041 0.07 0.62 0.99 19.20 2.11
191 793 0017 0.22 0.19 064 111 1919 156
192 789 0021 023 0.21 0.81 152 2339 2.00
193 845 0.016 151 021 051 147 16.73 2.56
194 832 0.006 069 0.17 060 1.60 16.17 3.47
195 83.1 0.016 038 0.18 052 097 23.5¢ 248
196 835 0.006 038 030 0.64 170 26.63 1.61
197 81.8 0.010 031 029 0.65 4.19 16.80 3.00
198 804 0.015 029 0.19 085 4.35 18.27 1.98
199 823 0.016 027 023 105 286 1798 2.84
200 815 0.017 013 026 062 141 17.78 2.99

N.D 005 002 050 016 740 0.13
0.221 151 186 3.97 54.16 207.17 8.72
0.036 037 061 122 4.93 3009 340

total minimum
total maximum
total mean

* ND = Not-detected
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Table 3. Range and. mean contents of heavy metals in shellfish of Korea
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mini- 90th  maxi- . mini- 90th  maxi- .
No. of El P mean mois- No. of El P mean mois-
Sample Sam- € mum e:rce- mum - e SD  ture Sample Sam- e mum e.rce- mum - lue  S.D ture
ple ment value ntile value ples ment value ntile value
(ppm) (ppm) (ppm) (ppm) (%) (ppm) (ppm) (ppm) (ppm) (%)
Hg 0.011 0.194 0.221 0.090 0.073 Hard clam Cu 065 212 322 158 052 862
Pb 0.005 047 092 026 0.23 Mn 047 432 507 304 137
Cd 003 109 128 057 039 69.84 Zn 7.80 19.85 2854 1584 4.60
20 As 090 293 298 211 061 -— Hg 0.002 0.106 0.206 0.074 0.055
Whelk Cu 153 1995 2502 9.89 7.3 804 Pb 005 058 066 033 019
Mn 039 442 594 246 160 cd 110 1.07 138 0.80 0.36 657
Zn 11.78 50.02 6193 29.71 12.99 20 As 0.87 367 397 230 115 —
Hg 0.001 0.047 0.058 0.025 0.018 Top shell Cu 127 21.89 5416 973 1359 884
Pb 007 084 136 043 0.33 Mn 040 233 304 148 077
cd 019 141 156 079 039 77.0 Zn 13.51 59.78 102.86 37.77 22.56
24 As 051 149 157 088 039 — Hg ND 0038 0048 0014 0.014
Oyster Cu 3.75 3853 47.76 1396 14.11 88.7 Pb 0.10 056 078 033 020
Mn 467 796 872 666 114 Cd 003 152 159 078 063 750
Zn 34.24 138.16 207.17 96.58 55.10 24 As 083 199 216 149 046 —
Hg ND 0022 0025 0013 0.014 Abalone Cu 103 565 6.15 3.53 153 827
Pb 010 037 105 028 019 Mn 013 187 284 09 074
cd 080 176 186 137 030 736 Zn 740 59.38 63.86 2146 18.11
24 As 060 099 150 079 025 — Hg ND 0021 0.027 0.011 0.008
Ark shell Cu 037 169 345 110 0.74 86.7 Pb 008 051 151 032 032
Mn 457 695 779 6.03 090 cd 0.10 089 099 053 024 758
Zn 12.06 17.78 19.13 1498 2.29 24 As 057 113 129 077 023 —
Hg 0.002 0.029 0.058 0.025 0.013 Ark shell Cu 016 163 279 095 069 854
Pb 007 082 114 052 026 Mn 1.09 355 416 280 0.82
Cd 002 021 024 014 006 76.1 Zn 9.67 25.20 30.55 16.58  6.03
20 As 051 186 214 129 058 — Hg 0.004 0.022 0.031 0.018 0.007
Shartneck- Cu 084 371 444 178 105 859 Pb 008 041 151 034 030
ed clam Mn 115 607 699 444 169 cd 007 026 032 019 016 775
Zn 821 14.13 14.74 1216 182 24 As 051 081 105 065 012 —
Hg 0.004 0.035 0.090 0.056 0.038 Ark shell Cu 036 170 435 138 082 86.6
Pb 0.15 101 147 053 035 Sea-muss- Mn 081 299 384 225 0.69
Cd 011 063 067 020 020 781 |lelfrish Zn 12.66 2339 26.80 1884 3.77
20 As 050 094 098 072 016 —
Table 4. Compare with data from other source
(Unit: ppm)
Element
Total Hg Pb Cd As Cu Zn Mn
Source
NIH* ND-0.221 0.005-1.51 0.02-1.86 0.50-3.97 0.16-54.16 7.4-207.17 0.13-8.72
(1986) (0.036) (0.37) (0.61) (1.22) (4.93) (30.09) (3.40)
NIH**
(1985) ND-0.08 ND-4.82 0.12-2.61 0.15-7.28 ND-9.41 1.06-48.66 ND-10.41
FRDA®*** 0.001-0.11 0.40-0.87 0.02-0.10 - 0.64-17.2 - -
(0.05) (0.52) (0.06)
BKFS**** 0.002-0.36 0.60-3.80 0.03-0.78 - — - —
Japan***** ND-0.06 0.01-0.57 0.02-1.76 0.01-9.26 0.23-24.56 9.44-185.7 0.03-185.7
Clam ND-0.02 0.30-0.65 0.12-0.23 3.4-4.2 1.40-1.52 16.0-19.5 1.2-2.07
Oyster 0.02-0.06 0.13-0.27 0.12-0.32 0.50-3.40 8.2-15.8 139-272 8.2-15.2

* In the present Study
** Reference 18
*** Reference 19
**** Reference 20
sw*** Reference 22-24, 41
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Felstgct, Table 4014 Pb 738 vlms] B
o X FAEAREEClA B Pb g
FAAME wn HEdFME W Heg o}
Ebitet,

Table 59 EEFEHl Pb A7} & viwlat
E¥+ 2ppm, &FE F/F (mussel)ol 3oiA+
5ppm?®, 3=, ke 10ppm7tR]l  THAISEAL
Ae AL E 4 glond Fual oo H{F5
Pb ke ofA& x| &2 Holr,

o, Cd

Cde= & AEoA 100%2 AEe+
AAHel BZEL 0.1ppm °lsk 10.5%, 0
1~0.5ppm 38,0%, 0.5~1.0ppm 28,0%, 1
0~1.5ppm 16.5%, 1.5~2.0ppm 7.0%%
Epxit,

Cdel T Farere whxlel, 33, Wito] o,
14~0, 3ppm, 23, Z¥iel7}l 0,53, 0.57ppm
olglom, A& I, 4etigel Z7 0,78, 0.
79, 0 80 ppm°l° o}, mgh mute] 1, 37me—9—§

b 2 ek vEhdled,
at 247%F HA Ao M= 0,8 ppme- b}E}LH
I Hzoe glojxx 1, 86ppmeoE ZIF Fo
], =38 Table 6oll4] B ule} 7o) efEe] HF

F mate] w3, ¥ AT ARjelME #gel

b

05qu

o]

& gheke vERH A gl
w3 Ffole 73*‘%)% I, & 771gel, 4z
DT o], AR AN, AdEe] o E
o] Aol ®lal & Ik el o,
F2-o vietel A sl ol gt
Cdel #filES 2o A &+ 4 v==is 1,
0, 74=:= 1, 0ppmeg At 9ot A
Aol 7T A7) 3ot

o] 1980~1981 FEHEH Hudol Ao AFF
o] Cd &AkR el oshd i 1,76 ppm7tr] X
2E2 glov] @wESHS AR o]l Tasln
o, WEEAL 0,05~3,66ppm 7ol S
ol 30~50ppme] ¥FH A= Sotn &
1—;}_26)
akS A9]3t giEe] HFFT W FEkol Ml
=2 FAlxlel 1, 0ppm ©l3H5 veEbRH 3l

e & U

5ot BEWS A Hike st MEES
i#% &% (adsorption) % §< (absorption), =
AIEF] Wo|AH, 22T EEMEEWE A
3 Sol Slgthn Aelrew, = k) R
9 Sl B40 FIEE A7) T3 Yol 2
A3ES v A "ol 3o},

A= @Rl fRre 2 Cde B #

3]
=
o

o B

q

Table 6. Contents of heavy metal in shellfish of Korea in 1985

(Unit: ppm wet base)

Element Total
Sample Hg Pb Cd As Cu Zn Mn
‘MM (14)* 0.01-0.03 0.58-4.82 0.53-2.06 0.23-2.88 ND-4.74 13.99-18.35 1.14-5.37
(0.02)** (1.45) (1.26) (1.03) (1.16) (16.44) (14.17)
MMM (14) 0.01-0.03 ND-1.05 0.16-2.29 0.26-3.46 ND-2.29 9.28-21.13 0.73-4.59
(0.02) (0.51) (0.39) (1.35) (0.67) (15.05) (2.65)
MM (10) 0.02-0.02 0.56-0.83 0.26-0.77 0.28-0.54 0.68-9.41 1.06-44.15 1.36-1.55
(0.02) (0.69) (0.32) (0.41) (5.04) (22.61) (1.46)
MMMM (14) 0.02-0.08 0.20-1.79 0.26-2.61 0.55-3.38 0.20-4.90 11.20-30.01 1.82-2.76
(0.04) (1.18) (0.54) (2.07) (1.95) (22.85) (2.24)
MMM (14) ND-0.02 0.43-3.57 0.33-1.67 0.18-1.70 ND-0.96 1.99-48.66 0.27-10.41
(0.01) (1.21) (0.60) (0.64) (0.33) (18.52) (3.93)
MM (14) 0.005-0.01 ND-3.57 0.28-0.55 0.57-2.07 0.29-1.40 10.40-26.13 1.11-4.11
(0.01) (1.18) (0.44) (1.67) (0.79) (16.49) (3.03)

* number of samples
** mean value
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ol ok sh, &&delA Znel REmICE
ol HHE 7ol Cdoll 93l Hs mdslo]
SATiES WA SEI ik gt

= Caot Znd BRFRS afmolM HF 2
78S sb HHFEM o 'R e vlA
I Cdst Znel #FEKE Bl 1:100~1: 4
AollA el 7z ezl ok kA 9l
t}2629)  ole} 72 AntA & ne{d o CdY
Zefkol 1,37 ppmo.E T HFol vidl #& m
ate] Zn TERS i 14,98 ppmelv 1 19,13
ppm2 2 20 ppme 9A| gow, i s{e| Zn
ek vlamslox KRl & A7t obd e
2 Mo} mutEe] Cd #ake Hid Belesly] B
o BREECE HsEdrh

2t As

2 AJBoA 100%9] HEEE Egov B E
£ 1ppm ©|3} 59%, 1~2ppm 26%, 2.0~3.0
ppm 11%, 3~4ppm 4%%= JElsieh, Ase]
TR Z3, W, sz, we, F, szl A
&, o], 2efnse F2o2 0,65~2, 30 ppme]
glov MAHFTS 1, 22ppme|ch, EHIZ =
HzAe FAbgge], wixlgt A, A7, JAE
of, AE-L AE, A, FAl, AFHEe|, T A
&, AdEEe], Autase A, A, AFEe
chE el ol vla] ghake] Eokrh,

oot 42} %2 2 11~2, 30 ppmo-E chE
5ol wlsl) §reke] BE-S o 4 AUdow, o
o KEWrEe]l Ase] #Eko]l w7l wiitol Ase
TA RS LA ol o] HE Fzste] Sl
T B BAES slofg)

Table 5914 #HF5F2 AsE FAste Ade ot
ghe Fa=gA 5 0ppmes TrAlEte e,
Qro| FgfEolA clamFe] 5, 63ppme ¥ i%
low ¢Ae], AL SolE 1,5~17.5ppm7tA|
= et gloka gt

=}, Cu

2 AlgolA 100%9 HAEF&s 2o,
5 Cud £ZE2 1ppm °ldt 23.0%, 1.0~5.0
ppm 53.5%, 5~10ppm 10,5%, 10~20 ppm
7.0%, 20~30ppm 3.0%, 30~50ppm 2, 5%,
50ppm ©lAb 0,5% cololen], A IPadek
4. 93 ppme| 2

ppme|3ith,

< wasp)zt ¥z, FI35E AHsede
k-]

=, HRE HFES MR A48t gle i
o] 34 ool ket dlFe wHolrt =
W Tt 3% 29 ¥ub ohdzl HEAk
el S54 9dols F S WAl Hebkx s B
2 ke Culde 1mg/ [ gobo,

Cut #iy o 529 WETEEAM 28 Sl
de] Fzslo] gled, EEH =, =4, dA
Z5ol wa ffels 0~100ppm, ¥ Foll=
8~15ppm°| FH-F-5ef hrhi giet,

Table 52 7h4c} F4l% 50ppme W+ AL
20075 171o% QlMpEe] Ashago| wE
ebige 2471% <lAEuate] 30ppme ZE
Hereke 9, 73ppme 2 el KR8 4zt
Fol FHissivkn & 4+ givty Az,
vk Zn
& Ao 100% HEes 2yov, 1 +2Z
42 10ppm ©}3s}, 4.0%, 10ppm~20ppm 54,
5%, 20~30ppm 18,5%, 30~50ppm 7.5%,
50~100 ppm 11, 0%, 100~200ppm 3, 0%, 200
ppm o4& 370 g4 1, 5%¢°i9lon] HA
ke 30, 09 ppmo] 3ict,

Zne] sateke spxjal, wut, g, w2, §
3, AL, Fpo], £ebxFol 12,16~37.77 ppm
olw], Zo| 96,58 ppmeE 7} wol ofE &
o] 3ul~5eHe] gheks peb]

EHFIEE A8 ASE, T Ak AF
&, Tulole AR FAME, 4zt Te JHE
3 ZASEEe] ohE Ehbe] WRRo vl £
25 veblct,

100~200 ppm ©)A+¢] Zn$ &HR-3ka e
€ TEA, ART ZIng M el sl ol

F

Bop

by
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71 1000 ppm7kA] 3 ZA-$E glepum e,
538 STl Zno o] wod TS B4
140~270ppm, A 3~10ppm, 2. A o], o
10~40ppm A7} A& E . 3lciees2)

Ine ohE MHEITCHRN wlshe] Fifol Hou,
BES Zn AHe TES ZAsv], Zn B8l

Bt S8t A ol 28 Folubt QA w

FAEA g4z 7E, Ada Bo] dehd 4 9l
tha ko

Table 494 2d AFFo Zno| FARE 2
I de vl Tl s HFu kgl sl
A 50ppm ol4te] FHetricks HEA71x) n
ich,

77| =@gel oA Zne HEEske] 200 ppme
H3 g3 Cdof WIS 1. 5ppm Hxolmz
Cdell 28t BEYuREel o3t BREEE =471 9l
of & 7oz A7tgr},

Ak, Mn

2 AlgelA 100%9 7E4¢ Bgov, £¥
+& lppm 15%, 1~5ppm 58,5%, 5~10ppm

26,5%c°l%lom, A4 HFdaEe 3 4ppmeold

966, asppmom., %ol Al o
4 ¥ W% deplih,

EFlE vlad 22 e $EE deha
dstort HEE $4 Mol 55 %@L

H %o -‘LIJP 3}‘41 ghrpessa,

Mnet 743 & TAllv srEsgEe] ARl #
ol TAH ==l o] - A8l (bioaccumula-
tion factor)o] 12, 0007k=] ¥ 1% 797} Qlo]4]
HF2] Mn Aol o3 AR #HES 7153 4

#Wsl] flslo] jgkFel Mn ##S 100mg/ [2
vmﬁgﬁﬂ _-17_ o]r,}_so)

2, JRE &8 EZ&9 19 Y347
FollAE AEFTY T4 ¥ v 5o 24 +
o] ojHxoln], m ojuldl HFES fERHI 9
W5 7+4]5= monitoring programme®t H¥
POERYe] M BIRES zAbstel AR o 50*%

ul 2= A5 E slobel= AssessmentS ¥ &ty

S~

2

<

A,

v|FolAe F34% Hg, Pb, As, Se, Znel
alA FLR, %5 W Aol dislA Total Diet
Study & 3tz s,

=4 AWFF F3<%
A HFAAE B3 19
FH8 712 o)

19841d F&73 AT a0 b dql
o 190 19 iF FEEe 14.8geldler, 2%
E ATl o & gfES] FHFol gl
1974~198437F B L 4.5g0 % F3Fal
o] Hi AFL 49kgro = st

FAOQ/ WHOS A1EFe 34 295l dig
ADI®} PTWIP®S Hats 32qle] sFAjxE
B3 18l 19 F34 A3 Table 73 7t}

Table 82 AlF A#3S HKiHo 2 3} o] o}
Ui 3EEe 7|Fe2 3 Aolme fhol R
ol & 4

7o 2 RS B T
239 ¥y Table 89 Zr},

YEolA Z o7 Hi AR AHBLS 4g/
man/ dayv, 7hvb o= 0, 4~0, 5g/ man/ day °]
ok, dEolA BHERANAM AFHEE 2959 F

4% A% 2oz a2

1 S350 AHes

ol

r“l

Table 7. Shellfish intake of heavy metals in Korea.
body weight: 49Kg

Ele- Detection Detection Shellfish of FAO/Y\: HO
Range and Ratio heavy metals PTWI** and
mean(ppm) man/day(ug)* ADI(ug)*
Hg ND-0.221 97.0 0.15 245
(0.036)

Pb  0.05-1.51 100 , 1.66 24.50
(0.37)

Cd 0.02-1.86 100 2.7 328.3-406.7
(0.61)

As  0.50-3.97 100 5.4 98
(1.22)

Cu 0.16-54.16 100 22.1 24,500
(4.93)

Zn  7.4-207.17 100 1354 49,000
(30.09)

* Based on body weight
** Hg, Pb and Cd expressed in PTWI
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Table 8. Deitary intake of heavy. metals in other coun- sl AEE 19804 E.aol] o5l A A R

tries #L Phi 17%, Cd: 12%, Hg 15%2 el
Eleme?nt Pb cd Cu Zn I 9},
Coumy”“‘t (ug/day) (mg/day) Table 714 2w §3<le) HFe 53 F34
o] Aere FAQ/ WHOA AAZ PTWIL
Japan 54 67 - 14 Hgs} Pbe 27 0,06%, Cde 0.82~0.66%,
Newzealand — 6092 24 1621 aprel Agh 5.5%, Cut 0.09% Zne 0.3%
Netherland 105 — — —_ 252 vepde,
U.S.A. 239- 318 26 2-4 12-15
U.K. 320+150 64+30 2-4
=g 29

RKEpe HOM BRIl that #BE 7HA1sled Al E RS MRSl @] AFS fhiksly] A% =8 AS3)
3, KERRS HEDC BN SAAHE siotslr] a8l Fu o Bl AKNER == ATWE=IL e dAF 9K
20042 #% o= Hg, Pb, Cd, As, Cu, Zn, Mn®] 7§ 334-& ICP, Spectrophotometers sl HES HRe o5
3} 7},

1. Hg® A# 3=pgls ND~0, 221 ppmelgis, 7 s #F 43S 527 0,011ppm, 27 0,013ppm, H%
0.014 ppm, £% 0.018 ppm, »kAIZs} Fo} 0,025ppm, 3ol 0, 056 ppm, 42ki% 0.074ppm, F¥¥e] 0,090 ppme]
o}, :

2. Pbel 248 ek 9l 0,05~1,51ppmelgiend, 7 wfy siFdtake Fufe], mate] Zzt 0, 26~0, 28 ppm H =7,
Z2kn%, AR, Zgo] 0,32~0,33ppm, Zo] 0,43ppm, =kAZrol 0,52ppm, Wiel 0,53 ppmelict,

3. Cdel A b9l 0,02~1.86ppmel2io=, 7 w7 sF¥eke wixlzt 0, 14 ppm, $§ 0,19ppm, HF 0,30
ppm, =71 0,53ppm, Z¥o| 0,57 ppm, WY, F, £eknFo] 0,78~0, 80 ppmel= o] 1, 37ppmeE 7Hat E3kct,

4, As®] A ko) Wele 0,50~3,97ppmelglor 7 #Fd HEdake £ 0,65ppm, WY 0.72ppm, A=A 0,
77ppm, 2%} 0,79ppm, & 0,88 ppm, ¥kA2 1,29ppm, A5 1, 49ppm, Fuie] 2, 11ppm, £etir% 2, 30 ppmol et

5. Cu®l Al stakel W2l 0.16~54, 16 ppmeoldior] 74 HFgare vz 0,95ppm, 2% 1. 10ppm, ¥ 1.38
ppm, M3 1,58ppm, ukxlzte] 1,78 ppm, A¥o| 53ppm, F¥fo] 9.89ppm, 4}LFL 9,73ppm, oA 13,96 ppm,
Zulo] 9, 89ppm, 4kFS 9. 73ppm, ZolA 13,96ppme & 713 w3ket,

6. Zno| A 3ekel Wl 7,40~207, 17 ppmelglen, siF4 #F3ske vlAE 12,16 ppm, 27} 14, 98 ppm, i)
15. 84 ppm, =71 16,58ppm, ¥% 18,84ppm, HE-o| 21, 46ppm, Tl 29, 7lppm, 42tzFo] 37,77ppm, |
96, 58 ppmo-= 7} E3ke},

7. Mno] #A| 3eslE 0,13~8, 72ppmel3i 7t sifH B U HE 0,96ppm, £24F 1.48ppm, ¥ 2,25
ppm, Suie] 2,46 ppm, J=7] 2, 80ppm, ¥ 3, 04ppm, ®FAZ 4,44 ppm, 2%} 6, 06 ppm, Z 6, 66 ppmel AT,

8. HiEd WiEFe 34 FI sl Jel Fujold ¥ sl A4, ofFe] BAAY ol BHHES HEMoZ vla HEtet
of 2 uf JEEC] QolA okt ¥ AS Ul HEEHH 900% A0 A FAA = 4 Qe w3 ohlet,

9. WS B okt F2AE veld Aol disled ALl PR LBt A4,

FuoEs 23~191(1979).
o o 3. POl 5 : EBESRIK WUR HEE RS,
1. A e Feleh Au, 24l o4 298(1983), ARAEWR, OAARALHE, 33(6), 519
2. AFA37 EqdT4 0 epvel AF W skbEA (1982).
o] ot "alzal ol ubAl48], 23(1979). 4, AL £ RRKERY, BRGRIERR, BXERHE
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