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Mn, Zn, Cd and Pb in shells of Littorina brevicula, which lives ubiquitously in intertidal zone around the
Korean coast, were analyzed to determine the relationship between metal levels in its shell, ambient scawater
and its tissue. Periwinkles and seawater samples were collected from 38 sites along the Korean coast in January
1997. Mn contents in shells of this organism show the range of 7.0 ng/g—211 pg/g (mean 59 p1g/g) and are the
lowest in northern east coast but high in western south and west coast. Close relationship between Mn contents
in shells and metal levels both in seawater and in tissues indicates that Mn in shell might be incorporated from
ambient seawater by a biological process. Although the contents of Cd in shells did not reflect the distribution
of total Cd in seawaters and they were very low compared to those in tissues, they followed spatial gradient
of contents in tissues. However, the spatial distribution of Zn contents in shells accords neither ambient seawater
nor tissues, while it is negatively correlated with the contents of Na in shells. This fact suggests that Zn contents
might be controlled by salinity of ambient seawater. On the contrary, Zn contents in highly polluted sites near
Onsan Bay show generally higher levels than other sites. The contents of Pb show the range of 0.1 ug/g—
17.5 ug/g (mean 1.01 pg/g) and the highest in sites near Onsan Bay. Although the spatial distribution of shell
Pb does not follow those of tissue, Pb in shells of Littorina brevicula may be controlled both by shell secretion
process and by Pb levels in ambient seawater because the contents of Pb in the shell decrease steadily with
growth and vary with levels of Pb in ambient seawater.
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Fig. 1. Sampling sites for the collection of Littorina brevicula on the
rocky intertidal zone around Korean Peninsula in January 1997.
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Table 1. The concentrations of total recoverable trace metals in seawaters and of minor and trace metals in shells of Littorina brevicula

collected on the rocky coastal sites around the Korean peninsula

Site Al Fe Mn Zn Cd Pb Na (ug/g) Fe (ngfg)
(mg/lh) (ng/l) (ugll) (ugM) (ug/L) (ugl) A B C D A B C D
1 Jumunjin 105 13 5 0.64 0.027 0.06 4617 4394 9 4
2 Anin 101 522 5 090 0.017 0.11 4190 4458 5 5
3 Mukho 97 32 1 073  0.024 0.15 4671 4482 10 13
4 Jangho 95 32 5 0.63 0.024 0.11 4515 4845 4477 4 8
5  Kuryongpo 115 15 8 073 0.050 0.05 4616 4388 4286 9 10 8
6  Munmunung 112 36 5 0.62 0.015 0.06 4193 4386 14 4
7  Jeongja 4174 4049 5 16
8  Ulsan Yongyun 4333 4165 6 12
9 Onsan [jin 92 48 16 2,10  0.328 1.68 4660 4483 4371 83 22 9
10 Onsan Dalpo 91 44 3 1.41 0.070 1.32 3975 4257 8 5
11  Onsan Bangdo 170 83 8 096 0.035 0.19 4356 4438 7 5
12 Kori 4628 67
13 Dongback 161 92 8 082 0.022 0.16 4224 4127 6 5
14 Jangchun 290 182 24 097 0.060 0.38 4037 11
15 Neungpo 206 126 3 066 0.019 o011 3947 3892 14 18
16  Gapyung 1366 1145 79 356  0.078 2.15 4112 3984 20 28
17  Sadeung 3978 5
18 Nambhae 226 124 13 068 0.028 0.13 4238 22
19 Yuchun 791 649 37 0.87 0.042 041 4790 4586 6 4
20 Hwayang 141 58 10 0.66 0.026 0.07 4368 3959 7 7
21 Byulyang 6966 8846 407 343 0.024 4.69 3827 104
22 Youngnam 851 847 31 1.31 0.004  0.51 4551 4628 8 10
23 Doyang 1376 1519 43 1.31 0.030 0.82 4357 9
24 Sunchun 4243 3985 25 68
25 Wando
26 Haenam 978 956 26 1.11 0.023 0.85 4111 17
27 Jindo 1155 1206 = 30 097 0022 073 4131 41
28 Mokpo 1205 1235 34 1.13  0.011 0.83 4012 22
29 Backyang 9434 14428 567 395  0.056 8.12 4080 29
30 Buan 4131 5890 383 242 0.040 426 4117 16
31 Kimje 3878 50
32  Kunsan 3945 4927 137 338  0.037  3.90 4008 4113 29 25
33 Daechun 2404 3349 84 1.86  0.031 3.87 4297 4651 4277 57 11 8
34 Cheonsu Bay 4070 22
35 Cheollipo 3577 4127 111 2,02 0.038 296 4208 9
36 Seokmun 3870 3749 26 31
37 Jebudo 4066 40
38 Daebudo 3999 61
Ro| 74 FF A, B, C, D 258 290 yehginh 2 2o UYL uolE FIEBL B BPG 24, 24 4
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Table 1. Continued
Si Mn (ug/g) Zn (ug/g) Cd (ug/g) Pb (ug/g)
e A B C D A B C D A B C D A B C D
1 Jumunjin 5 4 012 012 0.010 0.015 0.19 013
2 Anin 14 14 0.39 0.20 0.007 0.006 032 055
3  Mukho 12 16 0.46 0.44 0.011 0.011 0.26 0.32
4  Jangho 7 4 4 0.14 0.16 0.10 0.012 0.009 0.014 017 012 0.09
5 Kuryongpo 9 6 7 0.11 0.19 0.19 0.006 0.013 0.012 025 016 012
6 Munmunung 9 8 0.78 0.63 0.023 0.016 026 025
7 Jeongja 7 6 023 051 0.010 0.020 052 042
8 Ulsan Yongyun 20 12 1.14 1.39 0.017 0.015 1.71 0.39
9 Onsan Jjin 37 33 42 1.84 1.55 1.00 0.114 0.109  0.069 151 174 1.29
10 Onsan Dalpo 21 9 1.94 1.29 0.045 0.038 17.54 7.86
11 Onsan Bangdo 47 55 093 1.71 0.018 0.030 1.63 1.68
12 Kori 14 0.96 0.014 0.41
13 Dongback 12 15 0.60 0.62 0.008  0.007 0.13 0.14
14 Jangchun 31 1.48 0.025 0.38
15 Neungpo 13 15 0.63 137 0.017 0.011 020 029
16 Gapyung 91 99 1.44 1.14 0.007 0.008 0.15 0.14
17 Sadeung 20 1.00 0.009 0.25
18 Namhae 85 0.73 0.018 0.23
19 Yuchun 37 51 045 050 0.010 0.012 0.14 0.11
20 Hwayang 101 134 0.85 0.92 0.010 0.014 0.16 0.13
21 Byulyang 93 1.49 0.019 0.21
22 Youngnam 15 23 0.68 0.56 0.011 0.009 0.10  0.09
23 Doyang 50 1.29 0.015 . 0.14
24 Sunchun 165 201 085 1.19 0.011 0.021 0.19 0.30
25 Wando
26 Haenam 102 1.68 0.017 0.90
27 Jindo 54 1.05 0.018 0.24
28 Mokpo 70 2.09 0.015 0.52
29 Backyang 37 1.22 0.041 0.23
30 Buan 49 1.16 0.042 0.23
31 Kimje 182 1.02 0.018 0.32
32 Kunsan 62 73 1.34  0.68 0.018 0.012 031 022
33 Daechun 33 38 47 095 051 047 0.026 0.012 0.013 034 028 023
34 Cheonsu Bay 211 0.76 0.014 0.17
35 Cheollipo 37 0.58 0.021 0.18
36 Seokmun 39 52 0.72 2.26 0.017 0.041 0.14 0.19
37 Jebudo 107 1.12 0.015 0.21
38 Daebudo 139 2.00 0.029 0.36
Ak 22e] B Cd FFE A, HAE, 3YTF 2R & SwIsEn
A BEAR, ofE ¥ NBFETUAAG T35 49
3 W3] APk, 1997, Kang et al., 1999). M = o 22 sEo| Ex
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2 7P W e Btk £ 2 2 9 B8] 2o g 5] gRolnh 2Ei ol Aol A4 WsE BEa]
E(13ug/e~175pg/lgye 2 FEE3 €9 o] XY EE F £ AAFOE o]y wid & AP e s Xjol2HH
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Fig. 4. Variation of total recoverable metals in seawater with contents of metals in shells. (a) Mn, (b) Zn, (¢) Cd and (d) Pb/Fe ratios both

in seawater and shells.
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Fig. 5. Relationship between metal contents in tissues and shells. (a) Mn, (b) Zn, (c) Cd and (d) Pb.
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&o B, F2 H4E o] EEX9} ARSI gk (Chester,
1990). 221} AkAoA Znd BHASe] FTE HWol v T
3 VIEREE 9S4 B F5ot)h FedME Zno
7192 F2 g7l g% FYLE #AZHJK(Zhang et al.,
1992; Gao et al, 1992; Choi, 1998). 3¢t dgoli Zno] &
") Al (distribution coefficienty= 10° A2 &2 w} Az}
Fo F2 FE2HA Yo ZnY) F7HE FEE FHE =9 2
oA #AzEE A4 ¢ itk B dydaz dAE A
9, 10 2 16& A5 Zn=0.00039A1+0.74(* = 0.91)E E7}
£ 7o B5E 3F F & Al 529 2HE AAHE By
A 99} 108 Bl GHel 24l NHo = F4 2 HAE
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