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Abstract

Heawy metal concentration/distribution in sediments and bivalves from the tidal flats in
Saemankeum coastal area, western Korea, were investigated. Among 6 sampling sites, S2, $5
and S6 showed the higher levels of Zn, Cr, Ni, Cu and Cd contamination and S1 did the
higher level of Pb contamination than other sites, while S—~4 showed the lowest levels of these
metal contamination. Overally, the levels of Zn, Cu and Pb concentrations in Sinonovacula
constricta were estimated to be relatively high. The shell lengths of the collected mussels were
linearly related to their dry weights of the whole soft parts, but the mussels collected from S3
were in a poor nutrition, resulting in the distinctively high levels of metal concentrations in the
body. it was shown that .in S. constricta , Cr, Ni, Cu and Zn are distributed equaily into the
whole soft parts or a little more into the flesh, after absorption, while Fe, Cd, Pb and Mn are
transferred more into the non-—flesh parts than into the flesh pans. in 8. constricta, the heavy
metal concentrations in the flesh increase with those in the whole soft parts. The
bioaccumulation factors{heavy metal concentration in S. constricta/heavy metal concentration in
sediment) showed that, of the examined metais, Cd is the most cumulative in the body of S.
constricta, tollowed by Zn and Cu, while Mn, Cr. Ni and Pb are not cumulative.

Keywords @ Heavy metal, Distribution, Sediments, Bivalves, Sinonovacula constricta, Tidal flats,
Bioaccumulation
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Fig. 1. Map showing sampling sites(S1:Osikdo, S2:Mankyeong estuary, $3Dongjin
estuary, S4:Kyewhado, S5Komso, S6:Juipol.
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3 Zn :
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7) Pb

Poe S3A4& A oA ANHENA
9 S3AX 9 % soft parts) HFEEr}t 2z
0.650-0.841mg/kg, 0.763-1.306mg/kg2] HHZ A
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AR 5& $F& BYor ol§') wug
5 FEAAG AFERY FAR YA HE
soft tissuel] HF P ¥ 9l 0.27-2.75mg/kg
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F ¥%<9 072mg/kg Wallner-Kersanach 5o
BOE Brasil B-F 3t MA8= Anomalocardia
brasiliana-2] Po¥<] 0.77mg/kgs 3 vl a¥d
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67  AAHEAA AR PbEEE
6.10-13.19mg/kge] WHE2M £5"Ve) WA 9
4879 HAMNEESY dWH 2o
N.D.-4.12mg/kgell vi#iME P 433 5L 4
#0)% T Laane$ Vo] AAIF Bu] x=go) dgt
o] AEAW HFEEQ 26295mg/kgoll BISME
A3 e FEFES JEUTE 2AAEW
BEE U8 F84%EY 99 g8 243ge
2 Q129 S1A A 71 Be HAXNE Ve

Table 1. Heaw metal concentrationimg/kg dry weight) in & constricta

Heavy metals

Site Part
Mn Fe Zn Cr Ni Cu Cd Pb

F 19952539 151.1+428 93.3%143 0728+0275 1350+0.416 890+146 0.068+0.037 075640149
ot W 26951703 396511492 1026%106 0.667+0124 1.090*0.119 8894220 012840022 1233+0.315

F  3046+853 251.7+%42 131 2 +586 1.001+0259 1150+0446 2921+9.74 0.123+0039 0.798+0.257
32 W 4897+2148 49274928 1573+407 099510492 09700219 21.21+6.88 0.138+0026 0918+0.135

F  8393+3015 2721+705 1909 343 1788+0919 18760841 3435+13.09 0.187+0053 0.841+0390
> W 659242256 581.7+2434 2170+563 1346+0531 18560717 2748+935 0.281+0076 1.148+0445

F 9284173 1784375 1105+184 0.680+0223 0948+0618 1212+181 0.123+0.046 0.650+0.203
s W 13892360 478.6+140.7 979135 0686+0275 0810%0217 11.42+343 0.181+0079 0763+0175

F  1410%330 1543218 13;;8 +248 1 073 +0359 1.130+0256 11.89+2.09 0128 +0030 0.813+0.097
5 W 19814372 399.2+1108 1347+201 0716+0224 0913+0.182 1586+3.89 0.298+0059 1.306+07252

F  1627+242 19634406 1289+107 077740264 081070198 1546+3.79 0.009+0.027 0735+0.142
* W 20333435 5181+1995 1121%129 0648+0310 0956+0371 1581+115 01840037 0912+0.185

F : the flesh, W : the whole soft parts, Data are expressed as mean+8D
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Fig. 2 Heawy melal concentration in sediments.
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HFE ANRYER o83 FARAY F34
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TE FBEH FEA 718 H] oHo] A 2
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=g A Z7/(AZRFHT FaAd dHao 3

7HA Ut {8 ANEReY 1 8T daye
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of HE FEEANEE Bt FES 29yl
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1) HMZI Hsoft parts? THBRIS| ARY

ZheIstzAo) glel Aga AHARQD ZFsoft
parise] ZxFFatel Fu4dE PEY Ae
Table 2 9 Fig. 33 #th. B@ALE 24 24} %
HYE 0780979 w2 FEFERA sl
o} AA) Ago] Aol wel HuHo g Fsoft
parts?} R2ZFYE AP E RAFYT) 9 =A}
AHE 122 Fe& AHA ABRF dHAE
r=0.682 A i AR Ee Ml e duAy

Table 2. Comparison of the correlation coefficients(r) between the shell length and the dry weight of the whole

softparts in S constricta

Sampling site

T T-83
51 52 S3 55 56
r 0.92 0.92 0.78 0.84 0.81 0.97 0.68 0.89
" For the total mussels collected from 6 sampling sites |,
" For the total mussels collected from 5 sampling sites except 53.
a) b)
20 20
= »
5 18 z 16
é’a 12 § 512
. IC,
é g 08 B ﬁ 08
% 04 g 04
& &
00 : 00
00 20 40 60 80 100 00 20

Shell length{cm)

Fig. 3 Correlation between the shell length and the dry weight of the whole soft parls
in S constricta : a. collected from 5 sampling sites except 83, b, collected from S3.
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Table 4. Comparison of the averages of the correlation coefficients(r) between shell size and heavy metal concentration

in 8 constricta

Heavy metals

Treated part

Mn Fe Zn Cr Ni Cu Cd Pb
The flesh’ 027 036 -0.36 -0.54 -0.45 -0.35 -029 049
The whole soft parts” 023 010 066 013 005 060 079 -0.60

Each value is the mean of r values obtained from 5 sites.
‘The shell size was indicated by shell length. “The shell size was indicated by dry weight.
® : - represents the tendency of decrease of the heavy metal concentration as the shell size increases.
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Fig. 4. Concentration rafio of heavy metals in the fleshin the whole

soft parts in S consticta.
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Fig. 5 Correlation between Cu concentrations in the flesh and those in the whole soft

parts of S constrcta

Table 4. Comparison of the correlation coefficients(r) between the heavy metal concentrations in the flesh and those

in the whole soft parts of & consincta.

Heavy metals

Mn Fe Zn

r value 0.92 0.87 0.94

Cr Ni Cu Cd Pb

0.92 0.92 0.95 0.72 0.72
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Fig. 6 The average bicaccurmuation factors of heavy metals in the fiesh and in the whole soft parts of S consticta.



BV =2
183 4%, pp. 341354, 2002

MErExe AW BIER HAoiMe 534 gy 353

< FELEA CdY AW FHAo] g F&
$AAA FAT 2 50 Bag utz
Mol e Cd HEsFAs, SAF- 1996, F soft
parts 18.77¢] Wi ME 433 R& FFo|AeH
53] 7intzAoME AR F soft partsol A
o B sFAFI AY FYH wFoldgod B
s ¥ A7 hRzdlA e A7) 38k Ay
o g WYl soft parts®] W FFHA
I &AR9 HIFwEHAsol v 17ue e
FEo g vepdul o) g MEYA olof &
& A% gogo ApxYo] g 7¥ch opgy
3ol M AFGstgEo]l ¥ A7 da Aol
A7} Cu, Zn, PbEY A8 A9stie Ayl
Hog FFH2YC] A ¥ A2E vehd ut
AN FFEY A 5] FAL HA 29
FFEo] B Aol BRHESF A% A7
7} 988 Aoz Algdth

N

48 B
A AtE A AYEFAMYG FEE 2
TE Hrrtn  MAHFL  7HRIREAS

constricta Lamarck)oll A 9] MHEE45e ¥3 ¢
AFEAE F98o JedzAE 85 L4
o] ARQYERA g83ted 793t nz Fa
B a7 FAve dgd g

1. 89 Ao Mo 7telgt Fo4e) AW F
F5F% ANEREY ZANFEEEF In, Cu, Pb
o] FEFFo] v & AR HAHUY

2. 33 9 regtzAd FEEFE AHER
BE 82, S5 S6xHFANA Zn, Cr, Ni, Cu, Cd,
S1Z1 3ol A Pbe] LAFEC] BAHEA B =
& Aog HrHNeY UM olF FEE
59 RgFFo) AMFHoE Y 3E Aoz
Ebytot.

3. teigtzA el qlol MG Fsoft partse] A
ZF3Fe ¥ JBBAE BAH SBAHAA
B A HE WE JUFa Aot F
74 49589 vlagrtd do] nA=H|of ¥
Z8% YUY AN

47tz o} AFAI9 MK FE4F
9t AP HEG FHY A3z Ag9
arizt 7zl ot AW FF&F 7 g4
v 2%E Jehich

5. 7telrz A o) Qo)A Cr, Ni, Cu, Zn8] &
G- Apfelslo] miZAYRG KAREY A
ojgieo] tkx AMY FFEA olFAe Ao
VERGT Fe, Cd, Pb, Mne 2.2 §FARHET H
HHR29 olgo] & RO Ve

6. 7telgtzslol QlejM e £84% As=/A
A FEE FEERE FAFEFEE F CdY A
WxSo] 713 B0 tfE o8 Zn, Cud) &£ol%e
- Mn, Cr, Ni, PbEo 9 33 FFA ¢ 10
saA Al F340] mle e o ey
ct,

5 AL Al

B drE AU quFega A (@t
4% dRRRAVAE 2 AFEE )9
Aul Yol olg Holw, ojo] ZAI= AT,

Eogs

1. Smith, J. D, Plues, L, Heyraud, M. and
Cherry, R.D., Concentrations of the elements
Ag, Al, Ca, Cd, Cu, Fe, Mg, Mn, Pb and Zn
and the radionuclides “*Pb and ™Po in the
digestive gland of the squid Nototodarus
gouldi, Mar. Environ. Res, Vol. 13, 55-68(
1984).

2. Sadig, M., Mian, A. A, and Saji, A. P, Metal
bicaccumulation by sea urchin(Echinometra
mathaei) from the Saudi coastal areas of the
Arabian gulf. 2. cadmium, copper, chromium,
barium, calcium, and strontium, Environ.
Contam. Toxicol., Vol. 57, 964-971(1996).

3, Ayas, Z., and Kolankaya, D., Accumulaton of
some heavy metals in various environments
and organisms at Goksu delta, Tiirkiye,
1991-1993, Bull. Environ. Contam. Toxicol., Vol.
56, 65-72(1996).

4. Sures, B, Taraschewski, H., and Rydio, M,
Intestinal fish parasites as heavy metal
bicindicators:a comparison between
Acanthocephalus lucii(Palaeacanthocephala) and
the zebra mussel, Dreissena Polymorpha,
Environ. Contam. Toxicol., Vol. 59, 14-21(1997).



354 mus - MUY - UBS - 4T - Wy - YRW

Journal of Korean Society on Water Quality
Voi. 18 No. 4, pp. 341-354, 2002

5. Goldberg, E. D., The mussel watch-a first step
in global marine pollution monitoring, Mar.
Pollut. Bull., Vol. 6, 111(1975).

6. Orren, M. ], Eagle, G. A, Hennig, H, and
Gren, A, Variations in trace metal content of
the mussel Choromytilus meridionalis(Kr.) with
season and sex, Mar. Pollut. Bull, Vol 11,
253-257(1980).

7. Latouche, Y. D., and Mix, M. C, The effects
of depuration, size and sex on trace metal

* levels in bay mussels, Mar. Pollut. Bull,, Vol.
13, No. 1, 27-29(1982).

8. Miramand, P., and Bentley, D., Concentration
and disribution of heavy metals of two
cephalopods, Eledone cirthosa and  Sepia
officinalis, from the French coast of the
England channel, Mar. Biol, Vol. 114,
407-414(1992).

9. ol5¥, olFy, VAL AFYAY FF&
dF = HY¥eE A 199, A 28,
111-117(1984).

10. Bryan, G. W, and Hummerstone, L. G,
Heavy metals in the burrowing bivalve
Scrobicularia plana from contaminated and
uncontaminated estuaries, |. Mar, Bol. Ass.
LK, Vol. 58, 401-419(1978).

1L #Y7, o1FA, 234, 343, 43 % 2
27 HFie FE& ¢ #F HFY
Bz, & 74, A 1%, 87-93(1991).

12. Millward, G. E, Rowley, C, ands, T. K,
Howland, R. J. M,, and Pantiulin, A., Metals
in the sediments and mussels of the Chupa
estuary(White sea) Russia, Estuarine, Coastal
and Shelf Science, Vol. 48, 13-25(1999).

13. Laane, R. W. P. M., Background concentrations
of natural compounds in rivers, sea water,
atmosphere  and  mussels, Tidal Waters
Division, Ministry of Transport, Public
Works and Water Management, The Hague,
Vol. 84(1992).

4. F4 9, 4FFY vFFgEel B 2AA
TAARFF vFBE SRl B,
FHBE AR, A 227, 354-365(1991).

15. Richardson, B. J,, Garnham, ]. S.,, and Fabris,

16.

17.

18.

19.

20.

2.

J. G, Trace metal concentrations in
mussels(Mytilus  edulis  planulatus L))
transplanted into southern Australian waters,
Mar.  Pollut. Bull, Vol. 24, No. 124,
392-396(1994).

Waliner-Kersanach, M., Lobo, S. E., and da
Silva, E. M., Depuration effects on trace

‘metals in Anomalocardia  brasiliana(Gmelin,

1791), Bull. Environ. Contam. Toxicol., Vol. 52,
840-847(1954).

Cosa, D, Cadmium in  Mytilus
spp-worldwide survey and relationship
between seawater and mussel content, Mar.
Environ. Res., Vol. 26, 265-285(1988),

AN G, ol FM, 3 Mg oA R FF&
¥ AL FYHdw =83 A 64,
65-80{1994).

Goyer, R. A, Toxic effects of metals. In
Amdur, M. O, Doull, ], and Klaassen C. D,
Toxicology, 5th edition, Pergamon Press Inc,
New York, 846-651(1996).

Andersen, V., Maage, A, and Johannessen,
P. J.. Heavy metals in blue mussels(Myfilus
edulis) in the Bergen harbor area, western
Norway, Bull. Environ. Contam. Toxicol., Vol.
57, 589-596(1996).

Boyden, C. R, Effect of size upon metal
content of shellfish, J. Mar. Biol. Ass. UK,
Vol, 57, 675-714(1977).

- B3, AR, 3BT, AT, 1A, N8

QF o) MAlEe Solen strictus GouldZ o)
TESLY ¥ 1 BA, ¢ S@FYs=
A 174, A 23, 191-20002001).

- B, A8, A3AE AN, A4, A

THALG AP A R ) F(Solen
Strictus Gould)3 84 X84, g5 §7
AR, A 274, A 4%, 25-34(2002).
Ray, 5., Bioaccumulation of cadmium in
marine organisms, Experientia, Vol. 40,
14-23(1984).

. Naimo, T. ], A review of the effects of

heavy metals on freshwater mussels,
Ecotoxicology, Vol. 4, 348(1995).



