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In order to investigate contamination of heavy metal in seawater and cultured oyster, samples were collected 
November 2003 to July 2004 from 12 sites (13 sites for seawater) along the coast of Tongyeong, Korea. The mean 
concentrations of metal in oyster tissues were as follows: 0.09 (0.01-0.3) g/l for Cd, 0.47 (0.01-1.4) g/l for Cr, 
0.59 (0.2-2.3) g/l for Ni, 1.02 (0.1-4.2) g/l for Pb and 0.48 (0.01-3.9) g/l for Hg in the seawater, whereas 2.45 
(0-5.47) mg/kgDW for Cd, 3.63 (0.10-12.91) mg/kgDW for Cr, 3.2 (0.01-15.73) mg/kgDW for Ni, 3.51 (0.01-6.47) 
mg/kgDW for Pb and 0.39 (0.004-0.74) mg/kgDW for Hg, respectively. Most metal concentration values were 
below the permissible range for the related regulations. Mean bioconcentration factors (BCF) for each metal were 
as follows: 38,964 (1,771-207, 171) for Cd, 9,583 (1,231-80, 162) for Cr, 191 (3-20, 980) for Ni, 1,416 (245-5, 207) 
for Pb and 180 (5-716) for Hg, respectively. The BCF values from this study corresponded to the transitional phase 
from the pristine to the contaminated waters. Notably, Cd showed the highest BCF, which suggest that the Pacific 
oyster could be utilized as a useful biomarker for Cd contamination in sea water. The multidimensional scaling 
analysis suggested that the metal contaminants are mainly originated from combustion of fossil fuel and 
accumulated to oyster through food web. 
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Fig. 1. Sampling sites for seawater and oysters around the 
coast of Tongyoeng, Korea. Note: The sampling sites 
were allocated at least two sites in a bay where oyster 
culture has been extensively executed. J: Jaran Bay, G: 
Goseong Bay, P: Pukman Bay, A: Anjeong Bay, W: 
Wonmoon Bay, H: Hansan-Geoje Bay. 
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Fig. 2. Comparison of mean water qualities in the waters of 
oyster farms around Tongyeong coast. Bars indicate 
standard deviations (bar). Samples sites (A, G, H. J, P 
and W) are referred from Fig. 1.
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(SBE-19, Sea Bird, USA) , 

30 cm . 

(pH) pH meter (pH 5/6 & ION6, 

EUTECH, Vernon Hills, USA) 

. Chlorophyll-a (Chl-a), 
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HACH kit (Hach Company, USA) 
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, 1997) (APDC/DDDC ) 
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(%) . 

  ICP Spectrometer (TraceScan 

Advantage, Thermo Jarrell Ash Corp., USA) 

, (Cd), (Cr), (Ni) (Pb) 

5 , (Hg) Mercury 

analyzer (NIC MA-2000S, Nippon instruments LTD., 

Tokyo, Japan) . 

  , 

ANOVA , 

(P < 0.05), SNK test . 

. 

Pearson product-moment . 

(Multidimensional scaling, 

MDS) (Positioning map) 

. SPSS 12.0K for windows (SPSS 

Inc., USA) .

1. 
  Fig. 2 . 

3.3-30.1 , 

(G) (W) 

, (H) 

. pH 7.2-8.5

HACCP 

pH 7.4-8.4 , 

. 1.2-12.2 

m (H) 3.0 m , 

(A) 5.2 m . 11

, 6 . (DO) 

1.9-8.6 mg/l

. 

HACCP 4 mg/l

. (SAL) 31.2-34.2 , 

(32.7 ± 0.6) (32.6 ± 0.7)

.

  (DIN) 0.004-0.336 mg/l , 

11 (0.056-0.284 mg/l) 7 (0.020-0.281 

mg/l) , 5 . 

(G) (J) DIN , 

. NH4-N

. (PO4-P) 

. 11 6 , 

0.01 mg/l . 



Items Criteria1)
Analyzed level

Whole season Cultural season

pH 7.8-8.4 7.2-8.5 7.9-8.4

DO (mg/l) > 4.0 1.9-8.6 4.5-8.3

COD (mg/l) < 1.0 0.08-1.6 0.08-1.28
1) Korean Food & Drug Administration (2005) 

Table 1. The criteria and the present level of water quality in the seawater around the coast of 
Gyeongnam Province

Fig. 3. Monthly variation of mean concentration of metals 
(Cd. Cr, Ni, Pb and Hg) in the studied waters. 
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.
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. , 

.

  SS 0.9-29.2 mg/l . 

7.7-10.4 mg/l 

. , 
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POM 0.0-15.0 mg/l , 
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.

  chlorophyll-a 0.1-26.1 mg/m
3

. 12 . 

chlorophyll-a , 
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(Table 1). 

  Fig 3 . Cd 0.01-0.32 (0.1 

± 0.07) g/l, Cr 0.01-1.43 (0.52 ± 0.44) g/l, Ni 

0.15-2.33 (0.59 ± 0.39) g/l, Pb 0.05-4.24 (1.06 ± 

0.75) g/l, Hg 0.01-3.89 (0.46 ± 0.69) g/l . 

Cd Cr . Ni

5 0.37 g/l . Pb 

. Hg 

11, 12, 1

. 

(0.53 ± 0.7) g/l , 

(0.38 ± 0.3) g/l

, HACCP .

   

(Table 2). 1990

11 3

. “

”

. 2000 (Cd) 

3.1 g/l , 

76 g/l 760 . 

.

  (Cr) 0.44 g/l

(Korean Coast guard, 1990). 

0.5 g/l , (Pb) 0.6 

g/l , Lee and Kim (2000) Ahn 

(2003) 3.3 g/l 73 g/l . 

Ahn (2003) 12 g/l . 



Cd Cr Ni Pb Hg Reference
Incheon coast, Korea 0.14 0.34 - 0.58 - KCG1

(1990)Gunsan coast, Korea 0.09 0.48 - 0.58 -
Mokpo coast, Korea 0.07 0.46 - 0.45 -
Yeosu coast, Korea 0.08 0.34 - 0.49 -
Busan coast, Korea 0.16 0.63 - 0.92 -

Chungmu coast, Korea 0.12 0.36 - 1.04 -
Pohang coast, Korea 0.14 0.76 - 0.75 -
Ulsan coast, Korea 0.15 0.68 - 0.85 -

Donghae coast, Korea 0.12 0.38 - 0.37 -
Sokcho coast, Korea 0.12 0.17 - 0.45 -

Jeju coast, Korea 0.07 0.25 - 0.32 -
Busan coast, Korea 76 ND* - 73 12 Ahn (2003)

Jinhae Bay, Korea 3.1 - 0.5 3.3 - Lee and Kim
(2000)

Gyeongnam 
Province coast, Korea 0.1 0.44 0.59 0.75 0.46 This study

1 Korean Coast Guard

Table 2. Comparison of metal concentrations in the seawater at the different regions of Korea (�g/l) 

Items Criteria Present level

Seawater

Cd < 101 0.01-0.3 (0.1)

Cr < 501 0.01-1.4 (0.44)

Ni < 51 0.2-2.3 (0.59)

Pb < 501 0.1-4.2 (0.75)
Hg < 0.51 0.01-3.9 (0.46)

1 Ministry of Enviroment (2006a)

Table 3. Evaluation of metals concentration (�g/l) in the seawater of the oyster farms around studied 
waters

Fig. 4. Cluster analysis of water qualities in the oyster farms 
around the coast of Gyeongnam Province. Samples 
sites (A, G, H. J, P and W) are referred from Fig. 1. 
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Fig. 5. Variation of mean metal concentrations (mg/kgDW) in cultured oysters from 6 different sample 
sites along Tongyeong, Korea. (a) Cadmium, (b) Chrom, (c) Nickel, (d) Lead, and (e) Mercury.

2. 
  Fig. 

5 . Cd 0-5.47 (2.45 ± 1.60) 

mg/kgDW , 

, . 

, 

. Cr 0.10-12.91 (3.63 ± 3.76) 

mg/kgDW , 

, . 

0.5 mg/kgDW

. Ni 0.01-15.73 (3.2 ± 3.42) mg/kgDW

, . 

A-2

( 9.2 ± 5.9 mg/kgDW). 

. Pb 

0.01-6.47 (3.51 ± 1.43) mg/kgDW , 

, , , 

. . Hg 

0.004-0.74 (0.39 ± 0.21) mg/kgDW , 

, 
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  Table 4

. (Cd) Hwang et al. (1985) 

, . (Cr) 

Mazatlan Bay (Soto et al., 2001) 0.99 ppm

, 



Region Cd Cr Ni Pb Hg Reference

Kamak Bay, Korea 0.29 -1 - 0.31 0.006 Hwang et al.(1985)

Eastern Coast, Korea 0.72 - 0.68 - 0.05

Choi (1992)Southern Coast, Korea 0.48 - 0.51 - 0.02

Western Coast, Korea 0.86 - 0.9 - 0.03

Western coast, Korea 0.57 - - 3.78 0.58 Kim (1997)

Jinhae Bay, Korea 2.50 - 1.1 1.10 - Lee and Kim (2000)

Mazatlan Bay, Gulf of California 2.30 0.99 5.41 2.30 - Soto et al. (2001)

Gyeongnam coast, Korea 0.492 0.732 0.642 0.702 0.0782 This study
1. Not measured
2. Conversed data to wet weight basis

Table 4. Comparison of metal concentrations in oyster

Sample sites
A G H J P W

B
C

F

101

102
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106

Cd
Cr
Hg
Ni
Pb

Fig. 6. Comparison of bioconcentration factor (BCF) for 
cultured oyster in the studied waters. Bar indicates 
standard deviation. Samples sites (A, G, H. J, P and W) 
are referred from Fig. 1. 

Items Criteria
(mg/kg ww)

Present level
Mean(mg/kg ww) Range(mg/kg dw)

Cd 2.01) 0.49 0.01-5.47
Cr 132) 0.73 0.1-12.91
Ni 802) 0.64 0.01-15.73
Pb 2.01) 0.70 0.01-6.47
Hg 0.51) 0.078 0.004-0.74

1) Korean Food & Drug Administration (2005), 
2) Food and Drug Administration (2001)

Table 5. Evaluation of the present status of metals content in the oyster cultured at the coast of Gyeongnam Province
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(Bioconcentration Factor, BCF) 

(Fig. 6). BCF

. (A) BCF 682 



Cd Cr Ni Pb Hg Reference

Jinhae Bay, Korea 9,300-500,000 - 200-700 - KORDI1

(1982)

Jinhae Bay, Korea 145,069 - 2,745 44,559 - Lee and Kim
(2000)

Masan Bay, Korea 5,818 185 111 216 - Kwon and Lee
(2001)

Santa Rosa Sound, 
Florida 500 87 344 196 1,759 Lewis et al

(2004)

Gyeongnam coast, 
Korea 38,964* 9,583* 191* 1,416* 180* This study

-:Not included items; *: Mean value
1. Korea Ocean Research & Development Institute

Table 6. Comparison of BCF for metals at different regions

Cr Ni Pb Hg

Cd 0.764
P = 0.0101

0.701
P = 0.0163

0.881
P = 0.000341

0.709
P = 0.0145

Cr 0.588
P = 0.0572

0.605
P = 0.0487

0.491
P = 0.125

Ni 0.368
P = 0.239

0.506
P = 0.0936

Pb 0.779
P = 0.00283

Table 7. Statistical analysis of pearson moment correlation between metal components of the culture oyster in the 
studied waters (n = 12).
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Fig. 7. Multidimensional scaling analysis for metals 
distribution of the oyster in the studied waters. 
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