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ABSTRACT

To investigate the degree of contamination from Korean coastal region, the concentrations of

Cu, Pb, Zn and Cd in sediments, seawater and oyster (Crassostrea gigas) at Masan Bay, Onsan

Bay, Daesan industrial complex and their control areas were analysed. Values for sediments,
seawater and oyster in the industrial complex coastal region were higher than those in the control
area except for seawater in Daesan, The values for dissolved phase of Cu, Pb, Zn and Cd in
seawater showed 0.3~1.75 wpg /1, 0.013~0.12 g /1, 0.20~6.14 g/l and 0.007~0.021 wg /1, re-
spectively, The concentrations of Cu, Pb, Zn and Cd in sediments were 12.0~47.8 pg /g, 6.16~59.5
€ /8, 43.0~230 rg /g and 0.52~11.2 ug /g, respectively. The concentrations of Cu, Pb, Zn and
Cd in oyster showed 12.1~85.6 ug /g, 0.267~1.48 xg /g, 1,070~3,250 g /g and 3.23~7.71 ug /g,
respectively. The contents of heavy metals in oysters at industrial complex coastal region showed

that they were not seriously contaminated compared with those of Mussel Watch (1992).

Key words: Heavy metals, Oyster, Seawater, Sediments

TE, H ord, TtEE T FEEe B YW 1 o] 23] m ey 2 A
& A AAU AEFEFLEN ol Holrles S8 Az gigons A
U AAA sl & v = B 254 QG2 dol)

ol 54 Ao A& 2ABH QAEE 3t WoE AU sHE

FEATE 95T W] 712tk 82 (BSRIG5 4421 ) =

&

=4

— 261 —

G R ER R



262 Korean J. Ecol. Vol. 19 No. 3

ol sfoll MA stz XA H2g ol &steE Wy 5 A7 A 7HAE FRE 5 Q)
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1ot BEFFol &L Lol FFA AEwd giwo) rHF ) §He 7|57} of
il s A5 IS Sl &Ed97t A 3 2 do) =3t
FESOIU A5 HE, By A BE 52 B2V Wi 9dd ol
52y Goldberg et al. 1978, ©] 1994). A XYL L o] &3 o A7
WS AERART sk, W AAHCR b de) S5 e AR A Zaaodogs
“M A & (International Mussel Watch)"& & 4 2tk (NAS 1980, IMWC 1990). Al 7l
Hoz Zolu 3 2 ABAEE o] &3 At RPed s BAPo Apsy] Azta A
< 1960 At EFE ot (Sprague 1970). 2] vele] 2¢, 19708 AR & FArE B o) 3
TES 2APE AR AUE ¥ (FAEY 1983) LFGAE B S o] &3 Agka] o] o
F= SN daiM = AAHL ZAFAE7E chrE 1980 tholl Gojebxiol Ay} Al &= Q)
e AFYEZA AAHCR de] R Y TS AYdna A9 £y 2713k o
T vlart 83 Ittt ZA4 3 o2 bivalve monitoringd] Al&EE Zogms Mytilus
edulis, M. galloprovincialis, M. californianus, Crassostrea gigas, C. virginica, C. angulata,
Saccostrea cuccullata, S. glomerata, Septifer keenae ) Q=0 B AFo) M= Fallehs Ao 2
WA B3EH0) )& Crassostrea gigass ANEYEZ oot
uetr] B AfoM e FEE5 YTl e FuEd gy 2y g A 4
FEFE TAMEt Ataid el FHE wro] I A7 AR 4T3
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Jal g At FEELARE FAM8LY] Sl e, B, Male Ao edE"e] &
Pl B2 T Fi AA(YF, &, 52)7 o370 g x5, AL Rxe)E
st Faldl = Fol vkl A9l Wil Fo FARAIEC] Yol e FBA fYo)
& npdkel Higol ZAR AT o] o) HF A= obF miokd 2fF o] G g Wojn] &
& F, A ahgel BAIgle] fEo] vhg- okt wjiel Rs) 4ot mFrFsAdo] WS-
stob ] vl AQbEHl 29do] vhE He Hog ExIE Tolth FadME AfslarE
o, el - T AlEA, FAEE, ek, A8ER Sl Tde] 9 24ttty Fr g =A}
Ak Mafol M e deA el 520 A A= ol xee A 194, g 29k 5
o] FAWA7F 2AHAJT (Fig. 1). ZAMEHE AAS 92 ea oo} (b2 A F 3

A9l 1991).
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Fig. 1. Location of the sampling stations : ® = Masan Bay ; @ = Onsan Bay : l = Daesan Indus-
trial complex : 1 = Tokdong : 2 = Isudo : 3 = Chundo : 4 = Tangsa : 5 = Tokgok : 6 =

Padori.

cmPIEE F3 3 W F sdste] AR A = A 20U A o] R o 3 Fa
2 2070A AEE AYIAed olv LH9ED Frvt BAAH] ong 27 918 HAREY
AN o)t} (NAS 1980). gk FA xRt A o= F& 2HE Haske7] flaiA] 74 3 m W
oA, AEAAA] Q& T% AE HA 7] 28k 3~5 cme] A& AFsrdch A §7)
A5 AAsI AR Eelst H, A3ty o] HolW Ao EH g HE TFEY o

S viA &7} Al (o] 1994) °F 24A17-F < A% (depuration) A Z . A ¥ W% 5 #slo
HdIHE &Hch

EHE 24

HHES 105001] A 24*1 ﬁio} ol TG ubzpababol A 2 A B8 3 4col A A AEa
o ol% %
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o 2} omu DM 34 FTRTE A4 l%al 71(10,000 rpmefl A 308 7H) & A 23l the
#4L sastic (Fig. 2). 7 45A9 T2, &, ofd € H=F Tt YrEFFEA7)
(Perkin Elmer 2380) 2 =74 &t} wx|v}t vhAle] A3 el 3 -& teflon PFA& 7] A& 0.5
g(AFE) S P, $4 (G4 A% =31 D) dmd BHAE 12 ml B A4l
(CEM MDS 2000) @l 4] Nieuwenhuige(1991) ¥+ Babukutty(1995) &5 F] 3 A1 7] @bl o ula}
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Fig. 2. Sequential extraction scheme for the sediments.
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Table 1. Copper concentrations in the different phases of the aquatic system, Data are mean + a stan-
dard deviation

Sediment {(ug /g)

Station

Exch. Carbo. Fe-Mn Org. Resid. Total
1 0.060 £ 0.004 0.180 £+ 0.013 0.130 £ 0.046  1.37 = 0.01 46.1 £ 2.29 47.8
2 0.004 £ 0.004 0.073 £ 0.055 0.030 £ 0.017 0.15 = 0.03 18.8 + 2.63 19.0
3 0.031 £ 0.015 0.220 + 0.040 0.083 £ 0.035 3.21 = 0.20 34.2 + 8.83 37.6
4 0.020 £ 0.003 0.080 £ 0.006 0.033 + 0.004 0.20 £ 0.02 11.7 £ 0.82 12.0
5 0.044 £ 0.008 0.150 £ 0.010 0.072 £ 0.001 2.60 = 0.10 27.7 £ 5.68 30.6
6 0.007 + 0.007 0.150 = 0.140 0.160 + 0.016  0.30 % 0.22 14.3 + 3.03 14.9

1 = Dokdong ; 2 = Isudo : 3 = Chundo : 4 = Tangsa : 5 = Tokkot : 6 = Padori : Exch. = exchangable
cation fraction : Carbo. = carbonate bound fraction : Fe-Mn = easily reducible fraction (metals combined
with Fe-Mn oxides) : Org. = organically bound fraction : Resid. = residual fraction : Total = sum of the

different sediment fractions

Table 2. Lead concentrations in the different phases of the aquatic system, Data are mean =+ a stan-
dard deviation

Sediment (g /g)

Station -

Exch. Carbo. Fe-Mn Org. Resid, Total
1 0.200 = 0.055 0.240 + 0.040 1.830 £ 0.042 1.19 = 0.10 53.3 £ 3.06 56.8
2 0.063 £ 0.024 0.170 £ 0.190 0.390 = 0.120 0.12 =+ 0.01 15.4 £ 3,51 16.2
3 0.100 + 0.009 0.380 £ 0.270 1.460 = 0.550 0.68 + 0.12 38.4 + 15.3 41.0
4 < 0.100 0.057 £ 0.015 0.073 £ 0.015 0.15 % 0.03 15.0 =+ 7.07 15.4
5 0.190 + 0.049 0.390 £+ 0.053 0.150 + 0.130 0.72 £ 0.18 57.0 £ 11.6 59.5
6 0.065 + 0.025 0.030 £ 0 0.320 £ 0.230  0.15 + 0.03 5.6 £ 2.89 6.16

1 = Dokdong : 2 = Isudo ; 3 = Chundo ; 4 = Tangsa : 5 = Tokkot ; 6 = Padori : Exch, = exchangable

cation fraction ; Carbo. = carbonate bound fraction : Fe-Mn = easily reducible fraction (metals combined
with Fe-Mn oxides) : Org. == organically bound fraction : Resid. = residual fraction : Total = sum of the
different sediment fractions

Table 3. Zinc concentrations in the different phases of the aquatic system. Data are mean =+ a stan-
dard deviation

Sediment (ug /g)

Station -

Exch. Carbo. Fe-Mn Org. Resid. Total
1 0.100 = 0.003  1.26 + 0.02 2.43 + 0.05 1.63 + 0.03 225 =+ 3.84 230
2 0.008 = 0.007 0.26 + 0.06 0.95 = 0.03 0.59 = 0.01 107 =+ 13.0 109
3 0.014 +£ 0.004 1.51 = 0.45 3.03 £0.17 3.33 £ 0.17 136 £ 13.0 144
4 0.010 = 0.001 0.19 £ 0.01 0.32 £ 0.01 0.36 + 0.03 102 =+ 129 103
5 0.100 £ 0.003  3.73 = 0.06 2.80 = 0.46 2.36 = 0.15 70.8 £ 1.96 79.8
6 0.003 £ 0.002 038 0 063 £0 0.34 + 0.09 416 = 2.61 43.0

1 = Dokdong : 2 = Isudo ; 3 = Chundo : 4 = Tangsa : 5 = Tokkot : 6 = Padori : Exch. = exchangable
cation fraction ; Carbo. == carbonate bound fraction ; Fe-Mn = easily reducible fraction (metals combined
with Fe-Mn oxides) : Org. = organically bound fraction : Resid. = residual fraction : Total = sum of the

different sediment fractions
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Table 4. Cadmium concentrations in the different phases of the aquatic system. Data are mean + a
standard deviation

Sediment (g /g)

Station

Exch. Carbo. Fe-Mn Org. Resid. Total
1 0.200 = 0.055 0.240 + 0.040 1.83 % 0.042 0.017 £ 0.003  8.87 £ 0.32 11.2
2 0.027 + 0.010 0.052 £ 0.003 0.160 £ 0.023 0.008 £ 0.001  0.34 £ 0.27 0.59
3 0.027 + 0.014 0.082 £ 0.005 0.280 = 0.042 0.018 £ 0.004 2.30 = 0.23 2.71
4 0.016 £ 0.002 0.055 = 0 0.006 £ 0.002 0.005 = 0.001  0.44 + 0.02 .0.52
5 0.110 = 0.009 0.110 £ 0.011 0.330 £ 0.049 0.056 = 0.005 8.20 + 0.20 8.81
6 0.011 £ 0.006 0.036 = 0.010 0.056 = 0.007 0.004 = 0.001 0.81 = 0.83 1.32

1 = Dokdong : 2 = Isudo ; 3 = Chundo : 4 = Tangsa : 5 = Tokkot : 6 = Padori : Exch. = exchangable
cation fraction ; Carbo. = carbonate bound fraction ; Fe-Mn = easily reducible fraction (metals combined
with Fe-Mn oxides) : Org. = organically bound fraction ; Resid. = residual fraction : Total = sum of the

different sediment fractions

o by, Fe-Mn#t A3 B8 @dd4oln fr1&s 23d w82 2ot vz 1
e FEL 13, 238 FERZAM 28 22 FF5S 3¢t gk

YA A A9 G2 FRE FEE WSR3 ©(Exch., Carbo.
Fe-Mn, Org., Resid., Total)vict Qe &t AdNM ol F5& FE7b thzyol vs fol4
el ztolg HEPAH (P < 0.05). 2AMEHF F85 Adlsee 98 Adstis 5 Y5l
A EAHA B F F(1989) 9 zaiwre] & HAE A8(Cu : 21~63 pg/g, Pb

14~38 ug /g, Zn : 105~277 pug /g, Cd : < 0.4~1.2 pg /g) o ¥l u&td 78, , ol 32+
Hl28b Al veltov) A2 w2e 54 JERTh A9 2RE B8 HAZA 4tE &5
o] A3 Ar2E FelE B 7 93, 8 FE7o] 2AM a2 ofd, Jl2E, ¥E &
F rh olEo] FZolM AEE HELS 20%°NE WEHon oo THR
lithogenic crystalline mineral® &x3t2lel ARG agl v @, Tl A3 89 &0
2 mo} HA=0] #7uso] wel thh B0 Aol 5e ¥ Ao WAL,
Z(oyster)

# AAdel F £3%5 $2 Table 59 2t} YT Aol el F FrE thxTol ]
al fol®el Aol vehidon (P < 0.01), 7HEE ¥EE #9149 2ol S e (P <
0.05). 291 3 F3% AdEEE Tl Adsne B 2
Mussel Watch(1992) ¢l ’\1 e Anot Hins B olAE Pt TR (2 400 g /g)9]r 7}77}1}
om palE A FE(150 g /g) % 57% Ple] A9t ww e odle B HR(0.94
g /R RHE ol UEhTh ofdle the Fadel ulal ol w4 A 2o ek

H ol #o] & E ofd g BV &1 AL =HEr] w&Eo|t}t (Rainbow and White,
1989). o] o}l FE4J2l Zn pyrophosphate HeNQ] Y zt2 Ex]&tH o] A o] thAlghs
o]l AL FA g Aoz 4 -y (Rainbow ef al. 1990).
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Table 5. Concentrations of heavy metals in Oysters (Crassostrea gigas) of the sampling sites. Data are
mean * a standard deviation

Qyster soft tissue (g /g)

Station
Cu Pb Zn Cd
1 85.6 £ 8.91 1.020 + 0.057 2480 + 244 6.40 = 0.57
2 49.4 + 1.87 0.267 £ 0.133 1820 + 262 3.98 = 0.66
3 42.2 £ 4.29 1.490 £ 0.690 3520 £ 403 8.71 = 0.81
4 12.1 = 1.77 0.379 = 0.083 2540 £ 106 5.75 = 0.50
5 28.3 £ 0.62 1.340 + 0.219 1480 = 183 8.71 = 1.69
6 20.3 £ 2.64 (0.525 = 0.219 1070 £ 103 4.12 + 1.42

1 = Dokdong ; 2 = Isudo ; 3 = Chundo : 4 = Tangsa : 5 = Tokkot :; 6§ = Padori

Table 6. Concentrations of heavy metals in dissolved phase of seawater at the sampling sites. Data are
mean * a standard deviation

Seawater (g /1)

Station
Cu Pb Zn Cd
1 0.61 £ 0.093 0.120 £ 0.010 1.70 £ 0.408 0.010 = 0.002
2 0.17 £ 0.042 0.110 % 0.015 0.29 + 0.247 0.007 + 0.005
3 1.75 £ 0.231 0.042 £ 0.001 6.14 + 0.944 0.045 = 0.003
4 0.30 + 0.206 0.036 £ 0.002 0.57 + 0.120 0.011 4 0.002
5 0.35 % 0.035 0.013 £ 0.003 0.20 = 0.015 0.015 + 0.001
6 0.32 = 0.050 0.022 + 0.009 0 23 £ 0.050 0.021 = 0.002
1 = Dokdong : 2 = 1Isudo : 3 = Chundo : 4 = Tangsa ; 5 = Tokkot 6 == Padori

ol ARl Aolw Ve %k
1= zltH%EE HE ALt e RS FRolM FH UL ¢ 1 LCﬂ =R
o Al T2 H ol vla] A el o] Jd
7] W<l Ao g AzAc} (Harper 1991). £33 7 994) | MHW A& (Cu : 0.22~1.70
#g /1, Pb 1 0.010~0.237 pg /1, Zn : 0.12~10.58 ug /1, Cd : 0.012~0.103 yg/l o} w] &y
T8, W ok v ¥sEA JEhde Y dtEE vxE ot 24 Vet 3849
B4 sle B 3o, 9, ofgd2 zh2 0.027+0.003 g /g, 0.510+0.018 4g /g, 0.010+0.002
12 /8, 1.26+£0.098 pg /g2 VHEFRTE wWetx FE 3 0.03+0.005 g /g, 0.517+£0.062 4g /g,
0.012+0.004 pg /g, 1.24+0.25 pg /gol thall 742t 89.7%, 98.7%, 86.7%, 102%:9] 35 && w
o:] Al zﬂ o] 24 5157} 19}5] ‘T},

i] 4]

2
HoAge @t Ao edw g wetalv] flal vhaknk, 24kw, kg q) @R 9 zhztbe)
A g, HHE 9 Fe el i ofd B kmge] FRE AT de g9 gl
o 247t o - & Alelstne A T At

ZFAMY FHEE FEE dadd Y )5S A
=7} o Z ) *mr:} = Al VHERRE T
siadlel 24 e, o, obd @ =gl vy 42 0.3~1.75 pg /1, 0.013~0.12 ug /1,
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0.20~6.14 pg /1, 0.007~0.021 pg /1 B S JEPATE HAEU 7o, |, old 2 =g
ETE [2.0~47.8 pg /g 6.16~59.5 pg /g, 43.0~230 pg /g, 0.52~11.2 pg /g BHE AT}
2o T, ', ol ¥ AEE R 12.1~85.6 ug /g, 0.267~1.49 pg /g, 1,070~3,250 g /8,
3.23~7.71 pg/g W2 VeI, B A7dA dajyvt dAdel e @] FudE TR
Mussel Watch(1992) ZAFe} visl 2 w) A2A 2P A -2 AL & AbmF)

SO, 108 BEeld BAS AT BALARAAT. TRFVAFAAYNT 58
626.

o143, 1994 ol AFE AHECZ o] 88 ABBF Y T 5o 734314 10:24-40,

g gl B shl . 1901, §171 % % skl w 2PALA. 16:602 625.
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B 114, BSPG 00083-242-4.
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