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ABSTRACT

The heavy metal concentrations of seawater collected from the Onsan coastal zone in February
and July 1996 and mussels(Mytilus edulis) in February 1997 were analysed.

The concentrations of cadmium in seawater were in the range of 0.008~2.988 .g/L, while the
ranges of copper and zinc concentrations were 0.08~2.55, and 0.21~35.12 xg/L, respectively. The
metal concentrations decreased gradually with increasing distances from Daejeong stream,
indicating that this stream was the major source of heavy metal input into the Onsan coastal zone.

The concentrations of cadmium, copper and zinc in mussels were in the ranges of 1.40~25.09,
8.5~64.5, and 46.8~291.2 ug/g, respectively. The metal concentrations decreased gradually with
increasing distances from Daejeong stream.

Among organs of mussels, gill showed the highest concentrations of cadmium and the digestive
gland showed the highest concentrations of copper and for zinc the kidney showed the highest
concentrations. The digestive gland and kidney revealed high proportion of cadmium in cytosolic
fraction and the percentage of copper was high in the kidney and that of zinc was high in the di-
gestive gland.

Metal-binding protein of mussels collected from the mouth of Daejeong stream was separated,
using gel-filtration chromatography. In the kidney and gill of mussels, most of cadmium was
associated with metal-binding protein. In contrast, most of the metal in the digestive gland and re-
maining tissues is bound to high molecular weight protein rather than metal-binding protein.

Key words : Heavy metals, Mytilus edulis, Coastal zone, Metal-binding protein.
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32 furly Qo B3 Jl=g, 749, od 549 F (Viarengo et al. 1985, Langston and Zhou 1986,
4L F3) nFYAGE AT A Wl Eojd & Pavicic et al. 1987, Mackay et al. 1990, Unger et al.
719880 dsledh F9 Vg LAEART FdF 1991).

o2 71 w737]E 7+3 (Phillips and Segar 1986) B&
z¥o| Z4slo] A, 7153, FyF Ee 1 #9
oy Asg dozl. 3 5 FHEANM AEFE
(bioaccumulation)® FH4& HoAlES 53l AEH
] (biomagnification) g 22X ZAZFE AZAAZA 9
2 nA e A& QFEFlt (o] 1994).

Afole e FFEY AL A5 H F3 ¥
ZAstd e HEAA HA o]€2 4 Uo] (Bruland
1983) 9t ARz F8 F, Axes Ao eud
wdo] AR oldol 54 AY TE (metal-bind-
ing ligands)$} ZAsA Hoan FI&ol AX Y=z
Aede AA4E JephA Hol, HE AW FE& F
gtako] B W FERT ¥rh A gL Afol A
9 2Z4£9 FEE AL A fAHe EHE Q8
A& FF4&9 fFol olFofxty 4HA Utk
(Mason er al. 1988). 12} T8 8% FHF §
L FF&5 355 FUEEY HEE o)FA F
a7] dito] F349 £FHo] oFAAEE oS F
4 o9 AF HEZ o]&3 "rh. EF o]ELS
340 A&£4 fdog A fEE F e 54
EFHE AAANIE FEo] ga7HeH, olde FE5S
33 nPAE YASAY FEHd w2 AgES
Zte g A=Y Aoy AR dAH o2y
#7170z AAANI e PHE E F Ut (Mason and
Nott 1981, George 1990).

e AR F345 =& o A A
E2ZA metallothioneindl] i3t #Alo] HEEH Ut
Metallothioneing 'Tre] AlAoA 713 dA WA" &
A2 Bago] 6~7 kDa FEE R FL A|&H
ol gekg Yehln, WEE o xAbE A X3
glo} 280 nm FHANAM & AYM FHEE Ho|X
A3 Aol s F=g, ofd, 7, F& §Y F
F&o) & A3 S Hold FEE x2¥E AL fk
Ao AL AUz v} (Frazier et al. 1985). 3%
DAEEE9 ZZJAME metallothioneind FASE &
A2 A metal-binding protein (MBP)o] Bo| R H
v} 913, A4A O] MBP @43 &7 Wl 8% &7t
B2 AARAE B FHEH o]E ol &3 HY
gA0d MEE =27 72X AR (early warning
marker) 24 AHE 7HeAd] digk A& w9453 Ao

[o

2 dpdMe 2a3duR Y 3% devt fiHe
LA Aot 99 £34 LHAEE ZAKE] A3 8l
Z9| 24 3tk A IFHA (Mytilus edulis)
o F34 IS AR MBPE 33
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Fig. 1. The sampling stations in seawater and My-
tilus edulis in the Onsan coastal zone.
1 - 19 : Seawater
A - E : Mytilus edulis

1. 39 5% 8%

AFGA e izt Zolst 50~80 mm HHY AHE
1671A% szt AAS F §AE T2 A=7)9A4 3
d B9 ARAY F 3 gAAMEE AESAA
A 59 digestion® Microwave acid digestion progr-
amme (Maccarthy and Ellis 1991)2.82 F33F A

g A8 F 25 mt HEE 33 FHFE F48A
50 migo] EZjoddo] A|RE A HoF AAS
(Perkin-Elmer AAnalyst 100)& 7}=§, T8, old9]
FEE ZA3 A

2wk o] Mg Ex= uZ NIST (Nationa!l Institute
of Standard and Technology)o|A 3218 EFEHQ
SRM 1566a9] £4& T3 &stHct.

2 712 a5

AFHAE 24444 g AAT F 4344, oprt
o, A%, UdeA Z1Ho2 o] s RalAM 3 F
o] #i93h= 100 mM Tris-acetate buffer (pH 8.1)0]
Y3 dg 99X FA3 AR Tris-acetate buffer
(pH 8.1)9l= 5 mM Mercapoethanols} 0.1 mM Phe-
nylmethylsulfonyl fluoridex= &4 ¥g3t%tt. Homo-
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genate 3 YHE 4TAAAM 158 FU 15000 g SEZ
AR F Holo] 1AZF FF 100,000 g =2 Y
Al&-2]8te] supernatant (cytosol)E #3}tt. Homoge-
nate Yo F34& 24357 A3 $2 AZ7|AM Al
BE ARAY F A AFE g FYsA E3A
7] cytosol& 1:1 (v/v) H]-&Z 65% HNO:9} &8s
T BajAH}t. Cytosol 5 Y-+ gelfiltration chro-
matography 4o A&}

Gel-filtration chromatography &4

AFGA2HE A& cytosol (200 x)& Superose 12
preparative grade column (1X34 c¢m : Pharmacia)
loading A1l ¥ 100 mM NaCl, 5 mM NaNs, 2 mM
DITE E3tY Q= 100 mM Tris-acetate buffer
(pH 8.)% 0.2 ml/ming £x2 E#FAY. Eluate
fraction 2 mlE& 33k 254 nme} 280 nm ¥FolA
235 E ZA35t & (Hitachi U-3000 spectrophotome-
ter) ®3lA7)1A ¥ AF graphite-furnace AAS
(Unicam 989)2 7l=§ 32 243t Superose
12 columng blue dextran (200 kDa), bovine serum
albumin (66 kDa), a-chymotripsinogen A (25 kDa),
horse kidney MT (6.5 kDa), glutathione (620 Da)©.2
calibrationd}$i c}.

£ ¥ uF

334 B49 AYREE 7)) st AtEsd
Y ¥FZEAQ CASS-39 24 3488 2%

Az 35E] HYe 90~111%= Lebygr).

197] 4 AJEoA Floie] FEE 0.008~2.988 4g
L, 78& 0.08~24.55 pg/L, o}d& 0.21~35.12 ug
/LS M€ AT (Table 1). Ft=g, 72, o} BF
HAA FdFel AR BAH SelM zZbz 1.705 pglL,
24.55 pglL, 35.12 pg/LE 714 L 28 REI U
A FUTAN R 24E FFE wEF gAE
Aot gt dAAE B 22 FEY =g, T,
ofdE AT "t A¢eE FUHY s EF
HAAM FAZ 345 e AL FFE £ Yo

B A3 s U 5% sxHde Jl=F
o] 0.0001~0.12 4g/L, F&l7} 0.03~04 ug/L, o}Ho]
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Table 1. Concentrations of cadmium, copper, and zinc
(ug /L) in seawater from 19 stations in the Onsan
coastal zone

Station Cd Cu Zh
1  Feb. 0.014 0.10 0.56
2  Feb 0.072 0.50 3.00
3 Feb 0.019 0.16 1.21
4  Feb. 0.008 0.14 0.43
5  Feb. 1.705 24.55 35.12

Jul. 2.988 20.00 34.66

Feb. 0.037 0.24 3.11

7  Feh 0.059 0.22 3.09
Jul, 0.149 0.52 3.01

8  Feb. 0.311 0.40 10.35
9 Feb. 0.026 0.20 2.16
Jul, 0.030 0.13 0.39

10  Feb. 0.010 0.14 0.66
Jul. 0.013 0.11 0.30

11  Feb. 0.017 0.13 0.81
Jul. 0.021 0.27 1.62

12 Feb. 0.015 0.12 0.52
Jul. 0.025 0.23 0.70

13 Feb. 0.010 0.08 0.21
Jul, 0.019 0.08 0.24

14  Feb. 0.013 0.16 0.75
15  Feb. 0.015 0.11 0.40
Jul. 0.023 0.19 0.62

16  Feb. 0.008 0.08 0.21
17  Feb. 0.013 0.10 0.41
18  Feb. 0.009 0.09 0.23
Jul. 0.018 0.11 0.28

19  Feb. 0.009 0.12 0.32

0.003~0.6 xg/LAEZ <A J2H (Bruland and
Frank 1983, Bruland et al. 1991), ©]& ® 43 ZA3}
ob wizsld =g, T8, ofdY BE BF & T
#2 Jehigith £ #4%9 o +3 A=F
10 pg/L, 78 20 pg/L, o}A 100 pg/L3} Bl w3k 7}
EEF olde HH ¥ £FoY FEe Uh FE
& Jehfo] 7E9 ool $2se v A&HY
ZAH #A7E gasta &t

Lauke 19743 49 19 A471A AT eg A
AYHEA A ARl 24b3Te] 2AHI AARA
I, F2 uAFER 2 ARl dAEA 2
24 olE FHANA wEHEe Hede A4EY FEE
o] e F on ozlo] AL YR WHRE 9
E AFAEA vXe Y] F R qEd.
E3] abgtole w9 B9 FAAol AR AF oY
o] Agsrz §98 HrFd FIFEL Yol
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£ o Azgugezd Axde A sE T
4 £ o gad ARdMe 28 2011477 4
A g £9% g 2 o]Xg Fo] 3144
TR A Agure AMste AYE § wRd
Atk wehA s el 9T FFE 2HH vEo] F
AFAR <3k M2 AeA st o] AR &
Hee vt o] A A% HF LHo T AL
T AAAQ g3 A7 7€ sl

AFEH T34 55
. BEY 22

54 B9 HYTE 73] Y3t
£2¢) SRM 156622 554 35E&S
~105%¢9] HAE Vet

sAHe AN A AFEA W S5 FFE
FI=Ho] 1.40~25.09 pglg, TFE7} 8.5~64.5 uglg, oF
Ae 46.8~291.2 pglgdl FEHAIE UeMAT (Table
2. A=FY ¥Ee AF ColM 2509 /g2 7HS
ok 9t ofde AA BolA ztzt 64.5 uglg, 291.
2 uglge 2 AIS BRon dAH FYTAN Hol
AFE FR7t ZA

ol A FU+d A BellMEt ZF CI
A 5L ¥ U of2e #Fd AAA Fo
&9 fAo] FARAY A8 AME AR A
F A Aolo A% FF¥Y FE Ao 2stE
HHEol} 9Fute EAjste YA o3 FF, B
Z22710 A5 AR (Nelson et al. 1983) 522 A9
& & gk olF 53] AFHEAEe Tt ofdel dis)
z4 A4 5o gl7] "o gty oz {Ag Fe
Ad FF& Alolg Aol =g FH & Y
uj3 Ao AlgET AAR AFHAY A4 Tt
S e dgol olde At AS AEAUY

Wy tlo wu

Table 2. Concentrations of cadmium, copper, and zinc
(ug /g dry weight) in Mytilus edulis from 5 stations in
the Onsan coastal zone

Station Cd Cu ‘ Zn

A 11.06 144 238.8
B 16.55 64.5 291.2
C 25.09 50.2 100.3
D 1.62 9.8 67.6
E 1.40 8.5 46.8
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=5 #Fo] JtEgoTt k&d AA HF Fas)
' A% A%ReS 2tz ¢4 v UAn (Jac
kim et al. 1977).

2718 EX

AER W Fa5
g5tz AEH Wel %
32 e FFEY ‘EME} g5
& BE 29 s YT BXE iow %3 7J,
A, olztu], 43MM Fo AgHoR
¥ FEEE FH3e= FYol e 5’4(’ %‘%
A A AdFez A3 oS EARAHA 2F
A & 4 Ut (Mason and Simkiss 1983).

A 7t FYo] dig 7jHd BEE Y Jl=
B9 A4 opial > A% > sz s@ > Azl
FNE B F94 FEE Rolx, FEv s >
Uz 713 > opztr] > AR A E, ofde A%
> op7ha] > yeA 7|& > A A2 w4 o
et} (Table 3).

AFHEA Y FF& FHoe A {F3o] EAd

' o

N ofo o > b B
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U Hztoze EgAQ FFoln & e oy}
oo} g 93 FHoz FF&FH ¥ HUsH S
AW FHo £FFH Fad o8] FE&o] FUHH,
& suze Astdy AFone ZHOE ofyin|g
o Futa vpEte) ¥ FRoMe WE FAHEL Ko
U 557t ®oldSE &4 Juut gide S
olf, o]59 ¥& FT74 FE5HL FuHY F5
g3 AR F8F 9L Fx USE A
(Nolan and Duke 1983). o3l 7|#d W& FF
¥ ol 7t 7|HY HEHE File Fa5Y
2359 zloldA 7]¢1&ct (Mason and Simkiss 19
83). wetr AlA, oprtu], A3 E MHHoRT HA4%
oA G339 AAE 4& AL JjddErn

Zt 7132 NEd | Fud e AR 2%
233 AR F9 JIEEE BEE 80% o] w2
Hl&-S eI op7hvlgl yA] 713 AxF Y 7}
ZE ol vttt Fae AR AER U v &S
=4 AX L Jey 2 vl @M WAl e
3 oA AstMoM AMEZHe] AAEe HlEo] M
w7 vebdt (Table 3). 0|88 Ade S=w9 =3
3 AEA JY F35 & Aol dAAE A

L

Table 3. Concentrations of cadmium, copper, and zinc (g /g dry weight) in organs of Mytilus edulis from 5 stations in

the Onsan coastal zone

_ Cd Cu Zn
Organ Station Total Cytosol Total Cytosol Total Cytosol
Digestive A 10.5 8.9(85) 23.7 11.5(49) 155.4 145.2(93)
gland B 15.4 14.6(95) 119.4 101.7(85) 170.4 150.2(88)
C 20.6 19.7(95) 67.1 43.0(64) 153.1 148.4(97)
D 4.3 2.7(63) 14.4 9.5(66) 162.7 101.7(63)
E 3.4 3.0(89) 10.3 8.1(79) 97.4 35.3(33)
Gill A 18.2 10.9(60) 51 2.9(56) 413.2 251 3(61)
B 14.4 7.7(55) 29.2 14.7(50) 269.9 180.0(67)
C 55.7 21.0(38) 15.4 6.7(44) 416.7 274.1(66)
D 5.3 2.5(47) 4.6 1.2(27) 148.2 45.5(31)
E 5.2 3.1(60) 5.6 3.7(66) 104.2 28.8(28)
Kidney A 11.2 8.0(71) 3.5 2.1(61) 276.5 64.8(23)
B 30.0 28.5(98) 19.2 13.9(73) 546.0 448.4(82)
C 16.0 14.9(93) 8.4 6.7(79) 198.4 87.6(44)
D 2.6 2.5(96) 2.8 2.6(94) 156.3 50.3(32)
E 2.2 1.7(77) 9.3 8.2(88) 97.6 21.2(22)
Remaining A 13.8 5.1(37) 7.2 2.3(32) 60.6 56 2(93)
tissues B 17.1 6.0(35) 36.3 10.4(29) 402.8 106.6(26)
C 204 12.5(61) 22.3 5.9(26) 107.4 82.4(77)
D 4.0 1.9(48) 4.5 1.5(34) 77.7 47.8(61)
E 4.0 1.6(41) 3.6 1.4(40) 28.8 9.6(33)

Figures in parentheses are percentages of total cadmium, copper, and zinc burden.
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ol MEA o] £A3te MBPY o3 Fl=go] F
=gUtE 7hsd S kA A

3. Metal-binding protein =2

gAA st A3 A B =T AYE A
A EolA A AFFA tg 24 7|REE metal-
binding protein (MBP)-& gel-filtration chromatograp-
hy2 #g3 43E Fig. 2o Jebdch. 254 nm 373
A e F3E9 280 nmilME ¥ FIEE 7
metallothionein® A8+ Bx4S 7k MBPo] 7} 7]
#d2 EYHNY, 2 F FF BY AReA Ed
MBPYol Ft=® 3ol /M8 =4 e, yeiAl
7139 ZA$E MBPHEU High molecular weight pro-
tein (HMWP)d] o ©2 7l=fo] ¥&Ho g B
%t 34 B9 A4 E 749 MBP W9 7t=g9 o
< Hlas] B optve A$E AYslie BF A
A 87 AA BolA M wA JERRAL 53] A%
A Ze zo|g By wetd MBPE $34 249
biomarker24 9] AME: 7hgAdel dis] SR AL A7t
7besitkal Atagt.

7248 zdste $Y0l Qe AEAY A= F
249 fYo 23 o] JHE AEAAN TF
29| Z3zo] ojFojxY o] A9 FF&ol A
1 oAb W) &e} B4 &9E YA XEE
2E3l AHgo| ojFojAt} F53} FAEoe dAFHLE
o gate] $34E T3 A7t A% T F8 v
z3le Iy g o FEI gHE 44T A
A Woll AAst= Hhgo] Utk ©]F metallolthioneind
ZF24&3 Agste] ga0l9 AFE WA AXY
dsle &A% X Ee dEeE gt Yo R A
589 MTe EZffsh 28 A2 (17~28%), 3]
289 (1%), #HEyd (0%) FFo] wx FAl
(18%), A (8%) &Fo] %o} (George et al. 1979,
Roesijadi 1981). $3&0 =294 % AEAIAS
epzke] MTol WALE AL olgo] 7e% ol Ze
B4 3429 220 483D YLL ANV Ro-
esijadi 1981, Viarengo et al. 1985, Pavicic et al. 19-
87). Uox] 7]ZA Jepd HMWPS 7Eo] metallol-
thionein 9ol F3F&3 Afste BAF] AAY A
g go] @o| By wt YT (George er al. 1979,
Rainbow et al. 1980), AHA3F St o}3] o] &3 F&
oyl FIEF =& TEY /17 2F9 {3 we
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Fig. 2. Chromatographic elution profiles of the cy-
tosolic fraction from digestive gland (D), gill (G), kid-
ney (K), and the remaining tissues (R) of Mytilus
edulis at stations B and E in the Onsan coastal zone.
Mammalian MT would elute at 22 ml.
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oE ExFe 34 A% dudd A{sdxr dEA
2t} (Bebianno et al. 1992).

)

Aoty 34 FEEYE ZAMS] A8t 1997
d o293 79 ZA g, 19979 29 AFHEA
(Mytilus edulis) WS} 7t=g, 7, ofd w28 43
drt.

rFe =g, e, oldY F%e 0.008~2.988,
0.08~24.55, 0.21~35.12 pg/Le] W& B2 hHA
FUTFZEE A W& ZAe o] Mo oM &
Abgdote] 4 999 AL et

AFEAY =g, T, ol FEHAT 140~
25.09, 8.5~64.5, 46.8~291.2 uglg AFOZ H49 2
& B AX3GY. J1HE 24 EXoAMe
&Y A oM H =& 23S JeEly
FHE 2gAdA, o}de AR N B FEE
ettt A2 Yol Exdte Jl=ge Agdm A
AN FL& REE HAT FEe AFAA, ofde 4
Aol ¥ EXE Bk A FAFA AR
3t A A MBPS Elsid A3t AR olrtu]o A
&9 Fl=ge] MBP o] £x3x Qe ¥ &
A3 UnlA] 7ddAs HMWPY 2L Fl=go] 2
grelo} AT

2l

2
()

Ho
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15, 19%. o) FE AEFOZ ol 48 AFVAL
d A7, BFWFIHA 10: 24-40.
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