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ABSTRACT - As measures against the environmental pollution, maximum efforts to improve of the
environmental pollution have also been made; removal of the contaminated sediments of the bay and the coastal area,
monitoring of several heavy metal levels in fishes, shell fishes, sea water and sediment, and so on. The objective of
this research is to investigate how much metals are included in the sea water, sediment, fishes and shell fishes in
kyeongnam coastal area. Specifically, we are investigating the relationships between the metal included in fishes and
sea water, and shell fishes and sediment, and heavy metals and heavy metals respectively. Heavy metals over the
studied component and area, the average concentrations of Pb, Cd, Cr and Hg in sea water were 0.0029 mg/L, 0.0005
mg/L, 0.0016 mg/L and ND, those of sediment were 11.9583 mg/kg, 0.2136 mg/kg, 1.9158 mg/kg and Hg 0.0108
mg/kg, those of fishes were 0.4358 mg/kg, 0.0726 mg/kg, 1.1188 mg/kg and Hg 0.0622 mg/kg, and those of
shelifishes were Pb 0.6738 mg/kg, Cd 0.2223 mg/kg, Cr 0.5516 mg/kg and Hg 0.0117 mg/kg respectively. In the
relationship test, Cd was significant in the relationship between fishes and sea water, and Hg was significant in the

relationship between sediment and shelifishes.
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Table 1. Analysis condition of ICP analyzer

SPECTROFLAME(FSP 0A83B)
SPECTRO ANALYTICAL
INSTRUMENTS GMBH, Germany

1200 W

Nebulizer 40 psi
Auxiliary 30 psi
Coolant 40 psi
Pb :220.3

Cd :228.8
Cr :267.7

Instruments

Generator Power

Pressure

Wavelength(nm)

Table 2. Analysis condition of automatic mercury analyzer

Instruments Mercury SP, Nippon Instruments

Mercury Automizer Main Unit  Automizer MA
Mercury Automizer Controller  Automizer MA-1

Mercury Detector Detector MD-1

Carrier gas pressure : 0.4 kg/em’
Pressure gauge Combustion gas flow rate : 0.5 L/

min

Heating Condition
Mode selector LOW
Pannel time 1st step : 350°C, 4 min

2nd step : 700°C, 6 min

Shellfish, Fish, Sediment :
Additive M+S+M+B+M

Sea water : B+S+B+M

M : Sodium carbonate : Calcium
hydroxide(1:1)(W/W)

B : Aluminium oxide

S : Sample

YUg HE&Zd vE 7bul o] E(Ammonium pyrrolidine
dithiocarbamate : APDC, ACROS Chemical Co.)9} 10g2]
oo & 4= Y&t o) @ T E] 2711} o] E(Diethylammonium
diethyldithiocarbamate DDDC, Wako Pure Chemical
Industries, Ltd.)S 500 mL®| &l %o APDC/DDDC
F3HgAg whEo] AR SR EXFLS MerckAle] &
FAIRS AREFl OB Pb, Cd, Cr, Hg B44 ¥3goe
MerckAte] ICPEAE 1,000 ppme] FF8US AlE-3l
Hge 0.001% L-Cystein® & =1 gto} 342 0.1 N 23k
2 AP 45 AT

AR

Pb, Cd, Cr, Hg E4& MR X2 % 24 -3l
£ A5 Holl wjEl 0.1 N Fihgoz MAH3 & goles
2 AH3 SEay vUs ZPoddl 878 AMgsi A
&3k ANEE YR ATEANEE, sl wE A" s}
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o™, Pore Size7} 0.45 pmel HWEH S A7 A FE
o3gk ¥ APDC/DDTC EFE43) F2EXEE o]8-35)
F23 5 229 892 AR AT AFES I 2
Ao g BajAZl F 1.0 N Zagdog gxako] wA st
o ICPH7 |2 F5% THe S5

AL HEA At HAANA s THAEEHI),
FAE LG we} AE, AA3}A=, TE5 B4
A% N dAHRe 3558 AT T ES 1 g€ 33
g A 5 mLe 8 FFRA 5 mLE F@Ukstd 71
gt & 1.0 N Figdoz dAgo] HA st ICPE
712 FF5 TS SHERH

Hie AAE Bl F 27 S/F2 A FaE A
H g olEg AAT F ) et ¢S F AOAC
(Association of offical analytical chemistsyE-21%'% we}
AA F 20 g& AW Do} Trol W Az, e©3ARl
th 450~550 °ColA 3glsiint. 3gt B3R e
30% A2t 2~5 mLE 7F3td s 3isAIZl £ 0.1 N
Figdoz Zajgt & oasie] YA o] HA sl ICP
7R 85 98 2484

olft BAL AAT F 7RIFHAE F 100 g FHskH
4Aske & oF 20 g& AU 2o} AF FHA =&
Tt

S4E I8t AETXZ X 2y

s 05 mL, A, oF ¢ AHF= 50~100 mgd &
A AU gol 71d713lFotuy Ve wet ApErett
712 Z8scth.

TE % 3-8 &3

FRE HF, ofF 2 Adol tha) A0.ACEMY
upel Atz e g FAsen, 7t S50 et g
TEL oj7s AF AL I s Gohr] H3) Al
88 7t 5744 €3l Hg, Cd, Pb, Cr T84S ¥
AE Fo 2t 5] FE BHE W SUY e &
el Has Tl AFEE Tt

2

&4 X 7As|ae) vl

HR} o1FE 134 AT Aeslel YA oF 10 g
3| gob AOACEAY O Wt JAAWEE ol f
& gHslshst AaslshaoE AEg AAstel b, Cd
Cr 9FS 249 ¥ W Bk

SAEN
# A7olM Pojdl AR A R ARG 5

FEY FBRAY 7 NEFY] FEE TR A
F#AA = Statistical Package for Social Sciences (SPSS)
EAZ2 YL ol&slHon, HEZke AATAE o¥F
FAEAE B3 Hoj&o A S (Pearson correlation
coefficient, NE 78l AZAHAE 3T HJAHA
NS o)g3ld F Heke] AFA B Amel A Y
S U e, ATTA B4 g doRle Al
F & -4 +1Alele] g R &, EAE A0t F
F Aol e 712718 Ze FAM Exgtd oo
FEAFE Fr7t =3, 208 71871E e A6l 7t
A EXsE o) ABAFE ettt MY d4E 2
T g xo} yAleole] Zite) AR AF o T 2
o] ;g]_o/}%q_.lz,n)

zXY—Z’fVZY
rpearson =
zXx? (TY)?
(-5 20
v< U k-
8 U E5g

olF¢t HFol T I FAINE BEVIECRE AR
o™ o] wat B Apofire AEVEOE BAE 3
om ofF, MF ¥ Al gt 57 FFL FuR BAst
Ack. 77 FF 4 A7 ofve dFe Tl wet 2eols
Bgoo, 23} ux|go] Zzt 84.6, 84.9%= FE kol
=4 JERES, §3o| Tl ojfe WA Ugtor 539
Wols 7 do] 68.4%F olF T 7HF WA vt A
Hol 8 g9k A9ER Ao Aol gt theket 24
g A, 2 5 Py Ade] 305%=A 7 &4
USIT(Table 3).

7} F4o U3 348(%) APAFE Crol 9641092
7P Egten poel 93.7+07% 7HE wAl UERGTH(Table
4).

4 o A4s|stHe| v

AE FAERHORE F27 H25sPEE o3t F 7}
2] AFHTE} A 2jolE AHRGET, Table 594 7 7
MARE AUt o7 HF BT Pb2 4] =4
(3.5~4.7%) ¥k, Cde H404 27 =A(3.2-56%) 1+
ko, Cre difolMe 744, olfdMe &4 A2t =
A Usith B 4.1%9) ZolE B BAEAIE wgtog
B AoMe A43)shye Melsted AgE WA sk
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Table 3. Moisture content of samples

Table 6. Average contents of heavy metals in shellfishes (mg/kg)

Species Moisture(%) Local region Pb Cd Cr Hg
Seadiment  Geoje 2233 Geoje 0.7026 0.1748 0.6725 0.0057
Goseong 25.65 Goseong 0.7411 0.3529 0.6724 0.0124
Namhae 30.54 Namhae 11571 0.1987 09300  0.0086
Masan 24.63 Masan 05471 01940 04325 00203
Sacheon 23.21 Sacheon 05715 02072 03884  0.0082
:I‘;‘(‘iaeg"“g iggg Tongyeong 05635 02573 04280 00128
Oyster 24,58 Hadong 07691 02412 07427 00100
Butter clam 83.24
Short neck clam 84.92
Mussel 7743 7 ekt 4 519902 0.39 mgkg, AEEigHE i
{Rjeg seabream ;;22 o235 73(1988)" 0.28 mg/kg k= A ekl S
-Reo X - S
Rock fih " 3 FFAAG £ Al A% v]Ro] Kol Fyelgte]
Finespotted flounder 73.36 H7F Pb LE=w AHH LR e ZoE AlgHTh
Spottybelly greeling 79.95 Cdo] HaehEke 0.2223(0.0140~0.70'" mgkgdoH, A
Ser:_ybf:szllet ;ﬁ? 9o Aol 03529 mgkgE 7P BT AR 0.1748
Yellow tails 68.44 mgkeZ 7P 2Tt O ZAIAA S} vws) 2E 9¥

Table 4. Recovery rate of trace metals

Element Recovery rate(%) = S.D
Hg 974 £ 09
Pb 93.7 £ 0.7
Cd 96.1 £ 0.9
Cr 964 £ 0.9

S.D : Standard deviation

Table 5. Comparison of wet and dry ashing digestion (mg/kg)

Species Pb Cd Cr

Wet Ashing Digestion  0.6318 0.4840 0.4833

Shellfishes . g
Dry Ashing Digestion  0.7557 0.4680 0.5274
Fishes Wet Ashing Digestion  0.5355 0.0998 0.3248
Dry Ashing Digestion  0.5543 0.0972 0.3140

&, o1, A W &+ 3o FIHEY

die o g2 AW $E55 s e BE¥E B
ol AL AARMEEAY IHF o8 i =Eelut
=34 J@XY v =EelA FHE u gon, Fol i A
W 3 s Zol7t 2 AFEA disly =g
2LIEAFEA) F2 101EAFER) HES B F
g} A F945E F53he A=t A7t e FeE B
151211;]_.1547)

B dFolM Zh A9E FFS TS Table 631 2oH,
Pbe] HeHS 0.6738(0.0440~1.8692) mg/kgeloH, |
a7t 11571 mgkgZ 7FF ®U431 wRike] 0.5471 mgkg=

0.12 mghkg ks E3ATH 2 9 & 5 0744 mglke,
o] 59 058 mgkg, A (19902 044 mgke, AEalIgt
S AR 70(1988) 036 mgkg, GV 2494 mgkgRth
= - Witk S 9 LSrAIRe & rxle ARE b
Fo] Hol ZAgdekS pPbit HEPIAR Cdé LHERE W
o AlEEn.

Hgel B3-S 0.0117(0.0008~0.0953) mg/kge]l 2.0,
A He whikol 0.0203 mgkgl® M = AR
0.0057 mgkgl 2 7P Witk O 2AEHE BY, &
' 0038 mgkgo 2 AP Utk B FAMEHY Hgd
O A 1ot 23 24 AR 34 2 514
2o & vXE AR HobA] HdAte] /] Hg 24
T ¥y Algdth

2 dAFoX pbe] HATHLS 04358(0.0135~1.1479)
mg/kgel1R o™, AH-L F¥o] 05233 mgkge & 7 w9k
I upilo] 02520 mgkslE 7HE Wit ol ) 2
ARl HA R mXe g FEolqin

A Fo 34 FFL Table 73 2209, P HF
ke 11.9583(5.4569~25.2946) mg/kgol.om, Ado]
19.3815 mg/kgZA 7 =% ABHO] 6.1447 mg/kg
2 7P 2tk o8 By 28} vws) 29, d 5
6.054 mg/kg HThs ¥ A 577 18.16 mgkg, 2AMF
< Ao & o] 5(1989)® 32.35~40 mg/kg, A -
FAkEES giatez 3 o] F(1986)” 29 mgkg Rohe
433 @A e & AYqEte L9%rt 9 Ze
2 AIRHA

Cde] BHFFFS 0.2136(0.0917~0.3776) mg/kgollomH,
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590l 03157 mgkg=A 7P =UL vtol 0.1385 mg/
kgo 2 714 skt & §'% 0,001 mgkg Hube w3 7
s 75k iAo Z & o] H(1986)" 0.34 mgkg B
AHS e 3 o] F(1986)® 0.5-1.0 mgkg Rrhs
A Ve

Cro] H73FFe 1.9158(1.1702~3.1143) mg/kgo] .o,
Gl 7F 2.8736 mgkgl B4 7P BT sHEo] 1.3615
mg/kg® & 7Hg Wkt

Hgel B33 0.0108(0.0021~0.0354) mg/kgolA.omH,
343e] 0.0161 mgkgEA 7HF FUL ARl 0.0049 mg/
kgo 2 7P wiskth & 5% 0002 mgkgde B AjolE
BYY 3F9%e 2AK o] 519 003 mgkete 2F7H9)
2o & By},

B AN sl S E45TFE Table 89 72on,
4 Fo FFEHE AF5e AQTFHY Hg 003 pg/l,
Cd 0.02-025 pg/l, Pb 0.02-04 pglL, Cr 0.04-043 pg/
L), & 549 shbhmAAw sie BasaE @3Cd, Pb
: Interminable, Hg 0.132 pgL), A F44)°] Mt 2As

Table 7. Contents of heavy metals in sediment

Local  No.of
region sample

(mg/kg)

Variables  Pb Cd Cr Hg

Min. 7.8908 0.1692 1.2062 0.0034
Geoje 4 Max. 18.1074 0.3690 2.3840 0.0195
11.3056 03008 1.6574 0.0102

Min. 18.7443 02202 14077 0.0063
Goseong 4 Max. 199958 0.2770 2.1965 0.0354
19.3815 0.2429 1.8073 0.0161

Min. 109019 0.0917 2.7477 0.0021
Namhae 4 Max. 13.5094 0.1946 3.1143 0.0137
12.4745 0.1629 2.8736 0.0086

Min. 11.9464 0.1035 1.5357 0.0164
Masan 4 Max. 13.3162 0.1880 2.7935 0.0235
12.7015 0.1385 19142 0.0192

Min. 54569 0.1538 1.3242 0.0039
Sacheon 4 Max. 7.1134 0.1954 1.9662 0.0062
6.1447 0.1734 1.5618 0.0049

Min. 10.1636 0.2053 14715 0.0044
25.2946 0.3776 2.8743 0.0231
14,9870 0.3157 2.2347 0.0097
Min. 55205 0.1100 1.1702 0.0038
Hadong 4 Max. 7.8798 0.2274 1.8448 0.0107
6.7130 0.1610 1.3615 0.0071
Min. 54569 0.0917 1.1702 0.0021
Total 28 Max. 25.2946 0.3776 3.1143 0.0354
Mean 11.9583 0.2136 19158 0.0108

Tongyeon
g

Table 8. Contents of heavy metals in sea water (mg/kg)

Local = No.of y soptes  Pb cd Cr  Hg
region sample
Min. 0.0016 0.0003 0.0003 ND
Geoje 4 Max. 0.0040 0.0006 0.0016 ND
Mean 0.0027 0.0005 00009 ND
Min. 0.0016 0.0004 00010 ND
Goseong 4 Max. 0.0039 0.0006 00049 ND
Mean 0.0024 0.0004 00027 ND
Min. 00022 0.0001 00004 ND
Namhae 4 Max. 0.0069 0.0010 00016 ND
Mean 0.0042 0.0005 0.0010 ND
Min. 0.0024 0.0006 00020 ND
Masan 4 Max. 0.0043 0.0019 0.0037 ND
Mean 0.0032 00011 00028 ND
Min. 0.0004 0.0001 00002 ND
Sacheon 4 Max. 0.0032 0.0003 0.0052 ND
Mean 0.0013 0.0002 00018 ND
Min. 0.0010 0.0001 00007 ND
Tongyeong 4 Max. 0.0068 0.0004 00012 ND
Mean 0.0033 0.0003 0.0009 ND
Min. 0.0010 0.0002 00005 ND
Hadong 4 Max. 0.0057 0.0006 00016 ND
Mean 0.0030 0.0003 00009 ND
Min. 0.0004 0.0001 0.0002 ND
Total 28  Max. 00069 0.0019 00052 ND
Mean 0.0029 0.0005 00016 ND

(Pb 0.010~0237 pg/L, Cd 0.012~0.103 pg/lL), ° E¥
dalat dgke] S¢EAEPb 0.013~0.12 pglL, Cd
0.007~0.021 pug/L) 2 = 549 7l9=dd slets @
S5 Pb 1713 pgl, Cd 49284 pglL, Cr 0462 pg/l,
Hg 0.111 pg/L) 5°] B3 Hoiglnt.

£ dFAdAM T Pool HATEL 0.0029(0.0004~
0.0069) mg/LA2H, G387t 0.0042 mgLEA 7HF &3k
ARdel 0.0013 mg/LE 7P @3ten, 98] A8 E3 ¥
) B AAGFE vRs e AR Kol 4gs|
B2 Ao vyt

Cdel Ha$HE 0.0005(0.0001~0.0019) mg/LA o™, vl
A¥e] 0.0011 mg/L2A 71 Ek5L Aol 0.0002 mg/LE
7P wieken, 919 AsES vlws) B A Adgysy
°o]5(1996)V9] A8 Brke B3 2 5(1994)*Y2) Auxe}
€ HiSEgom = 5200000 7R F9 8 noke
okt

£ dArAFANAM = Pbe BATHFEES 0.00290.0004~
0.0069) mg/LRo™, F3l7t 0.0042 myLEA 78 =ghar
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Aol 00013 mgL=z 71g wWokom, 99 7 E3 )
e B ZARFIS viFs] g2 A3 B AeE)
& Ao yehgt

Cde] HaEHS 0.0005(0.0001~0.0019) mg/LR.oH, v}
Aro] 0.0011 mg/LEA 7% ¥ ABo] 0.0002 mgLE
71 wton, 9o AZER vlws) B Az dAghga)
°]5(1996)"'°] A7 M= &1 7] 5(1994)2 Ax}A)9}
£ HlEEgen = 5200009 7HEE F9 s Hohke
wEokr,

Hg2 71719] AZ&3HA(0.0005 pg/Lyll Eoixia 829813
Zatch

2 22 R/ olf Tl & FFE A s
o] =9 Hwg AFE goFsty, diFel Aol HRF
= el Hia) Hgol Wol = L, A¥ole #iF
o Hls pbe] Bol T S & F Utk o= F}
FArMe BE FE5 o] dFre Etoy o=
ojsf R AEHAF Aol e Ao FHHEH, AE
&9] frlEoly 1 8] 7 Z2RE I goeman? o
2 olfdl His| FE& Fo] thREY] Il HlaE ¥

& Rog Ao,

0

=HEA 24
oMl FCHERE S5 BN =39S 4%,
FEEl PRI oyt o= B FFEo] 2 A
2 Free e $959 4 AdEAG 3L 27
ke BuEo] e w .05 Tacnet $(1990)°%2
Bobilya 5(1992)"&- o}33} =52 transport siteo] TH3H
A ¥ affinity® /PG 2uEan @ $9% 39
F50A transport systen’dollA] FH=EH o}AL AR5l
ofdo] Fl=ge] F4E AT FHINL, FAE
AlE A3} ol FH=F] AlA HrE FIg A &
AR, FA=E-L oldE o WE £ AA HEES 3= A
o7 vEepdtia itk agiA 2 dAelde oy s
27N FEE 457 ARIAAE doprgitt

AR siFet AH € o7} sire dARAIE FAEZ=R
I8-g o] g3le] gol A3} Table 87 Zto] HFel A
< Hgel r=0401°1%137, o172} 3= Cdol r=0493°02
Fost AUEAIE YeEpIUTE E0 Z Yo AnaAE ¢
ot 7] 93t A|FA 821e F718 B At dis A
ol A= Table 9914 R wlel Zo] AAlME Cd
(r=0.519)3} vk Pb(r=0.418)°] z}z} f2ldk AuAAE
Uepliglon, ojfe} si5=oll = Table 1001419} Zbo vpik
M= Pb(r=1.000), Cd(r=0.975)7+ & AAAASE el
3 Cr(r=0.659y2 HF9] JAAAE YeMle 5 TFF

Table 8. Correlation coefficient of heavy metals between
shellfishes and sediment, and sea water and fishes

Samples Metals I
Shellfishes Sediment Hg 0.401
Sea water Fishes Cda* 0.493
*P<0.05

Table 9. Correlation coefficient of heavy metals between
shellfishes and sediment in each local region

Local region Metals r
Geoje Cd 0.519
Goseong Cu 0422
Masan Pb 0418

Table 10. Correlation coefficient of heavy metals between fishes
and sea water in each local region

Local region Metals r
Masan Po** 1.000
Cd** 0.975
Cr -0.659

*P<0.05, **P<0.01

R AAAAE Jeplt
7} A& 9 FF357H] ARAAIE Table 11~1300 Yel

Table 11. Correlation coefficient of heavy metals in shellfishes

Pb Cd Cr Hg
Pb -
Cd 0.280* -
Cr 0.600%* 0.161 -
Hg 0.054 0.017 -0.035 -

*P<0.05, **P<0.01

Table 12. Correlation coefficient of heavy metals in sediment

Pb Cd Cr Hg
Pb - -
Cd 0.124 -
Cr 0.433%* 0.011 -
Hg 0.712%* 0.032 0.426** -

*P<0.05, **P<0.01

Table 13. Correlation coefficient of heavy metals in fishes

Pb Cd Cr Hg
Pb -
Cd 0.268 -
Cr -0.135 -0.111 -
Hg 0.120 -0.319 -0.197 -

*P<0.05, ¥**P<0.01
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Table 14. Correlation coefficient of heavy metals in sea water

Pb Cd Cr
Pb -
Cd 0.089 -
Cr -0.152 0.324 -

*P<0.05, **P<0.01

v uje} o] HFollME Pb-Cr(r=0.609)71l 213 ez
A7F et

4 £
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