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Q o

vk st s A oA 22t 31708} 657 5 E A wma AF 8] S5 (Al Fe, Mn, Cr, Cu, Ni, Zn, Pb, As, Cd)
= A T S seuEr TR vE Y sl B2l v]s)| wMilElel|l A Fe, Cr, Cu, Zn, Pb, Cd, As 5]
=8k FaRtel Al Mno] 4T, Cu, Zn, Pb, Cd, Ast= 37 9 AFIAIE o] $IX| gk mlilal aljQlollA] wll-¢- F=518k 5
HAom FIEAEE B3 2A=He 294 o] 7Fsslglth 290l ogt Tud w5 A48 s wl
AEEE 3 FEue TAT v WEnke G F oz widef nRAE Y2 2|of A ghs] HEe Fo = gl
reeh Cu, Zn, Pb ¥ Cd9] 55117} tu] =] Sit}. As, Cd, Cr, Cu, Pb, Ni, Zn ¥ T55 7]l 48
& A7} 23Rk Al Ee] Aol mpakik Al E2] A 9] ti-io] F]7]5(NOAA ERL, EC TEL, ANZECC ISQG-low,
Hong Kong ISQV-low)= 3381312 ™, Cu Y Zn 352> 45 wlilkgk A 5ol #e]7]5(NOAA ERM, EC PEL,
ANZECC 18QG-high, Hong Kong ISQV-highy& Z3sI3itt. 1, #holl 718k nhnte] 5<% 2992 Fe, Mn, Cr, Ni
28 Wt 0] obd WFA Cu, Zn, Pbi= 78t @ dvtAlef] Aws] QAW Kdsl glom, Cdi= Al52] 87.1%7F
735k QATA oo Alste Qe R setE gl

)
2
O

=)

Bl

ok

Abstract — Concentrations of selected heavy metals (Al, Fe, Mn, Cr, Cu, Ni, Zn, Pb, As and Cd) in surface sedi-
ments from 96 sites in Masan and Jinhae Bay were studied in order to understand metal contamination. Results
show that the surface sediments were mainly enriched by Cu (18-294 ppm), Zn (67-568 ppm), Pb (10-120 ppm)
and Cd (0.2-3.5 ppm). The coastal zone of Masan Bay was significantly more contaminated than the non-coastal
zone, and spatial distribution pattern suggested additional sources of heavy metal input in the coastal area. The
enrichment ratio and geoaccumulation index (I,) have been calculated and the relative contamination levels
assessed in the study area. The enrichment ratios of Cu, Zn, Pb and Cd in Masan Bay have been observed to be
relatively high. L, results reveal that the study area is not contaminated with respect to Fe, Mn, Cr and Ni; mod-
erately to strongly contaminated with Cu, Zn and Pb; and strongly to strong contaminated with Cd. The high
contents of Cu, Zn, Pb and Cd in the study area result from anthropogenic activities in the catchment area.
Based on the eight different sediment quality guideline values from USA (ERL, ERM), Canada (TEL, PEL),
Australia/New Zealand (ISQG-high, ISQG-low) and Hong Kong (ISQV-low, ISQV-high), sediment quality of
Masan and Jinhae Bay was also assessed and characterized.

Keywords: heavy metals(Z 5 <), Jinhae and Masan Bay(Z1 3|72} v}4beh), sediments(E] 4 &), metal
contamination(F 53 2%), geoaccumulation index((5-%4]57), sediment quality guideline(E] 4= $73715)

fCorresponding author: ygcho@mokpo.ac.kr
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Fhike elol o] 133 Ak W] Agle] o8] 9
s} A e AHESES B g o R Gl g sl
slefow sjsase] Bake ARAQ Uk Bl v A

SRS gl mhk
RS AR 9o vk, o ewoR FeA 8 WA}

2 FakEo) mEEo] 9lor, o g e oY
.6 kgBOD/km*/A = =4+t 37.7 kgBOD/km*/ 2]
2ulle]] o]|2&= A1 o= ZARE b QIehEHEF[1996]). SAZFE] 1+
e 29AEZ2 k] FHH ARl NP2 wlel vhoE whxubrh

(F[1989]; HHFAIE[1997]; 3 S[1998]).

ShA, [N BHolA SXZ2 o] wilst vk T &
Aol mpak 2 g TS B 3
on, JFRE TAQ] AP} A Ak eE|) T HlE
w3 ok A e ] eHlg WSS dlnttt STkl 20000
off o]=8] ¢F 57,000 m¥/L& 2HTFO A olu] ke AHG
PO Qg wiinte] 99 o3} 7hsAdo] Al E AUThEHE
[2001]). vkt A AS 9J8) 2004 <2 B=2A 2] sfiokuEwh
2|5 o] FA ¥ ool SXFAe EA AEe] A5
AFEA, LS 28 095 7Y 5 A= AR A3
glole] =22 CoD 7| I+ 357 ST Yo K319
t}h. 2005 PRHE 59 @GRSt 25,203 kg/AE HRTE
S Sk B85 22,935 kg/dS 2FBRL 9loH, 2011 2%
3k Jutt o Boldt 26,033 kA= AI=E vf 200870 &
AL AFHFAAE =LA ENF[2008]). MiEE 2HF
LHF Fole APAIAAL] Al wet 5 8l asel $Hr
=o] ik, 183 TaEe dokelx] Eelglerdl WS AA
A HA4 =2 FHE iAo ZolAl =, 7 e9le] dFe
&Rl st 2] HAE, 35, LAE 52 A8 A
of Bot FA7F JF5ox WA ¥ rkSalomons
Forstner[1984]; Siegel[2002]).

SEuket Ak A E A Bl &5 AAMAE #st] o
A AT AA3E AR Yo ® vrvkE A]E3k3 th(Hong
et al[1983]; Lee and Lee[1983]; &2} ©][1983]; +[1998]; ¥ &
[1999]). S8 all o] o] 2174 (F78H[1996]), F2/NAe flsh &
2 @[2004]) 5 ©] 3lele] 23} f-Hel gt A1 &
=T 2 AELR] AMA F-3F 2ol ekt vk
- 5[1998]) HRIRE AX g o] Ak Fas 2ds AT
20023 oI - 5[2007]9] A= 1996 BIE| mRikgke
Sas L9l /MAEA] far 9lem, o5y g el wiE
TE AES QAo ® AASITE B3t FES = rIRE W)

and

=] T4 293 vk 2l st 303

W ALY TH4 29
AR E FE F

SAA Q] AEEE AN FRI S AA o RA sl

0,
1>
p'y‘
=
S
=
rL
o
Jf
m
M
1
=)
-

of wgel ke Srytel gl B AT mhkeks) s 4 @)
olo] 1A MBS shele 4 Qe wrk ukle Ay Jho
28 A, BATORA FE% Aao) A9 iy

SRS, gt AR 07 TS e 4o] 7R AskE A7

= =1 H

E(F 5 [2003]) gt FAo] #hlet solelr FdAI s <)
T QNS FA = FAZE QlE Slolv, whebA 179
W) Tws AR 299 FdE SlHshs 5 A7l 9l T

=
% 7| xAR7E E 2o R V€.

2. X2 2 Hi

AM A FAES TEE L9HE A AT dskow
1998 59 XIafiqtellx] 6570, mRiRtellA 3171 B8 =S A= 3H3
ThFig. 1). ¥4 22 van-Veen AU 7])E o4k AJF 813 0,
o] HAzox JEg} SRS fleh FAIRE FT & A4
oA Aol I st 25 F7F9dt).

HA=e] A AR IitsrAs) H ditke AR 2
o] $1E3 eAS AAS F 40 AR FART U 2H5A
Fatd BEAlE olg-sh A W o, Al e el
=241 7] (Micromeritics, Sedigraph-5100)% FA18HAT £ 2 9=
NE FANE 1o A 0T I WiEH|E 13 & Folk[1968]2}
McBride[1971]2] ® el whe} FAAE] sHich.

TS AAEE Yeazste] vhofrdels] Anfsh vk A
el ol wheh 48 th(Totland[1992]). B4 E-5 Falleh7]
3l WA oF 0.2 g2 HHAEE HEZE §7]o] Wil E3FAHHNOY
HF/HCIO,) €915 37}sle] 180 °C 7HastolA 71, AxA) 7=
WgS 28] WHESE U2 A2E WSEel 0N FARS Yol $F
48 &S0 $5Y TEE5S A TEEkEv AR
(ICP-MS)Z o]&3}d 43193 om | 107 =-(Al, Fe, Mn, Cr, Ni,
Cu, Zn, Pb, Cd, As)°] B4t} B3 EF=ZZNIST
l646aye A=t ¥l EAlste] HSsilon, 1 A3 e
4% o], =T £7% o|ulZ VERTH(Table 1).

.24 % nE

3.1 E[MEL| =

SRk B4 =20 YEE 6571 Al F 92%7F Bt E 8o ©]
ske] mj¢- Al Sl AL, YAl 4~80 RISlel &3t
Aok o] kS 0.7~54.2%(E 5.9+8.2%) WSl W3la}
A, AES AEE 77 1.4-45.7%(22.8+8.6%), 34.3~95.9%
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Jinbae Bay

|
128’ 34'E 36' 38'

34 "50'N

128°25'E 30' 35' 40' 45' 50"
Fig. 1. Map showing the sampling stations of Masan and Jinhae Bay.

Table 1. Analytical results of Standard Reference Material 1646a
Al(%)  Fe(%) Mn(ppm) Cr(ppm) Ni(ppm) Cu(ppm) Zn(ppm) Pb(ppm) As(ppm) Cd (ppm)

certified values 2.297 2.008 234.5 40.9 23.0 10.01 48.9 11.7 6.23 0.148
measured values 1 2.32 2.07 227.3 42.7 23.0 9.3 51.0 11.8 6.12 0.155
2 2.32 2.07 222.5 42.7 222 9.4 50.6 11.5 6.44 0.151
3 2.30 2.05 232.1 41.2 222 9.4 51.2 12.3 6.34 0.151
accuracy (%) 0.6 2.6 -3.1 3.2 -2.2 -6.3 4.1 1.3 1.1 2.9
precision (%) 0.4 0.6 2.1 2.1 2.0 1.2 0.6 34 2.6 1.4
(71.3£11.3%) e Uepl Arbd o2 A& Aol $-Alsisitt. Sand
sk, 310 UW‘“PEl AE0] FHYTE 4~100 9 oH, [

81%7} 8~100 =171l = ATt HZA &2 It 5 HES 90%
AR ek Z+7} 13.2~49.5%(F 7 25.5£9.3%), 21.5~85.8%
(64.2+18.3%)% HEZ} S-AHSHl o, B9 g2 e 10.3%
(0.9~56.8%)% ST},

Zsula} vk B2 E-0] QA RS Folk[1968]9] AH2tEatol)
TAEHE BSEAES A7 AEZA (clay facies), & (mud facies), & 50%
A1 A (sandy mud facies), YA (muddy sand facies) 5 471 & .
Aoz FEETHFig. 2). 7P AlRe AR == HEAE
Akl &3k A7 1202 AAQ) 75%¢] o] 2, YA E At ° °
&R AR 10%E E3kePd AAIR] 85%7F Bl gHgol 10%
ugkl AlHA HHE 63 of sigerh. 2 o] 10% o1l 10% 5 o
AP W YA E A A2 0 7 AghE]o] §lom, whA] w o o&@i‘?%&%%- ..

AhkS 8kst Wajnk E‘fH H oo mlg- Alget =] B Clay 21 1:2 Sil
Bo] Bysh= Ao g}, Sand : Mud Ratio

Fig. 2. Distribution of surface sedimentary facies.

3.2 %:L_.A_O| %I-E.c;

vk e BAES AT Sad ke Welel HWeE Ni Cr= 2 6.2, 3.74, 3.0l WA E folE walch &
Table 20| QoFe}ieh. vk 3170 EJAEOA S5 =& Cd, 2] HE (o) CuZt 54%%E 7H %131, Cd 46%, Pb 41%, Zn
Pb, Cu7t 212t 17.490, 12.80l, 122802 71 xjo]7} Z1om, Zn?t  38%, “18]3L Cr(22%), As(20%), Ni(17%), Mn(16%), Al(10%),
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Table 2. The content of heavy metals in bulk sediments from Masan and Jinhae Bay including some coastal areas

Al(%) Fe(%) Mn(ppm) Cr(ppm)

Ni (ppm) Cu (ppm)

Zn (ppm)  Pb(ppm) As(ppm) Cd(ppm) Mz(s) n

7.4~11.9 3.5~4.7 473~1026 31.3~112.3 13.1~48.5 24.1~294.0 91.7~567.9 9.4~119.8 7.3~19.1

0.20~3.52 4.5~10.2

Masan Bay" (10.1£1.0) (4.320.3) (624102) (70.0£15.3) (32.6+5.5) (92.0£50.1) (322.1£121.7)(59.1424.4) (13.12.7) (1.78+0.81) (8.7=1.5)
Jinhac Bay" 44~10.1 2747 432-2045 232-817 223-394 183-90.6 66.9-3523 102686 8.0~164 020~1.84 4.9-103
(8.9+0.9) (4.0£0.3) (766:263) (58.2410.8) (33.6£3.5) (41.9£11.6) (125.1£42.2) (28.6+8.9) (10.241.3) (0.57+0.35) (9.20.8)
Masan Harbor? 6.4 45 716 79 17 73 321 74 1 1.4 72 22
Ulsan Bay” 7.6 3.5 486 46 35 85 167 43 0.56 83 50
Kwangyang Bay" 8.2 3.8 909 67 33 19 95 35 79 91
Youngsan Estuary® 8.3 4.1 673 77 37 23 96 28 0.17 9.1 39
Average crust® 6.9 3.6 720 71 49 32 127 16 7.9 0.2

DThis study, Figures in parenthesis are average = 1SD; 23} 5[2006]; Y273 §-[1999]; = 5[2000]; = 2} ¥H[1998]; “Martin and Whitfield

[1983].

Fe(7%) 2.5 7HA3iitt. 657 23wt B &2 a0 T
Cd, Pb, Zn, Cu, Mn, Cro] 22} 9.2u, 6.740, 5.38), 5.040, 4.740,
3.580= 2ol 7} vin A & Wi )R] 552 2.38) o sk= A9k
th A 87 k] Wi (/S Cd7t 61%E 7FE A2, Mn Y
Zn 34%, Pb 31%, Cu 28%, 1211 WH#] F42 20% oJ3I8iTh

FoEY HAFFS Mns Al2gt BE F5o] zlEvte] b3
wlahetellA ke, 53] el §l9)gl Mso] £ Cd, Zn, Cu ¥
Pbo ke Aafvtct Zkz) 3.0ul, 2,680, 2.280 W 2. 1HHE O
H, 138 o]&ke] xtolE Y= A 5453 Tk A7
A o2 dsll gt s Wiz H|5sth ojz1e] T SAslede
HIEIME alld Fa5e] T2 nlilvtelx] #xjs] o, ikt
T EZEo] vk wf Cd 10.540, Cu 4.08, Zn 3.44H, Pb 2.18]]|
ol&tt. HUES] Htak 9o Wil HlmAI BN YERE o2}
28 ARl 58 oA 559 2N W EE I ol T
= vlAl dRke] e JaFS 1123t wl(deGroot ef al.[1982];
Horowitz and Elrick[1988]) "}t &) &4 25 Fa49]
fr§do] vl &s] o] FojA| 1 Yl AAkelt.

SHA, wlikeE E4 o] Fel|l A o]Fozl 3 F[2006]¢] AT
Aofl B3] Pb, Mn, Cr, Fex= 217} 25.2%, 14.8%, 12.8%, 5.1%
=2 9 Ni, Cu, Cd, As, Zne 22} 47.9%, 20.7%, 21.2%,
16.0%, 0.3% S ke Barsigleh. Alse] FoF AR, A
H 59 zolE FAIE w 175 £ Aol AP o= 7de] zp
o]& WkJsl o7 H|E T mE Apol= glont iRk &

% S4o] A JMAEA Z3 Ao BRItk Aokt nPit 5

45 FAo]
B0 923 BN SHA RN 2000d9] T4 Tk )

512010]) v Ftell ¥E| Cu, Cr 22} 42.4%, 20.0% 4
319101} Pb, Zn, Cd= 22} 57.3%, 36.3%, 32.8% 2718t Ao =
|

ZRu TS ol A eSS

T A TS )Ee) H) PR E T, B B
AT, FFUDA L 2K FFA A8 Lo, ool s

=)C)
Hiedshe ez gt

X5 F45 5 Mn, NiE 423 BE ¢449] ghaFo] Asfvlo
Hlal| vk B2 EoA] 2om A9 9418 Z34¢] Cu, Zn, Pb

-
4l Cd §=Fe] S7P) ulg- SSisic). wbdel] Mn $R2 Zlsfvt
el o o, 53] zdut 5

o] ZTFsl= B Helth A, Cul= v
Eujgd Fa)dollA 250 ppm 014307 7Fg Fko] 1, o]
A PREAMEAY S’ES et 100 ppm o2 =2 o)

v
‘%
o
I

:Ocll“
o

>

Fasitiz ) XIsql v afjojel] o] =2 40 ppm sk}t Htt. wet
Al Cu 5 T2 vt A SfQke] B2 Eof A il 2k
o, o] 320 2 HE] WojXwA Cu L FY J&o] Hsh= Ao
2 BEh(Fig. 3). Zn, Pb @ As g 53 Cuo] F7HEE9) 1)

FE4S TR 995 F3lo] T2 vpedalelA] o]0l
A3 9Lg-E AARE. Cd 934] sk Wl kel Sl
0L} Cu, Zn, Pb, As 53 Be] pPiIne] ARsjel Hrks B
o] A3 AT sl FIH TR BES L

WA} (Fig. 7).

34 335 220 TERQI

HA g FE45 gk diF o HAE )] 7)d ule
GepA)7] Wie] dEE Fud TS Uk vl 8% 8
Q10 2 Z-g-3kch(Salomons and Forstner[1984]; Horowitz[1991];
Cho et al.[1999]). 22} AFAS EAEAN T55 T ¢
To] AAAE AgkA o= FElekA] gkom, niahit BjAEL] A9
ABBA7E B v)ekslth(Fig. 8). 3] Cu, Zn, Pb, As ¥ Cd g+
B2 -2 Q1o Qawt E|F &l ulsl wiikvtelA A =11 Q]
T AT vl EFSi)

Table 30 S5 Aol 2] A7) =559tk Al Fe, 1
2|3l Cu, Zn, Pb, As ¥ Cd= A= Wl 240 AAHAE ZE
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Fig. 3. Schematic map showing the distribution of Cu content in surface sediments.
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Fig. 4. Schematic map showing the distribution of Zn content in surface sediments.

& WPA Cr¥ Zn, Cd, 12]31 Fest Mno] #HAl= € f2Zoln, 3] flsle] 9734 &3l Afdk(eigenvalue)o] 1 o)/d<l #
Mn % Nii= B 557 A9 0% njoksiA v} B5Fst AAAAIE A QQls FE3ta 2 ¥59] A A7k(loading valueys 4et313ict
vERdT) o]A 9 S5 A Ao okashAY B Tk, (Table 4, Fig. 9). 5% 37l 202 F 24k 77.1%5 sl
T B3O o4 AE g A B 7 Ade) &3k 5% 821 1= Cu, Zn, P
]_

o
@)
s
> k
o
ol
iz
o
2
ofl
i
a
b
1o
2
2

& sl o o] FAlE FEalle os) IdEthal B 5 9tk = glo] wom, F WAk oF 50%E At FE AREEe]
20 A5 BT YAE Biket SAS AYE £ s TR AN FEE dd iy SRS e A 1 3RS B3
N2 ASHA] &2 A RIFEA ZF 55 Alo]e] BAIE o] 83l FTOENE AL HAE] wF5E d] wH4 A4S
74 4 UTh(Cooley and Lohnes[1971]; Davis[1986]). TAI4  fsict. €f x|<o]] v]3)| Y53] =2 = (Table 2), 299 24
FROR B Qo= R-mode QR17AE AAjEI o, W sl FA3E ek S7N(Fig. 3~Fig. 7), HI2E4] dx=dwA
FEO| At T 7Fs e B RS Ayehs 250 2918 FF (Fig 8) 52 dF TES5 wlEY 994 2387 A%EAS
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Fig. 5. Schematic map showing the distribution of Pb content in surface sediments.
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Fig. 6. Schematic map showing the distribution of As content in surface sediments.

[o

S} 13k o] s H A EoA Cu, Zn ¥ Cd9) BIFE 22 ou]dthk(Calvert[1976]). A4 E X E) AlZ} Fe A

AR SE7E 262 71%, 19% R 99%2 SEluvet thE dle] & r=0.830.% F% 3, Fe/Al H] B3 H3f 0.44(0.03)% 1A
ofl ula BN L A\ AT (Hong er al[1983]) 0] AsH ARG B AT GhE Zhorh. F Ao verE AE g
HA=drE sety SAFETE 2 A e Ll T2 (labile  AEFEC] SAle EAHA 0}0“4 uhbA Q1 2= A At
fraction)?] H]&0] =olR|&= 7|20 ARSF) F3tslth(Salomons and  FE QR0 E dlAET) 291 32 Niofl tiallA Tt =2 A Ak
Forstner[1980]; Forstner and Wittmann[1981]). S 7h= g9olog = —.«*1—4 10.5%= A3t Nis= 891 1 15
291 25 % ¥4 16.6%E AP AAZ AL Fed) AAgt o FHE] ul2 v vl% AR 27 ghort el ARal)
o] 3t} QWA OT Aol A Feir D& X G Rk BReIbolA The §go] ok vhik Fslele sl
&, A a5, delelE Fo] EAEHA ke w AT HlE AR T AV TS A eddd ThsAdel 9o,
& A5, o)t o] AFHETARAGES) Axjel Fh¥lel 9l o) ARFIA ULk mlok WAL Niel 29 S Ak
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Fig. 7. Schematic map showing the distribution of Cd content in surface sediments.
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Table 3. Pearson correlation coefficients between heavy metals
Al Fe Mn Cr Ni Cu Zn Pb As Cd
Al 1 831" -.156 454" -.050 .598™ 612 .608™ .529™ 6317
Fe 1 .053 416" .146 407" 430" 421 491 392"
Mn 1 -328" 163 -314" -362" -299™ -215° -439™
Cr 1 382" 474 559" 470" 444 588"
Ni 1 .020 .072 .033 .098 .062
Cu 1 855" .859" 7317 730
Zn 1 914 727 .908"
Pb 1 679" .790™
As 1 6017
Cd 1
“p<.01, *p<.05
Table 4. The Varimax-rotated R-mode factor pattern
Factor 1 Factor 2 Factor 3 ~ Communality
Al 472 787 .007 .842
Fe 227 875 204 .859
Mn -.646 .389 .048 .570 o™
Cr .634 131 552 724 E
Ni .056 -.042 .840 711 E
Cu .826 344 -.058 .804 05
/n 913 298 -.031 .924
Pb .853 337 -.119 .855 -10
As .657 440 143 .646 85 A0
00 g5 03 0
Cd .884 229 .022 .834 F 1010 rof el
Mz 214 224 783 709 actor 1 Fac
% of variance  49.97 16.62 10.48 Fig. 9. Factor plot in rotated space.
cumulative % 66.59 77.07
HI 5 YE9] &8s 1Agsty] 3k thekst whio] A=Atk
ZF} Ak AEE AR T 22 uko} 2J|E o]ojx]=  (Allan[1971]; Smith er al.[1973]; Bruland er al.[1974]; Kemp et
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Fig. 10. The enrichment ratios (ER) of each analysed metal. Heavy
lines in figure are average value of ER in Masan and Jinhae Bay
samples.
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Table 5. Percentage of samples exceeding sediment quality guideline value

NOAA® ECP ANZECC* Hong Kong?

ERL ERM TEL PEL ISQG-low  ISQG-high _ ISQV-low  ISQV-high

M! J? M'! J? M! J? M! J? M! J? M! J? M! J? M'! J?

As 96.8 98.5 0 0 100 100 0 0 0 0 0 0 96.8  96.8 0 0
Cd 83.9 7.7 0 0 90.3 292 0 0 58.1 3.1 0 0 58.1 3.1 0 0
Cr 12.9 1.5 0 0 90.3 73.8 0 0 12.9 1.5 0 0 12.9 1.5 0 0
Cu 93.5 785 3.2 0 100 985 226 0 77.4 4.6 3.2 0 77.4 4.6 3.2 0
Pb 64.5 4.6 0 0 90.3 292 3.2 0 64.5 3.1 0 0 22.6 0 0 0
Ni 96.8 100 0 0 96.8 100 3.2 0 96.8 100 0 0 3.2 0 0 0
Zn 90.3 10.8 194 0 96.8 27.7 613 1.5 83.9 6.2 194 0 83.9 6.2 19.4 0

NOAA, National Oceanic and Atmospheric Administration; ERL, effect range low; ERM, effect range median; EC, Environment Canada;
TEL, threshold effect level; PEL, probable effect level; ANZECC, Australian an New Zealand Environment and Conservation Council; ISQG,
Interim Sediment Quality Guidelines; ISQV, Interim Sediment Quality Value

"NOAA[1999]; "Smith ef al.[1996]; "ANZECC[1997]; ‘Chapman et al.[1999]; 'Percentage of samples in Masan Bay; *Percentage of samples

in Jinhae Bay



el Eele delledt bR ES] T o vk 9 e 311

Table 6. Number of observations that fall within the 7 pollution categories defined by Muller[1979] for geoaccumulation index (Igeo) of

Masan Bay sediments (n=31)

geoaccumulation index (I,) Fe Mn Cr Ni Cu Zn Pb As Cd
>5 very strong polluted
4~5 strongly to strong polluted 11
3~4 strongly polluted 1 4 16
2~3 moderately to strongly polluted 14 15 19 2
1~2 moderately polluted 1 2 12 13 7 27 1
0~1 unpolluted to moderately polluted 31 28 29 16 4 3 4 2
<0 unpolluted 2 15 1
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