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Characteristics of organic matters and trace metal distribution in the

surface sediments of Gwangyang bay, Korea.

Moon Young Lee

Graduate school of Education
Pukyoung National University

Abstract

To recognize geochemical and sedimentologic characteristics of surface
sediments, We investigated the organic matters and the' metal ‘elements (Pb,
Cd, Cr, Cu, Ni, Co, As, Zn, Fe, Al, Mn) concentrations. Mean grain size values
of surface sediments in Gwangyang bay were in the range of 7.23-8.85® and
consisted predominantly of silt. The water content of the surface sediments
exceeded 50% except for some stations.

The contents of Ignition Loss (IL), 'Total Organic Carbon (TOC) and Total
Nitrogen (TN) were ranged™ from 4.3-94%; 0.7-2.0% and 0.09-0.24%,
respectively. Based on the C/N ratios, the organic matter in the surface
sediments of the Gwangyang bay meant terrigenous source that organic matter
of the west stations of the Myodo and stations located between Myodo and
Yeosu peninsula originating from the nearby land. And the east of the Myodo
meant oceanic source that organic matter originating from the ocean because
the inflow of sea water was more than the other rgions.

The Chmical Oxygen demand (COD) and Acid volatile sulfide (AVS) were
ranged from 10.18-41.9 mg 02/g.dry, 0.002-1.074mg S/g-dry, respectively.

Heavy metals of the surface sediments in the Gwangyang Bay were high
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concentrations generally at the stations entering Gwangyang stream, around
Yulchon industrial complex and the POSCO. The distribution of heavy metals
and organic matter in the study area were considered as lower correlations,
also regulated by artificial factors originating from nearby urban areas and
industrial complexes.

we calculated the enrichment factor (EF) and geoaccumulation index (Igeo)
in order to evaluate quantitative contamination of metal elements of sediments.
The enrichment of metallic elements relative to Al exceed 1 at the study site,
compared to levels in the earth’s crust except for Cu, Ni. In addtion,
Gwangyang stream flow station was relatively high “enrichment factor except
for Mn. Both Cr.and Mn were relatively high enrichment-factors in surface
sediments of the POSCO surrounding area:. The Igeo class of the Cu indicated
5-6 range showing that Gwangyang stream inflow station and the POSCO
surrounding area were a significant level of contamination.

Therefore, the sediments in Gwangyang Bay were needed management to
identify the contamination paths and the pollution levels of organic matters and
metallic elements. Through continuous monitoring for the behavior and the
accumulation of pollutants in -sediments studies. for the underlying factors are

needed.
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(Horowitz, 1991), 9%, #A4A3FE (Cho et al, 1994b; Cho and park,
1998; Choi et al, 1999) 5 3 2 thebgh aglo 2R 3 vt
Atolup Wk A Hqe] EHAE
dEH AYH dgs e 293 HAES o8 AYl HE T

(o]
&3 fr1Edel F%7F ¢ =obxltt (Forstner and Wittman, 1981,
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Salomons and Forstner, 1984; Li et al, 2000; Thuy et al, 2000;
Ruiz-Fernandez et al., 2002).
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TEAT (Kang et al, 1993; Noh et al; 2006a). T3k A2 2 Zaf s
o7 S0l wUlEEE A=l o7t olsd s frEollos Sty
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E2 34 At (Noh et al, 2006b). o1& #4& 7
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Alg AH R B4 B

7}. Sediment sampling

Fofutel FTHA= HE HASHA, Ageta 54 dotry] 9
3 2 AMZe (grab sampler)E o] &3lo] 200613 F 4070 A ol A
sHA=S AFedd AHT HAe2 A2 &0 F A= M
Mean Grain Size), 7% (TOC; Total Organic. Carbon), &4 (TN;
Total Nitrogen), 4F 3134 338l5E (AVS; Acid volatile-sulfide), 5494

(Al, Cr, Cu, Ni; Zn, Cd, As,.Pb, Hg)s wA stk 4249 &4

5

N

i)
rob

1}. Chemical Oxygen demand (COD) anaysis of Sediment

HA &9 CODE WA FAE o lg AES Folo] 250mL AHzh=e
239 ¥Wa 0N KnOs 100mLe}F 10% NaOH bHmLe Y3 & &E S
Az ol Alefe]l &7 ZFEt~aE BE BAA 1ARE S FEEAT 1
Aoz YAAA 10% KI 10mLe} 4% NaN; & W&S ¥ s
Jol /5 78l 500mL= whe § 2 £5o f8 AfF AAA=E o
B3 5 ojzgd 100mLS 30% HoSOs 2mLE ¥ 2 EE0] o] 0.IN
NapS$:05-HoO & oz A2},

2 o
N



t}. Analysis of the Water Content (WC) and the Ignition
Loss (IL)

WCeF IL2 94, HAw Al of 20g= W& FAE S48 =716
ol ol& HAx7lel Yol 10T 24417k 7k gty 2o A ElAA

e gtelA Aeow A wrY RAS HFsel 1 FA Aoz

WCe ILS AlLFskSi T

2}. Total Organic Carbon (TOC) and Total Nitrogen (TN)

analysis

(Flash EA 1112, ThermoFinnigan) & <438} t}.

ul, Acid Volatile Sulfide (AVS) analysis



HAEe MzieA2 AFHE HAE ARE oF 20gW = FHeto] o]2u
g5 ol gt dES AASY. 1Eln 10% A4 (H02)9F 01N

AF (HCDE #HEl= o], f71&3% ik (CaCOz<s &3] Al AsHA
t o] HAES UA] oluggEE  offeke] ZjRo] AHs 40

(0.0625mm) A= EA A (wet sieving)S 3t F 490t} & ZHA
Zbell thaf A = 110 Coll Al 24412 &< Axd = "7 (RoTap sieve
shaker)Z o]&3to] A2 A (dry sieving)S 3 §& 10 7t o= FA W
TES 7oA, 40R G 2 AlHAE JAbe] A = of 28 =0 H A
= g3l AFUdE 47| (Helos, Sympatec) = =23t o 7] A
HAE EFS U E Mz, 9% (Sorting), % (Skewness) 2 #H
= (Kurtosis)© FHIFEHE ol&sto] A Aelsion, H4%49 Eie=
Folk (1968)¢] "+ ol whgkt},

A}, Trace metal analysis

AG) A (@<63mE AAstel FhE HARS ARE AT Y
5% FEe7) A5l 1g9 BAAZY HAE ARE S0mL HIE )
.

&3stak (HNOsHF:HCIO=2:2:1)S o] &3] digestiond} 3} t}.
S kA E] FUAZL & 2% HNO; 84S AF8-3ko] 100mL= 48315
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PACS-2 (Marine Sediment)
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HAENA FFEHY AAAAE SPSS 13.0 EAZEZ WS AL}
o] B35 th (Chicago, IL, USA).
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m. 23 ¢ 13

1. 3 9429 94578 54

Frge dudorn HA% H4Re 9% PFE 048 e 9
179 ARwe 4%, AR e ags 5

g, H4& dxe] SAEHA T A=
of ¢&} W3} gttt (Berner, 1980). 53] Y HAES T4 AA 9
A71¢F F7, EFY Aol s, 18 A4 il T oE 7HA

ge wste 87 24 5ol oF Bg@ HA g os 949 B

ol

J{m

(Houston and Michell, 1969; Keller and Yincan, 1985; Booth et al., 1989).
Y EHE FAres FEE FR 292 HHEY FHEANA AR
g9 =24 steHa S dAke] dH S o)tk (Chi et al, 2006). &
T e AETY FEYEs e Ao

2, Ad A el F5 g e el vlaEy Ade] Raeds o
€ #t} (Yoon and Choi, 2006). ZAF A - A sh+&

= 39760% ®WeIEA St 6 F G HHOIHFF kel AT St22,
St25 LElal B9 ofF =7F AR @A 7E Abe] o] St 34, St.35, St.38 Al
QlatH 50%0)%e FrE&S Holw AR met & Aol HolA| &
gt (Fig. 2). dutA o=z HAzoA e »e7E 30770% =2 e
= Ao uus] 2 uf o] WY I HE= A= AdHTt (Joo et al,

[e:

2000).
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Fig. 2. Mean grain sizer and Water content of 44 surface sediment

samples station in' Gwangyang bay.

tA R o] W-sol s A FAFEr} (Lee et al, 2004). 3%

RS HAE T R (sand)e 0-11% (H i 084%), HE (silt)e HE
(clay)s= Z+7F 43-67% (8 55.87%), 32-56% (1 43.25%) WA= A

Est HEo] kol vis) Refo] ghaFo] v vtk

uebA, Mz 42 34E
Folk (1968)¢] &l weh A 2789 HAdoz ol Hom Stls
Silt2 71 YA APES BEF MudZ 73 A (Fig. 3). ®=3F 3
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YN E (positive skewed)2} 7Fst YA % (Strongly positive skewed)
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Fig. 4. Plots of Mean grain size versus sorting, skewness, kurtosis

of surface sediment in Gwangyang Bay.
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2 (Choi et al, 2003a), F%¥vt A= A

& 5
W QFSel A 2ol AZI7E hshsle] AP el Holt Ao Azt

2. 3% HHEY 7Vl FF R £X 54

TOC HE% St37 oA & FES Holal Stl oM =& =2 BY
th TN FE& St34elA 71 2o s55 Hefdla St3leA 7Y =2
FEE YEATh INS §78 A48 SFLE] A 4R AE] )
AE 9 AHAEdA fFllE e Aem] o]zlo] upehe] Hofx AHS o3t
Al71aL, oA 28l At gsfiedatEHel thAl FeoR gaHe RS
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o] &% 1 9t} (Yoon and Choi, 2006).
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o] FHbE ol WEFWMO St 349 St38 oA W FEEZ YEn L
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HAZ AHd HAE 55 F71E89] o] 2 Zo=m d#A Avt
(Cho et al,, 1994b; Cho and Park, 1998; Hyun et al., 2003a). Z2J1} A7
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Fig. 5. The/ concentration of Ignition loss, Total organic carbon and
total nitrogen in 44 surface sediment samples station in Gwangyang

Bay.

2007b). A+ A FeA COD+= 10.18-41.9 m

Oy/g.dry) M9l o, St.35014 7hd w2 ws YehlaL St 41914 7}
F ES FEE UEUAT =3 FA FgntY ZFHAECAA SAHE
COD X9 WeE W9+ 9.26-1963 mg/g dry &= it 1554 mg/g dry
(Lee et al, 2007) & ZAF H At o]= 2005 9do| A FH g CODF =l
Hla) =& sE2 vekEtth =3 7kt A Cho et al. (2007) o] A A&
COD F=W$ 7.68-24.34 mg Oy/gdrye} His %= 1520 mg Oy/g.dry ©l
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Alatstd Fgwtol ¥ w2 wE YEdT A5 A9 delA COD=
HIE$5 (St35, St.38, St.39), Bx= &3 (St 29, St.31, St.32), H:

A\

(St. 33, St34), =¥ SAZHEH "HojAd Qv HE F= (Stll, Stl9,

St.20, St22)e] dF AAS ALsta Ao FAEA HAE VA<
20 mg Oy/g.dry & Z3}3Ft}
1.2
7 AVS
401  —o—cop 7
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Fig. 6. The concentration of chemical oxygen demand and acid volatile

sulfide in each station in the surface sediment of Gwangyang bay.

B
T 93 n A Aot (Yoon and Choi, 2006). 3] 3}dt4 A48 -39

E%7F 20 mg Oyg.dry o14S Hoj7kA =W wj$ wE S22 43S
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A A 2T (Yoon, 2000). ol & WEMNE AVSE HAE

)
dte VFEom AF olgH I glow, 538 M Aot

7] W&o F23 318k X A|AE 7rFHr} (Yokoyama, 1995; 2000).
AVS (mg S/g-dry)+= 0.002-1.074mg S/g-dry (0.319 mg S/g-dry)<]
Helolw, St13, St12 A A $& vw=&5 Yehya, St23, St10, Stl
ARNA =2 w25 Ul =3 FHA 1 7Herke] A Cho et al.
(2007)°] AAISE AVS FX¥H9 003-530 mg S/g-dryet HitsxE 1.76
mg S/g-dry¥ BluetH- w9 EE FEE UEtdr A5 A ol A
JFAAFHY AR AA (St12, St13) e A3 RE HH
AR A B 7] %2020 mg S/g-dryE 23} d T
SE7F oA Al HE HH = e Ao Z2E s
ojmely] wife] AF FA}ANE Y FFS = Rk ofY
A AT dae & 7lFeidol At (Hyun et al, 2003b).
olg]g Fgrte HF HEE W f{7IE L9 VRS dotr Y] 93
TOC®] W3k TNY H] (C/N ratio)Z Fig. 7 o teRy 3l
= % C/N ratios #7188 SAR} 7S AAS = Aoz deA
A (Hyun et al, 2004). A<t slGelA HAE Ul F71&E9 T8 ¢
2 SAZTH Y9 =AY AdEs o A3 g W A
2 HALSE BEE 1Y fr1Ee A, 29a ¢l
of ARz FAFoEFEEH FEEH= AEUId /7l Tl Ad
(Romankevich, 1984; Lim and Hong, 1994; Choi et al., 2005). ©] wj 7]
E % C/N ratioZ} 10 o]43 A& f7]1E0] Qe SHoZHE EA
stru AAgHFE T3 FAEASES Yrletar, o] ¢k wE C/N ratio’t
5-108 =9 @<= 7Hd A5, a9
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LA F71E59S ongtt (Muller, 1977; Stein, 1991; Hyun et al.,, 2003b,
2004).
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Fig. 7. Relationship between TOC' versus TN in the surface

sediment in Gwangyang Bay.
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Table 1. Analytical results of metal in the SRM (PACS-2)

o Measured value Recovery
Element Certified value N
(Mean+ISD) (%)
Al (%) 6.62+0.32 6.60+0.16 99.7 3
Fe (%) 4.09+0.06 3.81+0.16 93.2 3
Mn (mg/kg) 440+19 426.+17 96.9 3
Zn (mg/kg) 364+23 376+10 103.2 3
Pb (mg/kg) 183+8 182£2 99.6 3
Cu (mg/kg) 310+12 297+2 96.0 3
Cr (mg/kg) 90.7+4.6 90.1+3.2 99.4 3
Ni (mg/kg) 39.5+2.3 41.7+0.99 105.6 3
As (mg/kg) 26.2+15 2% 13l .5 103.9 3
Cd (mg/kg) 211+0.15 2.03+0.06 96.4 3
Co (mg/kg) 11.5%0.3 11.0£0.4 96.0 3
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ATt Mno %+ 484-2584 mg/kg (Hir 1041 mg/kg) ¢ 5% HIY=R
et em, St 319] POSCO 9% A HAA 71 w2 T2 YEW
Mn¢} Cde] A t3tets Az &S == 202 Assd A &3
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(Fang and Hong, 1999).

T3t Zn, Pb, Cud % W= 7217} 956-192 mg/kg (1t 132+£18.6
mg/kg), 25.4-458 mg/kg (Hat 32.9£4:04 mg/kg), 16.2-35.3 mg/kg (Ht
22.7#4.11 mg/kg) °lth Zn9 FEE 08 FFHo] HUHE AHA
St. 1914 7+ =e FEES YeUa gles, P Cud %% Zn¥ 2
o] St. 114 7} =2 "8 =E YEtHAH Crel s 61.1-114 mg/kg
(Hit 79.8+10.7 mg/kg) © W= St. 6 A HeA 7V =2 FEE LE
Wi gdow Nig ki 2.04-27.0 mg/kg (H5-11.4+595 mg/kg) o=
FEFHol FYs= stlAFel VMg o Ase] $%= 534-164 mg/kg
(Hit 876+2.28 mg/kg)e] W= St4eF Stl A HelA 7HE =A YERS
o} Cdet Cool s%=% 77+ 0.053-0.36 mg/kg (Hir 0.12+0.05 mg/kg),
10.4-16.5 mg/kg (31 14.0£1.6 mg/kg)e]l WL Z St. 1A HNA 714 =

A YErstth Cu, Ph, Zn 5945 34wk o AA A »x S
HoFS u St 13 POSCO Y3 B Alojo A H|wEd =& Frdats

7EA Mgk Fde HAAL, Ni, As 55940 e FEH] FdHE St 1

A] 2 ol A

Hir

& FRE A

rr
0%
o
o
T
32
)

25



127.6 127.7 127.8

GWANGYANG GWANGYANG

GWANGYANG

(A) Al (%) > (C) Mn (mg/kg)

Yulchon @ 125 - 15| uiehon Yosu 9 - 5.5/| Yulchan ® 2059 - 2590
YOSU o 10 - 125 ® 44 -49 YOSU ¢ 1534 - 2059

® 75-10 ® 39 -44 ® 1009 - 1534

e 5-75 e 33 -39 e 4835 - 1009

GWANGYANG

GWANGYANG GWANGYANG

(D) Zn (mg/kg) (E) Pb (mg/kg) (F) Cu (mglkg)

® 170 - 192 @ 404 - 458|| Yulchon ® 205- 355
YOSU ¢ 145 170 YOSU o 354 - 404 YOsu ® 255 - 305
® 120 - 145 ® 304 - 354 ® 205 - 255
® 955120 e 254 - 304 e 155 - 205

26



12|7.6

12

7.8

GWANGYANG

(G) Cr (mglka)
@ 105 - 120
YOSU @ 905 - 105
® 755 - 90.5
® 605 - 755

Yulchon

Yulchon

GWANGYANG

(H) Ni (mg/kg)
® 21-28
® 14 -21
® 7-14
e 0-7

GWANGYANG

(¥) €d (mg/kg)
@ 0265 - 0.356
YOSU @® 0193 - 0.265
® 0123 - 0193
e 0053 - 0.123

Yulchon

Yulchon

GWANGYANG

(K) Co (mg/kg)

@® 151 to 16.6
® 134 to 15.1
® 119 to 13.4

* 104 to 11.9

Yulchon

GWANGYANG

YOSU

() As (mg/kg)

@® 135 - 175
® 108 - 135
® 805 - 10.8

r34.9

e 531 - 805

Fig. 8. Horizontal distributions of metal elements for Pb, Cd, Cr, Cu, Ni, Co, As, Zn, Fe, Al, Mn in the surface

sediments of the Gwangyang Bay.
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Table 2. Comparison of average metal concentration between
Gwangyang Bay and other polluted bays or areas in surface
sediment.

Metals(
Aren Mz %) Metals(mg/kg) Referenc
@) Al Fe Mn Zn Pb Cr Cu Ni As Cd Co €
Jinhae Kim- et
Bay - 8.7 - - 140 34 - 27 32 15 0.82 - al.
(2008a)
Gadeog Woo et
Channel 7.7 8.3 3.8 781 M 300 @ %L 34 - 0.79 - al.
(2007)
Suyeong Yang
Bay - - 2.5 114 125 j42 - 32~ 3BLF s 1.39 - and Kim,
(1994)
Jeon and
iist}é\gaesg - L )24 040 - 19 37 XV 19 cho,
2002
Masan Hwang
Bay 7.2 6.4 45 160321 NESENGEE 3o 7 11 1.4 - et al.
(2006)
Kim et
Ii";fj;fyg 12 5aChros. 3 30 BP0 14 /) 15 al
(2000)
Gwangyan Hyun et
Ba 7.1 6.2 3.3 812 36 28 IR WS WA - - 11 al
8 bay (2003b)
Gwangyan Cho et
¢ Bay - - - - 79 27 49 18 27 6.7 0.10 14 al.
(2007a)
Gwangyan This
8.0 9.3 4.5 1041 132 33 80 23 11 8.8 0.12 14.
g Bay study
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X
-0.405), Mn (0.415), Al (0.377) &%

2

7+

#AHAS 7FAE (Harman, 1967; Summmerhayes, 1972).

Ni (r

clay+

silt,

==
=

s ¥

-0.372, r=0.337)

-0.328, r=0.364), Al (r

-0.346), Mn (r

0.371, r=

(r=

s

Cd, Pb, Co, As, Zn, Fe 2} 0.500]%2]

-
1

B Cu
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., Cd< Pb, As, Zn ¢} 0.6°]739 Fa#AAE 71Xt Pb< Cr, Co, As,
Zn, Fe ¢ 050144 FAAAE 7FAH, Cre Co, Fe ¢ 0.590]74¢] &+
WAE 7P Ni Alg 05919 &9 dadAs 7Hdd. Co= As9t
0501739 AdaaAE 7HA AL, Zn, Fest 080149 & Z@aAE 7Hth
Asi Zn¥ 0650138 ZHdAAE 7HAM, Zne Fe ¢ 0.7017%2] a4
E 7FHth Fe2 Al 0.6°149 AaaAd Qo 3149 A (Siderophile
element) = <4# A Co, Ni 5 (Hyun et al, 2003) & ¥ =% A Co=

Fe ¢ 0.80]1%42 FuAAE 7HA= Aoz 49

AL
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Table. 3. Correlations (Pearson’s linear coefficient, r) between each heavy metals and Mz, silt, clay.

Mz silt clay Cu Cd Pb Cr Ni Mn Co As Zn Fe Al TOC | TN IL
Mz 1
, —.893(
silt 1
**)
.969(*|-.943(
clay 1
*) **)
-0.19
Cu 0.15 . 0.156 1
-0.13 —-0.09.620(*
Cd 0.115 1
5 8 *)
—-0.001.831(%|.639(%
Pb |-0.02]|-0.03 1
4 *) *)
-0.25 .393(*| —0.05|.507(*
Cr |0.227 0.239 1
1 *) 3 *)
~|—-.405(].371(*|-.346( 377(* -0.14
Ni 0.193 0.183 1
o) | ) ) 8
Mn |.415(x|—.328(|.364(*| 0.256|-0.12|0.112| 0.237|-0.20 1
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*) *) ) 7 7
-0.23 .815(x|.376(*|.746(%|.591 (* 4B5(*
Co |0.169 0.206 0.101 1
5 *) ) *) *) *)
-0.18 -0.12|.672(*|.805(*|.694(* 413(%| =0.08 |.526(*
As 0.154 0.162 1
2 9 *) *) *) *) 2 *)
-0.17 .944(x|.602(*|:866(*|.414(* .323(*|.867(*|.659(*
Zn | 012 0.143 0.142 1
8 *) *) *) *) ) *) *)
.B634(* 681(*|.634(*| —=0.25|.301 (x|.824(*|.444(*| .740(*
Fe |0.164|-0.22/0.203 0.21 1
*) *) *) 7 ) *) *) *)
.377(%|-.372(].337(* -0.19 361 (x|—.591(] .459(%|.472(*| —0.03 |.346(*|.652(*
Al 0.247 0.284 1
) *) ) 2 ) ) *) *) 3 ) *)
-0.25 .508(* .331(* -0.07 .804(x|.316(*|.511(x|.340(*
TOC | 0.247 0.245 0.186 0.008 0.276 0.219]| 1
4 *) ) 9 ) ) *) )
.469(*|—.455(].436(*|.493(%| —0.00 -0.26|.571(*].403(* 504(*| .371(%.443(x|.866(*
TN 0.2821.0.12 0.09 1
*) *x) *) *) 7 2 *) *) *) ) *) *)
-0.06 .584(%|.390(%|.315(* .323(%|486(*|.458(*%|.627(*|.385(* 614(*.562(*
IL |0.035 0.068 -0.2410.149 0.174
8 *) *) ) ) *) *) *) *) *) *)

o ABAFE 001 F2(FH)NA FoFuTh
v BBAFE 005 FE(FE)NA FFYT.
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7}. Adverse Biological Effects] %7}

HAE e A= 559 =7 FAAEAA vA= 9
doll thste] Long et al. (1995)¢F W= NOAA (199D)oll A A|A| gk H7} 7]
o we} Effect range-low (ERL)®} Effect range-median (ERM) &=
TRl Hrrete Wylolth ERLY SAA =24 AEAA o 10%2

P vAE FEel JEoln, ERME AM AR A o 50%¢] 5%
2 M F YE AZeln

Table 4. ERL and ERM guideline values of the trace metals (ppm,
dry wet) and percent incidence of biological effect concentration
ranges defined by the two values.

clement Guidelines Percent' (ratios) incidence of effects
ERL ERM <ERL ERL-ERM >ERM
Cu 34.0 270.0 94 29.1 83.7
Pb 46.7 218.0 8.0 35.8 90.2
Cr 81.0 370.0 2.9 21.1 95.0
Ni 20.9 51.6 19 16.7 16.9
As 8.2 70.0 5.0 11.1 63.0
Zn 150.0 410.0 6.1 47.0 69.8

*Long et al. 1995
xxNumbers of data entries within each concentration range in which

biological effects were observed divided by the total number of entries

within each range.
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=R 2w 1% HAEAA HHE9 % F% (Cu, Pb, Cr,
Ni, As, Zn)E A3 HEWA Cue St1& A¢sta ERLES WA &koew, Cd
I Pb & BT AHA ERLS WA Ut Cr2 St.6¥ St38d4 &+ 4o
™ Ni Stl, St3, St40S A¢lsla ERL7|+
CAse BT =31 Aolo] FgHo]l Fgwrew {9
Hie AFANA i =4 YEbsth Zne Stl, Std, St.27, St.29, St.37 A
Hold 7% ERLS W& Ao Yelgon dadoz ¥ &
Y¥ = A} POSCO ¥ @<, ofgntiegl B Alo] oA =A
LFERE
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Fig. 9. Distribution of Cu, Pb, Cr, N1, As, Zn in surface sediment sample
stations of the Gwangyang Bay (ppm, dry wet.). Lines mark the LEL

(ERL) and SEL (ERM) guideline values (NOAA, 1998; Long et al, 1995).
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o] gl Aoz ARG (Kim et al, 2008a). 3+ oj®l 417l H=FH3A
A A FSAE ddstr] M LAHA @R A4 E =
Aers 7leer Histets o] Hasdttt (Hyun et al, 2003b). &

T 3 (mean sediment value)E 7|22 A
F%5 A (enrichment factor)& AT (Forstner and Wittmann,

1981). Al 7lEd4a= & 4% s5Alas A (DI 2o xdsH, drt

_ MJAL (1)

ol (DAYA. EF= d4a M9 w547, Mt AEFe tdds 3
g A= AEFS AR, M= A#S9] o8 9 FF, Ale A4S
o] Algh=Foltt. o] AFUA AL =4 F 4 5L HEFEH =
Taylor and McLennan (1995)7} AAISE 4] HtsgEE o] &3t £
AFANAME= AlS A F 10y 54594 (Cu, Cd, Pb, Cr, Ni, Mn,
Co, As, Zn, Fe)oll tial zt7te] EFE AAlstATh.
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Table 5. Mean value of the enrichment factors (EF) for selected

metals in surface sediments of the Gwangyang bay.

Element Cu Cd Pb Cr Ni Mn Co As Zn Fe

Max. 1.68 429 271 315 1.60 345 196 1307 320 157
Min. 0.50 040 09 131 -0006 09 079 336 107 083
Average  0.81 110 147 2.03 0.53 150 124 526 166 1.13

H Cu9 2% Stl, St.3, St4, St.27 A Hel| A, Niel 49 St.1, St.2, St.3,
F QAT Cd, Pb, As, Zn, Fes =E&ste, F¢dol ZHves AA

StldlA =4 YEu= dde Bt

Table 6. Classification of EF value (Birth, 2003) of the metal elements

in the sediment.

EF range Designation of enrichment level
<1 no enrichment
1-3 minor enrichment
3-5 moderate enrichment
5-10 moderately severe enrichment
10-25 severe enrichment
25-50 very severe enrichment
>50 extremely severe enrichment
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Igeo = log B A5 (3)

21 ()l A Mz = AFAGY Mzeok w7 A9 MzHE YERAT ¢
MR o g F&9xo ujAd e AZA4EA HFEerE A& (Martin
Whitefield, 1983; Jeon and Cho, 2002), &< 3i® X oA <

d il
A9 GFL Y HA we AdY BE @ FL Y 2 Fre ¢4
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Table 7. Classification of geoaccumulation index (Muller, 1979) of the

metal elements in the sediment.

Igeo Igeo class Designation of sediment quality

>5 6 very strongly polluted

4-5 5 strongly/very strongly polluted

3-4 4 strongly polluted

2-3 3 Moderately/strongly polluted

1-2 2 Moderately polluted

0-1 1 practically unpolluted/moderately polluted

0 0 Practically unpolluted

2 AT e EFA A3 E 35 1071 &Y% (Cu, Cd, Pb, Cr,

Ni, Mn, Co, As, Zn, Fe) ol dtjsle] 4

Cr¥ Mn, Fes A3 OG22 aHU47F b8 Aol vls) FFH

A Ao A= Jgeo S UENH L
B on St 304 = FE ko]

NEZ N FHOR JEFE X %

ol
A glem HEGA guter U&Fg FEvt
Atk B AT AGeA FFu Yol

BFehel Lhehygleh
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Table 8. Number of each Igeo-class for the concentrations of 10

metal elements in the surface sediment of Gwangyang Bay.

Igeo class : Igeo

Cu Cd Pb Cr Ni Mn Co As /n Fe
6 1 0 0 0 0 0 0 0 0 0
5 43 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 13 0 0
2 0 1 0 1 0 4 0 31 0 0
1 0 4 35 43 0 16 14 0 40 4]
0 0 39 9 0 44 24 30 0 4 3

9ol Axp=E Ayrw Fkrke A 'Cdy Ph, Co, Zn, Fe2 tii#o A
HollA a5 & 5 (practically unpolluted/ moderately polluted)
A Ao F HER o, Nio| AfodaniEs dddA 295+ &2 A
2 (Practically unpolluted) “EFSETE SFAIRE Cde] 4% FFHo] FH
A St1olA Igeo class7F-2E BRI a1, Cr St.69] A Igeo class 7+
25 YehW Qo FEedH = (Moderately polluted) o2 YFEFLE
MnS St.21, St.30, St.31, St. 42)A] Igeo class 7} 25 vEhfo] BE9}
POSCO Atolé] a3t B MM 3t o e FFo= YELt &
3] Cuct As o 4% v& w559 Hlaf LdA=7F =4 detwth Cus
St.1el A Igeo class’7} 65 YERH 29 FFo] g AsA  (very
strongly polluted) Y EMstar, 1 99 & 2E A MM Igeo class’} 5%
AatA 2 d9¥ (strongly/ very strongly polluted) Ao & e} F5AA

Z CuZl FYidaAMaE 7Fg 2do] Ak He=z Yeyth Aste Igeo

s

class7} 2 (Moderately polluted), 3 (Moderately/ strongly polluted)< e}
Y glom FFHde] Fds= XY (St1-Std)F HE AMEZY} HEiFH

45



o Fojdol FAHE Aol hE Age] ws F o oA Y Ao

2 YERR T

46



48

.

v

o 5-

ghol

H] 3] sand<

g ol

=2 silte} caly 9

cE

=
o

B

e
AL

00
o

[e)
IT

?151_

H At

=

=

sjro e 719

5

st 50%°]7de] WC

4.3-9.4%, 0.7-2.0%, 0.09-0.24% H <]

[}
o - T

¥
o]
H

1

4

dHe Al
Z

[e]
R

1
=

7.23-8.850 W= Siltd HAHES Mz ®H9olt}
TN

39760% H ¢ = A

-
)
=

1

-

1

i Mz
o WC
Fqom, F71E9 C/NHl= Hi

3. H4 &= u COD¢ AVSE= 747t 10.18-41.9 mg 02/g.dry, 0.002-1.074mg

2. IL3} TOC

W
oy
%
A
o
,ﬂl

A

o] Fg¥= A

al

%
wll

%

S/g-dry B¢ deor = 3

o

oA

4

SERRI

M
M

p—

0

B
i)

e]
A%

Aow Ho|W Zn Pb, Cu9

POSCO¢ HX% Alole] 3

B

g

Ey_]__

%

7} 7ol w3

2

& BE AN 2

<)

5. 1l =Fe] NOAAoA A A

47



14 715

9]

2 9

J

S X
T

& A3, Pb, Cd

9]

E

_z_o

S
T

oA, Cr, Ni, Zn

)

x

d dAZ ZAE AL

b1 9

7}3

|

b

gH oz

o

4
il
o
Njo

i

N

o
o

Aes 2ARRE 23 Cu, Nig A9

A

A2k &

oA

I

A

ol A g h A

POSCO- % A 99 £

s

%

2 Hol =

o

_z_o

_O=
-

B & Cr, Mn

55A5E

S
T

A

il

15l A "I POSCO FH AFA &

oA

el

sk, %)

49

227}

ki3

—
fite)

o]
Gl

B

48



V. Z1%83

Berner, R.A., 1980. Early diagenesis—A theoretical approach. Princeton

University Press. 241 pp.

Birth, G., 2003. A scheme for assessing human impacts on coastal
aquatic environments using sediments In: Woodcoffe, C.D.,
FurnessR.A.(Eds.), Coastal GIS 2003. Wollongong University Papers

in Center for Maritme Policy, 14, Austrailia.

Booth, ].S., Winter, W.].,s Poppe, L.J., James Neiheisel, Dyer, R.S., 1989.
Geotechnical, ' geological, and selected Radionuclides retention
characteristics of the radioactive waste disposal site near the

Farallon Islands. Marine Geosources & Geotechnology, 8(2), 111-132

pDp.

Borg H. and Jonsson, P. 1996. Large-scale metal distribution in Baltic

Sea sediments. Marine Pollution Bulletin 32, 8-21 pp.
Calvert S.E. and Pedersen T.F., 1993. Geochemistry of recent oxic and
anoxic marine sediments: implications for the geololgical record.

Mar. Geol. 113, 67-83 pp.

Calvert, SE., 1976. The mineralogy and geochemistry of near—shore

49



sediments. In: Chemical Oceanography edited by Riley, J.P., R,
Chester, Academic Press, London, 6, 187-280 pp.

Chi, S.B.,, Lee, HB.,, Kim, J. U, Hyeong, K.S., Ko, Y.T. 2006. Mass
physical properies in deep-sea sediment from the clarion—Clipperton
Fracture Zone, Northeast Equatorial Pacific, The Korea society of

Economic and Environmental Geology, 39(6), 739-752 pp.

Cho, CR., Park, J.C, . You, Y.S.,, Cho, H.S. 2007a. Heavy metals and
PAHs in sediment of Gwangyang bay. Journal of the Korea Society
of Marine' Environment& safety, Fall. Conference 2007, 83-86.

Cho, H.S.,, Cho, CR., Kang, JH. Lee, KH., 2006. A Study on the
Seasonal Variation of Water Quality and Sediment Environment in
Gwangyang Bay, Korea, The Korean Society. of Marine

Environment-and- safety, Spring Conference 2006, 129-135 pp.

Cho, H.S.,, Cho, G.O. Park, JC., Kim, H.J., 2007b. Study of
Characteristics of Seasonal Fluctuation of water Quality and
Sediment Environment in Kamak Bay in 2007. The Korean Society

of Marine Environment and safety, Spring Conference 2008, 129-132

pDp.

Cho, H.S., Yu, Y.5. and Lee, K.H., 1994a. Characteristics of Seasonal

Fluctuation of water quality and sediment Environment in Kamak

50



Bay. Yosu Nat”l Fish. Uni., 3, 21-33 pp.

Cho, Y.G. and Park, K.Y. 1998. Heavy metals in surface sediments of
the Youngsan Estuary, west coast of Korea. Journal of the Korean

Environmental Sciences Society 7, 549-557 pp.

Cho, Y.G., Lee, CB. and Choi, M.S. 1994b. Characteristics of heavy
metal distribution in surface sediments from the south Sea of

Korea. Journal of the Korean Society of Oceanography 29, 338-356

pDp.

Cho, Y.G.,  Lee, CB. :Koh, CH., 2000. Heavy metals' in surface
sediments from Gwangyang Bay, south coast of Korea. The sea,

Journal of the Korean Society of oceanography 5(2), 131+ 140 pp.

Cho, Y.G., Ryu, S.0O..  Khu Y.K, Kim, J¥.,. 2001. Geochemical
Composition of surface sediments from -the Tidal Flat, West Coast
of Korea. The sea, Journal of the Korea Society of Oceanograpy,

6(1), 27-34 pp.

Choi, BK.,, Koh, D.C, Ha, K.C., Cheon, S.H. 2007. Effect of redox
processes and solubility equilibria on the behavior of dissolved Iron

and Manganese in groundwater from riverine Alluvial Aquifer. Econ.

Environ. Geol., 40(1), 29-45 pp.

51



Choi, D.L., Hyun, S.M., Lee, T.H. 2003a. Recent Geomorphological
Changes and late Quaternary Depositional Sequence of Gwangyang
Bay, southern coast of Korea. The Sea—Journal of the Korea

Society of Oceanography 8, 35-43.

Choi, J.w., Yu, O.H.,, Lee, W.]J. 2003b. The summer Spatial Distributional
Pattern of Macrobenthic Fauna in Gwangyang Bay, Southern Coast

of Korea. The Sea—Journal of the Korea Society of Oceanography,
8, 14-28 pp.

Choi, M.G., Moon H.B., Kim;+S.S., Park J.S., 2005. Evaluation of sewage
pollution by coprostanol in the sediments from Jinhae 'Bay, Korea.
Journal of the Korean Environmental Sciences Society, 8, 593-600

pDp.

Choi, M.S., Cho, SR.-and Lee. D.S. 1989. Chemical -composition and
sources of atmospheric particulates collected -on the West coast of

Korea. Journal of KAPRA 5, 72-83 pp.(in korean)

Choi, M.S., Chun, J.H., Woo, H.J. and Yi, H.I 1999. Change of heavy
metals and sediment facies in surface sediments of the Shihwa
Lake. Journal of the Korean Environmental Sciences Society 8,

993-600 pp.

Donazzolo R., Heike Merlin O., Menegazzo Vitturi L. and Pavon B,

52



1984. Heavy metal content and lithological properties of recent
sediments in the Northern Adriatic. Marine Pollution Bulletin 15,

93-101 pp.

Ergin, M. and Yoriik, R. 1990. Distribution and Texture of the bottom
sediments in semi-enclosed coastal inlet, the Izmit Bay from the

Eastern Sea of Marmara (Turkey). Estuarine, Coastal and Shelf

Science 30, 647-654 pp.

Fang, T.H. and “Hong, E.; 1999. Mechanis,ms influencing the spatial

distribrtion of trace metals in ‘surface sediments off the south

western, Taiwan. Marine Pollution Bulletin, 38. 1026-1037 pp.

Folk, R.L. 1968. Petrology of sedimentary Rock, Hemphill's, 1-170 pp.

Fostner, F. and. Wittman, R., 1981. Metal Pollution” in the aquatic

environment, Springer-Verlag, Berlin pp.

Friedman, G.M. and Sanders, J.E., 1978. Principles of sedimentology;
New York, John Wiley & Sons, 77 pp.

Furness, R'W., Rainbow, P.S., Eds., CRC Press. Florida. 27-66 pp.

Forstner, U. and Wittman, G.T., 1981. Metal Pollution in the Aquatic

environment, Springer—Verlag, Berlin, 4386 pp.

53



Goyer, R. A., 1996. Toxic effects of metals. In Amdur, M.O., Doull. ],
and Klaassen. C. D., Toxicology. 5th edition. pergamon press Inc.,

Newyork, 846-651 pp.

Harman, H.N., 1967. Modern Factor analysis. University Chicago Press,
2nd ed., 469 pp.

Horowitz, A.J. 1991. A Primer on Sediment-trace Element Chemistry.

Lewis Publishers, 1-136 pp.

Houston, W.N. and Mitchell, J.Ki1969) Property relationships in
sensitive clays. Journal of the soill Mechanics and 'Foundations

Division, v. 95, p. 1037-1062 pp.

Hwang, D.W} Jin, HG., Kim, S.S., Kim, ]J.D., Park, J.S. and Kim, S.G.
2006. Distribution of .Organic Matters and Metallic-Elements in the
Surface Sediments-of Masan Harbor, Korea. Journal of the Korean

Fisheries Society 39, 106-117 pp.

Hyun, S., Choi, J.W. and Choi, ].S., Lee, T. 2003a. Surface sediment
characteristics and benthic environments in the mouth of Jimhae

Bay, Korea. Journal of the Korean Fisheries Society, 36, 700-707 pp.

Hyun, S., Lee, T. Choi, ]S, Cho, DL. and Woo, H.J., 2003b.

Geochemical Characteristics and heavy metal pollutions in the

54



surface sediments of Gwangyang and Yeosu Bay, south coast of

Korea. Journal of the Korean Society oceanography, 8, 380-391 pp.

Hyun, S., Paeng W.H., and Lee, T. 2004. Charicteristics of surficial
sediment and benthic environments based on geochemical data in

Gwangyang Bay, Korea. Journal of the Korean Environmental

Biological, 22, 93-102 pp.

Hyun, S.m., Lee, CH:. Lee, T.h., Choi, J.W._ 2007. Anthropogenic
contributions -to- heavy metal distributions in the surface sediments

of Masan Bay, Korea. Marine Pollution Bulletin 54, 1031-1071 pp.

Hyun, S.M. Lee, T.H.,Choi, J.S., Choi, D.L., Woo, H.J., 2003. Geochemical
Characteristics and heavymetal Pollutions in the surface sediments
of Gwangyang and Yeosu Bay, south coast of Korea. journal of the

Korean Society of oceanography, v. 4, 380-391 pp.

Irabien, M.]. and Velasco, F. 1999. Heavy metals in Oka Rive sediments
(Urdaibai National Biosphere Reserve, Northern Spain): Lithogenic

and anthropogenic effects. Environmental Geology 37, 54-63 pp.

Jeon, S.G., Cho, Y.G., 2002. Some heavy metal concentration of surface

sediments from the south western coast of Korea. Journal of the

Korean Environmental Sciences Society, 11, 1299-1305 pp.

55



Joo, H.S., Park, JC., Kim, J, Lee, W.B., Lee, SW., 2000.
Physicochemical composition and heavy metal contents on the

sediment of Kwangyang Bay. Korean journal Limnol., 33(1).

Jung, M.S., Jung, MH. Lee, JH. Kim, Y.G. 2003. Environment
Chemistry. 2th edition, Sin Gwang Mun Hwa Sa, 521-578 pp.

Jureti¢, 1., Odzak, N., Avonari¢, T. and Bari¢, A. 1992. Cadmium,
Chromium, lead and manganese content in—sediment of the Gruz
BayRapports et proce \ acute \ s—Verbaux des Re \ acute \ unions
Communission Internationale Pour® L\ rsquo \ exploration Scientifique

de la Mer Me \ acute \ diterrane \ acute \ e 33-73 pp.

Kang, C.K., Lee, P.Y., Park, J.S. and Kim, P.J. 1993. On the distribution
of organic matter in the nearshore surface sediment of Korea.
Bulletin Journal eof the Korean Fisheries Society, 26(6), 557-566 pp.

Keller, G.H. and Yincan, Y., 1985. Geotechnical properties of surface and
near-surface deposits in the East China Sea. Continental Shelf

Research, v. 4, p. 159-174 pp.

Kennish, M.]., 1992. Ecology of Estuaries: Anthropogenic Effects. CRC

Press, Inc., Boca Raton, FL, 494 pp.

Kim, J.H., Park, M.H., Ryu, B.J., Lee, Y.]J., Oh, J.H., Cheong, T.J., and

56



Chang, H.W., 2007. Origin of organic Matter and Geochemical
Variation of Upper Quaternary sediments from the Ulleung Basin.

Economic Environmental Geological, 40(5), 605-622 pp.

Kim, K.T.,, Kim, E.S., Cho, S.R., Kahang, S.H., Kim, J.K. and Park, J.K,,
2008a. The Distribution of Heavy Metals in the Surface Waters and
Sediments of Gaduk Channel in Jinhae Bay, Korea. Journal of the

Korea Society of Marine Environment& safety, 14(2), 95-103 pp.

Kim, K.T., Kim, ‘E.S., Cho, S.R., Park, J.K., 2008b. Distribution of TOC
and metals in the metals in the surface sediments' of the Lake
Shihwa, The Korean Society of Marine Environment  and safety,

Spring Conference, 159-164 pp.

Kim, KH., Cho, JH. Park, N.]J., 2000. Distributions and Pollution
History of Heavy metals in Nakdong Estuary Sediments. The sea,

Journal of the Korea Seociety of Oceanography; 5(4), 285-294 pp.

Kim, Y.H., Chang, D.S.,, and Park, Y.C. 2001. Preliminary Survey of
Age and Growth of the short-necked Clam, Paphia undalata(Born),

in Kwangyang Bay, Korea. Korean Journal of Malacology 17, 7-12

pDp.

Korea Ocean Research & Development Institute, 2002. The southern sea

environment pollution management model research of the special

57



management the sea area(l) focus on Gwangyang bay, 485 pp.

Lee, MK, W. Bae, LK. Um and H.S. Jung. 2004. Characteristics of
heavy metal distribution in sediments of Youngil Bay, Korea. ]J.

Kor. Soc. Environ. Eng., 26, 543-551 pp.

Lee, Y.G.,, Hwang, JY. Jung, KK. Chor JM., 1996. Sedimentary
Environment Change in Kwangyang Bay and Yosu Sound. Journal

of the Korean earth Science Society, 17(5), 407-416 pp.

Lee, Y.S.,, Kang, C.K., Choi~Y.K. Iee, S.Y. 2007. Origin and spatial
distribution of organic matter at Gwangyang Bay in the Fall

Journal of the Korean Society of oceanography, 12(1), 1-8 pp.

Li, X.D.,, Wai, OOW.H., Li, Y.S., Coles, B.].,, Ramsey, M.H., Thornton, I.
2000. Heavy- metal- distribution in sediment profiles of the Pearl

River estuary, South China. Applied Geochemistry 15, 567-581 pp.

Lim, H.S. and Hong, J.S. 1994. Ecology of the macrozoobenthos in
Chinhae Bay, Korea. 1. Benthic environment. Journal of the Korean

Fisheries Society, 27, 200-214 pp..

Long, E.R., Macdonaldo, D.D., Smith, S.L., Calder, F.D., 1995. Incidence

of adverse biological effects within ranges of chemical concentration

in marine and estuarine sediments, Environmental Management, 19,

58



81-97 pp.

Luoma, S.N., 1990. Processes affecting metal concentrations in estuary
and coastal marine sediments, in Heavy Metals in Marine
Environment, Furness, R.W., Rainbow, P.S., Eds, CRC Press.
Florida. 27-66 pp.

Martin, J.M. and Meybeck, M. 1979. Elemental mass balance of

material carried by-minor world rivers. Mar.-Chem., 7, 173-206 pp.

Martin, J.M.,,  and Whitefield; M., 1983.. The significance, of the river
input of chemical elements to the ocean .In: Trace metals in Sea
water edited by Wong, C.S., Boyle, E.A., Bruland, K.W., Burton,
J.D., Goldberg, E.D., Newyork: Plenum, 265-298 pp.

Michael, C.N. and Mecintosh, A.W., 1991. Metal ecotoxicology. Lewis
Publishers. 33-64 pp.

Ministry of Maritime Affairs and Fisheries, 2004. Environment

management sea area environment improvement investigation(I),

639 pp.

Morford J.L., Russel A.D. and Emerson S. 2001. Trace metal evidence

for changes in the redox environment associated with the transition

from terrigenous caly to dia tomaceous sediment, Saanich Inlet,

59



BC. Mar. Geol. 174, 355-369pp.

Muller, G, 1979. Schwernetalle in den sedimenten des

Rheins—Verderyngen Seit. Umxchau, 79, 778-783 pp.

Muller, P.J., 1977. C/N ratio in Pacific deep sea sediments: effect of
inorganic ammonium and organic nitrogen compounds sorbed by

clays. Geochim. Cosmochim Acta, 41, 765-776 pp.

NOAA, 1991. The potential for biological effects of- sediment-sorbed
contaminants tested in.-the national status "and trends program

(edited by Long, ER., Morgan, L.GG.), 8 60 pp.

Noh, LH., Yoon, Y.H.,, Kim, D.I., Park, J.S., 2006a. The spatio-temporal
distribution of organic matter on the surface sediment .and its origin
in Gamak Bay, -Korea. Journal of the Korean. Society for Marine

Environmental Engineering, 9, 1-13 pp.

Noh, IH. Yoon, Y.H., Park, JS., Soh, HY. Kim, DI, 2006b.
Spatio—temporal distributions of organic matter in surface sediment
in the central part of the south sea, Korea. Journal of the Korean

Society for Marine Environmental Engineering, 9, 203-215 pp.

Qu, CH., Chen, C.Z., Yang, JR., Wang, L.Z., Lu Y.L. 1993

Geochemistry of dissolved and particulate elements in the major

60



rivers of China (The Huanghe, Changjiang, and Zhunjiang rivers).
Estuaries and Coasts, 16, 475-487 pp.

Romankevich, E.A. (1984). Geochemistry of Organic Matter in the ocean

. Springer Verlag, Berlin Germany, 111-150 pp.

Rubén villares, Xoan puente and Alejo carballeira, 2003. Heavy metals

in sandy sediments of the rias baixas(NW Spain). Environmental

Monitoring and Assessment 83, 129-144 pp.

Ruiz-Fernandez, A.C., Hillaire=Marcel, €., Ghaleb, B., Soto-Jiménez, M.,

Paez-Osuna, F. 2002. Recent sedimentary history of anthropogenic
impacts on the Culiacan River Estuary, northwestern Mexico:

geochemical ‘evidence from | organic matteryr and nutrients.

Environmental Pollution 118, 365-377 pp.

Sahu, K.C., Bhosale, U., 1991. Heavy metal pollution around the island
city of Bombay, India. Part I: quantificatin of heavy metal Pollution

of aquatic sediments and recognition of environmental discriminants.

Chemical Geology, 91, 263-283 pp.

Salomons, W., and Forstner, U, 1984. Metals in the hydrolocycle.

Springer, Berlin.

Schiff, K.C., Weisberg, S.B., 1999. Iron as a reference element for

61



determining trace metal enrichment in southern California coastal

shelf sediments. Marine Environmental Research 48, 161-176 pp.

Schropp, S.J., Lewis, F.G., Windom, H.L. Ryan, J.D., Calder, F.D,
Burney, L.C., 1990. Interpretation of metalsconcentrations in
estuarine sediments of Florida using aluminium as a reference

element. estuaries, 13, 227-235 pp.

Seoul National University, 1997. The coast benthic environment health

assessment technology, 557 pp.

Stein, R. 1991. Accumulation of Organic Carbon in‘Marine sediments.

Springer Verlag, Berlin, 1-217 pp.

Summerhayes, C.P., 1972. Geochemistry of continental margin sediments

from northwest Africa. Chemical Geology, 10,7137-156 pp.
Szefer, P., Glasby, G.P., Pempkowiak, ]J., Kaliszan, R., 1995. Extraction
studies of heavy-metal pollutants in surficial sediments from the

southern Baltic Sea off Poland. Chemical Geology 120, 111-126 pp.

Taylor, S.R. and McLennan, S.M., 1995. The geochemical evolution of

the continental crust. Review of Geophysics., 33(2), 241-265 pp.

Thuy, H.T.T. Tobschall, H.J., An, P.V. 2000. Distribution of heavy

62



metals in urban soils - a case study of Danang-Hoian Area

(Vietnam). Environmental Geology 39, 603-610 pp.

Ujevi¢, 1., Odzak, N. and Bari¢, A., 1998. Relationship between Mn, Cr,
Pb and Cd concentrations, granulometric composition and organic
matter content in the marine sediments from a contaminated coastal

area. Fresenius Environmental Bulletin 7, 183-189 pp.

Um, LK., Lim, D.I., Lee, MK. Jeon, SK. Jung H.S. 2003. Spatial
Variability and - contents of metals in the surficial sediments of

Youngil Bay, East Coast of Korea. Journal of the Korean earth
Science Society, 24(5), 477-490 pp.

Woo, H.J., Cho, J.H., Choi, J.U., 2007. Characteristics of Heavy Metals
and Benthic Foraminifera. on Srface sediments in Masan Bay and

Gadeog Channel; Korea. Ocean jand Polar Research, 29(3), 233-244

pDp.

Yang, H.S., Kim, S.S., 1994. Pollution of Heavy Metals and
Sedimentation Rate in the Sediments of Suyeong Bay, Pusan.

Journal of the Korean Fisheries Society, 27(5), 643-658 pp.

Yokoyama, H., 1995. Macrobenthic assemblages in Omura Bay-1.
Community parameters versus bottom enviromental factors. Bull.

Natl. Res. Inst. Aquacult. 24, 43-53 pp. (in Japanese with English

63



abstract).

Yokoyama, H., 2000. Enviromental quality criteria for aquaculture farms
In Japanese coastal area — a new policy and its potential problems-.
Bul. Natl. Res. Inst. Aquacult. 29, 123-134 pp. (in Japanese with

English abstract).

Yoon, H.S. and Choi, S.D., 2006. Environmrntal Characteristics of
Natural Habitat of Protothaca jedoensis in. Gamak Bay, Korea,

Journal of Agquaculture, 19(1), 7-13 pp.

Yoon, Y.H.,/2000. A study on the distributional characteristic of organic
matters on the surface sediments and its origin in Keogeum-sudo,
Southern Part of Korean Peninsula. Journal of the Korean

Environmental Sciences Society, 9, 137-144 pp.

Zakrzewski, S. F., 1997. ‘Principles of " environmental toxicology. 2th

edition, American Chemical Society, Washington, DC. 416 pp.

64



	Ⅰ. 서론
	Ⅱ. 재료 및 방법
	1. 연구지역
	2. 시료 채취 및 분석 방법
	가. Sediment sampling
	나. Chemical Oxygen demand (COD) anaysis of Sediment
	다. Analysis of the Water Content (WC) and the Ignition Loss (IL)
	라. Total Organic Carbon (TOC) and Total Nitrogen (TN) analysis
	마. Acid Volatile Sulfide (AVS) analysis
	바. Mean grain size (Mz) analysis
	사. Trace metal analysis
	아. Statiscal analysis of contamination


	Ⅲ. 결과 및 고찰
	1. 표층 퇴적물의 퇴적학적 특성
	2. 표층 퇴적물의 유기물 함량 및 분포 특성
	3. 표층 퇴적물의 금속원소 함량 및 분포 특성
	가. 표준물질 분석 신뢰성
	나. 표층퇴적물의 금속원소 함량

	4. 퇴적물의 입도와 유기물, 중금속의 관계
	5. 표층 퇴적물 내 금속원소의 오염평가
	가. Adverse Biological Effects의 평가
	나. enrichment factor (EF)의 평가
	다. Igeo의 평가


	Ⅳ. 결론
	Ⅴ. 참고문헌


