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Distribution of Organic Matters and Metallic Elements
in the Surface Sediments of Masan Harbor, Korea
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NFRDI, Busan 619-902, Korea

We measured the concentrations of organic matter and metallic elements (Al, Fe, Cr, Mn, Ni, Cu, Zn,
As, Cd, Pb and Hg) in the surface sediments of Masan Harbor (in the southern sea, Korea) to evaluate
the geochemical characters of sediment and the pollutions by organic matter and metallic elements. The
mean grain size of the surface sediments in the study area ranged from 5.6 to 7.8, indicating silt
sediment. The water content of the surface sediments exceeded 60% except at some stations. The contents
of ignition loss (IL), total organic carbon (TOC) and total nitrogen (TN) ranged from 7.2-14.3%, 1.2-3.2%,
and 0.10-0.28%, respectively. Based on the C/N ratios, the organic matter in the surface sediments of Masan
Harbor may originate from terrigenous sources including fluvial inputs (mainly sewage in urban areas).
The chemical oxygen demand (COD) and acid volatile sulfide (AVS) ranged from 11.3-29.9 mgO,/g-dry
and 0.20-4.47 mgS/g-dry, respectively, and low concentrations were observed near a shipping route. In
addition, the concentrations of metallic elements showed large spatial variations in Masan Harbor and the
distributions of metallic elements were also comparable to those of organic matter. This implies that the
distributions of organic matter and metallic elements in the surface sediments of Masan Harbor are mainly
controlled by biogenic matter and artificial action (mainly dredging). In addition, we calculated the enrichment
factor (EF) and geoaccumulation index (Igeo) in order to evaluate pollution by metallic elements. The
enrichment of metallic elements relative to Al was three to eighteen times higher at the study sites, compared
to levels in the Earth’s crust except for Fe, Ni and Mn. In addition, the Igeo class indicated that the
surface sediments in the study area were moderately to strongly polluted in terms of metallic elements.
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Fig. 4. The concentrations of ignition loss, total organic carbon, and total nitrogen in each station in the surface sediment

of Masan Harbor.
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Fig. 5. The concentrations of chemical oxygen demand and acid volatile sulfide in each station in the surface sediment
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P HEoE 25 HA FUske AES YETh &
H, o] ATl v BF BHE T 55 Ji«l B %
= ojHel] mit F9 S HAES SAHE F5Y4LTFE
(Lee and Lee, 1983; Kang and Lee, 1996; Jin et al., 2000)2.t}
A2 FAY BT o2 1990-1994 % 0] whakaiy)
LA E] HF3E sl o] FoR it F49 AH=E
HHEZ 24949 Tl gi Yolx Ao 2 Fudc)
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o] F&U49 FgFol FR3A AL JSS AALE
olo| we}, AFAGY EHET F5Uadd Uigh %ﬂ%«l
FIS AHET] A3 F1EF Aol & FEHEYAE(Cu,
Zn, Cd)T TOCSHY] BA S Fig. 80 JERN YT Yk o=z

EHE% o5 24940 AL HAZ ) olFolxE 2]
2
e

31

3

O
x:

¢

_I
d

¢

o
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At} Fig. 8014 B vlel Zo] A3xHe) HAHE W Cy,
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ol 4 &) Hg E3 TOCSH 313 oo} ABAAIE e}
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B #EAo] gle 559452 A5 UAEHA g2
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a Z]‘EH F5o tig 299 XE®
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2 AME-FETHChoi et al,, 1999; Lee et al., 2004). ©] Eﬁ 3
Bl F5A49) LABME T2 EHNE F5UL9 BE
£ 0A5A e A FAAY FE} viwehe ¥
Hol] F2 o]&-Hw 1 WY S 2= Enrichment Factor (EF),
Geoaccumulation index (Igeo), Concentration enrichment ratio,
Metal pollution index T THFE o] Sk o] AFoxe
HEE W 25949 299 A=E setstr] 98 EFet
IgeoE ©] &3ttt 9A, EFE S E HHEF Al
7} 54949 FLb][(Me/Al)observed] S A ZHEE F Ald]l
3 4 FE&A4 0 HFE S8 [(Me/Alcrust] 2 UFo] &

S T3, o]F Hog Yehy oS3} ZthEq. 1).
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o] AFoMe A B4 F A g Z F5UAY Ha
FovlE A A AAdFEAGe] HHEFT A4dare HE
& % (Taylor and McLennan, 1995)% ©|-83l%t} $9] 2loA
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+g guign) sl B 542 F 2 49 249
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e, Nig A9 BE S59452 FF &2 120 £
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A2 B gEch oF 36y OV& =

FTEH e AoE Yyt

EFS} §H d7AYge) % HHEF F&5Y9x

Table 1. The average concentration of metallic elements in coastal surface sediment around Korea

Mz Metals (%)

Metals (mg/kg)

Region

Reference

(D) Al Fe Mh Zn Pb Cr Cu Ni As Cd Hg
Youngil Bay 3.8 6.0 24 - 202 36 29 49 - - 1.5 - Lee et al. (2005)
Gwangyang Bay 71 62 33 812 8 28 51 18 24 - 02 - Hyun et al. (2003)
Saemangeum 4.4 6.6 2.7 535 43 24 49 12 21 - - - Cho et al. (2001)
Shihwa 79 7.3 36 504 272 54 142 210 49 - 1.7 - Choi et al. (1999)
Hampyong Bay - 6.1 2.2 321 45 20 34 12 15 - - - Youn et al. (1999)
Southwest Coast - - 2.8 480 86 33 67 19 37 - - - Jeon and Cho (2002)
Jinhae Bay - - 3.6 386 128 37 59 30 27 - - - Lee and Lee (1983)
South Sea 52 5.1 25 409 62 27 53 11 26 - - - Cho et al. (1994)
Masan Harbor 7.2 6.4 4.5 716 321 74 79 73 17 1 1.4 0.14 This Study
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Fig. 8. Plots of TOC versus Cu, Zn, Cd, and Hg in the surface sediment of Masan Harbor.

Table 2. Ratios of metallic elements to Al in the surface sediment of Masan Harbor and in earth crust with the Taylor

and McLennan (1995)

Metal / Al Metals / Al x 1000 Metals / Al x 10000

Fe /Al Mn/Al  Zn/Al  Pb/Al  Cu/Al Cr/Ai Ni/Al  As/Al Cd /Al Hg/Al

Masan Harbor 0.71 11.31 5.07 1.16 1.17 1.25 0.28 0.16 0.216 0.023
Earth's curst 0.44 7.46 0.88 0.25 0.31 0.44 0.25 0.02 0.012 0.010
EF* 1.64 1.52 575 4.67 3.75 2.88 1.13 8.81 17.701 2.269

*EF: Enrichment Factor.
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17t AR EFE Folx)7] Wil 2 oo MzE 183
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371 Sth(Lee et al., 2004).
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Table 3. Classification of geoaccumulation index (Muller, 1979) and the number of each Igeo-class for the concentrations
of ten metallic elements in the surface sediment of Masan Harbor

Igeo Igeo Class Designation of sediment quality

Igeo

Fe Mn Zn Pb Cu Cr Ni As Cd Hg

>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

0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 14 0
0 0 3 0 0 0 0 14 5 0
0 0 17 17 12 1 0 8 1 2
0 1 2 5 8 21 0 0 1 1
2 21 0 0 2 0 22 0 0 9

B o
o714, Cn & 4% F45949 FEE, Bnd 25949

v} gk (background or reference)gt-s, 2831 Mze IR 42l
Mz$} HFA H 9] Mz9] HlE YEldTh dubdo s F494
o e Adoly A7HEAY HaFEE AREEY
(Martin and Whitefield, 1983; Jeon and Cho, 2002), Wj &%
g ATA Gl LFde] ATFS I A ve A
TG S M e wre S AEE e ASE AT
(Sahu and Bhosale, 1991; Hyun et al,, 2003b). wh&}A], o] @3t
A& EFAA 9 w27t AE A AAl AQE5-AY 9] HAE
ZF 2k 949 {5 E(Taylor and McLennan, 1995)% vF&gk
° 2 AR, AT AW Mz9] ¥ A Mzo] B
S 7] A 2 AAEE 63 um o|EY] HAHE AAE
Tt F45949 TR B3RV WA A&
ol g3t S PAFE A FH T

e} 4 (2)0ll M, Igeoqh- 1 gholl Wl 75308 TR
W(Jeon and Cho, 2002; Hyun et al., 2003b; Lee et al., 2004),
o] & Table 30 EAISATE o] AFA & EFollA &4HE
Z 10709 Aol st 42t Igeod AlAFHSIIUTE Fe, Mn,
Nie Igeo class7} 002 A7AER] vlitelo] L A=A g
Z=Z(Practically unpolluted)?l Z o2 yelgdt} £33 Cra
Hg2 o7 Igeo class7} 03 10] FFE o] Qo] o7t 9. g5
AAY LGHA & 4F (Practically unpolluted/ moderately
polluted)?) A2 Vepsgtth ey, zn, Pb, Cud} 2% o2
¥ Igeo class7} 20 FAFH A ekt 2 FH 5 (Moderately
polluted)© 2 E}F O™ 53], As®} Cd9] -9 HHE Igeo
class7} Z}Z} 3 (Moderately/strongly polluted)®} 4 (Strongly
polluted)ell FFHAL, o] H-2 AFA A Ast
Cd7} & F&5d4d vg) 4t g5 de A=
vebgoh &3k gREY A4S oA L2 Igeo #S
vehd AL vk 529] 3k QT F(Sts. 1-3)3 T
ZJR Ax AZEe BIZ(st 20001000 e [geodt S
e A9 5 FU %9 = RISt 7, St 10
8 a st 21)°)Ack

Ao Z v 5 EAHEL Siltd} Clay®] el vl
8| Sande] ol wi-¢- i, Mz Silt HHE9] Mz?l 5.67.8

0 WA HAES WCE 43-73% H2A, FZRZY
URAFHE AYstAH 60% 0739 ¥ WCE Bt ILH
TOC 2 TN #3Fe 74z} 7.2-14.3%, 1.2-3.2%, 0.10-0.28%
HeHdow, F7159 ON vl dEE 10 ool o=
ATAGN EF HAHEY f7l1E0] AT 42 REH 7
3 AYS ou)git). - E U copst AvSE 717} 11.3-29.9
mg Oy/g-dry9} 0.20-4.47 mg S/g-dry P Hom, A= =
FHFH oA thh Fe B2 WAt BFES F&EYLY
S5 8 A wEE Rgon dAz g A
U W5 §7)8 FFo] & XA Hud 58 TS
BEnt ol niite B3 HAE Ul f71EH 35949
TEEIVL 2 A EZolY 9480 8l oA
ZAEE 9uidt) 3, HAYEST FE5UAL 049 S A
Aoz Hrtsty] 8l FEA T FIAATE AL AR,
Fe$} Ni, Mns A|9)3 & F4U4E0] AW BT =R
o} 3184 A% FEHO 3, ATl A v QLHE
o AAY A L85 v Aoz Jelydth mebA,
A @ AE|H B e Bt AAIZ Q) #ErF Hass,
ol HEIME RV F5ULEY L9HE € LEFE
< Teslr] Y% AEAQ] ZUEH T HHE WA A
ZZo) 3 Bo} ZEZH gQld] th3t A3t a7dt
Al Al

o] dFE FHFAAFAENGLARHNHE =4 -
BAAA T2, RP-06-ME-007)8] Ao ¢l 3= %UH
Si=3
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