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Abstract

The aim of this study was to investigate the accumulation of metallic elements and the control effect of marine pollution
caused by ocean dumping in the sediments at a waste disposal area in the Yellow Sea. In July 2009, concentrations of organic
matter and metallic elements (Al, Fe, As, Cd, Cr, Co, Hg, Ni, Mn, Pb, and Zn) were measured in surface sediments at the site.
The ignition loss (IL) in the surface sediments showed a mean value of 15.4%, about 1.5 times higher than the mean value of
the sediments in the coastal areas of Korea. The chemical oxygen demand (COD) at some disposal sites exceeded 20 mg
O,/g-dry, which signifies the initial concentration of marine sediment pollutants in Japan. The disposal sites contain higher
concentrations of Cr, Cu and Zn than the sediments of bays and estuaries that might be contaminated. The magnitude of both
metal enrichment factors (EF) and adverse biological effects suggest that pollution with Cr and Ni occurred due to the
dumping of waste in the study area. In addition, the geoaccumulation index (Igeo) showed that the surface sediments were
moderately contaminated. By the mid-2000s, when the amount of waste dumped at this site was the highest, the concentration
of metallic elements was higher than ever recorded. On the other hand, in 2008-09, the need for environmental management
was relatively low compare with the peak. As a result, the quality of marine sediment has been enhanced, considering the
effect of waste reduction and natural dilution in the disposal area.
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Fig. 1. Study area and location of sampling sites (filled circles)
in 2009. Cross, filled triangle, and filled circle
indicate restoration site, reference sites, and dumping
sites, respectively.
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Table 1. The average concentration of metallic elements in coastal surface sediment of Korea

. Metals (%) Metals (mg/kg)
Region - Reference
Al Fe As Cd Cr Co Cu Hg Ni Mn Pb Zn
Youngsan Cho and Park
River Estuary 83 4.1 02 77 13 23 37 673 28 96 (1998)
Hampyeong Youn et al.
Bay 61 22 4 7 12 15 321 20 45 (1999)
Kim et al.
Saemanguem 7.1 2.7 47 21 610 26 85 (2003)
Shihwa Choi et al.
(outer part) 69 32 79 05 81 14 55 33 494 29 122 (1999)
. Lee et al.
Kyounggi Bay 62 24 70 14 25 25 532 92 (1998)
Cho et al.
Yellow Sea 58 22 37 7 9 17 360 22 40 (1993)
West Ocean 58 32 61 02 71 13 24 0026 31 312 25 92 This study
Dumping Area
0.20 ngke(B# 0.15 ngke), 123 vl(As)9] T A O 2 B A O] F4UL FUREL B2
2 2.6~8.0 mgkg(B+t 5.3 mekg) WLIE LrEbHct of =79} e T 2715948, A
(Fig. 3). 32410l LRI AL Hg, Cd& AOIdE 29 53k 22 2do] 3] A=, 53] 3494
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shego] 7}2k2.5u, 26l 139 A Uehth Sale]
eyl Hla) Cr, Cu, Ni, Zn& 2u] 38 gh8 W L,
A} slpelat ko] HAE S49h Felhe

Mn-& A QJSFaL FARE - LrERHtH(Table 1).

ok

O] 52 HA = AHE LTS, f7lE0] Hol A4
Y4E 5=5)7] 4t Adriano, 1986; Cho 5, 2001;
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Siz0] gt Qmole] RS ol 471 ¢l
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(Cho, 1994), 621681 Tl L] QFCK Table

2). % HAR ) F490E 25k Fa0lo] UE

Table 2. Correlation matrix of sediment environmental variables from the sampling site

Item Al As Cd Co Cr Cu Fe Hg Mn Ni Pb Zn
Al 1

As 31 1

Cd .10 .68* 1

Co 13 .92 .64 1

Cr -21 .62 .58 .84 1

Cu -15 .65 52 88*k 9T** 1

Fe 15 .85 .58 O8%k g8¥* 93k 1

Hg .01 24 32 .50 ik 3% .62 1

Mn .39 46 15 .63 49 .60 2% 49 1

Ni .00 .82k .60 O7*k 93%x  9p*kE g .64 .62 1

Pb 35 23 -.02 46 51 .58 .61 .56 90%* 52 1

Zn .06 76* 48 Q4% gl¥x gk Rk .63 5% 97** .68* 1

“P<0.01, "P<0.05
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Fig. 4. Relationship between Enrichment Factors(EF) and Adverse Effect Index(AEI) in surface sediments.
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Table 3. Classment of geoaccumulation index(Muller, 1979) and the number of Is-class for the concentrations of metalic

elements in surface sediments

Tgeo Igeo-Class Designation of sediment quality

Igeo

Fe As Cd Cr Co Cu Hg Ni Mn Pb Zn

>5 6 Very strongly polluted

4-5 5 Strong/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

o 0 0 o0 o o0 o0 o0 o0 o0 O
o 0 0 0 o o0 o o0 o0 0 O
o 0 0 0 o o o o0 o0 0 O
o 7 0 0 o o0 o0 o0 o0 0 O
0 1 2 6 o o0 o0 o0 o0 o0 O
5 1 5 3 8 5 0 8 0 9 8
4 0 2 0 1 4 9 1 9 0 1
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Table 4. Comparison of metal concentration in disposal site and reference site in the Yellow Sea

R Metals(mg/kg)
Date Region - References
As Cd Cr Cu Hg Ni Pb Zn
Nov, RS and 28.1~1002 63~335 10.7~46.0 223~31.0 313~1280  Kimet
1991  DS(n=19) (55.2) (16.4) (24.4) (26.1) (67.4) al.(2001)
Aug, DS Youn and
199 (=1) 477 144 - 482 36.9 59.6 Kim(2001)
Aug, 46~75 352~303.6 183~33.7 0.02~0.08 153~193  86.0~129.0
2001 (5.5) (111.9) (24.4) (0.04) ) (18.0) (101.8)
Aug, 48~7.1 ND~0.1 721~1792 20.6~383 0.02~0.04 i 152~19.7 80.7~125.1
2002 DS (6.4) (ND) (111.3) (28.0) (0.03) (17.4) (105.9) ]
_ - Shin (2008)
Aug, (n=8) 7.7~110 0.1~02 853~2857 258~439 0.02~0.10 26.0~34.3 104.1~144.6
2003 (8.6) 0.2) (139.2) (31.5) (0.05) ) (29.6) (117.6)
Aug, 70~99 0.1~06 81.4~903.5 192~69.1 0.03~0.20 i 129~26.9 80.2~257.4
2004 (82 0.2) (182.1) (30.4) (0.07) (20.7) (114.2)
RS 70~85 0.10~0.17 86.1~93.7 21.4~24.7 0.024~0.027 i 238~238 1104~1144  kcg
Aug, (n=2) (7.8) (0.13) (89.9) (23.0) (0.026) (23.8) (112.4) Rescarch
2005 DS 74~107 0.07~023 942~2239 24.1~57.1 0.024~0.074 23.6~30.7 1162~181.3 Institute
(n=8) (8.4) (0.14) (151.3) (32.5) (0.045) . (25.3) (131.6) (2005)
RS 7.1 0.32 104.8 35.0 0.025 - 29.9 1443 KCG
Aug, (n=1) Research
2008 DS 67~11.9 030~033 989~1333 30.6~42.8 0.013~0.038 i 262~319 133.9~158.4 Institute
(0=13) (83) (0.32) (115.1) (37.1) (0.031) (29.3) (146.5) (2008)
RS 26~8.0 0.07~0.16 43.9~762 11.5~269 0.012~0.023 19.4~350 23.8~268 62.1~105.7
(n=2) (5.3) (0.12) (60.0) (19.2) (0.018) (27.2) (25.3) (83.9) This
Jul, 2009
v DS 26~8.0 0.07~020 439~848 11.5~29.5 0.012~0.053 19.4~350 21.0~30.1 62.1~107.7  study
(0=7) (6.1) (0.15) (70.8) (23.6) (0.026) (30.7) (24.9) 92.1)
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