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We measured various geochemical parameters including texture, chemical oxygen demand (COD), ignition
loss (IL), acid volatile sulfide (AVS), nonmetallics, alkali metals, alkaline earth metals, transition elements and
heavy metals in order to determine the characteristics of spatial distribution in the surface sediments collected
from 19 stations in the Deukryang Bay. It was observed that chemical oxygen demand (COD) and acid volatile
sulfide in most stations were below the criteria proposed by Japan Fisheries Resource Conservation Association
(JFRCA) to evaluate the pollution status of marine sediment. The pollution level was estimated by Enrichment
factor (Ef) and Index of geoaccumulation (Igeo). For elements, the Enrichment factors (Ef) were smaller than
1 except for arsenic (As) which had highest Ef value of 1.72 and the Index of geoaccumulation (Igeo) for non-
metallic and metallic elements ranged between 1 and 2, indicating that the pollution levels by these elements
were not serious. However, for the sustainability of the Deukryang Bay, continous monitoring should be nec-

essary for with these harmful elements.

Key words: Deukryang Bay, Surface sediment, COD, IL, AVS, Nonmetallics, Alkali and alkaline earth ele-

ments, Transition and Heavy metals
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Fig. 1. Study area and sampling stations in the Deukryang
Bay.

olg3} - A - olgel - e

A2 5SS 2HREs)7] (Microwave-oven Model,
Milestone, Italy)oll 0.5 g% A&3s] gol Teflon cellol
22 % Ultrapur 13+ ZAHHNO;) 5ml, Suprapur
28 HHA2AHHCIO,) 2.5ml, Ultrapur 218 Bk
(HF) 5mlE Y3ale] 250 wattol| A 1027F, 500wattol]
A 1087F, 750 watt X 1027+ 2HE3slsle] A-2ofx
vy AIZ1 & mlE] 2RI SE 50 ml Teflon A &
Atk A E7F 9 EellEA] oL AP ol 919 &
2k g H o st BlIZE(Teflon) ZHE A2}
9 Hot plate 2 419 (Quartz) Hot plate®] &=
110°CE 2§ H|ZE(Teflon) H]A FAZ A&
2 AZAZIY 2bds] AzxE Algel Ultrapur 31
ZALXHHNO,) 2 mlE tldte] oAl gbd AxAI7)

Aol AE I o TIPS § w2k 1% DA
(50°C olsho 2 mgad HAES 434A W v
GF/C 110mm ¢J%] £2 Whatman No. C 110 mm
AXE ARESt] AFAIA 100 mE A-E3t] F=4
Stz e =nl A HFEA 7)ICPMS, PerkinElmer Elan
9000, USA)E Ah&ste] EAaiict. #4¢] Aewe}
Table 1. Subtidal zone surface sediments analysis results

with standard reference materials [Mess-3(NRC)],
subtidal zone stations number 1~12
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Certified C Mess-3 .
Element Value oncentration Recovery
. found (Mean=SD) %
ppm, %*
n=3, ppm

As 21211 22.13+1.14 100+5
Pb 21.1+0.7 22.49+0.19 107+1
Cd 0.24=0.01 0.24=0.01 1002
Cu 33.9+1.6 35.28+0.95 100+3
\Y% 243+10 243.07+4.76 100+2
Cr 105+4 105.06+1.19 100=+1
Co 144 *2.0 14.45+0.35 100+2
Zn 159+8 159.33+4.28 100+3
Fe* 4.34=0.11 4.34+0.01 1000
Ni 46.9+2.2 47.24+1.2 101+3
Al¥ 8.59+0.23 8.60+0.01 100=0
Mn 324+12 327.30=0.44 101+0
Li 73.6+5.2 80.79+0.55 110+1
Hg 0.091+0.009 0.088=+0 970
U 4 3.99+0.19 100=5
Mg* 1.6 1.60+0.05 100+3
K* 2.6 2.60=0.1 1004
Ca* 1.47+0.06 1.47+0.05 1004
Na* 1.6 1.60+0.05 100+3
Sr 129+11 128.03+1.62 99+1
Ba - 670.72+14.9 -
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Table 2. Intertidal zone surface sediments analysis re-
sults with standard reference materials [Mess-
3(NRC)], intertidal zone stations number 13~19

- Mess-3
Certified .
Element Value Concentration Recovery
found (Mean=*SD) %
ppm, %*
n=3, ppm
As 21.2+1.1 22.99x0 1080
Pb 21.1x0.7 22.34+1.8 106+9
Cd 0.24=0.01 0.26+0.01 107+3
Cu 33.9+£1.6 35.33+1.97 104+6
\% 243+10 243.04=0 100+0
Cr 105+4 105.44+1.38 100+1
Co 14.4 +2.0 14.32+0.69 99+5
Zn 159+8 160.46+4.77 101+3
Fe* 4.34+0.11 4.34+0.01 100+0
Ni 46.9+2.2 46.47+1.54 99+3
Al* 8.59+0.23 8.57+0.02 1000
Mn 324+12 325.55+0.4 1000
Li 73.6+5.2 74.20+4.48 101+6
Hg* 0.091+0.009 91+2.79 100+3
U 4 4.04+0.07 101+2
Mg* 1.6 1.60+0.01 100+1
K* 2.6 2.61x0.11 100+4
Ca* 1.47+0.06 1.56+0.01 106+1
Na* 1.6 1.61+0 100+0
Sr 129+11 141.05*+1.78 109+1
Ba - 748.93+32.91 -
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Table 3. Abundance of chemical elements in continental
crustal average

Element Crustal Element Crustal

average average
Li, ppm 20 Ni, ppm 75
Na, wt. % 2.36 Cu, ppm 55
Mg, wt. % 2.33 Zn, ppm 70
K, wt. % 2.09 As, ppm 1.8
Ca, wt. % 4.15 St, ppm 375
Fe, wt. % 5.36 Cd, ppb 0.2
V, ppm 135 Ba, ppm 425
Cr, ppm 100 Pb, ppm 12.5
Mn, ppm 650 U, ppm 2.7
Co, ppm 25 Hg, ppm 0.08

Table 4. Classification of index of geoaccmulation.

Igeo E:;: Designation of sediment quality

>5 6  Very strongly polluted

4-5 5  Strongly/very strongly polluted

34 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
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Table 5. Textural parameters of surface sediments in the Deukryang Bay.
Station Gravel Sand Silt Clay . Sediment
No. % % % % Mean Sort Skewness Kurtosis type
1 0.00 3.42 57.76 38.82 7.60 2.95 0.25 1.94 M
2 0.00 4.86 59.73 3541 7.25 3.08 -0.47 1.70 M
3 0.00 3.13 61.91 34.96 7.32 331 0.40 1.75 M
4 0.00 1.23 37.48 61.28 9.17 2.66 0.90 2.41 M
5 0.00 2.10 57.81 40.09 7.54 3.01 0.16 1.84 M
6 0.00 10.87 62.86 26.27 6.50 3.53 -0.70 1.43 sM
7 0.00 8.93 56.39 34.68 7.05 3.14 0.17 1.88 M
8 0.00 18.59 57.28 24.12 6.14 3.49 -0.57 1.52 sM
9 0.00 2.46 54.03 43.51 7.93 3.21 -0.06 1.58 M
10 0.00 7.93 72.08 19.99 6.30 291 -0.24 1.93
11 0.00 7.00 61.35 31.65 6.82 3.36 -0.60 151
12 0.00 39.83 36.34 23.83 5.28 4.01 -0.79 1.62 sM
13 0.00 63.95 27.70 8.35 4.08 1.87 0.74 1.46 mS
14 0.00 1.64 72.76 25.59 6.83 2.36 0.58 1.14 M
15 0.00 131 77.69 21.00 6.53 2.16 0.55 1.33 M
16 12.38 48.41 18.50 20.71 3.15 4.39 0.50 0.74 gmS
17 0.00 0.20 91.78 8.02 4.88 1.00 0.58 6.43 M
18 1.03 68.28 25.74 494 2.69 247 0.39 0.86 (®mS
19 0.00 91.05 7.87 1.07 2.56 0.85 0.30 1.71 S
Max 12.38 91.05 91.78 61.28 9.17 4.39 0.90 6.43
Min 0.00 0.20 7.87 1.07 2.56 0.85 -0.79 0.74
Avg 0.71 20.27 52.48 26.54 6.09 2.83 0.11 1.83
Std 2.84 27.77 21.55 14.87 1.85 0.90 0.52 1.18
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Fig. 2. Ternary diagram showing the grain size com-
position of surface sediments. Note G: garvel, mG:
muddy gravel, msG: muddy sandy gravel, sG:
sandy gravel, gM: gravelly mud, gsM: gravelly
muddy sand, gS: gravelly sand, (g)M: slightly
gravelly mud, (g)sM: slightly gravelly sandy mud,
(g)mS: slightly gravelly muddy sand, (g)S: slightly
gravelly sand, M: mud, sM: sandy mud, mS:
muddy sandy, S: sand.
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Table 6. Inclusive graphic standard deviation for surface
sediments in the Deukryang Bay

St. De. (f) Classification
0.35> Very well sorted

0.35~0.5 Well sorted

0.5~0.71 Moderately well sorted

0.71~1.0 Moderately sorted

1.0~2.0 Poorly sorted

2.0~4.0 Very Poorly sorted
4.0< Extremely poorly sorted
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Table 7. Inclusive graphic skewness for surface sediments
in Deukryang Bay

Ske. Classification
1~0.3 Very fine~skewed
0.3~0.1 Fine~skewed
0.1~-0.1 Near~symmertrical
-0.1~-0.3 Coarse~skewed
-0.3~-1.0 Very coarse~skewed
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Table 8. The correlation matrix of element concentration and textural characteristics for surface sediments in the

Deukryang Bay

Li As Pb Cd Cu V Cr Co Zn Fe Ni Mn Hg U Mg K Ca Na Sr Ba
Li 1
As 064 1
Pb 073 032 1
Cd -0.08 -049 028 1
Cu 0.72 014 0.61 037 1
V 0.67 095 026 -056 0.09 1
Cr 0.85 024 063 025 095 025 1
Co 088 03 0.73 026 092 031 095 1
Zn 082 02 082 04 093 016 093 094 1
Fe 093 052 08 0.3 085 049 0.89 093 09 1
Ni 0.83 0.19 067 03 096 02 098 098 095 0.89 1
Mn 0.88 0.52 061 -0.01 0.62 057 0.74 0.83 0.72 0.76 0.76 1
Hg 0.66 0.05 0.63 027 06 014 0.7 0.75 071 059 0.74 071 1
U 047 -0.14 048 035 0.8 -0.12 0.75 0.69 0.72 058 0.78 038 0.6 1
Mg 0.92 046 0.62 0.08 0.73 053 0.85 0.89 0.79 0.86 0.84 0.85 0.77 054 1
K 0.02 023 052 0.04 -0.12 0.05 -02 -012 01 01 -0.18 -0.08 -02 -0.18 -0.19 1
Ca 015 031 0.14 -0.34 -0.14 0.37 -0.11 0.04 -0.1 0.2 -0.08 -0.01 -0.04 -0.05 0.13 0.05 1
Na 0.62 0.45 0.47 -0.07 0.18 0.6 036 0.53 034 049 04 0.7 065 0.15 0.67 -0.15 038 1
Sr 012 026 0.16 -0.3 -0.27 038 -0.19 0.01 -0.16 0.1 -0.14 0.09 0.09 -0.12 0.14 0.02 092 06 1
Ba -0.61 -03 -0.1 012 -0.4 -0.48 -0.57 -0.6 -0.36 -0.48 -0.56 -0.66 -0.63 -0.31 -0.78 0.69 -0.2 -0.72 -029 1
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Fig. 3. Horizontal distribution of COD, AVS and IL for surface sediments in the Deukryang Bay
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Table 9. Level of Igeo-class of nonmetallic and metallic element in 19 stations of the Deukryang Bay.
Igeo- Igeo Igeo Igeo Igeo Igeo Igeo Igeo Igeo Igeo Igeo
class (As) (Pb) (Cd) (Cw W) (Cr) (Co) (Zn) (Fe) (Ni1)
6 0 0 0 0 0 0 0 0 0 0
5 0 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 0 0 0
2 0 0 0 0 12 0 0 0 0 0
1 19 19 19 19 7 19 19 19 19 19
0 0 0 0 0 0 0 0 0 0 0
Igeo- Igeo Igeo Igeo Igeo Igeo Igeo Igeo Igeo Igeo Igeo
class (Mn) (Li) (Hg) L) Mg) K) (Ca) (Na) (Sn) (Ba)
6 0 0 0 0 0 0 0 0 0 0
5 0 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 0 0 0
2 0 0 5 0 0 0 2 0 0 0
1 19 19 19 19 19 19 17 19 19 19
0 0 0 0 0 0 0 0 0 0 0
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