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kg, Ni 22.8 mg/kg, Cu 18.1 mg/kg, Zn 74.0 mg/kg, As 6.75 mg/kg, Cd 0.14 mg/kg, Pb 27.4 mg/kg, Hg 0.026 mg/kg
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Abstract — Trace metal concentration in sediment cores from the outer sea of Lake Shihwa were determined to
study the vertical profiles of metal concentrations and to evaluate the levels of metal contamination. Sediment
pollution assessment was carried out using enrichment factor (EF) and geo-accumulation index (Igeo). The
mean concentration of metals were 58.8 mg/kg for Cr, 10.3 mg/kg for Co, 22.8 mg/kg for Ni, 18.1 mg/kg for
Cu, 74.0 mg/kg for Zn, 6.75 mg/kg for As, 0.14 mg/kg for Cd, 27.4 mg/kg for Pb and 0.026 mg/kg for Hg,
respectively. The mean EF values for Cu, Zn, As, Cd and Hg were greater than 1.5 in sediment cores, indicating
that these metals in sediments are slightly enriched by anthropogenic activities. The geo-accumulation index
(Igeo) suggested unpolluted status for metals of sediments collected from outer see of Lake Shihwa. Igeo val-
ues for Cu and Hg nearby LNG station (site C, D, E) ranged from 1 to 2, indicating moderately to unpolluted
pollution status for those metals. Even if the higher concentrations of trace metals nearby LNG station were
observed, there is significantly positive relationship between Al and trace metals. Thus, the sediment grain size
plays an important roles in influencing the distribution of trace metals in sediment cores from the outer sea of
Lake Shihwa. Based on the comparison with sediment quality guidelines such as threshold effect level and prob-
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able effect level in Korea, the concentration of metals in sediments from outer sea of Lake Shihwa are likely to
result in no harmful effects on sediment-dwelling organisms.
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sediment quality guidelines(¥] & =#2]7]5)
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Fig. 1. Map of sampling sites from outer sea of Lake Shihwa.

Table 1. Comparison of the analytical results of marine sediment
SRM MESS-3 (National Research Council of Canada) with certified
value (n=15)

Metals Certified values Measured values Recovery (%)
Al (%) 8.59+0.23 8.36 £ 0.52 97.4
Li (mg/kg) 93.6+£5.2 73.2+1.7 99.5
Cr (mg/kg) 105+ 4 105+3 99.9
Co (mg/kg) 144+£2.0 13.7+£0.3 95.1
Ni (mg/kg) 46.9+2.2 459+ 1.4 98.0
Cu (mg/kg) 339+1.6 34.6+1.2 102.0
Zn (mg/kg) 159+8 155+3 97.4
As (mg/kg) 212+1.1 21.4+0.5 100.8
Cd (mg/kg) 0.24 +£0.01 0.25+0.02 104.6
Pb (mg/kg) 21.1+0.7 21.9+0.8 103.7
Hg (mg/kg)  0.091+0.009  0.091 +0.001 100.3
doF HHE EFEZQ MESS-3(National Research Council,
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Fig. 2. Vertical profiles of trace metal concentrations in sediment cores from outer sea of Lake Shihwa (Dashed lined represent the TEL value by

MacDonald et al.[1996]).
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Table 2. Mean concentrations for trace metals in sediment cores from outer sea of Lake Shihwa
Sites
Metals mean  Background' TEL®? PEL? TEL® PEL’
A B C D E F G
Al (%) 5.67 7.20 7.22 8.45 8.07 6.57 7.28 7.21 6.44 - - - -
Li (mg/kg) 27.8 45.6 51.0 67.9 57.8 35.8 39.5 46.5 - - - - -
Cr (mg/kg) 41.4 59.5 66.1 77.7 69.0 47.8 50.0 58.8 42.5 - - 52.3 160
Co (mg/kg) 7.66 10.34 10.68 13.64 12.27 8.55 9.22 10.34 7.03 - - - -
Ni (mg/kg) 15.0 22.4 25.1 32.5 28.2 17.5 19.0 22.8 13.5 - - 15.9 42.8
Cu (mg/kg) 12.1 18.6 23.1 27.2 22.2 11.5 12.3 18.1 6.3 50.5 126 18.7 108
Zn (mg/kg) 54.0 62.2 87.4 105.0 92.2 56.4 60.7 74.0 40.0 179 421 124 271
As (mg/kg) 4.94 6.77 6.94 9.36 8.25 5.42 5.61 6.75 3.70 14.5 75.5 7.24 41.6
Cd (mg/kg) 0.11 0.14 0.17 0.18 0.16 0.13 0.11 0.14 0.08 0.75 2.72 0.68 42.1
Pb (mg/kg) 23.2 29.1 27.3 33.1 30.3 24.2 24.8 27.4 20.0 44.0 119 30.2 112
Hg (mg/kg) 0.010 0.020 0.032 0.044 0.039 0.022 0.012 0.026 0.009 0.11 0.62 0.13 0.70

'Background concentration for metals by Ra et al.[2011]
*Sediment quality guidelines (SQGs) by MLTM of Korea
3Sediment quality guidelines (SQGs) by MacDonald et al.[1996]
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50.0 mg/kg, Co 9.22 mg/kg, Ni 19.0 mg/kg, Cu 12.3 mg/kg, Zn
60.7 mg/kg, As 5.61 mg/kg, Cd 0.11 mg/kg, Pb 24.8 mg/kg, Hg
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AN ZZFOlA 3 emE ATE

ERATHFig. 2).

Table 3. Correlation factor among trace metals in sediment cores from outer sea of Lake Shihwa by Pearson’s correlation analysis. Bold indicates that
correlation is significant at the 0.01 level (2-tailed)
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Fig. 3. Metals vs. Al concentrations in sediment cores of the present study.
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Table 4. Mean values of enrichment factor (EF) and geo-accumulation index (Igeo) for trace metals in sediment cores from outer sea of Lake Shihwa

Sites
Metals Y B C 5 B T G mean
Enrichment factor (EF)
Cr 1.10 1.22 1.39 1.40 1.30 1.11 1.05 1.22
Co 1.23 1.30 1.36 1.48 1.40 1.19 1.17 1.30
Ni 1.25 1.45 1.66 1.84 1.67 1.27 1.25 1.49
Cu 2.14 2.54 3.25 3.28 2.81 1.78 1.73 2.50
Zn 1.53 1.37 1.94 2.00 1.84 1.38 1.35 1.63
As 1.53 1.63 1.69 1.95 1.80 1.45 1.36 1.63
Cd 1.50 1.58 1.91 1.74 1.63 1.57 1.24 1.60
Pb 1.33 1.32 1.22 1.27 1.22 1.19 1.10 1.24
Hg 1.25 1.97 3.18 3.72 3.50 2.40 1.15 2.45
Geo-accumulation index (Igeo)
Cr -0.65 -0.18 0.05 0.28 0.11 -0.42 -0.35 -0.16
Co -0.47 -0.07 0.01 0.37 0.22 -0.30 -0.20 -0.06
Ni -0.47 0.08 0.30 0.68 0.48 -0.21 -0.09 0.11
Cu 0.24 0.83 1.26 1.51 1.23 0.26 0.37 0.82
Zn -0.18 -0.03 0.53 0.80 0.62 -0.09 0.01 0.24
As -0.17 0.25 0.32 0.76 0.59 -0.03 0.03 0.25
Cd -0.20 0.21 0.50 0.59 0.44 0.08 -0.11 0.22
Pb -0.38 -0.05 -0.14 0.15 0.02 -0.31 -0.27 -0.14
Hg -0.59 0.49 1.23 1.68 1.54 0.69 -0.21 0.69
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