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Abstract

To evaluate geochemical characteristics of surface sediments in Samcheok Port, the distribution characteristics of particle sizes,
organic matters and heavy metals were investigated. The sediments showed a mixed property of sand, silt, and clay, however
fine-grains dominated at the inner port and coarse-grains dominated at the outer port. The organic (COD, TOC, and IL) con-
tamination of the sediment at the inner port were higher than that of the outer port, and the concentrations of total nitrogen
and total phosphorus at the inner port was higher than those of the outer port. Also, heavy metals contamination of surface
sediments at the inner port was higher than those of the outer port (except for As). From the results of high organic matter
concentrations and C/N ratio at the inner port, it is considered that the contamination of organic matters was mainly derived
from the land. The correlation analysis among the particle size, chemical composition, and heavy metals resulted in high corre-
lation between silt-clay and heavy metals, and between organic matters and heavy metals. The sequential extraction results
of heavy metals showed the sum of exchangeable, carbonate, and oxide fractions of Ni, Zn, Cu, Pb, Cd, and As were 14.8,
49.8, 39.1, 32.2, 51.8 and 26.6%, respectively.
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Table 1. Extraction Conditions according to the Fractionation Scheme of Tessier et al[6]

Step Fraction

Reagents (per g sediment)/conditions

1 F1: Exchangeable
2 F2: Carbonate
3 F3: Oxide

8 mL 1 M MgCl, (pH 7), 1 h, room temperature, continuous agitation
8 mL 1 M NaOAc (pH 5), 5 h, room temperature, continuous agitation
20 mL 0.04 M NH,OH - HCI in 25% HOAc, 5 h, 96 C, some agitation

4 F4: Organic

5 F5: Residual

3 mL 0.02 M HNO; and 2 mL 30% H,0, (pH 2), 2 h, 85 C, some agitation; additional 3 mL 30% H,O,, 3 h, 85 C,
some agitation; 5 mL 3.2 M NH;OAc in 20% HNOs, 0.5 h, room temperature, continuous agitation

0.5 mL conc. HNOs, 5 mL HF and 2 mL HCI, digestion in Teflon bomb, dissolution in 15% HCI
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Samcheock, Korea
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Table 2. The Contamination Characteristics of Organic Matter in Sediment
IL (%) COD (gkg) TOC (%) TN (%) T-P (g/kg) C/N ratio
St. 1 9.9 722 3.8 0.16 0.15 238
Inner St. 2 5.8 623 2.7 0.15 0.11 18.0
St. 3 5.8 50.3 5.6 0.17 0.09 329
St. 4 2.6 17.0 1.4 0.08 0.01 17.5
Conter St. 5 32 16.6 0.6 0.04 0.01 15.0
St. 6 7.8 39.7 2.0 0.12 0.03 16.7
St. 7 52 30.5 2.1 0.13 0.01 16.2
outer St. 8 2.1 283 0.1 0.01 0.01 10.0
St. 9 2.1 219 0.4 0.02 0.01 20.0
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Table 3. Mean Values of Heavy Metals in Sediment

1%

o
of
N

Ni Zn Cu Pb Cd As
St. 1 253 186.2 94.4 54.1 1.7 2.0
Inner St. 2 26.6 186.1 95.5 50.6 1.3 1.6
St. 3 13.2 71.7 49.2 29.3 0.7 1.8
St. 4 9.7 39.7 22.8 8.3 0.5 1.9
St. 5 10.0 26.8 13.1 8.8 0.6 2.1

Center
St. 6 22.3 91.4 354 34.9 0.5 32
St. 7 17.6 65.3 11.7 242 0.5 2.7
St. 8 8.2 24.7 1.7 13.6 0.2 3.8

Outer
St. 9 11.3 353 1.0 14.3 0.3 3.0
ERL 20.9 150 34 46.7 1.2 8.2

NOAA standards
ERM 51.6 410 270 218 9.6 70
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Figure 3. Fractionation of heavy metals in the surface sediment. (a)
Ni, (b) Zn, (¢) Cu, (d) Pb, (¢) Cd, (f) As. Legend: (EZ}) exchangeable,
(B) carbonate, (N) oxides, (E) organic, and () residual.
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Cd (1.7 mg/kg, 1.3 mg/kg)> ZH2F 2AF 97 1 9 2014 ERLET) &
2 7S Bk w3k cus AF 1944 mgkg), 2(95.5 mykg), 3(49.2
mg/kg), 6(354 mgkg)ollAl ERLETE 2 55 RHSITHTable 3).
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Figure 4. The sum of exchangeable, carbonate, and oxide fractions of
heavy metals in surface sediment according to position.
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Table 4. Correlation Coefficients among Sedimentary Texture, IL, COD, TOC, TN, TP, and Heavy Metals of Surface Sediments
Silt-clay IL COD TOC TN TP Ni Zn Cu Pb Cd As
Silt-clay 1.000
IL 0.766 1
COD 0.690 0.836 1
TOC 0.601 0.690 0.731 1
N 0.850 0.815 0.783 0.903 1
TP 0.647 0.766 0.959 0.751 0.750 1
Ni 0.877 0.848 0.832 0.483 0.743 0.735 1
Zn 0.813 0.807 0.832 0.585 0.757 0911 0.931 1
Cu 0.799 0.766 0.936 0.675 0.778 0.951 0.832 0.964 1
Pb 0.794 0.875 0.966 0.636 0.784 0.894 0.946 0.972 0.915 1
Cd 0.722 0.749 0.871 0.586 0.689 0.938 0.777 0.930 0.957 0.858 1
As 0.876 0.800 0.876 0.565 0.738 0.849 0.933 0.949 0.911 0.939 0.879 1
30 4 200 100
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Figure 5. Correlation diagram between silt-clay content and heavy metal concentration in surface sediment. Legend: (@) inner port, (Hl) center

port, (A) outer port.
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