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Depositional environment off the Shihwa Dam has been studied to investigate the change of
sedimentation process and the pollution. In order to understand how the sediments are dis-
tributed, polluted and modified, depositional factors have been analyzed and compared with the
previous data. Study area, located off the Shihwa Dam, was surveyed to collect 25 bottom sam-
ples and 2 cores in 1996 and echo-sounding in 1997. These sediments were analyzed for the
study of the global characteristics of sediment such as grain size and organic matter. Among
these samples, the selected twenty surface sediments were analyzed for the comparison with their
contents of metallic elements (Al, Mn, Fe, V, Cr, Co, Ni, Cu, Zn, Cd, Pb, As). According to
field and lab analysis of sediments, three sedimentological zones have been generally identified
around study area; near the dam (sandy Silt), near the dike (Sand) and offshore (silty Sand)
zones. Textural parameters show that the content of silt and clay is dominant near the dam ex-
cepting the dike zone of LNG Storage Base and offshore (Palmido). The total concentration of
Mn, Ni, Fe, Zn and Cd in bulk sediments was increased after the construction of the dam, while
the content of Mn and Cr were higher near tidal channel than in the offshore area. Meanwhile,
the annual increasing pattern of some heavy metal has appeared in this area. Based on this pri-
mary study, modification of the depositional environment may be caused by the construction of
the dam and LNG Storage Base. Additionally, environmental evaluation on organic/inorganic fac-
tors has been suggested for interpreting environmental changes caused by coastal development in

the nearshore such as the Shihwa coastal area.

INTRODUCTION

Coastal development along the tidal flat, has cau-
sed environmental changes in nearshore zones
during the last 20~30 years. This environmental
changes are organic/inorganic ones which represent
respectively biochemical effect and geologic event
such as coastal erosion and deposition. Among
these ones, the environmental issues on the Shihwa
lake is very representative to discuss coastal deve-
lopment and reservation.

The previous studies on nearshore environment
off the Shihwa Dam have represented the aspects of
the biochemical pollution, although those are more
or less descriptive. The sedimentary environment of
tide-dominated coastal bay have been studied by
many authors (Chang and Oh, 1991; Park er al,
1991; Choi, 1992; Park and Bloom, 1984). Sedimen-
tologic researches in Kyunggi bay including this
study area have been done to investigate the change
of depositional environment after the establishment
of the Submerged Singok Dam in the Han river
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estuary, due to the increasing demand for the envir-
onmental protection. Since 1980s, some investiga-
tions around Kyunggi bay have been performed for
sedimentation process (Chang and Oh, 1991) and
geochemical properties (KORDI, 1993). Neverth-
eless, scientific studies on the Shihwa area have
been restricted to the biochemical reaction and
ecologic changes for the purpose of the environ-
mental effect assessment. Park er al. (1991) exa-
mined the sedimentary characteristics and develop-
ment of the tidal channel, and thus suggested that
morphology of tidal channel may be affected by
sediment supply of the Han river and reclamation
activities such as Incheon international airport.
Several authors discussed certain environment pro-
blem of biochemical effects but not inorganic
problems. There are little results about depositional
environment in this area. This study have to focus
on the depositional environment and the change of
heavy metal distribution in sediment due to con-
struction of the dam and dike. KORDI (1994)
summarized the general aspect of geomorphological
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and sedimentological changes due to the construc-
tion of coastal dam around the bay mouth and
estuarine inlet. They reported that the establishment
of the dam involved some destruction of environ-
mental equilibrium between inner lake and offshore,
resulting in the pollution of the nearshore and fresh
water lake. Since 1996, they examine the environ-
mental change, effect after the establishment of the
dam and its effective utilization. This paper emphas-
izes on the zonation of the depositional environment
off the dam, based on the data collected during
1995~1997. In addition to sedimentary research, the
comparison with geochemical data (Lee et al., 1985,
1991, 1992; Koh, 1996) reported since 1990s has
been done to supplement an effective result.

Study area and hydrodynamic conditions

This study area (Fig. 1), surrounded by the cir-
cum-islands (Youngjongdo-Yongyudo-Taemuuido-
Youngheungdo-Taebudo), is located in the southern
part of Incheon harbor. The dam, constructed in
1994, make connection between Taebudo and Shi-
hwa. Tide is typically semi-diurnal period and its
range represent 8 m in maximum and 5 m in
minimum, depending on the lunar cycle. Because of
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Fig. 1. Study area, echo sounding track line and bathy-
metry showing depth (m).

large tidal range, tidal current playes an important
role in the sediment transport and cyclic variation of
the suspended sediment.

This area is the macrotidal coast with a strong
diurnal asymmetry, a marked spring-neap tide cycle,
and the tidal amplitude. This nearshore may be clas-
sified as macrotidal coast, according to the classi-
fication proposed by Davies (1964).

The two regions, based on its morphology and
hydrodynamic, are characterized by tidal channel
and subtidal flats: tidal channel is characterized by
ravinement, 5~10 m deep connected with Shihwa
lake and subtidal flat is characterized by broad flat
with depth of 10 m, surrounded by small islands.
The development of tidal channel has been regarded
as a response of the bottom condition to tidal
current. Intertidal-mud flat are widespread along the
coastline of the study area. Temporal and spatial
variations of the intertidal flats have not been
studied because of discontinuous data collection
and inaccurate sampling position. Seasonal and
vertical variations of salinity (30~32%,) in the study
area (KORDI, 1997) are not so much as around the
inlet of the Han river, in which they show great
variations of 3.5 to 28%,, representing a partially-
well mixed estuary (Chang and Oh, 1991). Salinity
decrease toward the inlet of the Han river estuary
showing a little vertical changes. Previous to the
construction of the dam, this study area was char-
acterized by tidal bay and small river estuary. The
dam was constructed for the utilization of freshwa-
ter and coastal areas. Meanwhile, certain environ-
mental problems, including ecologic change and sea
water pollution, have been revealed to discuss some
necessity and reutilization of this dam such as tidal
power plant and harbor. In addition to the dam
construction, some dike was constructed for LNG
Storage Base (Fig. 2). These works may contribute
to the change of sedimentary process and hydro-
dynamic conditions. Therefore, the purpose of this
study is to elucidate a change of depositional envir-
onment prior to the establishment of the dam and
dike and to compare geological properties with the
previous data.

METHODS AND MATERIALS

Twenty-five bottom sediments and two core
samples were collected for grain-size and heavy
metal analysis off the Shihwa Dam in Jan. 1996 and
13 only for heavy metal analysis in Sep. 1996 (Fig.
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Fig. 2. Sampling sites, showing surface sedimentary facies:
group I (sandy Silt), group II (Sand), and group III (silty Sand).

2, Table 1, 2). A Dietz-Lafond grab sampler and a
piston corer were used for surface and core samples
respectively. Echo-sounding was performed on
board for mapping a bathymetric chart and confirm-
ing a change of sedimentary structure such as sand
dune and tidal channel. Raytheon Echosounder was
utilized for profiling 4 lines from the dam (Fig. 1).

Total content of metals in bulk sediments were
analyzed after drying at 90°C for 24 hours and
grinding in a mortar to pass mesh nylon sieve.

In laboratory work, all samples were analyzed
using SediGraph 5100 and pipetting method for silt
and clay particles (62.5 pm) after wet sieving to
remove the sand particles which are dominant along
the dike of LNG station and Palmido. Statistical
analysis were done for calculation of the textural
parameters based on Folk and Ward method (1957).
The collected samples were treated for removal of
organic matter with H,O, and desegregated before
analysis by using sodium meta-phosphate. Car-
bonate content was measured by the acid digestion
method using 0.1 N HCI, while organic matter was
determined by measuring the weight loss of samples
heated 550°C for 2 hours in a furnace. For analysis

Table 1. Teaxural parameters, sediment type, total organic matter, concentration of suspended matter, and sediment type in each groups

(1, 11, 1)

G St. Texural Parameter Sediment Concentration of Total_
Toup No. MZ SO SK KG Type Surface Bottom Organic

Al 6.72 2.49 047 0.79 Z 23.6 10.7 7.22

A2 6.57 2.68 0.38 0.78 sZ 19.5 20.1 591

A3 5.61 2.34 0.51 1.09 sZ 13.7 25.1 4.36

A4 5.13 2.25 0.61 1.26 sZ 343 50.1 427

B1 5.68 2.82 0.36 1.13 sZ 18.5 144 4.06

I B2 6.96 2.52 0.32 0.65 M 17.6 21.7 7.31

B3 6.70 2.75 0.26 0.63 sM 11.8 29.6 6.06

C1 6.55 2.56 0.48 0.85 sZ 22.6 19.5 5.00

C2 6.04 2.42 0.58 1.07 sZ 17.4 19.6 4.47

D1 5.18 2.30 0.51 1.34 sZ 19.9 19.9 4.30

D2 5.07 2.54 041 1.55 sZ 134 16.5 4.39

E2 4.23 3.28 0.28 1.40 mS 27.4 24.4 8.28

Avg. 59 2.6 0.4 1.0 sZ 20.0 22.6 5.47

C3 0.56 0.71 0.04 1.34 S 20.4 19.5 1.00

C4 4.32 1.80 0.53 2.03 zS 16.4 227 3.79

D3 1.50 0.78 0.14 2.03 S 22.5 18.8 1.60

II D4 2.15 0.80 -0.07 0.99 S 334 37.8 1.60

El 2.89 1.02 0.52 1.77 zS 234 16.8 2.00

E3 3.28 1.58 0.29 1.36 zS 25.0 41.0 3.00

E4 1.91 0.89 0.27 1.08 S 38.6 43.6 3.70

Avg. 2.4 1.1 0.2 1.5 S 25.7 28.6 2.38

AS 2.35 2.63 0.21 1.24 zS 44.7 105.6 3.40

B4 2.32 2.02 0.01 1.42 zS 16.9 15.7 2.50

I B5 2.92 2.40 0.51 1.53 zS 29.8 84.2 2.59

C5 2.25 2.45 0.13 1.59 zS 21.3 425 3.48

D5 2.26 2.44 0.34 1.72 zS 19.5 59.2 2.19

ES 291 2.17 0.13 1.73 zS . 240 314 2.30

Avg. 2.7 24 0.2 15 zS 26.1 56.5 2.74

Total Average 23.0 324 3.53
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Table 2. Heavy metal content of 12 elements in the selected stations in Jan. and Sep. '96

Station ., A3 B2 B3 BS (2 C4 D2 E2 E K& K5 K6
Heavy metal
Jan. 712 694 7.66 520 734 841 538 531
Al (%) Sep. 749 697 737 558 674 678 483 642 642 734 715 525 687 655
Jan. 1022 1003 961 1862 536 1864 1014 1045 1163
Mo Gpm) g 1107 825 934 828 749 854 1710 698 644 998 760 815 798 901
Jan. 293 269 341 162 290 401 189 198 2.68
Fe (%) Sep. 333 284 321 159 250 258 198 245 231 299 281 165 270 253
Jan. 99 92 113 53 105 130 62 68 90.2
Verm g, 108 95 109 58 8 88 36 85 8 108 101 62 98 863
Jan. 585 583 759 292 612 922 323 438 56.4
Copm) oo 680 570 715 321 536 609 138 411 505 670 639 294 618 SL6
Jamn. 105 95 120 59 112 140 66 70 96
Colpm) g 113 102 117 66 93 98 45 90 91 114 106 64 104 92
Ni Gpmy 1 200 169 261 82 229 342 90 114 18.6
Sep. 250 190 247 84 143 178 25 144 126 229 202 71 178 159
Jan. 136 102 180 66 163 263 50 149 13.9
CopPm)  gop 175 121 261 60 75 101 28 131 65 215 128 43 105 116
Jan. 63 54 77 34 63 95 33 44 57.9
Zn (Pm) G 74 58 72 28 48 52 18 53 39 6 56 30 55 501
cd opmy 1 014 013 018 013 015 028 013 017 0.16
Sep. 022 012 025 018 015 018 009 012 013 021 016 011 016 0.16
po pmy [ 28 199 240 27 200 275 196 188 218
Sep. 241 204 223 195 191 199 234 204 183 217 188 195 195 205
Jan. 29 58 34 47 30 70 43 18 41
As(Pm) g 70 32 57 26 32 43 30 18 25 43 41 33 36 37

of heavy mineral content, 0.2 g of grinded sample
was reacted with 5 ml of HF-HNO,-HCIO, in teflon
beaker and then dried. After addition of HNQ,, the
treated sample was heated below 100°C until becom-
ing the solution. The solution, diluted with 1%
HNO,, was used for analysis of trace metal by ICP/
MS at Isotope Research Lab at the Korea Basic
Science Institute.

RESULTS AND DISCUSSION
Morphologic characteristics

In general, there are two most relative depths: a
shallow one near islands (Muido, Yonjondo and
etc.,) near normal tidal channel and dam (Fig. 1, 3).
4 sounding track lines, performed from north to
south, show a significant trace of the dredged chan-
nel. Echo sounding profiles show obviously an
erosive ravinement whose bottom morphology have
been formed by the artificial dredging (Fig. 3). It is
probable, therefore, that dredging for the construc-
tion of the dam and the dike plays a important role
in formulating bathymetric change.

Sediment type and texture

Three different types of sediment are encountered
in the bottom sediments: sandy Silt, Sand and silty
Sand (Fig. 2, 4). Group I (sandy Silt, mean diameter
=5.7 @), distributed along the dam, is mainly
composed of silt and clay which is more than 90%.
Group II (Sand, mean diameter=2.3 ®), affected by
the construction of the dike, is distributed around
the dike of LNG Storage Base. Group III (silty Sand,
mean diameter=2.7 ®) are distributed in the eastern
channel of Palmido. Average grain size variability
in terms of mean diameter of each group range from
2.3 and 5.7 in phi scale (Table 1).

Phi mean (®) is small for well-sorted sediments
and large for poorly- sorted (Fig. 5). In the other
words, The fine sediment is relatively poorly sorted
and contains admixture of clay, silt and fine sand.
Medium and coarser grained sediments show med-
ium/coarse sandy type composed of gravel, sand
and a little silt. The sediments of groups I and III
are very poorly-sorted, while those of group II (sand)
are relatively moderately well-sorted because of the
dike construction. The skewness show positively
skewed distribution in all samples (Table 1). The
kurtosis values represent platykurtic/mesocurtic,
leptocurtic distribution in group I, while those of
group II, IIT are very leptokurtic/very leptokurtic.
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Fig. 3. Echo sounding profiles off the LNG Storage Base.
Refer to track lines of Fig. 1.
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Fig. 5. Relation between textural parameters (mean, sort-
ing, skewness, and kurtosis).

However, these 3 groups have been generally for-
med after the establishment of the Dam. Group II
was deposited not only by wave effect, but also by
dumping and dredging during construction of the dike.

Textural parameters represent that the variability
of grain size distribution is mainly caused by the
construction of the dike and affected by tidal current
and wave action. The core shows a similar gra-
nulometric characters with surface sediment, and
does not show any vertical change in depositional
environment. However, more core sediments have
to be analyzed for measuring sedimentation rate and
processes. Bioturbations generally occur as homo-
geneous layer or as mottled structures in which
some disturbance of sediments as a result of the
ability of benthic animals are irregularly distributed.

Organic matter, carbonate content, and suspended
sediment

Content of organic matter in the surface sedi-
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ments ranges from 1.0% to 7.3%. The amount of
organic matter in this nearshore area show a diverse
distribution pattern according to the sediment type.
In general, higher values appeared along the dam
and the content of organic matter range from 4.0 to
8.3%. This distribution pattern may be considered
by concentration and deposition of fine particles
under the control of lower flow regime after dam
construction. The carbonate content in the surface
sediment is characterized by 2 groups, showing a
relatively higher value (>3.0%) and lower one (<
1.0%) (Table 1). Higher value appeared in the
eastern part located near shoreline, fish-port and
lower ones along the dam. Nevertheless, the car-
bonate fraction in the sediment is mainly composed
of the fragmented one affected by human activity.

Suspended sediment matters varies between av.
23.0 mg/l in surface and av. 32.4 mg/l in bottom.
Comparison with each other is meaningless because
this data was collected with no consideration of
tidal fluctuation (Table 1).

Metal content and distribution

Among the heavy metals, 12 metals (Al, Mn, Fe,
V, Cr, Co, Ni, Cu, Zn, Cd, Pb, As) are analyzed for
comparing 8 samples (Jan. 1996) and 13 samples
(Sep. 1996) (Table 2). These metals are generally
considered as a major environmental pollutants
because of high toxicity and great industrial uses.
Especially 5 metals (Mn, Fe, Ni, Cu, Pb) have been
compared with each others (Fig. 6). As shown in
Table 3. the content of heavy metal in sediments
shows relatively higher value in comparison with
the previous data (Lee et al., 1985). In comparison
to the previous data (Jung and Choi, 1996; Table 3),
the average content of 4 metals (Co, Ni, Cu, Pb) is
less polluted than the intertidal flat of Shihwa lake
because of the hydrodynamic condition such as tide
and short duration after the establishment of the
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Fig. 6. Relation of 5 major elements (Mn, Fe, Ni, Cu, Pb),
showing that 3 elements (Fe, Cu, Ni) have a linear relationship.

Table 3. Average values and annual variation of 7 heavy metals in each area: Incheon coastal area (A), Shihwa lake (B), and study area (C)

(unit: ppm)
Heavy metals

Station Date Mn Cr Ni Cu Zn Cd Pb
A* May. '94 334.6 222 251 10.2 44.8 0.18 20.5
Feb. '95 518.2 28.1 31.6 10.7 541 0.18 26.5

Jun. '94 3574 59.9 30.6 48.0 98.9 0.26 34.6

B* Dec. '94 418.1 81.8 70.1 81.1 153.5 0.51 46.8
Mar. '95 387.9 69.3 62.9 574 1193 0.43 39.7

c Jan. '96 1163.4 56.4 18.6 13.9 57.9 0.16 21.8
Sep. '96 940.1 52.0 16.3 12.0 51.7 0.16 21.0

*Data from KORDI (1995)
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dam and the dike.

Iron, nickel and copper: The content of iron,
varying between 4.01 and 1.59% (av. 2.59%),
shows a higher value near the dam and lower one
offshore. The nickel content varies between 26.1
and 2.5 ppm (av. 16.9 ppm), showing an co-increa-
sing trend with iron, whereas there are some
indistinguishable relationship with the content of
Mn. The content of Cu ranges from 2.8 to 26.3 ppm,
representing a similar distribution pattern compared
to those of the other nearshore environment (4~26
ppm) and a marked relationship with change of iron
content (Fig. 7). This particular quantitative rela-
tionship between iron content of copper and nickel
suggests that a major portion of two metals are
associated with the oxides and hydroxides of iron
(Lee et al., 1985).

Manganese and Pb: In nearshore environment of
the study area, the content of Mn shows a wide
range which is from 500 ppm to 1900 ppm (Table
3). However, the average content of Mn is higher
than one in the other nearshore environments
(KORDI, 1993), whereas the average one of Pb are
constant except the Shihwa lake (Table 3).

There are an increasing trend of Mn content and
contamination pattern occurred along channel, a
high degree of variability of some heavy metal con-
tent and increasing trend of Mn since the establis-
hment of the dam (Fig. 7). This result seems to be due
to inflow of industrial pollutant from lake.

The others: As shown in Table 2, the range of V

(unit : ppm)

Data('94 & '95) source : Lee et al.(1995)

Fig. 7. Annual variations of 7 major elements (Mn, Zn,
Ni, Cr, Pb, Cu, Cd) between in the Incheon coastal area
and in Shihwa area. Content is average one calculated
from the previous data (May. '94 and Feb. '95) and this
study (Jan. and Sep. '96).

Table 4. Average content of 4 elements (Co, Ni, Cu and Pb) in 3
areas, showing a similar distribution pattern in Kyunggi Bay and
Shihwa area (unit: ppm)

Co Ni Cu Pb
Intertidal surface sediments*  74.3 67.3 32,6 307

Offshore bottom sediments
(Kyeonggi Bay)*
Shihwa area** 9.6 186 139 218

* Source: Lee et al., (1985)
#* Average content of this study area (Jan. '96)

7.0 260 12.0 320

and Cr is 36~136 ppm (av. 87.8 ppm) and 13.8~92.2

ppm (av. 53.4 ppm), respectively. These contents
show no distinct regional distribution. The contents
of Cd and As, when compared with the unpublished
data on the mud-belt in the East Sea, are lower one.
This suggests that relatively high value may be
related with grain size and mineral because this
content is analyzed from the bulk sediment.

Change of depositional environment (comparison
with the previous study)

Referred to the data reported by KORDI (1995),
statistical analysis and annual comparison with this
study have been done for interpreting annual
variation of heavy metal content because the study
area is nearly similar (Fig. 7). The content of Mn
shows relatively rapid increase, although there is
higher value along the coast of Korean peninsular
(Lee et al., 1991). In considering the different
depositional system, relative content in each area
(Table 4) suggests that this study area is similar
with Kyunggi Bay (Table 4). As shown in Table 3,
content in Shihwa lake is higher than one off the
dam, this means that heavy metal have been accu-
mulated inside lake.

CONCLUSIONS

The study area may be divided into 3 depositional
characteristic zones based on grain size distribution
and textural parameters (Fig. 2).

This result shows that group II (Sand) and III
(sandy Silt) may be formed after the establishment
of the dam and dike. Textural parameters suggest
that the variability of grain size distribution is
mainly affected by the construction of the dike as
well as by tidal current and wave action. When
compared with the previous data (KORDI, 1995),
the contents of sedimentary heavy metal show an
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increasing trend, suggesting environmental effect of
potential input of industrial pollutants. Additionally,
absolute contents of 4 major metal show that this
study area may be classified into tide-dominated
nearshore/subtidal coast such as Kyunggi bay. Quan-
titative comparison of some trace metals (including
Cd and As) with the mud-belt sediments (in the East
Sea) suggests that grain size may be related to
content distribution. In result, changes in deposi-
tional environment, attested by irregular sediment
distribution and geochemical properties, may be
invoked by the establishment of the dam and dike,
as well as the discharges of industrial pollutants
from the Shihwa lake and Incheon industrial base.
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