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Abstract

Sediment samples from five stations at the Shihwa Lake sewage outfall,
west coast of Korea. were collected to evaluate the effect of the outfall on
benthic foraminifers. Heavy metal (Cu and Zn) polluted the eastern part of
the Shihwa Lake, adjacent to the Shihwa-Banwol Industrial Complexes,
shows barren or nearly barren of benthic foraminifers, and the lowest
number of species both at the core top and downcore. Excepting for the
barren zone., pyritized benthic foraminifers abundantly occur both at the
surface and downcore sediments in the western part of the Shihwa Lake,
suggesting that foraminiferal disease by anoxic bacteria.

Recent intrusion of pollutants from the Shihwa-Banwol Industrial
Complexes and adjacent six major streams severely polluted the Shihwa
Lake as shown by the low abundance (number/10 g) of benthic foraminifers,
low number of Ammonia beccarii, low species diversity, and absence of both
Elphidium spp. and ostracodes at the surface sediments compared to the
downcore. Except the barren zone, both pyritized and non-pyritized Ammonia
beccarii occur dominantly in the surface sediments and downcore. Elphidium
spp. {either pyritized or non-pyritized) do not occur in the surface sediments
of whole stations. However. they occur from the entire downcore sediments
except in the eastern part of Shihwa Lake. Arenaceous foraminifers do not
inhabit in the heavily polluted areas as evidenced by the occurrence of
relatively deep core depth (11-50 ¢m). Ostracodes occur at the downcore
sediments. but they do not occur at the surface sediments. Ostracodes also
do not occur at the heavily polluted areas in the eastern part of the Shihwa
Lake both at the surface and downcore sediments, indicating that the
abundance of ostracodes also can be used for a pollution indicator.
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1. Introduction

The foraminifers are members of the Order Foraminiferida, Subclass Rhizopoda. Class
Sarcodina, Phylum Protozoa, and Kingdom Protista. They constitute about 2.5% of all
animals known from the Cambrian to the Recent (Boltovskoy and Wright., 1976).
Foraminifers, which have a sand-sized test, are consist of calcium carbonate. There are two
types of foraminifers based on their life mode. Planktonic foraminifers live in the surface
water column (surface to down approximately 1000 m water column). Benthic foraminifers
live in the bottom of the ocean, especially above carbonate compensation depth (CCD).
Foraminifers inhabit from the tropical to Antarctic (also Arctic) surface and bottom water.
Foraminifers also tolerate wide ranges of salinity conditions. They live 0.1 to 70% of salinity
values. But foraminifers most commonly occur at normal marine salinity value (35%). Many
physical and chemical variables control the distribution and abundance of foraminifers.
However, three major factors (temperature. salinity, and dissolved oxygen content)
significantly control the distribution patterns of planktonic and benthic foraminifers.
Therefore. the distribution patterns of foraminifers in the sediments (also rocks) can be used
as paleoecology, paleodepth, paleooceanography, paleoclimatology indicators.

Recently, foraminifers are widely used as pollution indicator in different environmental
settings (Bandy, 1963: Seiglie, 1968, 1973: Bates and Spencer, 1979: Ellison et al., 1986:
Sharifi et al., 1991; Alve, 1991, 1995. Yanko et al., 1994; Collins et al., 1995: Culver and
Buzas. 1995; Scott et al., 1995). There are several advantages of pollution studies by
foraminifers. These are: (1) ubiquitous in marine environments. (2) lives on and in the
sediment. which receives and stores much of pollutants, (3) wide range of taxonomic
diversity, (4) to posses hard shelled tests which can be well preserved, (5) to provide
statistically significant populations and easily collectable, (6) very short reproductive cycles
(month to year). and (7) inexpensive for study (Yanko et al.. 1994). To date, systematic
studies of the influence of pollution upon foraminiferal populations have addressed: (1)
industrial wastes. (2) agricultural and domestic waste, (3) paper processing, (4) effects of
oil-gas seepages from sediments, and (5) effects of trace metal contaminated sediments
(Yanko et al., 1994).

The aim of this study is to document the effect of pollution on the benthic foraminifers in
the Shihwa Lake. No previous foraminiferal studies in the study area have been published.

2. Hydrography of the Shihwa Lake

The Shihwa Lake is located in the eastern part of Yellow Sea (the western part of the
Korea Peninsula) (Fig. 1). The Shihwa Lake is approximately 25 km long and 4 km wide.
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Fig. 1. Location map of study area.

The water depth ranges from 4 m to 18 m (Korea Ocean Research and Development
Institute. 1998). The surface water temperature ranges from 3.0°C (December) to 29°C
(August). The surface water salinity lies between 1.5% (September) and 24.8% (December)
(KORDI. 1998). The bottom water temperature ranges between 20.9°C (August) and 3.0°C
(December). The average salinity in bottom water in March, 1997 was 26.8% (KORDI, 1998).

The Shihwa Lake was an estuarine environment (called the Banwol tidal flat) before the
Shihwa Seawall was completed in January, 1994. After the completion of the Shihwa
Seawall, the Shihwa Lake has started a restricted circulation. As a result, the surface water
(surface to approximately 5 m water depth) of the Shihwa Lake is brackish, while the
bottom water contains saline water (Park et al., 1997).

Marginal marine environments, especially estuaries, have conventionally served as
recipients for domestic and industrial effluents (Alve, 1995). The Shihwa Lake receives an
enormous amount of industrial pollutants from the neighboring Shihwa-Banwol Industrial
Complexes, and almost untreated domestic sewage from the municipal areas enters the lake
through six major streams (KORDI. 1997, 1998). The Shihwa-Banwol Industrial Complexes
were built during the middle of 1980th.

These Industrial Complexes and six major streams release approximately 300 million tons
of domestic and industrial waste into the Shihwa Lake per year {(Park et al., 1997). As a
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result, the water in the Shihwa Lake is heavily polluted (Huh and Oh. 1997) and the bottom
water has an anoxic to hypoxic condition (Park et al., 1997). Therefore, the Shihwa Lake is
a good place to study the response of benthic foraminifers to the various pollutants.
Sediments in the Shihwa Lake are mainly brownish- to dark-colored organic-rich mud and
sandy mud (KORDI, 1998).

3. Materials and Methods

Sediments, approximately 10 cm sampling intervals. from five short piston cores, which
were collected in August of 1997, are used for the benthic foraminiferal studies. Five
stations are selected. Two stations (S4 and S5) are located near the sewage outfall of
Shiwha-Banwol Industrial Complexes and streams from municipal areas. The other three
stations (S1, S2. and S83) are located around the Seawall (Fig. 1). The water depths of
stations S1, S2, S3, S4. and S5 are 7, 17. 9, 4, and 4 m, respectively (Table 1).

Table 1. Latitude, longitude, water depth, and core length in each station.

Station Latitude Longitude  Water Depth (m) Core Length (cm)
S1 37°17.572' N 126°36.142'E 7 30
S2 37°18.349' N 126°36.723'E 17 57
S3 37°18.166' N 126°39.335'E 9 73
S4 37°17.390' N 126°45.888'E 4 78
S5 37°17.792' N 126°44.382'E 4 65

Approximately 2-4 g dried sediments were used for the study of benthic foraminifers. The
coarse fraction content ()63 gm) in the sediment. abundance (number/10 g), species
composition, and species number of benthic foraminifers, number of pyrite-filled foraminifers.
and number of ostracodes are counted and identified (Tables 2 and 3). Benthic foraminifers
are picked from greater than 63 (uzm size fraction. Every sample contains less than 300
specimens of benthic foraminifers. Their raw counts are shown in Table 2 and converted

value per 10 g sediments is shown in Table 3. The number of ostracodes greater than 63 &«
m size fraction is also counted.

4. Results and Discussion

4.1 Benthic foraminifers at the surface and downcore sediments

The eastern part of the Sihwa Lake (S4 and S5). which is located adjacent to the Shihwa-
Banwol Industrial Complexes, contains barren or nearly barren of benthic foraminifers at the
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Table 2. Raw counts of benthic foraminifers: The downcore depth, the original dry weight,
the weight and relative percentage of coarse fraction content in the sediments, the number
of ostracodes., and the number of benthic foraminiferal species are listed. Numbers without
parenthesis denotes the raw counts of total (pyritized +non-pyritized) number of each
species. Numbers with parenthesis denotes the raw counts of pyritized species.
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Table 3. Converted values (number/10 g sediments) of each species in each station: Raw
counts are in Table 2.
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Fig. 2. Surface and downcore values of total and pyritized benthic foraminiferal abundance (number/10 g)

in each station.

surface sediment samples compared to those of the western part (S1. S2, S3) (Figs. 1 and
2). Based on the report of the Korea Ocean Research and Development Institute (KORDI,
1997), the eastern part of the Shihwa Lake contains much higher heavy metals (Cu and Zn)
compared with the western part. The eastern part contains 0 to 7 and the western part
contains 0 to 60 specimens of benthic foraminifers per 10 g dried sediments (Fig. 2 and
Table 3).

There are several possibilities for the absence or (nearly absence at station S4) of
benthic foraminifers in the surface sediments of the eastern part of Shihwa Lake. Generally.
the low number of benthic foraminifers can be found off the outfalls of streams due to the
fresh water input (Polski, 1959: Waller, 1960). The monthly average salinity of Shihwa Lake
bottom water in March, 1997 is 26.8T1.5% (KORDI. 1998). We believe that this salinity
value is not a major reason for the absence of foraminifers at the eastern part of Shihwa
Lake. Poorly-oxygenated nearshore water contains lower number of benthic foraminifers than
the offshore (Blackwelder et al., 1996). The dissolved oxygen (DO) content in the bottom
water of Shihwa Lake in February, 1997 was 17.7%1.8 mg/L and in March, 1997 was 1.2%1.5
mg/L. The average DO content from March to August, 1998 was less than 5.0 mg/L (KORDI.
1998). These DO values negate the absence of foraminifers at these stations.

A low number of benthic foraminifers is also associated with high coarse fraction content
(Sen Gupta., 1979). In contrary, the eastern part of Shihwa Lake (stations S4 and S5)
contains low percentage of coarse fraction content (Fig. 3).

The number of benthic foraminifers increased farther from the sewage outfall areas
(Bandy et al.. 1964: Bates and Spencer. 1979: Alve. 1991. 1995. Stott et al.., 1996). The
presence of foraminifers "Dead Zone” with no living benthic foraminifers surrounding the
outfall was reported by several previous workers (Bandy et al., 1964: Alve, 1995. Stott et
al., 1996). This study shows that the low number (7 specimens/10 g) or barren of benthic
foraminifers from the surface sediments occur in just vicinity of the sewage outfall areas
(stations S4 and S5).
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Fig. 3. Coarse fraction ()63 x#m) content in sediments and number of arenaceous foraminifers/10 g.
Notice the scale differences in y-axis both coarse fraction (%) and number of arenaceous

foraminifers (number/10 g).

Surface sediment at station S2, the previous tidal channel located near the Shihwa
Seawall, also shows barren of benthic foraminifers (Fig. 2). As shown in Table 1, the water
depth of station 2 is 17 m. We do not have dissolved oxygen content at this depth. But, the
dissolved oxygen content at 8 m water column, very close to the station 2. is 0.3 mg/L (Park
et al., 1997). However, the dissolved oxygen content at 5 m water column of station 1 is 6.5
mg/L. and at 4 m water column at station 3 is 8.2 mg/L. Therefore. the absence of
foraminifers in the surface sediment of station 2 is probably due to the low oxygen content
of the bottom water.

The low number of foraminifers in the eastern part of Shihwa Lake (stations S4 and S5)
is due to the heavily polluted nature. Particularly, stations S4 and S5 are located adjacent
to the Sihhwa-Banwol Industrial Complexes. and lots of sewage and industrial pollutants are
dumped through six major streams. Heavy metal (Cu and Zn) contents in the surface
sediment of these stations are very high compared with those of the other stations (KORDI,
1997). These® heavy metals prevent the foraminifers from surviving in the eastern part of
Shihwa Lake. Increased heavy metal pollution causes not only impoverishment of
foraminiferal fauna (Alve. 1991 1995), but also local extinction (Culver and Buzas, 1995).
Seiglie (1973) also showed that the poor in number of living foraminifers on or in the
sediment of polluted areas. Therefore. absence of foraminifers at stations S4 and S5 is due
to the proximity to the pollution sources

In the eastern part of the Shihwa Lake (stations S4 and S5). the downcore abundance of
benthic foraminifers shows almost barren compared with that in the western part (stations
S1. S2. and 83). This strongly suggests that the various pollutants severely affected to the
bottom sediment in the eastern part of Shihwa Lake compared with those in the western
part. Excepting the barren zone (stations S4 and S5), it is clear that the number of benthic
foraminifers at the surface sediment shows significantly lower number compared with that of
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the downcore (Fig. 2). We do not know the sedimentation rate in this area. However. the
significantly low number of benthic foraminifers at the surface sediment indicates that the
recent input of pollutants in combination with the low salinity due to the Seawall

construction in 1994 significantly affected the ecological system and sedimentary environment.

4.2 Pyrite-filled benthic foraminifers at the surface and sedimentary sequences

The total number of pyrite-filled benthic foraminifers per 10 g in the surface and
downcore sediments is shown in Fig. 2. Except the barren zone due to the severe heavy
metal pollution in the eastern part of the Shihwa Lake (stations S4 and S5). the sediments
from the western part (stations S1. S2, and S3) contain pyrite-filled benthic foraminifers
both at the surface and of downcore sediments (Fig. 2). Station S1 contains 4 among 12
specimens and station 3 contains 24 among 60 specimens of pyritized foraminifers in 10 g
dried sediments (Fig. 2 and Table 3). The pyritization of foraminifers is controlled by
localized environmental conditions (Seiglie, 1973). Pyrite is formed in anoxic environment
mainly by bacterial activity (Seiglie, 1973; Berner, 1980). Pyritization by bacterial activity
inside the foraminiferal test is due to the disease (Seiglie. 1973) and occurs in polluted
areas (Seiglie, 1973: Alve 1991). Therefore, the presence of pyrite-filled benthic foraminifers
also suggests that the study area be severely affected by pollutants. Hallock et al. (1995)
reported that if foraminifers are affected by disease. the population densities are declined by
95%.

4.3 Benthic foraminifers assemblages in the surface and core sediments

Except for the barren zone (stations S4 and S5). Ammonia beccarii is the most abundant
species in the surface and downcore of the Shihwa Lake (Fig. 4 and Table 3). In the surface
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Fig. 4. Downcore abundance (number/10 g) of total and pyritized Ammonia beccarii in each station.
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sediment, station S1 contains 12 specimens of A. beccarii per 10 g dried sediments and 4 of
them (33%) are pyritized. Station S3 contains 48 specimens of A. beccarii per 10 g dried
sediments and 18 of them (35%) are pyritized (Table 3). Alve (1995) reported that A.
beccarii is abundant species in the most polluted areas. The significantly low number of this
species in the surface sediments. compared with that in the downcore sediments, at the
wastern part of Shihwa Lake (stations S1, S2. and S3) suggests that the relatively recent
intrusion of pollutants modified the ecology of Shihwa Lake. Significant accumulation of
pollutants into the lake is probably after the completion of the Shihwa Seawall construction
in January of 1994.

It is very interesting to note that FElphidium spp. (E. advena, E. excavatum., and E.

subincertum) do not occur in the surface sediments of the study area (Fig. 5). However. both
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Fig. 5. Downcore abundance (number/10 g) of total and pyritized Elphidium spp. in each station.

non-pyritized and pyritized Elphidium spp. commonly occur at the downcore. Elphidium
advena and E. excavatum commonly occur in continental shelf areas, which have a normal
salinity (Waller, 1960: Streeter and Lavery, 1982: Oki and Yamamoto., 1992). The absence
of Elphidium spp. in the surface sediment might be partly due to the fresh-waterized nature
of the Shihwa Lake after the completion of Seawall.

4.4 Arenaceous foraminifers

In previous work. arenaceous foraminifers have been used as a dominant group near
outfall areas (Zalesny. 1959. Watkins, 1961: Alve. 1995). However. in this study area. no
arenaceous foraminifers are found in the surface sediments (Fig. 3). The highest
concentration of arenaceous foraminifers also occurs in coarse substrate (Finger and Lipps,
1981: Blackwelder et al.. 1996) and brackish water (Bandy and Arnal, 1960). In this study,
arenaceous foraminifers occur at 20 ¢cm downcore depth at station S4 and 50 ¢m at station

S5 (Fig. 3). These downcore depths contain relatively high amount of coarse fractions (Fig.
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3). The occurrence of arenaceous foraminifers at 11, 29, and 41 c¢m of station S2 can also be
explained by the high amount of coarse fraction contents in the sediments.

Stations S1 and S3 also contain high amount of coarse fractions but no arenaceous
foraminifers. We do not know why station S2 contains arenaceous foraminifers, and stations
S1 and S3 do not.

In this study. the arenaceous foraminifers do not occur in the surface sediments of all five
stations (Fig. 3). The total absence of arenaceous foraminifers may be due to the heavily
polluted nature of the surface sediments. Bandy et al. (1964) also reported that the lowest
value of arenaceous foraminifers under the sewage field. The result of this study well agrees
with that of Bandy et al. (1964).

4.5 Species diversity

The polluted Shihwa Lake contains a very low number of species in the surface sediments

(Fig. 6). Only one species is found at stations S1 and 34, and 5 species at station S3. Stations

Number of species

%
,
29 50 70 0 10 20 29 40 50 60
L cm 4
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Fig. 6. Number of species in the surface and downcore sediments in each station.

S2 and S5 do not contain foraminifers. The lowest number of species also reported at various
sewage outfall areas (Bates and Spencer, 1979: Yanko et al.. 1994 Alve, 1995). Bates and
Spencer (1979) reported that the numbers of living benthic species and total benthic
(living+dead) species are the lowest at the Chesapeake-Elizabeth sewage outfall, Virginia,
USA. The lowest number of species is also observed near the Hadera Power Station, Israel,
where a coal is the major source of pollution into the surface sediments (Yanko et al.. 1994).
In the study area, the number of species in the surface sediments is very low (or almost
absent) compared to that in the downcore sediments (Fig. 6). It is believed that this low
value of species diversity at the surface sediment is affected by the recent input of

pollutants.
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4.6 Ostracodes

All five stations from the surface sediments do not contain ostracodes (Fig. 7). The

eastern part of the heavily heavy metal polluted Shihwa Lake, which is adjacent to the Shihwa-
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Fig. 7. Number of ostracodes/10 g in the surface and downcore sediments in each station.

Banwol Industrial complexes, does not contain any ostracodes even at the downcore.
Schafer et al. (1975) pointed out that oastracodes seem to be one of the most sensitive
biological indicators of environmental modification. We believe the absence of ostracodes in

the surface sediments from all five stations is due to the polluted nature of the study area.

5. Conclusions

Based on benthic foraminiferal analysis of five sediment cores from the Shihwa Lake, the

following conclusions can be drawn:

(1) The heavy metal (Cu and Zn) polluted eastern part of the Shihwa Lake shows barren
or nearly barren zone of benthic foraminifers both at the surface and downcore
sediments.

(2) Recent intrusion of pollutants after the construction of the Seawall in 1994 severely
modified the Shihwa Lake environment as evidenced by the low number of benthic
foraminifers, low number of Ammonia beccarii, low species diversity, and absence of
Elphidium spp.. and ostracodes in the surface sediment compared with those of the
downcore sediments.

(3) Except the barren station (eastern part of Shihwa Lake), the western part contains
pyritized benthic foraminifers both in the surface and downcore sediments, suggesting a
foraminiferal disease by bacteria.

(4) Either pyritized or non-pyritized Elphidium advena, E. excavatum, and E. subincertum
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do not occur in the surface sediments. But they are abundant in the downcore
sediments. The absence of the above species in the surface sediments is due to
probably a fresh-waterized nature of the Shihwa Lake after the completion of the
Seawall in 1994,

{6) The surface sediments contain a low number of species compared with the downcore
sediments, suggesting the relatively recent modification of the Shihwa Lake bottom
water environment by pollutants.

(6) Ostracodes do not occur in the surface sediment of all five stations. Even, it is not
found adjacent to the Shihwa-Banwol Industrial Complexes and outfalls of sewage both
in the surface and downcore sediments, indicating that ostracodes can also be used as

a sensitive pollution indicator.
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