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ABSTRACT

The extent of water pollution was investigated at 4 stations in Kyonggi Bay during
the summer seasons in 1970 and 1971. The concentrations of dissolved oxygen, total
hardness, ammonia, nitrate, nitrite, phosphate, chemical oxygen demand, salinity, bioche-
mical oxygen demand, coliform bacteria and fecal coli were examined together with the
measurement of pH and transparency. The relationship between the extent of pollution
and the distance from the Inchon Bay also was examined.

The concentrations of biochemical oxygen demand, chemical oxygen demand, ammonia,
nitrate, nitrite, phosphate, coliform bacteria and fecal coli were all highest at station 1, and
lowest at station 4. Values were somewhat higher at low tide level in general. On the
contrary, dissolved oxygen concentration was highest at station 4 and lowest at station 1.

The highest and lowest values of biochemical oxygen demand were 10.88 ppm at station
1 and 0.27 ppm at station 4. The chemical oxygen demand concentrations at station 1
and 4 were 1.90 ppm and 0.63 ppm. Ammonia concentration at station 1 was 0.43 ppm
and was nearly 5 times as much as that at station 4. Nitrate concentration at station 1
was 4 times as much as that at station 4. The values were 2.45X 1073 ppm at station 1,
and 6x 1074 ppm at station 4. Nitrite concentration at station 1 was 3x10~4 ppm and
was the highest, while the lowest was 9.5x1075 ppm at station 4. Phosphate value at
station 1 too was the highest and was about 4 times as much as that at station 4.
Coliform bacteria were most abundant at station 1, and were counted to be 1.7 x 10%¢ells/
ml. At station 4, the number greatly reduced to 8x 102 cells/ml. The number of fecal
coli at station 1 was 2x10* cells/ml. But at station 4, no fecal coli was detected at
high tide level. At low tide level, 3 cells/ml were counted at station 4.

In all of these, the highest data were obtained at low tide level, while most of the
lowest value, at high tide level. Generally, values at station 1 were 3-5 times as much as
those at station 4.

* Partial expenses of this survey were supported by the IBP, PM section in Korea in 1970 and 1971.
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Concentration of dissolved oxygen at station 1 was 0.366 mg-atoms/1 and was the

lowest. The highest value was 0.420 mg-atoms/1 and was recorded at station 4. The
values of salinity and total hardness concentrations too were lowest at station 1 and
highest at station 4, which certainly were believed to be the result of the dilution by
the fresh water of the Han river flowing into the Inchon Bay.

As we can see from the data above, the extent of pollution was highest at station 1,

the nearest from Inchon harbor, and lowest at station 4, where is the farthest. Station 1
and 2 were proved to be much polluted, but station 3 and 4, not.

INTRODUCTION

Owing to the rapid development of
industry and the concentration of population
in large cities, the extent of water and air
pollution in Korea 1is ecver increasing
recently. The fresh- and marine-water in
some industrial regions such as Inchon and
Ulsan are considered to be especially pol-
luted by the waste water of the crowded
factories. But there has not yet been any
systematic study on the pollution problems
in these heavily polluted regions. Some
extensive study on the extent of the pol-
lution and on its solution is very urgent,
we believe.

The Inchon Bay has long been suspected
to be severely polluted by the waste water
of the nearby factories and the sewage from
Inchon city. In this research, we investig-
ated the water pollution at four stations in
Kyonggi Bay along the Seo channel, one of
the channels through which the marine
water flows into the Han river at high tide
level, and examined the change of extent
from

in connection with the distance

Inchon harbor, where the pollutants from

Table 1. The location of each station.

all the nearby factories and Inchon city

are discharged into the sea.

MATERIALS AND METHODS

Four stations were selected in Kyonggi
Bay along the Seo channel for this survey.
Station 1 is between Wolmi Island and
Yongjong Island, and is 5km away {rom
Inchon harbor. Station 2 is near Palmi
Island, 16 km harbor.
Station 3 locates between Chawol and Choji

away from the

Island, station 4 locates between Mungap
Island and Songap Island, and are 37 km
and 56 km away, respectively. The Seo
channel originates from the estuary of the
Han river and is one of the channels
through which the marine water flows into
the Han river at high tide level and the
fresh water of the Han river flows into the
Inchon Bay at low tide level. The exper-
imental stations were selected along this
channel so that the effect of the fresh
water on the dilution of the pollutants
could be traced.

The experimental stations and their dist-
ances from the Inchon harbor are illustrated

in Table 1 and Fig. 1.

Station ) St. 1

T

St. 2 E St. 3 St. 4

Location [{ Wolmi Isl. Palmi Isl. Chawol Isl. Mungap Isl.
Distance from Han " 5 km 16 km 37km 56 km

river estuary
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Fig. 1. Map of the stations experimented.
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Sampling was done twice a day at a
station at low tide level and high tide
level. Samples were collected with Eckman
water sampler and were stored in 4 litter
plastic bottles in ice box and maintained
at 5°C until they were analyzed. 3 bottles
were taken at each station and each of
which was used for the determination of
biochemical oxygen demand, bacteria and
chemical analyses.

pH was tested with MRK portable pH
meter (Model 10-250c II) at each station.

Transparency was measured with Secchi
disc.

Dissolved oxygen (DO) was determined
by modified Winkler's method with dupl-
icate samples.

Colorimetric methods were adopted for
the determination of ammonia, nitrate,
nitrite and phosphate. Nessler’s reagent
was used for the ammonia determination.
Nitrate and nitrate were analyzed by the
G.R. method and with the
ammonium molybdate method.

phosphate,

Total hardness, chemical oxygen demand
(COD) and salinity were determined titri-
metrically by the EDTA, oxalic acid-pota-
ssium permanganese, and silver nitrate
method, respectively.

Samples were incubated for 5 days at
20°C and were examined by modified
Winkler’s method to determine biochemical
oxygen demand (BOD), The water sampled
at station 4 in 10 m depth was used for the
dilution of these samples.

Coliform bacteria and fecal coli were
tested using Millipore filter method. Samp-
les were incubated at 37°C and 44°C for
16 hours after the preculture for 2 hours
on glucose nutrient broth at 37°C. The
filter papers after incubation were examined

under stereoscopic microscope.
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RESULTS AND DISCUSSION

DO content was lowest at station 1 and
highest at station 4 showing the tendency
to increase as the distance from Inchon
harbor grows farther. The lowest value
was (.366 mg-atoms/] and the highest was
0.416 mg-atoms/1. The values were slightly
high at low tide level in general. Compar-
ing this with the results obtained from the
research in the Tokyo Bay in 1970, which
show the maximum and minimum concent-
rations of (.902 mg-atoms/1 and 0.223 mg-
atoms/1, we can see that the Inchon Bay
is much more deficient in its DO content.
Besides, the DO content at several points
near Kanghwa Island (Fig.1) were between
0.556 and 0.475 mg-atoms/l in 1967
(Hong, et al, 1968) showing much higher
values than those obtained in this research.

Concentrations of BOD and COD too
The BOD con-
centration at station 1 was 10.88 ppm at

were highest at station 1.
low tide level. Similar concentration was
obtained at station 2. But the values quic-
kly dropped at station 3 and 4 and were
below 0.1 ppm at both stations. The COD
concentration at station 1 was 1.9 ppm and,
after gradual decrease, the lowest value of
0.63 ppm was recorded at station 4. In the
Tokyo Bay, COD concentrations varied
between 1.4 ppm and 4.7 ppm in 1970.

With these results, which are also shown
in Figs. 2, 3 and 4, it can be presumed
that the low DO concentrations at station
1 and 2 are dircctly related with the high
concentrations of BOD and COD (In Fig.2
and other Figures following, the stations
are placed on the horizontal axis. They are
arranged so that they indicate the relative
distances of the 4 stations.).
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Fig. 2. Concentrations of dissolved oxygen
at 4 stations measured at low tide level
and high tide level.
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Fig.3. Results of the analyses of BOD at 4
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Fig. 4. Concentrations of COD.
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The concentrations of ammonia, nitrate,
nitrite, phosphate and bacteria also were
highest at station 1 and were lowest at
station 4 and, in general, the values were
slightly high at low tide level. '

Ammonia concentration was 0.43 ppm at
station 1. At station 2, the value rapidly
decreased to (.22 ppm and the curve slowed
down thereafter. The lowest value was
0.09 ppm, which was recorded at station

4. The results are shown in Fig,5.
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Fig. 5. Concentrations of ammonia.

The highest concentration of nitrate was
2.42X107% ppm at low tide level at station
1 and the lowest one was 5.8x10~* Ppm at
high tide level at station 4. Station 3 and
4 showed similar concentrations (Fig.6).
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Fig. 6. Results of nitrate determination.
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Variation of nitrite concentration was
between 3.0x10™*ppm and 1.0x 10 *ppm
(Fig. 7).
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Fig. 7. Results of nitrite determination.
The highest and lowest concentrations of
phosphate were also recorded at station 1
and station 4 with the value of 1,70 ppm
and 0.46 ppm, respectively (Fig.8).

(ppm)

20 o——— jow tide
s——-—= high tide

I 5

1.0

05r

[o] ] i i 1

ST ST 2 ST 3 ST 4
Station

Fig. 8. Concentrations of phosphate
at 4 stations.

Coliform bacteria and fecal coli at station
1 were most abundant among the four and
were counted to be 1.7x10° cells/ml and
2.0x10* cells/ml respectively at low tide
level. No conspicuous variation between
station ] and station 2 was observed. The
concentration of coliform bacteria at station
4 was 3.9x10% cells/ml at high tide level
and was the lowest. Fecal coli was not
detected at station 4 at high tide level

[(Vol. 10, No. 3

(Fig. 9). In the Han River Estuary, near
Kanghwa Island, the coliform bacteria were
counted to be between 2.7 x 10* cells/m! and
1.7%10°% cells/ml in 1967 (Hong, et al.,
1968). But in that report, the bacteria at
Oepo-ri and Choji-ri (Fig. 1) were only
2.7x10* and 3.2x10% cells/ml, which were
similar values to those obtained at station
3 and 4 in this report. Comparing these, it
can be assumed that station 1 and 2 are
much polluted, though there are some dif-
ficulties in the comparison because that

data were obtained 4 years ago.
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Fig. 9. Populations of coliform bacteria

and fecal coli.

Salinity and total hardness were lowest
at station 1, This is believed to be the
result of dilution by the fresh water of the
Han river flowing into the Inchon Bay.

Total hardness increased gradually from
station 1 to station 4 making sigmoid curves
(Fig.10). The concentrations varied between
13,100 ppm and 14,540 ppm.

Salinity of station 1 reached only to
25,28 %, at low tide level. But at high tide
level, it was recorded to be 28.29 %, at the
same place. The highest concentration
observed was 30. 93 %, at station 4 (Fig.11).

Results of pH and transparency measure-
ments are recorded in Table 2. pH at 4

stations were observed to be very similar
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and showed little variation. The range was
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between 8,30 and 8,45 and can be said to
be somewhat normal.
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Fig. 11. Salinity measured at 4 stations.
13-
The transparency was relatively low and
the variation range was between 1.8 m and
. 1 A W
ST 1 ST. 2 ST 3 ST 4 3.3 m. Unexpectedly, station 3 showed
Station very low value, but the reason was not
Fig. 10. Total hardness at 4 stations. detected.
Table 2. The pH and transparency of each station.
Item Tide level St. 1 St. 2 St. 3 St. 4
pH Low Tide 8.40 8. 40 8.40 8.30
High Tide 8.45 8.45 8.40 8.30
Transparency Low Tide 1.8m 1.9m 1.9m 3.0m
2.5m 2.3m 1.9m 3.3m

High Tide

In almost all the data analyzed, station
1 proved to be most polluted. Though
station 2 showed slightly lower values than
station 1, there was no significant differ-
ence between the two, indicating that the
pollutants can not be effectively diluted
even at station 2, and that station 2 is not
much less polluted than station 1. Results
from station 3 and station 4 were relatively
low and similar at both stations, and it
was thought that these stations are not
But it should not be

polluted as yet.

overlooked that fecal coli were detected at
both places.

Regarding all these, it is apparent that
station 1 and station 2 are polluted consid-
erably. Though there are little evidences
that station 3 and station 4 are polluted,
we can estimate that these stations too will
be polluted sooner or later with regard to
the fact that more and more large plants
such as petroleum refinery are being built
in Inchon Industrial Region.

In this survey, only 4 stations could be
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examined. But to understand the nature of region and the sewage from Inchon city

water pollution in this area more exactly, too should be analyzed, and continuous
the waste water from every plant in this study for much longer period is required.
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