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Abstract: In order to clarify the influence of environmental factors on the phytoplankton
community in Kyeonggi Bay, the hydrological and water quality data wese obtained from 20
cruises from May, 1981, to September, 1982 in this bay.

Physical conditions at the mouth of the bay are more stable than those at the head of the
bay. Temperatures and salinities of the upper part of the bay show great seasonal fluctua-
tions due to the river discharge. By the extending effects of freshwater, a weak two-layer
flow system is formed from the upper part of the bay to Palmi Island. In summer thermal
stratification are formed in the middle and outer parts of the bay. In winter, However, the
temperature shows no vertical temperature gradient. The inner bay and the vicinity area of
Incheon Harbour are relatively polluted and eutrophicated due to both the runoff of fresh-
water from the Han River and the waste discharge from Incheon industrial complex. How-
ever, except the polluted area, the study areas are well oxygenated with more than 90%
saturation.
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ary about 10-40m depth, located in the middle

INTRODUCTION part of the Korean west coast. This area is one of

the typical drowned riverine valleys with rias

Kyeonggi Bay is a shallow coastal plain estu- coastline, including many islands, extensive tidal
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flats and tidal channels (KORD{, 1981).

The shallowness of coastai plain estuaries
allows wind action and turbulent current generat-
ed by the tide and river flow to influence the
water circulation. Evaporation by wind and sun
light exceedingly influence heat exchange that
give rise to a rapid fluctuation of water tempera-
ture over a wide coastal plain (Perkins, 1974).

It is characteristic that this bay is dominated
by macrotidal range up to about 9-10m having
maximum flood current of 2.7 knots and ebb
current velocity of 3.4 knots respectively (Yi,
1972). Tremendous freshwater inflow from the
Han River together with the run-off from the
Imjin River cause extreme fluctuation of salinity
in northern part of this bay. By the inflow of
nutrients and trace elements from the Han River
and Incheon industrial complex, the study area
is polluted and eutrophicated occasionally.

In estuarine systems, numerous physico-che-
mical and biological factors may be responsible
for phytoplankton distribution. The variation in
salinity, temperature and often environmental
factors determines characteristic species composi-
tion, distribution, productivity and successional
pattern in estuarine ecosystems. This study lay
emphasis on the spatial and temporal change of
the various environmental factors in this estuarine
ecosystem.

METHODS AND MATERIALS

Samples for this study were collected in two
survey areas, The first survey area is directly in-
fluenced by the runoff of Han River and the
waste discharge from Incheon city. Physico-
chemical environmental factors were measured
at 7 sampling stations for 12 months from Octo-
ber, 1981 to September, 1982. The Second sur-
vey area includes 5 major tidal channels in
Kyeonggi Bay. Samples were collected 9 times at
5 stations in each channel from May, 1981 to
April, 1982 (Fig. 1). Station A in Yeomha

Channel is located at the mouth of Han River,
Station B in Incheon Channel is located near the
Incheon Harbor, Station C is located at Palmi
Channel in the middle part of Kyeonggi Bay.
Station D and E are located at the mouth of the
Bay.

Collection of physico-chemical data.

The weather data of air temperature, precipi-
tation and wind velocity were referred to the
report of meteorological observatory (1981).
Water temperatures were measured by protected’
reversing thermometer attached to the Van-Dorn
water sampler. Water samples were collected by
Van-Dorn water sampler for measuring salinity,
chemical oxygen demand, biological oxygen de-
mand and nutrients. The salinities were measured
by digital salinometer (Autosal model 8400) in
the laboratory. Dissolved oxygens were measured
with portable dissolved oxygen-temperature
employed for D.O calibration. The solubility of
oxygen in saline water can be expressed by the
equation; Cs = 14,161 — 0.3943T + 0.0077T% —
0.0000646T*> — S (0.0841 — 0.00256T +
0.0000374T?) mg/l, where S is salinity and T is
temperature (Perkins, 1974). Water samples for
hydrogen ion concentration (pH) were measured
by portable pH meter (Chemcadet) on board. In
the laboratory COD were measured by the p-
Alkaline KMnO, consumption method, BOD
were incubated for 5 days and measured accord-
ing to Standard method (1976). Nutrient concen-
trations were measured by Technicon Auto-
analyzer AA2, following to the methods of
Strickland and Parsons (1972).

RESULTS AND DISCUSSION
A. Physical Characteristics

1. Air temperature, precipitation and wind.

Incheon city and its vicinity area have a more
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Fig. 1. Location map of Kyeonggi Bay.

mild weather than inland of the middle part of
Korea. The mean annual temperature in Incheon
city is 10.7°C, with the coldest month in January,
averaging —6.3°C and the warmest month in
July, averaging 24.4°C. Periods of below freezing
temperatures are two months. The seasonal varia-

tion in air temperature is presented in Fig. 2.

The annual precipitation for the area averages
118 cm with the heaviest rainfall, maximum of
399 c¢m normally occurring in July. The times
of least rainfall are occurred in the winter with
minimum of 12.7 ¢cm in December. The summer
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Fig. 2. The seasonal variations of air tempera-
tures(I), precipitations(II), wind veloci-
ty and direction (III), in 1981 at In-
cheon Harbour. (by the data of meteo-
logical laboratory)

rains are largely in the form of a long spell of
rainy weather to influence salinity fluctuations
in the survey area (Fig. 5). The seasonal distribu-
tion of precipitation is presented in Fig. 2. The
annual mean wind velocity is 3.7 mfsec, average
for 24 hours. The prevailing winds blow from the
north west in October, December, January, April
and May, from the west in November, February
and March and from the south in summer. Ge-
nerally, from October to May, the northwest
monsoon prevails and in summer winds blow
from the south and southwest. Wind velocities
are higher than those found in land, and' often
have strong effects on water level, heat exchange
and current. The seasonal variation in the wind
velocity and direction is presented in Fig.2.
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Fig. 3. Monthly variations of air temperatures
and water temperatures from 1972 to
1980 in Incheon Harbour. (by the data
of Hydrological office)

2. Water temperature

Water temperature data observed by Hydro-
graphic Office at Incheon Harbor from 1972 to
1980 were lowest in February and highest in
August, ranging from 1.35°C to 24.68°C with a
mean of 13.04°C. The shallowness of the Bay
combines with wind and tide-generated currents
to promote rapid heat exchange (Riley, 1967).
Seasonal variation patterns of water temperatures
were similar to those of monthly mean air tem-
peratures. In' spring and summer water tempera-
ture was lower than air temperature while in
autumn and winter the relation was reversed
(Fig. 3). In the inner bay, annual range of water
temperature was similar to that of air tempera-
ture. Such a fact seems to be due to the shallow-
ness of water depth having small heat budget.
Annual mean temperatures were ranged from
12.78°C at station 7 to 13.32°C at station 4,
with a mean of 13.09°C in 1981 similar to above
result from 1972 to 1980. Such little differences
in the temperature between stations are due to
the great tidal mixing over the survey area.
Though there are little differences, temperatures
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Fig. 4. The distribution of water temperatures in the second survey area.
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at station 1 and station 4 show a little higher
than at other stations by the inflow of waste
water.

The temperature results measured at 5 chan-
nels are shown in Fig. 4. From March to July, the
temperature decreases toward the outer bay.
From October to February the gradient is revers-
ed. Especially in summer the temperature usually
decreases from the inner bay to the sea. These
facts are due to the input of warm freshwater
and the absorption of solar radiation by exposed
mud flats which transfer accumulated heat to
the overlying waters. Therefore temperature con-
ditions at the mouth of bay are more stable
than those at the head of bay. But from August
to September temperature gradients were not
shown due to the incursions of offshore waters.

In vertical profiles, during the spring and the
summer, the surface water usually is much war-
mer than the deeper water. The largest vertical
temperature gradients are shown at station C
from April to September with about 1.5°C be-
tween the surface and bottom. From October
to March, however, there is, no vertical tempera-
ture gradients. This fact may be due to the
surface cooling caused by the cold air tempera-
tures. Water masses in winter are more unstable
than those in summer. If the mixing is especially
vigorous, the phytoplankton may be carried
down to deep layer and spend most of their time
below the compensation depth and there will be
no net production.

3. Salinity

The salinity of the Kyeonggi Bay is relatively
lower than that of offshore area, due to the river
discharges. Chung and Shim (1969) indicated
that the salinity was changed directly by tidal
effect in the Kyeonggi Bay, and that as a whole,
the upper part of Kyeonggi Bay is mixohaline
according to venice system. Because of mixing
area between the freshwater and the saltwater,

Kyeonggi Bay show estuarine characteristics. The
salinities of the surface layer show great seasonal
fluctuations due to the river discharge (Fig. 5).
Salinities are low from summer to autumn and
high from winter to spring. The high salinities in
winter are due to the reduced discharge of rivers
and partially heavy evaporation by the strong
winds (Nakao, 1977).

The horizontal distribution of salinity in-
creases towards the mouth of bay, which has a
free connection with the offshore waters. Also,
because of reducing effect of river discharge, the
fluctuation of salinity are reduced towards the
mouth of the bay. At station A, the salinity
ranges from 19.16% to 31.43%. But at station E
the ranges are between 30.89% and 32.40%.

At station A, the vertical distributions of
mean salinity are shown from 26.88% at the sur-
face to 27.82% at the bottom. Salinity profiles
at station A, B and C show a little increase from
surface to bottom. Therefore, a weak two-layer
flow system is formed by the extending effects
of freshwater from the upper bay to the station
C. But at station D and E the vertical profiles of
salinity show constant. At stations D and E,
the tides are very strong in compare to the river
flow. The vertical mixing becomes so intense that
there is no variation in salinity from surface to
bottom at stations D and E. From August to
October, the horizontal distribution of salinity
at station D and E is relatively uniform. This
fact may be considered due to the incursion of
the offshore water.

B. Chemical characteristics.

1. pH

In the first survey area the pH values lie within
the range of 4.30-8.20" with a mean of 7.67
(Table 1). The pH values vary extensively with
stations and seasons. In comparison with the
normal condition, these values are relatively low.
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Table 1. The seasonal variations of pH value in the first survey area

Unit : pH
1981 1982
Station Mean
Oct. Nov. Dec. Jan. Feb, Mar. Apr. May Jul Aug. Sep.
St. 1 795 7.80 7.88 789 770 790 8.10 8.10 8.20 8.10 8.04 797
St. 2 790 800 8.10 790 7.70 790 790 790 8.10 8.00 797 1794
St. 3 771 430 7.11 770 750 790 790 800 7.25 7.80 6.77 71.27
St. 4 7.00 595 648 725 560 7.40 750 800 6.85 6.20 6.52 6.80
St. 5 785 7.85 790 790 770 790 750 8.10 8.10 7.80 8.00 791
St. 6 780 7.80 783 780 760 7.80 790 800 805 7.70 789 7.83
St. 7 792 802 800 795 760 790 800 810 820 8.20 8.14 8.00
Average 7.73 7.10 7.61 7.77 734 781 7.89 803 782 7.68 7.62

These low values could be due to the input of
freshwater and waste discharge from the Han
River and the Incheon industrial complex (Table
7). At stations 1,2,5 and 7, pH values are rather
constant with the range of 7.7-8.20. These are
similar to the results reported by KORDI (1978).
But station 3 and 4 show especially low pH value
with a mean of 7.27 and 6.80 respectively. Also,
pH values at these stations very extensively with
the range of 4.30-8.88 and 5.60-8.00, respec-
tively. This suggests that station 3 and 4 are
severely contaminated by acid waste discharging
from Incheon industrial complex through In-
cheon Bridge tributary. At the Station 4, waters
are polluted by strong acid release from Incheon
industrial complex in the low tide, showing the
extreme low values below the pH 3.0 occasional-
ly. At high tide, the pH value is nearly normal
condition showing about 8.0. This could be due
to the buffering action and the dilution of the
sea water. As shown in Fig. 6, at station 8, the
pH values are relatively uniform. At station 8,
the waters seem to be not affected by waste dis-
charge with tidal cycle. At station 6, the pH
values are relatively low. This may be due to the
input of less buffered brackish water and un-
buffered freshwater of slightly acid runoff. The
seasonal variations of the average pH value are

shown in Table 1. Although the pH values are
usually highest in the summer and a minimum
value occurs in the winter (Murray, 1966),
maximum values in the study area occur in May
and minimum value in November. Such a highest
value in the spring may be due to the strong
photosynthetic activity of the phytoplankton.
At station 4, high values are especially concurr-
ent with higher phytoplankton biomass
(1,753,458 cells/l) in the spring. It is also usual
to find high concentrations of oxygen and high
pH values in the areas of high photosynthesis
(Parsons et al. 1977). In spite of high water tem-
perature in the summer, pH values are lower than
that in the spring. This can be due to the effect
of freshwater after the heavy precipitation and
the input of waste water in the upper part
of station 4. The lowest value in the winter seems
to be due to the low temperature, high salinity
and low photosynthesis of phytoplankton.

2. Dissolved Oxygen

Oxygen concentrations vary from a maxi-
mum of 13.8 mg/l at station 6 in February to a
minimum of 2.4 mg/l at station 3 in September.
Except station 3 and 4, all stations show relative-
ly high oxygen concentrations with a mean of
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Fig. 6. The variation of PH values with tidal
cycle at the spring tide.

above 8.0 mg/l (Table 2). These results agree
with those obtained from the open coastal waters
of the Yellow Sea (KORDI, 1982), but tends to
be higher than those found in Incheon Dock
(Yoo, 1982).

The percentage of dissolved oxygen saturation
also varies extensively by months and stations
ranging from 37.76% at station 3 to 121.41% at
station 6. Except at station 3 and 4, the percent-
ages of oxygen saturation at the rest stations are
nearly more than 90%, and relatively high (Table
3).

Unpolluted stations are well-oxygenated from
surface to bottom by turbulence, being due to
tidal currents. Also, it is generally assumed that
shallow water affected by wind or surf are fully
oxygenated (Perkins, 1974). However, at stations
3 and 4, the saturation of dissolved oxygen are
less than 70%. These levels are much lower than
the standard saturation (80%) of water quality
for fisheries and aquaculture (N.O.E, 1982).
These low conditions may be due to the decom-
position of organic matter, and the oxidation of
sewage and industrial wastewater, since both do-
mestic and industrial wastes contain surfactants
which reduce the D.O concentration of the

water (Perkins, 1974). The maximum percentage
of dissolved oxygen are occurred in early Fe-
bruary and minimum percentage are occurred
in August. The saturation percentages are high
in winter, spring, early spring, autumn and sum-
mer in order. This indicates that seasonal fluctua-
tions of oxygen concentration in Kyeonggi Bay
are affected by the stability of water mass and
by phytoplankton growth. High percentage of
oxygen in winter can be brought about by strong
turbulence due to the winter monsoon winds
(Nakao, 1977). High percentage in May could be
caused by the photosynthetic activity of phyto-
plankton during spring bloom. Regeneration of
oxygen in estuaries is brough about by mixing
with well oxygenated water from river or the sea,
direct reaeration from the air and by the photo-
synthetic activity of plants (Day and Balkema,
1981).

The vertical distributions of dissolved oxygen
are similar at each depth in many cases. These
constant distribution may be due to the mixing
by tidal action or wind action. It is common
that below the euphotic zone, the oxygen con-
tent decreases with depth as a result of oxidation
of organic matter. However, unpolluted estuaries
are normally well oxygenated from surface to
bottom by the mixing due to tidal action (Day,
1981).

3. Biochemical Oxygen Demand (BOD) and Che-
mical Oxygen Demand (COD)

In the first survey area, the BOD ranges from
1.0 mg/l to 14.0 mg/l with a mean of 4.1 mg/l
(Table 4). These concentrations are much higher
than those in Incheon Dock (Yoo, 1982). Guth-
rie and Perry (1980) mentioned that an aquatic
environment can have BOD of 5 mg/l (Sppm)
and be polluted. If the BOD reaches the point
where aerobic micro-organisms cannot survive,
anaerobic forms become predominant, producing
materials that are unpleasant to smell such as
hydrogen sulfide (H,S) or methange gas (CH,).
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Table 2. Distribution of Dissolved Oxygen in the first survey area.

(mg/Q)

Statio 1981 1982
on QOct. Nov. Dec. Jan. Feb. Mar. Apr. May Jul Aug.  Sep. Mean
St. 1 7.2 8.1 104 137 106 8.8 8.8 8.1 6.8 6.5 6.9 8.72
St. 2 6.6 7.9 107 130 105 95 9.1 8.2 6.6 5.8 6.5 8.58
St. 3 6.4 80 105 135 107 96 9.2 8.0 5.3 53 2.4 8.08
St. 4 5.2 79 103 137 7.8 92 8.9 7.8 5.0 4.2 43 7.66
St.§ 5.7 80 106 132 105 94 8.8 8.4 6.0 5.0 6.5 8.37
St. 6 5.8 82 108 138 106 95 9.5 8.1 6.2 5.0 6.5 8.37
St. 7 7.2 8.2 109 135 106 9.5 9.3 8.8 6.8 6.0 7.2 8.91
Average 6.3 8.1 106 137 107 96 9.3 8.8 6.8 6.5 6.8 8.39

Table 3. The percentage of Dissolved Oxygen Saturation in the first survey area

Unit: % Saturation

. 1981 1982

Station Oct Nov. Dec. Jan. Feb. Mar. Apr. May Jul Aug. Sep. Mean
St.1 9340 9246 101.21 120.97 102.53 90.87 105.25 104.38 98.02 98.50 939.97 100.69
St. 2 85.59 87.78 104.53 11490 101.95 96.88 110.22 105,84 9443 86.07 9292 98.28
St.3 81.55 87.80 100.94 11793 105.23 98.09 108.86 10064 7556 72.72 37.76 89.76
St.4 6587 8550 98.74 121.03 73.24 97.22 10594 101.12 71.55 6085 5626 8521
St.5 71.56 86.11 10298 116.62 102.53 95.16 104.69 10649 86.71 67.94 8843 9357
St.6 7261 86.14 103.46 121.41 99.24 96.61 112.61 101.22 88.35 60.07 77.83 92.69
St.7 92.66 92.61 107.32 11941 10435 9756 106.71 112.10 95.50 89.18 102.36 101.80
Average 80.46 88.34 102.74 118.90 98.44 96.06 109.75 104.54 87.19 76.48 7936

As a result, water quality is decreased.

Among the stations, at station 4 BOD is
highest, with a mean of 8.8 mg/l. This high BOD
is due to the organic materials by the input of
both domestic and industrial waste water from
Incheon industrial complex. The BOD at station
6 are also relatively high. This may be due to the
input of freshwater from Han River (Hong et
al. 1978). Other stations have about 3 mg/l.
These stations are less polluted by the dilutions
of the sea water.

The BOD in summer is highest due to the
large runoff from the Han River during the long

precipitation periods and the high activity of
biodegradation by high temperature. (Table 7)
The BOD in the spring and autumn are relatively
high. This is due largely to the large biomass of
the phytoplankton. The winter have a minimum
BOD value, due to the low temperature and the

less input of freshwater and waste waters.
The COD ranges from 0.2 mg/l to 12.4 mg/],

with a mean of 3.7 mg/l (Table 5). Among the
stations, station 4 has the highest COD, with a
mean of 7.47 mg/l, and the COD at station 6 is
relatively high. Yoshida (1973) defined that the
seawater having a range of 3-10 mg/l COD corres-
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ponds the hypertrophic zone. Thercefore, this
study area is considerably polluted by the orga-
nic materials as show with BOD.

The COD varies with season. As a rule, the
COD values are higher in summer. This may be
due to the high oxidation with high temperature.
The COD in winter is relatively high. This suggest
the resuspension of organic matter from the
bottom.

4. Plant nutrients.

Nitrate-Nitrogen

In the first survey area, the concentrations of
nitrate-nitrogen ranged from 2.25 ug-at N/l in
May at station 7 to 40.00 ug-at N/l in November
at station 6 with a mean of 11.29 ug-at N/1 (Fig.
7). These results indicate that this study area are
relatively eutrophicated by the input of fresh-
water and sewage.

Among the stations, station 6 shows the high-
est average concentrations, having of 20.73 ug-at
N/I. This high value is due to the input of river
discharge (Table 7). Station 3 and 4 also show
high levels, being due to the effluent of the sewage
and waste water from Incheon City. Level at
staiions 1,2 and 7, less influenced by freshwater
and sewage, are relatively high. This may be due
to the bottom regeneration. According to Boyn-
ton et al. (1980), it appears that nutrient fluxes
across the sediment water interface represent an
important source to the water column. Because
stations mentioned above are located in extensive
tidal flat, the regeneration from tidal flats may
be occurred.

Seasonal variations of average nitrate-nitrogen
values in the first survey area are presented (Fig.
7). Winter values are relatively high as usual in
temperate areas. During winter, low rates of
plant nutrient assimilation and the upward flux
of nitrate from bottom by winter mixing keep
high concentrations of nitrate until the onset of
spring. Toward the spring, water stability reduces
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Fig. 7. Monthly variation of nutrient concent-
ration in the first survey area.

the vertical flux of nitrate and the increased utili-
zation of nitrate by phytoplankton results in
nitrate minimum in May. McCarthy et al. (1977)
suggested that the cummulative phytoplankton
utilization of nitrate were directly proportional
to the increase in water temperature.

High levels in August and September may be
due to the large inputs of nitrate from runoff
after summer heavy precipitation (Table 7).
Especially, station 6 was high levels during this
period. The highest levels in October and No-
vember may be due to both large inputs from
freshwater and sewage, and vertical mixing by
tide and wind. Thus in this study area, the distri-
butions of nitrogen-nitrate usually show a predic-
table seasonal pattern.

In vertical distribution of nitrate, the surface
concentrations at stations A and B are relatively
higher than the bottom concentration (Table 6).
At stations C, D and E, the surface values are



The Ecological Study of Phytoplankton in Kyeonggi Bay

67

Table 4. The monthly variation of biochemical oxygen demand in the first survey area

Unit: mg/%
, 1981 1982
Station Mean
Oct. Nov. Dec Jan. Feb. Mar. Apr. May Jul. Aug.  Sep.
St. 1 4.0 3.0 3.0 3.0 30 2.0 1.0 3.0 4.0 4.0 3.0 3.0
St. 2 3.0 5.0 3.0 30 2.0 1.0 2.0 2.0 7.0 6.0 3.0 34
St.3 3.0 2.0 4.0 2.0 3.0 6.0 2.0 4.0 3.0 4.0 40 31
St. 4 10.0 7.0 13.0 4.0 14.0 2.0 12.0 5.0 9.0 120 9.0 8.8
St. 5 2.0 2.0 30 1.0 1.0 1.0 50 3.0 20 3.0 3.0 2.4
St. 6 120 3.0 40 20 2.0 5.0 4.0 2.0 40 5.0 50 4.4
St.7 4.0 4.0 30 2.0 1.0 1.0 6.0 40 4.0 4.0 30 33
Average 5.4 3.7 4.7 24 37 2.6 4.6 33 4.7 5.4 43
Table 5. The monthly variation of chemical oxygen demand in the first survery area
Unit: mg/%
1981 1982
Station Mean
Oct. Nov. Dec. IJan. Feb. Mar. Apr. May Jul Aug.  Sep.
St. 1 4.40 6.80 2.80 2.40 2.20 1.20 1.40 1.30 6.30 7.70 1.00 3.41
St. 2 3.20 2.40 3.60 1.60 240 020 0.80 1.00 8.20 7.90 1.00 2.94
St.3 3.20 4.60 2.80 1.00 0.80 1.60 1.70 2.10 3.90 4.30 2.90 2.63
St. 4 6.60 6.40 7.80 1.60 9.60 1.80 1240 8.10 12.10 1090 490 7.47
St.§ 3.20 3.60 3.20 2.20 1.20 140 400 410 4.00 5.10 3.20 3.20
§t. 6 4.20 5.40 3.20 2.00 0.20 220 650 080 470 490 0.70 3.16
St. 7 1.60 4.00 4.80 1.20 8.00 0.80 1.70 1.90 610 490 0.70 3.25
Average  3.77 4.70 4.00 1.70  3.50 1.30 2.80 407 6.47 6.47 2.10

lower than the bottom values. In summer, especi-
ally, the gradients are remarkable. According to
Rhoads et al (1975), in Buzzards Bay, organic
nitrate in the bottom water was found to be
higher than at the surface throughout the sum-
mer. This may be due to the high bottom regene-
ration and water stability to prevent mixing.
Density stratification markedly reduces the verti-
cal flux of nitrate, and the increased utilization
of nitrate by phytoplankton results in a summer
nitrate minimum in surface waters (Ryther and
Dunstan. 1971). In winter, however, the distribu-
tions at all depth are relatively constant being

due to the winter mixing.

Nitrite-nitrogen

Average concentrations of nitrite are consider-
ably high in the input area of freshwater (1.12
ug-at/1 at station 6) and waste water (1.07 ug-at/
1 at station 4), like the nitrate distribution. How-
ever, stations 1, 2 and 7, relatively less polluted
area, are shown low level concentrations and the
concentrations decrease toward the outer bay.

The seasonal distributions of nitrite show
different pattern from of nitrate (Fig. 7). Aver-
age values from November to early May are
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Table 6. The distribution of NO3-N in the second survey area

(ug-at/R)
1981 1982
Station Mean
May Jun. Jul. Aug. Oct. Dec. Feb. Mar. Apr.
S 9.58 5.55 8.09 1845 16.51 1272  10.05 10.14 52.55 17.07
St. A m 1.19 2.02 3.56 19.27 12.93 10.75 16.00 8.10
b 129 345 2.78 2503 12.32 13.14 1090 16.58 69.01 17.17
s 6.38 6.26 5.00 8.50 9.25 9.22 8.33 7.18 8.56 7.63
St. B m 2.98 5.18 5.12 7.42 6.20 9.02 8.17 6.71 6.80 6.40
b 3.01 4.07 4.78 4.37 7.13 9.02 7.90 7.44 7.12 6.09
S 0.88 1.78 3.24 0.69 0.21 8.19 3.25 5.77 2.82 2.98
St. C m 151 1.82 2.72 068 0.43 7.57 3.48 5.68 3.00 2.99
b 2.12 1.58 3.05 228 1.32 7.16 6.84 5.47 3.31 3.68
s 050 1.37 2.78 1.09 0.19 7.78 4.89 5.46 5.07 3.24
St.D m 062 142 2.88 1.21 0.87 7.78 6.05 4.95 5.16 3.44
b 098 1.54 2.65 0599 1.21 11.08 6.58 5.55 6.02 4.07
s 051 0.68 1.57 1.26 1.51 7.99 6.53 6.01 5.33 3.49
St.E m 070 1.27 1.89 1.71 2.01 7.96 6.72 3.69 6.96 3.66
b 0.87 1.39 2.01 1.54 2.34 10.12 6.78 5.72 5.71 4.05
Average 221 2.63 3.47 5.37 5.45 9.45 7.15 7.49 13.39
relatively low and average concentrations in Phosphate-phosphorus.

early May are lowest. This lowest value in
May is probably due to the heavy uptake by phy-
toplankton. In comparing with high nitrate
distribution, nitrite levels in winter are consider-
ably low below mean value. Despite of winter
mixing, low values in winter may be due to the
nitrification of nitrite to nitrate in oxygen-rich
waters. In winter high oxygen saturation caused
by low temperature and strong winds oxidize
nitrite to nitrate (French et al. 1983). The high-
est average values up to 2.30 ug-at N/1 in Octo-
ber may be due to the high nitrate concentration
and low oxygen saturation. The highest values
in late summer may be due to the input of fresh-
water and low oxygen saturations. Average con-
centrations in late May are relatively high. This
may be due to the heavy regeneration of nitrogen
after spring bloom.

In the first survey area, average concentration
of phosphate is 0.78 ug-at P/1. The horizontal dis-
tributions of phosphate are different from the
distribution of nitrogen (Fig. 8). The variations
among the stations are not shown, but consider-
ably constant distributions. This means that the
input of phosphate phosphorus from waste
waters at station 4 are much less than that of
nitrogen. However, the average concentrations of
phosphate phosphorus at station 6 are relatively
high. This may be due to the inputs of freshwater.

Seasonal variations of phosphate are relatively
remarkable (Fig. 7). From spring to summer, the
concentrations gradually decrease. Minimum con-
centrations are occurred in August. These low
concentrations seems to be correlated with water
stability in summer season. The reason may be
that water stability in summer prevents flux of
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Table 7. Average values of water quality parameters in the mouth of Han River.

(in KORDI Report, 1978)

. DO COD NO3-N NO,-N PO,4-B Si0,-S
Station pH
(%) (mg/1) (ug-at/1) (ug-at/l) (ug-at/l)  (ug-at/l)
Jechon 43.00 7.21 1595 49,43 3.93 1.20 58.00
Ganghwa-
Bridge 75.00 7.50 19.59 66.43 3.82 0.86 59.49

phosphate from bottom sediments. From late

summer to early spring through the winter, the
concentration gradually increase, up to average
concentrations of 1.44 ug-at P/l. Despite of low
inputs at stations 4 and 6, high values prevaile in
winter. This may be due to the large flux of
phosphate by winter mixing. At spring blooms,
the concentrations of phosphate are relatively
low, but after bloom, the concentrations rapidly
increases. In summer season, the vertical gradient
in phosphate distribution is distinctly shown in
the lower part of the bay. However, in winter
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ig. 8. The distribution of average nutrient
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concentration at each station in the first
survey area.

these gradients are not occurred. This may be
due to the winter mixing of water mass.

Silicate-Silicon

In the first survey area, the concentrations of
silicate-silicon ranges from 2.54 ug-at Sifl in May
to 42.50 pg-at Sifl in November. The highest
concentration occurrs in the upper area of the
bay receiving freshwater input. The concentra-
tions in the input area of waste water are also
high, while those in the outer areas were relative-
ly low. This indicates that the study area was
enriched in silicate by both input of freshwater
and waste water (Table 7).

The seasonal variations of silicate-silicon are
predominant in this area (Fig. 7). From October
to May, average concentrations are maintained
high level. During spring, average concentrations
decrease, reaching a minimum concentrations
in accordance with spring bloom in May. After
heavy rain in August, average concentration in-
creases rapidly. Especially the concentrations at
station 6, receiving freshwater input, are ex-
tremely high. But during the same period the
concentrations at the outer bay are low. This
means that the silicate supply by river increases
rapidly after heavy rains and are mainly limited
to the upper part of the bay. In general, silicate
concentrations may be raised at times of larger
river discharge, while low values coincide with
spring and autumn blooms (Paasche. 1980).

The vertical distribution of silicate-silicon are
shown typical gradient, increasing with depth.
This may be due to the transport of silicate,
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mineralized in the surface sediment, from inters-
tital water by tidal current or wind waves (Van-
bennkom. et al. 1974).

SUMMARY AND CONCLUSION

Kyeonggi Bay and adjacent coastal areas
characterized with macrotidal range are affected
by both the input of freshwater from Han River
together with adjacent rivers and the waste dis-
charge from Incheon industrial area. These com-
plicated estuarine systems show a large fluctua-
tion of environmental factors and result in the
characteristic phytoplankton ecology.

The large seasonal variations of water temper-
ature ‘are: similar to those of air-temperature,
mainly due to the shallowness of water depth.
Temperature conditions at the mouth of the bay
are more stable than those at the head of the
bay. In summer, seasonal thermal stratification
are formed. However, in winter, there is no verti-
cal temperature gradients, due to the winter
vertical mixing caused by winds, thermal convec-
tion, and tidal action.

The low salinities in summer and autumn are
due to the increased river discharges by heavy
precipitation. The high salinities in winter and
spring result from the reduced discharge of rivers
and partially heavy evaporation by the strong
winds. According to the salinity profiles, a weak
two-layer flow system is formed by the extend-
ing effects of freshwater from the upper of the
bay to the Palmi Island. But in the outer bay, the
vertical profiles of salinity show relatively cons-
tant.

The inner bay and the vicinity area of Incheon
City are polluted and eutrophicated by the in-
puts of freshwater together with waste discharge
both from Han River and from Incheon indust-
rial complex. These areas are characterized by
low pH values, high COD and BOD values, and
the high nutrient concentrations. However, ex-

cept the polluted area, the outer study areas are
well oxygenated with more than 90% saturation.
These high oxygen contents may be resulted
from continous tidal action and strong tur-
bulence.

During the winter, low rates of plant nutrient
assimilation and the upward flux of nitrate and
phosphate from bottom by winter mixing keep
high nutrient levels until the onset of spring. To-
ward the spring, the increased utilization of
nutrient by phytoplankton results in nutrient
minimum in May. In summer, the low concentra-
tions of nutrient at the surface waters may be
resulted from the water stability preventing the
vertical flux of nutrient regenerated. The major
source of nitrogen and silicon may be river dis-
charge and waste discharges but, that of phos-
phorous seems to be the autochthonous regenera-
tion rather than external inputs. The distribution
of plant nutrients seems to be greatly related
with the physical properties of water mass in
this bay.
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