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The characteristics of pollutant loads from the various sources and seawater quahty in Kwangyang
Bay were evaluated. Total flow rate was estimated to be 10,868,066.8 m /day with a flow
rate of R21 (the Seomjin River) as the highest one. Total COD, TN and TP loads of the
inpat rivers and the ditches were about 27,591.8, 25,029.6 and 586.4 kg/day, respectively.
Wastewater discharging loads was the greatest contributors to pollutant loads in the inner
par: of Kwangyang Bay. COD values in the inner part of the bay was over 3.0 mg/L, which
exceeded the seawater quality criteria III of Korea. The average values of DIN and DIP
were 8.62 #gN/L and 1.26 1gP/L, respectively. The limiting factor for algal growth was DIN.
In “he total discharging loads of the watershed from unit loading estimations, BOD, TN and
TP were 9,132.3, 2,727.2 and 304.2 kg/day, respectively. In addition, municipal sewage by
the population as pollution sources and the city of Kwangyang as administrative district had
the highest loads. For a appropriate water quality recovery of Kwangyang Bay, it is suggested
thar it is essential to estimate reduction rate of total pollutant loads by water quality modeling.
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Introduction

Kwangyang Bay is a semi-closed coastal sea on
the south coast of Korea. The Yeocheon industrial
complex vras built along the south coast at the end
of the 1970s; the POSCO (Pohang Steel Company)
was built on the north coast and the estuary of the
Seomjin rver in the 1980s. Topographical changes
occurred when many reclamation works and new
industrial facilities were built. This has created eutro-
phication in the study area by the increase of pollutant
loads from: these industrial developments. The envi-
ronmental change has deteriorated the water quality
and sediments and caused to red tide and heavy metal
pollution (Shim et al., 1984, NFRDI, 1997; Cho et
al., 2000)

To mee this problem, Kwangyang Bay is designa-
ted as a syecial management area under the control
of coastal environmental management. It is also being
studied to enhance its water quality by the control
of total poliutant loads (MMAF, 2002). For the
effective 'water quality management in the coastal
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areas, engineering countermeasures such as reducing
pollutant loads is required. This means that not only
a pollutant loads which enters the sea from pollutant
sources should be investigated and monitored, but
also the water quality of seawater itself should be
estimated to understand the current water environment
(Ellis, 1989; USEPA, 1997; Jarvie et al.,, 1997;
Wilkinson et al., 1997; Ichiki et al., 1999; Lee and
Cho, 2001; Lee and Cho, 2002). Furthermore, we
need to know how pollutant loads could be reduced
for the appropriate recovery of the water quality
(Chua, 1999; Lee et al., 2001; Lee and Park, 2002).

From this background, in order to evaluate the
characteristics of pollutant loads and seawater quality
in Kwangyang Bay, we studied as follows: Firstly,
we analysed flow rate and input loads of organic/
inorganic matters from the point sources. Secondly,
we estimated generation and discharging pollutant
loadings of municipal sewage, industrial wastewater,
livestock wastewater, land culture and non-point
sources in Kwangyang Bay watershed. Finally,
organics and nutrients of seawater were estimated
to understand responses of seawater by the pollutant
loads.
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Materials and Methods

Field surveys

Land-based pollution sources were investigated
from 33 points (R1-R33) in November 2001 (Fig.
1). Seawater samples were collected at 12 stations
(1-12) in November 2000. W1, W2 and W3 are the
sites of the wastewater discharge. In reference to
Kwangyang Bay, the inner area bordered by the dotted
line is designated as seawater quality criteria I (2-3
mg/L in COD) and the rest of the areas are seawater
quality criteria II (1-2 mg/L in COD).
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Fig. 1. Research points of land and marine in Kwang-
yang Bay watershed, Korea (R1-R33: Land-based
pollution sources, W1-W3: Sites of wastewater dis-
charge, 1-12: Observational stations of seawater).

Analytical methods

An electronic flowmeter (ACM-200PC) was used
to measure the flow rate at each pollution source.
The COD (chemical oxygen demand), DO (dissolved
oxygen), DIN (dissolved inorganic nitrogen) and DIP
(dissolved inorganic phosphorus) of seawater and
COD, TN (total nitrogen) and TP (total phosphorus)
of pollution sources were analyzed to evaluate the
loads (APHA AWWA WEF, 1995; MMAF, 1998).

The calculation of generation and discharging
pollutant loadings

The generation and discharging pollutant loads of
BOD (biochemical oxygen demand), TN and TP in
Kwangyang Bay was estimated by unit loading
estimation included in the founding guide of total
pollutant loads control system (MOE, 1999).

Results and Discussion

Pollutant loads from the input sources

Flow rate and pollutant loads from the various
sources are shown in Fig. 2. The flow rate of rivers
and ditches ranged from 63.8 to 10,368,000 m’/day;
with a total rate of 10,868,066.8 m’/day. The site
of the lowest flow rate was R16 and that of the
highest flow rate was R21 (the Seomjin River). The
flow rate into Kwangyang Bay was determined by
the Seomjin river, but the flow rate of the Seomjin
river was less than the monthly average, about
27,560,000 m°/day. COD loads were from 0.14 to
26,443.69 kg/day, and the site of the highest load
was at R21 with a large flow rate and a total load
of approximately 27,591.77 kg/day. The R12 and R27
have high values due to large flow rates. Also, the
R5, R25 and R26 have high values because their
input is from municipal sewage and industrial waste-
water outlets. TN loads were from 0.08 to 23,405.14
kg/day with the total load of approximately 25,029.64
kg/day. TP loads were from 0.01 to 516.51 kg/day
with the total load of approximately 586.41 kg/day.
Both TN and TP loads showed a similar spatial
distribution with the COD.

The COD loads of W1, W2 a nd W3 were 32,000,
24,000 and 16.5 kg/day, respectively, with W1 and
W2 showing the highest load in Kwangyang Bay.
As a result, the flow rate inputting into Kwangwang
Bay mainly depends on R21, with W1 and W2 being
the main sources of pollutant loads into Kwangyang
Bay.

Characteristics of seawater quality

Distribution of COD, DO and nutrients are shown
in Fig. 3. Range of COD was from 1.0 to 3.7 mg/L,
and the station of the lowest value was 9 and 11.
The highest COD was around the wastewater dis-
charging area (Station 1 and 2). Average value of
COD in the inner part of the bay was approximately
2.7 mg/L, which was applicable to the seawater
quality criteria III, and corresponded to the results
of Koo et al. (1993). Also, Fig. 3 shows the range
of DO from 6.6 to 7.9 mg/L; with 11 as the station
of the lowest value and that of the highest value
is 2. There was little difference between them. The
ranges of DO in the study area were similar to those
values at Kamak Bay (MMAF, 2001).

DIN ranged from 3.72 to 11.74 ugN/L. It is clear
that DIN is high in the inner part of the bay and
relatively low in the outer part of the bay. This range
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Fig. 2. Flow rate, COD, TN and TP loads of each
input sour:es in Kwangyang Bay watershed (Values
of R21 was scaled separately at the right y axis).

was lower than that (11.43-36.21 1gN/L) observed
at Kamak Bay (MMAF, 2001). Moreover, DIN in
the inner part of the bay showed a higher value than
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Fig. 3. COD, DO, DIN and DIP distribution in Kwang-
yang Bay, Korea.

7.14 ugN/L. This is the DIN concentration which
can cause the outbreak of the red tide (JFRCA, 1972).
DIP ranged from 0.63 to 2.42 xgP/L. This range was
slightly higher than that (0.90-2.03 1gP/L) observed
at Kamak Bay (MMAF, 2001). In reference to the
red tide outbreak possibility concentration (0.48
1gP/L) as suggested by JFRCA (1972), all stations
showed higher values. The ratio of DIN to DIP was
below 16 which means DIN was the limiting factor
for algal growth in Kwangyang Bay (Redfield et al.,
1963).

The generation and discharging pollutant load-
ings of the Kwangyang Bay watershed

As shown in Table 1, BOD generation pollutant
loadings were 25,817.3 kg/day. Pollutant loadings
were 35.8% by population, 34.2% by non-point
sources and 25.9% by stockbreeding. In case of TN,
the values were 7,436.3 kg/day with 29.9% by popula-
tion, 46.5% by non-point source, and 21.1% by stock-
breeding. In case of TP, the generation pollutant
loadings were 1,188.8 kg/day with 20.6% by popula-
tion, 28.5% by non-point sources and 47.5% by stock-
breeding. Approximately, 35.4% in the total BOD
generation loadings were discharged with 36.7% in
TN and 25.6% in TP.

From four BOD discharging pollutant loads in the
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Table 1. Generation and discharging pollutant loadings of Kwangyang Bay watershed

Pollutant loadings Population Stockbreeding Industry Non-point Land culture Total
(kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day)
BOD generation 9,241.6 6,679.1 593.2 8,839.1 464.4 25,817.3
BOD discharging 6,295.7 76.9 85.6 2,209.8 464.4 9,132.3
TN generation 2,225.5 1,565.4 98.0 3,454.6 92.9 7,436.3
TN discharging 1,642.0 41.3 87.4 863.6 92.9 2,727.2
TP generation 2453 565.2 14.6 338.9 24.8 1,188.8
TP discharging 172.6 11.4 10.7 84.7 24.8 304.2

Table 2. Discharging pollutant loadings of administra- 7,000 —
6,000

tive district in Kwangyang Bay watershed

Administrative BOD TN TP
district (kg/day) (kg/day) (kg/day)
Yeosu 1,121 626.5 72.6

Kwangyang 7,237.7 1,709.2 185.6
Suncheon 297.8 136.2 19.9
Hadong 688.0 407.7 46.5
Total 9,132.3 2,727.2 304.2

administrative district of Kwangyang Bay, Table 2
and Fig. 4 demonstrate that a load by the city of
Kwangyang is the highest (79.3%) with Yeosu,
Hadong and Suncheon showing loads of 12.2, 7.5
and 3.3%, respectively. The city of Kwangyang and
Suncheon showed 62.7% and 23.0% in TN with TP
being 61% and 23.8%, respectively. Therefore, as
an administrative district, the city of Kwangyang
showed the highest loads, and in terms of pollution
sources, municipal sewage by the population was
the largest source.

Comparison and estimation of each loads

The total loads of COD, TN and TP of Kwangyang
Bay through a river and ditch were calculated to
be approximately 27,591.77, 25,029.64 and 586.41
kg/day, respectively. Especially, COD, TN and TP
loads of the wastewater discharges were even higher
than R21 (the Seomjin River) which currently has
the highest river loads. Therefore, the most important
factor for water quality management in Kwangywang
Bay is both strict treatment of sewage/wastewater
and regulation of the permitted discharging criteria.

The non-point sources contribute 24.2% in BOD,
31.7% in TN, and 27.8% in TP in terms of the dis-
charging pollutant loadings. These are crucial factors
in accessing water quality management (Burroughs,
1993). Also. Lately, in water quality management
of coastal areas the benthic flux from the polluted
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Fig. 4. Pollutant loadings of administrative district
in Kwangyang Bay watershed.

sediment is considered as an important source.
In comparison to the discharging pollutant loadings
by unit loading estimations, Fig. 5 demonstrate that
BOD, TN and TP discharging pollutant loadings in
Masan Bay surpass those of Kamak Bay or Kwang-
yang Bay (MMAF, 2001, 2002). In this study area,
it was estimated that BOD was higher and TP
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Fig. 5. Comparison of discharging loads in the other
bays in Korea.

waslower than that observed at Kamak Bay. To
manage ¢ water quality in Kwangyang Bay
effectively, a control measure of discharging pollutant
loadings must be implemented.
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