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The mechanism of water polfution in Lake Shihwa, one of highly eutrophicated artificial lakes in Korea, has
been studied using a numerical 3D physical-biochemical coupled model. In this study, the model was applied to
estimate the contribution of land-based pollutant load to water quality of heavily polluted Lake Shihwa. The
chemical oxygen demand(COD) was adopted as an index of the lake water quality, and the spatial distribution
of an average COD concentration during the summer from 1999 to 2000 was simulated by the model. The si-
mulated COD showed a good agreement with the observed data. According to reproducibility of COD, the high-
est levels between 8 and 9 mg/L were shown at the inner site of the lake with inflow of many rivers and
ditches, while the lowest was found to be about 5 mg/L at the southwestern site near to dike gate. In the pre-
diction of water quality of Lake Shihwa, COD showed still higher levels than 3 mg/L in case of reduction of
95% for land-based pollutant load. This suggests that the curtailment of land-based pollutant load is not only
sufficient but the improvement of sediment quality or the increase of seawater exchange should be conSIdered

together to improve a water quality in Lake Shihwa.
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Table 1. Input data for a biochemical model
Parameters Input values
Mesh size Ax= Ay= 330 m
Level 1 (0~3 m), 2 (3~6 m), 3 (6 m~bottom)
Time interval 400 sec
Initial condition for compartments
Level DO COD DIP DIN POC DOC PHYTO Z00
(mg/L) (/L) (pg-at/L)  (ug-at/L)  (mgC/m’) (mgC/m’) (mgC/m") (mgC/m’)
1~3 8.00 500 1.00 50.00 1000.0 5000.0 500.00 50.0
Boundary condition for compartments
Level DO COD DIP DIN POC ’ DOC ‘ PHYTQ 700 v
(mg/L)  (mg/L) (ug-at/L) (ug-at/L)  (msC/m) (mgC/m’) (mgC/m") (mgC/m’)
1~3 9.00 1.50 0.50 5.00 300.0 1500.0 100.00 100
Horizontal viscosity coefficient 1.0 E2 (crt/s)
Horizontal diffusion coefficient 1.0 E2 (em/s)
Vertical diffusion coefficient Level 1: 0.100 (cn/s)
Level 2: 0.010 (cnt/s)
Level 3: 0.001
Total runtime 100 tidal cycles
Pollutant loads
Name of stream Do cob DIP DIN
(tor/day ) (ton/day) (kg/day) (kg/day)
Donghwa 0.10 5.9 546.0 1290.0
Banwol 0.10 3.26 161.0 668.0
Hwajeong 0.10 2.35 1180 1260.0
Ansan 0.10 2.83 122.0 874.0
Singil 0.10 1.74 73.0 736.0
Guryong 0.05 0.78 53.0 571.0
Gongdan 0.05 267 9.0 3780
Samhwa 0.05 0.46 100.0 214.0
day '2 FEHE 24 §71529 g2%FS CODLC 1: 0~3 m), F%(Level 2: 3~6 m), XZ(Level 3: 6
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Fig. 1. Schematic diagram of biogeochemical cycles in the lower trophic marine ecosystem of the biochemical

model.
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Fig. 2. Calculated area and meshes in Lake Shihwa.
Stations marked with the black dots (St. 1-3)
are the administrative water quality monitoring
points and measurement undertaken by Ministry
of Environment.
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Table 2. Values of biological parameters used in the biochemical model
Parameter Nomenclature  Unit Value
Phytoplankton
Maximum growth rate Groaxy Bomas day”, €™ 0.80 - exp(0.06337)
Half saturation constants for nutrient uptake Ksp, Ksy M Phosphate 0.3, Nitrogen 1.0
Photosynthetic light optimum Tont ly - day ' 150
Light extinction coefficient k m” 0.70
Respiration rate . . - Presp, Brresp day”’, ¢ 0.010 - exp(0.05247)
Sinking rate of living cells Wy m - day”’ 0.100
Rate of natural mortality Prot, Bemt day"], ¢t 0.050 - exp(0.06937)
C/Chla ratio [ChlLa:C] by weight 4762
Zooplankton
Maximum ration Riax, Brmax day ™', °(;'] 0.18 - exp(0.06937)
Ivlev's constant A (mgC/m’)”! 0.01
Growth efficiency v - 30% of the daily
Assimilation efficiency i} % - - 700
Rate of natural mortality Zmot, Brmot day™, € 0.048 - exp(0.06937)
Detrital carbon
Mineralization rate Veoe, Broc day”, €7 0.018 - exp(0.06937)
Fraction of biodegradation K - 25% of mineralization
Sinking rate Wroc m - day”' 0.432
Dissolved organic carbon
Mineralization rate Vioe, Broc day, ™ 0.008 - exp(0.06937)
Others
Aeration rate ka day™ 0.16
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chemical oxygen demand concentration at three

stations in Lake

Shihwa. Observations are

based on the summertime average of the
monthly data from 1999 to 2000 reported by
Ministry of Environment. Location of the mon-—
itoring stations are shown in Fig. 1.
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the reduction of land-based pollutant load at
three water quality monitoring stations.
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Table 3. Estimated carrying capacity of Lake Shihwa
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