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The Estimation of Environmental Capacity in the Southern

Coastal Area of Cheju Island using an Ecosystem Model
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Abstract

The field surveys and the seawater analyses were conducted over the southern waters of
Cheju island every month from July 1997 to June 1988. The distributions of dissolved
inorganic  nitrogen(DIN), dissolved inorganic phosphorus(DIP), chemical oxygen
demand(COD) and dissolved oxygen(DO) in the southern water area of Cheju island were
simulated and reproduced by an ecosystem model. In order to estimate the environmental
capacity of the southern coastal area of Cheju island, the simulations for predicting the
situation of unfavorable environment in which marine water quality might not be satisfied
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standards were performed with an ecosystem model
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by controlling

quantitatively the pollution loads of discharge sources including streams flowing into the
sea. The more the loads of 4 major pollution sources flowing into model region increase,
the more evident appear the increases of COD, DIN and DIP concentrations around the
water areas adjacent to pollution sources. In case the pollution loads of all 4 discharge
sources including streams become 3 times as high as the present loads, the concentration
of DIN at near-shore waters appears to be increased to about 14.5mmol/m'(=0.20mg/ ¢ )
which is the third class criterion of Korean standards for marine water quality. In case of
10 times as high as the present loads, COD at near-shore waters appears to be increased
to about 1.0mg/ ¢ which is the first class criterion of Korean standards. In case of 20
times as high as the present loads, DIP at near-shore waters appears to be increased to
about 0.50mmol/m'(=0.015mg/ ¢ ) which is the second class criterion of Korean standards.
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Fig. 1 Location of stations for sampling seawater and finite—difference grid of the
3-dimensional ecosystem model in the southern coastal area of Cheju Island.
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Table 1 Input data for an ecosystem model
Parameters Input value
Mesh size Ax = Ay = 185.2m
Water depth Chart datum + MSL
Time interval 6.0 sec. i
Horizontal viscosity coefficient 1.0 x 10? (cm?/s)
Horizontal diffusion coefficient 1.0 x 10° (cm¥/s)
Vertical diffusion coefficient 0.5 (cm%/s)
Initial and boundary conditions for compartments
Level DO | COD DIP DIN POC DOC |PHYTO"| Zz0O"
€ mg/ ¢ mg/ ¢ | mmol/m® | mmol/m® | mg-C/m®| mg-C/m®| mg-C/m° mg-C/m>
1 (0-20m ) 6.03 0.94 0.154 0.651 905 705 63.0 5.3
2 (20-50m ) 5.00 1.09 0.373 8.328 1161 817 21.3 2.1
3 (50-BTm) 460 1.03 0.647 9.550 1240 772 6.4 0.8
Pollution loads
Source of discharge COD DO DIP DIN POC DOC
& (ke/day) | (ke/day) | (ke/day) | (ke/day) | (ke/day) | (ke/day)
Hwasun Stream (S1) 9.805E+0 | 1.412E+2 | 2.807E+0 | 2.932E+2 | 1.067E+1 | 7.386E+0
Thermal electric station (S2) 6.994E+1 | 7.400E+2 | 3.663E-1 | 1.009E+1 | 9.137E+1 | 5.245E+1
Hwangkae Stream (S3) 1.901E+1 | 8.364E+1 | 1.198E+0 | 1.309E+2 | 3.041E+0 | 1.426E+1
Sewage treatment plant (S4) 1.037E+1 {4.303E+1 | 8.916E~1 | 1.018E+2 { 4.251E+0 | 7.776E+0
Joongmoon Stream (S5) 9.539E+1 | 1.729E+2 | 3.219E+0 | 3.995E+2 | 1.033E+1 | 7.154E+1

PHYTO" : Phytoplankton , ZOO"

: Zooplankton
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Fig. 2 The distribution of dissotved inorganic nitrogen(DIN) on surface level simulated
under the present condition of pollution loads from 5 sources of discharge.
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Fig. 3 The distribution of dissolved inorganic phosphorus(DIP) on surface level simulated
under the present condition of pollution loads from 5 sources of discharge.
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Fig. 4 The distribution of chemical oxygen demand(COD) on surface level simulated
under the present condition of pollution loads from 5 sources of discharge.
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Table 4 Comparison of the computed with the observed water quality data in model area of Cheju Istand

DIN(mmol/m’) DIP{(mmol/m’) COD(mg/ £) DO(mg/ £)
St Level Comp. | Obs. | RE(%) {Comp.| Obs.| RE(%) |Comp.| Obs. | RE(%) {Comp.|Obs.| RE(%)
(A) | B) [B-AB| (A) | B) [(B-A)/B]| (A) | (B) [{(B-A)B| (A) | (B) [{B-A)/B
Al (Surface)| 688 | 639 ~ 7.7 (028|024 -167 | 084 {072 -167 | 6.46 |656| +15
B |1 (Surface)j 7.00 | 865, +191 } 029025 ~-16.0 } 098 1087 -126 | 621 {622 +02
C |1 (Surface)| 892 | 802| -112 (035|030} -167 1099090 | ~-100 | 635 |6.07| -46
1 (Surface)| 446 | 515{ +134 |} 0.15|0.15 00 1099 (110| +100 | 592 |[597] +0.8
D 2 (Middle) | 532 | 639 +16.7 | 021 {026] +192 |097 102 + 49 | 566 |541| -46
1 (Surface)|{ 548 | 510f ~ 75 | 017 1016] -63 114112 - 18 | 578 [576] -0.3
E |2 (Middle) { 825 | 7.22| -143 10351041 | +146 | 1.06 {123} +138 {512 {499] -26
3 (Bottom) | 877 | 972 + 98 [ 046 |056| +179 | 106 {119 +109 | 4.73 |440| -75
1 (Surface)| 589 | 693 +153 [ 021 {022 + 45 [1.09 (104 - 48 | 575 584 +15
F 2 (Middle) | 7.85 { 960 +182 {038 034! -118 | 105]107] + 19 ]501 |531] +b6
St : Station , R.E @ Relative error
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Fig. 5 The distribution of dissolved inorganic nitrogen(DIN} on surface level simulated under
the condition of loads three times as high as the present pollution loads from 4
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Fig. 6 The distribution of chemical oxygen demand(COD) on surface level simulated under
the condition of loads ten times as high as the present pollution loads from 4

sources of discharge.
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Fig. 7 The distribution of dissolved inorganic phosphorus(DIP) on surface level simulated
under the condition of loads twenty times as high as the present pollution loads

from 4 sources of discharge.
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