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ABSTRACT

The purpose of this study is made an examination of phosphorus loading model for eutrophication response in the
Yongsan lake. For the model, we measured the total amount of nutrients derived from the Yongsan river watershed, inflow
rate to the Yongsan lake, water quality, and water budget from January to December in 1999. The total amount ;of

precipitation in the Yongsan river watershed was 4,951.7 X 10°

m’/y and inflow amount was 2,569.7 X 10° m’/y, therefore

the outflow rate of the Yongsan river watershed was 51.9%. The develop loading of total nitrogen was 86,928.1 kg/d and
:that of total phosphorus was 22,007.6 kg/d at the Yongsan river watershed, But, as the inflow loading of total nitrogen
was 33,962 kg/d and the inflow loading of total phosphorus was 2,218 kg/d to the Yongsan lake. so each inflow rate was
39.0% and 10.1%. The hydraulic residence time was 34days, total phosphorus loading [L.(P)] on the surface area was

23.398 g/m’/y, the hydraulic load(Q,) of inflow water was 74.269 m/y, the reserve rate of phosphorus in the lake was

'0.359, and the settling velocity of phosphorus was 0.114 m/d at the Yongsan lake. Mathematical model of phosphorus
loading to estimate the responses of eutrophication at the Yongsan lake is [P;] = 0.838 [L(P)/Q; * (1+ A/7 )1] |
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o I

Fig. 1. Location of sampling station in the Yongsan lake.
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Table 1. Present conditions on Wastewater treatment plant in the Yongsan river watershed”

Sewers treatment Nightsoil treatment

Sewage treatment Livestock wastewater

location capacity(m®/d) location capacity(m?/d) location capacity(m’d)  location capacity(m®/d)

. . Gwangju
Gwangju 600,000 Gwangju 750 Sochon 600 Damyang 50
Gwangju 60,000 Naju 100 Naju 350
Songdea ‘ Dongsoo

. ‘ Naju
Naju 23,500 . Damyang 50 Oryang 200
Naju Damyang
Gongsan 500 Jangsung 40 Gumsung 750
Naju | Damyang
Sanpo 3,000 Hampyung 20 Moojung 350
Hwasoon . Yongam
Bukmyun 2,000 Hwasoon SO Sinbook 1,300
Hwasoon Jangsung
Dogok 6,000 Yongam 40 Donghwa 200
Hampyung
Jangsung 11,000 Hageyo 400
Muan 4,500 Hwasoon 1,200
Dongmyun

Muan-Illo 3,000
Damyang 7,000 :
Yongam 5,500 ‘ !
Total 725,000 Total 1,050 Total 5,350 Total 50
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Fig. 2. Diagram of water budget on the Yongsan lake('99).
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Table 2. Summary data concerning of water budget on the Yongsan lake('99)

Precipitation on Amount of precip. Amount of Amount of Amount of AV/AL Residence
Date watershed on watershed inflow at lake precip. at lake outflow through 6 3 time
(mm/M) (10°m?*/M) (10°m*/M) (10°m*¥M)  dam(10°m*/M) (107 me/M) (day)
Jan.-'99 41.0 142.3 73.9 1.5 5.7 65.9
Feb.-'99 34.9 121.1 62.9 0.9 0 60.4
Mar.-'99 1119 3884 201.5 4.5 1184 82.3
Apr.-'99 449 155.8 80.9 2.4 86.3 -37.3
May.-'99 106.9 371.1 192.6 47 115.3 364
Jun.-'99 1354 470.0 243.9 5.1 101.3 81.8
Jul.-'99 220.5 765.4 3972 7.8 306.7 51.2
Aug.-'99 287.1 996.5 517.1 10.7 339.6 149.7
Sep.-'99 281.7 977.8 507.4 11.4 779.0 -268.9
Oct.-'99 126.7 438.0 2273 2.9 142.0 83.7
Nov.-'99 19.2 66.6 34.5 1.0 37.6 -5.6
Dec.-'99 16.9 58.7 30.5 0.8 383 -10.4
Total 1,426.6 4,951.7 2,569.7 53.7 2,070.3 289.2 333
(mm/y) (10°m?fy) (10°m%y) (10 mfy) (10°m’/y) (10°m®fy) (day)
Table 3. Water quality of the Yongsan lake (1999)
W.T. DO COD Inflow position In lake
Date N pH
C) (mg/l) (mg/D) TN (mg/l) TP (mg/) T-N(mg/l) T-P(mg/l)
Jan.' 99- 43 7.6 10.3 4.5 4.164 0.284 3.701 0.142
Feb.'99 74 7.5 11.5 5.1 3.955 0.253 3492 0.110
Mar.'99 7.7 7.7 8.1 6.8 5.380 0.298 4917 0.154
Apr.'99 15.6 75 7.7 5.9 4.762 0.269 4.385 0.325
May.'99 19.1 7.3 6.7 6.6 5.081 0.356 4.618 0.212
Jun.'99 240 7.2 7.0 7.3 5.573 0.396 4.351 0.252
Jul.' 99 25.5 7.8 6.3 7.6 5.364 0.346 4.293 0.221
Aug.'99 27.2 7.6 6.0 6.9 4.756 0.337 4213 0.193
Sep.'99 24.2 7.3 6.3 5.8 4.876 0.303 4.121 0.259
Oct.'99 18.8 74 6.1 6.6 4.584 0.372 4.320 0.228
Nov.'99 10.5 7.5 8.2 4.7 4.963 0.295 3.956 0.151
Dec.'99 45 7.6 9.7 4.5 4419 0.269 3.637 0.175
Mean 15.7 7.5 7.8 6.0 4.824 0.315 4.157 0.202
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Table 4. Develop loading of nitrogen and phosphorus by Pollutant sources at the Yongsan lake watershed

Sources

Parameter

Loading unit

Loading amount

TN T-P TN T-P
Population 1,730,885 per. - - 19,228.9 kg/d 2,149.3kg/d
urban area 1,340,300 105 gipd 1.2 gpd 14,073.2 1,608.4
agricultural 390,585 132 15 5,155.7 5859
Land 3,470.823 km?® - - 13,591.6 kg/d 1,070.1 kg/d
- paddy field 716.779 6.56 kg/km® 0.61 kg/ 4,702.1 4372
field 332.133 9.44 0.24 3,1353 79.7
forest 1,781.024 220 0.14 3,918.3 249.3
urban area 126.703 13.69 2.10 1,734.6 266.1
. pasture 13.253 3.37 1.72 712 22.8
others 500.931 0.06 0.03 30.1 150
Industrial 112,597 m’/d 4,721.0 kg/d 1,497.4 kg/d
1500" ~ 26,847 25.399.7 g/m’ 5.6-17.2g/m’ 1278.9 3050
1600" ~ 2,073 38.7 14 80.2 2.9
© 1700" ~ 2,375 21.0-73.0 44-16.4 65.8 21.9
1900° ~ 900 125.5 20.1 113.0 18.1
2000" ~ 200 1.1 0.0 0.2 0.0
2100" ~ 7,963 19.5-35.0 29 155.3 23.1
2500" ~ 1,119 33.4-110.7 38.9-267.4 52.8 89.2
2600° ~ 810 - - - -
2700° ~ 7,128 46.8-73.2 6.5 333.8 46.4
2800" ~ 15,209 38.5 434 585.5 660.1
3100"~ 200 2.5-36.3 0.1-3.8 0.5 ‘ 0.02
. 3600 ~ 1,060 2.9-58.0 0.0-66.0 5.5 ‘ 73
5000" ~ 120 2.5 2.0 0.3 0.2
8500~ 673 21.6 33 145 22
9300" ~ 286 9.3 1.7 2.7 0.5
15204-15499" 35,450 32.5-56.9 6.6-10.5 1,216.4 244.8
24249" 3,569 154.4 8.5 551.1 30.3
3 1,000 13.3 03 133 0.3
4 790 2.9 33 2.3 2.6
5" 4,825 51.6 8.8 248.9 42.5
Livestock 8,309,243 head - - 43,939.8kg/d 15,750.6kg/d
cattle 166,747 116.8 g/head/d 36.1 g/head/d 19,476.0 6,019.6
dairy cow 26,848 161.8 56.6 4,344.0 1,519.6 .
hogs 420,774 277 12.2 11,655.4 5,133.4
poultry 7,694,874 1.1 0.4 8,464.4 3,078.0
Fishfarm 366,720 15.0 g/m¥d 4.2 g/m¥d 5,500.8 kg/d 1,540.2 Kg/d'!
Total 86,982.1 kg/d

22,007.6 kg/d-

Number” ; Category code of standard industry.
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Fig. 3. Annual variation of T-N and T-P concentration at the
Yongsan lake.
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