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The purpose of this study is to evaluate and to predict of eutrophication in lakes by using Vollenweider-
OECD model and total phosphorus concentration and inflow rate which were measurded in 1993-1996.
The results of study was as follows.

The annual total phosphorus loading from the watershed was calculated to be 181~ 195tP/yr at lake
Soyang, 591~680tP/yr at lake Chungju, 420~466tP/yr at lake Taechong, 229~278tP/yr at lake An-
dong, 103~ 106tP/yr at lake Hapchon, 57~59tP/yr at lake Imha, 194~244tP/yr at lake Namgang, 83~
86tP/yr at lake Chuam, 99~ 109tP/yr at lake Somjin. These are discharged, for the most parts, from po-
pulation and fishfarm facility.

TP loading on the surface area at lake Soyang was 3.01gP/m/yr, 2.82gP/m/yr, 2.84gP/m/yr, 3
03gP/m:/yr, at lake Chungju 7.91gP/m /yr, 6.87gP/m*/yr, 7.38¢gP/m'/yr, 7.18gP/m'/yr, at lake Taechong
6.71gP/ m/yr, 7.25gP/m'/yr, 7.24gP/m/yr, 6.53gP/m'/yr and TP loading on the surface area of Nakdong
river basin, that is, lake Andong, Imha, Hapchon and Namgang were 5.39gP/m'/yr, 4.47gP/m/yr, 4
56gP/m /yr, 4.45gP/m /yr and 2.20gP/m'/yr, 2.23gP/n/yr, 2.24gP/m: /yr, 2.17gP/m /yr and 4.50gP/m'/
yr. 4.50gP/m /yr, 4.54gP/m/yr, 4.43gP/m/yr and 8.25gP/m'/yr, 8.48gP/m'/yr, 8.48gP/m /yr, 10.
39¢gP/m /yr respectively. Also those of lake Chuam was 2.51gP/m'/yr, 2.61gP/m*/yr, 2.52gP/m/yr, 2
54gP/m'/yr and TP loading on the surface area at lake Somjin was analysed 4.09gP/m /yr, 4.10gP/ m /yT,
3.98gP/ m?/yr, 3.73gP/ m/yr.

The tropic states of nine lakes can be assessed as eutrophy because phosphorus loading exceeds the
critical phosphorus loading by Vollenweider-OECD model.

Key words : eutrophication, Vollenweider-OECD model, total phosphorus loading, TP loading on the sur-
face area, critical phosphorus loading
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Fig. 1. Map of study lakes.
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Fig. 2. Annual variation TP concentration at Soy-
ang and Chungju lakes.
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Fig. 3. Annual variation TP concentration at Tae-
chong, Chuam and Somjin lakes.
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Fig. 4. Annual variation TP concentration at An-
dong, Imha, Hapchon and Namgang lakes.
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Table 1. Pollutant sources and annual total phosphorus loading at each lake (unit : kg/day)

lake year population livestock land industry fishfarm
1993 76 24 59 1 370
Soyang 1994 73 24 60 3 336
1995 73 25 60 7 336
1996 66 24 60 14 370
1993 837 227 210 201 389
Chungiu 1994 684 | 157 205 184 ! 389
1995 679 : 175 204 296 385
{1996 628 % 190 197 315 362
1993 585 ] 239 159 12 187
Taechong 1994 570 1 326 168 61 153
1995 580 i 333 168 61 134
1996 571 I 318 | 165 35 62
1904 T78 % A Y (S R ++
o] e}
Andong 1995 158 % 83 45 59 ! 298
1996 152 80 44 54 298
1904 19 i8 13 i i
Imha 1995 101 79 46 36 -
1996 94 20 42 1 -
w2 | ¥ | 1 ©
Hapchon 1995 130 121 36 3 ; -
1996 124 122 34 3 -
R B I R A B R
4 —
Namgang | 1995 261 195 86 4 -
1996 249 331 84 5 -
T R S R R B
Chuam 1995 103 78 47 1 -
1996 102 82 . 45 1 -
1904 30 50 % 10 159
Somijin 1995 6 53 30 10 120
1996 73 | 60 29 16 93
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Table 2. Hydrological characteristics and critical phosphorus loading according to Vollenweider-OECD

model of lakes in 1993

SY CJ TC AD HC 1H NG CA SJ
Water capacity(10°m) 2.900 2,750 1.490 1,248 790 595 136 457 466
Surface area(kr) 64.3 86.0 64.3 515 233 264 235 330 265
Annual inflow rate(10°m/yr) 2,211 5928 3.607 1.382 732 1,146 1924 672 678
Mean depth(m) 451 32.0 23.2 24.2 339 225 5.8 13.8 17.6
Flushing rate(1/yr) : 0.76 2.16 242 1.11 093 193 14.15 1.47 1.46
Hydraulic resident time(yr) 1.31 046 041 090 1.08 052 0.07 0.68 0.69
Hydraulic surface loading, Qs(m/yr) 34.38 68.93 56.09 26.83 31.43 43.41 81.89 20.35 25.60
Annual TP loading(tP/yr) 193.45 680.36 431.43 277.77 104.76 58.04 193.82 82.86 108.41
Qs - (1+(Z/Qs)"™) 73.76 115.90 92.16 52.31 64.07 74.66 103.68 37.11 46.83
Permissible TP loading(gP/m/yr) 0.74 116 092 052 0.64 075 104 037 0.47
Dangerous TP loading{gP/m/yr) 148 232 184 105 128 146 207 074 0.94
P loading. Lp(gP/m/yr) 3.01 791 6.71 539 450 220 825 251 4.09

Remarks) SY : Soyang lake. CJ : Chungju lake, TC : Taechong lake, AD @ Andong lake,
HC : Hapchon lake, IH : Imha lake., NG : Namgang lake. CA : Chuam lake,

SJ  Somjin lake

Table 3. Hydrological characteristics and critical phosphorus loading according to Vollenweider-OECD

model of lakes in 1994

SY CJ TC AD HC IH NG CA SJ
Water capacity(10%m) 2,900 2.750 1.490 1.248 1790 595 136 457 466
Surface area(kr) 64.3 860 64.3 515 233 264 235 330 265
Annual inflow rate(10°m/yr) 1.117 3,071 827 536 216 224 823 277 157
Mean depth(m) 45.1 32.0 23.2 242 339 225 5.8 13.8 17.6
Flushing rate(1/yr) 0.39 1.12 055 043 027 0.38 6.05 061 0.34
Hydraulic resident time(yr) 260 090 180 233 366 265 0.17 1656 2.96
Hydraulic surface loading, Qs(m/yr) 17.36 35.71 12.86 10.40 9.26 8.50 35.03 8.40 5.94
Annual TP loading(tP/yr) 181.04 590.94 466.11 229.95 104.76 58.77 199.29 86.14 108.77
Qs - (1+(Z/Qs)") 17.36 69.51 30.13 26.26 26.98 22.33 49.28 19.17 4.1
Permissible TP loading(gP/m/yr) 0.45 069 030 0.26 0.27 022 049 0.19 0.16
Dangerous TP loading(gP/m/yr) 0.91 1.39 060 053 054 045 099 0.38 0.32
P loading, Lp(gP/m/yr) 2.82 6.87 725 447 450 2.23 848 261 4.10

Table 4. Hydrological characteristics and critical phosphorus loading according to Vollenweider-OECD

model of lakes in 1995

SY CJ TC AD HC 1H NG CA SJ
Water capacity(10°m) 2,900 2,750 1.490 1.248 1790 595 136 457 466
Surface area(kr) 64.3 86.0 643 515 233 264 235 33.0 265
Annual inflow rate(10°m/yr) 3.022 6,097 1.629 577 292 254 1.127 341 310
Mean depth(m) 451 320 232 242 339 225 5.8 13.8 176
Flushing rate(1l/yr) 1.04 222 1.09 046 037 043 828 075 0.66
Hydraulic resident time(yr) 096 045 091 216 270 2.34 0.12 1.34 1.50
Hydraulic surface loading. Qs(m/yr) 47.00 70.90 2534 11.20 12.54 9.62 47.94 10.33 11.69
Annual TP loading(tP/yr) 182.87 634.74 465.38 234.70 105.85 59.13 199.29 83.22 105.49
Qs - (1+(Z2/Qs)*") 47.00 118.53 49.59 27.66 4.54 24.33 8.48 22.27 26.03
Permissible TP loading(gP/m/yr) 0.93 1.19 0.50 0.28 0.33 0.24 065 0.22 0.26
Dangerous TP loading{(gP/m/yr) 1.86 2.37 099 055 066 049 129 045 0.52
P loading, Lp{(gP/m/yr) 284 7.38 7.24 456 445 224 8.48 2.52 3.98

34.38m/yr, 17.36m/yr, 47.00m/yr, 22.56m/yrZ  O03gP/m/yr2 HA5|o] R-ojckateo] gli= 7log B
A=l o, 4 se-S 0.74gP/ m/yr, 0.45gP/m/ A=A}, FFE= Feix 39 FsH@s)o] 68.
yr, 0.93gP/m/yr, 0.54gP/m/yr, $1¥ Q¥-3tke 2+ 93m/yr, 35.71m/yr, 70.90m/yr, 31.85m/yr2 A4t
7+ 1.48gP/m/yr. 0.91gP/m/yr, 1.86gP/m/yr, 1. =1, &-42332 1.16gP/m/yr, 0.69gP/ m /yr,
09gP/ m/yr& AR =gt 283 sExHA e Lp)  1.19gP/m/yr, 0.64gP/m/yr, 1@ Q¥ slare 1.
2 3.01gP/m/yr, 2.82gP/m'/yr, 2.84gP/m'/yr, 3. 48gP/m'/yr. 0.91gP/m/yr, 1.86gP/m*/yr, 1.
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Table 5. Hydrological characteristics and critical phosphorus loading according to Vollenweider-OECD

model of lakes in 1996

SY CJ TC AD HC 1H NG CA SJ
Water capacity(10°m) 2.900 2.750 1,490 1.248 790 595 136 457 466
Surface area/(km) 64.3 86.0 64.3 515 233 264 235 33.0 26.5
Annual inflow rate(10°m/yr) 1.451 2.739 2.247 571 339 369 1,331 292 428
Mean depth(m) 45.1 32. 23.2 242 339 225 58 13.8 17.6
Flushing rate(1/yr) 050 1.00 1.51 046 043 0.62 9.79 064 0.92
Hydraulic resident time(yr) 200 1.00 066 2.19 233 1.61 0.10 157 1.09
Hydraulic surface loading. Qs(m/yr) 22.56 31.85 34.94 11.09 14.56 13.96 5663 8.85 16.15
Annual TP loading(tP/yr) 194.91 617.58 420.12 229.22 103.30 57.31 244.19 83.95 98.92
Qs - (1+(Z/Qs)" 22.56 63.77 63.41 27.47 36.78 31.68 74.75 19.90 33.01
Permissible TP loading(gP/m/yr) 054 064 063 0.27 0.37 0.32 0.75 0.20 0.33
Dangerous TP loading(gP/m'/yr) 1.09 1.28 1.27 055 074 063 149 040 0.66
P loading. Lp{gP/m/yr) 3.03 7.18 653 445 443 2.17 10.39 2.54 3.73
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Fig. 5. Polt of Annual Total Phosphorus Loading

into Lake Soyang and Critical Loading of
Vollenweider-OECD Model.

09gP/m /yr, +E B ¥} Lp)S 7.91gP/m/yr, 6.
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slor, JAEE £ad E F3818KQs)e] 56.09m/
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Q3 SEWHURse(Lp)e 6.71gP/m/yr. 7.
25gP/ m: /yr, 7.24gP/m/yr, 6.53gP/m/yr2 FA =
o] 9§z 2 Yelytel.

FERAe] FExe FH EW F5HRHQs)o]
26.83m/yr, 10.40m/yr, 11.20m/yr, 11.09m/yr=
A s o] 5, 38318} e-S 0.52gP/ m/yr, 0.26gP/ m*/
yr, 0.28gP/m/yr, 0.27gP/m /yr, 1@ A4+-5aF 1.
48gP/m/yr, 0.91gP/m/yr, 1.86gP/m/yr, 1.
09gP/m /yr2 AR HAch. 223 $E -5 Lp)
2 5.39gP/m/yr, 4.47gP/m/yr, 4.56gP/m/yr, 4.

Qs «[1+(Z/Qs)"05]
Fig. 6. Polt of Annual Total Phosphorus Loading

into Lake Chungju and Critical Loading of
Vollenweider-OECD Model.

45gP/m/yr, FAZE S TH F3}=Qs)e] 31
43m/yr, 9.26m/yr, 12.54m/yr, 14.56m/yr2 A4}
Fola, 3893}k 0.64gP/m/yr, 0.27gP/m /yr,
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48gP/m/yr, 0.91gP/m/yr, 1.86gP/m/yr, 1.
09gP/m/yr2 AA =y X3 (Lp)e 4.
50gP/ m/yr, 4.50gP/ m/yr, 4.54gP/m/yr. 4.
43gP/m/yr2 EA=o] Folopdde sl= AR E
AEdct 2213 dilze FeH T H3HAs)0
43.41m/yr, 8.50m/yr, 9.62m/yr, 13.96m/yr= A4}
Hqlx, 3]&qsadS 0.75gP/ m/yr, 0.22gP/m /yr,
0.24gP/m/yr, 0.32gP/m/yr, $13 Qs 1.
48gP/m/yr, 0.91gP/m/yr, 1.86gP/m/yr, 1.
09gP/m/yr2 AR E 9o X w513 Lp)e 2.
20gP/m/yr, 2.23gP/m/yr, 2.24gP/m/yr, 2.
17gP/m/yr 2 FA=lo] Rofofzql Alefolct. W7 E
= 4a)d T 2alekQs)e] 81.89m/yr, 35.03m/yr,
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Fig. 7. Polt of Annual Total Phosphorus Loading
into Lake Taechong and Critical Loading
of Vollenweider-OECD Model.
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447

100.00 e
e
Eutrophic Lake [
A
1000 = %l E
BH
5 C I A
% H /u‘ pernissible TP lcadng
§ 1.00 E{FamermsTPIoadm 2
3 7T
x T
1
‘i
010 }
| Qligotr ophic Lake [[TT]
LU FIT

1 10 100 1000
Qs+ [1+(Z/0Qs)"~05)

Fig. 9. Polt of Annual Total Phosphorus Loading
into Lake Hapchon and Critical Loading of
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Qlxx wish EQ¥slek Al Y Vollenweider-OECD
S B3 PRSI E: BAs T AN S49) <Y
A =55 A5 AR o3 2o

D 34 dFse wsle 43, dAL, IF3e
QdEx%s Z+zk 0.013~0.018ng/ !, 0.021~0.
029mg/ 1, 0.016~0.022mg/ | 2 AL Z7sls 34
£ Holx W, F+¢EY %= 0.022~0.024ng/ !
ol W92 Jzk 38 X E el gk 2 8 dE
d, Gk F AAGd A dFEs 95 e
z}7t 0.042mg/ 1, 0.036mg/ |, 0.037mg/ | 2 7VA =
A Gehdet padtes A %S 2o

2) &lyatar A A, 49kFE 181~195tP/yr
2 9xdz Zrsle FAF 24ged, FFEE
591~680tP/yrg At 34 X 714 2 & et
Wk, =3 YA I 420~4661P/yr2 $5F 3 ohg
o7 F& QR BAT Hode Fid=
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