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The evaluation of the eutrophication for the lakes
by phosphorus loading
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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 1993~2001. The
results of study were as follows.

The annual total phosphorus loading from the watershed was calculated to be 55~195tP/yr at lake Soyang,
221~466tP/yr at lake Taechong, 123~278tP/yr at lake Andong, 57~109tP/yr at lake Seomijin. These are
discharged, for the most parts, from population and fishfarm facility.

TP loading on the surface area at lake Soyang was 3.01gP/nf/yr, 2.82gP/mf/yr, 2.84gP/wi/yr, 3.03gP/mtlyr,
2.34gP/uf/yr, 1.78gP/uflyr, 0.91gP/u’/yr, 0.89gP/mf/yr, 0.86gP/mi/yr, lake Taechong was 6.71gP/mt/yr, 7.25gP/mt -
fyr, 7.24gP/nflyr, 6.53gP/uf/yr, 6.50gP/mt/yr, 7.06gP/nf/yr, 7.04gP/uflyr, 4.05gP/mi/yr, 3.44gP/mi/yr and TP
loading on the surface area of lake Andong, lake Soemjin were 5.39gP/mi/yr, 4.47gP/mi/yr, 4.56gP/nt/yr,
4.45gP/mt/yr, 3.33gP/uf/yr, 2.38gP/mf/yr, 2.53gP/uf/yr, 2.46gP/m'/yr, 2.54gP/nf/yr, 4.09gP/mifyr, 4.10gP/ni/yr,
3.98gP/mt/yr, 3.73gP/mt/yr, 2.80gP/mt/yr, 3.46gP/m'/yr, 3.22gP/mi/yr, 2.19gP/nf/yr, 2.13gP/mt/yr respectively.

The tropic states of four 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, Critical phosphorus loading
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Table 1. Pollutant sources and annual total phosphorus loading at each lake

Source (kg/day), (%)
lake year -

Total population livestock land industry fishfarm
Soyang 1993 530 76(14.3) 24( 4.5) 59(11.1) 1 0.2) 370(69.8)
1994 496 730147 24( 4.8) 60(12.1) 3( 0.6) 336(67.7)
1995 501 73(14.6) 25( 5.0 60(12.0) 7( 1.4) 336(67.1)
1996 534 66(12.4) 24( 4.5) 60(11.2) 14( 2.6) 370(69.3)
1657 412 71(17.2) 26( 6.3) 59(14.3) 25( 6.1) 231(56.1)
1998 313 69(22.0) 26( 8.3) 60(19.2) 5( 1.6) 153(48.9)

1999 160 69(43.1) 24(15.0) 62(38.8) 5( 31) -

2000 156 53(34.0) 5( 32) 94(60.3) 4( 26) -

2001 152 50(32.9) 4 26) 95(62.5) 3( 2.0) -
Taechong 1993 1,182 585(49.5) 239(20.2) 159(13.5) 12( 1.O) 187(15.8)
194 1,278 570(44.6) 326(25.5) 168(13.1) 61( 4.8) 153(12.0)
1995 1,276 580(45.5) 333(26.1) 163(13.2) 61( 4.8) 134(10.5)
1996 1,151 571(49.6) 318(27.6) 165(14.3) 35( 3.0 62( 5.4)

1997 1,145 526(45.9) 424(37.0) 167(14.6) 280 2.4 -

1998 1,243 550(44.2) 468(37.7) 165(13.3) 60( 4.8 -

1999 1,240 546(44.0) 486(39.2) 170(13.7) 38( 3.1 -

2000 714 355(49.7) 120(16.8) 209(29.3) 30( 4.2 -

2001 606 357(58.9) 55( 9.1) 165(27.2) 29( 4.8) -
Andong 1993 761 224(29.4) 56( 7.4) 46( 6.0) 137(18.0) 298(39.2)
1994 630 178(28.3) 50( 7.9) 45( 7.1) 59 9.4) 298(47.3)
1995 643 158(24.6) 83(12.9) 45( 7.0 59( 9.2) 298(46.3)
199 628 152(24.2) 80(12.7) 44( 7.0) 54( 8.6) 298(47.5)
1997 470 152(32.3) 80(17.0) 44( 9.4) 59(12.6) 135(28.7)

1998 336 137(40.8) 96(28.6) 45(13.4) 58(17.3) -

1999 357 141(39.5) 88(24.6) 45(12.6) 83(23.2) -

2000 347 111(32.0) 23( 6.6) 64(18.4) 14(42.9) -

2001 358 107(29.9) 11( 3.1 64(17.9) 17(49.2) -
Seomjin 1993 297 78(26.3) 41(13.8) 30(10.1) 10( 3.4) 138(46.5)
1994 298 80(26.8) 50(16.8) 29( 9.7) 10( 3.4 129(43.3)
199 289 76(26.3) 53(18.3) 30(10.4) 10( 3.5) 120(41.5)
1996 271 73(26.9) 60(22.1) 29(10.7) 16( 5.9) 93(34.3)

1997 203 66(32.5) 92(45.3) 32(15.8) 13( 6.4) -

1998 251 78(31.1) 132(52.6) 29(11.6) 12¢ 4.8) -

1999 234 63(26.9) 129(55.1) 30(12.8) 12( 5.1) -

2000 159 61(38.4) 40(25.2) 36(22.6) 22(13.8) -

2001 155 54(34.8) 31(20.0) 38(24.5) 32(20.6) -

Table 2. Hydrological characteristics and critical phosphorus loading according to Vollenweider-OECD model at

Soyang lake

Year 1993 1994  199% 1996 1997 1998 1999 2000 2001
Water capacity(10°m’) 2900 2500 2800 280 290 290 2%0 2500 2900
Surface area(kn) 64.3 64.3 643 643 643 64.3 64.3 64.3 64.3
Annual inflow rate(10°m'/yr) 2211 LL7 3022 1451 2064 2922 3045 1871 1438
Mean depth(m) 451 Bl 51 451 51 H1 451 51 451
Flushing rate(1/yr) 076 039 104 050 071 101 105 065 050
Hydraulic resident time(yr) 131 260 096 200 141 099 0% 155 202
Hydraulic surface loading, Qs(m/yr) 3438 1736 4700 2256 3210 4544 4736 2010 2236
Annual TP loading(tP/yr) 19345 18104 18287 19491 15038 11425 5840 5694 5548
Qs - [1+(2/Qs)™] 7376 4535 9304 5446 W15 W72 9357 6532 5412
Permissible TP loading(gP/m'/yr) 0.74 045 0.93 054 0.70 0.91 0 065 054
Dangerous TP loading(gP/m’/yr) 1.48 091 1.86 1.09 1.40 1.81 1.87 1.31 1.08
P Ioading, Lp(gP/m/yr) 301 282 284 303 234 178 091 089 086
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Table 3. Hydrological characteristics and critical phosphorus loading according to Vollenweider-OECD model at
Taechong lake

Year 1993 1994 19% 1996 1997 1998 1999 2000 2001
Water capacity(10°m’) 1490 1490 1490 149 149 1,490 1490 1490 1490
Surface area(km) 64.3 64.3 64.3 64.3 64.3 64.3 64.3 64.3 64.3
Annual inflow rate(10°m’/yr) 3,607 827 1629 2247 3042 4522 2747 358 1,090
Mean depth(m) 232 232 23.2 23.2 23.2 232 23.2 232 232
Flushing rate(1/yr) 242 0.55 1.09 1.51 2.04 3.03 1.84 240 0.73
Hydraulic resident time(yr) 0.41 1.80 091 0.66 0.49 0.33 054 0.42 1.37
Hydraulic surface loading, Qs(m/yr) 56.09 1286 2534 3494 4731 7033 4272 B572 1695
Annual TP loading(tP/yr) 43143 46611 46538 42012 41793 45370 45260 26061 221.19
Qs - [1+(Z/Qs)* 9216 3012 4957 6333 8042 11070 7419 9166 3677
Permissible TP loading(gP/m*/yr) 0.92 0.30 0.50 063 0.80 1.11 0.74 0.92 0.37
Dangerous TP loading(gP/m'/yr) 184 060 099 1.27 161 221 148 183 074
P loading, Lp(gP/m’/yr) 6.71 7.25 7.24 6.53 6.50 7.06 7.04 4.05 344

Table 4. Hydrological characteristics and critical phosphorus loading according to Vollenweider-OECD model at
Andong lake

Year 1993 1994 1995 1996 1997 1998 1999 2000 2001
Water capacity(10°m’) 1,248 1248 1,248 1248 1248 1248 1248 1248 1,248
Surface area(kn) 515 515 515 515 515 515 515 515 515
Annual inflow rate(lOGm‘/yr) 1,382 536 577 571 1,069 1,388 1,542 875 561
Mean depth(m) 24.2 24.2 24.2 24.2 24.2 24.2 24.2 24.2 24.2
Flushing rate(1/yr) 111 043 046 0.46 0.86 1.11 1.24 0.70 045
Hydraulic resident time(yr) 0.90 2.33 2.16 2.19 117 0.90 0.81 1.43 2.22
Hydraulic surface loading, Qs(m/yr) 2683 1040 1120 11.09 2076 269 2994 1699 10.89
Annual TP loading(tP/yr) 27777 22995 23470 22922 17155 12264 13031 12666 13067
Qs - [1+(Z/Qs)™) 5232 2627 2167 2748 4319 5251 5688 3728 2714
Permissible TP loading(gP/m"/yr) 052 0.26 0.28 0.27 0.43 0.53 057 0.37 0.27
Dangerous TP loading{gP/m'/yr) 1.05 0.53 055 0.55 0.86 1.05 1.14 075 054
P loading, Lp(gP/m'/yr) 539 447 4% 445 333 238 253 246 254

Table 5. Hydrological characteristics and critical phosphorus loading according to Vollenweider-OECD model at
Seomjin lake

Year 1993 1994 1995 1996 1997 1998 1999 2000 2001
Water capacity(10°m) 466 466 466 466 466 466 466 466 466
Surface area(kn’) 26.5 26.5 265 26.5 26.5 265 26.5 26.5 265
Annual inflow rate(10°m'/y1) 678 157 310 428 623 873 521 632 356
Mean depth(m) 176 176 176 176 176 176 176 176 176
Flushing rate(1/yr) 1.46 0.34 0.66 0.92 1.34 1.87 112 1.36 0.76
Hydraulic resident time(yr) 0.69 2.96 1.50 1.09 0.75 0.53 0.89 0.74 1.31
Hydraulic surface loading, Qs(m/yr) 2560 594 1169 1615 2351 3294 1966 238 1343
Annual TP loading(tP/yr) 10841 10877 10549 9892 7410 9162 8541 5804 5658
Qs - [1+(Z/Qs1™] 4681 1615 2603 3301 4384 5701 382B 4433 2880
Permissible TP loading(gP/m’/yr) 0.47 0.16 0.26 0.33 0.4 057 0.38 0.44 0.29
Dangerous TP loading(gP/m’/yr) 0.%4 0.32 052 066 0.88 1.14 0.77 0.89 058
P loading, Lp(gP/m’/yr) 4.09 410 398 373 2.80 346 322 2.19 213
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into Lake Seomjin and Critical Loading of
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