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Abstract

The results of investigation on the water quality of the unit watersheds in the Yeongsang/Seomjin River indicate that BODs,
SS, T-P decrease in most of the unit watersheds. However, CODwmy, and T-N increase since the Total Maximum Daily Loads
(TMDLs). It is thought that CODwmy,, which is included non-biodegradable matters, is difficult to decrease only using by
conventional biological treatment facilities and T-N is affected by non-point source, etc. The results of assessment on 3 years
BOD:s indicate that most of the unit watersheds were being improved except Yeongbon A, Seombon C and Yocheon B. In
addition, it was found that T-P were also being improved except Yocheon B and Hwangryeong A. Consequently, water
qualities of the unit watersheds have been improved in many cases since the TMDLs.
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Fig. 1. The Yeongsang/seomjin River watersheds and target water quality stations.
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Table 1. Summarized statistics for the annual BODs of unit watersheds

Unit watershed Statistics 2004 2005 2006 2007 2008 2009 2010 Mean
Avg. 34 2.9 2.7 3.1 2.6 3.6 3.1 3.1

Yeongbon A SD 22 1.6 1.6 2.0 1.3 22 1.2 0.3
n 44 40 40 45 50 50 49 45

Avg. 8.7 8.5 1.7 8.7 5.9 6.0 5.0 72

Yeongbon B SD 43 3 2.7 3.6 3.0 2.8 14 1.4
n 44 40 40 45 50 50 49 45

Avg. 7.5 6.9 5.4 7.7 5.7 5.5 45 6.2

Yeongbon C SD 3.7 2.7 2.3 4.6 3.1 24 1.3 1.1
n 43 42 38 44 43 39 45 42

Avg. 5.6 5.9 44 5.6 3.6 44 42 4.8

Yeongbon D SD 24 22 1.1 2.0 1.5 1.8 1.3 0.8
n 43 42 37 44 43 39 44 42

Avg. 3.6 2.1 2.3 2.2 2.5 2.3 2.3 2.5

Hwangryeong A SD 22 2.5 1.3 1.1 1.5 1.2 0.7 0.5
n 44 39 40 45 47 43 44 43

Avg. 1.9 1.3 1.4 1.5 1.6 1.9 2.1 1.7

Seombon C SD 1.2 0.8 0.6 0.8 1.0 1.5 0.9 0.3
n 43 43 40 43 44 39 44 42

Avg. 1.7 1.5 1.5 1.3 1.4 1.7 1.6 1.5

Seombon D SD 1.1 0.8 0.7 0.5 0.7 0.8 1.2 0.1
n 44 39 38 43 44 41 42 42

Avg. 1.6 1.4 1.3 1.3 1.5 1.5 1.4 1.4

Seombon E SD 1.1 0.9 0.6 0.6 0.9 0.7 0.5 0.0
n 44 40 38 43 44 41 42 42

Avg. 1.7 1.2 1.5 1.7 1.6 23 1.8 1.7

Yocheon B SD 1 0.8 0.8 1.1 0.9 1.5 0.7 0.1
n 43 43 39 43 44 39 44 44

Avg. 2.0 1.3 1.5 1.5 1.7 1.5 1.6 1.6

Osu A SD 1.2 0.9 1.2 1.1 1.1 1.2 0.7 0.1

n 43 43 41 43 44 39 44 42
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Fig. 2. Cumulative probability distribution of BODs in
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Table 2. Summarized statistics for the annual SS of unit watersheds

Unit watershed Statistics 2004 2005 2006 2007 2008 2009 2010 Mean
Avg. 21.9 15.1 14.0 10.8 11.6 9.4 11.0 13.4
Yeongbon A SD 34.0 20.7 23.1 7.6 1.5 5.4 6.9 1.5
n 44 40 40 45 50 50 49 45
Avg. 33.9 22.5 26.5 222 24.1 14.9 24.6 24.1
Yeongbon B SD 27.7 24.2 452 16.5 18.8 7.2 12.8 5.2
n 44 40 40 45 50 50 49 45
Avg. 30.3 20.3 20.8 26.6 22.0 229 44.7 26.8
Yeongbon C SD 23 21 13 222 12.5 12.4 31.6 8.0
n 43 42 38 44 43 38 44 42
Avg. 62.9 42.6 32.6 21.5 19.6 19.3 31.5 329
Yeongbon D SD 40.4 30.6 31.1 12.8 17.1 7.6 18.2 14.6
n 43 42 37 44 43 38 43 41
Avg. 124 9.7 9.9 7.6 9.5 6.6 6.1 8.8
Hwangryeong A SD 8.7 9.6 8.3 44 6.4 5.8 4.0 2.0
n 44 39 40 45 47 42 43 43
Avg. 8 8.9 16.6 9.0 7.2 12.6 11.7 10.6
Seombon C SD 8.5 7.8 25.1 8.9 6.8 244 14.3 3.0
n 43 43 40 43 44 38 43 42
Avg. 11.1 9.6 9.7 5.8 8.7 6.8 6.8 8.4
Seombon D SD 17.9 15.4 233 4.6 11.6 6.4 7.6 1.8
n 44 39 38 43 44 40 41 41
Avg. 10 7.1 10.4 5.4 5.5 5.7 6.9 7.3
Seombon E SD 142 7.9 17.7 3.8 4.0 7.1 7.3 1.9
n 44 40 38 43 44 40 41 41
Avg. 5.8 5.3 11.1 8.1 7.8 12.6 8.9 8.5
Yocheon B SD 5.8 3.7 21.5 10.4 7.2 21.1 9.7 24
n 43 43 39 43 44 38 43 41
Avg. 7.1 10.8 23.8 11.4 13.6 17.1 9.6 133
Osu A SD 9.1 13.9 353 13.6 29.1 473 124 5.2
n 43 43 41 43 44 38 43 42
TEEN =SS A HM27A ®55, 2011
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Table 3. Summarized statistics for the annual CODy, of unit watersheds

Unit watershed Statistics 2004 2005 2006 2007 2008 2009 2010 Mean
Avg. 6.5 5.8 5.9 7.1 7.2 6.9 6.4 6.5

Yeongbon A SD 2.8 1.8 2.6 2.7 2.8 4.0 1.9 0.5
n 41 40 40 45 50 50 49 45

Avg. 8.6 8.1 7.8 9.7 9.3 8.5 8.4 8.6

Yeongbon B SD 24 1.4 2.8 34 3.6 2.6 1.9 0.6
n 41 40 40 45 50 50 49 45

Avg. 8.6 7.9 7.4 10.7 9.8 8.8 8.3 8.8

Yeongbon C SD 2.7 1.7 3 44 43 2.8 1.8 1.0
n 41 41 38 44 43 38 44 42

Avg. 8.2 8.3 7.0 9.4 8.6 8.3 7.9 8.2

Yeongbon D SD 23 1.7 24 2.6 2.7 25 1.6 0.7
n 41 41 37 44 43 38 43 41

Avg. 5.5 4.8 49 5.4 5.4 5.3 49 5.2

Hwangryeong A SD 2.1 2.3 2 1.7 1.5 1.4 1.1 0.3
n 41 39 40 45 47 42 43 42

Avg. 42 3.6 4.4 4.8 43 4.7 4.8 4.4

Seombon C SD 1.4 1.3 1.9 1.8 1.4 1.8 1.4 0.4
n 41 41 40 43 44 38 43 41

Avg. 4.0 3.9 3.9 44 42 43 43 4.1

Seombon D SD 1.5 1.6 1.9 1.6 1.3 1.3 1.0 0.2
n 41 39 38 43 44 40 41 41

Avg. 3.6 3.5 3.2 3.8 3.8 3.5 3.7 3.6

Seombon E SD 1.4 1.3 1.3 1.4 1.2 1.0 0.9 0.2
n 41 40 38 43 44 40 41 42

Avg. 42 3.6 4.3 5.0 4.8 5.4 5.4 4.7

Yocheon B SD 1.6 1.3 1.6 1.6 1.4 1.7 1.3 0.6
n 41 41 39 43 44 38 43 41

Avg. 43 3.7 4.4 47 4.4 4.4 4.6 4.4

Osu A SD 1.4 1.6 2.5 1.7 1.8 1.8 1.6 0.3

n 41 41 41 43 44 38 43 42
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(continued)

Table 4. Summarized statistics for the annual T-N of unit watersheds

Unit watershed Statistics 2004 2005 2006 2007 2008 2009 2010 Mean

Avg. 2.373 2.769 2.268 2.241 2.460 2.135 2.482 2.390

Yeongbon A SD 0.9 1.2 0.7 0.8 1.0 0.6 0.6 0.2
n 44 40 40 45 50 50 49 45

Avg. 8.363 9.285 8.359 7.900 9.871 7.235 5.570 8.083

Yeongbon B SD 4.5 3.5 4.4 3.0 33 2.5 22 1.3
n 44 40 40 45 49 50 49 45

Avg. 6.525 7.312 5.956 6.570 9.128 5.505 4.584 6.511

Yeongbon C SD 29 2.8 32 2.5 5.2 23 1.5 1.3
n 43 42 38 44 43 38 44 42

Avg. 6.148 6.406 5.63 6.185 8.215 4.988 4.380 5.993

Yeongbon D SD 3.0 2.9 2.6 2.6 3.6 1.9 1.5 1.1
n 43 42 37 44 43 38 43 41

Avg. 1.917 2217 1.886 2.146 2.423 1.932 2.036 2.080

Hwangryeong A SD 0.6 1.2 0.7 0.8 1.0 0.7 0.5 0.2
n 44 39 40 45 47 42 43 42

Avg. 1.976 1.538 1.863 1.850 2.156 1.579 1.985 1.850

Seombon C SD 0.8 0.5 0.8 0.5 1.1 0.7 0.5 0.2
n 43 43 40 43 44 38 43 41

Avg. 1.711 2.408 1.85 1.800 2219 1.509 1.777 1.896

Seombon D SD 0.7 1.3 0.8 0.7 1.1 0.5 0.5 0.3
n 44 39 38 43 44 40 41 41

Avg. 1.784 2.448 1.683 1.722 2.045 1.540 1.655 1.840

Seombon E SD 0.5 1.4 0.7 0.6 1.0 0.5 0.3 0.3
n 44 40 38 43 44 40 41 42

Avg. 2.498 2.035 2.548 2.754 3.969 2.562 3.496 2.837

Yocheon B SD 1.1 0.8 1.2 1.1 1.8 1.0 0.7 0.6
n 43 43 39 43 44 38 43 41

Avg. 2.489 1.464 2.081 1.977 2.397 1.485 1.925 1.974

Osu A SD 1.3 0.5 0.8 0.8 1.2 0.7 0.4 0.4

n 43 43 41 43 44 38 43 42
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Table 5. Summarized statistics for the annual T-P of unit watersheds
Unit watershed Statistics 2004 2005 2006 2007 2008 2009 2010 Mean
Avg. 0.195 0.142 0.112 0.117 0.117 0.096 0.089 0.109
Yeongbon A SD 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0
n 44 40 40 45 50 50 49 45
Avg. 0.775 0.685 0.644 0.681 0.655 0.536 0.326 0.615
Yeongbon B SD 0.4 0.4 0.4 0.3 0.3 0.2 0.1 0.1
n 44 40 40 45 50 50 49 45
Avg. 0.551 0.442 0.414 0.454 0.463 0.368 0.246 0.420
Yeongbon C SD 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.1
n 43 42 38 44 43 38 44 42
Avg. 0.507 0.420 0.348 0.381 0.351 0.270 0.198 0.354
Yeongbon D SD 0.2 0.2 0.1 0.2 0.1 0.1 0.1 0.1
n 43 42 37 44 43 38 43 41
Avg. 0.112 0.103 0.08 0.092 0.105 0.103 0.084 0.097
Hwangryeong A SD 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0
n 44 39 40 45 47 42 43 42
Avg. 0.061 0.043 0.067 0.044 0.042 0.066 0.059 0.055
Seombon C SD 0.0 0.0 0.1 0.0 0.0 0.1 0.0 0.0
n 43 43 40 43 44 38 43 41
Avg. 0.099 0.165 0.057 0.054 0.056 0.059 0.047 0.077
Seombon D SD 0.1 0.5 0.0 0.0 0.0 0.0 0.0 0.0
n 44 39 38 43 44 40 41 41
Avg. 0.082 0.082 0.038 0.033 0.038 0.035 0.033 0.049
Seombon E SD 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
n 44 40 38 43 44 40 41 42
Avg. 0.121 0.109 0.125 0.115 0.137 0.199 0.120 0.132
Yocheon B SD 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0
n 43 43 39 43 44 38 43 41
Avg. 0.062 0.06 0.077 0.052 0.051 0.075 0.049 0.061
Osu A SD 0.0 0.1 0.1 0.0 0.0 0.1 0.0 0.0
n 43 43 41 43 44 38 43 42
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Table 6. Water quality assessment by mean BODs value
during each period

BODs assessment ]?OD:
Unit watershed arge
water
"04~°06°05~"07|°06~"08 °07~"09|"08~"10| .
quality

Yeongbon A 3.0 29 2.8 3.1 3.1 2.1
Yeongbon B 8.2 8.1 7.3 6.9 5.6 5.6
Yeongbon C 6.7 6.7 6.3 6.4 5.2 5.2
Yeongbon D 5.5 5.4 4.6 4.6 4.1 5.2
Hwangryeong A | 3.0 2.5 2.3 23 2.4 2.2
Seombon C 1.6 1.5 1.5 1.7 1.9 1.5
Seombon D 1.6 1.4 1.4 1.5 1.6 1.3
Seombon E 1.5 1.4 1.4 1.4 1.5 1.3
Yocheon B 1.5 1.5 1.6 1.9 1.9 1.5
Osu A 1.6 1.5 1.6 1.5 1.6 1.7

Table 7. Water quality assessment by mean T-P value during
each period

T-P assessment

’04~°06 | "05~°07 | *06~"08 | *07~09 | *08~"10
Yeongbon A 0.140 0.122 0.116 0.110 0.101
Yeongbon B 0.741 0.695 0.669 0.626 0.508
Yeongbon C 0.485 0.447 0.447 0.431 0.357
Yeongbon D 0.441 0.391 0.361 0.336 0.273
Hwangryeong A | 0.099 0.094 0.093 0.100 0.098
Seombon C 0.057 0.050 0.050 0.048 0.053
Seombon D 0.086 0.070 0.056 0.056 0.054
Seombon E 0.064 0.047 0.037 0.036 0.035
Yocheon B 0.122 0.116 0.126 0.146 0.148
Osu A 0.066 0.062 0.059 0.054 0.053

Unit watershed
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