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Abstract

Water quality in Nakdong river was analyzed using 699 monitoring data sets including flow rates and water quality
concentrations collected at 195 tributary monitoring stations (the priority management areas. 35 stations, the non-priority
management areas. 160 stations) in 2015. The highest average concentrations of all data for BOD, COD, T-N, T-P, SS, and
TOC were 30~600 times higher than the lowest concentrations while the highest average loading rates were 800,000~
2,700,000 times higher than the lowest loading rates. Because of the very large differences in the concentrations and loading
rates, the variation of the concentrations and loading rates in a priority management monitoring station for BOD, T-P, and
TOC was analyzed using the coefficient of variation, the ratio of the standard deviation value to the mean value. For BOD,
T-P, and TOC, the coefficients of variation for concentration were mostly less than 100%, whereas the coefficients of variation
for loading rate ranged from 31.1% to 232.2%. The very big difference in the loading rates was due to the large variation in
flow rates. As a result of this, the estimation of water quality at each monitoring station using the average values of the
concentrations and loading rates might be not rationa in terms of their representativeness. In this study, new water quality
analysis methods using all collected monitoring data were suggested and applied according to the water quality standard in
medium-sized management areas.
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Fig. 1. Monitoring stations in Nakdong river for non-priority
areas and priority areas.
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Table 1. Geological characteristics and water quality standards of tributaries for priority management areasin Nakdong river

Medium-sized Tributary Basin area Stream length Water quality
management areas monitoring stations (kmz) (km) standards
Gumicheon 68.3 155 Ib
Nakdong/Waegwan Gyeonghocheon 724 19.6 Ib
Dongjeongcheon 34.4 11.2 Ib
Bukancheon 93.1 26.9 11
Omokcheon 175.3 326 11
Geumho river Namcheon 115.2 24.2 11
Palgeocheon 102.9 229 11
Dalseocheon 24.4 9.8 11
Cheonnaecheon 21.3 104 I
Gisegokcheon 28.0 125 I
Nakdong/Goryeong Bonricheon 104 8.0 I
Y onghacheon 12.2 8.0 I
Y onghocheon 221 89 1
Topyeongcheon 6.3 47 1
Nakdong/Changyeong Changnyeongcheonl 62.8 21.3 I}
Jeonhwacheon 16.1 8.6 1
Gajwacheon 13.7 5.8 Ib
Hyunjicheon 32 44 Ib
Seokgyocheonl 28.7 18.9 Ib
Nam river Seokgyocheon2 36.9 114 Ib
Uiryeongcheonl 1135 20.3 Ib
Daesancheon?2 18 3.7 Ib
Daesacheon 29.2 12.7 Ib
Gwangokcheon 21.7 9.0 1
Gyeseongcheon 96.0 9.8 1
Chirwoncheon 26.1 114 1
Y eongsancheon 42.7 13.2 I
. Ohocheon 33 33 I
Nakdong/Miryang
Y ongdeokcheon 13.8 53 I}
Tweraecheon 53 51 I
Hwapocheon 55.9 144 I
Chodongcheon 24.9 13.8 1
Sangnamcheon 46.4 141 I
Nakdong river Mijeoncheon2 16.6 12.7 Ib
estuary bank Hogyecheon 18.3 105 Ib
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Table 2. The mean concentrations of BOD, COD, T-N, T-P, SS, and TOC for all data sets collected at 195 tributary monitoring

stations in Nakdong river

BOD COD T-N T-P SS TOC
(mg/L) (mg/L) (mg/L) (mglL) (mglL) (mg/L)
Mean 2.0 6.0 2.900 0.128 11.0 37
Std. 1.6 28 2.318 0.137 15.0 25
Maximum 89 18.2 17.897 1.778 172.2 28.2
Minimum 0.3 0.7 0.283 0.009 0.3 0.3
Median 16 57 2.259 0.099 6.2 34
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Table 3. The mean loading rates of BOD, COD, T-N, T-P, SS, and TOC for al data sets collected at 195 tributary monitoring

stations in Nakdong river

Flow rate BOD coD T-N T-P Ss ToC
(cms) (g/sec) (g/s=) (g/sec) (g/s=) (g/sec) (g/s=)
Mean 158 29 9.2 37 0.15 134 54
Std. 1391 320 100.0 27 14 1124 59.0
Maximum 358.48 824.5 2616.9 562.5 36.9 2796.1 15415
Minimum 0.0010 0.0003 0.0032 0.00057 0.000045 0.0012 0.0013
Median 0.23 0.37 13 051 0.022 16 0.76
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Fig. 2. Log-normal distributions of the loading rates for BOD, COD, T-N, T-P, SS, and TOC obtained at all 195 tributary

monitoring stationsin Nakdong river.
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Table 4. The mean concentrations of BOD, COD, T-N, T-P, SS, and TOC for 35 tributary monitoring stations in Nakdong

river
Tributary BOD COoD TN T-P ss TOC
monitoring stations (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Gumicheon 3.79+1.13 8.67+1.53 4.39+2.86 0.16+0.11 22.10+18.33 5.69+1.24
Gyeonghocheon 1.57+0.68 7.87+0.96 5.00+1.55 0.14+0.05 4.13+2.04 5.27+1.18
Dongjeongcheon 1.95+0.62 7.56+2.11 2.61+1.22 0.18+0.08 12.35+10.36 4.90+1.64
Bukancheon 1.78+0.50 7.64+1.23 2.36+1.20 0.10+0.06 10.67+6.72 4.95+0.90
Omokcheon 2.30+1.34 6.96+1.73 2.72+1.09 0.12+0.05 5.95+3.30 4.13+1.73
Namcheon 3.11+2.09 8.38+1.75 9.33+2.36 0.11+0.04 5.16+2.30 5.42+1.63
Palgeocheon 2.05+1.78 6.08+1.14 1.46+0.57 0.08+0.04 10.11+9.80 3.76+0.73
Dalseocheon 2.20+1.64 7.90£2.01 8.25+1.77 0.14+0.03 14.48+24.75 5.75+2.13
Cheonnaecheon 2.31+1.58 4.84+1.58 2.26+0.63 0.10+0.04 6.36+5.22 2.87+1.06
Gisegokcheon 3.99+2.24 7.52+1.91 4.83+1.86 0.39+0.19 9.07+£11.58 5.17+2.37
Bonricheon 3.43+2.62 6.76+1.81 2.78+1.15 0.20+0.09 9.27+6.83 4.03+1.13
Y onghacheon 5.94+1.86 11.95+3.16 7.41+2.47 0.36+0.17 15.52+29.46 11.46+6.20
Y onghocheon 3.56+1.71 8.66+0.86 3.43+2.46 0.16+0.07 18.49+11.96 5.80+1.10
Topyeongcheon 241+1.24 7.39+2.46 4.85+2.60 0.17+0.09 18.58+10.88 4.82+2.27
Changnyeongcheonl 3.57+2.92 7.52+1.23 5.34+1.02 0.23+0.09 8.36+6.63 4.56+0.73
Jeonhwacheon 2.10+1.03 6.87+1.53 1.21+0.69 0.09+0.03 26.08+31.84 3.86x1.14
Ggjwacheon 3.43+2.00 5.57+1.02 3.69+0.89 0.19+0.10 8.86+9.36 3.63+0.72
Hyunjicheon 2.75+1.76 7.32+1.30 6.68+4.56 0.19+0.07 26.21+23.94 4.79+1.15
Seokgyocheonl 1.75+0.68 6.43+1.83 1.98+0.61 0.15+0.06 17.18+8.28 3.83+1.33
Seokgyocheon?2 1.59+0.70 4.83+1.29 1.61+0.40 0.09+0.03 14.71+7.84 2.76+0.82
Uiryeongcheonl 1.96+0.79 6.35+1.76 2.58+1.04 0.11+0.05 13.73+5.12 3.98+1.21
Daesancheon2 2.35+1.15 8.09+1.65 1.59+0.50 0.17+0.09 19.85+8.46 5.05+1.35
Daesacheon 2.55+1.25 8.53+2.07 1.95+0.75 0.19+0.13 36.04+47.24 5.44+1.98
Gwangokcheon 3.90+2.29 10.71+2.73 3.02+2.36 0.18+0.05 15.66+5.46 8.00+2.74
Gyeseongcheon 1.57+0.62 7.17+1.34 2.16+2.28 0.18+0.13 457+2.48 4.34+1.09
Chirwoncheon 1.05+0.48 3.97+0.98 2.34+0.80 0.11+0.02 8.02+7.77 2.11+0.62
Y eongsancheon 3.34+1.56 8.06+1.55 2.65+1.29 0.13+0.04 18.16+10.95 4.65+1.02
Ohocheon 1.81+0.71 6.24+1.25 4.44+3.28 0.13+0.06 18.64+13.47 3.64+0.67
Y ongdeokcheon 2.53+0.77 6.47+1.10 4.42+1.90 0.22+0.06 21.33+15.62 4.12+1.00
Tweraecheon 3.91+1.61 9.25+1.65 2.84+1.36 0.16+0.04 15.16+9.11 6.44+1.57
Hwapocheon 347+1.34 6.56+2.16 3.02+1.10 0.21+0.09 35.53+17.31 4.85+1.20
Chodongcheon 2.82+1.02 8.36+2.68 3.20+1.38 0.22+0.11 26.90+33.07 5.70+2.26
Sangnamcheon 2.45+1.32 7.57+2.51 1.73+0.74 0.12+0.03 11.91+2.96 4.51+2.00
Mijeoncheon2 1.89+0.56 6.30+0.72 0.69+0.39 0.07+0.2 12.53+7.81 3.90+0.91

Hogyecheon 5.13+2.13 13.93+2.13 2.22+0.89 0.70+0.54 31.51+32.81 10.17+2.82
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Table5. The mean loading rates of BOD, COD, T-N, T-P, SS, and TOC for 35 tributary monitoring stations in Nakdong river

Tributary Flow rate BOD COD T-N T-P SS TOC
monitoring stations (m¥9) (9/sec) (9/sec) (9/sec) (9/sec) (9/sec) (9/sec)
Gumicheon 1.06+0.87 4.07£3.44 9.14+7.42 3.83£219 025048  36.34+75.88 5.97+4.72

Gyeonghocheon 0.28+0.10 0.45+0.34 2.16+0.77 1.35+0.53  0.04+0.02 1.13+0.66 1.41+0.45
Dongjeongcheon 0.27+0.07 0.54+0.21 2.13+0.90 0.67+0.23  0.05+0.02 3.49+2.96 1.37+0.63

Bukancheon 0.76+0.90 1.41+1.99 6.31+8.22 2.16+3.11 0.12+0.25 9.10+14.79 3.96+5.17
Omokcheon 2.04£1.25 4.72+4.50 13.80+£7.45 5.95+5.02 0.24+0.17 13.12+12.13 8.09+4.82
Namcheon 1.83+0.92 5.63+4.36 14.48+487  15.83+4.64 0.21+0.11 9.59+6.43 9.05+2.81
Palgeocheon 0.39+0.35 0.75+0.69 2.30+1.92 0.67+0.82 0.03+0.03 3.40+2.88 1.36+£1.07
Dalseocheon 3.61+0.74 8.02+6.92 28.15+9.21  28.74+4.22 0.51+0.17 57.23+110.29  20.27+8.28
Cheonnaecheon 0.14+0.32 0.23+0.45 0.83+1.86 0.40+1.00 0.02+0.04 1.21+2.56 0.56+1.30
Gisegokcheon 0.05+0.05 0.21+0.22 0.38+0.32 0.23+t0.20  0.02+0.02 0.52+0.81 0.25+0.25
Bonricheon 0.05+0.04 0.17+0.16 0.38+0.30 0.14+0.09  0.01+0.01 0.52+0.60 0.22+0.17
Y onghacheon 0.19+0.09 1.17+0.72 2.39+1.42 140+0.68  0.07+0.04 2.21+2.63 2.16+1.21
Y onghocheon 0.05+0.05 0.15+0.13 0.40+0.46 0.15+0.18 0.01+0.02 0.94+1.25 0.28+0.34

Topyeongcheon 0.39+0.33 1.03+1.38 2924261 1.85£1.79  0.06%0.06 8.60+11.98 1.76+1.32
Changnyeongcheonl ~ 0.18+0.17 0.87+1.37 1.53+1.77 1.05£1.25  0.05+0.07 2.07£3.30 0.92+0.99

Jeonhwacheon 0.02+0.03 0.04+0.04 0.17+0.21 0.04+0.06  0.00+0.00 1.11+2.60 0.09+£0.12
Gajwacheon 0.27£0.15 0.80+0.47 1.44+0.73 1.02+0.67  0.04+0.01 2.98+3.91 0.92+0.48
Hyunjicheon 0.07+0.07 0.15+0.12 0.50+0.60 0.48£0.75  0.02+0.03 147+1.47 0.34+0.45

Seokgyocheonl 0.74+0.50 1.33+0.97 4.58+2.76 145+1.23  0.10£0.07 12.05+£9.20 2.68+1.61
Seokgyocheon2 0.57+0.76 0.73+0.76 2.72+3.68 1.07£1.67  0.06%0.10 8.44+12.00 151+2.14
Uiryeongcheonl 3.11+4.59 500£6.26  18.12+26.69 7.48+1158 0.42+0.75  4561+67.56 11.19+16.51

Daesancheon2 0.15+0.10 0.41+0.38 1.29+0.91 0.25+0.20  0.02+0.01 3.18+2.31 0.78+0.50

Daesacheon 0.27+0.05 0.68+0.35 2.29+0.73 052+0.23  0.05+0.04 9.98+13.65 1.47+0.64
Gwangokcheon 0.03+0.06 0.09+0.15 0.28+0.47 0.07+0.11  0.01+0.01 0.59+1.20 0.19+0.31
Gyeseongcheon 0.30+0.37 0.35+0.32 2.13+2.67 0.62+0.69  0.05+0.08 0.99+0.78 1.28+1.60
Chirwoncheon 0.35+0.54 0.52+0.89 1.75£2.92 0.85+1.40  0.04+0.06 6.06+12.51 0.90+1.49
Y eongsancheon 0.17+0.06 0.55+0.23 1.40+0.55 0.45+0.31  0.02+0.01 2.80+0.92 0.80+0.30

Ohocheon 0.10+0.11 0.24+0.28 0.73+0.83 0.27+0.26  0.01+0.02 2.71+3.62 0.41+0.46

Y ongdeokcheon 0.15+0.22 0.34+0.44 1.05+1.72 0.83+1.60  0.03+0.03 3.74+£7.64 0.63+0.99

Tweraecheon 0.08+0.07 0.25+0.14 0.66+0.58 0.26£0.39  0.01+0.01 1.56+2.80 0.45+0.37
Hwapocheon 0.74+1.01 2.08+1.67 3.07+1.08 2.36+£3.92  0.14+0.16 28.79+41.04 3.72+5.44
Chodongcheon 0.49+0.68 1.67+2.57 4.78+6.94 1.18+1.48  0.13+0.25 17.51+32.18 3.22+4.68
Sanghamcheon 0.74+1.06 151+1.57 5.46+8.01 1.05+091  0.09+0.12 8.03+9.77 3.18+4.48
Mijeoncheon2 0.12+0.21 0.28+0.59 0.73+1.28 0.09+0.15  0.01+0.01 1.54+2.83 0.44+0.79

Hogyecheon 0.01+0.01 0.06+0.05 0.16+0.08 0.03+0.02  0.01+0.01 0.47+0.76 0.12+0.06
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Fig. 3. The coefficient of variation for the concentration of
BOD, T-P, and TOC.
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Fig. 5. Average excess number for the water quality
standard of BOD, T-P, and TOC at each priority
tributary monitoring station in Nakdong river.
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