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ABSTRACT

There are fifteen non-point pollution management areas in Korea and three of them (Doam lake, Daegi district and Golji-cheon) are located in the
upstream of the Namhan river watershed. Many efforts to reduce non-point sources (NPS) pollution have been conducted, however, water quality
pollution in the watershed is still serious. To solve these problems, it is a priority to grasp water quality using statistical techniques. In this study, a
trend analysis was conducted to evaluate the effect of NPS management in the watershed. The long-term trends from 1996 to 2018 of water quality
properties were analyzed using data collected from the water environment information system. Seventeen monitoring stations were selected along the
main stream in Namhan river basin. Monthly water quality properties (BOD, COD, TN, TP, TN/TP ratio, Conductivity, SS and Chlorophyll-a) were
collected and analyzed by Mann-Kendall test and LOWESS. The results showed that the Conductivity tended to increase in all regions and was the
highest level in Jijangcheon. Organic pollution such as BOD and COD tended to increase in the Jungseon area. SS did not show a large tendency,
but it showed high concentration in the Doam watershed. In all regions, 40% of water quality properties showed a tendency to ‘UP’, 15% of water
quality properties tended to ‘DOWN’, and 46% indicated no tendency. In order to determine the cause of this, additional research and measures for
improvement are necessary. This study will be used for the establishment of water quality policy in the future.
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Fig. 1 Monthly precipitation and temperature from 1996 to 2018 in upstream Namhan river watershed
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Fig. 2 Water quality monitoring stations located along the channel of upstream Namhan river
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-) ©

Mean ‘ Range

&Z_ = a+be, (10) Station (wSlom) Z-value | P-value | Trend | Sen’s
A | OD1] 1372 | 32-506 | 5286 0 uP |3
OD2 | 133.8 | 30-284 | 6.214 0 UP |4.223
0. 23 Y JE B |SC1| 1657 | 50-728 | 5.818 0 UP |49
SC2 | 133.8 | 40-457 | 5.265 0 UP |3.171
1. =288 JF +4 =2 3¢ 24 24 BC | 786 | 34-215 | 445 0 | UP |1583
19962018 @712 0] A2 E njgho 2 Ual7) AR O o | G0 | 1476 | 73-213 | 3429 | 0001 | UP 123
o] seasonal Mann-Kendall 2454 Zu}= Fig. 39} 2t} & GJ1| 2366 | 76-384 | 3.722 0 UP |2.646
0315 Povaluezh AFFsHO 2 AsFAL Tietet Al 7} GJ2 | 187.6 | 47-400 | 5.347 0 UP |3878
A wre. Z7} AGA(UP)S Mol 2-gEe AY|ARE E | EC | 298.0 | 97-593 | 5.237 0 UP |4.96
COD, TN/TP, 2223, BOD, TN, TP £:0]¢]0m, SS= o] DG | 242.7 | 60-702 | 4.305 0 UP |[3.361
AR E S7F S HolA el GH | 211.4 | 82-550 | 3878 | 0 UP [3.079
18749] 2RZ A Ao A mE 27} Agke mol Fy]AE JJ1 | 4813 | 8-1321| 2026 | 0042 | UP |4.142
S ol AHAA] Sen's slopezko] 496002 7F 0 7 JJ2 | 4121 [150-921 | 2197 | 0028 | UP [4.35
S BT (Table 1), BE 2| Ao|A] Z7HHe RS F | JS1]169.7 | 55-375 | 5.118 0 UP |355
Holrhl e 5170 1) o] 24 Bxlo] ML Aoz 9olE T JS2 | 181.6 | 68-376 | 4.394 0 EE
T e
A A d7s wd webee] 7t ﬂﬂ%&_i Ol%ﬂﬁ YW1 245:8 80-484 3:823 0 up 3:288
7] 2o AZIHEET} OF 200 ps/em W el2} g} Gat
. BOD N coD . TN . TP
+/70 Soomrens /Lo Soomres ¥ 1L Soommes Lo § vommes

B oowNTrend i L
@ NO Trend 1 AN

e
@ NO Trend 3 \‘ \‘ @ NO Trend @ NO Trend

S
G C y
Vad I g s ‘ 4
- e - e
f BC | " BC |
; ¢ J ] 3
kN 15 14 1 1
) )
JI{ d
) — E A, e §
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Fig. 3 Results of seasonal Mann—Kendall trend
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Table 2 Results of seasonal Mann—Kendall test on BOD Table 3 Results of seasonal Mann—Kendall test on COD
. Mean | Range . Mean | Range

Station Z-value | P-value | Trend | Sen’s Station Z-value [P-value| Trend | Sen’s

(mg/L) (mg/L)

A OD1 | 0.803 |0.2-3.3| -0.752 | 0.449 - 0 A OD1| 2306 | 0.6-12.1 | -0.268 | 0.784 - -0.006
OD2 | 0.712 |0.2-1.8| -1.842 | 0.065 - -0.005 0OD2 | 2.494 | 0.8-5.8 4986 | 0.000 uP 0.048

B | SC1 | 1.152 |0.2-3.6| -2.679 | 0.007 | DOWN | -0.021 B |SC1/3.170|0.7-158 | 1.810 | 0.069 - 0.018
SC2 | 0.886 [0.1-2.8| 2.626 | 0.008 UP | 0.013 C |SC2|2.584|0.6-7.8 5.300 | 0.000 uP 0.083
BC | 0.993 |0.2-2.6| 0.207 | 0.831 - 0 BC |1.724 | 0.3-5.0 3.324 | 0.001 upP 0.033

D GD | 1.427 [0.7-3.0|-1.503 | 0.132 - -0.003 b GJ1[1.584|0.0-44 2.364 | 0.018 upP 0.023
GJ1 | 096 |0.1-2.7| 0.833 | 0.401 - 0 GJ2 | 2.348 | 0.5-9.1 5.095 | 0.000 uP 0.054
GJ2 | 0.821 [0.2-29| 2.292 | 0.022 UP | 0.014 GD |2.313|1.0-55 3.616 | 0.000 uP 0.025

E | EC | 0691 |0.1-3.3| 1.96 0.049 UP | 0.013 E | EC |1.683|0.4-68 5.019 | 0.000 uP 0.04
DG | 0.875 |0.1-3.2| 1.328 | 0.182 - 0 DG | 2.198 | 0.5-8.5 4.865 | 0.000 uP 0.052
GH | 0.953 |0.1-3.4| 2398 | 0.016 UP | 0.016 GH |2.484|0.8-7.9 4.708 | 0.000 uP 0.050
JJ1 | 1.418 |0.1-6.8| -3.816 0 DOWN | -0.032 JJ1 2736 0.8-9.2 | -2.310 | 0.021 |DOWN | -0.029
JJ2 | 0.824 |0.1-3.4| -0.55 0.578 - 0 JJ2 | 1.862 | 0.5-9.7 2.678 | 0.007 uP 0.026

F | JS1 | 0875 |0.1-4.1| 2271 | 0.023 UP | 0.014 F|JS1|2426|05-138| 4.933 | 0.000 uP 0.062
JS2 | 0873 |0.1-2.7| 225 0.024 UP | 0.006 JS2 [ 2.333]0.6-5.9 4.873 | 0.000 uP 0.050
Jy | 0.766 |0.3-3.4| 1.364 | 0.171 - 0.003 JY | 2.416| 0.6-8.4 6.039 | 0.000 uP 0.069
SH | 0.668 |0.2-3.7| 0.663 | 0.504 - 0 SH |1.197 | 0.2-3.6 3.462 | 0.001 uP 0.016
YW1 | 0907 |0.1-3.0| 1.807 | 0.071 - 0.005 YW1]2.305|0.5-10.1 | 4.095 | 0.000 uP 0.035

Table 4 Results of seasonal Mann—Kendall test on TN Table 5 Results of seasonal Mann—Kendall test on TP
. Mean| Range . Mean Range

Station Z-value |P-value| Trend | Sen’s Station Z-value | P-value | Trend | Sen’s

(mg/L) (mg/L)

A OD1| 46 |1.0-158] 1.339 | 0.179 - 0.03 A OD1 |0.046 0-0.504|-0.879 | 0.376 - -0.001
Oob2| 3.7 |0.8-84 | 1.106 | 0.266 - 0.002 0D2 |0.038 {0.002-0.310| 0.249 | 0.798 - 0

B [SC1| 5.2 |1.3-16.6| -4.255 0 DOWN | -0.063 B | SC1 (0.1 0.002-0.735(-3.594| 0 |DOWN | -0.002

C |SC2| 3.0 |1.2-11.4| 1.723 | 0.083 - 0.016 C | SC2 |0.036 |0.002-0.196|-1.252 | 0.208 - 0
BC | 1.8 [04-56 | 4.217 0 uP 0.052 BC |0.016 0-0.101|-0.781 | 0.432 - 0

5 GD | 22 |08-46 | 3.884 0 uP 0.036 D GD |0.024 |0.003-0.081|-1.827 | 0.067 - 0
GJ1| 3.0 |0.4-6.7 | -0.781 | 0.432 - -0.013 GJ1 /0.018 0-0.077|-1.49 | 0.135 - 0
GJ2| 3.1 |09-11.0/ 0.618 | 0.533 - 0.019 GJ2 |0.024 0-0.163|-1.568 | 0.115 - 0

E | EC | 3.7 |1.4-95 | -2.857 | 0.004 | DOWN | -0.025 E | EC |0.018 0-0.124|-3.01 | 0.003 [DOWN| O
DG | 29 |1.0-8.0 | -0.038 | 0.965 - -0.002 DG [0.034 0-1.233/-2.132| 0.032 |[DOWN| O
GH | 3.1 |11-9.7 | 1373 | 0.168 - 0.009 GH |0.031 {0.001-0.295|-2.526 | 0.011 |[DOWN| O
JJ1| 3.0 |0.8-11.5| -5.343 0 - -0.085 JJ1 10.05 0-0.263|-5122| 0 |DOWN |-0.002
JJ2 | 31 |0.7-19.2| -1.696 | 0.089 - -0.018 JJ2 10.028 0-0.343|-4.501 0 |DOWN | -0.001

F |JS1| 32 [0.1-10.2] 0.61 0.537 - 0.003 F | JS10.034 0-0.259|-0.767 | 0.44 - 0
JS2 | 33 |13-9.7 | 0.27 0.783 - -0.009 JS2 10.035 0-0.473|-2.883 | 0.004 |[DOWN| O
Jy | 28 [1.0-8.7 | -0.847 | 0.394 - 0.001 JY 0.03 |0.001-0.264|-0.516 | 0.602 - 0
SH | 29 |06-7.0 | -4.6 0 DOWN | -0.045 SH 10.008 | 0.001-0.083| 2.931| 0.003 | UP 0
YW1| 3.0 {1.0-10.5| -0.161 | 0.872 - 0.005 YW1 10.029 0-0.554|-3.269 | 0.001 | DOWN | -0.001
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Fig. 4 Boxplots for conductivity, TN and TP results in upstream Namhan river
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HoA 571 AS BPom, $22 -4 Sen’s slope
0] 008308 7}4 =4 LRt} (Table 3). CODY] ki
1, A1 o] 3.170 mg/L, 2.736 mg/LE AFRA| Yo
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Table 7 Results of seasonal Mann—Kendall test on SS

. Mean‘ Range , . Mean ‘ Range ,
Station Z-value |P-value| Trend | Sen’s Station Z-value |P-value| Trend | Sen’s
(mg/m) (mg/L)
A OD1 | 2.74 |0-16.2 1.631 | 0.101 - 0.059 A OD1| 7.57 |0.1-98.1 | -2.655 | 0.008 |DOWN| -0.091
OD2 | 3.572|0-42.3 2414 0.015 up 0.041 OD2 | 6.678|0.1-725 | 1.928 | 0.053 - 0.054
B | SC1 |27 [0-248 1.694 | 0.088 - 0.045 B | SC1 (22.524|0.7-441 | -2.008 | 0.044 |DOWN| -0.238
C |SC2 |43 |0.0-189| 2.831| 0.004 uP 0.151 C|SC2| 8.107|0-178.7 | -0.304 | 0.756 - 0.022
BC | 1.363|0-218 | -1.629 | 0.1 - -0.016 BC | 1.857|0.1-716 | 0.314 | 0.75 - 0
b GJ1 | 1.437|0-17.7 | -2.326 | 0.019 |DOWN | -0.053 D GD | 3.732|0.1-62.2 | 1.667 | 0.095 - 0.048
GJ2 | 2.707 |0-18.2 2.037 | 0.041 up 0.036 GJ1 | 2.869|0-152.6 | -0.634 | 0.523 - | -0.005
GD |5.634|0.3-23.2| -0.883 | 0.373 - -0.061 GJ2 | 4.045/|0.1-50 -1.128 | 0.257 -0.006
E | EC |1.08 |0-6.8 2.546 | 0.011 up 0.038 E| EC | 2.556|0-19 -1.696 | 0.089 - | -0.006
DG | 3.196|0-22.6 1.751 | 0.078 - 0.056 DG | 8594|0-490.3 | -0.755 | 0.446 - | -0.009
GH |3.838|0-485 2.562 | 0.01 up 0.114 GH | 6.085|0.1-86.3 | -0.77 | 0.438 - | -0.014
JS1 | 3.407|0-205 - JJ1 (26.334(0.4-159.6 | -5.694 | O DOWN| -1.449
JS2 | 3.213|0-14.9 2.634 | 0.008 up 0.085 JJ2 | 7.192/0.1-96 -5534 | 0 DOWN| -0.199
F | JJ1]3.134(0-318 0.889 | 0.369 - 0.016 F|JS1| 621 |0.1-86 -0.972 | 0.328 - | -0.014
JJ2 [ 2.017|0-485 0.844 | 0.392 - 0.016 JS2 | 6.056|0.1-85.5 | -0.914 | 0.358 - | -0.03
JY |3.665|0-39.8 3.219/| 0.001 up 0.088 JY | 6.386(0-130.9 1.015 | 0.307 - 0.03
SH |1.306|0-12.4 | -1.221 | 0.219 - -0.021 SH | 2.661|0.1-96.8 | -3.601 | 0 DOWN| -0.044
YW1 | 3.587|0-34.3 1.003 | 0.316 - 0.043 YW1 | 5.417|0-96.1 -1.922 | 0.055 - | -0.026
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Fig. 5 TN, TP and SS Result of LOWESS in Songcheont

34 79 A B) 5+ (09 seasonal Mann-Kendall
HAAEA A} (Table 1-7), $219) Sen’s slope= TN/TP
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Fig. 6 BOD, COD and Chlorophyll—a of LOWESS in Jeongseongl, 2 and Gwagha
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& FFEAQ QA "ao Feof & —aH 2= A9, Fig. ol o Agkslar gt Wsl FA9F 2S SIS 4= e
32 & uf Qt Aheke] AMdE 2E 4 Jisleth ol Y Aoz pebE) B3 2 AtoA] AMEIE A AR
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