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Study Note

A Non-parametric Trend Analysis of Water Quality Using
Water Environment Network Data in Nakdong River

Jungmin Kim - Hyungi Jeong - Hyeran Kim - Yongseok Kim - Deukseok Yang

Nakdong River Environment Research Center, National Institute of Environmental Research
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Abstract: In South Korea, major public waters have been systematic management under national
level. Water environment network has been continuous monitoring for change of aquatic ecosystem,
river and reservoir. In Water Quality Monitoring Networks, the data have been generally monitored
Per eight days or month, while in Automatic Water Quality Monitoring Network the data have been
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monitored at daily intervals. Therefore, we were compared and analyzed water quality data between

the networks using statistic method for same water quality item. Mann-kendall test results confirm

that all points in Water Temperature (WT) and DO were not statistically significant. In particular,

the result revealed that there is significant variation of TOC in the four different sites, TN in two

different sites, TP in three different sites, WT in seven different sites, pH in two different sites between
Water Quality Monitoring Network and Automatic Water Quality Monitoring Network. As a result
firm LOWESS, TOC and pH clearly shows different trend. Among different sites, the water quality
show the significantly positive correlations between at Sinam-Sangju2 and Namgang-Namgang4.
Negative correlation significantly appeared in TP (ADD_Lower-AD1 site), TOC (DG-SG site), pH
(GR-GRssite), TP (JP-CN) and TN, TP, pH, EC, DO (GC-GC2-1 site).

Keywords : Automatic water quality monitoring network, Mann-Kendall test, LOWESS analysis,
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Table 1. Water Quality Station and ltem of Water Quality Station (ME 2018b)

Real-time Water Quality monitoring Station

Water Quality monitoring Station

Andongdam_Lower (ADD_lower)

Andong! (ADI)

Sinam (SA) Sangju2 (SJ2)
Dogae (DG) Sangok (SG)
Goryeong (GR _auto) Goryeong (GR)
Jukpo (JP) Changnyeong (GR)
Gamcheon (GC) Gamcheon2-1 (GC2-1)
Namgang (NG) Namgang4 (NG4)




64 SFIFEI M29H M1S

® Real-time water quality (
monitoring station 4
(Water quality {
monitoring station) u

S
(?ﬁ\c eon2-1
Lr
)

Andongdam_Li
(Andong1l)

Dogae

b (Sangok)

Juckpo
(Gangchang)

Goryeong
(Goryeong)

&

o 30 Km
—

Figure 1. Location of real-time water quality monitoring station in Nakdong River (ME 2018a).
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Figure 2. Box plot of major water quality parameters in each water quality monitoring networks. (a) water quality
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Figure 2. Continued
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2. Mann—Kendalll test Al 28, A, @4 AR FAHCE st
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Table 2. Comparison of statistical analysis and trend of water quality data at water quality station and real-time water quality
monitoring station

Mean Max. Min. Std. P-value S Z Trend
ADD_Lower 224 5.21 1.40 0.62 0.0001 915 4.946 Increasing
ADI1 243 4.53 1.78 0.56 0.0001 1086 5.274 Increasing
SA 2.40 3.89 1.51 0.53 0.0005 699 3.465 Increasing
S12 297 7.50 1.50 1.04 0.0001 1211 5.882 Increasing
DG 2.96 5.14 1.57 0.70 0.8989 25 0.127 No Trend
SG 2.73 5.60 1.60 0.89 0.0375 429 2.081 Increasing
GR_auto 3.99 5.62 225 0.74 0.1390 233 1.480 No Trend
Toc GR 3.55 5.15 2.60 0.61 0.0034 604 2.931 Increasing
Jp 3.63 5.21 224 0.64 0.0117 -477 -2.520 | Decreasing
CN 3.43 6.70 2.13 0.76 0.0005 716 3.476 Increasing
GC 2.26 4.67 1.33 0.85 0.1433 60 1.463 No Trend
GC2-1 2.77 6.10 1.30 0.80 0.9729 -8 -0.034 No Trend
NG 2.90 3.92 1.67 0.51 0.0001 739 3.822 Increasing
NG4 3.49 6.70 1.50 0.97 0.0001 805 3.908 Increasing
ADD_Lower 2.04 3.49 1.30 0.47 0.0128 -461 -2.489 | Decreasing
ADI1 1.82 3.73 1.27 0.42 0.5179 134 0.647 No Trend
SA 2.51 3.33 1.23 0.51 0.0262 449 2.224 Increasing
S12 245 3.95 0.83 0.62 0.1306 312 1.512 No Trend
DG 2.55 3.88 1.25 0.56 0.0345 436 2.115 Increasing
SG 2.25 4.14 0.69 0.61 0.5695 118 0.569 No Trend
GR auto 397 5.57 243 0.73 0.7614 -51 -0.304 No Trend
™ GR 3.47 5.90 1.97 0.80 0.2063 -261 -1.264 No Trend
Jp 3.36 5.13 2.04 0.76 0.0256 432 2.232 Increasing
CN 3.17 4.84 1.92 0.74 0.9612 11 0.049 No Trend
GC 3.44 5.57 2.29 0.90 0.0394 79 2.060 Increasing
GC2-1 4.08 7.30 2.20 1.14 0.7410 -69 -0.331 No Trend
NG 242 4.65 1.16 0.90 0.2931 204 1.051 No Trend
NG4 222 4.61 0.95 0.97 0.5564 -122 -0.588 No Trend
ADD_Lower 0.011 0.039 0.003 0.01 0.0055 514 2.776 Increasing
ADI1 0.021 0.086 0.004 0.02 0.5728 -17 -0.564 No Trend
SA 0.022 0.060 0.005 0.01 0.8649 36 0.170 No Trend
TP SI2 0.034 0.121 0.005 0.02 0.5861 113 0.544 No Trend
DG 0.020 0.065 0.004 0.01 0.0345 436 2.115 Increasing
SG 0.027 0.072 0.005 0.02 0.7929 55 0.263 No Trend
GR_auto 0.034 0.090 0.010 0.02 0.5763 -93 -0.559 No Trend
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Table 2. Continued
Mean Max. Min. Std. P-value S Z Trend

GR 0.048 0.116 0.013 0.02 0.0345 -436 -2.115 | Decreasing

Jp 0.036 0.101 0.014 0.02 0.2523 =222 -1.145 No Trend

CN 0.053 0.157 0.015 0.03 0.3949 -176 -0.851 No Trend

TP GC 0.376 0.586 0.130 0.13 0.8622 -8 -0.174 No Trend
GC2-1 0.067 0.245 0.019 0.04 0.0001 -1,247 -6.057 | Decreasing

NG 0.028 0.069 0.006 0.01 0.7208 70 0.357 No Trend

NG4 0.053 0.189 0.014 0.03 0.9071 25 -0.117 No Trend

ADD_ Lower 114 219 3.6 5.08 0.7757 56 0.285 No Trend

ADI1 12.6 25.8 4.0 5.8 0.1343 309 1.497 No Trend

SA 15.7 29.6 1.1 8.87 0.3608 189 0.914 No Trend

SI2 16.4 324 1.0 9.32 0.5179 134 0.647 No Trend

DG 16.0 31.7 1.3 9.41 0.5007 131 0.673 No Trend

SG 16.5 30.9 1.0 9.13 0.4779 147 0.710 No Trend

GR auto 17.3 32.3 3.8 8.64 0.3622 151 0.911 No Trend

W GR 17.0 31.6 23 8.65 0.6269 101 0.486 No Trend
Jp 17.5 31.8 3.6 8.85 0.6830 85 0.408 No Trend

CN 172 32.6 25 8.92 0.5861 113 0.544 No Trend

GC 17.8 30.8 4.0 8.51 0.1543 -62 -1.425 No Trend

GC2-1 172 314 35 8.39 0.9303 -19 -0.088 No Trend

NG 17.8 31.7 3.1 8.79 0.8573 -38 -0.180 No Trend

NG4 16.4 31.6 1.0 8.84 0.7336 71 0.340 No Trend

ADD Lower 7.3 8.1 6.7 0.33 1.0000 - - No Trend

ADI1 79 8.6 7.0 0.36 0.0001 -1,114 -5.411 Decreasing

SA 8.1 8.9 6.9 0.48 0.0004 -729 -3.539 | Decreasing

Si2 8.3 9.1 7.5 0.38 0.0457 -412 -1.998 | Decreasing

DG 82 8.9 73 0.40 0.2813 -209 -1.077 No Trend

SG 8.3 9.3 7.1 0.45 0.0013 -662 -3.213 Decreasing

GR_auto 7.8 8.5 6.9 0.32 0.3559 153 0.923 No Trend

pH GR 82 9.0 7.0 0.37 0.0001 -865 -4200 | Decreasing
JP 8.0 9.2 7.3 041 0.0507 -403 -1.954 Decreasing

CN 7.1 9.1 7.0 0.48 0.1719 282 1.366 No Trend
GC 7.7 8.6 7.4 0.25 0.0041 -124 -2.873 Decreasing

GC2-1 7.8 8.6 73 0.24 0.2656 -230 -1.113 No Trend

NG 7.7 8.8 7.0 0.33 0.8306 -45 -0.214 No Trend

NG4 8.0 9.3 6.7 0.52 0.1421 303 1.468 No Trend

ADD Lower 188 223 148 20.11 0.0014 619 3.201 Increasing

ADI 187 306 127 27.66 0.0661 379 1.838 Increasing

SA 216 351 157 40.21 0.0301 447 2.168 Increasing

EC Si2 230 366 169 36.79 0.0536 398 1.930 Increasing
DG 243 345 178 40.61 0.0060 520 2.747 Increasing

SG 226 342 157 36.22 0.4992 140 0.676 No Trend

GR_auto 413 739 229 111.35 0.4441 -127 -0.765 No Trend

GR 390 774 193 114.45 0.4541 -155 -0.749 No Trend
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Table 2. Continued

Mean Max. Min. Std. P-value S Z Trend

JP 371 617 215 108.26 0.1343 309 1.497 No Trend

CN 376 636 218 106.86 0.5148 135 0.651 No Trend

BC GC 337 491 232 68.11 0.0471 86 1.985 Increasing

GC2-1 328 496 174 67.87 0.3506 193 0.933 No Trend

NG 192 373 103 57.38 0.1719 282 1.366 No Trend

NG4 189 388 89 63.92 0.9457 15 0.068 No Trend

ADD Lower 8.9 13.2 2.5 2.87 0.2315 -232 -1.196 No Trend

ADI 10.2 15.6 39 2.76 0.6097 -106 -0.510 No Trend

SA 9.9 154 5.7 1.93 0.0926 -347 -1.682 Decreasing

SI2 11.5 18.2 6.3 2.59 0.4870 -144 -0.695 No Trend

DG 10.4 14.9 6.7 2.06 0.3941 -162 -0.852 No Trend

SG 11.6 20.5 6.8 2.99 0.4253 165 0.797 No Trend

DO GR auto 10.0 14.7 6.6 2.40 0.8650 -29 -0.170 No Trend

GR 114 19.2 7.2 2.86 0.8573 38 0.180 No Trend

JP 10.4 153 7.1 2.08 0.3922 177 0.856 No Trend

CN 114 153 7.5 1.88 0.4281 164 0.792 No Trend

GC 7.1 12.7 6.2 1.92 0.4409 34 0.771 No Trend

GC2-1 10.1 14.2 7.1 1.93 0.3334 -200 -0.967 No Trend

NG 9.9 14.5 6.0 2.03 0.8649 36 0.170 No Trend

NG4 10.8 16.5 6.7 2.35 0.4004 -174 -0.841 No Trend
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Figure 3. Results of LOWESS analysis by monthly water quality data.
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Park & Cha 2013; Cho & Kim 2018; Kang et al.,
2019). & Aol A= 70 AR A A5 AA
I FASAY Aol A Q) 7t A S 7o A
TAIE F43t0] Table 3of] YEFH S Park & Cha
(2013)2 ro] Adigre] 1.000]H £ AatA,
0.900]9 uj$- 32 AA], 0.70~0.900]H 2
‘A, 0.50~0.7001H BF9] A, 0.20~
0.500]™ oFst AatA|, 0.20 o]3hd AREA 7} A
o] glrkar AAJshlct, ezt A-ER AdA4 v
= A3 ¥ TOCo A= 670 A ellA 0,27~

0.662 oFal7|L mEo] AAS 1elT 179] %)
A 0,182 ATAL Qe Ao BAEI,

Table 3. Result of correlation analysis at normal water quality station VS real-time water quality monitoring station

Item Correlation Item Correlation
ADD_Lower-AD1 TOC 0.585%* SA-SJ2 TOC 0.656**
ADD Lower-AD1 TN 0.492%* SA-SJ12 TN 0.834%*
ADD Lower-AD1 TP 0.066 SA-SJ2 TP 0.641%*
ADD Lower-AD1 WT 0.960** SA-SI2 WT 0.993%**
ADD Lower-AD1 pH 0.260* SA-SJ2 pH 0.656**
ADD_ Lower-AD1 EC 0.351%** SA-SJ2 EC 0.756**
ADD_Lower-AD1 DO 0.894%** SA-SJ2 DO 0.789%**
Item Correlation Item Correlation
DG-SG TOC 0.179 GR_auto-GR TOC 0.356%*
DG-SG TN 0.785%* GR auto-GR TN 0.802%**
DG-SG TP 0.649** GR_auto-GR TP 0.761**
DG-SGWT 0.993%* GR auto-GR WT 0.995°%*
DG-SG pH 0.558** GR auto-GR pH 0.064
DG-SG EC 0.744%** GR _auto-GR EC 0.882%%*
DG-SG DO 0.845%* GR_auto-GR DO 0.914%**
Item Correlation Item Correlation Item Correlation
JP-CN TOC 0.281%* GC-GC2 TOC 0.268* NG-NG4 TOC 0.526%*
JP-CN TN 0.296* GC-GC2 TN -0.026 NG-NG4 TN 0.866**
JP-CN TP 0.189 GC-GC2 TP 0.191 NG-NG4 TP 0.681**
JP-CNWT 0.997%* GC-GC2 WT 0.334%* NG-NG4 WT 0.974%*
JP-CN pH 0.519** GC-GC2 pH 0.037 NG-NG4 pH 0.375%*
JP-CN EC 0.914%* GC-GC2 EC 0.197 NG-NG4 EC 0.911%*
JP-CN DO 0.831%* GC-GC2 DO -0.043 NG-NG4 DO 0.788%*

* Correlation is significant at the 0.05 level (2-tailed), ** Correlation is significant at the 0.01 level (2-tailed)
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