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Abstract

This study analyzed the current status and trend of water quality using long—term water quality monitoring data
measured over the past 5 years in the Seohwacheon Basin, located upstream of Daecheong Lake. In the
Seohwacheon Basin, a project is underway to reduce the occurrence of algal blooms in the Daecheong Lake and
to improve water quality, and continuous management is required for water quality management. The current
water quality evaluation aims to identify the water quality management point, and the good water grade and the
integrated water quality index (WQI) were used. For trend evaluation, the effect of the water quality improvement
project was evaluated using the Mann-Kendall test and Sen's Slope. As a result of the evaluation, the current
water quality index was used to identify the watersheds and when to manage water quality, and the effect of
the improvement project was confirmed through trend analysis. Through this study, it is possible to review the
water quality status and improvement effect using long—term water quality monitoring data, so it is expected to
be applicable to similar types of watersheds in the future.
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Fig. 1. Analysis Flowchart
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Fig. 2. Study area and sampling sites

Table 1. Water Quality Improvement project Status

. Implementation Applicable
No Project period Subwatershed
. 2019.8~
1 Artifical Wetland 2020.12 23
Guil Reservoir 2016.1~

2 composition 2020.6 15

Okcheongun
: & 2018~
3 Animal manure 9~23
. 2020
Collection

1.Artifical Wetland

Fig. 3. Water Quality Improvement project status
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Table 2. Appropriate criteria for water quality factors (NIER,
2013)

Item Water Quality Range

0.8 X DO Saturation concentration at present
DO water temperature < DO < 1.3 X DO Saturation
concentration at present water temperature

pH 65 < pH < 9.0

Water Monthly average for 10 years — 10C < Water
Temp. Temp. < Monthly average for 10 years + 10C

EC EC < 200 4S/cm
TOC TOC < 3.0mg/L
T-N T-N < 3.0mg/L
T-P T-P < 0.1lmg/L
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Table 3. Water quality by subwatershed
BOD T-N T-P
Sub WOl
No. Min. | Avg. Max. |Standard | Min. Avg. Max. | Standard | Min. Avg. Max. | Standard
1 0.4 2.0 7.0 I 1.436 3.799 6.784 - 0.033 0.096 0.557 I 47.84
2 0.4 1.4 3.2 Ib 0.815 4.208 8.111 - 0.032 0.088 0.263 I 50.82
3 0.5 1.2 2.8 Ib | 0466 | 3.638 | 6.422 - 0.016 | 0.060 | 0.160 I 62.37
4 0.5 13 2.9 b 1910 | 4222 | 10.804 - 0.016 | 0.048 | 0.120 I 57.89
5 0.2 1.0 2.4 Ib | 0711 | 2422 | 5058 - 0.006 | 0.064 | 1.498 I 46.03
6 0.2 1.0 2.4 Ib | 0711 | 2422 | 5058 - 0.006 | 0.064 | 1.498 Ib | 6443
7 0.3 1.0 3.8 Ib | 0692 | 3351 | 5428 - 0.010 | 0.038 | 0.120 I 64.44
8 0.1 0.5 1.5 la | 0882 | 2374 | 5.174 - 0.004 | 0.020 | 0.098 la | 8649
9 0.1 1.0 2.4 Ib | 0389 | 2013 | 5628 - 0.003 | 0.029 | 0.756 Ib | 88.04
10 0.2 1.2 3.7 Ib | 0727 | 3152 | 6.044 - 0.000 | 0.027 | 0.070 Ib | 7328
11 0.3 13 3.7 Ib | 0457 | 2652 | 5.629 - 0.000 | 0.023 | 0.077 Ib | 70.40
12 0.3 1.9 6.6 Ib 1.985 5.902 10.097 - 0.016 0.074 0.731 I 55.18
13 0.6 1.9 8.3 Ib 1.414 4411 6.890 - 0.011 0.064 0.370 I 57.32
14 0.5 2.0 13.8 Ib 1.076 3.195 4.936 - 0.028 0.097 0.459 I 53.51
15 13 | 45 115 i 1062 | 2971 | 6.451 - 0.013 | 0.092 | 0.363 I 50.61
16 06 | 28 | 160 I 1227 | 4057 | 8968 - 0.022 | 0.106 | 0.415 m | 47.12
17 10 | 29 17.6 I 1326 | 4524 | 7.382 - 0.027 | 0.149 | 1.303 M| 41.59
18 02 | 21 12.9 I 0492 | 1.996 | 4.686 - 0.010 | 0.120 | 0.483 I | 54.84
19 0.5 23 15.2 I 1154 | 3.555 | 6.077 - 0.011 | 0.076 | 0.290 I 47.70
20 0.2 1.6 59 Ib | 0905 | 2737 | 5368 - 0.000 | 0.034 | 0.107 Ib | 6377
21 0.3 1.1 2.8 Ib 1954 | 4747 | 7.547 - 0.003 | 0.033 | 0.290 Ib | 6048
22 0.2 1.4 38 Ib | 0.896 | 285 | 5231 - 0.000 | 0.032 | 0.202 Ib | 6331
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Table 4. Monthly WQI
Month
Division
1 2 3 4 5 6 7 8 9 10 11 12 AVG.
WQI 67.14 | 6542 | 6330 | 68.28 | 61.76 | 63.50 | 65.54 | 64.62 | 65.11 62.11 66.56 | 66.06 64.95
BOD 1.7 2.0 1.9 1.8 1.9 2.5 1.3 1.6 1.6 1.3 1.4 1.5 1.7
T-P 0.058 | 0.056 | 0.048 | 0.046 | 0.078 | 0.084 | 0.090 | 0.116 | 0.079 | 0.064 | 0.062 | 0.043 0.069
wal
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O — —

(@) WQI
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w E w E
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Fig. 5. Comparison of water quality

Journal of Wetlands Research, Vol. 24, No. 4, 2022



262

wal

TP(mglL)

TP(mglL)

TP(mglL)

TP(mglL)

TP(mglL)

TP(mglL)

00 01 02 03 04 05 06

010 020 0%

000

00 02 04 06 08 10 12

000 005 010 015 020 025 030

,‘ﬂjlgw

mm WQl —e—BOD

70.00
68.00
66.00
64.00

62.00
60.00
58.00
3

i 2

a

(a) WQI-BOD

— 1P
LOWESS Line

Time(Monthly)

Subl

Time(Monthly)

Sub5

™
LOWESS Line

J AN
o 10 2 3 4 s e
Time(Monthly)
Sub9
] v
LGwess Line
o 20 0 e
“Time(Monthly)
Sub13
—
1 LGwess Line
o 20 a0 M
Time(Monthy)
Sub17
o
| Lowess Line

Time(Monthly)

Sub21

SREAISE H24A AH4Z, 2022

e 7
Month

TP(mglL)

TP(mglL)

TP(mglL)

TP(mglL)

TP(mglL)

TP(mglL)

3.0 70.00
2.5 68.00
20 I 66.00
5 [=4
15 E = 64.00
[=]
10 2 62.00
0.5 60.00 I
0.0 58.00
8 9 10 11 12 1.2 3 4 5

Fig. 6. Monthly WQI-Water Quality Comparison

5 — 1
§ LOWESS Line
e | >
3 £
E
o 10 2 3 4 50 60
Time(Monthiy) Time(Monthiy)

Sub2 Sub3

TP(mglL)
002 004 006 008 010 012

Time(Monthly) Time(Monthly)

Sub6 Sub7

2
of - < ™

2 | LOWESS Line LOWESS Line
S s
2 =

B
E EER
8 8

o 1 20 30 40 50 60 70 o 20 40 60
Time(Monthly) Time(Monthly)

Subl10 Subll

— = J
< | LGwess Line -
° 2 g
£ S
s £
— g+ T v .
o 10 20 30 40 50 60 o 10 20 30
Time(Monthiy) Time(Montiy)

Sub14 Sub15
] — e

T
LOWESS Line

TPmglL)
000 005 010 015 020 025 030
L

Time(Monthly) Time(Monthly)

Sub18 Sub19

Time(Monthly)

Sub22
Fig. 7. Trend Analysis by All period Example T-P

TP(mglL)

TP(mglL)

TP(mglL)

TP(mglL)

TPmglL)

(b) WQI-T-P

002 004 006 008 010 012

006 008 010

002 004

00 01 02 03 04 05 06 07

000 002 004 006 008 010

- WQl —e—T-P

9 10 11 12

o.140
0.120
0.100
0.0280
0.060
o.040
0.020
0.000

T-P(mg/L)

— 1P
LOWESS Line

Time(Monthly)

Sub4

— 1P
LOWESS Line

Time(Monthly)

Sub8

— 1P
LOWESS Line

Time(Monthly)

Sub12

—
LOWESS Line

20 3 40 50

Time(Monthly)

Sub16

—
LOWESS Line

Time(Monthly)

Sub20



2 U2 2 2L -2 82-UHS 263
Table 5. Analysis Trend of All Period
Site BOD T-N T-P
p Slope Trend p Slope Trend p Slope Trend
1 0.001 0.012 Upward 0.327 -0.006 No Trend 0.004 0.001 Upward
2 0.398 0.845 No Trend 0.484 -0.009 No Trend 0.606 0.000 No Trend
3 0.819 0.000 No Trend 0.208 -0.014 No Trend 0.667 -0.000 No Trend
4 0.836 0.000 No Trend 0.223 -0.008 No Trend 0.693 0.000 No Trend
5 0.034 0.009 Upward 0.056 -0.011 No Trend 0.001 0.001 Upward
6 0.905 0.000 No Trend 0.092 -0.010 No Trend 0.932 0.000 No Trend
7 0.738 0.000 No Trend 0.031 -0.014 Downward 0.666 0.000 No Trend
8 0.177 0.000 No Trend 0.207 -0.006 No Trend 0.929 0.000 No Trend
9 0.237 -0.003 No Trend 0.630 -0.003 No Trend 0.698 0.000 No Trend
10 0.653 0.000 No Trend 0.040 -0.014 Downward 0.158 0.000 No Trend
11 0.840 0.000 No Trend 0.013 -0.017 Downward 0.278 0.000 No Trend
12 0.002 -0.015 Downward 0.047 -0.017 Downward 0.735 -0.000 No Trend
13 0.347 -0.003 No Trend 0.027 -0.016 Downward 0.192 -0.000 No Trend
14 0.682 0.002 No Trend 0.147 -0.011 No Trend 0.128 -0.000 No Trend
15 0.743 -0.005 No Trend 0.163 -0.023 No Trend 0.001 -0.002 Downward
16 0.000 -0.050 Downward 0.000 -0.063 Downward 0.000 -0.002 Downward
17 0.000 -0.023 Downward 0.000 -0.036 Downward 0.000 -0.002 Downward
18 0.566 -0.004 No Trend 0.012 -0.013 Downward 0.666 -0.000 No Trend
19 0.015 -0.010 Downward 0.074 -0.012 No Trend 0.000 -0.001 Downward
20 0.127 -0.006 No Trend 0.003 -0.019 Downward 0.194 -0.000 No Trend
21 0.613 0.000 No Trend 0.002 -0.020 Downward 0.057 0.000 No Trend
22 0.830 0.000 No Trend 0.001 -0.020 Downward 0.762 0.000 No Trend
AspAol e #2405 WA, felos F7H £ 32 £ A 2A
CERRA 122193 A ATA SREL 249 W gw 2game w9 900 8 Awge 2
mQs oaL = . 2]
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e R sn ¥ A ATHSE WO stov] foles 5% ool 3¢ ARl e Aow
Table 6. Analysis Trend of Spring
Site BOD T-N T-P
p Slope Trend p Slope Trend p Slope Trend
1 0.089 0.041 No Trend 0.028 -0.044 Downward 0.184 0.002 No Trend
2 0.892 0.000 No Trend 0.822 0.027 No Trend 0.753 0.001 No Trend
3 0.415 -0.003 No Trend 0.449 -0.063 No Trend 0.850 -0.000 No Trend
4 1.000 0.000 No Trend 0.216 0.030 No Trend 0.717 0.000 No Trend
5 0.108 0.035 No Trend 0.608 -0.021 No Trend 0.008 0.005 Upward
6 0.142 -0.039 No Trend 0.260 -0.060 No Trend 0.558 -0.001 No Trend
7 0.274 0.032 No Trend 0.156 -0.054 No Trend 0.785 0.000 No Trend
8 0.598 0.000 No Trend 0.264 -0.040 No Trend 0.879 0.000 No Trend
9 0.063 -0.044 No Trend 0.620 -0.019 No Trend 0.718 -0.000 No Trend
10 0.067 -0.036 No Trend 0.484 -0.044 No Trend 0.861 0.000 No Trend
11 0.951 0.000 No Trend 0.032 -0.067 Downward 0.904 -0.000 No Trend
12 0.068 -0.033 No Trend 0.097 -0.116 No Trend 0.397 -0.001 No Trend
13 0.565 -0.013 No Trend 0.028 -0.079 Downward 0.204 -0.001 No Trend
14 0.916 0.000 No Trend 0.080 -0.100 No Trend 0.234 -0.002 No Trend
15 0.319 -0.325 No Trend 0.266 -0.141 No Trend 0.266 -0.007 No Trend
16 0.001 -0.133 Downward 0.000 -0.240 Downward 0.002 -0.005 Downward
17 0.029 -0.081 Downward 0.001 -0.224 Downward 0.007 -0.006 Downward
18 0.778 -0.007 No Trend 0.003 -0.074 Downward 0.046 -0.003 Downward
19 0.213 -0.030 No Trend 0.006 -0.099 Downward 0.012 -0.003 Downward
20 0.317 -0.017 No Trend 0.017 -0.078 Downward 0.290 -0.000 No Trend
21 0.557 -0.016 No Trend 0.008 -0.128 Downward 0.588 0.001 No Trend
22 0.648 -0.008 No Trend 0.010 -0.079 Downward 0.694 0.000 No Trend
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Table 7. Analysis Trend of Summer
Site BOD T-N T-P
p Slope Trend p Slope Trend p Slope Trend
1 0.021 0.092 Upward 0.022 0.131 Upward 0.321 0.003 No Trend
2 0.348 0.033 No Trend 0.584 -0.031 No Trend 1.000 -0.000 No Trend
3 0.711 0.014 No Trend 0.428 0.027 No Trend 0.502 -0.004 No Trend
4 0.684 0.029 No Trend 0.928 -0.005 No Trend 0.321 -0.001 No Trend
5 0.258 0.079 No Trend 0.260 0.045 No Trend 0.964 0.000 No Trend
6 0.426 0.050 No Trend 0.300 0.040 No Trend 0.668 -0.001 No Trend
7 0.269 -0.056 No Trend 0.951 0.006 No Trend 0.583 -0.002 No Trend
8 0.049 -0.010 Downward 0.206 -0.034 No Trend 0.453 -0.000 No Trend
9 0.713 -0.033 No Trend 0.502 -0.037 No Trend 0.358 0.001 No Trend
10 0.399 0.022 No Trend 0.621 -0.032 No Trend 0.081 0.001 No Trend
11 0.252 0.044 No Trend 0.843 0.008 No Trend 0.297 -0.001 No Trend
12 0.766 0.025 No Trend 1.000 -0.010 No Trend 0.729 -0.001 No Trend
13 0.912 0.000 No Trend 0.189 -0.052 No Trend 0.298 -0.003 No Trend
14 0.036 0.209 Upward 0.913 0.010 No Trend 0.584 -0.001 No Trend
15 0.858 -0.040 No Trend 0.592 -0.009 No Trend 0.243 -0.014 No Trend
16 0.042 -0.322 Downward 0.876 -0.032 No Trend 0.029 -0.017 Downward
17 0.344 0.070 No Trend 0.767 -0.011 No Trend 0.013 -0.011 Downward
18 0.381 0.088 No Trend 0.743 0.029 No Trend 0.443 0.002 No Trend
19 0.727 0.025 No Trend 0.843 0.019 No Trend 0.216 -0.004 No Trend
20 0.398 0.042 No Trend 1.000 -0.002 No Trend 0.046 -0.002 Downward
21 0.945 0.006 No Trend 0.451 -0.047 No Trend 0.064 0.003 No Trend
22 0.233 0.078 No Trend 0.692 -0.022 No Trend 0.487 -0.001 No Trend
gGrlstgct, B4 7172 A7I7HAL Period)9t E(3~59), ol Fig. 7.2 A 7|7te| A9 T-P £A¢=S A5t
456~89), 7F20~119), A&(12~2¥)= F&Estq A Mann -Kendall 243 24275 ©]87t Lowess&Al<
A BAS 285t UEbd 1ol Fig. 102 A 7Rt AEdE 24 AdS
Table 8. Analysis Trend of Autumn
Site BOD T-N T-P
p Slope Trend p Slope Trend p Slope Trend
1 0.598 0.014 No Trend 0.726 0.015 No Trend 0.004 0.004 Upward
2 0.538 -0.039 No Trend 0.855 0.038 No Trend 0.760 -0.000 No Trend
3 0.593 -0.009 No Trend 0.880 -0.020 No Trend 0.970 -0.000 No Trend
4 0.291 -0.014 No Trend 0.726 -0.023 No Trend 0.833 -0.000 No Trend
5 0.972 0.000 No Trend 0.234 -0.026 No Trend 0.345 0.001 No Trend
6 0.867 0.000 No Trend 0.458 -0.018 No Trend 0.710 -0.000 No Trend
7 0.328 -0.010 No Trend 0.711 -0.025 No Trend 0.901 0.000 No Trend
8 0.059 -0.003 No Trend 0.537 0.019 No Trend 0.454 0.000 No Trend
9 1.000 0.000 No Trend 0.434 0.050 No Trend 0.740 0.000 No Trend
10 0.788 0.000 No Trend 0.449 -0.016 No Trend 0.519 -0.000 No Trend
11 0.034 -0.033 Downward 0.401 -0.035 No Trend 0.888 0.000 No Trend
12 0.005 -0.086 Downward 0.675 -0.031 No Trend 0.529 0.001 No Trend
13 0.504 -0.022 No Trend 0.442 -0.036 No Trend 0.551 0.001 No Trend
14 0.849 0.000 No Trend 0.940 -0.004 No Trend 0.325 -0.002 No Trend
15 0.449 -0.053 No Trend 0.837 0.013 No Trend 0.244 -0.005 No Trend
16 0.058 -0.150 No Trend 0.271 -0.085 No Trend 0.059 -0.007 No Trend
17 0.002 -0.100 Downward 0.008 -0.113 Downward 0.002 -0.008 Downward
18 0.426 -0.025 No Trend 0.705 -0.011 No Trend 0.544 0.001 No Trend
19 0.018 -0.050 Downward 0.675 -0.016 No Trend 0.042 -0.004 Downward
20 0.063 -0.079 No Trend 0.059 -0.054 No Trend 0.221 -0.001 No Trend
21 0.769 0.000 No Trend 0.343 -0.033 No Trend 0.680 0.001 No Trend
22 0.149 -0.023 No Trend 0.021 -0.075 Downward 0.753 -0.000 No Trend
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Table 9. Analysis Trend of Winter
Site BOD T-N T-P
p Slope Trend p Slope Trend p Slope Trend

1 0.062 0.067 No Trend 0.150 0.000 No Trend 0.224 0.001 No Trend
2 0.793 0.000 No Trend 0.183 0.023 No Trend 0.580 0.000 No Trend
3 0.895 0.000 No Trend 0.721 0.008 No Trend 0.948 0.000 No Trend
4 0.794 0.000 No Trend 0.923 0.006 No Trend 0.143 0.001 No Trend
5 0.261 0.033 No Trend 0.036 -0.052 Downward 0.069 0.001 No Trend
6 0.972 0.000 No Trend 0.208 -0.038 No Trend 0.025 0.002 Upward
7 0.646 0.000 No Trend 0.330 -0.014 No Trend 0.672 0.000 No Trend
8 0.049 -0.010 Downward 0.206 -0.034 No Trend 0.453 -0.000 No Trend
9 0.845 0.000 No Trend 0.974 -0.003 No Trend 0.555 -0.000 No Trend
10 0.199 0.023 No Trend 0.230 -0.011 No Trend 0.059 0.001 No Trend
11 0.473 -0.013 No Trend 0.074 -0.024 No Trend 0.068 0.000 No Trend
12 0.055 -0.148 No Trend 0.347 -0.021 No Trend 0.746 0.000 No Trend
13 0.419 -0.040 No Trend 0.080 -0.045 No Trend 0.649 0.000 No Trend
14 0.180 -0.057 No Trend 0.692 -0.006 No Trend 0.960 0.000 No Trend
15 1.000 0.067 No Trend 0.266 -0.106 No Trend 0.618 -0.001 No Trend
16 0.012 -0.200 Downward 0.001 -0.314 Downward 0.020 -0.009 Downward
17 0.022 -0.163 Downward 0.069 -0.072 No Trend 0.007 -0.004 Downward
18 0.079 -0.100 No Trend 0.016 -0.063 Downward 0.309 -0.001 No Trend
19 0.043 -0.076 Downward 0.315 -0.035 No Trend 0.008 -0.002 Downward
20 0.192 -0.039 No Trend 0.230 -0.024 No Trend 0.345 -0.000 No Trend
21 0.769 0.000 No Trend 0.343 -0.033 No Trend 0.680 0.001 No Trend
22 0.503 -0.040 No Trend 0.234 -0.024 No Trend 0.806 0.000 No Trend
BOD

T-N

T-P

(a) All Period (b) Spring (c) Summer (d) Autumn (e) Winter
Fig. 8. Trend Analysis by Period
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