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Long-Term Water Quality Trend Analysis of Lake Soyang Using Seasonal Mann-Kendall Test
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ABSTRACT

The long-term monitoring of the Soyang Lake’s water quality, covering 25% of the North Han River watershed, is crucial for effective management
of both lake water quality and pollution sources in the broader region. This study utilized continuous monitoring data from the front of the Soyang
Dam spanning 2003 to 2022, aiming to analyze trends and provide foundational insights for water quality management. Results revealed a slightly poor
grade (IV) for total nitrogen (T-N) in both surface and mid-depth layers, indicating a need for concentrated T-N management. Trend analyses using
the Mann-Kendall test and Sen’s Slope depicted a decreasing trend in total phosphorus (T-P) for both layers, attributed to non-point source pollution
reduction projects initiated after the Soyang Lake’s designation as a pollution control area in 2007. The LOWESS analysis showed a T-P increase until
2006, followed by a decrease, influenced by the impact of Typhoon Ewiniar in that year. This 20-year overview establishes a comprehensive
understanding of the Soyang Lake’s water quality and trends, allowing for a seasonal and periodical analysis of water quality changes. The findings
underscore the importance of continued monitoring and management strategies to address evolving water quality issues in the Soyang Lake over time.
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Fig. 1 Location of monitoring point on the Lake Soyang
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Ehton], T4 SRR R Bk A1 CODE
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(la) 5522 Yehylth. 35 (40 m] +382 d 7|7t Bt
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Fig. 2 Water quality variations over the entire period
Table 1 The water quality of the Soyang Lake
Epilimnion (0 m) Metalimnion (40 m)
Season Division COoD T-N T-P Chl-a COoD T-N T-P Chl-a
(mg/L) (mg/L) (ug/L) (mg/m’) | (mg/L) (mg/L) (ug/L) (mg/m*)
MIN. 0.03 0.68 0.83 0.30 0.27 0.66 0.83 0.10
, Al ; MAX. 6.30 3.42 77.08 23.09 11.71 5.37 12371 7.40
erio
(n=2.326) AVG. 2.26(Ib)" 1.43(V) 9.96(la) 3.18(la) 2.49(Ib) 1.48(V) 16.55(Ib) 1.40(la)
STDEV. 0.99 0.28 7.77 3.12 1.42 0.41 21.85 1.07
MIN. 0.62 0.92 0.83 0.40 0.27 1.01 0.83 0.35
Spring MAX. 4.91 2.55 31.00 9.28 3.94 5.37 30.10 5.47
(n=650) AVG. 2.22(Ib) 1.43(V) 8.37(la) 1.89(la) 2.14(Ib) 1.47(V) 7.86(la) 1.34(la)
STDEV. 0.88 0.26 5.19 1.32 0.87 0.59 5.09 1.00
MIN. 0.30 0.79 3.00 0.30 0.74 0.66 1.44 0.32
Summer MAX. 5.86 1.97 29.46 19.51 11.71 2.80 123.71 7.40
(n=628) AVG. 2.27(Ib) 1.46(V) 9.66(la) 4.00(la) 2.70(Ib) 1.54(VI) 19.23(Ib) 1.39(la)
STDEV. 0.97 0.25 4.91 3.57 1.91 0.37 26.17 1.34
MIN. 0.03 0.68 2.00 0.40 0.31 0.74 0.94 0.10
Fall MAX. 6.30 3.42 52.12 23.09 6.47 2.11 117.76 6.10
(n=579) AVG. 2.30(Ib) 1.45(V) 10.97(Ib) 5.11(Ib) 2.65(Ib) 1.46(V) 25.90(11) 1.34(la)
STDEV. 1.01 0.34 7.09 3.94 1.30 0.27 27.31 1.07
MIN. 0.27 0.85 1.00 0.30 0.56 1.09 2.12 0.40
Winter MAX. 4.29 1.87 77.08 6.53 5.48 2.39 76.70 3.34
(n=469) AVG. 2.23(Ib) 1.37(V) 11.62(Ib) 1.79(la) 2.44(Ib) 1.43(V) 13.77(Ib) 1.59(la)
STDEV. 1.09 0.21 13.35 1.06 1.28 0.26 16.54 0.69
* Water Quality Standards for Reservoirs (la : Very good, Ib : Good, Il : Slightly good, Ill : Average, IV : Slightly bad, V :

Bad, VI

: Very Bad)
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=74 dlolEE ol-8sto] A 717t (All period)t AdE =
%%ﬂ ARE 245 538kt Al Mann-Kendall 4]

2 o}g31o] §oz 5% oluiel A% Ao i o2
BHrlslg o, A& Mann-Kendall —“?_—/\41]( Sen’s Slope AHY
AE olgsto] F71 (Up), 2 (Down), 7B3Fels (No
Trend)©.2 F-E3}ch 2016 W EE] 2020A717] ] A7
ZAIEFATE AE Mann-Kendall 43} Sen’s Slopeof tjjst
ZAIHE Table 29 Ve itk

B A AR £5 (0 mojlA 2 A 717k
515 Al A1710] pvalue 0.05 BJko. o] iz A
UEltom, 212} Sen’s Slopedk 0.038, 0.087, 0.0930.8 7}

Table 2 Seasonal Mann—Kendall test results at 0 m and 40 m

7t} 01]%01] p-value
0.05 gt Z¥7} Sen’s
Slope7p0] 0.858, 1.557%2 £7}5 ]—‘—“— S E‘ﬂr/} T-P= A
712V 7R, A Al Al71e] p-value 0.05 mREC. = ZRF/do]
Q= Ao 7 YElEoH, Sen’s Slopegko] 212) -0.188, -0.242,
0382F W5 Ak A Bk 35 (0 myoj|lA ¥
AE 23 T-PojlA 718 Wol Ueht e, CODELF T-N,
Chl-a 22 = pvalueto] 0.05 o402 HAS Holx|
ol»ol—r,}
22 (30 m)ofA T-NE A& p-valuegle] 0.05 1|gto 2
ZAeFAdo] Ql= Ao R YEEOH, Sen’s Slope Zro] 0.027=2
S7Fke A3 UEith T-P= A 7171 71, Aol 74

) Epilimnion (0 m) Metalimnion (40 m)
ltems Period
p-value Slope Trend p-value Slope Trend
All period 0.028 0.038 Up 0.186 0.057 No trend
Spring 0.041 0.087 Up 0.175 0.031 No trend
WT Summer 0.001 0.093 Up 0.765 0.022 No trend
Fall 0.721 -0.006 No trend 0.730 -0.038 No trend
Winter 0.461 0.013 No trend 0.903 0.009 No trend
All period 0.028 0.858 Up 0.489 0.329 No trend
Spring 0.064 0.940 No trend 0.229 0.825 No trend
EC Summer 0.001 1.557 Up 0.096 0.766 No trend
Fall 0.055 0.787 No trend 0.368 0.302 No trend
Winter 0.773 0.160 No trend 0.839 0.147 No trend
All period 0.139 -0.040 No trend 0.228 -0.041 No trend
Spring 0.506 -0.027 No trend 0.626 -0.035 No trend
COD Summer 0.306 -0.052 No trend 0.074 -0.079 No trend
Fall 0.506 0.023 No trend 0.690 -0.012 No trend
Winter 0.350 -0.034 No trend 0.127 -0.119 No trend
All period 0.757 0.006 No trend 0.079 0.025 No trend
Spring 0.825 0.004 No trend 0.101 0.026 No trend
T-N Summer 0.965 0.001 No trend 0.282 0.015 No trend
Fall 0.398 0.009 No trend 0.564 0.010 No trend
Winter 0.965 -0.002 No trend 0.001 0.027 Up
All period 0.020 -0.188 Down 0.033 -0.533 Down
Spring 0.096 -0.258 No trend 0.239 -0.155 No trend
T-P Summer 0.506 -0.077 No trend 0.093 -0.683 No trend
Fall 0.026 -0.242 Down 0.026 -1.038 Down
Winter 0.000 -0.382 Down 0.005 -0.456 Down
All period 0.306 0.036 No trend 0.006 0.052 Up
Spring 0.690 -0.023 No trend 0.139 0.033 No trend
Chl-a Summer 0.350 -0.087 No trend 0.435 0.024 No trend
Fall 0.626 0.070 No trend 0.306 0.040 No trend
Winter 0.079 0.059 No trend 0.747 0.015 No trend

30 * Journal of the Korean Society of Agricultural Engineers, 66(2), 2024. 3
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