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River water quality evaluation and analysis of influencing factors in typical agricultural areas
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525400, China)

Abstract: The rapid development of agriculture and urbanization has led to the deterioration of river water quality and serious nitrogen and
phosphorus pollution brought about by fertilization, livestock breeding, and rural uncollected sewage discharge, resulting in the
intensification of water pollution. In this study, water samples were collected during the dry and rainy seasons from the Baisha River,
located in Gaozhou City, Guangdong Province, to determine the spatial and temporal characteristics of the main water quality indicators of
the river. The water quality index (WQI), an irrigation water evaluation model, principal component analysis, and land use type were used
to evaluate the water quality and influencing factors of the Baisha River. The results showed that the water quality indexes exhibited

obvious seasonal changes, and all water quality indexes were greater in the dry season than in the rainy season, and rainfall had a greater

influence on pH, EC, NH;-N, Ca*, Na*, Cl" and SO:". The WQI of 66% of the water samples in the rainy season is excellent, which is
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significantly better than that in the dry season; the WQ/ values of the water samples in the dry season are higher and mainly concentrated in
the upstream industrial park and the middle and downstream areas. The evaluation of river water quality for agricultural irrigation shows
that the water quality is suitable for irrigation in the rainy season, while some water in the dry season need to be treated before irrigation.
Principal component analysis (PCA) and correlation analysis (CA) show that the main sources of pollution in the Baisha River basin are
related to agricultural surface sources, residential sewage, and industrial park drainage, and the key factors affecting water quality are NHi=N,
TP, and NO53; land use type analysis shows that paddy fields and construction land in the dry season, and rural settlements and forest land
in the rainy season, are the main influencing factors of water quality respectively, and the association between paddy fields and rural
settlements and water quality is stronger at the 250 m buffer scale. This study shows that the poor water quality of the Baisha River in the

dry season is related to point source pollution caused by industrial drainage; the water quality of the river at the 250 m buffer scale is

related to agricultural surface source pollution.

Keywords : Gaozhou; Baisha River; water quality assessment; spatio—temporal change; land use
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Figure 1 Sampling points distribution of Baisha River basin
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Figure 2 Land use distribution and buffer zone division of Baisha River basin
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Table 1 Land use distribution at the sub—basin(% )

e T B iisEa7 EESOR MR RSO KIREIOR Asaison MR
T IR . : : I . o .
Shen River ~ Mountain pass Tangbei Nanzailing Low slope Dazhitang Shigu River ~ Zhou Village
Land use type . . . . . . .
reach tributary tributary reach tributary tributary tributary bridge section
7K H Cropland 29.27 42.68 54.26 45.36 69.70 71.56 62.5 52.97
524 Dry land 20.02 0.62 0.47 11.94
MRH Forest 16.06 36.79 22.05 42.48 4.26 4.16 10.20 14.87
b Grass 0.62
IKPESGLE Water 1.45 0.99 5.68 2.27 2.94 3.42 0.62
AR B R A Settlement 7.10 11.91 17.54 7.81 26.04 19.47 23.73 18.98
% FHE Construction land 26.10 7.01 2.08 1.87
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Table 2 Statistics of physicochemical parameters and parameters used for WQ/ calculation in the Baisha River

o .7 Dry season N ZE Rainy season WQIZHL WQI parameter
o BUME ROKE VEE RE% RUME ROKE PHE EE GRE RE RORE
Min Max Ave. SD Min Max Ave. SD Standard value ~ Weight Relative weight

pH 7.09 9.34 8.09 0.59 4.47 7.27 5.60 0.85 6.5~8.5" 4 0.093 0
EC/(pS-cm™) 74.40  590.00 304.81 10590  55.50 157.60  118.18  22.86 1 500 4 0.093 0
NH:-N/(mg-L™") 0.01 9.20 1.32 2.13 <0.01 2.24 0.16 0.44 0.3 5 0.1163
TP/(mg-L™) 0.02 7.07 0.51 1.35 0.05 0.93 0.32 0.17 0.2" 5 0.116 3
Na’/(mg-L™") 4.85 70.10 22.82 13.61 4.03 10.74 7.33 1.70 200° 2 0.046 5
K7(mg-L™") 2.44 42.27 14.22 7.83 2.98 9.95 7.49 1.66 10¢ 2 0.046 5
Ca”/(mg-L™") 7.97 39.42 24.90 6.12 6.73 19.48 14.83 2.74 200¢ 2 0.046 5
Mg*/(mg-L™) 1.61 10.05 4.77 1.59 1.46 3.26 2.34 0.46 150° 2 0.046 5
CI/(mg-L™") 1.58 66.06 23.20 14.01 3.51 12.41 7.22 1.84 250° 3 0.069 8
SO/(mg-L™) 1.20 75.01 30.17 18.67 4.62 24.22 16.69 4.51 250° 4 0.093 0
NO3/(mg-L™") 0.01 40.85 8.10 8.49 1.10 14.87 8.38 3.25 10° 5 0.1163
F/(mg-L™") 0.05 0.70 0.26 0.19 0.12 0.36 0.22 0.05 1° 5 0.1163

s a (A TR K BAARIE) (GB 5749—2022)R"; b.{H /K F 8 T i bR i) (GB 3838—2002)"; c. {5 AR LU (WHO) FRUE™; d. FEF )0 —

LAE 60 B S5 (HP,

Note: a.Hygienic Standard for Drinking Water Quality of the People’s Republic of China(GB 5749—2022); b.Surface Water Environmental Quality
Standard of the People’s Republic of China (GB 3838—2002); c. World Health Organization (WHO) standards; d.Reference value based on normalized

value 60.
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Figure 3 Spatial comparisons of water quality indexes in dry season and rainy season in Baisha River basin
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Continued figure 3 Spatial comparison of water quality in dry season and rainy season in Baisha River basin
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Figure 4 Spatial distribution pattern of WQ! in the Baisha River basin
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Table 3 Pearson correlation coefficient between land use types and water quality index in rainy and dry seasons

=1 K BTHEbR K H i b L8 KEGUHE  REERA B
Season Index Cropland Dry land Forest Grass Water Settlement  Construction land
528 Dry season EC 0.078 -0.275 0.401 0.211 0.283 -0.182 -0.502
NHi-N 0.150 0.370 -0.576 0.232 -0.658 0.438 0.208
TP -0.717* 0.703 0.052 -0.322 -0.112 -0.565 0.943%#%*
pH 0.061 0.282 -0.448 -0.308 -0.253 0.018 0.481

Na® -0.118 -0.168 0.546 0.275 -0.081 -0.312 -0.354
K* 0.689 -0.420 -0.279 0.171 0.426 0.384 —-0.668

Ca™ 0.686 -0.412 -0.223 0.721 0.180 0.613 —-0.912%%*
Mg 0.604 -0.355 -0.278 0.137 0.565 0.331 -0.571
SOT 0.018 -0.109 0.337 0.311 0.109 -0.266 -0.339
F -0.410 -0.182 0.800* 0.016 -0.129 -0.559 -0.091
FZ= Rainy season EC 0.336 -0.205 -0.053 0.531 0.438 0.351 -0.661
TP -0.018 -0.338 0.500 0.162 0.445 -0.128 -0.537
Na* -0.059 -0.117 0.399 0.439 0.165 -0.142 -0.429

K* 0.057 -0.434 -0.093 0.396 0.406 0.430 —0.825*
Ca™ 0.182 -0.101 0.043 0.535 0.303 0.252 -0.563
Mg -0.007 -0.074 0.210 0.309 0.479 —-0.042 -0.362
(O 0.152 -0.010 0.114 0.645 0.027 0.047 -0.499

SOi 0.469 -0.278 -0.106 0.564 —-0.096 0.499 -0.731*
NOs -0.223 0.033 0.428 0.400 -0.031 -0.189 -0.266

F 0.856%* -0.289 -0.558 0.555 —-0.258 0.800* —-0.744%*

T KRR IAIAE 0.05 /K b BB ANSE s+ KBS FRIa) 75 0.01 /K E R A o

Note: * and ** indicate significant correlation at 0.05 and 0.01 level, respectively.
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F A FEAEE N 1.61, J7 22 5THAR N 13.44% , E S faf
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WK AR A Yook U5 5 R e — 8, 2%
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Figure 7 RDA analysis of water quality and land use type in dry season
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Figure 8 RDA analysis of water quality and land use type in rainy season
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Table 4 Total variance of the interpretation of the main components of Baisha River water quality indexes

PR A (E

Initial eigenvalue

Sum of square extract loads

T i 28y A1

Sum of square of rotational loads

P AT ER-F-J7 A

A DT B TR T BT TR R T
Season composition Bt Variance Cumulative Bif Variance Cumulative Bit Variance Cumulative
Aggregate contribution variance Aggregate contribution variance Aggregate contribution variance
rate/%  contribution rate/% rate/%  contribution rate/% rate/%  contribution rate/%
B F1 4.98 41.46 41.46 4.98 41.46 41.46 4.72 39.33 39.33
Dry season F2 2.62 21.83 63.29 2.62 21.83 63.29 251 20.90 60.23
F3 1.50 12.49 75.78 1.50 12.49 75.78 1.87 15.55 75.78
[ES F1 7.10 59.18 59.18 7.10 59.18 59.18 6.36 53.00 53.00
Rainy season F2 1.61 13.44 72.62 1.61 13.44 72.62 2.31 19.23 72.23
F3 1.09 9.09 81.71 1.09 9.09 81.71 1.14 9.48 81.71
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Figure 9 Rotation factor loading matrix of water quality indexes in
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Baisha River basin
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Figure 10 Sources of river pollution in Baisha River basin
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