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Abstract: As a critical natural ecosystem supporting the survival of humans and other organisms, the water quality of rivers
directly influences ecological security and sustainable development. To investigate the spatiotemporal variations in water quality of
the Xiaoging River mainstream, this study analyzed and evaluated these characteristics using the comprehensive water quality
index (WQI) method based on monitoring data from 2019 to 2022. Additionally, an absolute principal component score-multiple
linear regression (APCS-MLR) model was employed to identify pollution sources and quantify their contribution rates in the
mainstream. The results indicate that the annual average WQI of the Xiaoqing River mainstream showed an increasing trend, with

the water quality grade improving from "moderate" to “good” from 2019 to 2022. No significant seasonal variation in water quality
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grade was observed, though the WQI during the wet season was slightly higher than in other periods. Spatially, the WQI values

along the Xiaoqging River mainstream generally exhibited a pattern of midstream <Z upstream < downstream, with the best water

quality observed in the downstream section. Poorer water quality was primarily distributed in the midstream and upstream regions,

particularly in areas with a high proportion of built-up and agricultural land along the main channel. Source apportionment results

revealed that pollutant sources in the Xiaoqing River mainstream were diverse, with primary contributions from industrial

wastewater discharge (25.81%), agricultural activities (24.92% ), and domestic sewage coupled with livestock farming (17.60%).

The predominant pollution sources were generally consistent across all monitoring sections, though dominant types varied

spatially, which was closely associated with land use patterns and anthropogenic activities along the river. The findings of this

study can provide an important scientific basis for pollution control decision-making in the Xiaoqing River basin.

Key words: water quality evaluation; comprehensive water quality index (WQI); spatio-temporal variation; absolute principal

component score-multiple linear regression (APCS-MLR); source apportionment; environmental geology.
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from 2019 to 2022
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Table 2 Relationship between landscape pattern and water quality
A H R 2R TP COD, DO NH,-N F TN NO,N cn CI2 wQl
Bt 0.351  —0.354 0.346 0.014 —0.203 0.809% 0.472 —0.265 0.346 0.248
At —0.389  —0.096 0.053  —0.171 —0.216 0.414 —0.066 —0.163  —0.343  —0.367
B Jly 0.167  —0.654*  —0.438  —0.270 —0.500 0.026 —0.106 0.282 0.124 0.097
KA —0.374 0.188 —0.304  —0.563 —0.267 —0.443 —0.717%  —0.143  —0.014  —0.448
HEBEHI b 0.313 0.217 0.113 0.891* 0.737* 0.464 0.312 0.537 0.010 0.303
ARA 4 —0.528 0.295 —0.437  —0.537 —0.199 —0.516 —0.512 —0.056  —0.394  —0.402

RN 0.05 K F b MG

R3 HEREBAEHFERE(D)

Table 3 Interpretation of total variance of principal components in the study area
N I e A1 WA P2 WA A - J5 A T8 % I 484 - J5 A
it rETRER RBUSZSEE A& rETEE RBUrRIURE &b Ui RBUSE TR
F1 2.36 29.44 29.44 2.36 29.44 29.44 2.07 25.81 25.81
F2 1.83 22.88 52.32 1.83 22.88 52.32 1.99 24.92 50.74
F3 1.28 16.01 68.33 1.28 16.01 68.33 1.41 17.60 68.33
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Fig.5 Proportion of land use type area at various monitor-

ing sites
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Fig.6 Rotation factor loading matrix
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Fig.7 Common factor contribution rate of each index

5, PR o A 0 7 A BT ) 35 Gl R R 4 BT 45 AR L AR A
Kaiser B AE{E KT 1.0 bR UE , 25 W0 5 Ab 43 931 42 B
AN (H G 24 (BB 3A (3 34N (H A
B ) 34 CARE) (34 (i 3 ) # 34N 3= i 43 (5 £
W)L AR B BB Dy 22 sk R 4y Bl 77
60% .74% .86% .66% .74% A1 74 %5 R B E EH
B 0BT T8 14 32 5 G Y5 R T O K HE T A b A A T
Bl LA B A T TS K HERC, 3% 5 A bR A3 b 8 ST
s TTET O o 1D S i e s B DR N AN S v
Tk i A 5 R R AR — . BRI 1 0 2 TS Y IR N
A&y Tl R 6 Bl L Tl B K HE R A T T K, 2T
T 11 32 2235 Y Y5 Sk Al bR 0 Bl 2B TS TS KR Tl
VB K HETIC, T B A7 T T 1 32 Y e TR R A ol b A T
Bl RN Tl B K HE B, AR W T S G Y R
Tl AR 6 B0 R Tl 05 K HE R, A6 2 W T A 2 S
T Ry Tl R 7K HE Tl A A Ml Rl R 6 31, 2 A 98 T IfT A
F B YL AL TG B AT TS K T E B IR DL K
Tl 5 K HE . B AT T B AR A
T Ak 11 3 T Y A AR L R AR T Bl R Tl 9 K HE
B, 3% 5 AESE X1 km 22 o X P B b 1 AR LG 6024
DA 0 25 A A, ARl TR S Y 5 30T K 1R NO,-
NFI TN #e B2 SR 5 3 18 2 A7 V8 A0 T /NG 1 3k 3
R VBRI B Al R Bl A, Tl % K HE
T AL 2 K2 e gt 5 e ) ) L R N 2 —  F SR R
N T 5 W 00 O T Y 35 B e PR AR —E L H
YR SR 225 X 5 R FH 2SR % YA
K ARBRIE B AE R /N N S B S 5 R
AR PR PR O R SCHE DT A RO T P it
B B X 5 SRR 4 Bl 4 T AR SRR S T R
SRR .

3 g5

(1)2019—2022 4F /N 00 3 K it 52 7% 4F ol 3%
R, U K AR 2 W QIR 32 4F 58, /N9 T+ 3t
K BT A5 N A B A Sy R 36 W /N TR T B it
ZEAIA B T RE ORI 5 7K T AR 9 0 I i 2k 22
S A KW QI e At i S0 ARG /N 3 T T O
KB W QIAE B 2 30 Ay il << Bl <<F i, T iF
JK R B U, KB 25 B IX B T2 B A A AE R g,
R T Y R I RBE M T R R A KA X
A S 2 M 2 B 15 M R B b T ARG R
T K 5 WA 2 B S Y IR B VR T, A R 2
TR 5200 /N T T 3K AR TS e i G R 2 —

(2)/NWE Tl e kR B e, EE ok
U8 R Tl BE K HEBCUR (25.81% ) 4R b o Al 1% 3 R
(24.92%) A& TG K HERCRN & & 725008 (17.60%) 5
TN SR AR R 16 Bl 2 3 05 YU, STk ik
64.3% , A COD., NH,-N I F & F , Tl & 7K HEJik
S FE G YR, TTER 2 4 Bl 82.9%0.67.3% M
39.5%.

(3)7INVi 10T 1 3L 45 o 0 0BT 1 e A i) Y
TREEAR—F L HE R ESRAG 2R X5
- Hl R 2 R N 26T Bl % U AR G L 25 R W/
T G A AR AT A7 AE W A T e AU, 1 2 45 ol Vs
T A Tt 3 Ml K HE JORT A T A28 2 2R IR K

References

Bi, Y. L., Wang, H. C., Xia, B., et al., 2022. Pollution
Characterization and Comprehensive Water Quality As-
sessment of Rain-Source River: A Case Study of the
Longgang River in Shenzhen. Environmental Science,
43(2): 782—794(in Chinese with English abstract).

Cao, Y. X., Xin, M., Wang, B. D., etal., 2020. Spatiotem-



% 6 M

VR 4 /N T K IR 2 725 A AR T e B 75 9 9 0 A 2113

poral Distribution, Source, and Ecological Risk of Poly-
cyclic Aromatic Hydrocarbons (PAHs) in the Urbanized
Semi-Enclosed Jiaozhou Bay, China. Science of the To-
tal  Environment, 717: 137224. https://doi. org/
10.1016/j.scitotenv.2020.137224

Cheng, G. W., Wang, M. J., Chen, Y., et al., 2020.
Source Apportionment of Water Pollutants in the Up-
stream of Yangtze River Using APCS-MLR. Environ-
mental Geochemistry and Health, 42(11): 3795—3810.
https://doi.org/10.1007/s10653-020-00641-z

Dai, X.J., Jiang, T.L., Liu, Y., et al., 2022. Pollution Sta-
tus and Trend Analysis of & Xiaoqing River in Jinan Sec-
tion in Recent 20 Years. Journal of Arid Land Resourc-
es and Environment, 36(1): 143—150(in Chinese with
English abstract).

Ding, Q. Z., Zhou, Y. Z., Zhou, J. L., et al., 2024. Spatial
Distribution, Source Apportionment and Health Risk
Assessment of Inorganic Pollutant in Groundwater in
Eastern Plain of Xinjiang. Earth Science, 49(11): 4008 —
4021 (in Chinese with English abstract).

Du, Z.P., Wang, M.J., Yan, C.A., et al., 2020. Pollution
Source Apportionment of Lake Dianchi Based on Abo-
lute Principal Component Score Multiple Linear Regres-
sion. Acta Scientiae Circumstantiae, 40(3): 1130—1137
(in Chinese with English abstract).

Fan, X. F., Han, M., Wang, L., et al., 2020. Analysis of
Water Quality Change and Its Driving Factors of the
Xiaoqing River Estuary in Recent Ten Rears. Environ-
mental Science, 41(4): 1619—1628 (in Chinese with
English abstract).

Gu, J.T., 2023. Study on Comprehensive Evaluation and
Driving Factors of “Happy River” Based on Xiaoqing
River Basin (Dissertation). University of Jinan, Jinan (in
Chinese with English abstract).

Hou, W., Sun, S. H., Wang, M. Q., et al., 2016. Assess-
ing Water Quality of Five Typical Reservoirs in Lower
Reaches of Yellow River, China: Using a Water Quality
Index Method. Ecological Indicators, 61: 309—316.
https://doi.org/10.1016/j.ecolind.2015.09.030

Hu, Y. Y., Wang, Y. C., Zhou, Y. Y., etal., 2022. Water
Quality Assessment of Baiyangdian Watershed Based on
a Comprehensive Water Quality Index. Water Resources
and Hydropower Engineering, 53(3): 145—154(in Chi-
nese with English abstract).

Iloba, K. I., Akawo, N. O., Godwin, P. I., 2021. Assess-
ment of Anwai River Water Quality Using the Weighted
Arithmetic Water Quality Index (WQI) in Delta State,
Nigeria. Journal of Applied and Natural Science, 13(3):
913—922. https://doi.org/10.31018/jans.v13i3.2758

Jiao, Z., 2022. Comprehensive Evaluation of Groundwater
Environmental Ecological Effect in Typical Reach of
Xiaoging River under Multi-Source Confluence (Disser-
tation). University of Jinan, Jinan (in Chinese with Eng-
lish abstract).

Li, X. F., Xu, W. Z., Song, S., et al., 2023. Sources and
Spatiotemporal Distribution Characteristics of Nitrogen
and Phosphorus Loads in the Haihe River Basin, China.
Marine Pollution Bulletin, 189: 114756. https://doi.
org/10.1016/j.marpolbul.2023.114756

Liu, Y.J., Lei, H. J., Lu, Y. L., etal., 2025. Multiple Im-
pacts of Human Activities on Environmental Fate of
Per— and Polyfluoroalkyl Substances (PFAS) in the
Xiaoqing River of China. Environmental Pollution, 382:
126738. https://doi.org/10.1016/j.envpol.2025.126738

Ma, E. P., Cai, J. M., Lin, J., et al., 2021. Spatial Pattern
and Water Environmental Impact of Nitrogen and Phos-
phorus Emissions from Agricultural Sources in China in
Recent 30 Years. Journal of Natural Resources, 36(3):
752—770 (in Chinese with English abstract).

Mao, D.H., Zhou, Y., Zhou Y.L., 2024. Analysis of Spatio-
temporal Variation and Driving Factors of Water Quality
in the Xiangjiang River Basin from 1990 to 2016. Envi-
ronmental Science, 45(7): 3953— 3964 (in Chinese with
English abstract).

Meng, L., Zuo, R., Wang, J. S., et al., 2018. Apportion-
ment and Evolution of Pollution Sources in a Typical
Riverside Groundwater Resource Area Using PCA -
APCS-MLR Model. Journal of Contaminant Hydrolo-
gy, 218: 70—83. hittps://doi. org/10.1016/j. jcon-
hyd.2018.10.005

Nong, X. Z., Shao, D. G., Xiao, Y., et al., 2019. Spatio-
Temporal Characterization Analysis and Water Quality
Assessment of the South-to-North Water Diversion Proj-
ect of China. International Journal of Environmental Re-
search and Public Health, 16(12): 2227. https://doi.
org/10.3390/ijerph16122227

Nong, X.Z., Shao, D. G., Zhong, H., etal., 2020. Evalua-
tion of Water Quality in the South-to-North Water Diver-
sion Project of China Using the Water Quality Index
(WQI) Method. Water Research, 178: 115781. https://
doi.org/10.1016/j.watres.2020.115781

Pesce, S. F., Wunderlin, D. A., 2000. Use of Water Quality
Indices to Verify the Impact of Cordoba City (Argentina)
on Suquia River. Water Research, 34(11): 2915—2926.
https://doi.org/10.1016/S0043-1354(00)00036-1

Sun, L. T., Zhao, Z., Tang, J. H., 2020. Distribution Char-
acteristics of Per -/Polyflouralkyl Substances in River

Sediments around Typical Fluorine Industrial Parks. En-



2114 HERFF=  http://www .earth-science.net

51 %

vironmental Science, 41(9): 4069—4075(in Chinese with
English abstract).

Wang, H.F., Dai, C.Y., Zhang, Y .K., etal., 2024. Evalua-
tion of the Comprehensive Pollution Control Effective-
ness in the Zouping Section of the Xiaoqing River Basin
Based on Water Quality Targets. Transactions of the
Chinese Society of Agricultural Engineering, 40(21):
212—220(in Chinese with English abstract).

Wang, Q., 2015. Calculation of the Discharge Amounts and
Total Pollution Amount Control of Nitrogen and Phos-
phorus in Xiaoginghe Watershed (Dissertation). Yantai
Institute of Coastal Zone Research Chinese Academy of
Sciences, Yantai(in Chinese with English abstract).

Wang, X. S., Li, Q., Gao, J. F., et al., 2021. A Prelimi-
nary Analysis on Response of River Water Quality to
Land Use in Riparian Zone of Changzhou. Resources and
Environment in the Yangtze Basin, 30(12): 2915— 2924
(in Chinese with English abstract).

Wang, Y.N., Guan, W.C., Zou, L., etal., 2023. Composi-
tion and Transport of Nitrogen and Phosphorus in the
Main Estuaries around lLaizhou Bay. Marine Environ-
mental Science, 42(5): 684—692 (in Chinese with Eng-
lish abstract).

Xia, S. Y., Lia, W., Yang, J. Y., et al., 2025. Analysis of
the Spatiotemporal Distribution Characteristics and Influ-
encing Factors of River Water Quality in Suzhou City.
Environmental Science, 46(7): 4241—4250(in Chinese
with English abstract).

Xiang, R., Wang, L.J., Li, H., etal., 2021. Temporal and
Spatial Variation in Water Quality in the Three Gorges
Reservoir from 1998 to 2018. Science of the Total Envi-
ronment, 768: 144866. https://doi.org/10.1016/j. scito-
tenv.2020.144866

Yang, J., Huang, X., 2021. The 30 m Annual Land Cover
Dataset and Its Dynamics in China from 1990 to 2019.
Earth System Science Data, 13(8): 3907—3925. https://
doi.org/10.5194/essd-13-3907-2021

Zhou, B., Li, X. G., Tong, S. C., et al., 2024. Spatial and
Temporal Distribution of Nitrogen in the Liaohe River
Basin and Its Responses to Land Use and Rainfall. Envi-
ronmental Science, 45(4): 2373—2384 (in Chinese with
English abstract).

Zhu, M., Cheng, R., Dong, P., et al., 2025. Exploring the
Groundwater Quality Index and Its Pollution Sources in
Southwest Karst Regions Using Machine Learning Mod-
els. Journal of Earth Science. https://doi.org/10.1007/
$12583-025-0357-4 (in press).

W 35 % Tk

ey zs, TAER, H G, 4 2022, IR IR0 A K T e i
TIE K 5 A PEAR: LAVR I T b 000 SRy ] . R B RL 2, 43
(2): 782—794.

REH, 2B, Xk, %, 2022, I =4 /N5 g BOS
ek X HBEH S TREXERSH 5, 36(1):
143—150.

TR, BB, R4 de, %, 2024, 3 88 457 5 X Tk
TE LT Y Y2 18] 43 A 5 AT B At e RURS: A . b 2R
2, 49(11): 4008—4021.

LM, T, K%, 45, 2020, TN F LS — £ o0
2 M 1 5 A 3l S e R A BT . RS R S 4, 40(3):
1130—1137.

JEHR, 835, L&, %, 2020, /NS AL 03 - 4F 7K A8
b B AR Bl L2 43 BT . SRR, 41(4): 1619—1628.

JB A 48, 2023, JE T /N T AT A d8 A SE AR AT 25 1T M A B B
K F-B0F 5 (A = 22 57 36 30). 3P - 37 K 2% .

WA TR, B, 4, 2022, BT LR KRIE B A
T VE LK BT A L K R K HL B R (3 30), 53(3):
145—154.

FE T, 2022, Z VR GE AAE T /NI T AT B R K IR B A
AR Z5 A VP (B 2 e S0). BE i« BFm K%
RN, 2R, BRI, 2 2021, 3T 30 4F AP A b R
HE B R FRAE K IR R . [ AR IR AR, 36(3):

752—770.

Efidl ) R, FEEHE, 2024.1990—2016 4F I VLI B K 5
ff 25 A8 £k B 9K 8l B 3 A A7 . IR BERE 2%, 45(7): 3953 —
3964.

NI, BRI, B R, 2020, LR G Tl Bl R i 3 i AR
Wb A ()5 AL G W0 o A RRAE . BB, 4109):
4069—4075.

T, AR, SHET, 45, 2024, KK R H AR /N i
T AR Bevs Ye W 25 A IR BRAIUR DR . R L TR 2R AR
40(21): 212—220.

F I, 2015, 3T SWAT B AL ) /N 38 Tl it $ok 0l 75 e £ 7
R B B i B 4 (B 22 0098 30). M0 A v 1 B 2 B
B A E ST

T, 25 B RIE, A, 2021, M T AT K BTN I A A
b A 0 LAY A0 A A ML K VTR B R S ER 30
(12): 2915—2924.

F—if, R, 48T, 4, 2023, BRI I B O A
JRCRFAE B H % DR . VIR 42(5): 684—692.

RS, B, BAaH, 4, 2025, S5 N T IR K R A o A
FRAE B s i [ R A0 BT . SRR, 46(7): 4241—4250.

FAWE, B, R, 4, 2024, 3L A i 5 A 2 e o A K
St A b ) R TR (4 T R L BRI R, 45(4): 2373 —
2384.



