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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 Xiaoqing
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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, a principal component analysis-multiple linear regression (PCA-MLR) model
was employed to identify pollution sources and quantify their contribution rates in the
mainstream. The results indicated 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
grade was observed, though the WQI during the wet season was slightly higher than in other
periods. Spatially, the WQI values along the Xiaoqing River mainstream generally exhibited a
pattern of midstream < 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, APCS-MLR, Source apportionment
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Fig. 1 Geographical location of Xiaoqing River basin
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Bk (b))
Fig 2 Interannual variation in WQI (a) and interannual in percentage of each water
quality grade (b) at various monitoring sites from 2019 to 2022
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Fig. 3 Seasonal variation in WQI and seasonal variation in percentage of each water
quality grade at various monitoring sites from 2019 to 2022
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Fig 4 Rose chart of spatial distribution of two groups of classification indexes
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Table 2 Relationship between landscape pattern and water quality
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Table 3 Interpretation of total variance of principal components in the study area
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HEBC 25 75 A [R5 e LA AN 4 9 2 S5e 3840 &9 (Liu et al., 2025),
Liu et al. (2025) HF7¢ 045 H g Tk FE AR = 3E 3h 5 /ANE I B iR IR s & &2
[ AELEAH CNE . EIRWF R G AR SCHAR 45 I A —3, BN+, i
Ffe 55 e oAt b3 i v, 0 D0 R 0 oMb R /KRG TR Fr i Bk IE . 625
KRS, CODer HIRYR AL TV A A ISYR, Kk, Tl E/KHERHE 2 TR
CODc; I FERIF 2 — . KGRI 211 CODer FRFE 5 2 1 52 1EAH
KIEER 2, g5, F1 LEVIG RN E, AT AR N Tk R K HERGR W

F2 %} NOs-N Fl TN AR REIEEAT, 70504 0.89 F10.83, UiH] F2 ik
FIREIT R INFITI/KAEH NOs-N &= & TN & &1 70%LL F, B NOs-
N 2 FHKAAE R R I FEBEAEE A, KR F NOs-N — ok B T2 B &4
AEVETS K HEBOR 3R R4 (S RUANE, 2021), Hr, EW4Er~id it &5
Jite 502 R [ 1 2 R A BT Y R ERYE (Lietal.,2023), 451, /NEHT
3 ) AE 8 B FH %5 P A 135 kgrha!, AR IR 1) 2 B X R 73 6 17 1) IR e
FH % B9 250~330 kg-ha', %48 BH 2. 5 T R0A B SO0 A it FH 117 22 4 B PRI S5
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225 kg-ha' (EIE, 2015). AT &I, /NEFTH 1 km G20 X Py & e I W (1)
FEHU AR (& L SR SN W AR ) NOs-N IR EEIEM KRR R (AR RECH 0.472),
X5 FBEEHE 7R B /NE IR NOs-N ¥R -5 8k A7 b ] 2 5538 IEAH 5
SRR 3, AR TR B RS B U B AR SRS BB S B E RO, T
BRI K B R BNER IR (EBL, 2015). L8625 RE/NE TR s A S B LU N
T, H/NE T NOs-N e 5 e K AE HBUAE P /K ARG K30 CH 2 A VR4 i
KB ML, R THR TS G2 /MBI NOs-N 1 ZRIE, Bk
T RAEW PR it AL AR S A 2, 75 REE B 1% RN J5 T R 1 s 3R AR I 45
TICNTTE, M-S B KA R NOs-N W E T & . B, F2 Al A=Al
TN R

F3 X} TP AR RMIER A (0.81), X NHa-N A HEEIER M (0.54), X TN
B IFIEEAT, 4 0.40. 456 T A SRR S, TR RS g
5K BEIREM TGRS EORE R BERERE W . 2N KIK (Jiaetal.,
2023), FUFA5E (2024) WA RBAETG /K TR KRR H B /K552 /NG
TRIRALTBKA R NHe-N FIEERIE, B (2015 HRRMAEEGK. &
B IFETE R KA T AKHRCR SN TP A NHe-N (9 EEkIE, 25 F, F3 AJLL
WA SZ AR T5 K HEROR & & 25 I 3L [F) R
2.4.2 AN[AG GRS YL otk R 1 5 A

HT PCA MR FISRIE, EF APCS-MLR HER i 58 & K5 BAK TRk, VAR
e RuE 7 fion. g55RER, NER TR E TV KHRBUR R TR F.
CODc; A1 NH4-N [ == ZER IR, Tl R /K HEBCIER 5 Fi8 b 1) DT 8k 2253 5514 82.9%
67.3%F1 39.5%; AN FHETE ) & NOs-N Al TN [ ZRIE, TTHRE /354 68.4%
Al 64.3%; HiET5 /KA E S IR TP M ZRIE, TTRRE N 55.8%; Bk LiAXR
PEAN, BKFESE AR DRI TTRRERN 7.6%~43.2%, T8 21.2%, %F NHs-N
1 DO WoTkE K, FIREE Z MR RGAIMER S K. NG TR J IR ok %
()58 BT 5, RIS 7 X 0 9. RS HETIE R G Vo Mg IRt T B S
KRR AR

I A B R T B 5

 I—

NOs;-N

~

TP ] I 5T 95 K R E B 7R
DO I []
- A U
NHs-N [l
CODecr
i A lb HE 3% 7K HE e 35
F-

B 7 AT bR Tl

Fig. 7 Common factor contribution rate of each index
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2.4.3 PRIk TG YR IRIR R o AT RFAE

KA KMO F1 Bartlett BRFZA L0 % A8 & [A] A SRR L AT ARG, &5 SRR B
T 8 A TRy T 4 v U D P B0 AR B A G, DRI R A 3 7 AW )95 SRR 4
Mres . R Kaiser FREE KT 1.0 BbrdE, S UM S BIFEE 4 > GEE
ML 2 GBEME). 34 (ZD. 34 (HEM). 34 CARD. 34 (E=EE)
A 3ANFR CEAWED, THHERRIM R ZBE D58 77% 60%- 74%-
86%-~ 66%- T4%FH T4%. R E B G M W T ) 32 2235 Gedsih TV R K HET
AV R I Bl DL R AR TS K HERL, 31X 5 = R F 2 A o 8 B T b R SIS A
FERNTH S W2 BRI 85 R AR —E ZEMF I (1) 32 25 4L IR
RAN ARG SN« TV R K HERCR AR v 5 7K, 27T W T 1) =8 By il o AR Ik A
TEBN . ATETG KR DAV R K HERL, 18 2 MR W T ) 5 B e R A AR VS S A T
MV R AKHET, AR T T ) 32 25 Gesi A AR b Fh R 3% sh A b R K HE G i 2 1 W
TH] (1) 32 95 Gl R b R /K HERCRI AR M A A 15 3, 2F A VA WT T 1) 32 B85 YAk
WAE S A TE VS KR B & A U e TV R K HE. HeAgiae. & EN. A
IRF 5% Do T Ak 1 2 Ly eyl R W P VE B AN TV R /K HE, X 5F5E X 1 km 22
PHIX A HEHBTHAR 7 B 60% LA 2 SRARTE, AT ETS 4 F 23T /K & NOs-N
TN IRE B, e SEAVEAN T /ANER I NN D BT, Rl FhiE
NN, VIR K HERC 2 5 i S8 e i B B R 2 — o AR BN AT
TS W DT TR () 2 B R AR — 2, Hs R SR A ER, X5 A
FAVFEYN RS « AHE T B 7R N/ANER T 7 BORS HE B 45 5 4 SR B A OB
R, WA R THA B B 5 523, HEsh & E S E 51
SR

3 4

(1) 2019~2022 FE/NERTIR/K R EBESE B, THR/KEES WQI H
AR, ANERTRKREH N R AN R, RGBT LR
ARHETAEMEHE, KASHLHEFTHEER, (NFE/KY WQI {E 5 HAh
WA . /NET TR WQI A SR BRI N < E3is<Fif, Rk
U, KR Z2 1 DX 4 B A AE Hp i, U IR I 7 2 v FH H R b T AR
EU A5 R (X488 o KH S 20 BT 2 T3 ¥ P b Rk 3t [T AR 7 R Tt K 5 Ak R B
R RIREIE R, R 2R S NS TR AR S P SR R R 2

(2)/INE T 5 SR IR I N 2, T BORIFEA Tk R K HEER (25.81%)
LNV FAETE BN (24.92% ) AL 35 V5 /K HEROMN & & 72 5H 3 (17.60% )5 M TN KF&,
ANV AP RETE B2 B S GLIR, STk FIA 64.3%, M CODcw NH4-N Fl FRKE, T
ME R KB £ 25 4L, TTEREE 53708 82.9% 67.3%41 39.5%

(3) /N30 2% W DU T T ¥ G ) S e s R — 3, His Qi3 5
RMEZ, X5 ETHR R e NG VIR, 85 SRR B/NE TR
IKARATIAFAETEAE 5 G XU, LI Sl 42 1) 5 e M s 3ty 52 b PR K HE TR A 4%
MERMAE.
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