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Abstract: To address the ongoing water quality degradation of closed-basin lakes in semi-arid regions, this study selected Lake
Daihai, a representative saline lake on the Inner Mongolia—Xinjiang Plateau. Systematic investigations were conducted based on
monitoring datasets in situ from 2020 to 2024. Principal component analysis (PCA) was first applied to reduce the dimensionality
of 14 water quality variables. Key indicators were screened, including CODCr, TN, TP, DO, and salinity. On this basis, a

comprehensive analytical framework was constructed. This framework integrated the Water Quality Index (WQI), hierarchical
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cluster analysis (HCA), absolute principal component scores-multiple linear regression (APCS-MLR), and positive matrix
factorization (PMF). The framework characterized the spatiotemporal patterns of lake water quality and quantitatively
apportioned corresponding pollution sources. The results showed that the average WQI value of Lake Daihai was 57.08,
indicating a moderate water quality level throughout the lake. HCA results identified three spatially heterogeneous functional
zones: a heavily polluted sedimentary zone in the central lake, a pollutant transport-active zone in the southwestern lake, and an
ecological buffer zone in the eastern lake. Comparative source apportionment analysis confirmed that the PMF model exhibited
higher fitting accuracy and stronger explanatory power for the complex multi-source pollution structure of Lake Daihai. The
PMF model discriminated five major pollution sources with differentiated contribution rates. These rates were ranked in
descending order as domestic wastewater (23.5%) > algal internal loading factor (22.5%) > livestock and poultry breeding
(20.1%) > surface runoff (19.6%) > agricultural cultivation (14.4%). These findings demonstrate that water pollution in Lake
Daihai is co-driven by exogenous pollutant inputs and endogenous biogeochemical processes, forming a coupled pollution
mechanism. This study quantitatively clarifies the spatiotemporal evolution characteristics of water quality and the dominant
pollution pathways of Lake Daihai. It provides a robust scientific reference for targeted pollution source management and
ecological restoration of analogous closed-basin saline lakes in semi-arid regions.
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Fig.1 Schematic map of sampling points in Lake Daihai
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Tab.1 Assignment of scores for each water quality indicator in the WQI methodology
FrAELL 7
100 9 8 70 60 50 40 30 20 10 0

KRR

DO &/ (mg/L) =75 >7 >65 >6 >5 >4 >35 >3 >2 >1 <1
TN #JE/ (mg/L)  <0.10 <0.20 <0.35 <0.50 <0.75 <1.00 <1.25 <1.50 <1.75 <2.00 >2.00
NHa-N ## (mg/L) <0.01 <0.05 <0.10 <0.20 <0.30 <0.40 <0.50 <0.75 <1.00 <125 >1.25
CODc¢/ (mg/L) <15 <16 <18 <19 <20 <25 <30 <35 <37 <40 >40
Chla (pg/L) <l <4 <7 <10 <15 <20 <30 <40 <50 <65 >65
TDS (mg/L) <100 <500 <750 <1000 <1500 <2000 <3000 <5000<10000<20000 >20000
Cond/ (pS/cm) <750 <1 000<1 250<1 500<2 000<2 500<3 000<5 000<8 000<12 000 >12 000
NO;-N (mg/L) <05 <2 <4 <6 <8 <10 <15 <20 <50 <100 >100
NO,-N (mg/L)  <0.005<0.01 <0.03 <0.05 <0.1 <0.15 <0.2 <025 <05 <1 >1
TP #EE/ (mg/L)  <0.01 <0.02 <0.05 <0.10 <0.15 <0.20 <0.25 <0.30 <0.35 <0.40 >0.40
pH 7 7~8 7~85 7~9 6.5~7 6~9.5 5~10 4~11 3~12 2~13 1~14
WT/°C 16~21 15~22 14~24 12~26 10~28 5~30 0~32 -2~36 -4~40 -6~45 <-6 f1>45
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85 0.798, Bartlett ERFEAG 45 G2 (p < 0.001) , RIS AN RIF, HIEESITE PCA &
Bro PCA/FA S5 53R, DY/ LIRS MRS 1 85 2211 73.130%. PC1 229 7E pH A1 Sal S RAEMIH B & 11
PG 10 B2 PC2 IR F kAT F AL E [, PC3 H4EHTE DO M1 WT |, PC4 FEEHTE
TP 1 CODcr bo S5REH, NIEKMR FEZXIUAFEF R, X PR ] DUARRE R 4 KR 1L .

—MIEWL T, DO J& [ K A fg BER 0 0 B B b, LR B BB e K AR AR I A A7 R K R v R
CODc: 2T /KA LT R EER R, TN Al TP 25 S FR W EEF N bR, B 59 EHAh KX
FEHIEKARILE TN, TP PR L, Rk TN R TP M8 CUb T 8im7KF 0 Sal I EEAR (b}
IKRAADEAE . KR T BE KA B Ra e Ve BT v PRI . SR s, A 2020 SF NI LR 28
T2 12.82%0, SERERKBUKME R (14.2%0) MIEEAKTANZE 1.38%0, KRR EHE T AW
i MRARIEIRR. 5 Febr S HAt SR PR AR S R R e K R A O, IR S . DR, ARAE
FEA A M 4 SRR B SV E AR BE I s B4R AR, TRk DO CODcr TP TN, Sal /F4CHREBA SR &£ 1 53
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Tab.2 PCA/FA Analysis Results of Water Quality Indicators in Lake Daihai

KB AR R PC1 PC2 PC3 PC4
WT -0.184 -0.281 0.862 -0.059
DO -0.274 -0.315 0.803 0.233
pH 0.757 0.065 -0.205 -0.416
ORP -0.588 -0.265 -0.616 0.006
Cond 0.399 -0.055 0.026 0.286
Sal 0.871 -0.007 -0.028 -0.05
DS 0.526 0.684 0.274 0.154
TN 0.192 -0.679 -0.36 0.504
NH3-N 0.111 0.9 0.208 0.089
NO3z-N -0.148 0.709 0.091 0.216
NO2-N 0.45 -0.141 -0.061 0.581
TP -0.404 -0.333 -0.249 0.751
CODcr -0.084 -0.202 0.289 0.831
Chla -0.37 0.482 -0.104 0.445
EEZORIEN 3.719 2.294 1.875 1.395
TR (%) 26.565 16.387 13.39 9.966
R TR (%) 26.565 42.952 56.342 73.130
: | - | :
HRE . |

B 2 TR Pearson AT O Sl (iR R R R TRES; R B KT P>0.05)
Fig. 2 Pearson correlation analysis of water quality parameters
2.2 RKRES SR
FTiE/K B FEFRTE 2020—2024 L[] (IR 25 A8 25 (1 3)%R W, CODcr #REETE 2020—2021 FEHAM B NER
5E, JEEIN 93.32~158.99 mg/L, {HE 2023—2024 £ EETHE, BA{EEF 560 mg/L. JEVKE K CODer
IREHEETKE, [ 2023 452, WRERFEIN. B rEES, WX kAL kg R, Kik
CODc: IR E B S K. TP IKFELE 0.011~0.297 mg/L 2 1], TN #KEAE 0.79~6.46 mg/L 2 [f] . 7E 2020—2021
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Fig.3 Spatiotemporal Variation Trends of Water Quality Indicators in Lake Daihai
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TR B s A7 WQI 35 57.08, /KT THIAMmIE I ATE 4 Fiom. BEKRE, KRBT
PR (50~70) , ITARIZK IR N — . BT % ALK R IR, RAEIRER S
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MBERPPKFBEBMKEEL . RIE HCA 858, REESATTUA A=, F 145 DHI, WQI K
47.77-66.30, “FIME N 55.64. FEL 11K DH1 A1 DH3 70 —4, WQI JE A 48.96-64.81, FI1H A
57.01. % 111 41°4 DH2. DH4. DH5. DHS. DH6 1 DH7, WQI K 49.26-74.44, P15 N 58.37.

> |
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Fig.4 Distribution map of the average WQI values in Daihai Lake
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KRN ESNE TP SO, R T RAT PR R, PH R R KA AE SR S T 2 R AE X
RN, XRS5 REK ETENRINEE, SBUURMBR SR, #meEitEReE, JEHY
S EE HAR K O, AFA X IR & — TG BB 77, B ANIRTS B N0 oG REE . 28 T A
F BTN HARORY X Ry L AR K3, A K TR A i A0 T A X 3. 8ok IX 3ol 7 i B
MR —¥, CERFFLRE O, YRR M TS B S A E RN, TRENBRERER
BRSSP B R AR P % L R B ORI 1 AR RN, X KO RS B B R e S g2 e
SiAIRMEE R, ATLAENE ph Al — @ AR RIRSS 7 AR AR i TS e e A BN, A
BhF 3 SR IA K R R RS2 0,
2.4 ARG RRIRRT
2.4.1 APCS-MLR # & H R 5T PCA A5 4UH, R APCS-MLR #L2Y, FIFH /7 FR A5 715 QAT &
BRI HM 5Tk B Chla (0.367) 4b, HA/KFSHMHNE S SEMELEMNEG R”2HKT 0.6, &
WM (1) APCS-MLR BB EEATSE, HEERBONVE . TG &K Habs R+ i 4 R an sk 4 fir
TN TG R TTIRER S L 6 TR

5 A AR R IT Z R EEN 73.212%. HRMBIRE— 115 (PCL) HIRHMIEE N 3.878, 77 Z DTk
N 25.854%, LEHMAAEAFE: TDS M NHs-N. TDS A% — LT EBRHE A, SRMEMAE S
BRI R EESH. CAEMERS, RERA ARG /K R NHe-N 8% 2 FELHERS, HikER
E T A H IR K FIHER AR, R A5 /K BB 05 YA . DRI AT DL s B STk i =i ) PCL 8
SURUAAAS A 3595 K R 5 B 2 A7 R (o IRRRIBiR. - = eh (TR A i TS K R T
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Fig.5 Dendrogram of Cluster Analysis for Lake Daihai (2020-2024)
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Fig.6 Contribution Rate of Each Pollution Source in Daihai in the APCS-MLR Model

FZF A (PC3) WHRHEMEN 1.653, S ZETTEAZEA 10.890%, HEEEMIHALEN DO M pH.
DO FERIE T KAEASKER-MICEIER, & RBUKMA EFRE S @R S8 ig bR, 1 pH
TR % ZHRIR SR B R R L SR A SO A R M. 5 CODNH3-N. TP S5 808 \ 5 JeH FAH L,
DO F pH 38 AR KA HIRKSE— G NIEE R . AR K ISR 7, M E R
4YEL DO, pH MR E s NS, BEEFRE. AHGIEEINRE G A ML, A% N
[EETFEERHRERET. Fik, £HFF0E PC3 E X N HRE T,

FEUERS (PCA MIFHEEA 1,103, FZETTHREN 7.352%, FEHMALERZ TP. (SERIEALT M
BURBOCHE X, AR Bt 0 B T IR AR It A2 AN IR B A N (0 B BRI —, B R P Al 5 s 38 T kel v ) Bt
RLAS 5V AR N, (RSB BN R B R B8 B 1 DS B FR AR 1), [RIRT, TN IE0a 4R 2R B R BT
A R e AT S TR U AR KA S B R BN A, R IR B RS G 15 K 5T Y S B
JEIIEZ —. Fik, ¥ PC4 R AU TES) 5] I E IR 3 AN E SRR T, 7253
R P R

FRFEMS (PCS WERHEEN 1.032, J7ZETTIRFN 6.878%, FEH L& Z CODer, CODc: 3
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NUE G RN E TP T, A5 30 RPN & &R 1.
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Tab.3 Factor Analysis Results of Water Quality Indicators after Varimax Rotation

VINFIEEL A PC1 PC2 PC3 PC4 PC5
DO -0.033 0.076 0.911 0.120 0.008
pH -0.093 0.044 0.907 -0.164 0.044
ORP 0.491 -0.128 -0.616 0.006 0.201
Cond 0.167 0.658 0.289 0.149 0.199
Sal 0.174 0.713 0.422 0.205 0.224
TDS 0.946 0.112 0.014 -0.027 0.045
N -0.483 0.689 -0.086 0.283 -0.051
NHs-N 0.902 -0.101 -0.153 -0.213 -0.019
NOz-N -0.099 0.801 0.076 -0.196 0.033
NO2-N -0.051 0.728 -0.153 -0.243 -0.051
TP 0.23 0.124 0.047 0.786 0.109
CODg -0.071 0.164 -0.068 0.06 0.877
Chla 0.58 -0.02 -0.072 0.138 -0.132
FHEE 3.878 3.316 1.653 1.103 1.032
TTHREE (%) 25.854 22.107 11.022 7.352 6.878
I TUE (%) 25.854 47.961 58.983 66.335 73.212
WEREERR]
S3
I =

TR (%)

DO TDS TN NH.N NON NOAN TP cop, Chla

7 PMF #REY i (556 & IS RIR ST R
Fig.7 Contribution Rate of Each Pollution Source in Daihai in the PMF Model
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Fig.8 Average contribution rates of various pollution sources in the lake based on the APCS-MLR and PMF models
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