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Abstract: Abstract: Dissolved inorganic phosphorus (DIP) is a critical limiting nutrient in freshwater ecosystems, and its

excessive input imposes severe threats to lake water quality and ecological stability. Most previous studies have predominantly
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focused on the identification of DIP sources in surface waters including rivers and lakes, whereas a systematic understanding
of the spatiotemporal distribution and source contributions of groundwater DIP remains insufficient. This study selected the
Taihu Basin as a typical research area. Groundwater samples were systematically collected in 2024 during the normal, wet, and
dry seasons to determine DIP concentrations, hydrochemical characteristics, and phosphate oxygen isotope compositions for
DIP source apportionment. The results indicated that groundwater levels across the basin generally presented a spatial pattern
of high values in the western area and low values in the eastern area, with a depression zone in the central basin. Groundwater
levels were higher in the wet season, with groundwater primarily discharging into Lake Taihu; in contrast, groundwater levels
declined in the dry season, accompanied by a reversed groundwater flow regime dominated by groundwater discharge. Spatially,
groundwater DIP concentrations were relatively high in the central and southern parts of the basin and relatively low in the
western and eastern parts. Temporally, DIP concentrations exhibited a seasonal trend of wet season > normal season > dry
season. Hydrochemical analyses demonstrated that groundwater hydrochemistry was mainly influenced by agricultural
activities and domestic sewage during the wet and normal seasons, while industrial activities exerted a more prominent impact
in the dry season. Phosphate oxygen isotope-based source apportionment results showed that in the normal season, industrial
effluents, domestic sewage, and agricultural wastewater contributed comparably to groundwater DIP, accounting for 34%, 31%,
and 30%, respectively, while forest runoff contributed the minimum proportion (5%). In the wet season, agricultural wastewater
became the dominant DIP source with a contribution of 37%, while the proportions of domestic sewage and industrial effluents
decreased to 28% and 25%, respectively, and forest runoff contribution slightly increased to 10%. Conversely, in the dry season,
the contribution of agricultural wastewater further increased to 42%, followed by domestic sewage (31%); additionally, the
contribution of forest runoff rose markedly to 18%, whereas that of industrial effluents dropped to 9%. Overall, this study
comprehensively characterizes the spatiotemporal patterns and seasonal variations of groundwater DIP sources in the Taihu
Basin. The findings provide new insights into the identification of dominant groundwater phosphorus sources and offer a
scientific basis for formulating targeted differentiated strategies for water quality management and eutrophication mitigation
in large lake basins.
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Fig.1 Spatial distribution of groundwater sampling sites in the Taihu Basin (a) and the hydrogeological cross-
section along profile A - B (b).

BN 5E FOK R Z BRI (DO, JKifl. 3% (EC) %%, RH HACH HQ40d £ ZHUK
FACISE « #F K KL Na*y Ca?*y Mg, NOs . SOs>. ClI'y F 87 KH DIONEX ICS-1100 4= [
BNES T OARACHAT AT, ME TR T 0.45 pm JEBEIEIE, HCOs WKEER H VAN E, DIP IKEER
FR AN e BEIRIE, A HTRTRE R BT A0 0.45 wm JEREIEIE . bR 7K b il R 3k S IR0 2% 7R sz R A
BB S IUTE (MAGIC) SRR Bk X BERR Eh b AT T 4R« 20 B0 S 4l o KRR 2RV 2R Uk 25 A0 I N B
AR AR AR I TE, DO Bh WUas 4R s B AR R IR B UUvE , e ik — P Ay
BERREERUTIE . TR ARIRIE . PHES 7SS IR AL PR 22 bR AR DS TG, 7ESIBRIE 2% 148 N A R AR VT
V€, IR EUKELS RITER — DAL, REPAFH T RALER 7B i) 0 R R AR i 14041, 4k fS 1)
P it R P 75 TR - (RO R EL B A (TC/EA-IRMS) g HAR AL 4Lk, 455 0L VSMOW kR
N, HAFARAEY R EMA-P1 (8"%0 = 20.99%0). EMA-P2 (380 = 26.88%0) HIZKHE (3'%0 = 24.1
4%0) KIE, MRS AL T740.3%0,  FLIUAE I AR AR R 57 R 2% [ B ) 7 38 RASEAIT 9 0 58 A o

ORI L R A (30 m AR p#3) SRIET “ b [E 30 KA AT o S JLARAL = i 7 KL
FEAELY,  FE GO T KN R AOKAL B (B 1D SRE P EMRR AR “HhiRs” Bt s

D AVAN
o



1.3 BB/ E
A FLAE ArcGIS 10.4 FAF A, IH) F MG 112535 18 50 BL & 36 8 T B2 B AN RN 3 b R 7KK A7 F0 DIP

W2 A B . SR Origin 2025 AF25 H AN RIVE b R 7K Piper =B R F BB FR R, AT
IR KA S 2 S B AES YRR {8 FH Pearson AHIGPE MMt R 7K DIP ¥ JE 5 T ZRKMS B+ 2 [ (1)
KFRo KA MM R R A A (MIXSIAR), XHHLR/K DIP (FRIETTRkEEAT TS . LL 880 iR iEsTE
b, G5 A AT R P RS Jo) 05 Yo HE R AL, R BCR IR A TETS KR TALIERI AR SR Ok
5D VENIBTEBERIEN G, e 4 B0 S yoRE R AR T ORI T AKX, R igTs
IR 35 AFEM A5 KR 30 ANFER . TR 15 ANFE SRR S J2 8 6 ANFES, &3 7 1 3918 Kas ik
ZERTRAEE RO = A SUREE, FF1E MIXSIAR BRI ANSH, T2 805 A B A R %
PR K DIP FIAESE BTk MR IERE B TR AEAF 72 X R /KB 0 SR 1S BRI BRARAE, S2RFE1F
PR, FES R, B FE R A RS OB A GE 1 B AT SR EE E — 20, D[R A
BAHR (MIXSIAR) HIARINT:

(Xij = Ziz1 Pe (Siee + Ciae) + &

Sjke ~ N (i, f)

Gi ~ N (A i)

wj ~ N(O, 0]—2)
He, Xij RIBEW i FREMEIRE G=1, 2, 3, ..., N; j=1, 2, 3, ..., J); P RRB—#EkR
W kTR k=1, 2, 3, ..., KD, Sy ATSHR k RRIGE j LE k=1, 2, 3, ..., KD, H¥Y
R W, WHERZEN o Cr RIS HIR k R j B iME, FOPBMEN A, WHERZEN & e i IRE
Yk j RIS R AR AR R 2, HoPIME R 0, dRiEmZE oi3s3e,

2 ERG50H

2.1 KR T K LR 2 3 R 4 E
IR AR B I R KA SR RRE IR 1 fim. BORE, #F 78 XOR Bt /K Az va
N -9.25~-0.02m. AR FAKKMZEREE (P<0.05), NBIXH I KAERE, FHKAHN - 1.42
+131 m £ -2.00£1.43 m 2. FHXHFRARAE, FHEKAA -6.96£0.92 m & - 7.74+0.97 m;
HIX AF = F 28], PR -4.96+1.90m & -529+1.88 m.
21 RIFIE T AR F KA 8

Tab. 1 Statistics of groundwater levels of agricultural wells in the Lake Taihu Basin
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Fig.2 Spatial and temporal variations of groundwater levels in Lake Taihu Basin
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Fig.3 Spatial distribution of groundwater DIP concentrations in Lake Taihu Basin
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