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Abstract: To address the synergistic threats of salinization and groundwater-derived pollution in oasis groundwater systems
under the national "River Basin Ecological Protection" strategy in the arid northwest China, this study selected the Manas River
Basin as a representative area and integrated interdisciplinary approaches to elucidate the synergistic risk formation
mechanisms of salinization and pollution, as well as the pathways of associated health risks. Combining field sampling with

laboratory analyses, the study employed the Entropy-Weighted Water Quality Index (EWQI) and health risk assessment models
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to evaluate groundwater quality and exposure risks. Natural and anthropogenic hydrogeochemical processes were identified
through hydrochemical evolution analysis, and a ternary coupling model of "salinity—pollution—risk" was developed by
incorporating ecological zoning concepts, enabling quantitative characterization and spatial zoning of multi-factor synergistic
risks. The results indicate that groundwater in the basin is weakly alkaline, with hydrochemical types evolving from HCO3-SOs-
Ca in the south to SO+-Cl-Na in the north. Water quality deteriorates significantly in the northern oasis—desert transition zone,
where exceedance rates for As, F~, and NOs™ reach 70.40%, 48.00%, and 31.20%, respectively. The carcinogenic risk (CR) of
As for children and adults exceeds international thresholds by factors of 11.4 and 5.3, respectively. The basin transitions from
rock weathering dominance in the south to evaporation—concentration processes in the north. Salinization enhances pollutant
enrichment via evaporation—concentration and cation exchange, which, combined with agricultural non-point sources and
industrial emissions, leads to complex pollution patterns. While overall basin water quality is generally acceptable, the
exceedance rate of Class III water standards in the oasis—desert transition zone reaches 27.58%. Water quality degradation is
driven by both agricultural pollution and evaporation—concentration. Chloride (Cl") is the primary contributor to non-
carcinogenic risks, and priority should be given to preventing carcinogenic risks from As exposure in children. Total dissolved
solids (TDS) exhibit a highly significant positive correlation with Cl- and Na* (» = 0.939, 0.840), and As concentration is
strongly correlated with children’s CR (» = 0.825), forming a synergistic "salinity—pollution—risk" chain. Based on the ternary
coupling model, the basin is classified into high-risk (18.40%, requiring urgent treatment), medium-risk (27.20%, needing
dynamic monitoring), low-risk (21.60%, suitable for preventive management), and safe zones (32.80%, warranting long-term
protection), with differentiated control strategies proposed accordingly. This study reveals the synergistic risk mechanisms
arising from natural geological processes and human activities in arid zone groundwater systems, offering a scientific
framework that integrates ecological zoning concepts with quantitative assessment methods for collaborative multi-element
management of oasis water resources under the Belt and Road Initiative.
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Arid groundwater management
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Fig.2 EWQI calculation process and water quality grade classification
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Fig.3 Carcinogenic and Non-carcinogenic Health Risk Models
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Tab.1 Relevant parameter values of the health risk assessment method

EELGD Crl- S0 TDS NOs As F-
NOAEL;/mg/L — 120 436 — — —
RfDi/mgl (kg €) 0.06 — — 1.60 0.0003 0.06
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Tab.2 Standards of Health Risk Assessment Indicators
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