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Abstract: In recent years, groundwater nitrate pollution has become increasingly prominent in Beijing, posing potential threats to water
resource security and public health. Based on the water quality data from 24 shallow groundwater monitoring sites collected between 2010
and 2019, and combined with geographic data mapping software (ArcGIS, Surfer), self-organizing map (SOM) neural network, and
positive matrix factorization (PMF) model, this study investigated the influence of groundwater-level changes induced by the South-to-
North Water Diversion Project on nitrate (NO, ) distribution and its pollution sources. The results showed that: (1) Following the operation
of the South-to-North Water Diversion Project, groundwater levels in the Miyun-Huairou-Shunyi Plain rose significantly, with 62.5% of
the monitoring sites showing an upward trend and a maximum increase of 30 m. Correspondingly, the spatial pattern of nitrate pollution
changed markedly, as reflected by a shifted pollution centroid and a contraction of high-concentration areas. (2) SOM cluster analysis
identified three distinct spatial pollution patterns: a low-pollution background zone, an agricultural non-point-source-dominated zone, and
a mixed pollution zone affected by domestic sewage and livestock wastewater, each displaying clear differences in pollution levels and

source characteristics. (3) PMF quantitative analysis indicated that agricultural activities were the dominant source of nitrate pollution,
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accounting for approximately 91% of total contributions, while mixed sources (6.3%) and livestock-domestic wastewater (2.5%) made

smaller contributions. In addition, the ‘displacement-dilution’ effect caused by groundwater recharge significantly affected nitrate

distribution, underscoring the substantial impact of large-scale water diversion on groundwater environmental quality. Based on these

findings, it is recommended that nitrate pollution control in the Miyun-Huairou-Shunyi Plain prioritize the reduction of agricultural non-

point-source pollution through optimized fertilization practices and improved irrigation management.

Keywords: groundwater level; nitrate; self-organizing map; positive matrix factorization; pollution source analysis
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Fig.1 Elevation and distribution of monitoring points in the Miyun-Huairou-Shunyi Plain Area
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Fig.2 Significance comparison of groundwater levels at monitoring points in the Miyun-Huairou-

Shunyi plain area before and after the South-to-North Water Diversion Project operation
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Fig.3 Spatical distribution of groundwater level variation at different recharge stages in the

Miyun-Huairou-Shunyi Plain Area from 2015 to 2019
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