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Fig. 1 Route of the Pearl River Delta Water Resources Allocation Project and sampling sites
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Fig. 2 Water quality physicochemical characteristics and differences among reservoirs
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Analysis of Water Quality Changes and Trends at Nodes Along the Pearl River Delta Water

Resources Allocation Project
LIU Canping', TANG Xin®, YAN Xiaxuan', LIU Wei®, LEI Lamei*
(1. Guangdong Yuehai Pearl River Delta Water Supply Co., Ltd., Guangzhou 511458, China; 2. College of Life Science and Technology,
Ji'nan University, Guangzhou 510632, China)

Abstract: Water diversion projects represent critical engineering interventions for mitigating the spatiotemporal mismatch of water
resources in densely populated deltaic regions. However, long-distance raw water conveyance inevitably reshapes nutrient
concentrations and trophic states in receiving reservoirs, triggering complex non-stationary shifts in aquatic water quality regimes. To
systematically assess the temporal dynamics and spatial gradients of water quality across successive diversion nodes along the Pearl
River Delta Water Resources Allocation Project, this study conducted year-round continuous monthly monitoring of key
physicochemical water quality parameters in 2025 at four representative monitoring sites. These sites cover the full diversion cascade,
including the Liyuzhou Pumping Station (the Xijiang River source water intake), Gaoxinsha Reservoir, Luotian Reservoir, and
Gongming Reservoir (the terminal impoundment of this diversion corridor). Based on the field monitoring dataset, the Carlson trophic
state index (TSI) was quantified for each sampling month to classify the eutrophication risk of each water body. Two multivariate

statistical approaches, principal component analysis (PCA) and permutational multivariate analysis of variance (PERMANOVA), were
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further applied to disentangle the dominant environmental drivers of water quality differentiation and test the statistical disparities of
nutrient regimes across different reservoir sites. The results showed that the water quality status of Gaoxinsha Reservoir, the first
receiving impoundment downstream of the intake, was predominantly constrained by the nutrient loads carried by diverted inflow from
Liyuzhou Pumping Station. Following the sequential water diversion gradient from Liyuzhou Pumping Station through Gaoxinsha
Reservoir and Luotian Reservoir to Gongming Reservoir, the concentrations of total nitrogen (TN), total phosphorus (TP), nitrate
nitrogen (NO,-N), as well as water electrical conductivity exhibited a steady declining trend, whereas underwater transparency
continuously rose along the flow path. Correspondingly, the calculated TSI values dropped significantly at Gongming Reservoir, the
terminal section of the entire project. Compared with the raw Xijiang River inflow at Liyuzhou Pumping Station, the three cascaded
reservoirs achieved substantial nutrient retention and purification effects after sequential water storage and transport, which led to
remarkable reductions in dissolved and particulate nutrient concentrations and obvious overall improvements in water quality. From a
seasonal perspective, TN, chlorophyll-a (Chl. @) and TSI shared identical seasonal fluctuation patterns: their concentrations and index
values peaked in summer and autumn, while decreasing to relatively low levels during spring and winter. In stark contrast, total
phosphorus exhibited pronounced spatial heterogeneity, with divergent concentration magnitudes across the four monitoring nodes
throughout the entire hydrological year. The outputs from PCA and PERMANOVA collectively corroborated that nitrogen nutrients,
phosphorus nutrients, and integrated trophic status constituted the primary drivers governing spatial water quality variations.
Statistically significant differences in the full suite of measured environmental variables were further confirmed among the three
downstream cascade reservoirs. This study confirms that all water bodies along the Pearl River Delta Diversion Project currently stay in
the oligotrophic to mesotrophic trophic state, with no severe eutrophication outbreaks recorded. However, significant spatial
heterogeneity in nitrogen-phosphorus nutrient stoichiometric ratios was observed across the entire diversion corridor. Given the
concurrent rise in chlorophyll-a (Chl. a) levels and Trophic State Index (TSI) values during the high-temperature summer - autumn
transition, we recommend that targeted monitoring and precision water operation management prioritize key environmental drivers
governing algal proliferation and nutrient retention in hot seasons. This proactive strategy mitigates latent algal bloom risks and
sustains stable raw water quality to underpin regional water supply security.

Keywords: water quality; nitrogen and phosphorus nutrients; trophic state; temporal and spatial distribution; Pearl River Delta Water

Resources Allocation Project
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