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the health of aquatic ecosystems and human uses. The present study aimed to
investigate and compare the summer and winter variations of chemical
parameters of water, including nitrate (NO*), phosphate (PO.*), bicarbonate
(HCOy), sulfate (S04*), ammonium (NHs"), silica (SiO), sodium (Na®),
potassium (K*), and total dissolved solids (TDS) in the Gheshlagh, Gaveroud,
and Sirvan rivers in Kurdistan Province. Sampling was conducted at six stations
during two seasons (summer and winter) of 2024, and the data were modelled
using the Inverse Distance Weighting (IDW) interpolation method in the GIS
environment. The results showed that in summer, due to reduced flow discharge
and increased pollutant inputs, the concentrations of most parameters increased,
while in winter, dilution effects caused by precipitation and runoff led to their
relative decrease. Downstream of the Sanandaj wastewater treatment plant
(station 3) had the highest concentrations of nitrate, phosphate, ammonium,
sodium, and potassium in both seasons, indicating the dominant role of point
sources in determining water quality. The Gaveroud branch acted as a diluting
flow, resulting in a relative reduction in pollutant concentrations when merging
with the main river. The variation patterns of bicarbonate and silica were mainly
controlled by geological characteristics and hydrological conditions. The
assessment of TDS indicated that high values, especially in summer, could pose
a serious threat to the quality of water for agricultural and drinking purposes.
Overall, the findings demonstrated that improving the efficiency of the
wastewater treatment plant and land-use management in the watershed could
serve as key strategies for enhancing the sustainability of water resources in the
region.
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EXTENDED ABSTRACT

Introduction

The quality of surface water resources is strongly influenced by both natural processes and
anthropogenic activities. Seasonal and spatial fluctuations in river chemistry directly affect ecosystem
health, agricultural sustainability, and drinking water safety. In Kurdistan Province, Iran, rivers such as
Gheshlagh, Gaveroud, and Sirvan serve as vital water sources. However, urban wastewater discharges,
agricultural return flows, and seasonal hydrological changes pose serious risks. Understanding these
dynamics through spatial modelling is critical for sustainable water management. The Inverse Distance
Weighting (IDW) method in a GIS environment provides a reliable and widely applied tool for
evaluating the spatial variability of water quality parameters.

Materials and methods

This study examined the seasonal (summer vs. winter) and spatial variations of nine key chemical
parameters including nitrate (NOs™), phosphate (PO,37), bicarbonate (HCOs™), sulphate (SO,27),
ammonium (NH,*), silica (SiO,), sodium (Na*), potassium (K*), and total dissolved solids (TDS).
Samples were collected at six stations along the Gheshlagh—Sirvan river system in 2024, covering
upstream, downstream, and tributary conditions, including the Sanandaj wastewater treatment plant
discharge. Laboratory analyses were conducted in accordance with APHA (2017) standards, and spatial
distribution maps were generated using IDW interpolation in ArcGIS 10.8. Parameters were evaluated
not only for absolute concentration changes but also for their spatial gradients across the basin to
identify critical hotspots of pollution better.

Results and discussion

The results revealed strong spatiotemporal contrasts in water chemistry. In summer, reduced discharge
and increased pollutant inputs led to significant elevation of most parameters, whereas in winter,
rainfall-driven dilution resulted in lower concentrations. However, downstream of the Sanandaj
wastewater treatment plant (station 3), nutrient and ion concentrations consistently remained the highest
in both seasons. Nitrate, phosphate, and ammonium showed pronounced enrichment, particularly in
summer, emphasising the overwhelming influence of continuous point-source effluent discharges. Such
nutrient accumulation is strongly associated with eutrophication risk, algal blooms, and oxygen
depletion, which can have cascading ecological impacts. Sodium and potassium exhibited similar
patterns, with elevated levels at stations 3 and 4. Their sources are linked to urban wastewater, domestic
detergents, and agricultural return flows, reflecting both point and nonpoint pollution. In contrast,
bicarbonate and silica exhibited weaker seasonal fluctuations and were largely influenced by the
geochemical weathering and hydrological characteristics of the catchment, indicating a natural
background influence rather than direct anthropogenic pressure. TDS showed the most distinct spatial
variation. In summer, concentrations peaked at stations 3 and 4 due to effluent loading, evaporation,
and reduced dilution capacity. Although the Gaveroud tributary (station 5) acted as a diluting flow, its
effect was insufficient to offset elevated loads in the main river. At the Sirvan outlet (station 6),
concentrations decreased relative to midstream stations but remained higher than upstream reference
levels, highlighting the persistence of downstream pollution. Overall, seasonal hydrology moderated
but did not remove the influence of pollution. The persistence of elevated nutrient and TDS levels even
during high-flow winter conditions underscores the limited natural self-purification capacity of the
Gheshlagh-Sirvan river system. Similar findings have been reported in other rivers worldwide, where
wastewater discharges significantly influence water quality patterns, despite seasonal variability. This
highlights the urgent need for improved wastewater treatment efficiency, stricter control of agricultural
inputs, and targeted land-use management to protect water resources.

Conclusion

The Gheshlagh-Sirvan river system exhibits strong spatial and seasonal variation in water quality,
driven primarily by point-source wastewater inputs. Seasonal hydrology acts as a secondary factor,
influencing concentration levels but not altering overall patterns of contamination. Effective
management strategies should focus on improving wastewater treatment efficiency, reducing
agricultural nutrient inputs, and applying GIS-based monitoring tools to support the long-term
sustainability of regional water resources.
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