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This study investigates the impact of natural and anthropogenic factors
on the physicochemical composition of groundwater in the Qazvin
aquifer. Based on the optimized Gibbs diagram, the concentration of
samples at the end of the freshwater interaction path with silicate units
result from geochemical evolution due to the dissolution of these
geological units and an increase in the Na/(Na+Ca) ratio. The ion
exchange mechanism was assessed using bivariate diagrams of
Ca+Mg vs. SO4+HCOj3 and Schoeller's chloro-alkaline indices CAI-1
and CAI-2. The results indicate that in 68% of the samples, direct ion
exchange, and in 32%, reverse ion exchange control the groundwater
chemistry. The changes in Ca vs. SO4 indicate that gypsum dissolution
alone is not the source of these ions. These changes could be due to
ion mobility and transport during pedogenic processes (sulfur
biogeochemical cycle) and anthropogenic factors. The study also
examined the role of factors such as agricultural input, atmospheric
input, soil nitrogen, sewage input, manure input, chemical fertilizers,
and the denitrification process in groundwater pollution using NOs/Na
vs. CI/Na and the NO3/Cl vs. Cl diagrams. The results reveal that
agricultural and sewage inputs significantly impact the NOz and Cl
content. Furthermore, in some locations, especially in the southeast of
the aquifer, the denitrification process causes a decrease in NO3
concentration. These findings can contribute to effective water
resource management in this strategic aquifer by understanding the
controlling mechanisms of physicochemical composition and
identifying potential groundwater pollution sources.
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Introduction

Groundwater is a critical resource for drinking water, agriculture, and industrial
activities worldwide. Changes in the quantity and quality of groundwater resources due
to climate change and human activities have become a major concern globally.
Groundwater quality is influenced by a complex interaction of natural and human
factors. One of the most important natural factors is the geological composition of the
aquifer and its surroundings, which can introduce minerals and various elements into
the water. In addition to natural factors, anthropogenic factors such as the discharge of
agricultural, domestic and industrial wastewater, and improper disposal of waste can
also introduce pollutants such as heavy metals, nitrates, and organic pollutants into the
groundwater and thus, cause a significant decrease in the quality of groundwater. In this
study, an attempt has been made to identify the factors affecting the physicochemical
changes of these strategic water resources of the country, which play a significant role
in the food supply chain, by hydrogeochemical evaluation of groundwater resources in
the Qazvin aquifer.

Material and Methods

Examining the spatial-temporal changes in the chemical composition of groundwater at
different depths can provide a proper understanding of the quality of groundwater. In
this study, the monitoring network of groundwater chemistry with a suitable distribution
was used. This information was collected between water years 201-2011 and 2022-
2023. In this monitoring network with 117 monitoring points, the main physicochemical
parameters including EC, TDS, pH, Na, K, Ca, Na, Mg, SO4, HCO3, and CI have been
measured. In addition to physicochemical variables, NOs concentration is also available
in a smaller monitoring network for the water year 2021-2022. Information on NO;
concentration and pH is available in 78 deep wells and 11 shallow wells. Another data
set is NOs concentration along with pH, EC, BOD, COD, Na, Ca, and P in 112 samples
collected in 2023 mainly from the deep parts of the aquifer. In addition to the mentioned
data set prepared by Qazvin Regional Water Company, the data set consisting of 131
samples was also collected from the drinking water supply network. In this data set,
NO:s, EC, Na, and CI concentrations have been measured in the water year 2021-2022.

Results and Discussion

The optimized Gibbs diagram was employed to determine the role of natural factors
such as water-rock interaction, evaporation, and precipitation in changing groundwater
chemistry. Additionally, the variations in Ca vs. SO4 and the relationship between Na
and Cl were used to improve the results. The findings show that the samples are
concentrated at the end of the freshwater interaction path with silicate rock units. The
ion exchange mechanism was assessed using bivariate diagrams of Ca+Mg vs.
SO4+HCO;3 and Schoeller's chloro-alkaline indices CAI-1 and CAI-2. The results
indicate that in 68% of the samples, direct ion exchange, and in 32%, reverse ion
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exchange control the groundwater chemistry. The study also examined the role of
factors such as agricultural input, atmospheric input, soil nitrogen, sewage input,
manure input, chemical fertilizers, and the denitrification process in groundwater
pollution using NO3/Na vs. Cl/Na and the NO3/Cl vs. Cl diagrams. The results reveal
that agricultural and sewage inputs have a significant impact on the NO3 and Cl content
Furthermore, in some locations, the denitrification process reduces NO3 concentrations.

Conclusion

Investigating the mechanisms controlling the physicochemical composition of
groundwater shows that the chemical composition of groundwater is influenced by
natural and anthropogenic factors. The results show that ion exchange and water
reactions with rock formations and sediments are among the key factors in changing the
chemical composition of groundwater. Human activities, especially agriculture and
sewage infiltration, have a significant role in the quality of groundwater and increase
the concentration of NO; and Cl. Evidence shows that various sources, including
chemical fertilizers and domestic and industrial effluents, can cause groundwater
pollution. Also, natural processes such as denitrification can play a role in reducing
nitrate concentration. In case of access to detailed information about land use in this
area, as well as information such as the type, volume, chemical composition of the
pollutant and the activity time of the wastewater producing unit, along with the depth
of sampling and the full physicochemical composition of groundwater resources, a
comprehensive and more accurate hydrogeochemical assessment can be possible. These
findings can contribute to effective water resource management in this strategic aquifer
by understanding the controlling mechanisms of physicochemical composition and
identifying potential groundwater pollution sources.
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