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Abstract

This study was conducted to assess the water quality of the Talar River during
both low-flow and high-flow periods. Through field survey and consideration of
natural and anthropogenic factors, 15 sampling stations were established across
various land uses. Water sampling was conducted during both the low-flow period
(September) and the high-flow period (May). For sampling, half-litre
polyethylene bottles were used, and samples were collected from a depth of 15 to
30 cm below the water surface. Various statistical methods were employed to
analyse the data. Pearson's correlation coefficient was used to identify
relationships between physical and chemical parameters, and Principal
Component Analysis (PCA) was applied to reduce data dimensionality.
Subsequently, calcium concentration was predicted using deep learning models,
namely LSTM and CNN, with inputs such as river discharge, maximum
temperature, precipitation, evapotranspiration, and runoff at the Shirgah station.
The analysis results revealed that electrical conductivity (EC) and total dissolved
solids (TDS) exhibited strong positive correlations with dissolved ions such as
calcium (Ca), magnesium (Mg), and sodium (Na). Additionally, pH showed a
negative correlation with certain heavy metals like aluminium (Al) and chromium
(Cr), which is linked to changes in the solubility of these metals under acidic
conditions. PCA indicated that during the low-flow period, two principal
components explained over 90% of the data variance. The first component was
primarily influenced by dissolved ions such as sodium, chloride, and sulfur, while
the second component was associated with parameters like electrical conductivity
and turbidity. During the high-flow period, the first component, accounting for
95.69% of the variance, played a dominant role in data variability and was mainly
determined by TDS and EC. The evaluation results of calcium concentration
modelling using deep learning models, based on the Taylor diagram, showed that
at the Shirgah station, the CNN model had a better correlation (close to 0.8) with
observational data compared to the LSTM model (approximately 0.6). These
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findings demonstrated that geological and hydrological factors have varying
i effects on water quality across different periods.

1. Introduction

Rivers are vital ecosystems that play crucial roles in maintaining biodiversity and providing water for
human use. However, they are increasingly exposed to pollution from natural and anthropogenic
sources such as land-use changes, industrial activities, and urbanisation. These changes negatively
affect water quality, aquatic ecosystems, and public health, highlighting the need for effective water
resource management. Rapid population growth and technological advancements have intensified land
use, leading to severe water pollution that threatens both ecosystems and human development. Heavy
metals and chemical pollutants from industrial and agricultural activities exacerbate water quality
issues, posing risks to aquatic life and human health. Advanced statistical methods, such as the Pearson
correlation and Principal Component Analysis (PCA), are essential tools for analysing water quality
parameters, identifying pollution sources, and predicting changes in response to climatic and human
activities. In addition, the use of advanced deep learning models, such as LSTM and CNN, in predicting
water chemical parameters is important because of their ability to process temporal data and identify
complex patterns. LSTM can identify long-term relationships between variables and predict changes in
the calcium concentration with greater accuracy. In contrast, CNN, with its ability to extract features
from data, identifies local and complex patterns. The use of these two models provides a significant
improvement in the prediction accuracy and understanding of the factors affecting water quality and
changes in water chemical parameters. This study focuses on the Talar River, using these methods to
assess water quality, understand the dynamics of heavy metals, and provide insights for sustainable
water management and ecosystem preservation.

2. Materials and Methods

In this study, to determine the sampling stations, topographic maps and access routes to the river were
first examined. Following this, a preliminary field visit was conducted in the area, and suitable points
for sampling were identified by considering land use patterns, natural features, and access methods to
the river and its tributaries. These points were identified using land use maps and Google Earth software
during the field visit, and the river water sampling process was carried out by standard sampling
protocols. After mapping the sampling points, water samples were collected from 15 locations with
different land uses, with two sampling rounds during the low-flow and high-flow periods. Sampling
was performed using 500 ml polyethylene bottles at depths of 15 to 30 cm below the water surface.
Two water samples were collected from each location: one for measuring phosphate and nitrate
concentrations, and the other for analysing heavy metal concentrations. Additionally, on-site
measurements of pH, electrical conductivity, and temperature were taken using portable devices, and
the samples were stored at 4°C until transfer to the laboratory. The low-flow (September) and high-
flow (May) periods of the Talar River were determined based on previous studies and the river's long-
term discharge data. Sampling containers were initially washed with 30% nitric acid and then rinsed
with distilled water. After sampling, to prevent air infiltration, the container lids were sealed with
adhesive tape. Finally, samples for phosphate and nitrate analysis were sent to the central laboratory of
Sari University of Agricultural Sciences and Natural Resources, while samples for heavy metal analysis
were sent to the Zar Azma Laboratory in Tehran. In this study, statistical methods such as Pearson
correlation coefficient and Principal Component Analysis (PCA) were used to enhance data analysis
and investigate the effects of natural and anthropogenic factors on the water quality of the Talar River.

3. Results

The Pearson correlation analysis of the physical and chemical parameters of the Talar River water
during the low and high flow periods revealed significant patterns in their relationships. During the low-
flow period, strong positive correlations were observed between calcium (Ca) and magnesium (Mg),
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sodium (Na) and chloride (Cl), and electrical conductivity (EC) and total dissolved solids (TDS),
highlighting their roles in water hardness, salinity, and ion concentration. Aluminium (Al) showed weak
correlations, while barium (Ba) and potassium (K) exhibited strong relationships with other elements,
reflecting shared chemical origins and agricultural influences. The pH was positively correlated with
nitrate but negatively correlated with many elements, indicating better solubility under acidic
conditions. In the high-flow period, similar patterns were observed, with Ca and Mg maintaining strong
positive correlations and Na and Cl showing significant relationships, suggesting the presence of
sodium chloride compounds. Turbidity was weakly correlated with heavy metals. Heatmap
visualisations further confirmed these relationships, with EC and TDS consistently showing strong
positive correlations, underscoring their importance as key indicators of water quality. Overall, the
analysis highlighted the significant influence of geological processes and human activities on river
water quality, with EC, TDS, and turbidity emerging as critical parameters for monitoring and managing
the water resources of the Talar River. PCA revealed that the first two principal components (Dim1 and
Dim2) explained over 90% of the variance in the low-flow period, with sulfur (S), chloride (Cl), and
sodium (Na) being the most influential variables. In the high-flow period, PCA showed that the first
principal component (PC1) explained 95.69% of the variance, dominated by EC and TDS, while the
second component (PC2) explained 3.66%, primarily associated with turbidity. Overall, the study
identified EC, TDS, and turbidity as critical parameters for assessing the water quality of the PCA and
effectively captured the dominant factors influencing its characteristics during different hydrological
periods. The results of calcium prediction with deep learning models showed that CNN has a better
correlation (close to 0.8) than LSTM (approximately 0.6). RMS error is the radial distance of each point
from the centre of the graph, indicating the amount of RMS error. CNN was closer to the centre and
had a lower RMS error than the LSTM. The LSTM model performed worse than the CNN model in
predicting the calcium parameter because its standard deviation was further away from the real data,
and its RMS error was larger.

4. Discussion and Conclusion
Pearson correlation analysis of the water quality parameters of the Talar River revealed strong positive

correlations between calcium (Ca) and magnesium (Mg), sodium (Na), chloride (Cl), electrical
conductivity (EC), and total dissolved solids (TDS), emphasising their roles in water hardness, salinity,
and ion concentration. PCA results showed that the first two principal components explained over 90%
of the variance, with EC, TDS, and turbidity emerging as key indicators of water quality. At Shirgah
station, the CNN model outperformed the LSTM model in estimating the calcium concentration. This
superiority is due to the specific characteristics of the data and environmental conditions, where the
CNN model is well able to identify complex patterns and trends. These findings underscore the
significant impact of geological processes and human activities on the river's water quality, providing
a foundation for effective water resource management and conservation strategies.
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