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Objective: This research investigates the chemical quality of water at the hydrometric stations
of the Sarni Dam in the southeast of Minab County for agricultural, drinking, and industrial
purposes using Ag.QA software. The percentage of cations and anions has been investigated
using quantitative, statistical, and graphical methods.

Method In this study, data from the hydrometric stations of Kalat-Rostam, Minab, Mazabi,
Brentin, Joghin, Gro, Abnama, Shamil, Ab-Moksam, and Joumahleh along the route of Sarni
Dam were used, and 11 different chemical parameters of water including electrical conductivity,
acidity, hardness, chlorine, bicarbonate, sulfate, sodium, potassium, magnesium, sodium
absorption ratio and sodium percentage were determined in the quality control laboratory of
Regional Water Company of Hormozgan. Aq.QA software was used to draw Wilcox, Schuler,
and Papier diagrams. The Langelier Saturation Index (LSI) and Rayznr Stability Index (RSI)
were used to evaluate water quality for industrial purposes. The LSI and RSI indices were
calculated by the Calculator LSI and RSI software.

Results: The findings showed that the water from the hydrometric stations of the Sarni Dam
was in the C3S2, C4S3, and C4S4 classes for agricultural and irrigation uses and varied from
good to non-potable in terms of drinking. The quality of water for industrial uses in all stations
was sedimentary and the water type was mostly chlorinated and sulfated and its facies was
sodium. The water type and facies in 60% of the stations were chlorinated-sodium and 40% of
the stations were sulfated-sodium. According to the obtained relationships, the electrical
conductivity showed a very strong relationship with sodium, chloride, sulfate and calcium ions,
and did not show a strong relationship with magnesium and bicarbonate ions. Based on the
concentration of the main ions present in the waters of the stations in the study area, the
prevailing cationic and anionic conditions were Na® > Ca?* > Mg?* andCl~ > So4?~ >
Hco3™.

Conclusions: The causes of the increase in dissolved salts and the decrease in water quality for
various uses in the hydrometric stations of the Sarni Dam were the construction of earthen dams
in the waterways, the entry of agricultural drainage upstream of the stations, the lack of proper
management of exploitation, and recent droughts that have affected the water flow of the rivers
leading to the dam.
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Introduction

Natural factors and human activities usually cause degradation of the quality of surface and groundwater
resources. Weather conditions, atmospheric precipitation, drought, flooding, soil erosion, regional geology,
and mineral dissolution are among the natural factors that reduce the quality of water resources. Moreover,
human activities and factors such as population growth, discharge of urban and industrial pollutants, landfilling
of waste, and agricultural activities are among the most important causes of reducing water quality in rivers
and groundwater. The reduction in the quality of water resources, according to the permissible limits of the
necessary standards based on the type of drinking, agricultural, service, or industrial uses, limits the use of
water resources (Uddin, Nash, and Olbert, 2021). Water quality management requires collecting and analyzing
a large amount of data on water quality parameters, which can be difficult to evaluate and draw conclusions
from. Many software programs have been developed to make water quality data easier to consider, and among
them, Ag.QA is one of the most widely used. One of the common methods for classifying and comparing water
types based on ionic composition is to use the Piper diagram and the Willcox and Schuller quality indices.
Considering that the rivers of Kalat-e Rostam, Minab, Mazabi, Brentin, Joghin, Garo, Abnama, Shamil, Ab
Moksem, and Joumahleh are the surface water resources supplying the Sarni Dam and are used in many ways
in this area, and due to the inflow of agricultural drainage on the one hand and the reduction in surface water
flow due to excessive extraction and meteorological droughts on the other hand, no serious study has been
conducted to investigate their quality so far. The aim of this research is to study the quality and determine the
chemical characteristics of water in hydrometric stations located in the study area of the Sarni Dam in Minab
County, using Ag.QA software for various uses including agriculture, drinking, and industry. Also, the study
of cations and anions was conducted using quantitative, statistical, and graphical methods. The advantages of
using Ag.QA software in this research was that the water quality could be calculated for various uses with a
minimum of general parameters and simple calculations.

Method

To investigate the quality of surface water at the hydrometric stations of the Sarni Dam and identify the
processes that affect its quality, data from a six-month statistical period in the two seasons of autumn of 2021
and winter of 2022 were used. For this purpose, 10 water samples were taken from the hydrometric stations of
Joghin, Minab, Mazabi, Brentin, Gro, Abnama, Shamil, Sarmaksam, Joumahleh, and Kalat Rostam over a six-
month statistical period, and then 11 chemical parameters of the water at the hydrometric stations of the Sarni
Dam catchment area, including water hardness, total dissolved solids, EC, pH, bicarbonate, chloride, sulfate,
calcium, magnesium, sodium, and sodium absorption ratio, were measured in the laboratory of the Regional
Water Company of Hormozgan. First, brief hydrochemical studies were conducted to identify the general
condition of the water at the hydrometric stations, and then the Ag.QA software was used to draw various
water classification diagrams.

Ag.QA software is a tool for qualitative analysis of surface and groundwater. Using this software, chemical
analysis results can be stored in a spreadsheet prepared for this purpose and the necessary unit conversions can
be performed within these spreadsheets. After reviewing and analyzing the obtained results, the required
graphs can be drawn on the relevant page. Automatic unit conversion within the program, mixing the sample
during the simulation process, determining the balance of anions and cations, determining the chemical
characteristics of water using the Piper diagram, determining the water type using the Stiff diagram, classifying
water for irrigation using the Wilcox diagram, percentage of dissolved sodium, magnesium ratio and water use
for drinking from the Schuler diagram, calculating the main properties of liquids and measuring dissolved
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solids are some of the advantages of this software. To evaluate water quality for industrial purposes, the
Langelier Saturation Index (LSI) and Rayznr stability Index (RSI) were used by the Calculator LSI and RSI
software. The quality indicators for classifying surface water of hydrometric stations in Sarni Dam for various
uses were examined.

Results

The results of the study showed that the water in all stations had a pH above 8, which indicated the alkalinity.
In waters with a pH higher than eight, the presence of calcium carbonate and bicarbonate salts can be expected,
and calcium precipitates at such a pH and causes blockage of irrigation equipment channels. Electrical
conductivity in the studied stations showed a maximum value of 16500 a minimum of 1542 and an average of
4797, and the TDS value was high in most of the studied stations. An examination of the amount of carbonate,
bicarbonate, chloride, and sulfate anions in all stations showed that the highest value was related to chloride
ions, and among cations, the highest value was related to sodium, and the lowest value was related to potassium
ions. An increase in the amount of sodium ions increased the alkalinity of the soil, and the sodium hydroxide
produced can burn and destroy plant root cells. The more sodium in the water, the more the soil swells and
reduces the distance between particles, and consequently reduces soil permeability. The results of the analysis
of the physical and chemical parameters of water showed an increase in the values of the studied parameters
at the stations of the Sarni Dam, which could be attributed to the decrease in the water flow of the rivers of the
dam's hydrometric station due to the decrease in rainfall, recent meteorological and hydrological droughts, the
ingress of agricultural drainage, and the lack of proper management in the exploitation and consumption of
water. The results of the Wilcox diagram at the locations of the hydrometric stations of Mazabi, Brentin, Gro,
Shamil, Sarmagsam, and Joumahleh showed that the water quality was in the C4S4, C4S3, and C3S2 categories
and was not suitable for agriculture. The Piper diagram showed that the water quality was in the good to unfit
range in terms of drinking and the hard to very hard range in terms of hardness. Sulfate and sodium ions were
the dominant ions in the surface waters of the hydrometric stations, and the water had the sulfate-sodium (40
percent) and chlorite-sodium (60 percent) types and facies. The results of water classification for industry
based on Langelier Saturation Index (LSI) and Rayznr stability Index (RSI) in all stations were sedimentary.
Considering the constant chemical composition of the water at the stations, the temperature of the river water
most likely played a decisive role in the tendency of water to sediment. The study of the correlation between
the electrical conductivity and water quality indicators showed that there was a very strong relationship
between electrical conductivity and magnesium, sodium, chloride, and sulfate ions, and between electrical
conductivity and TDS and calcium ions was relatively strong, and there was no relationship between
bicarbonate ions and electrical conductivity.

Based on the concentration of the main ions present in the waters of the stations in the study area, the prevailing
cationic and anionic conditions were Na* > Ca?* > Mg?*andCl~ > So42~ > Hco3™. It was obvious that as
the current drought trend continues, the water quality of the studied stations could change to such an extent
that it would make it impossible to use the water for various purposes, especially drinking, in the future.

Conclusions

According to the results of the indicators used in this study, it can be concluded that the water from
the hydrometric stations in the Sarni Dam area was not of adequate quality for use in various drinking,
agricultural, and industrial sectors. The causes of the increase in dissolved salts and the decrease in
water quality for various uses in the hydrometric stations of the Sarni Dam could be the construction
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of earthen dams in the waterways, the entry of agricultural drainage upstream of the stations, the lack
of proper management of exploitation, and recent droughts that had affected the water flow of the
rivers leading to the dam.

Conclusions

According to the results of the indicators used in this study, it can be concluded that the water from the
hydrometric stations in the Sarni Dam area was not of adequate quality for use in various drinking, agricultural,
and industrial sectors. The causes of the increase in dissolved salts and the decrease in water quality for various
uses in the hydrometric stations of the Sarni Dam could be the construction of earthen dams in the waterways,
the entry of agricultural drainage upstream of the stations, the lack of proper management of exploitation, and
recent droughts that had affected the water flow of the rivers leading to the dam.
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1. Sodium Adsorption Ratio
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