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ABSTRACT  

The aim of this study is to determine the amount of quantitative and qualitative changes in 

groundwater in the Sarvestan plain in south of Fars province, which is one of the critical plains in Iran 

in terms of water resources. In this research, zoning maps of electrical conductivity of water in GIS 

were prepared and various hydrochemical diagrams were illustrated. Different quality parameters of 

water resources were compared according to the statistical data collected and the experiments 

performed at the beginning of the 8-year period of the research. Chemical analysis of water samples 

shows that the groundwater type of most of the studied wells at the beginning of the period (2013) has 

changed from Ca-Cl and Mg-Cl types to Na-Cl type at the end of the time period (2020). Determining 

the trend of chemical changes shows that the diversity of water samples in terms of anions and cations 

in water with increasing salinity at the end of the period is less than the variety of samples at the 

beginning of the period. According to the results of chemical experiments, evaporation, crystallization, 

and weathering of rocks are the factors that control the composition of groundwater in the study area. 

This study shows increasing the salinity of groundwater due to decreasing precipitation and high water 

use for agricultural application, also the type of geological formations, especially the presence of salt 

domes at groundwater inlets to the plain on the east side of the study area. 
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INTRODUCTION 

 

Due to drought, groundwater resources are depleted. Drought has devastating effects on 

agriculture, energy and industry, drinking water supply and freshwater ecosystem (Nasrabadi 

and Abbasi Maedeh, 2014; Stagge et al., 2015). Restriction of surface water resources and 

over-exploitation of aquifers as well as the entry of pollutants through agricultural, urban and 

industrial activities cause irreparable damage to groundwater (Asghari et al., 2010; Nasrabadi 

et al., 2018). 

In recent years, rapid population growth has led to an increase in consumption per capita in 

various sectors, including agriculture and industry, and a growing gap has emerged between 

water demand and water supply (Doell et al., 2014). Due to population growth and water 

pollution, access to safe drinking water in developing countries has become a global challenge 

(Reda et al., 2016). Due to the special climatic situation of Iran, and the shortage of rainfall 
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and its inappropriate temporal and spatial distribution, groundwater resources in Iran as a key 

source provides 65% of the country's water needs (Rahmati et al., 2016). 

Most groundwater sources of freshwater are located near natural saline groundwater, 

seawater and lakes or saline effluents, and if more than of aquifer recharge is harvested, saline 

water will intrude to freshwater (Suma et al., 2015). 

Various studies in the United States and parts of Europe, including Germany, the United 

Kingdom, Norway, Bulgaria, Slovenia, Austria, China and Oman have examined the impact 

of catchment characteristics and drought indicators on groundwater resources (Li et al., 2015; 

Van et al., 2015; Reda et al., 2016; Yu et al., 2017; Abulibdeh et al., 2021). In a study to 

evaluate the quality of groundwater in the Congra region of Himachal Pradesh, India, the 

results showed that most water quality variables are beyond the limits set by international and 

regional standards (Dev et al., 2019). The use of geochemistry in studying the relationship 

between different water sources, especially in coastal areas, has been done in many researches 

(Tillman et al., 2014; Gopinath et al., 2015; Gopinath et al., 2015; Annapoorna et al., 2015; 

Ayers et al., 2016). 

Water quality characteristics are one of the components that need to be considered in 

planning related to water resources management, as well as assessing the health of the 

watershed, and making managerial changes in it (Khadam et al., 2006). Gargij and Asghari 

Moghaddam studied the hydraulic relationship between Azarshahr plain and Urmia lake using 

inverse hydrochemical modeling and their results showed that the main reason for 

groundwater salinity in this area could be related to evaporation at the end of the plain 

(Docheshmeh et al., 2016). Fayazi et al. have studied the hydrochemical evolution and salinity 

of Maharlu lake, the results indicate changes in water type during the study period (Fayazi et 

al., 2007). 

Transgression and intrusion of saline seawater into groundwater of coastal aquifers occurs 

in the face of natural or man-made factors that are discussed in exploitation management (Shi 

et al., 2018). The general state of saline water is the predominance of chlorine and sodium, 

and the excess of chlorine over alkaline elements (Bear et al., 2010). 

In recent years, the use of GIS has been used to plan, design and solve problems. In a study 

in India, the vulnerability of groundwater in West Bengal was investigated using GIS and the 

results showed that fifty percent of the study area has a high vulnerability to industrial and 

urban pollutants (Shahid et al., 2000). Jamshidzadeh et al. (2011) examined the reasons for 

the decrease in groundwater level of Kashan. The results indicate that the accumulation of 

villages and water overharvesting for agricultural use causes a decrease in groundwater level. 

In Iran, various researchers have succeeded in using GIS techniques to assess the potential of 

groundwater (e.g. Zabihi et al., 2016). Janbaz et al. (2020) studied land subsidence due to 

changes in groundwater level in Qazvin province. The results showed that the average annual 

subsidence in the Qazvin aquifer was 39.9 mm from 2013 to 2017. 

Iran is an arid and semi-arid country where two thirds of its land is classified as desert land 

and with an average annual rainfall of about 250 mm per year, is one of the driest countries in 

the world (Moradi et al., 2016). 

In this study, Sarvestan plain located in the south of Fars province as one of the critical 

plains in Iran in terms of water resources is selected. It is necessary to conduct oriented 

studies of groundwater resources monitoring in this plain for quantitative and qualitative 

management of water resources. The main goals of this study are i) to evaluate the 

concentration of major anions and cations (salinity) in Sarvestan aquifer and ii) to determine 

the spatial-temporal variation of concentrations within the recent decade. 
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MATERIALS and METHODS 

 

Sarvestan plain with an estimated surface area of 1650 km
2
 forms the eastern part of Maharlu 

lake catchment. Sarvestan city is one of the cities of Fars province which is located on the 

northeastern side of this plain. This city is located in latitude 29 degrees and longitude 53 

degrees. Fig. 1 shows the location of the study area and sampling points. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Location of the study area and sampling points 

 

Sarvestan watershed does not have a permanent river and several waterways bring runoff from 

snow and rain to the plain. The required meteorological statistics are prepared from the statistics 

available in the study unit of Fars Regional Water Company and are analyzed as follows. 

Sarvestan study area has a special situation in terms of geology. Sarvestan's large fault in the east 

of the plain has caused major changes in the location of formations and also the outcrop of two 

salt domes in the northeast and southeast of the plain and the highlands of the eastern part of the 

plain. The Sarvestan study area is such that a part of Maharlu lake is also included.  

The alluvium of the plain forms an alluvial groundwater aquifer. The alluvium is coarse-

grained in the range of highlands and alluvial fans, and their grains are reduced to the center 

of the plain and are fine-grained at the edge of Maharlu lake. Groundwater resources of the 

study area include calcareous springs in the highlands around the basin and alluvial springs in 

the Sarvestan plain. 
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In order to study how the groundwater level of Sarvestan changes, 29 observation wells 

have been drilled in the plain area and the groundwater level in these wells is measured. In 

this study, in addition to sampling and sending water samples to the laboratory and 

determining the concentrations of main anions and cations in water, in order to investigate the 

trend of annual changes over a period of 8 years, the quality statistics in water resources of the 

regional water company database was used.  

Assessment of the plain water quality was done by collecting 30 samples including 23 

agricultural alluvial wells and 2 deep calcareous drinking water wells, as well as sampling 

from 3 springs and 2 lake samples. 

It is noteworthy that wells in this study are marked with W, springs with SO and water 

samples taken from the lake are marked with PO. Wells W1 and W2 have been drilled in hard 

calcareous formations for drinking purposes and the rest of the wells have been drilled in 

alluvial formations for agricultural purposes. 

To investigate the changes in water quality factors during the study period, statistics related 

to the concentration of all anions and cations in milliequivalents per liter (meq/l) and other 

quality factors such as electrical conductivity (EC), total dissolved solids (TDS) and pH was 

prepared and diagrams of changes in these parameters were drawn over a period of 8 years. 

Total concentration of anions and cations (in meq/l) was calculated and cross checked to be 

less than 5%. 

One of the most important tasks in groundwater researches is the analysis of chemical data in 

a way that can be visually examined. The use of graphs is a useful and fast solution to determine 

the origin and compare the chemical composition of groundwater (Hounslow et al., 2018). 

A set of diagrams, such as piper diagrams, are designed to determine the trend of chemical 

changes or mixing (Annapoorna et al., 2015). 

In this study, Excel, GIS and Aqqa software are used to analyze the spatial and temporal 

variations of interested parameters. 

 

RESULTS and DISCUSSION 

 

According to long-term statistics, the rainfall in the plain has decreased significantly over the 

years, which justifies the recent droughts. Fig. 2 shows the rainfall values in the study period. 

The average rainfall of Sarvestan plain during the statistical period is 226.5 mm, which is less 

than the long-term provincial average (295 mm) and long-term national average (250 mm). 

 

 
Fig. 2. Rainfall during the study period 

Fig. 3 shows that in October 2013 the water level was 1472.16 meter, which if compared by 
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the level of October 2020 (1468.25 meters), the decrease in groundwater level in the 8-year 

period is 3.91 meters, and the average annual loss in the last 8 years is calculated to be around 

49 cm. The depth of the groundwater level in the southern and northern parts of the plain is 

high, and decreases towards the center and west of the plain (adjacent to Maharlu lake). Due 

to the shallow depth of water, it is considered as an evaporation zone. 

 

 
Fig. 3. Annual average of groundwater level 

 

In order to investigate the changes in the electrical conductivity of water, among all water 

sources studied in this research, 14 wells were selected with suitable dispersion, and diagrams 

of changes in the electrical conductivity of water were drawn in the study area from 2013-

2020 which illustrated in Figs 4 and 5. 

 

 
Fig. 4. Changes in the electrical conductivity of water (617 ≤ EC ≤ 5590) 
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Fig. 5. Changes in the electrical conductivity of water (2748 ≤ EC ≤ 19399) 

 

According to diagrams, the most remarkable changes in EC values of groundwater were 

observed in well W28 located in the western part of the study area and adjacent to Maharlu 

lake. The main reason for these changes is the impact of water quality and quantity of this 

area from the lake water level, and the progress of the lake's saline water to the adjacent 

aquifer in different years. 

The highest amount of EC has been measured in well W17 (19399 µS/cm) at 2020. 

Sodium in water has increased as a result of increased sodium leaching from the soil and its 

addition to groundwater. 

By comparing the water type of groundwater sources whose water quality parameters were 

measured in 2013 and 2020, it was concluded that the water type of a large number of wells 

studied, including wells W6, W7, W12, W16, W17, W18, W19, W21 and W22 have been 

changed from different types of Ca-Cl and Mg-Cl to Na-Cl type. According to the electrical 

conductivity zoning maps of the plain, the value of electrical conductivity of water has 

increased in the entire study area. The highest values of electrical conductivity of water has 

increased from about 13,000 µs/cm in 2013 to about 20,000 µs/cm in year 2020. 

 

 
Fig. 6. Zoning map of electrical conductivity of water in 2013 
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Fig. 7. Zoning map of electrical conductivity of water in 2020 

 

In zoning maps of electrical conductivity of water, highest values of electrical conductivity 

of water can be seen in two areas, the first area on the eastern side of the plain and the second 

area on the western side. The increase in water salinity on the eastern side of the plain can be 

attributed to the density of exploitation wells for agricultural use and the increase in 

groundwater overharvesting and the location of this area downstream of the salt domes. The 

average decrease in groundwater level in wells in this area at the beginning and end of the 

research period is thirteen meters. Groundwater level has not significantly decreased in the 

marked area on the western side of the plain. The important influencing factors in increasing 

the salinity of water in this part of the study area included the replacement of groundwater 

harvested by agricultural wells in this area, the saline water intrusion from the lake to the 

aquifer and the existence of evaporative formations. 

Piper diagrams provide a convenient method to classify water types collected from 

different groundwater predominant facies, based on the ionic composition of different water 

samples (Piper et al., 1944). These diagrams are drawn and analyzed by Aqqa software 

(http://rockware.com, 2016). Using triangular diagrams, the cationic and anionic composition 

of a large number of samples can be shown on a single diagram, By comparing the diagrams 

drawn at different time intervals can be examined the trend of variation of water samples in 

terms of anions and cations can be evaluated. Piper diagrams for water resources in different 

years of research are shown in Fig. 8. 

 

http://rockware.com/
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Fig. 8. Piper diagrams of the study area in different years 

 

Considering the accumulation of samples in different parts of the diagrams, it is concluded 

that the diversity of water samples in 2013 in terms of distribution of cations and anions is 

more than that of samples in 2020. In 2020, with the increase of sodium, potassium and 

chloride ions affected by salinity sources (salt domes and salt water of the lake, etc.), the 

variety of samples in terms of distribution of cations and anions has decreased. In the analysis 

of diagrams for the origin of elements in groundwater, it is also worth mentioning that the 

location of majority of samples in the piper diagrams in comparison with the reference shapes 

are in the areas with shale, seawater and brine. 

Gibbs diagrams, which are based on the ratio of Na
+
 + K

+
/ (Na

+
 + Ca

2+
 + K

+
) to TDS, are 

among the most widely used diagrams in the field of understanding the functional sources of 

dissolved chemical constituents, such as precipitation-dominance rock-dominance and 

evaporation-dominance (Gibbs 1970). Based on Gibbs diagrams, the factors controlling water 

chemistry are introduced precipitation, rock weathering, evaporation, and crystallization. 

Accordingly, natural water-soluble substances are either due to the reaction of rock and water, 

or due to the entry from the atmosphere, or due to the evaporation of water in arid and semi-

arid regions (Xing et al., 2013). 

In this research, Gibbs diagrams in a period of 8 years have been drawn, and illustrated in 

Fig. 9. These diagrams show the ratio of Na
+
 + K

+
/ (Na

+
 + Ca

2+
 + K

+
) versus TDS. According 

to these diagrams, evaporation, crystallization, and weathering of rocks control the 

composition of groundwater in the study area in the Sarvestan plain. 

 



Pollution 2022, 8(1): 147-157 155 

 
Fig. 9. Gibbs diagrams of the study area in different years 

 

Comparison between graphs in different years of research shows that evaporative rocks 

control the composition of groundwater over time, and this indicates the effect of salt domes 

on the quality of groundwater in the Sarvestan plain. Since the weight values of Na
+
 + K

+
/ 

(Na
+
 + Ca

2+
 + K

+
) in a given TDS value vary in the range of low to high numbers, it can be 

concluded that cation exchange has taken place between sodium and calcium ions (Van et 

al.,2015). 

 

CONCLUSIONS 

 

Rainfall reduction and overharvesting of groundwater resources for agricultural use are 

important factors in the decline of groundwater level in Sarvestan plain in recent years, (total 

decrease in groundwater level up to 3.91 meters during the eight-year period of the study and 

average annual decline of around 49 cm). 

According to the electrical conductivity zoning maps of the study area, the amount of 

electrical conductivity of water has increased in the entire area; the values of electrical 

conductivity of water has increased from around 13,000 µs/cm in 2013 to about 20,000 µs/cm 

in year 2020. 

Chemical analysis of water samples shows that the groundwater type of most of the studied 

wells have changed at the beginning of the period (2013) from Ca-Cl and Mg-Cl to Na-Cl at 

the end of the period (2020). However, at the end of the period, only in a small area of the 

southern margin of the plain, the type of water is bicarbonate and sulfate, and in other parts of 

the study area, the predominant type of groundwater is chloride. 

Determination of chemical trends using piper diagrams drawn over a period of time shows 

that the diversity of water samples in terms of anions and cations in water with increasing 

salinity at the end of the period is less than the variety of samples at the beginning of the 

period. 

According to Gibbs diagrams, evaporation, crystallization and weathering of rocks are the 

factors that control groundwater composition in the study area. Over time, evaporative rocks 

in salt domes control groundwater composition at groundwater inlets on the northeast and 

southeast sides of the plain. 

Overall, the results show that in addition to reducing rainfall and high evaporation due to 

the arid climate of the region, the presence of salt domes in the groundwater inlets to the 
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plain, the salt water intrusion of Maharlu lake, high groundwater overharvesting and type of 

geology formations of the study area, as well as the release of sodium ions from the texture of 

clay layers at the outlet of the plain and dissolution in groundwater are the most important 

factors controlling the chemical quality of groundwater in the Sarvestan plain. 

 

GRANT SUPPORT DETAILS 
 

The present research did not receive any financial support. 

 

CONFLICT OF INTEREST  
 

The authors declare that there is not any conflict of interests regarding the publication of this 

manuscript. In addition, the ethical issues, including plagiarism, informed consent, 

misconduct, data fabrication and/ or falsification, double publication and/or submission, and 

redundancy has been completely observed by the authors. 

 

LIFE SCIENCE REPORTING  
 

No life science threat was practiced in this research. 
 

REFERENCES 
 

Abulibdeh, A., Al-Awadhi, T., Al Nasiri, N., Al-Buloshi, A. and Abdelghani, M. (2021). 

Spatiotemporal mapping of groundwater salinity in Al-Batinah, Oman. Groundwater for 

Sustainable Development, 12, https://doi.org/10.1016/j.gsd.2021.100551. 

Annapoorna, H. and Janardhana, M. R. (2015). Assessment of groundwater quality for drinking 

purpose in rural areas surrounding a defunct copper mine. Aquatic Procedia, 4, 685-692. 

Asghari, M. A., Fijani, E. and Nadiri, A. A. (2010). Groundwater vulnerability assessment using GIS-

based DRASTIC model in the Bazargan and Poldasht Plains.  

Ayers, J. C., Goodbred, S., George, G., Fry, D., Benneyworth, L., Hornberger, G. and Akter, F. 

(2016). Sources of salinity and arsenic in groundwater in southwest Bangladesh. Geochemical 

transactions, 17(1), 1-22. 

Bear, J. and Cheng, A. H. D. (2010). Modeling groundwater flow and contaminant transport (Vol. 23). 

Springer Science and Business Media. 

Dev, R. and Bali, M. (2019). Evaluation of groundwater quality and its suitability for drinking and 

agricultural use in district Kangra of Himachal Pradesh, India. Journal of the Saudi society of 

agricultural sciences, 18(4), 462-468. 

Docheshmeh Gorgij, A. and Asghari Moghaddam, A. (2016). Feasibility Study for Hydraulic 

Connection in Azarshahr Plain Coastal Aquifer and Urmia Lake, by Geochemical Ratios and 

Inverse Modeling. Journal of Environmental Studies, 42(1), 65-80. 

Doell, P., Mueller Schmied, H., Schuh, C., Portmann, F. T. and Eicker, A. (2014). Global‐ scale 

assessment of groundwater depletion and related groundwater abstractions: Combining 

hydrological modeling with information from well observations and GRACE satellites. Water 

Resources Research, 50(7), 5698-5720.  

Fayazi, F., Lak, R. and Nakhaei, M. (2007). Hydrogeochemistry and brine evolution of Maharlou 

Saline Lake, southwest of Iran. Carbonates and Evaporites, 22(1), 33-42. 

Gibbs, R. J. (1970). Mechanisms controlling world water chemistry. Science, 170(3962), 1088-1090. 

Gopinath, S. and Srinivasamoorthy, K. (2015). Application of Geophysical and hydrogeochemical 

tracers to investigate salinisation sources in Nagapatinam and Karaikal Coastal Aquifers, South 

India. Aquatic Procedia, 4, 65-71. 

Han, D., Kohfahl, C., Song, X., Xiao, G. and Yang, J. (2011). Geochemical and isotopic evidence for 



Pollution 2022, 8(1): 147-157 157 

palaeo-seawater intrusion into the south coast aquifer of Laizhou Bay, China. Applied 

Geochemistry, 26(5), 863-883. 

Hounslow, A. (2018). Water quality data: analysis and interpretation. CRC press 

Jamshidzadeh, Z., Mirbagheri, S. A. (2011). Evaluation of groundwater quantity and quality in the 

Kashan Basin, Central Iran. Desalination. 270(1-3); 23-30 

Janbaz Fotamy, M., Kholghi, M., Abdeh Kolahchi, A., Roostaei, M. (2020). Land Subsidence 

Assessment due to Groundwater Exploration by using Differential Radar Interferometry 

Technique, Case Study: Qazvin province. Iran-Water Resources Research. 16(3) 

Khadam, I. M. and Kaluarachchi, J. J. (2006). Water quality modeling under hydrologic variability 

and parameter uncertainty using erosion-scaled export coefficients. Journal of 

Hydrology, 330(1-2), 354-367. 

Li, B. and Rodell, M. (2015). Evaluation of a model-based groundwater drought indicator in the 

conterminous US. Journal of Hydrology, 526, 78-88. 

Moradi, S., Kalantari, N. and Charchi, A. (2016). Karstification Potential Mapping in Northeast of 

Khuzestan Province, Iran, using Fuzzy Logic and Analytical Hierarchy Process (AHP) 

techniques. 

Nasrabadi, T. and Abbasi Maedeh, P. (2014). Groundwater quality assessment in southern parts of 

Tehran plain, Iran. Environmental earth sciences, 71(5), 2077-2086. 

Nasrabadi, T., Ruegner, H., Schwientek, M., Bennett, J., Fazel Valipour, S. and Grathwohl, P. (2018). 

Bulk metal concentrations versus total suspended solids in rivers: Time-invariant & catchment-

specific relationships. PloS one, 13(1), e0191314. 

Piper, A. M. (1944). A graphic procedure in the geochemical interpretation of water‐ analyses. Eos, 

Transactions American Geophysical Union. 25(6); 914-928 

Rahmati, O., Pourghasemi, H. R. and Melesse, A. M. (2016). Application of GIS-based data driven 

random forest and maximum entropy models for groundwater potential mapping: a case study at 

Mehran Region, Iran. Catena, 137, 360-372. 

Reda, A. H. (2016). Physico-chemical analysis of drinking water quality of Arbaminch Town. J 

Environ Anal Toxicol, 6(2), 1-5. 

Shahid, S., Nath, S. and Roy, J. (2000). Groundwater potential modelling in a soft rock area using a 

GIS. International Journal of Remote Sensing, 21(9), 1919-1924. 

Shi, X., Wang, Y., Jiao, J. J., Zhong, J., Wen, H. and Dong, R. (2018). Assessing major factors 

affecting shallow groundwater geochemical evolution in a highly urbanized coastal area of 

Shenzhen City, China. Journal of Geochemical Exploration, 184, 17-27. 

Stagge, J. H., Kohn, I., Tallaksen, L. M. and Stahl, K. (2015). Modeling drought impact occurrence 

based on meteorological drought indices in Europe. Journal of Hydrology, 530, 37-50. 

Suma, C. S., Srinivasamoorthy, K., Saravanan, K., Faizalkhan, A., Prakash, R. and Gopinath, S. 

(2015). Geochemical modeling of groundwater in Chinnar River basin: a source identification 

perspective. Aquatic Procedia, 4, 986-992. 

Tillman, F. D., Oki, D. S., Johnson, A. G., Barber, L. B. and Beisner, K. R. (2014). Investigation of 

geochemical indicators to evaluate the connection between inland and coastal groundwater 

systems near Kaloko-Honokōhau National Historical Park, Hawai ‘i. Applied Geochemistry, 51, 

278-292. 

Van Loon, A. F. and Laaha, G. (2015). Hydrological drought severity explained by climate and 

catchment characteristics. Journal of hydrology, 526, 3-14. 

Xing, L., Guo, H. and Zhan, Y. (2013). Groundwater hydrochemical characteristics and processes 

along flow paths in the North China Plain. Journal of Asian Earth Sciences. 70; 250-264 

Yu, Y., Ma, M., Zheng, F., Liu, L., Zhao, N., Li, X., Yang, Y., G, J. (2017). Spatio-Temporal 

Variation and Controlling Factors of Water Quality in Yongding River Replenished by 

Reclaimed Water in Beijing, North China. Water. 9, 453; doi:10.3390/w9070453 

Zabihi, M., Pourghasemi, H. R., Pourtaghi, Z. S. and Behzadfar, M. (2016). GIS-based multivariate 

adaptive regression spline and random forest models for groundwater potential mapping in 

Iran. Environmental Earth Sciences, 75(8), 665.  

 


