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ABSTRACT 

The present study aimed to evaluate the quality of well water in Lavasanat region, Iran in order to 

achieve a comprehensive zoning map in a geographical information system (GIS) environment and 

improve the efficacy of water use during July-November 2016. To this end, samples were collected 

from the water wells in the villages of Kond Olya, Kond Sofla, Amin Abad, Anbaj, Zard Band, and 

Barg Jahan for chemical and physical analyses, including the measurement of hardness, acidity, 

electrical conductivity (EC), and turbidity, as well as the presence of anions (e.g., NO3 and HCO3) 

and cations (Ca and Mg). The obtained results indicated that the EC of the well water samples in 

Kond Olya and concentration of magnesium in the samples collected from Kond Olya and Anbaj 

were higher than the standard level of 1053 (1800 µs and 30 mg/l, respectively). Moreover, the 

turbidity of the samples collected from Kond Olya was slightly higher than the standard value during 

the humidity period. According to the results, the pH, total hardness, and concentrations of calcium 

and nitrate in all the studied water wells were below the standard level of 1053 during humid and dry 

periods. Therefore, it could be concluded that the water quality in Lavasanat (especially Kond Olya 

region) has been affected by human activities (e.g., release of household and agricultural sewage). It 

is strongly recommended that the water wells in Kond Olya village be purified in order to prevent the 

possible health damages in the residents of this area.  
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Introduction 

According to statistics, approximately one-

third of the world’s population use groundwater 

for drinking.1 However, lack of drinking water 

resources, along with the occurrence of droughts 

and destructive impacts of human activities on 

the surrounding environment, are considered to 

be severe environmental challenges regarding 

the use of freshwater resources within recent 

decades. In addition to the scarcity of freshwater 

resources, water is also exposed to 

contamination, causing water-related issues to 

become one of the most important limitations in 

the human life.2 The rapid growth of population  
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and urbanization, industrialization, and 

exploitation of land cover have led to numerous 

hazardous environmental consequences, and 

water pollution is one of the most momentous 

consequences of these activities.3 Several 

studies have been focused on the detailed 

description of the potential adverse health 

effects associated with the poor quality of 

water.4 However, the investigation of the 

sources of pollutants and providing practical 

solutions to reduce the concentrations of various 

pollutants is not feasible unless possible changes 

and deviations from the standard (INSO, 1053) 

are properly recognized. Such measures are 

known to be extremely costly and time-

consuming.  

The geographical information system 

(GIS) is a practical tool for water quality 

mapping, which is also essential to the 
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evaluation and identification of environmental 

changes.5 Due to the qualitative and quantitative 

constraints of water supplies that have resulted 

from frequent droughts in recent years, it is of 

utmost importance to develop comprehensive 

quality maps in a GIS environment for the 

efficient use and management of water 

resources. Furthermore, such measures help 

environmental managers to decide on effective 

development by considering the quantitative 

and qualitative aspects of drinking water 

supplies in accordance with environmental 

principles.6 Use of the GIS has greatly 

facilitated the assessment of natural resources 

and environmental concerns, including 

groundwater sources.  

Pollutants may leak from landfill sites and 

poorly-constructed sewage systems. 

Groundwater could be polluted by drainage 

from farmlands and industrial areas.7 Moreover, 

the residents of an area play a key role in the 

contamination of groundwater resources by 

releasing various chemicals into the sewage or 

ground surface waters.8 On its path from the soil 

surface to aquifers, water seepage may contain 

various minerals and organic materials 

depending on the type of soil and concentration 

of contaminants. In addition, it is likely that 

contaminants such as oil pollutants reach ground 

water sources and contaminate the water 

through the ground surface or sewage well 

pollution.   

Given   the  importance  of  water,  this  

issue has long concerned researchers.9, 10          

For instance, Nas et al. conducted a GIS-based 

study to investigate the nitrate pollution                 

of groundwater in Kenya city (Turkey), 

reporting that the nitrate concentrations in the 

city center was growing steadily. Furthermore, 

the findings of the mentioned research indicated 

that the mean nitrate concentrations were 2.2 

mg/l in 1998 and 16.1 mg/l in 2001.11 In another 

study in this regard, Ramesh and Elango 

assessed the groundwater quality and its 

suitability for irrigation purposes in India in 

terms of salinity, sodium adsorption, and 

carbonate. According to the obtained results, 

most of the groundwater samples were not 

appropriate for drinking and agricultural 

purposes.12 On the other hand, Abbasnia et al. 

evaluated the groundwater quality in the south 

of Iran based on the GIS, concluding that the 

water in the studied area was suitable for 

agricultural applications.10 

The   present   study  aimed  to  evaluate  

the  water  quality  of  the wells in the villages 

of Lavasanat region, Iran considering the 

physical and chemical parameters in a GIS 

environment in order to provide a omprehensive 

zoning map for improving the efficiency of 

water supply use.  

Materials and Methods 

Site description 

This study was conducted in Lavasanat 

region,   located   in  Tehran  province,  Iran.  

The coordinates of the region were 35 5' N, 51 

4' E, with the elevation of 1,700-1,850                  

meters above the sea level. The average               

annual  precipitation  in  this  region  is         

within   the   range  of 380-450  millimeters,  

with   the   annual   temperature  estimated  to  

be  above  14 °C.  The  geological  formations  

in the region consist of shale, dolomitic 

sandstone, and limestone from the first 

Cambrian period to the Quaternary alluvial 

deposits. In total, there are 1,557 water wells in 

Lavasanat, 1,387 of which are categorized as 

semi-deep wells, and 170 are considered to be 

deep wells.13 The average depth of the semi-

deep and deep wells in this area is 27.86 and 

69.14 meters, respectively.  

Water wells 

In the present study, the selected water 

wells were in the villages of Kond Olya, Kond 

Sofla, Amin Abad, Anbaj, Zard Band, and Barg 

Jahan, all of which are the main sources of 

drinking water for the surrounding villages. 

Therefore, the health of the residents is largely 

influenced by the quality of the well water. 

Moreover, these wells are equipped with 

sanitary protection, which prevents sewage from 

directly entering the wells at high 

concentrations. Therefore, the quality of the 

water in these wells could represent the quality 

of the groundwater sources in Lavasanat region 

(Fig. 1). 
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  Fig. 1. Location of wells in studied area 

Experimental procedures 

 Sampling was performed in dry and humid 

periods during July-November 2016. The map 

layer of the study site was prepared based on the 

influential factors in the quality of well water, 

such as topography, political boundaries, and 

roads. Afterwards, the geographical position of 

each well was determined using GPS and 

mapped in a GIS environment. For the 

physicochemical analysis of the well water, 30 

samples were collected from each well (total: 

180), which was the minimum number of the 

samples for the assessment of water quality.14 

The measurements were performed in a 

laboratory in order to examine the 

physicochemical properties of water, including 

hardness, pH, electrical conductivity (EC), and 

turbidity, as well as the presence of anions (e.g., 

NO3 and HCO3) and cations (e.g., Ca and Mg). 

The results of the measurements were added to 

the map of the studied area as descriptive data. 

The analyses and measurements performed on 

the samples were based on the Standard 

Methods for the Examination of Water and 

Wastewater (1998).15  

 At the next stage, the Kriging interpolation 

function was applied to perform the qualitative 

modeling of the water wells in the selected 

regions.16 Kriging is an advanced geostatistical 

procedure, which incorporates spatial 

autocorrelation into continuous variables for the 

interpolating of the values obtained at the 

locations where they have not been measured. 

This technique has been extensively used in the 

studies regarding water resources.17 

Data analysis was performed in SPSS 

version 20 and Excel software version 2013 

using descriptive statistics (mean, maximum, 

and minimum). In addition, one-sample t-test 

was applied to estimate the mean of a single 

group against a known standard value for each 

parameter. 

Results and Discussion 

Electrical conductivity (EC) 

According to the obtained results, the 

highest EC value was observed in the water 

wells in Kond Olya region, where the values 

were mostly higher than the standard 1053. 

However, the water wells in the other areas had 

lower EC than the standard. Furthermore, the 

EC values were slightly higher in the dry period 

compared to the humid period (Figs. 2 & 3). 

According to the results of one-sample t-test, the 

EC in Kond Olya region during both periods 

was significantly higher than the standard value 

(P<0.05), while 0.3% of the area had higher EC 

than the standard value (Fig. 3).  

  
Fig. 2. EC values in various studied water wells 

 
Fig. 3. EC values in various studied water wells 
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Measurement of pH 

According to the obtained results, the pH of 

the water in all the studied water wells was 

lower than the maximum range of the standard 

1053. Although the values were generally 

similar in the dry and humid periods, the values 

obtained in Barg Jahan, Zard Band, and Amin 

Abad regions were observed to be lower in the 

humid period compared to the dry period. 

However, the pH values were lower in the dry 

period compared to the humid period in the 

regions of Anbaj, Kond Olya, and Kond Sofla 

(Figs. 4 & 5). 

Fig. 4. Results of pH measurement in studied water wells 

Fig. 5. Results of pH measurement in studied water wells 

Total hardness 
The total hardness values were observed to 

be below the standard 1053 during the humid 

and dry periods in the studied regions (Figs. 6 & 

7). With the exception of the water wells in Zard 

Band region, the studied water wells had higher 

hardness during the dry period compared to  the  

humid  period.  In  addition,  the  highest  value

of total hardness was observed in Kond Olya 

region, while the water wells in Kond Sofla and 

Barg Jahan regions had the lowest values of total 

hardness.  

Fig. 6. Total hardness of studied water wells 

Fig. 7. Total hardness of studied water wells 

Turbidity 

According to the findings of the current 

research, the turbidity of the water wells in the 

regions of Kond Sofla, Amin Abad, Zard Band, 

Barg Jahan (both humid and dry periods), 

Anbaj, and Kond Olya (dry period) were 

significantly below the standard 1053. 

However, during the humid period, the turbidity 

value was observed to be significantly higher in 

Kond Olya and Anbaj regions compared to the 

other water wells. On the other hand, the 

turbidity of the water wells in Kond Olya region 

was slightly higher than the standard value 

during the humid period (Figs. 8 & 9).  

The results of one-sample t-test indicated 

that the turbidity of the well water in Kond Olya 

region was significantly higher than the standard 
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value during the humid period (P<0.05). 

Furthermore, the obtained results demonstrated 

that 0.38% of the area had higher turbidity than 

the standard value (Fig. 9). 

Fig. 8. Turbidity values of studied water wells 

Fig. 9. Turbidity values of studied water wells 

According to the results of the present 

study, soil cohesion increased due to the 

presence of soil layers with high clay content in 

Kond Olya and Anbaj regions, as well as the 

propagation of groundwater to these layers 

during the humid period. Soil cohesion is 

closely correlated with the clay content of soil.18,

19 However, due to the declined water level in 

summer, soil cohesion may also decrease, 

causing the soil particles to drop into water 

wells, thereby increasing their turbidity. It is 

also notable that the proximity of water wells to 

seasonal rivers could increase their turbidity.20 

The adjacency of the water wells in Anbaj and 

Kond Olya regions to seasonal flooding was 

observed to increase the possibility of the entry 

of muddy waters into the wells, which in turn 

increase turbidity, which has also been reported 

in the current literature.21 Several studies have 

demonstrated a close correlation between 

suspended sediment concentration and water 

turbidity.22 However, in the regions of Zard 

Band, Amin Abad, and Barg Jahan, the presence 

of sand layers between the wells and rivers acted 

as a natural refining system, thereby preventing 

the flow of muddy water into the wells.23  

Cations 

Magnesium (Mg) 

According to the results of the present 

study (Figs. 10 & 11), the concentration of 

magnesium in the water wells of Kond Olya and 

Anbaj regions was higher than the standard 

limit. On the other hand, the minimum values of 

magnesium concentration were observed in 

Kond Sofla region during the humid period and 

Zard Band region during the entire period. In 

general, the magnesium concentration in the 

water wells in Kond Olya, Amin Abad, and 

Zardband regions was higher during the humid 

period, while higher concentrations of this 

cation were observed in the regions of Kond 

Sofla, Anbaj, and Barg Jahan during the dry 

period. According to the statistical analysis, the 

concentration of magnesium was significantly 

higher in the water wells in Kond Olya region 

during the humid period and Anbaj region in 

both periods compared to the standard limit 

(P<0.05). In this regard, the findings indicated 

that 1.2% of the area had magnesium 

concentrations of higher than the standard level 

(Fig. 11). 

Fig. 10. Magnesium concentration in various water wells 

0

1

2

3

4

5

6

N
T

U

Wet period Dry period

0

10

20

30

40

50

m
g

/L

Wet period Dry period



183 

 
MUK-JAEHR 

Amini et al. 

 Fig. 11. Magnesium concentration in various water wells 

Calcium (Ca) 

As is depicted in Figs. 12 and 13, the 

concentration of calcium was below the 

standard range in all the studied water wells. 

Furthermore, the obtained results indicated that 

calcium concentration was generally lower 

during the humid period compared to the dry 

period, with the exception of the water wells in 

Zard Band region, which showed higher values 

during the humid period. In addition, the 

maximum and minimum calcium concentration 

values were detected in Kond Olya region 

during the dry period and Barg Jahan region 

during the humid period. 

 Fig. 12. Calcium concentration in various water wells 

According to the findings of the current 

research, the increased calcium concentration in 

Kond Olya village due to the geological 

formation of Kond in conjunction with gypsum-

marl compounds (CaCO3) led to the increased 

concentration of Ca2+, as well as the EC and 

hardness  of the groundwater. Therefore, it 

could  be  concluded  that  there  was a 

significant correlation between EC and 

the rising trend of Ca2+ in the  water wells  of 

this village, which is in line with the results of 

the previous studies in this regard.24, 25 For 

instance, Rao reported a direct correlation 

between EC and Ca2+.24 As mentioned earlier, 

this finding could be due to the geological 

characteristics of the area. Similar to the dry 

period, calcium had a rising trend in the water 

wells of Kond Olya region during the humid 

period, and the causes of this increment are 

similar in both the dry and humid periods. Our 

findings also demonstrated that the same trend 

could be observed with total dissolved solids, 

EC, and total hardness. 

 Fig. 13. Calcium concentration in various water wells 

Anions  

Nitrate (NO3) 

In the current research, the concentration of 

NO3 was measured in all the water wells and 

observed to be significantly lower than the 

standard 1053. This finding is of paramount 

importance considering that NO3 is a marked 

parameter in the assessment of water quality. As 

is shown in Figs. 15 and 16, the water wells in 
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Anbaj (humid and dry periods) had the 

minimum and maximum NO3 concentration, 

respectively. 
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 Fig. 14. Nitrate concentration in various water wells 

 Fig. 15. Nitrate concentration in various water wells 

Since the water wells in Anbaj village are 

located at the lower side of the village, surface 

water and household wastewater easily flow into 

the aquifers. This highlights the effects of 

human activities on the increased concentration 

of NO3 in the water wells of Anbaj region. In a 

similar research, Bouchard et al. reported that 

human activities could increase the 

concentration of nitrate in groundwater, and 

similar results have also been reported by other 

researchers.26 Increased NO3 concentration 

could also be attributed to the agricultural 

activities within and in the vicinity of the 

village, which release large amounts of nitrate 

through agricultural runoff into the surface and 

subsurface water flow. In Poland, Lawniczak      

et al.  observed  high  nitrate  concentrations  in 

groundwater in agricultural catchments.27

Bicarbonate (HCO3) 

According to the findings of the current 

research, the concentration of HCO3 in the 

studied water wells was mostly similar during 

the humid and dry periods (Figs. 16 & 17). 

However, the difference between the dry and 

humid periods in this regard was relatively 

significant  in  the  water wells of Anbaj and 

Zard  Band regions. Moreover, the water wells 

in Anbaj and Barg Jahan regions had the 

maximum and minimum concentration of 

HCO3, respectively.  

 Fig. 16. Bicarbonate concentration in studied water wells 

Fig. 17. Bicarbonate concentration in studied water wells 

In Anbaj village, green rocks (green tuff) 

are ubiquitous, and their exposure to weathering 

leads to the release of large amounts of 

0

10

20

30

40

50

m
g

/L

Wet period Dry period

0

100

200

300

400

500

m
g
/L

Wet period Dry period



185 

 
MUK-JAEHR 

Amini et al. 

bicarbonate.28 Therefore, there is a high 

possibility for the entry of bicarbonate into the 

water resources throughout the area, and the 

carbonization of water resources is associated 

with the increased pH of water.29

Conclusion 

According to the results, changes in the 

quality of drinking water are mostly associated 

with human activities, which mainly include the 

release of household sewage and agriculture. 

For instance, the water wells in Anbaj region are 

typically located within or in the vicinity of 

residential areas and could be directly affected 

by such activities. Therefore, the direct and 

indirect effects of human activities variably 

affect the quality of drinking water, especially in 

terms of nitrate concentration, which was 

relatively lower in the mentioned area compared 

to the water wells in the other villages. 
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