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Introduction:  In recent years, urban development, population growth, and increasing human activities created 

many problems in the aquatic resources in urban areas. Awareness of the quality of water has great importance 

due to the increasing need for drinking water in the metropolitan cities. In this study water quality variables 

were examined to determine the quality of grounwater and the risk of toxic and conventional pollutants in terms 

of human consumption. 

Material and methods: For this purpose, a number of nine wells were selected to investigate the groundwater 

quality in ward 10 of the municipality of Tehran in the years 2014 and 2016, in the summer and winter. The 

physical variables including temperature, color, turbidity, and salinity and chemical variables including 

dissolved oxygen (DO), pH, electrical conductivity (EC), total suspended solids (TSS), total dissolved solids 

(TDS), nitrite (NO2
-), nitrate (NO3

-), ammonium (NH4+), total phosphorus (TP), total nitrogen (TN), sodium 

(Na), calcium (Ca), magnesium (Mg), copper (Cu), iron (Fe), lead (Pb), cobalt (Co), zinc (Zn), and detergent 

as well as microbial variables were measured. 

Results and discussion: The results showed that due to the presence of coliform bacteria and high levels of 

NO3
-, the groundwater was polluted by human or animal wastewaters, but there was no serious problem, and 

it was possible to improve the water quality by processes such as chlorine disinfection. Among the physical 

variables, only the turbidity was almost twice the standard level in some wells. The Analyses of heavy metals 
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showed that the concentrations of Pb, Zn, Fe, and Cu in the groundwater were extremely high, being several 

times higher than the reported standard level. Changes in TP were very high and reported up to 0.21 mg. 

Although total coliform and fecal coliform were low, they violated the EPA standard for drinking water. The 

presence of these two variables in the groundwater is an indication of the penetration of human or animal 

wastes into the groundwater and, if used, it will cause harmful effects on the health of at-risk people. The total 

hardness also did not have many fluctuations with a maximum value of 390 mg, which seems fairly favorable, 

since a concentration of 300 mg is optimal for this variable, and 600 mg is the maximum total hardness of 

drinking water. The interpolation maps of the groundwater quality index indicated that in the summer of 2014, 

most of the districts were considered to be in bad and medium conditions, but in the winter of the same year, 

the conditions changed to medium and relatively good. The water quality index for toxic pollutants in the 

mentioned seasons and years was in good and very good levels, indicating the groundwater was not polluted 

by the toxic variables used to determine the index. 

Conclusion: The reported data for physiochemical and microbial variables showed that the groundwater in the 

study area had not serious problems, and only the water turbidity exceeded the standard level. Using chlorine 

disinfection processes to eliminate coliform bacteria and treatments to reduce water turbidity seem to improve 

water quality. The calculated groundwater indices for the district water indicated that most of the ward, in terms 

of conventional pollutants, was in the bad-to-medium category in 2014, while in 2016, the quality category 

changed to medium to fairly good.  

Keywords: Groundwater, 10th Region of Tehran, Water Pollution, Water Quality Index 

Introduction 

In recent years, urban development, 

population growth, and increasing human 

activities have created problems in the aquatic 

environment in urban regions (Shah et al., 2008; 

Sekabira et al., 2010). Currently, many countries 

in the world encounter with water scarcity and its 

pollutions, as the United Nations Environment 

Program has introduced the problem of water 

scarcity and global warming as the major problem 

of the recent millennium. According to the United 

Nations report at the Mexico World Summit in 

2006, more than 2.1 billion people in the world 

were deprived of access to drinking water, which 

was expected to reach 2.8 billion by 2025 and 4 

billion by 2050.��Groundwater sources contain 

more than 90% of the drinking water of the entire 

world and are considered as one of the world's 

largest storage of water due to their lower 

pollution potential and high storage capacity. 

However, these sources have encountered various 

challenges such as natural and non-natural 

pollutants over the past years. The water quality 

of these sources, which is determined based on 

the type of its ingredients, has particular 

importance in determining its suitability for uses 

such as green space and, in particular, urban 

drinking water. It should be noted that the quality 

of groundwater depends on factors such as the 

origin and the chemical reactions between water 

and the environment in which water flows. 

Furthermore, the issue of the entry of industrial, 

urban and agricultural wastewater into the 

underground water will affect the quality of the 

water in many ways (Arabi, 1999). 
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Material and methods 

The studied district��
Ward 10 is one of the central wards of the 

municipality of Tehran metropolis, divided into 

three sub-wards and 10 neighborhoods, which is 

the second smallest ward after district 17 among 

the 22 wards of Tehran. The water sources of 

ward 10 are different on the basis of the type of 

consumption. The district is entirely covered by 

the water supply network of drinking water. The 

share of surface water (water derived from 

dams) in this district is lower than groundwater 

sources (wells) in drinking water supply 

networks. Similar to other districts of Tehran, 

the most important source of raw and non-

drinkable water supply is groundwater sources 

and extracted water by electric pumps from the 

wells. Major accessible water sources consist of 

deep wells, which are used in urban services 

such as municipal housekeeping e.g. washing 

the passageways and curbs, irrigation of green 

spaces, firefighting, and washing big rubbish 

bins. Fig. 1 shows the studied area and sampling 

points in Tehran city. 

Sampling and the studied variables  

The studied physical variables included 

water’s temperature, DO, color, turbidity, and 

salinity. Chemical variables i.e. pH, EC, TSS, 

TDS, NO2
-, NO3

-, NH4
+, TP, TN, Na, Ca, Mg, 

Cu, Fe, Pb, Co, Zn, detergent and microbial 

variables such as gastrointestinal coliform and 

total coliform were also measured.��

Sampling was carried out in both summer 

and winter of 2014 and 2016 from nine wells, 

supplying the water of green space and other 

activities related to urban services to assess the 

quality of groundwater in the district in terms of 

drinking standards. According to the shape of 

the district, selection of stations was done from 

north to south and east to west to determine the 

trend in the quality of groundwater based on the 

geographical location. It is worth noting that 

sampling was carried out under weather 

conditions without rainfall. In addition, 

sampling was done after three hours of pumping, 

and the microbial samples were immediately 

sent to the laboratory. Polyethylene containers 

(according to the type of parameter) were used 

to sample the physical and chemical parameters. 

It should be noted that the proposed guidance by 

the American Public Health Association 

(AHPA, 1999) was used for sampling and 

analyzing the samples. 

��

 

Fig. 1- Study area in Tehran city��
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Statistical analyses 
The mean, median, and��range of variables 

were determined. Furthermore, the Spearman 

nonparametric correlation method was used to 

obtain the correlation between variables. 

Moreover, R software was used for statistical 

analysis (R Development Core Team, 2011). 

Iran water quality index for groundwater 

(IRWQI) 

In this study, Iran groundwater quality 

index was used to examine the groundwater 

quality of the studied district. To calculate this 

index, the weight of each parameter was first 

obtained, and then the water quality index was 

estimated using the following formula ��1). 

��

𝛾𝛾 = ∑ 𝑊𝑊𝑖𝑖
𝑛𝑛
𝑖𝑖=1                     (1) 

Where�� 

Wi = weight of the ith parameter 

n = number of parameters 

Ii is the index value for ith parameter 

obtained from the rating curve 

Results and discussion 

Examining the results of measured 

variables 

In this study, the results of 

physicochemical experiments were examined in 

nine sampling stations in district 10 of Tehran. 

Tables 1 to 3 show the results of the statistical 

analyses. As the results show, the range of 

difference in DO in 2014 was higher than that in 

2016; the pH of the water was neutral (slightly 

toward base) and had no significant differences 

between two years, and was within the EPA 

standard for drinking water. The differences in 

EC were higher in 2014. The water temperature 

was almost uniform in 2014 and 2016. The 

concentration of suspended solids and turbidity 

level was high, and the water in this ward had 

turbidity twice as much as the standard level at 

some stations. The amount of dissolved solids 

was slightly high, and the mean of this variable 

was higher than the EPA standard. The range of 

changes in NO2
- was slightly higher and reported 

to be 0.9 mg in 2014, but it was in a desirable 

limit in 2016, and the level of this variable was 

always below the standard level of the EPA. 

Low stability was among the reasons for the low 

concentration of NO2
- in the water that is rapidly 

converted to NO3-. Changes in water’s NO3
- 

were high and reported up to 23 mg in 2014. The 

high level of this variable in the groundwater of 

the ward 10 was probably due to the high 

solubility of NO3
- in water and lack of sediment, 

which reached the groundwater from the surface 

along with the flows (Keyhomayoun et al., 

2011). Although the concentration of this 

parameter in the groundwater was high, it did 

not exceed the EPA standards. The 

concentration of NH4+ was also high. The total 

nitrogen had a high concentration, indicating 

high levels of organic nitrogen in groundwater 

in the study area. Changes in TP were very high 

and reported up to 0.21 mg. Although the 

amount of total coliform and fecal coliform were 

low, they violated the EPA standard for drinking 

water. The presence of these two variables in the 

groundwater indicated entrance of human or 

animal waste into the groundwater which, if 

used, will cause harm for at-risk people. The 

total hardness also did not show many 

differences. The maximum value of this variable 

was reported 390 mg, which seems fairly 

favorable in terms of hardness since 300 mg of 
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this variable is optimal and 600 mg is the 

maximum total hardness allowed for drinking 

water (Priscilla, 2008). The optimal amount of 

calcium and magnesium for drinking water is 75 

and 30 mg, respectively (Priscilla, 2008). 

Considering the measured data, the level of these 

two parameters in the groundwater of the district 

is higher than the optimal level for drinking 

water. The optimum concentration of Na in 

drinking water has been stated up to 50 mg/l, 

which according to the reported data, the 

concentration of this variable in the water of the 

district is approximately twice as much as its 

optimal concentration.��Shirani et al. (2013) and 

Imanzadeh et al. (2010) reported that the level 

of Na in the groundwater of district 14 of Tehran 

and Kabodar Ahang, respectively, was desirable 

by examining the groundwater quality.��The 

concentration level of Co, Zn, Pb, Fe, and Cu 

was very high and was reported up to several 

times higher than the standard level. The 

concentration of Fe was about 300 times more 

than the standard level of WHO. Although both 

EPA and Iran’s standard does not have any 

limitation for Co in drinking water, the 

concentration of this compound, especially in 

2014, was high. Some institutions have 

introduced Co as a carcinogen and the standard 

level of FAO for Co in irrigation water is 0.05 

mg/l. Nejatijahromi et al. (2018) have reported 

that the groundwater of Varamin was polluted 

by Co because of irrigation with wastewater. 

Due to the high concentrations of these variables 

in drinking water of the district, there will be 

harmful effects on the health of citizens such as 

brain damage, reducing learning power, effects 

on kidney and liver, and high blood pressure. 

Shirani et al. (2013) reported the concentration 

of Pb in groundwater of district 14 of Tehran 

much less than the concentrations obtained in 

this study. Moreover, Mohammadian et al. 

(2008) reported a high concentration of Pb in the 

groundwater around Zanjan Lead and Zinc 

Factory which exceeds the standard level. The 

amount of detergent was reported only in 2014. 

Tables 2 and 3 show the correlation between the 

studied variables in 2014 and 2016. The 

obtained results indicate that the amount of 

oxygen dissolved in water was affected by the 

temperature level and soluble solids. There was 

a direct and significant relationship between the 

EC and most of the water-soluble ions (Shirani 

et al., 2014), especially NO3-, which had a high 

concentration in the groundwater of the district. 

Nasrabadi et al. (2013) also reported that NO3
- 

has polluted the groundwater due to human 

activities. Turbidity showed a direct and 

significant relationship with microbial variables. 

Yisa et al. (2012) reported a direct and significant 

relationship between the amount of turbidity and 

total coliform in Nigeria by analyzing the 

underground water quality variables. TP 

represented a significant and direct relationship 

with detergents due to the presence of phosphorus 

compounds in the structure of the detergents 

entered into the underground water of the district. 

The microbial variables were significantly and 

positively related to the amount of Fe and 

detergents; however, in 2016, this relationship 

was not significant. In this regard, Pb with Ca and 

Cu with Na showed an inverse relationship, and 

Cd showed a direct relationship with Na and Mg. 
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Table 1. Descriptive statistics 

Parameters 
2014  2016��

EPA St 
Levels for 
drinking 

water 

Iran St 
Levels for 
drinking 

water 

Mean Median Min  Max  Mean Median Min  Max 

DO (mg/l) 7 7 6.1 8.38  7.11 6.9 6.5 7.9 - - 

pH 7.52 7.48 7.12 7.96  7.45 7.41 7.11 7.87 6.5-8.5b 6.5-8.5 

EC (µS/cm) 1016.72 978.5 687 1343  720.11 662.5 498 993 - - 

Temp (C) 21.76 21.55 19.1 25.9  21.64 21.85 18.9 23.4 - - 

TSS (mg/l) 1.72 0 0 15  0.89 0 0 6 - - 

TDS (mg/l) 696.78 659.5 443 956  693.06 656.5 498 899�� 500b 1500 

Turb (NTU) 3.87 3.67 0.75 10  3.76 3.49 0.68 10 - 5 

NO2
- (mg/l) 0.02 0.02 0 0.09  0.01 0 0 0.02 3a 3 

NO3
- (mg/l) 11.43 9.65 5.12 23.9  9.69 9.65 6 16.74 44a 50 

TN (mg/l N) 27.16 24.8 9.25 73.8  20.75 18.11 9.1 48.5 - - 

NH4
+ (mg/l) 0.15 0.16 0.01 0.35  0.14 0.16 0.02 0.3 - - 

TP (mg/l P) 0.11 0 0 0.78  0.05 0 0 0.21 - - 

FC (MPN/100cc) 2.78 0 0 15  1.07 0 0 8 0a - 

TC (MPN/100cc) 6.17 0�� 0 36  2.17 0 0 10 0a - 

TH (mg/l) 280.5 287.5 15 390  257 246 180 390 - 500 

Zn (mg/l) 9.63 8.5 4.99 17.26  9.38 8.81 5.01 15.25 5b 3 

Pb (mg/l) 6.32 5.69 1.01 15.64  5.1 4.84 1.24 12.21 0.015a 0.01 

Fe (mg/l) 45.59 25.9 2.5 115.5  44.98 31.5 4.9 108 0.3b 0.3 

Cu (mg/l) 8.41 8.04 4.3 14.23  1.82 1.8 0.98 3.6 1a 2 

Co (mg/l) 0.89 0.54 0 4.27  0.42 0.26 0 1.98 - - 

Na (mg/l) 101 100.5 26 150  118.22 110 49 175 - 200 

Mg (mg/l) 14.82 12.75 6.7 25.6  17.57 17.7 6.8 28.5 - 30 

Ca (mg/l) 95.11 95.5 76 112  91.22 90.5 79 105 �� 300 

Deter (mg/l) 0 0 0 0.02  0 0 0 0 - - 

aPrimary standard�� 
bSecondry standard��
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Table 2. Correlation between studied variables in 2014 
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Table 3. Correlation between studied variables in 2016 
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DO (mg/l) 1                                              

pH 

-0.10 ns 

1                                            

EC 
(µS/cm) 

-0.14 ns 

0.34  ns 

1                                          

Temp (C) 

-0.60 ** 

0.08  ns 

0.39  ns 

1                                        

TSS (mg/l) 

-0.13 ns 

-0.16  ns 

0.09  ns 

-0.079  ns 

1                                      

TDS (mg/l) 

-0.56 * 

0.43  ns 

0.78 ** 

0.69 ** 

0.136  ns 

1                                    

Turb 
(NTU) 

0.13 ns 

0.23  ns 

0.48 * 

0.036  ns 

-0.04  ns 

0.296  ns 

1                                  

NO2
- (mg/l) 

-0.32 ns 

-0.004  ns 

0.4  ns 

0.517  ns 

0.024  ns 

0.306  ns 

0.04  ns 

 1                               

NO3
- (mg/l) 

-0.40 ns 

0.31  ns 

0.47 ** 

0.69 ** 

-0.154  ns 

0.496 * 

-0.12  ns 

 

0.73 ** 

1                             

TN (mg/l 
N) 

0.69 ** 

0.08  ns 

0.40  ns 

-0.456  ns 

0.056  ns 

-0.089  ns 

0.37  ns 

 

-0.11  ns 

-0.188  ns 

1                           

NH4
+ 

(mg/l) 

-0.44 ns 

-0.07  ns 

0.57 * 

0.608 ** 

0.17  ns 

0.663 ** 

0.26  ns 

 

0.55 * 

0.333  ns 

-0.103  ns 

1                         

TP (mg/l P) 

0.07 ns 

-0.34  ns 

-0.47  ns 

0.088  ns 

-0.17  ns 

-0.43  ns 

-0.17  ns 

 

0.14  ns 

0.103  ns 

-0.327 ns 

-0.004  ns 

1                       

FC 
(MPN/100c

c) 

-0.21 ns 

-0.10  ns 

0.26  ns 

0.321  ns 

-0.187  ns 

0.234  ns 

0.59 ** 

 

0.05  ns 

0.014  ns 

-0.135  ns 

0.151  ns 

0.135  ns 

1                     

TC 
(MPN/100c

c) 
-0.24 ns 

-0.14  ns 

0.13  ns 

0.347  ns 

-0.235  ns 

0.122  ns 

0.51 * 

 

0.09  ns 

-0.018  ns 

-0.25  ns 

0.157  ns 

0.26  ns 

0.94 ** 

1                   

TH (mg/l) 

0.05  ns 

-0.11  ns 

0.67 ** 

0.14  ns 

-0.05  ns 

0.34  ns 

0.18  ns 

 

0.15  ns 

0.02  ns 

0.38  ns 

0.44  ns 

-0.18  ns 

0.27  ns 

0.24  ns 

1                 

Zn (mg/l) 

-0.11  ns 

-0.19  ns 

-0.02  ns 

-0.07  ns 

0.007  ns 

0.07  ns 

-0.15  ns 

 

-0.17  ns 

-0.28  ns 

-0.19  ns 

0.09  ns 

-0.20  ns 

-0.23  ns 

-0.24  ns 

0.06  ns 

1               

Pb (mg/l) 

-0.25  ns 

-0.20  ns 

0.19  ns 

0.14  ns 

0.44  ns 

0.31  ns 

-0.27  ns 

 

0.12  ns 

0.11  ns 

-0.02  ns 

0.24  ns 

-0.33  ns 

-0.08  ns 

-0.22  ns 

0.17  ns 

0.34  ns 

1             

Fe (mg/l) 

-0.22  ns 

0.07  ns 

-0.11  ns 

-0.06  ns 

-0.08  ns 

0.09  ns 

0.37  ns 

 

-0.40  ns 

-0.40  ns 

-0.35  ns 

0.11  ns 

0.25  ns 

0.47 * 

0.45  ns 

-0.01  ns 

0.24  ns 

-0.18  ns 

1           

Cu (mg/l) 

-0.05  ns 

-0.08  ns 

-0.67 ** 

-0.07  ns 

-0.28  ns 

-0.45  ns 

-0.12  ns 

 

-0.44  ns 

-0.27  ns 

-0.42  ns 

-0.53 * 

0.21  ns 

0.14  ns 

0.27  ns 

-0.5 * 

-0.12  ns 

-0.50 * 

0.18  ns 

1         

Co (mg/l) 

-0.43  ns 

0.46  ns 

0.33  ns 

0.64 ** 

-0.03  ns 

0.73 ** 

-0.03  ns 

 

-0.05  ns 

0.38  ns 

-0.24  ns 

0.30  ns 

-0.3  ns 

0.02  ns 

-0.01  ns 

0.08  ns 

0.05  ns 

0.10  ns 

0.06  ns 

0.02  ns 

1       

Na (mg/l) 

-0.32  ns 

0.33  ns 

0.84 ** 

0.52 * 

0.26  ns 

0.87 ** 

0.27  ns 

 

0.47 * 

0.53 * 

0.12  ns 

0.66 ** 

-0.36  ns 

0.04  ns 

-0.08  ns 

0.35  ns 

0.07  ns 

0.33  ns 

-0.11  ns 

-0.70 ** 

0.44  ns 

1     

Mg (mg/l) 

-0.15  ns 

0.46  ns 

0.55 * 

0.50 * 

0.001  ns 

0.66 ** 

0.44  ns 

 

0.10  ns 

0.35  ns 

0.12  ns 

0.42  ns 

-0.24  ns 

0.11  ns 

0.11  ns 

0.11  ns 

-0.37  ns 

-0.16  ns 

0.04  ns 

-0.15  ns 

0.68 ** 

0.51 * 

1   

Ca (mg/l) 

0.52  * 

-0.25  ns 

0.27  ns 

-0.23  ns 

-0.11  ns 

-0.21  ns 

0.23  ns 

 

0.27  ns 

-0.05  ns 

0.57 * 

0.13  ns 

-0.01  ns 

-0.03  ns 

-0.01  ns 

0.51  ns 

-0.19  ns 

-0.24  ns 

-0.34  ns 

-0.40  ns 

-0.50 * 

0.06  ns 

-0.08  ns 

1 

Deter 
(mg/l) 

-0.1 2 ns 

-0.13 ns 

-0.03  ns 

0.06  ns 

0.17  ns 

0.06  ns 

-0.34  ns 

 

0.03  ns 

0.13  ns 

0.06  ns 

-0.13  ns 

0.52 ** 

-0.21  ns 

-0.24  ns 

0.01  ns 

0.10  ns 

0.34  ns 

-0.40  ns 

-0.06  ns 

0.32  ns 

-0.06  ns 

-0.06  ns 

-0.10  ns 

��
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IRWQI for conventional and toxic 

pollutants 
A total of 10 qualitative variables and three 

toxic variables were used to calculate these 

indices. Qualitative variables including BOD, 

COD, DO, EC, fecal coliform, sodium 

adsorption ratio (SAR), NO3-, TP, total 

hardness, and pH and toxic variables including 

detergent, Pb, and Fe were assessed. Table 5 

presents different classes of groundwater quality 

index for conventional and toxic pollutants. The 

interpolation maps of the groundwater quality 

index (Fig. 2 to 5) indicate that in the summer of 

2014, most of the districts were considered to be 

in bad and medium conditions, but in the winter 

of the same year, the condition changed to 

medium and relatively good. In the summer of 

2016, most of the districts were in medium and 

fairly good condition, and in the winter of this 

year, the condition improved and most of the 

districts were on the relatively good class. In 

general, it can be concluded that the 

groundwater in the district 10 of Tehran had 

better conditions in terms of conventional 

pollutants in 2016 than in 2014. The water 

quality index for toxic pollutants in the 

mentioned seasons and years was on good and 

very good levels, indicating that the 

groundwater was not polluted by the toxic 

variables used to determine the index. 

Nejatijahromi et al. (2018) reported that the 

groundwater in Varamin was not polluted but 

the risk of groundwater contamination by heavy 

metals continues due to the persistence of 

contamination sources in the Varamin plain. As 

the maps show (Fig 2 to 5), the northern parts of 

district 10 had better conditions than the 

southern parts. The gentle slope extending from 

north to south of the district was probably the 

main reason for the bad conditions in the south 

than the north. Shirani et al. (2014) also 

expressed similar results regarding the 

accumulation of pollutants at the south due to the 

slope of their study area. 

Table 4. Underground water quality index classes for conventional and toxic pollutants 

<15�� 15-29.9�� 30-44.9 45-55 55.1-70 70.1-85 >85 

Extremely Poor Poor  Relatively Poor Average Relatively Good Good Extremely Good 

 

 

Fig. 2- IRWQI for conventional pollutants in 2014 
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Fig. 3- IRWQI for conventional pollutants in 2016  
 

 

Fig. 4- IRWQI for toxic pollutants in 2014  
 

 

Fig. 5- IRWQI for toxic pollutants in 2016  
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