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ABSTRACT

Because of solubility in water and lack of appropriate mechanisms for removal from the body, heavy metals are
extremely toxic, even in small quantities. The main threats of heavy metals to human health are caused by exposure to
lead, cadmium, mercury, and arsenic. The aim of this study was to measure the concentrations of the heavy metals,
including mercury, arsenic, chromium, and lead in drinking water resources in different cities of Kurdistan province. This
study was a cross sectional descriptive study which was carried out in the spring of 2012. In this study, 96 samples were
taken from 96 water resources in different cities of Kurdistan province. The samples were moved to the laboratory in 500
ml glass containers; they were analyzed in the reference laboratory of water chemicals and waste water using a
Polarograph manufactured by Metrohm company, Switzerland, and the method recommended by standards book was
utilized for the analysis. The collected data was analyzed using SPSS software; given the normality of the data, they were
analyzed via statistical correlation tests of one sample t- test, one way ANOVA, and paired t-test at a significance level of
0.05. The results of this study showed that all the four heavy metals i.e. lead; chromium, arsenic, and mercury were
simultaneously present in 79 out of the 96 drinking water resources of the cities of Kurdistan province; however they
differed in distribution and concentration. We found chromium in 84 resources, arsenic in 82 resources, and lead and
mercury in 79 resources out of the 96 studied resources of drinking water in the cities of Kurdistan province. The
concentrations of mercury, lead, and arsenic in 3.8%, 3.7%, and 2.1% of the resources, respectively, were more than the
maximum contaminant level by the World Health Organization. The amount of lead in a number of wells in Bijar,
Ghorveh, Bane, and Sarvabad, the amount of arsenic in one of the wells supplying the water of Bane and Diwandareh,
and the amount of mercury in a number of water resources in Diwandareh, Sanandaj, Sarvabad, and Sanandaj dam
exceeded the maximum contaminant level determined by the World Health Organization. The concentrations of the
studied metals in the water resources of Saghez, Marivan, Kamyaran, and Dehgolan did not exceed the maximum
allowable concentration.
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INTRODUCTION

Due to the increasing need for safe drinking water, the quality management of ground water in
developing countries is very critical and important [1]. Heavy metals are among the most important
pollutants of water resources and their high concentrations may have dangerous effects on the
environment and especially on human health [2, 3, and 4].

Because of solubility in water and lack of appropriate mechanisms for removal from the body, heavy
metals are extremely toxic, even in small quantities [5]. The main threats of heavy metals to human health
are caused by exposure to lead, cadmium, mercury, and arsenic [6]. Arsenic can enter human body in
various ways, including air, water, and food; water is the most popular route [7]. Arsenic contamination of
drinking water resources has been reported in more than 70 countries and it has led to serious toxicity in
150 people all over the world [8].
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Studies on populations exposed to arsenic through drinking water have found that arsenic can increase
the mortality from lung, bladder, and kidney cancers; it has been shown that increased exposure leads to
the increased risk [9]. According to a study in Chile by Liaw et al., exposure to arsenic through drinking
water during childhood can increase the number of deaths from liver cancer [10]. According to World
Health Organization guidelines and Environmental Protection Agency of the United States, the maximum
allowable concentration of arsenic in drinking water is 0.01 mg/1 [11, 12].

Lead is one of the most common metals that have some effects on the central nervous system. Lead can
cause negative effects and is associated with physical, learning, and memory defects and disorders; it
even can cause cognitive, behavioral, and mental health problems in children [13]. According to World
Health Organization guidelines and Environmental Protection Agency of the United States the maximum
allowable concentration of lead in drinking water is 0.01 mg/l and 0.015 mg/1, respectively [11, 12].
Exposure to mercury can also lead to mental disorders and impaired speech, hearing, vision, and
movement [15]. According to World Health Organization guidelines and Environmental Protection
Agency of the United States, respectively, the maximum allowable concentration of mercury and
chromium in drinking water is 0.001 mg/1 and 0.002 mg/1 for mercury, and 0.05 mg/l and 0.1 mg/1 for
chromium [11, 12].

No study has been conducted yet to investigate heavy metal concentrations in drinking water resources
of the cities of Kurdistan province. Hence, this study was aimed to evaluate and measure the
concentration of heavy metals including mercury, arsenic, chromium and lead in drinking water
resources of the cities of Kurdistan province, to identify potential threats posed by high levels of heavy
metals.

MATERIALS AND METHODS

This study was a cross sectional descriptive study that was carried out to collect some information about
the chemical status of drinking water in different cities of Kurdistan province in the spring of 2012.
Kurdistan province has 10 cities including Sanandaj, Saghez, Bane, Marivan, Ghorveh, Bijar, Kamyaran,
Diwandareh, Sarvabad, and Dehgolan. The drinking water for residents of these cities is provided by 96
water resources and reservoirs which are listed in Table 1.

Table 1: Number and type of drinking water resources in different cities of Kurdistan province
Number of water

City resources Total ~ Number of
Ground Surface P
Bijar 16 - 16 16
Kamyaran 9 - 9 9
Ghorveh 19 - 19 19
Dehgilan 3 - 3 3
Baneh 9 1 10 10
Divandarreh 7 - 7 7
Sarvabad 3 - 3 3
Saghez 4 1 5 5
sanandaj 2 1 3 3
Marivan 21 - 21 21
Total 93 3 96 96

Given the importance of measurement and assessment of heavy metals in drinking water, the present
study was aimed to determine the concentration of heavy metals including lead, chromium, mercury, and
arsenic in drinking water resources of the cities of Kurdistan province. Accordingly, a total of 96 samples
were taken from 96 water resources and were moved to the laboratory in 500 ml glass containers.

As shown in figurel the samples were analyzed in the reference laboratory of water and wastewater
chemicals using a Polarograph manufactured by Metrohm Company, Switzerland, and the method
recommended by Standard methods for the examination of water & wastewater (15). The collected data
was analyzed using SPSS software; given the normality of the data, they were analyzed via statistical
correlation tests of one sample t- test, one way ANOVA, and paired t-test at a significance level of 0.05.

RESULTS

The results of this research are presented in Tables 2 to 5 and Figures 2 to 5. According to the results, the
maximum concentrations of heavy metals in drinking water resources of the cities of Kurdistan province
for lead, chromium, arsenic and, mercury are 0.0336, 0.0092, 0.0161 and, 0.0014 mg/1 respectively.

ABR Vol 6 [5] September 2015 157|Page ©2015 Society of Education, India



Ebrahimi and Ebrahimzadeh

As shown in Table 2, lead was found in 79 samples (82.3%) of all collected samples. The maximum
concentration of lead in ground water was 0.0336 and, 0.0093 mg/] in surface water. Concentration of
lead ions in all the three surface water resources located in different parts of the province was lower than
the maximum contaminant level of lead set by the WHO and EPA. However, in 7 ground water resources
(7.3%), it was more than the maximum contaminant level set by the WHO, and in four (4.2%) samples

collected from ground water resources, lead concentration exceeded the maximum contaminant level set
by EPA.

Table 2: Summary of statistical analysis of the concentration of lead in drinking water resources of the
cities of Kurdistan province

Ground water Surface water total
Number of samples (%) 93(%96.9) 3(%3.1) 96(%100)
Number of samples with Pb (%) 76(%79.2) 3(%3.1) 79(%82.3)
Minimum concentration of Pb (mg/1) 0 0.00141 0
Maximum concentration of Pb (mg/1) 0.0336 0.0093 0.0336
Number above WHO Maximum o o
Contaminant Level (MCL) 7(%7.3) 0 7(%7.3)
Number above EPA Maximum A(%4.2) 0 4(%4.2)

Contaminant Level (MCL)

As shown in Table 3, the heavy metal of chromium was detected in 84 samples (87.5%). The maximum
concentration of this heavy metal was 0.0092 mg/I in ground water and 0.0021 mg/l] in surface water
resources. In none of the samples, the concentration of chromium ion exceeded the maximum
contaminant level set by the WHO and EPA.

Table 3: Summary of statistical analysis of the concentration of chromium in drinking water resources of
the cities of Kurdistan province

Ground water Surface water total
Number of samples (%) 93(%96.9) 3(%3.1) 96(%100)
Number of samples with Cr (%) 81(%84.4) 3(%3.1) 84(%87.5)
Minimum concentration of Cr (mg/1) 0 0.0003 0
Maximum concentration of Cr (mg/1) 0.0092 0.0021 0.0092
Number above WHO Maximum 0 0 0
Contaminant Level (MCL)
Number above EPA Maximum 0 0 0

Contaminant Level (MCL)

As shown in Table 4, the heavy metal of arsenic was detected in 82 samples (85.4%) taken from the
drinking water resources of the cities of Kurdistan province. The maximum concentration of this heavy
metal is 0.0161 mg/] in ground water and 0.0093 mg/] in surface water resources. The concentration of
arsenic ion in three surface water resources of the cities of Kurdistan province was more than the
maximum contaminant level set by the WHO and EPA. However, in two samples (2.1%) taken from

ground water resources, the concentration of this metal was more than the maximum contaminant level
set by the WHO and EPA.

Table 4: Summary of statistical analysis of the concentration of arsenic in drinking water resources of the
cities of Kurdistan province

Ground water Surface water total
Number of samples (%) 93(%96.9) 3(%3.1) 96(%100)
Number of samples with As (%) 79(%84.4) 3(%3.1) 82(%85.4)
Minimum concentration of As (mg/1) 0 0.0014 0
Maximum concentration of As (mg/1) 0.0161 0.0093 0.0161
Number above WHO Maximum o o
Contaminant Level (MCL) 2(%2.1) 0 2(%2.1)
Number above EPA Maximum 2%2.1) 0 2%2.1)

Contaminant Level (MCL)

As shown in Table 5, mercury was detected in 79 samples (82.3%). The maximum concentration of this
heavy metal was 0.0014 mg/l in ground water and 0.0007 mg/l in surface water resources. The
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concentration of mercury ion in 3surface water resources was more than the maximum contaminant level
set by the WHO and EPA. However, in 8 samples (8.3%) taken from ground water resources, the
concentration of mercury was more than the maximum contaminant level set by the WHO.

Table 5: Summary of statistical analysis of the concentration of mercury in drinking water resources of
the cities of Kurdistan province

Ground water Surface water total
Number of samples (%) 93(%96.9) 3(%3.1) 96(%100)
Number of samples with As (%) 77(%80.2) 2(%2.1) 79(%82.3)
Minimum concentration of As (mg/1) 0 0 0
Maximum concentration of As (mg/1) 0.0014 0.0007 0.0014
Number above WHO Maximum
Contaminant Level (MCL) 8(%8.3) 0 8(%8.3)
Number above EPA Maximum 0 0 0

Contaminant Level (MCL)

Figures 1 to 4, respectively, present the measured concentrations of the heavy metals including lead,
chromium, arsenic, and mercury in water samples taken from drinking water resources of the cities of
Kurdistan province.

Figure 1: Comparison of the lead concentration in water resources with the WHO and the EPA guidelines
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Figure 2: Comparison of the chromium concentration in water resources with the WHO and the EPA
guidelines
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Figure 3: Comparison of the arsenic concentration in water resources with the WHO and the EPA
guidelines
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Figure 4: Comparison of the mercury concentration in water resources with the WHO and the EPA
guidelines
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Also, linear regression model was used to investigate the relationship between arsenic, chromium, and
mercury and lead ions. Table6 shows correlation matrix of heavy metals in water samples.

Table 6: Correlation matrix of heavy metals in water samples

Chromium Arsenic Lead Mercury
. correlation coefficient 1 .016 .028 -.047
Chromium
P- value .879 .784 .652
Arsenic correlation coefficient .016 1 4472 .307
P- value .879 .000 .002
correlation coefficient .028 442 1 326
Lead

P- value .784 .000 .001

Mercur correlation coefficient -.047 .307 326 1

y P-value 652 002 001

DISCUSSION AND CONCLUSION

The results of this study showed that all the four heavy metals include lead, chromium, arsenic, and
mercury was simultaneously present in 79 out of the 96 drinking water resources of the cities of
Kurdistan province; however they differed in distribution and concentration. Chromium was found in 84
resources, arsenic in 82 resources, and lead and mercury in 79 resources out of the 96 studied resources
of drinking water in the cities of Kurdistan province. The concentrations of mercury, lead, and arsenic,
respectively, in 3.8%, 3.7%, and 2.1% of the resources were more than the maximum allowable
concentrations set by the WHO.

The amount of lead in a number of wells in Bijar, Ghorveh, Bane, and Sarvabad, the amount of arsenic in
one of the wells supplying the water of Bane and Diwandareh, and the amount of mercury in a number of
water resources in Diwandareh, Sanandaj, Sarvabad, and Sanandaj dam exceeded the maximum
acceptable concentration set by the World Health Organization. The concentrations of the studied metals
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in the water resources of Saghez, Marivan, Kamyaran, and Dehgolan did not exceed the maximum
allowable concentration.

In a research conducted by Pirsaheb et al. [16] explained a total of 165 samples, which were taken from
drinking water supplied by the Kermanshah water distribution network, were examined for the presence
of heavy metals. The results indicated that the concentrations of all the studied heavy metals, except for
aluminum, iron, and manganese in drinking water resources, piping network, and water reservoirs of
Kermanshah were lower than the levels set by the national standards and guidelines recommended by
the World Health Organization. Accordingly, their findings are different from the results of our study.

The results of our study are consistent with the results of a study conducted by Momodu and Anyakora. In
their study, they examined the concentrations of heavy metals including aluminum, cadmium, and lead in
ground water resources of Lagos and they had detected different amounts of the three metal. Overall, of
all 60% of samples containing lead, the concentration of lead in 7.36% of samples had exceeded the
maximum allowable concentration. However, of all 76% samples containing lead which were taken from
ground water resources of Kurdistan province, only 7% of the samples had a lead concentration higher
than the maximum allowable level [14].

In a research entitled “The evaluation of the risk of heavy metals absorption from water on human health”
which was conducted by Kavcar in 2009, in 50% of all 100 collected samples the heavy metals including
chromium, copper, manganese, nickel, and zinc were detected. The concentrations of nickel and arsenic in
more than 20% and 58% of the samples, respectively, were consistent with the standards [17].

Berg et al, in 2007, studied the contamination of water resources in delta plains of Mekang. The analysis
of samples showed that the concentration of arsenic in more than 37% of wells exceeded the standards
set by the World Health Organization guidelines. Compared with the results of our research, it is different
from the levels found in our study, since only in 2% of our water samples the concentrations of arsenic
was above the standards set by the World Health Organization guidelines [18].

The increasing growth of population and industrial expansion are followed by increased need for water
resources, however they are also the cause of increasing environmental pollution by different
contaminants such as heavy metals. In view of the results of this study, it is suggested to further evaluate
the concentrations of heavy metals in soil and crops of the cities where the concentrations of heavy
metals in drinking water resources are more than the maximum allowable concentrations.
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