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Abstract The main objectives of this article were to

monitor the metal concentrations of Fe, Cu, Pb, B, Ni, V,

Cd, Se, As, and Cr in the water of Chah nimeh reservoirs in

Zabol, south-eastern Iran; and to identify any relationships

between metals. Metal concentrations in the water samples

were analyzed using ICP-OES. The results indicated that

there were a highly positive correlation between Cr and Se,

Ni (p \ 0.01), and, between As and Ni (p \ 0.01). Also,

there were significant differences between Cr, Ni, Pb, and

Se in the water of Chah nimeh reservoirs.

Keywords Pollution � Trace metal � Water quality �
Chah nimeh reservoirs

Zabol is a city in and the capital of Zabol County in Sistan

and Baluchestan Province, Iran. Zabol lies on the border

with both Afghanistan and Pakistan. At 2006 census, its

population was 130,642, consisting 27,867 families. Also,

Zabol area is well known for its ‘‘120 day wind’’, a highly

persistent dust storm in the summer which blows from north

to south. It is situated at a latitude of 31� 010 N and longitude

of 60� 300 E and about 1,350 m above sea level. The climate

of the city is semi- arid and arid with cold winter and

approximately 8 months dry season (from middle of April to

December). Its average rainfall is 94 mm and unevenly

distributed throughout the year. The average annual tem-

perature is 22.7�C with the warmest month in July (average

35.2�C) and the coldest in January (average 8.9�C). The

sunlight of the year is 263 days. Chah-Nimeh reservoirs of

Zabol are three natural and big cavities in the south of Sistan

Plain in south-eastern Iran and cover an area of 50 million

square meters. The water stored in these cavities is used to

irrigate the Sistan Plain and to provide the potable water of

Zabol and Zahedan (Homayoun nezhad et al. 2007).

Surface water, as one of the purest forms of water available

in nature, meets the overall demand of rural and semi-urban

people. People in the south-eastern part of Iran with a semi-

arid and arid climate and little rainfall, rely on aquifer systems

for their freshwater needs. Sources of drinking water such as

streams, rivers, lakes, dams, reservoirs and groundwater

might be directly or indirectly polluted. Discharges of muni-

cipal and industrial wastewaters, containing organic pollu-

tants, chemicals and metals, and run-off from land-based

activities are the main sources of water pollution (Goldar and

Banerjee 2004). Metal pollution of water bodies, because of

their toxicity, bioaccumulation, long persistence, and bio-

magnification in the food chain, is a worldwide problem.

Metals discharged from natural and anthropogenic sources are

ubiquitous in the global environment (Gangaiya et al. 2001;

Mansouri et al. 2011b). Metal concentrations in aquatic eco-

systems are usually monitored by determination of their

concentrations in water and sediment samples (Ebrahimpour
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and Mushrifah 2008). Metal pollution in water bodies is

generally one of the main types of pollution that may stress the

biotic community (Baldantoni et al. 2004). Furthermore,

water pollution causes not only the degradation of water

quality but also threatens human health and the balance of

aquatic ecosystems, economic development and social pros-

perity (Milovanovic 2007). Considering the effects of human

activities on water quality and the problems caused by water

pollution, it is of high necessity to monitor the quality of

water resources (Mansouri et al. 2011a). The assessment of

water quality can be the first and perhaps the most important

step toward applying an appropriate quality management plan

in order to reduce or preferably eliminate water pollution

(Sanchez et al. 2007).

Fig. 1 Location of Chah nimeh reservoirs of south-eastern Iran
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Our study aimed at further investigation of the con-

centrations of Fe, Cu, Pb, B, Ni, V, Cd, Se, As, and Cr in

the water of Chah nimeh reservoirs in Zabol, south-eastern

Iran in order to: (1) compare metal concentrations between

three Chah nimeh reservoirs, (2) identify any relationships

between metals, and (3) compare metal concentrations with

standard values recommended by WHO.

Materials and Methods

Water samples were collected from 16 sites in three dif-

ferent Chah nimeh reservoirs in the Zabol in the April to

June 2010 (Fig. 1). Water samples were collected into acid

washed 250-ml plastic bottles. The samples were kept in

refrigerator maintained at 4�C. The water samples were

filtered using a 0.45 lm nitrocellulose membrane filter.

Prior to any analysis, all equipment and containers were

soaked in 10 % HNO3 and rinsed thoroughly with deion-

ized distilled water before use. The concentrations of

metals were estimated using ICP-OES. Percent recoveries

of samples were above 90 % in most cases.

Statistical analyses were carried out using SPSS ver.

16.0. Data were tested for normality using a Kolmogorov–

Smirnov test. Metal concentration in water was tested for

mean differences between Chah nimeh reservoirs using

One-way ANOVA. A Pearson correlation (r) was used to

test correlations. The level of significance was set at

a = 0.05. All concentrations are reported in lg L-1. Val-

ues are given in means ± standard deviations (SD).

Results and Discussion

The mean concentration of the metals in the surface water of

the Chah nimeh reservoirs is given in Tables 1, 2 and 3. In

this study, the ten metals concentrations in surface water of

Chah nimeh reservoirs 1, 2, and 3 were decreased in the

sequence: Fe[Cr[B[Pb[Ni[Cu[Cd[As[Se[V; Fe[B[
Cu[Cr[Pb[Ni[Cd[As[V[Se; and Fe[B[Cu[Cr[Cd[

Table 1 Levels of metal

concentrations (lg L-1) in

water samples in Chah nimeh

reservoirs 1

Station Metals

As B Cd Cr Cu Fe Ni Pb Se V

1 17 94.6 11.8 54.4 23.9 123.1 25.2 48.4 6.6 3.4

2 1.8 43.5 4.7 49.7 5.4 164.6 13.3 52.7 4.3 1.3

3 4.9 34.1 17.7 80.3 17.1 342.7 17.6 11.2 13.2 2.4

4 6.8 120.8 2.7 39.3 24.0 291.0 29.2 17.4 7.7 0.3

5 3.6 88.8 25.2 87.1 55.7 422.2 22.1 30.8 11.2 4.6

6 12.4 28.1 3.7 59.6 0.4 469.6 19.3 29.8 17.0 13.1

7 20.2 17.5 8.5 66.3 31.1 371.5 36.2 13.5 3.8 0.5

Min 0.7 15.9 1.9 35.3 0.0 114.7 11.9 9.9 3.0 0.0

Max 22.4 125.3 29.9 92.1 59.2 476.3 39.1 57.7 17.9 15.2

Mean 9.5 61.1 10.6 62.4 22.5 312.1 23.3 29.1 9.1 3.7

SD 7.2 40.1 8.3 17.2 18.2 128.6 7.8 16.6 4.9 4.4

WHO 2003 10 300 3.0 50 2,000 300 70 10 – –

Table 2 Levels of metal

concentrations (lg L-1) in

water samples in Chah nimeh

reservoirs 2

Station Metals

As B Cd Cr Cu Fe Ni Pb Se V

1 4.7 36.9 2.3 3.6 26.7 411.3 7.9 24.4 1.7 2.6

2 11.6 25.1 3.4 36.8 85.7 184.4 15.4 13.1 2.9 9.2

3 6.7 46.5 9.6 12.8 40.3 525.2 3.5 5.6 6.5 1.2

4 5.4 100.0 11.7 24.4 63.0 228.7 5.4 19.5 1.8 5.8

5 3.6 61.5 16.6 17.8 19.9 342.4 11.6 8.3 4.6 0.3

Min 3.0 22.3 1.7 3.1 18.1 177.2 3.1 4.7 1.2 0.0

Max 13.2 109.1 19.1 42.7 92.8 539.1 17.7 26.9 7.1 10.3

Mean 6.4 54.0 8.7 19.1 47.1 338.4 8.8 14.2 3.5 3.8

SD 3.2 29 6.2 12.7 27.2 138.0 4.8 7.9 2.1 3.7

WHO 2003 10 300 3.0 50 2,000 300 70 10 – –
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Pb[Ni[As[V[Se, respectively. Statistical analyses were

also carried out to establish the differences among three of

Chah nimeh reservoirs. There were significant differences

between metals of Cr, Ni, Pb, and Se (Table 4) in water of

Chah nimeh reservoirs.

Cadmium and lead are very toxic and common pollu-

tants in the environment. Exposing to these metals for a

long period can result to damages in kidney, liver,

circulatory system, and nerve tissue (Mansouri et al. 2012).

Death or permanent damage to the central nervous system,

the brain, and kidneys due to exposure to high concentra-

tions of lead are also reported (Hanaa et al. 2000).

According to the results and findings of the study, the Cd

and Pb concentrations is found to be high in most of the

samples as they exceeded the WHO guideline value of 3.0

and 10.0 lg L-1, respectively. Compared to the reported

data from other parts of Iran, the Pb and Cd concentrations

in the surface water of Chah nimeh reservoirs were high.

The highest concentrations of iron were observed in the

water samples, which resulted changes in its color and taste

(Chung et al. 2009). High concentrations of iron can cause

serious health problems or premature death such as dam-

aging liver, heart, and endocrine glands, and result in

debilitating and life-threatening problems (Nduka and

Orisakwe 2011). Iron concentrations less than 500 lg L-1

are reported for groundwater samples (Oyeku and Eludoyin

2010). Haloi and Sarma (2011) reported relatively high

iron concentrations and above the permissible level in

Assam’s drinking water.

Arsenic has the potential to circulate in various forms

through the atmosphere, water and soil. Sufficient epide-

miologic evidences (Saha and Zaman 2011) exist for the

classification of arsenic as a ‘human carcinogen’ element.

Table 4 The analysis of variance (ANOVA) of the data at different

Chah nimeh reservoirs

Parameter F p

As 2.46 NS

B 0.06 NS

Cd 0.74 NS

Cr 17.18 p \ 0.001

Cu 2.08 NS

Fe 0.39 NS

Ni 15.21 p \ 0.001

Pb 3.81 p \ 0.05

Se 5.86 p \ 0.01

V 0.17 NS

p significance level, NS not significant

Table 3 Levels of metal

concentrations (lg L-1) in

water samples in Chah nimeh

reservoirs 3

Station Metals

As B Cd Cr Cu Fe Ni Pb Se V

1 1.7 96.7 1.9 26.6 19.1 392.7 3.0 13.3 1.5 3.7

2 4.4 58.8 6.4 23.8 61.5 101.9 5.7 5.9 2.3 2.5

3 2.8 78.8 9.7 8.2 77.3 365.9 7.8 7.8 2.0 1.7

4 0.5 9.4 3.9 30.5 27.3 175.5 1.3 14.6 4.1 2.1

Min 0.4 8.1 1.5 7.8 17.6 94.8 1.0 4.4 1.0 1.0

Max 4.7 104.6 10.4 33.2 82.2 405.5 8.3 16.8 4.7 4.0

Mean 2.4 60.9 5.5 22.3 46.3 259.0 4.5 10.4 2.5 2.5

SD 1.7 37.9 3.4 9.8 27.8 142.6 2.9 4.4 1.1 0.8

WHO 2003 10 300 3.0 50 2,000 300 70 10 – –

Table 5 Correlation coefficient

(r) between the metal

concentrations in water samples

from Chah nimeh reservoirs

* Correlation is significant at

the p \ 0.01

Element As B Cd Cr Cu Fe Ni Pb Se V

AS 1

B -0.19 1

Cd -0.04 0.39 1

Cr 0.36 0.17 0.47 1

Cu -0.03 0.16 0.16 -0.26 1

Fe -0.03 -0.03 0.02 -0.15 -0.21 1

Ni 0.72* 0.22 0.20 0.69* -0.21 -0.04 1

Pb 0.17 0.16 0.01 0.40 -0.41 0.16 0.32 1

Se 0.17 0.08 0.34 0.68* -0.43 0.21 0.39 0.22 1

V 0.27 -0.14 -0.15 0.22 0.07 0.05 0.01 0.18 0.44 1
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The highest and least levels of As and B were found to be

22.4 and 125.3 lg L-1, and 0.4 and 8.1 lg L-1. The levels

fall below the WHO standard for drinking water. The mean

concentration of As determined in this study ranged from

2.4 to 9.5 lg L-1. These values were slightly lower than

Nwankwoala et al. (2011) (10.0 lg L-1) but very similar

to those reported by Rios-Aranaa et al. (2003).

Selenium ranges from \0.1 to 100 lg L-1 in aquatic

ecosystem as one of minor elements, but rarely more than

maximum contaminant level of 10 lg L-1 in Environ-

mental Quality Standard for drinking water (Ham et al.

2007). The results of this study showed that the mean

concentration of Se in water of Chah nimeh reservoirs was

lower than maximum contaminant level of 10 lg L-1 in

environmental quality standard for drinking water. Vana-

dium contents varied between 2.5 and 3.8 lg L-1. These

values were very similar to those reported by Nassef et al.

(2006). The WHO had no recommended data concerning V

concentration in water as shown in Table 1. The authors of

FWQP reference sheet 11.2 found the concentration of V in

the studied ground water was in the range from 0.1 to

100 lg L-1 (FWQP reference sheet 11.2). It was indicated

that V was naturally occurring metal in all the analyzed

samples.

The ideal intake of Cu without any accumulative danger

to the human body is 2 mg/day. Acute Cu poisoning will

stimulate the alimentary canal and causes vomiting and

pain (Chung et al. 2009). The concentration of Cu in water

of the study area ranges from 22.5 to 47.1 lg L-1, which is

within the permissible limit of WHO. The natural content

of Cr in drinking water is very low ranging from 10 to

50 lg L-1 except from the regions with substantial chro-

mium deposits (Jayana et al. 2009). Chromate dust is car-

cinogenic and high concentrations of Cr cause liver and

kidney damage and (Mugica et al. 2002). High concen-

trations of Cr can be toxic especially in the hexavalent

form. The WHO (2003) recommends a concentration of

70 lg L-1 MAL for Ni in drinking water. The concentra-

tions of Ni found in this study range from 23.3 to

4.5 lg L-1.

In order to make a quantitative analysis of the rela-

tionship among trace element contents in surface water

samples, Pearson’s correlation analysis was applied to the

data (Table 5). There was a highly positive correlation

between Cr and Se, Ni (p \ 0.01), and, between As and Ni

(p \ 0.01). Studies on the metals on the groundwater of

Multan, Pakistan, Tariq et al. (2010) showed that the

positive correlation was between Cr and Ni (r = 0.69), thus

manifesting the simultaneous excess of these trace metals.

We hypothesize that metals with a high positive correlation

might have been originated from the same pollution source.

Water source is one of the most important limiting

factors in the arid and semi- arid regions. In this study,

Pearson correlation showed that there was significant cor-

relation among Cr, Se, Ni and As metals (p \ 0.01).

Indeed, the levels of metals in the water of Chah nimeh

reservoirs did not exceed the permissible limits specified

by the WHO guideline values for drinking water. However,

the concentration of Cd and Pb in water was higher than the

WHO guidelines.
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