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Abstract

Background and purposéefhe rapid urbanization and industrialization in snaarts of the world
have led to the accumulation of heavy metals irterestrial environment and pose a serious threat
to human health. In this study, a broad assesswemtconducted to estimate the levels of heavy
metals in groundwater in Sistan and Baluchestagedagraphic information system (GIS), Iran, geo-
statistical distribution of these contaminants delteated in affected areas.

Materials and Methodsin this study, a total of 357 water samples wetkeced from designated
wells in the area and transported to laboratorpralieg to standard methods. The levels of heavy
metals including chromium, cadmium (Cd), lead (Rin)d aluminum were measured by atomic
absorption spectrometry. The findings were compatitdthe Standard values recommended by the
Institute of Standards and Industrial Researchrar,|United States Environmental Protection
Agency and World Health Organizations. Moreoverplaying GIS software, the geo-statistical
distribution of heavy metals concentration in giwater in Sistan and Baluchestan was revealed
Results:In the whole samples, the concentrations of twonetdgs, Pb and Cd, were 31.9% and
40.3%, respectively, which were higher than theimam permissible limits. The rest of the study
variables showed to be within the standards/guidelrecommended by international organizations.
Conclusion: Heavy metal levels in groundwater of most studgaarwere compatible with
advised international criteria that indicate a velight influence of industrialization in the area.
Relatively high concentrations of Pb and Cd in fewations suggest the state authorities to give
more attentions in developing plans, and considstagnable development in the area.
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1. Introduction

Providing safe drinking water is one of the

key elements to protect public health.

Environmental pollutants cause significant

threats to freshwater sources, living

organisms, and human health (1). In a recent
century, heavy metal contamination of water
bodies has been receiving tremendous
attentions all over the globe due to its toxicity,

abundance, and bioaccumulation nature (2,3).
Heavy metals are the elements having atomic
weight between 63.5 and 200.6 g and a
specific gravity < 5.0 (4). Natural means

(weathering and erosion of bed rocks and ore
deposits) and anthropogenic  activities

(mining, industries, wastewater irrigation, and

agricultural activities) are two main sources

The distribution of heavy metals in water
resources has been widely investigated around
the world (11,12) but there is few information
about this issue in Iran. The distribution of
heavy metals using geographic information
system (GIS) methods was conducted in many
studies (13,14). Some applications of GIS can
be referred to the capability of this tool for
measuring, modeling, manipulation, retrieval,
and analysis of spatial data. Additionally,
identification of the most sensitive points that
need immediate attention is conducted by GIS
that helps to decision-making process. Despite
the large array of researches carried out in
Iran to investigate point sources and
generation of contaminant levels, there is no
adequate information about geo-statistical

which have been posed the presence of heavy distribution of pollutants, particularly heavy

metals in water bodies (5).

It is reported that severe systematic health
problems can appear in human body as a
result of excessive dietary accumulation of
heavy metals such as Cd and Pb (6). Other
trace elements being worldwide concerns
include aluminum (Al), chromium (Cr),
arsenic, and so on (7,8). Furthermore,
exposure to the high amount of heavy metals
can arise serious problems to human such as
neurotoxic, nephrotoxic, carcinogenic effects,
impairment of cardiovascular system function,
etc. (9). The intense effects of heavy metals
on human body are not only due to the
consumption of heavy metal via contaminated
water but also irrigation of lands with polluted
water releases heavy metals to the soil. The
presence of elevated metal concentration can

disrupt the soil microbial processes,
occasionally leads to serious ecosystem
disturbance (10). On the other hand,

accumulation of heavy metal in soil is a

potential risk to plants, carnivores and human,
or food chain. Therefore, accurate

determination of heavy metals has

tremendously become necessary to solve the
problems associated with the pollution of

water bodies (7).
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metals, in the study area.

The main objective of this study was to
determine geo-statistical distribution of lead
(Pb), cadmium (Cd), Cr and Al heavy metals in
water resources of Sistan and Baluchestan, Iran
using GIS software, and relating the findings to
Standard values recommended by the Institute
of Standards and Industrial Research of Iran
(ISIRI),  United States Environmental
Protection Agency (EPA), and World Health
Organization (WHO) organizations

2. Materials and Methods

Sistan and Baluchestan is the largest province
of Iran that located in south east of Iran
between 25°03and 31°28 northern latitudes
and 58°47and 63°19eastern longitudes. It is
one of the driest regions of Iran. This district
is divided into 9 counties and the capital of it
is Zahedan (Figure 1). In this study, the
concentrations of heavy metals including Pb,
Cd, Cr, and Al in water resources of Sistan
and Baluchestan were conducted in autumn
2014. For this purpose, 357 samples of fresh
water from all over 5000 wells according to
the following formula (Eq. 1) with
significance level 5% from various and
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possible location of ground waters of Sistan
and Baluchestan resources, as much as
possible due to security issues, according to
standard methods were collected and tested.
Because the region’s surface water resources
are seasonal, generally the groundwater
resources are used for all purposes, including
drinking and agricultural. In this study, all of
them used water for drinking. All samples
were stored in a cool box and then pass on to
the laboratory in standard conditions.
Preparation of samples procedure was
considered in all of steps, including collection,
storage, transportation, and final analysis to
protect samples from secondary pollution. At
the end, the contents of contaminants were
analyzed using graphite furnace atomic
absorption spectrometry (Perkin Elmer AA-
Analyst 200). A handheld global positioning
system (GPS, Garmin Montana 650 model)
with position accuracy of less than 10 m was
applied to specify the location of sampling
points. The sampling locations are shown in
figure 1. Finally, GIS was used to plot the geo-
statistical distribution of heavy metals polluted
ground water, and additionally, to identify the
areas with maximum level of pollutants.
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Figure 1. Sampling points in Sistan and Baluchestan

3. Results

Rajaei et al. in 2010 at one study
concentration of heavy metals in Chahnimeh
water reservoirs of Sistan and Baluchestan has
been evaluated (15). In result of it, they were
reported that Cd and Pb concentration in
Chahnimeh was beyond the level of WHO
standard recommendation. So in order to
re-asses the findings of their research this
study was investigated to survey the
Geo-statistical distribution of Cd, Cr, Pb, and
Al heavy metals concentration in groundwater
of Sistan and Baluchistan via GIS. Table 1
shows the levels of Cd, Cr, Pb, and Al in
groundwater resources of Sistan and
Baluchistan in 9 different locations. The given
results in table 1 demonstrate that the highest
and lowest amounts of Cd were detected
7.48 ug/l in Khash and 2.24g/l in Sarbaz
region. Among all of those, Pb was identified
as the most polluting element (61.84/1) in
analyzed samples to compare with other
elements. On the basis of results, 40.30% of
samples exceeded the maximum permissible
limit recommended for Cd. The same
information for other elements is available in
table 2.

Figure 2 llustrates the geo-statistical
distribution of heavy metals concentration
according to sampling points. Based on the
present investigations, the value was below the
maximum allowable limit for most point except
for three samples that exceeded the
recommended values. Two of them belonged to
Khash and one sample was related to Nikshahr.

4. Discussion

The discharge of effluents to receive waters

may contaminate the water resources to heavy
metals and they can cause to deterioration of
drinking water quality and the incidence of the

illness in humans. Therefore, survey and

tracked the heavy metal concentration in

water resources is the main objective of many
researchers. EPA and WHO have suggested
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maximum acceptable concentration for the

presence of heavy metals in water resources.
ISIRI also determined standard values. The
recommended values given by these
organizations are followed in table 2.

Cd considered as the heavy metal that is the
most toxic. Cd releases to the environment as
a result of industrial activities such as mining,

plating process, the use of phosphate fertilizer
(16). Cd is caused global concern due to its
much higher toxicity than those of other heavy
metals and threatens public health (9).
Maximum permissible Ilimit of Cd for
drinking water is Jug/l (17). Excess exposure
to Cd may Pb to diseases such as ltai-ltai,
renal damage, and hypertension (18).

Table 1. Trace metal contents in ground water resourcesstdrsand Baluchestan counties, Irag/l)

Counties Samplesnumber  Statistical parameters Cr Cd Pb Al
Iranshahr 40 Max 52.36 6.12 49.00 23.00
Min 0 0 0 1.00
Mean + SD 12.66 + 14.28 3.04 +1.48 18.74 + 14.45.91% 4.08
Chabahar 17 Max 42.89 6.12 37.25 25.00
Min 0.14 2.66 0.09 3.00
Mean + SD 548 £7.70 4.03+1.00 6.03+12.70  &X375
Khash 35 Max 41.50 7.45 61.84 23.00
Min 2.03 0 0.28 1.00
Mean + SD 7.64+7.49 2.33+1.94 10.16 + 14.20 35:%.00
Zabol 1 Max 0.35 2.14 15.54 9.40
Min 0.29 1.49 12.30 0.50
Mean + SD 0.38 +4.27 19.08 + 0.29 12.80+2.02 0&@.42
Zahedan 30 Max 41.34 6.14 54.38 32
Min 2.00 0.93 0.15 1.00
Mean + SD 13.41 +129 3.19+241.00 13.66+ 15.40.026& 7.39
Saravan 83 Max 46.81 6.73 53.17 36.00
Min 0.03 0 0 1.00
Mean + SD 4.31+5.30 26+1.6 7.95+13.00 5.1
Sarbaz 72 Max 23.00 7.04 33.87 20.00
Min 0.02 0.12 0 1.00
Mean = SD 3.72+4.00 2.21+1.40 6.71£6.20 5er12
Konarak 12 Max 8.14 5.73 44.53 14.00
Min 1.60 1.09 0.10 2.00
Mean + SD 4.61+7.60 3.38+2.80 11.11+8.30 &Br20
Nikshahr 67 Max 20.00 6.39 38.14 28.00
Min 0.49 0 0.01 1.00
Mean = SD 4.59 +3.75 2.23+1.68 7.08 £ 8.80 54512
Total 357 Max 52.36 7.45 61.84 36.00
Min 0 0 0 1.00
Mean = SD 6.40 £ 8.05 2.60 £1.60 9.68 £12.38  5@/53
Number of samples exceeded maximum permissiblés|€x 0.44 40.30 31.90 0

SD: Standard deviation; Cd: Cadmium; Cr: Chromitn; Lead, Al: Aluminum; Max: Maximum; Min: Minimum

Table 2. Maximum acceptable concentration of heavy metalgater supplies reported by

national and international organizationsg/)

Organizations Pb Cd Cr Al
WHO 10 3 50 50-200
USEPA 15 5 100 50-200
ISIRI 10 3 50 100

WHO: World Health Organization, USEPA: United Sgatenvironmental Protection Agency, ISIRI: Institute

Standards and Industrial Research of Iran

Iran J Health Sci 2015; 3(3)4



The concentration of heavy metals in groundwater

S. A. Sajadi etal.

21-3
-5

B

Cd—-
0 55 10

-2

P Al
0 5 110 0 55 110

220 330 330

Figure 2. Distribution of heavy metal concentrations in
groundwater of Sistan and Baluchestagy|)

According to obtained results, around 40%
of analyzed samples exceeded the maximum
per liter (MPL). The analyzed data revealed
that the highest and lowest amounts of Cd
were 7.48ug/l in Khash and 2.21ug/l in
Sarbaz. Among all mentioned heavy metals,
Pb was identified as the most polluting
element (61.84ug/l) in analyzed samples in
compare with other elements. The level of Pb
in earth’s crust is about 2(g/g (19). The
average content of Pb in sandstone, basaltic,
granitic and carbonate rocks is 13.7, 3.7, 23,
and 5.6 mg/l, respectively (20). It is identified
as a general metabolic poison and enzyme
inhibitor. Long term exposure to high level of

contamination. The maximum allowable
concentration for Pb in drinking water is
10 pg/l (22). As shown in tables 1 and 2,
figure 2, average content and standard
deviation of Pb in all collected samples were
9.68+ 12.38ug/l and maximum level (61.84
ug/l) was found in water resources of Khash.
These amounts were obtained around 54.38
and 53.17 ug/l for Zahedan and Saravan
districts, respectively. These levels of
pollutants are higher than recommended
values. Based on investigations, no industrial
sources were found in areas to threaten water
resources. As a result, water pollution may be
correlated to presence of andesite, basalt,
dacite, pegmatite, diorite, and granodiorite
rocks in mentioned regions. At the end,
replacement of new pure sources or
application of water treatment methods
providing safe drinking water seem necessary.
Cr exists in several valence state. The trivalent
state is the one, mostly found in foods and
supplements while the hexavalent state
recognized as toxic and carcinogenic element.
This pollutant is entered into the water
environment by industries using Cr in
electroplating, leather tanning, metal
finishing, and chromate preparation (23). Cr is
considered as a powerful carcinogenic agent
by International Agency for Research on
Cancer (IARC) (24,25). The maximum
allowable limit has been reported 1@/ for
hexavalent Cr in drinking water (26). The
average concentration of Cr in earth's crust is
about 100ug/g and is higher in basaltic rocks
with average concentration of 2Q@/g than

in granite rocks which have average content of
about 10ug/l (27). According to tables 1 and
2, figure 2, Mean concentrations and standard
deviation of total experimented samples were

Pb can cause severe disorders such as anemia,6.40 + 8.05ug/l and maximum value was

kidney disease and mental retardation (21).
The entrance of polluted effluent from
industries such as acid battery manufacturing,
metal plating, and finishing to the water
stream is the major sources of Pb

detected 52.36pug/l in Iranshahr. High
concentration of Cr in water samples of
Iranshahr can be related to the presence of
chromite in geological structure of soils due to
the existence of andesite, basalt, diorite, and
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granodiorite rocks in soils of this region as
well as agricultural activities and hence, there
IS no industrial activity around the region so
increases the possibility of its pollution by
aforementioned approaches. Although these
values are lower than maximum allowable
limit recommended, it seems essential to find
secure sources providing public health. The
results showed that 40.30%, 31.9%, and
0.44% of samples were exceeded the
maximum permissible limit recommended for
Cd, Pb, and Cr, respectively. Al is one of the
most abundant elements in the eartbrust.
Formerly, it seems to be nontoxic. But
recently, it has been explored that can cause
severe damages to hemodialysis patients such
as injury to bone, liver, and erythropoietin
organs. Because of the health risk of this
element to human health, maximum
permissible limit is determined 200g/l in
drinking water (28,29). On the basis of results
demonstrated in tables 1 and 2, figure 2, mean
concentration and standard deviation of Al in
all investigated samples were 5.67 + 4u5@.
Moreover, maximum amount (3gg/l) was
detected in water resources of Saravan. These
values are below the reported -contents
determined by global organizations. So, there
IS no serious risk to human health.
Consequently, acquired results from this study
showed that among all, investigated Al metal
levels were thoroughly compatible with
amounts suggested by health organizations in
water matrices. The Cr concentration, in
99.56% of samples were below the maximum
limit for drinking water. Additionally, Pb and
Cd existed in 31.9% and 40.3% of samples
was more than contents have been allowed by
international  organizations, respectively.
Thus, it requires vast researches on
discovering original sources polluting waters.
So the result revealed that the levels of heavy
metal concentration in Sistan and Baluchestan
groundwater in most of study areas were
compatible with advised international criteria
which indicate a very slight influence of

Iran J Health Sci 2015; 3(3)#

industrialization in the area. Relatively, high
concentrations of Pb and Cd in few locations
suggest the state authorities to give more
attentions in developing plans, and consider
sustainable development in the area.
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