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Abstract

This investigation has been conducted to evaluate the concentrations of heavy metals, including lead, cadmium, and copper
in the drinking water in Kerman city, Iran. In this descriptive cross-sectional research, there have been 160 samples of tap
water and 64 samples of bottled water brands collected to achieve comparable results. The atomic absorption spectropho-
tometer has been used to measure the concentrations of lead, cadmium and copper and the United States Environmental
Protection Agency (USEPA) indexes have been used to evaluate the human health risk. The results showed that the mean
concentrations of lead metal in tap water have been higher than the recommended quantity based on the standards of the
World Health Organization (WHO) and USEPA. The mean concentrations of cadmium and copper in urban tap water have
been in the acceptable ranges defined by Iranian National Standards, WHO and USEPA. Likewise, the target heavy met-
als concentrations in the bottled water have been conformed to these standard limits. Although there is no potential risk of
carcinogenic detrimental health effect in children and adult groups, the children group consuming the drinking water are at
the risk of non-carcinogenic adverse health effect. It is recommended that the heavy metals concentrations in drinking water

are periodically monitored to minimize the environmental pollutions and health risks in consumers.
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Introduction

Nowadays, environmental pollutions, including water pol-
lution, have become a global issue and human life depends
on the healthy drinking water intake required to prevent any
risks to human health (WHO 2004). Although the surface
and groundwater are the main sources of drinking water in
most parts of the world, the desalinated seawater, bottled
water as well as spring water are regularly used in other
areas especially the regions encountering the water shortage
(Kim et al. 2015; Sullivan and Leavey 2011). Several human
activities have influences on the capacity and availability of
heavy metals in ecosystems, and these metals can enter the
body following the emission in water (Sardar et al. 2013).
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Although some metals such as iron, cobalt, copper, zinc,
chromium, vanadium, selenium, and molybdenum act as a
catalyst in the activities of the human bodies’ enzymes and
are considered as the essential elements for the growth and
reproduction, their accumulation in the human body causes
toxicity (Karamanis et al. 2007; Ghaderpoori et al. 2009).
The non-essential metals such as lead and cadmium having
no role in the metabolic activities lead to the toxic effects on
the body tissues (Bruins et al. 2000).

The concentrations of heavy metals higher than the stand-
ard levels defined by USEPA in the drinking water cause
systematic effects on human health (USEPA 2007). The
water pollution and its effects are increasing, and this pollu-
tion has become the global issue (Volety 2008; Shanbehza-
deh et al. 2014; Liu et al. 2009; Mandour and Azab 2011;
Montuori et al. 2013; Sekabira et al. 2010). The toxicities
of lead and cadmium metals lead to the dangerous effects
such as abortion and the increase in the birth of premature
infants, pair injury, birth weight loss, adverse effects on the
kidney system, and high blood pressure (Jarup 2003; Neeti
and Prakash 2013). Similarly, copper accumulation in drink-
ing water causes Alzheimer’s disease (Kaplan et al. 2011).
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The revival of heavy metals under the sediments of the
water columns acts as a source of heavy metals (Wang
et al. 2015; Wu et al. 2014; Das et al. 2008; Davidson et al.
2004). The sedimentation of the heavy metals by corrod-
ing the water pipes and the washing-up through the water
distribution system (WDS) pollutes the drinking water. The
used materials in the household piping are transferred to
the drinking water through the contacting corrosive water
with pipes, fittings, valves, municipal and domestic distribu-
tion networks. This event creates a great amount of heavy
metals in the drinking water (Al-Saleh and Al-Doush 1998;
Alabdula’aly and Khan 2009; Craun and Calderon 2001).
The transferred metals to the drinking water include lead,
cadmium, copper, zinc, and manganese (Savari et al. 2008).

Healthy drinking water has a high priority in the water
supply all over the world (Salvato et al. 2003). The use of
bottled water has risen in many countries since the last
30 years (Karamanis et al. 2007; Jakus et al. 2009).

The water kept in the room temperature for a long time
increases the risk of heavy metal sedimentation from the
bottle walls into water (Keresztes et al. 2009). Many studies
have investigated the human health risk assessment by the
heavy metals through the bottled water intake (Hadiani et al.
2015; Kolawole and Obueh 2015). The lead concentration in
the urban water by the metallic piping system is very high,
and the dissolved lead in the piping system depends on water
chlorine, dissolved oxygen, pH, temperature, water hardness,
and retention time in the water pipe (Fiketl et al. 2007). The
consumption of water containing a certain amount of heavy
metals may lead to health problems such as breath shortness
and multiple types of cancer in humans (Kavcar et al. 2009).
Stegavik (1975) examined the heavy metal pollution in the
drinking water distribution network of Trondheim city in
Norway and the results showed that the concentrations of
lead, cadmium, copper, and zinc in the drinking water of
this city have been less than the standard level, and there is
no concern for the public health. Water pollution of Ginzoo
River by cadmium from Kamioka zinc mine in Japan has
caused kidney disorders among the people (Yoshida et al.
1999).

Due to the importance of this issue, several studies have
been conducted to investigate the chronic health effects of
exposure to heavy metals from drinking water consumption
worldwide (Jaishankar et al. 2014; Zhang et al. 2014; Colak
et al. 2015; Avino et al. 2011; Shah et al. 2012).

Although evaluating the qualitative parameters of drink-
ing water is a direct method to compare these parameters
with the standard limits, it cannot provide a comprehensive
description of the drinking water quality. On the other hand,
there is no documentation about the detrimental effects of
the heavy metals exposure on the human body since the
exposure levels lower than the recommended standards for
heavy metals do not lead to recognizable clinical symptoms
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(Manassaram et al. 2010). Accordingly, one of the most
important methods to evaluate the potential adverse effects
of human exposure to hazardous pollutants is health risk
assessment (Karim 2011; Sun et al. 2007). The informa-
tion obtained from the risk assessment is used as one of the
crucial tools to help the decision-makers in environmental
and health management (Falk-Filipsson et al. 2007). Based
on the importance of heavy metals in water resources, this
study has been conducted to assess the carcinogenic and
non-carcinogenic risks by consumption of drinking water
network, and bottled water in Kerman city located in the
South-East of Iran.

Materials and methods
Study area

Kerman city is the capital and the biggest city of Kerman
province. The geographical coordinates of Kerman are
50°-57¢ east and 17°-30° north. This city has hot and dry
summers and cold winters (Nazarialamabadi 2008). Based
on the census of the statistical center of Iran, the population
of the city has reached 537,718 people, including 272,715
men and 265,003 women (Iran 2016). The map of the study
area and sampling sites are presented in Fig. 1.

Chemicals and reagents

All standard acids, as well as the solutions of heavy met-
als (lead, cadmium, and copper) used in this investigation,
have been bought from Merck Co. in Germany. A variety of
heavy metal concentrations were prepared by diluting with
the standard solutions and deionized water.

Sample collection

Polyethylene bottles previously sterilized without any pol-
lutions have been used to randomly collect the samples of
drinking waters from 20 public taps in Kerman city. There
have been eight samples with 1000 ml of water collected
from each tap. Also, eight samples from eight bottled water
brands have been bought from supermarkets and stores. The
collected samples have been kept in a cold box and trans-
ferred to the laboratory. The samples have been stored in
the refrigerator of the laboratory until the experiment time.

Sample preparation and digestion

The heavy metals in the water samples have been prepared
using the acidic digestion method adopted from other
researches (Hseu 2004; Momodu and Anyakora 2010). The
amount of 5 ml concentrated nitric acid has been added to
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Fig.1 a Map of study area, and b sampling sites

Table 1 Optimal instrumental parameters for VARIAN AA240 deter-
mination of target heavy metals

Parameters Elements
Pb Cd Cu

Wavelength (nm) 283.3 228.8 3274
Slit with (nm) 0.5 0.5 0.5
Lamp current (mA) 5 4 4
Furnace temperature

Drying 120 120 120

Ashing 400 300 800

Atomizing 2100 1800 2300

the 5 ml water and heated to reach 3 ml for the acidic diges-
tion. Also, the residue has been passed through the filter to
reach 25 ml volume.

Sample analysis

Atomic Absorption Spectrophotometer, model AA240, Var-
ian Company, made in Australia equipped with a GTA120
graphite tube atomizer, a PSD120 autosampler and a Varian
hallow cathode lamp has been used to measure the existed
heavy metals in the water samples. The detection limit
(LOD) for lead, cadmium and copper have been found to be
0.036 ng/mL, 0.01 ng/mL and 1 ng/mL, respectively. The
optimal instrumental parameters for VARIAN AA240 deter-
mination of target heavy metals are shown in Table 1. All

concentrations have been measured (mg/L) and compared
with the standard limit of the heavy metals in drinking water
based on USEPA and WHO (Reynolds et al. 2008; Shotyk
and Krachler 2007b). The results have been analysed using
SPSS v.25 (IBM spss) to achieve the mean value, standard
deviation, maximum and minimum values. The office and
Excel software 2016 have been used to plot all tables.

Human health risk assessment
Exposure assessment

One step of human health risk assessment is exposure
assessment (Means 1989; EPA 2001). According to a pre-
cise definition, the pollutants intake by humans refers to an
effective dose of the pollutant that enters the body through
various exposure pathways such as ingestion, inhalation or
skin contact, and reach blood circulation and affect the body
tissues and other organs. The daily chronic intake of heavy
metals given the conservative measures and limitations of
this study, the chronic daily intakes of drinking water (CDI)
in children and adult groups have been calculated based on
the chronic daily intake of toxic dangerous materials during
the contact period (mg/kg/day) (Yu et al. 2014). The CDI
of heavy metals is obtained based on the following formula:

CDI: C X IR X EF x ED/BW x AT, €))
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where CDI: chronic daily intake of heavy metal by water
ingestion (mg/kg/day), C: pollutant concentration in tap
water or bottled water (mg/L), IR: ingestion rate per unit
time (IR) (1 1/day for children and 2 1/day for adults), ED:
exposure period to metals (6 years for children and 30 years
for adults), EF: represents the annual exposure frequency
to metal (365 day/year), BW: average body weight (15 kg
for children and 70 kg for adults), AT: average exposure
time (for carcinogenicity AT =365 x70=25,550 days for
children and adults for non-carcinogenicity AT =ED X 365,
which is 2190 days for children and 10,950 days for adults)
(EPA 2001).

Non-carcinogenic risk assessment

The probability of non-carcinogenic risk is assessed by the
hazard quotient (HQ) factor. This factor is non-carcinogenic
CDI based on the oral reference dose (RFD) calculated
according to the following equation:

HQ = CDI/RFD, 2

where HQ: the non-cancer hazard quotient, CDI: non-carci-
nogenic chronic daily intake (mg/kg/day), RFD: RFD is an
estimation of the daily human contact surface of a popula-
tion and includes a sensitive population that does not have a
harmful effect on their health throughout their lifetime (Yu
et al. 2014; Bamuwamye et al. 2015).

Non-carcinogenic potential risk to human health through
higher than one heavy metal was assessed by hazard index
(HI) index, which is the sum of all HQ calculated for indi-
vidual heavy metal (Liu et al. 2013). The HI is used to esti-
mate the total non-carcinogenic risk effects of the exposures
to a multiple of heavy metals in the drinking water and cal-
culated as follows: (Huang et al. 2008; Bamuwamye et al.
2015):

HI = Z HQ = HQp, + HQy + HQ,. 3
k=1

Therefore, if the value of HQ or HI > 1, there is a pos-
sibility of adverse effects on human health so that the closer
to 1, the greater the non-carcinogenic risk (Wei et al. 2015).

Carcinogenic risk assessment

The carcinogenic risk potential in heavy metals through the
drinking water is estimated using incremental lifetime can-
cer risk (ILCR) (Liu et al. 2013).

CDI in the following equation is the chronic daily intake
of carcinogenic chemical materials (mg/kg/day). This index
shows the mean daily dose of exposure to the carcinogenic
materials in a lifetime:
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ILCR = CDI x CSF. @)

Based on USEPA standard, ILCR is obtained by cancer
slope factor (CSF) that is the risk by one dose of 1 mg/kg
in total body weight for the certain pollutant in all lifetime.

The cumulative cancer risk as a result of exposure to mul-
tiple carcinogenic heavy metals due to the consumption of
water was assumed to be the sum of the individual heavy
metal increment risk and calculated using the following
equation (Liu et al. 2013):

D ILCR = ILCR, +ILCR, + [LCR; + - ILCR,.  (5)
1

In this equation, 7 is the individual carcinogenic of each
heavy metal in the bottled water or tap water. The level of
acceptable cancer risk (ILCR) or for regulatory purposes
is considered between 10~ and 107° (Li and Zhang 2010).

Results
Heavy metals concentration
Heavy metals concentration in tap water

Based on the results in Table 2, it is observed that the amount
of lead in tap water is between 0.0001 and 0.21 mg/L. The
concentration of copper has been determined as the sig-
nificant level (ND-0.03 mg/L), while the concentration of
cadmium has been considered negligible (ND—-0.002 mg/L).
The concentrations of the target heavy metals in tap water
have been compared with the provided standard limit by
USEPA and WHO (Table 9). In this regard, the lead con-
centration in the samples of the 8th site has been higher than
the Iranian National Standards (INS). Also, the lead concen-
trations in the samples of four sites (1, 4, 7, and 11) have
been higher than the acceptable limits defined in WHO and
USEPA standards. The concentrations of cadmium and cop-
per in all samples have been lower than the permitted levels
by (INS), WHO, and USEPA standards. In general, the mean
concentration of lead in the tap water has been lower than
that recommended by the Iranian standard (INS). However,
it has been higher than the guidelines in WHO and USEPA.

The concentration of heavy metals in bottled water

The concentration of lead in the bottled water has been
between ND and 0.0009 mg/L. Based on the values obtained
for this metal, although the concentration of lead in brand
four has been higher than the levels in INS, its concentra-
tions in other brands have been less than the acceptable lim-
its in INS, WHO and USEPA as represented in Table 3. The
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Table 2 Concentration (mg/L) of heavy metals in tap water (mg/L) in Kerman city

160)

Tap water sites (N

Metals

Mean + SD

13 14 15 16 17 18 19 20 Range

12

10

0.0165+0.0045

0.002  0.006 0.018 0.008 0.005 0.016 021 0.0002 0.0014 0.019 0.012 0.003 0.0001 0.007 0.009 0.0006 0.0004 0.0015 0.001 0.0001-

0.01

Pb

0.21

ND-

0.00021 +0.006

ND ND ND ND ND

0.0005

ND

0.0001 ND 0.0004 ND ND

ND

0.0002

ND

0.0003  0.0007 ND

ND

0.002

Cd

0.002
ND-

0.00059 +0.008

ND 0.01 ND 0.005 ND 0.008 ND 0.012 ND ND 0.016

ND

0.003  0.006 0.004  0.005 ND 0.019  0.001

0.03

Cu

0.03

mean concentrations of cadmium and copper in all brands
of the bottled water have been lower than the recommended
levels in the INS, WHO and USEPA. Generally, the mean
concentration of lead in the bottled water has been lower
than the recommendations in INS. However, it has been
higher than the guidelines in WHO and USEPA.

Human health risk assessment

The carcinogenic and non-carcinogenic risks have been
determined based on the mean concentration of the heavy
metals using the formulations of ILCR and HQ (Liu et al.
2013). RFD and CSF values of carcinogenic risk are shown
in Table 4 (USEPA 2016).

Non-carcinogenic risk

Table 5 represents the chronic daily intakes of non-carci-
nogenic through the target heavy metals in tap and bottled
water. The results show that the chronic daily intake of non-
carcinogenic of heavy metals has been higher in children as
compared with that in adults. The chronic daily intake of
non-carcinogenic reduction procedure in both children and
adults are similar as follows: Pb> Cu> Cd.

The non-carcinogenic risk of the target heavy metals in
the drinking water was calculated by the HQ, and the results
are shown in Table 6. Based on the guideline of USEPA
mentioned before, If the HQ level of any of the heavy met-
alsor HI[(HI = ;_, HQ) in the drinking water] is less than
one, it means that there is no considerable risk regarding
the detrimental health effects. The ratios above one for HQ
and HI can indicate the potential non-carcinogenic effect
are likely to occur and is in the unacceptable range. The
results showed that HQ levels of lead metal in tap water are
more than one in the children group placed in the range of
unacceptable non-carcinogenic risk. The potential risk of
non-carcinogenic detrimental effect due to exposure to cop-
per metal in all water samples of the bottled and tap water in
both groups of children and adults is minimal (HQ < 0.009),
indicating that cu does not lead to the significant risk of
systemic toxicity.

The HQ of lead metal for the bottled water in both chil-
dren and adults and the tap water in adults have been lower
than one. Likewise, the risk quotient of cadmium and copper
for all water samples in all studied groups have been less
than one. Therefore, there is not any potential non-carcino-
genic effect are unlikely to occur for the children exposed
to lead metal through the bottled water which is the same
for the adults exposed to lead metal through the tap water
and the bottled water. Furthermore, there has not been any
probability of non-carcinogenic effect through the expo-
sure to Cd and Cu metals by consuming the drinking water
(bottled water and tap water) in the studied population. The
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Table 3 Concentration (mg/L)

: Metal Bottled water brands (mg/L) (N=64) Range Mean + SD
of heavy metals in bottled water
in Kerman city 1 2 3 5 6 7 8
Pb 0.002  0.0019 0.0005 0.008 0.0002 0.0003 0.0016 ND ND-0.0009 0.00181+0.0026

Cd ND ND
Cu 0.0009 0.0002 ND

0.0002 ND ND ND
ND  0.0001 ND

0.0004 ND ND-0.0002 0.00006+0.00014
0.005 ND ND-0.0001 0.000210.00032

Table 4 RFD and CSF of the heavy metals

CSF/RFD factor Metals

Pb Cd Cu
RFD (mg/kg/day) 0.0004 0.0005 0.04
CSF (mg/kg/day)™! 0.0085 6.3

Table 5 Non-carcinogenic chronic daily intakes divided by heavy
metals and water types in children and adults for drinking water in
Kerman city

Metals  CDI-child (mg/kg/day) CDI-adult (mg/kg/day)

Tap water  Bottled water ~ Tap water  Bottled water
Pb 1.1E-03 1.2E-04 4.5E-05 5.1E-05
Cd 14E-05  4E-06 6.2E-06 1.71E—06
Cu 3.9E-05 1.39E—-05 1.74E-05  6E—-06

decreasing trend of HQ in both groups of children and adults
through the tap water and the bottled water has been the
same as follows: HQpy > HQcy>HQ(,.

The multiple non-carcinogenic HI of heavy metals (HI)
for the tap water in the children and adults groups have
been 2.78 and 0.126, respectively, and that for the bottled
water have been 0.311 and 0.131, respectively. Based on
the USEPA guidelines, the HI above one (HI> 1) for the
tap water in the children group is within the range of unac-
ceptable non-carcinogenic risk, and there are the detrimental
effects of the target heavy metals causing the adverse health
effect in children consuming the tap water. It should be noted
that the HI level in children has been greater than that in
adults, indicating that children are more at risk of non-car-
cinogenic risks of heavy metals in the drinking water.

Carcinogenic risk

The carcinogenic risk and chronic daily intake due to lead
and cadmium are, respectively shown in Tables 7 and 8 for
the tap and bottled water in both children and adult groups.
Carcinogenic chronic daily intake in both children and
adult groups by consuming the tap and bottled water has
reduction procedure as CDIp, > CDI, > CDI.
Incremental lifetime carcinogenic risk (ILCR) of cad-
mium has been more than in the lead for both types of tap
and bottled water. In general, ILCR of cadmium and lead in
tap water has been monitored and controlled in the stand-
ard and permitted level for adults group (1 x 1071 x 107%),
while this amount in children group for lead has been lower
than the standard limit of USEPA (lower than 1x 107%)
and is under monitored and controlled about the standard
level for cadmium. ILCR for lead in the bottled water has
been negligible for both adult and children groups (lower
than 1 X 10_6), but regarding cadmium, it has been under
monitored and controlled in the standard level for the bot-
tled water (1x 1071 x 107%). Generally, the ILCR of lead
and cadmium have been higher in adults as compared with
children group. Furthermore, the consumption of tap water

Table 7 Carcinogenic chronic daily intakes divided by heavy metals
and water types in children and adults for drinking water in Kerman
city

Metals  CDI-child (mg/kg/day) CDI-adult (mg/kg/day)

Tap water  Bottled water ~ Tap water ~ Bottled water
Pb 9.4E-05 1.03E-05 2.02E-04  2.21E-05
Cd 1.2E-06 3.4E-07 2.57E-06  7.34E-07
Cu 3.37E-06 1.2E-06 7.2E-06 2.57E-06

Table 6 Non-cancer hazard quotients divided by heavy metals and water types in children and adults for drinking water in Kerman city

Metals HQ-child HQ-adult HI
Tap water Bottled water Tap water Bottled water Tap water/child Bottled Tap water/adult Bottled
water/child water/
adult
Pb 2.75 0.3 0.14 0.127 2.78 0.311 0.126 0.131
Cd 0.028 0.008 0.012 0.003
Cu 0.009 0.003 0.004 0.001
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Table 8 Cancer risk divided by heavy metals and water types in children and adults for drinking water in Kerman city

Metals ILCR-child ILCR-adult > ILCR
Tap water  Bottled water Tap water Bottled water Tap water/child Bottled water/child Tap water/adult Bottled water/adult
Pb 7.99E-07 8.71E-08 1.71E-06 1.87E—07 8.35E-06 2.22E—-06 1.78E—-05 4.80E-06

Cd 7.56E—-06 2.14E—06
Cu

1.61E-05 4.62E—-06

has led to higher carcinogenic risks of lead and cadmium
than that of bottled water.

Overall, the cumulative cancer risk (3. ILCR) by drinking
water in Kerman city is at the standard level for both adult
and children groups (1 x 107~1 x 107°). Thus, there is no
potential to the carcinogenic diseases in both groups.

Discussion

The results showed that the mean concentration of lead in
the tap water exceeds the acceptable limits in INS, WHO,
and USEP as represented in Table 9.

The maximum concentration of lead in groundwater
in Kerman city is 0.045 mg/L (Hassanzadeh et al. 2011).
Thus, an increase in the lead concentration of tap water
from the standard limits indicates a high concentration of
this metal in the main resource and inefficiency of the water
treatment system in Kerman. Alternatively, the corrosion
of lead pipes, as one of the used piping material in water
and indoor plumbing systems of buildings, transfers lead
from the walls of the pipes to the urban water systems. The
absorbed cadmium in the tap drinking water depends on
several factors including lead piping in the plumping sys-
tem, the number of fittings exposed to water, and soldering
of pipes (Quevauviller and Thompson 2005). The results of
this research agree well with the investigation of Nahid and
Moslehi (2008), about the drinking water of various areas
in Tehran city, Iran which has indicated that the measured
contact concentrations of heavy metals were in acceptable
standard limits by WHO and USEPA except for lead. The
mean concentrations of cadmium and copper in tap water
in this research have been lower than the defined standard
limits by INS, WHO, and USEPA. The low values can be
for optimal coagulation or settling process in the process
of drinking water purification. In spite of the difference in
concentrations of the mentioned elements in various sam-
pling parts, their concentration have not been higher than
the compared standards. The difference in the concentra-
tions of copper and cadmium has been due to the erosion of
sediment or corrosion of pipes and fittings used in the urban
plumbing system, corrosion of galvanized pipes, and brass
valves to the domestic networks of urban houses (Shahriari
et al. 2010).

Table 9 Acceptable limits of heavy metal concentrations (mg/L) in
drinking water

Metals Iranian standard (mg L) WHO stand- EPA
Bottled water ~ Tap water ard (mg L) standard
(mg L)
Pb 0.005 0.1 0.01 0.015
Cd 0.003 0.01 0.003 0.005
Cu 1 1.5 2 1

The results are also in agreement with the similar
researches conducted by SJ et al. (1976) in Taiwan, Hashem
(1993) in Saudi Arabia, and Nouri et al. (2006) in Iran, indi-
cating the lower copper concentration than standard limits.
The lower concentrations of copper as compared with the
standard level in these studies are due to the flows of drain-
ing water into the aquifers. Another research by Abbasn-
ezhad and Khajehpour (2009), on the concentration of heavy
metal in groundwaters of Rafsanjan city, Iran showed that
the concentrations of lead and arsenic have been higher
than standard levels since the main source of groundwater
is under the volcanic mountains which are in agreement with
the results of this research, also Khajehpour (2010), showed
that the concentrations of cadmium, copper, and zinc have
been lower than standard levels in Iran which is in agreement
with the results of this research.

The mean concentration of lead in the bottled water in
this study has been lower than INS, WHO, and USEPA.
Nonetheless, the difference in the lead concentrations in
various bottled water samples has been from the differ-
ence in bottled water resource such as spring, well, as well
as the difference in the treatment process or their storage
containers. The results of studies by Pip (2000) and Sho-
tyk and Krachler (2007b) showed that lead concentration
in bottled containers increases by retention time. Moreover,
glass and polyethylene terephthalate (PTE) have been used
as the container material to protect the bottled water. There
is a probability of sedimentation of these materials based
on the studies carried out in other countries (Shotyk and
Krachler 2007a; Shotyk et al. 2006; Westerhoff et al. 2008).
The results of Pip (2000) and Dabeka et al. (2002) showed
that the lead concentration in bottled water has been lower
than the standard limits which are in agreement with the
result of this research.
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Pip (2000) carried out a research on 40 brands of bot-
tled water in Canada showed that the mean concentration of
lead in the examined mineral water brands is 5 pg/L which
has been higher than the lead concentration of the studied
samples of this research. However, it has been lower than
the maximum standard limits in WHO and USEPA. The
mean concentrations of cadmium and copper in the bottled
water have been lower than the compared standards and they
agree well with the results of obtained for the bottled water
in Azerbaijan (Forouzan et al. 2008). Another research on
the bottled water in Tehran city, Iran, by Ghaderpoori et al.
(2009), indicated that the concentrations of metals in bottled
water have been at the desirable level. The studies in Croatia
reported that the range of the heavy metals and elements
in all water samples have been within the standard limits
(FiketI et al. 2007).

In this study, HI for the consumption of tap water in chil-
dren has been higher than one showing that it is likely to
have detrimental health effects on children. Although this
index has been lower than one in both children and adults
groups consuming the tap water and bottled water, it has
been less than one only for the adults group using the tap
water. Therefore, it is unlikely to have an adverse health
effect on the two groups. In general, the HI in children group
has been higher than the adult group, which shows the poten-
tial of carcinogenic risk has been higher in children than
adults (Akkus and Ozdenerol 2014). The previous studies
have confirmed this observation (Guerra et al. 2012). It indi-
cates that the HI of target heavy metals (cadmium and zinc)
in aqueous flows for drinking water around mine area in
Korea country has been acceptable (Lim et al. 2008).

In periodic studies adopting HI of health risk assessment
of heavy metals in the drinking water of the mountainous
area in northern Pakistan, it was found that there is no risk
threatening the human health (Muhammad et al. 2011).
Adamu et al. (2015) conducted a research on State River in
the vicinity of the barite mine in the southeastern of Nige-
ria and showed that multiple non-carcinogenic risk (HI) of
heavy metals has been in the unacceptable level. The heavy
metal assessment of cumulative carcinogenic risk for target
metals () ILCR) through the tap and bottled water in both
children and adult groups has been in the permitted limit of
the monitored and controlled level (1 x 107*-1x 107°).

Cumulative cancer in both children and adult groups for
the tap water has been higher as compared with the bottled
water. Generally, ) ILCR the adult group has been greater
for children through the tap and bottled water. The research
carried out with the aim of heavy metals health risk assess-
ment in the middle Russian area showed that the risk of
the carcinogenic disease had been 3.9 x 10~ (Momot and
Synzynys 2005). Health risk assessment in this research
for the consumers of drinking water resources through
both the tap and bottled water has been within the limit of
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1 x 107*-1x 107° indicating lower carcinogenic risk poten-
tial in the studied area as compared with that in Russia. The
results of the heavy metals risk assessment conducted by
Rajaei and Hesari (2012), in Aliabad Plain, Iran showed that
the potential of carcinogenic risk had been 2.23 x 107*, and
the potential of non-carcinogenic risk has been 2.53 x 107,
It showed a lower potential of carcinogenic risk and higher
potential of non-carcinogenic risk.

Conclusions

In this investigation, the concentrations of target heavy met-
als (lead, cadmium, and copper) in the tap water and the
bottled water have been measured, and then the carcino-
genic and non-carcinogenic risks have been calculated in
both children and adults in Kerman city, Iran. The results
are summarized as follows:

1. The highest and lowest mean concentrations of heavy
metals in the samples of tap water and bottled water have
been related to lead and cadmium, respectively. The lead
concentrations in the tap and bottled water have been
lower than the recommended levels by Iranian standards,
but higher than the International organizations guide-
lines (WHO and EPA). The mean concentrations of Cd
and Cu in the studied water samples have been lower
than all considered standards.

2. Inthe assessment of non-carcinogenic risk, only the HQ
values of lead metal for the tap water in the children
group have been greater than one, which is considered
at an unacceptable range.

3. The multiple non-carcinogenic HI of heavy metals
for the tap water in children has been higher than one
(HI=2.78), indicating the unacceptable level of the non-
carcinogenic risk for the target metals in the tap water
and their detrimental impacts on children’s’ health.

4. The cumulative cancer risk of the target heavy metals for
the children and adults using the tap water and bottled
water are within the acceptable monitored and controlled
levels (1x107%-1x 1079).

5. It is recommended that the relevant health authorities
periodically monitor heavy metals to prevent health risk
to the consumers.
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