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Abstract
Trace Metal composition of the Bottled water that available in Erbil city was assessed during
January to April-2010 from different shops of the city. About ten bottled water samples were
analyzed using Atomic Absorption Spectrophotometer for their Aluminum, Cadmium, Lead,
Iron, Copper and Manganese content and their levels compared with World Health
Organization specified maximum contaminant level. According to the WHO, the Maximum
Contaminant Level (MCL) for Aluminum, Cadmium, Lead, Iron, Copper and Manganese are
0.2, 0.003, 0.01, 1, 2 and 0.5mg/L respectively. From the results obtained, none of the
samples analyzed contained Aluminium in concentrations above the MCL, however, the
metal was found to be present in 50% of the samples analyzed. Over 30%of the samples had
Cadmium concentrations above the MCL. Almost 75% of the samples had detectable level of
Lead while 40% of the sample had Lead concentration above the MCL. The results
demonstrated that all of samples Iron, Copper and Manganese concentrations have been
shown below MCL according to WHO. The analysis performed by Atomic Absorption
Spectrophotometer, indicated that mostly the trace element were below the WHO guideline,
except 30% and 40%of the samples had Cadmium and Lead concentrations above the MCL
respectively.
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Introduction:Water is one of the essentials that
supports all forms of plant and animal life
(Vanloon and Duffy, 2005). and it is
generally obtained from two principal natural
sources; Surface water such as fresh water
lakes, rivers, streams, etc. and Ground water
such as borehole water and well water
(McMurry and Fay, 2004; Mendie, 2005).
Water has unique chemical properties due to
its polarity and hydrogen bonds which means
it is able to dissolve, absorb, adsorb or
suspend many different compounds (WHO,
2007). thus, in nature, water is not pure as

it acquires contaminants from its
surrounding and those arising from
humans and animals as well as other
biological activities (Mendie, 2005). One
of the most important environmental
issues
today
is
ground
water
contamination (Vodela et al., 1997) and
between the wide diversity of contaminants
affecting water resources, trace metals
receive particular concern considering their
strong toxicity even at low concentrations
(Marcovecchio et al., 2007). Drinking water

of good quality is essential for human health
and development. Pollutants such as
pesticides, fertilizers, bacteria, toxic metals
and other potentially harmful—not yet
identified—environmental contaminants may
deteriorate the quality of drinking water in
many regions of the world. With growing
concern about the quality of municipal water,
e.g. Pb and Cu contamination through the
plumbing system (Zietz et al., 2001, 2003).
Bottled
waters
are
becoming
increasingly popular worldwide. Italy ranks
as the country with the greatest annual
production (10 billion L/year) and
consumption (151 L/per capita/year) (Versari
et al., 2002). While tap water intended for
human consumption is controlled regularly
for an extensive array of potential
contaminants by certified authorities, bottled
waters undergo less comprehensive testing,
and less frequently.
Moreover,
the
legal
guidelines
established to regulate the quality of tap
water generally do not apply to bottled
waters. The potential risks from exposure to
potentially harmful contaminants from
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drinking bottled water, therefore, are rather
difficult to assess.
Surveys have indicated that consumers
are turning to bottled water as a healthy
alternative to soft drinks or because they are
concerned about the safety or taste of their
drinking water (Dorothy, S and Nicholas, D,
2005). Bottled water comes from a variety of
sources, like spring and mineral water are
drawn from underground water sources such
as a bore holes or spring, they differ
according to their composition and content in
mineral. Other bottled water can be either
water from springs and wells or drinking
water from the distribution system
(Warburton and Austin, 2000).
In addition to the uncertain chemical
composition of natural spring waters from
diverse geological terrains, recent studies
revealed that most bottled waters are
contaminated with either antimony (Sb) or
lead (Pb) leaching from polyethylene
terephthalate (PET) and glass bottles,
respectively (Shotyk et al., 2006).
With the growing awareness of the
environmental impacts of water bottling and
transportation, reusable water bottles are
becoming increasingly popular. One of the
more popular brands in this category is
aluminium but with a proprietary, non-toxic
liner. A second type of popular bottle is
simply made of stainless steel. We know of
no published studies of trace metal
contamination as a result of leaching from
such containers (Michael and William,
2009).
Trace element can cause serious health
effects with varied symptoms depending on
the nature and quantity of the metal ingested
(Adepoju-Bello and Alabi, 2005). They
produce their toxicity by forming complexes
with proteins, in which carboxylic acid (–
COOH), amine (–NH2), and thiol (–SH)
groups are involved. These modified
biological molecules lose their ability to
function properly and result in the
malfunction or death of the cells. When
metals bind to these groups, they inactivate
important enzyme systems or affect protein
structure, which is linked to the catalytic
properties of enzymes. This type of toxin
may also cause the formation of radicals
which are dangerous chemicals that cause the
oxidation of biological molecules.

The most common trace element that humans
are exposed to is Aluminium, Cadmium,
Lead and Manganese. Aluminium has been
associated with Alzheimer’s and Parkinson’s
disease, senility and prehensile dementia.
Arsenic exposure can cause among other
illness or symptoms cancer, abdominal pain
and skin lesions. Cadmium exposure
produces kidney damage and hypertension.
Lead is a commutative poison and a possible
human carcinogen (Bakare-Odunola, 2005).
There is thus the need to assess the quality of
ground water sources.
The World Health Organization has
specified Maximum Contaminant Level for
the presence of trace element in water. The
aim of this study is to assess the quality of
bottled water sources in Hawler city, with the
aid of Atomic Absorption Spectrophotometer
the presence and concentration of six trace
elements (Aluminium, Cadmium, Copper,
Iron, Lead and Manganese) were determined
and the results compared to the maximum
contaminant level specified by the World
Health Organization.
Materials and Methods:
Ten bottled water samples were collected
from different shops in Erbil city during
January to April-2010. To ensure the
removal of organic impurities from the
samples and thus prevent interference in
analysis, the samples were digested with
concentrated nitric acid. 10ml of nitric acid
was added to 50ml of water in a 250ml
conical flask. The mixture was evaporated to
half its volume on a hot plate after which it
was allowed to cool and then filtered. Stock
solution was prepared of Aluminum,
Cadmium, Lead, Iron, Copper and
Manganese. Calibration solutions of the
target metal ions were prepared from the
standard stock by serial dilution. The
digested water samples were analyzed for the
presence of Aluminum, Cadmium, Lead,
Iron, Copper and Manganese. Each sample
was analyzed for Aluminum (Al), Cadmium
(Cd), Lead (Pb), Iron (Fe), Copper (Cu) and
manganese (Mn) by using atomic absorption
spectrophotometer (PYE Unicam SP9)
technique, as described in (Bosnak and
Groseer, 1996).
Description the study area
The study was conducted in Erbil city.
The studied area (Erbil city) covers about
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70Km2 between latitude 36º 09ˉ to 36º 14ˉ N
and between longititude 43º 58ˉ to 44º 03ˉ E
(Rzoska, 1980). Ten bottled waters were
collected in various shops in the city on four
replication during January to April-2010.
The present study was carried out during a 4
month period on a total of 40 natural bottled
water samples of 10 commercial brands
produced in Iraq and Turkey that available in
Erbil city to consume. The water type and
source of each is represented in table (1).
Bottled water
brands

Water type

Source of
water

Ararat

Natural
spring water

Erbil-Iraq

Life

Natural
spring water
Natural
spring water
Purified
drinking
water
purified
drinking
water
Natural
spring water
Natural
spring water
Natural
spring water
Natural
spring water
Natural
spring water

Duhok-Iraq

Cappinar
Rawan

Avana

Kani
Jin
Mina
Azrak
Rose

IstanbulTurkey
Erbil -Iraq

Erbil -Iraq

Erbil -Iraq
Duhok-Iraq
IstanbulTurkey
IstanbulTurkey

Table (1): The Bottled Water Type and Source of
Each Brand

Results and discussions:Several elements considered in this study
have been already determined in some
bottled waters. (Fiket et al., 2007). Table 1,
2, 3, 4, 5 and 6 shows the level of the metals
in the studied Bottled water samples given
for Aluminum, Cadmium, Lead, Iron,
Copper and Manganese. Statistically there
are no significant differences between
bottled water and dates for these studies.
The present investigation includes an
Erbil city survey of trace element
concentrations of bottled waters (10 brands)
and thus is not limited to a specific
geographical region. Therefore the data
presented here provides an estimate of the
range in concentrations of selected trace
elements in bottled waters around the Erbil
city.

In the following we focus on these elements
for which only limited or no data are
available or whose maximum concentrations
in bottled waters was found to exceed
guideline levels set by WHO.
For the protection of human health,
guidelines for the presence of trace element
in water have been set by different
International Organizations such as United
Stated of Environmental Protection Agency ,
World Health Organization, Environmental
Protection Agency, European Union
Commission (Marcovecchio et al., 2007).
thus, trace element have maximum
permissible level in water as specified by
these organizations. Maximum contaminant
level (MCL) is an enforceable standard set at
a numerical value with an adequate margin
of safety to ensure no adverse effect on
human health. It is the highest level of a
contaminant that is allowed in a water
system. The six elements studied in this
research namely: Aluminium, Cadmium ,
Lead, Iron, Copper and Manganese have
Maximum Contaminant Levels of 0.2mg/L,
0.003mg/L , 0.01mg/L, 1mg/L, 2mg/L and
0.5mg/L respectively (WHO, 2000).
Aluminium is the most abundant element
found in the earth’s crust (John De Zuane,
1990) and from the result obtained from its
analysis; the minimum concentration of
aluminium detected in the water samples for
Bottled water was 0.000mg/L with the
maximum concentration being 0.007mg/L.
None of the water samples contained
Aluminium above the specified Maximum
Contaminant Level (0.2mg/L). However,
Aluminium was detected in 50%of the water
samples, and since toxicity is associated with
continuous low level exposure, this can
eventually lead to serious health effects as
several epidemiological studies have
provided evidence with respect to a possible
link between Aluminium in drinking water
and dementia as well as Aluminium exposure
being an etiological factor in Alzheimer’s
disease.
In the analysis of the water samples
collected for Cadmium, 3 of the collected
bottled water samples did not contain
detectable levels of Cadmium but of the 37
samples containing Cadmium, 30% of them
were in concentrations above the Maximum
Contaminant Level (0.003mg/L) with the
maximum concentration being 0.005mg/L.
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The concentration of copper showed the
highest values calculated in Rose and the
lowest estimated in Avana bottled water
which were 0.12 ppm and 0.0.02 ppm
respectively. According to limits prescribed
by (WHO) it was found that all the samples
collected from the sources were free from
copper, the average value of copper in all
water samples are much below the
permissible limits. There was no health
related risk due to the presence of copper in
drinking water of the study areas. Copper
values varied in the studied area, this may be
related to variation in water characteristics
such as pH, hardness and copper availability
in distribution system, corrosion of pipes or
pipes fitting in the reticulation system
(WHO, 2004). Contamination of drinking
water with high level of copper may lead to
chronic anemia (Acharya et al., 2008).
Manganese in the studied area varied
between 0.00 to 0.085 mg/ L, this variation
in concentration may be related to effect of
soil, sediments and metamorphic and
sedimentary rocks, which provide on
appreciable natural sources of Mn through
weathering. Iron and steel industry and acid
mine drainage, in particular release a large
portion of the manganese found in the
environment (CWQG, 1992). Maximum
acceptable level of Mn in drinking to WHO
guideline is 0.4 mg/ L (WHO, 2004),
accordingly all studied wells considered safe
for drinking purposes.
Conclusion:These results show high concentration of
these trace elements and in some cases the
levels were above WHO specified Maximum
Contaminant level. In overall the Bottled
water studied, concentration of Aluminium,
Copper, Iron and Manganese were below the
drinking water standards, but in Cadmium
and Lead content of some samples surpassed
the drinking water standards.
Aluminium(mg/L)

Junuary 2010

Feb-10

Mar-10

Apr-10

0.08
0.06
0.04
0.02
0

Rose

Rawan

Life

Azrak

Cappinar

Mina

Ararat

avana

jin

kani

This is of concern because Cadmium has
carcinogenic properties (Lauwerys, 1979). as
well as a long biological half life (Orisakwe
et al., 2006). leading to chronic effects as a
result of accumulation in the liver and renal
cortex. It can also cause kidney damage as
well as produce acute health effects resulting
from over exposure to high concentrations
(Orisakwe et al., 2006).
The possible long term effects of chronic
exposure to lead present in drinking water
are subject to considerable public concern
(Zietz et al., 2007). and in the analysis of the
water samples collected for Lead, 28 of the
bottled water were shown to contain Lead
and of these, 16 of the bottled water
representing 40% of the total contained Lead
in levels above the Maximum Contaminant
Level (0.01mg/L) with the maximum
concentration detected being 0.05mg/L.
These results are of concern as lead has been
recognised for centuries as a cumulative
general metabolic poison (Adepoju-Bello
and Alabi, 2005) (yes found in references) It
is a neurotoxin and is responsible for the
most common type of human metal toxicosis
(Berman, 1980). Also, studies have linked
lead exposures even at low levels with and
increase in blood pressure (Zietz et al., 2007)
as well as with reduced intelligence quotient
in children (Needleman, 1993) and with
attention disorders (Yule and Rutter, 1985).
Iron is one of the most abundant metals in
the earths crust. It is found in natural fresh
water at level ranging from 0.5 to 50 mg/ L.
Iron in drinking water dose not poses a
health threat. Iron also produces an
unpleasant taste in drinking water and may
promote bacterial growth in pipes and
service main (McNeely et al., 1979). It is
content of hemoglobin, so it is very
necessary for all living organism but in
excess promote iron bacteria in water
(Akhilesh Jinwal, 2009). It seem that values
of Iron in the studied bottled water ranged
between 0.20 to 0.45 mg/ L. Accordingly to
WHO all studied Bottled water samples
during this investigation were within
desirable concentration and are on safe side
for drinking purposes.
Copper is not known to be toxic to man at
moderate level, but water becomes
distasteful to drink at concentration of copper
between 1 to 5 mg/ L (CWQG, 1992).

Bottled water

Figure (1): Aluminum (mg/L) values recorded in
different Bottled water during the study period.
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Copper (mg/L)

Junuary 2010

Bottled water

Mar-10

Rose

Rawan

Life

Azrak

Cappinar

Mina

Ararat

avana

jin

kani

Junuary 2010

Feb-10

Mar-10

Apr-10

Figure (5): Copper (mg/L) values recorded in
different
Bottled
water
during
the
study period.

Least significant difference (LSD) (0.01) for
Date =2.058657
Least significant difference (LSD) (0.01) for
Bottled water =2.055772
Junuary 2010

0.06
0.04
0.02

Lead (mg/L)

Rose

Rawan

Life

Azrak

Cappinar

Mina

Ararat

avana

jin

0.02

Apr-10

0.1

kani

0.04

Mar-10

0.08

0
0.06

Feb-10

0.12

Manganes(mg/L)

Apr-10

Least significant difference (LSD) (0.01) for
Date=2.052283
Least significant difference (LSD) (0.01) for
Bottled water = 2.052091

Bottled water

Rose

Rawan

Life

Azrak

Cappinar

Mina

Ararat

avana

jin

kani

Junuary 2010
Mar-10

Bottled water

Figure (3): Lead (mg/L) values recorded in
different
Bottled
water
during
the
study period.

Least significant difference (LSD) (0.01) for
Date =2.055335
Least significant difference (LSD) (0.01) for
Bottled water = 2.053854
Junuary 2010

Iron(mg/L)

Rose

Rawan

Life

Azrak

Cappinar

Mina

Ararat

avana

jin

Feb-10

Figure (2): Cadmium (mg/L) values recorded in
different
Bottled
water
during
the
study period.

Feb-10

Mar-10

Apr-10

0.15
0.1
0.05

Rose

Rawan

Life

Azrak

Cappinar

Mina

Ararat

avana

jin

kani

0

Apr-10

0.1

Junuary 2010

Bottled water

0

Mar-10

0.05
0

0.005
0.0045
0.004
0.0035
0.003
0.0025
0.002
0.0015
0.001
0.0005
0

Feb-10

0.15

kani

Cadmium(mg/l)

Least significant difference (LSD) (0.01) for
Date =2.055833
Least significant difference (LSD) (0.01) for
Bottled water =2.054499

Bottled water

Figure (4): Iron (mg/L) values recorded in
different
Bottled
water
during
the
study period.

Least significant difference (LSD) (0.01) for
Date = 2.096615
Least significant difference (LSD) (0.01) for
Bottled water = 2.077687

Figure (6): Manganese (mg/L) values recorded in
different
Bottled
water
during
the
study period.

Least significant difference (LSD) (0.05) for
Date = 2.066093
Least significant difference (LSD) (0.01) for
Bottled water =2.060065
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تقدير محتوى المعادن الضئيلة للمياه المعلبة المتوفرة في مدينة اربيل-العراق
اﻝﻤﻠﺨص
ﺘم ﺘﻘدﻴر ﻤﺤﺘوى اﻝﻤﻌﺎدن اﻝﻀﺌﻴﻠﺔ ﻓﻲ اﻝﻤﻴﺎﻩ اﻝﻤﻌﻠﺒﺔ اﻝﺘﻲ ﻜﺎﻨت ﻤﺘوﻓرة ﻓﻲ ﻤدﻴﻨﺔ أرﺒﻴل وذﻝك ﺨﻼل ﻜﺎﻨون اﻝﺜﺎﻨﻲ اﻝﻰ ﻨﻴﺴﺎن ٢٠١٠ -
واﻝﺘﻲ ﺘم ﺠﻤﻌﻬﺎ ﻤن ﻤﺤﻼت ﻤﺨﺘﻠﻔﺔ ﻓﻲ اﻝﻤدﻴﻨﺔ .ﺘم ﺘﺤﻠﻴل ﻋﺸرة ﻨﻤﺎذج ﻝﻠﻤﻴﺎﻩ اﻝﻤﻌﻠﺒﺔ ﺒﺎﺴﺘﺨدام ﺠﻬﺎز اﻤﺘﺼﺎص اﻝطﻴف اﻝذري ﻝﻠﻤﻌﺎدن
اﻝﻀﺌﻴﻠﺔ وﻫﻲ اﻝﻨﺤﺎس واﻻﻝوﻤﻨﻴوم واﻝﻜﺎدﻤﻴوم واﻝرﺼﺎص واﻝﺤدﻴد واﻝﻤﻨﻐﻨﻴز وذاﻝك ﻝﻤﻌرﻓﺔ ﺘرﻜﻴزﻫﺎ وﻤﺴﺘوﻴﺎﺘﻬﺎ وﻜذﻝك ﻤﻘﺎرﻨﺘﻬﺎ ﻤﻊ ﻤﻨظﻤﺔ
اﻝﺼﺤﺔ اﻝﻌﺎﻝﻤﻴﺔ وﺨﺎﺼﺔ ﻤﺴﺘوى اﻝﺘﻠوث .وﻓﻘﺎ ﻝﻤﻨظﻤﺔ اﻝﺼﺤﺔ اﻝﻌﺎﻝﻤﻴﺔ  ،اﻝﺤد اﻷﻗﺼﻰ ﻝﻤﺴﺘوى اﻝﺘﻠوث ﻝﻸﻝﻤﻨﻴوم واﻝﻜﺎدﻤﻴوم واﻝرﺼﺎص
واﻝﺤدﻴد واﻝﻨﺤﺎس واﻝﻤﻨﻐﻨﻴزﻫو  ، ٢ ، ١ ، ٠,٠١ ، ٠,٠٠٣ ، ٠,٢و٠,٥ﻤﻠﻐم  /ﻝﺘر ﻋﻠﻰ اﻝﺘواﻝﻲ .ﻤن اﻝﻨﺘﺎﺌﺞ اﻝﺘﻰ ﺘم اﻝﺤﺼول ﻋﻠﻴﻬﺎ،
ﺘرﻜﻴز أﻋﻠﻰ ﻤن ﻤﺴﺘوى اﻝﺘﻠوث ﺒﺎﻝﻨﺴﺒﺔ ﻝﻸﻝﻤﻨﻴوم ،ﻝﻜن اﻻﻝﻤﻨﻴوم ﻤوﺠود ﻓﻰ %٥٠
ﻓﺈﻨﻪ ﻻﺘﺤﺘوى أى ﻤن اﻝﻌﻴﻨﺎت اﻝﺘﻰ ﺘم ﺘﺤﻠﻴﻠﻬﺎ ﻋﻠﻰ ا
ﻤن اﻝﻌﻴﻨﺎت اﻝﺘﻰ ﺘم ﺘﺤﻠﻴﻠﻬﺎ ﺒﺸﻜل طﺒﻴﻌﻰ ﻀﻤن اﻝﺤدود اﻝﻤﺴﻤوﺤﺔ ﻝﻠﺸرب .أﻜﺜر ﻤن  ٪ ٣٠ﻤن اﻝﻌﻴﻨﺎت ﺘﺤﺘوي ﻋﻠﻰ ﺘرﻜﻴز اﻝﻜﺎدﻤﻴوم
ﻓوق ﺤد اﻝﺘﻠوث .وﻜﺎن ﻤﺎ ﻴﻘﺎرب ﻤن  ٪ ٧٥ﻤن اﻝﻌﻴﻨﺎت ﻴﺘواﺠد ﻓﻴﻬﺎ ﻋﻨﺼر اﻝرﺼﺎص ﻓﻲ ﺤﻴن  ٪ ٤٠ﻤن ﻨﻔس ﻫذﻩ اﻝﻌﻴﻨﺎت ﻜﺎن
ﺘرﻜﻴز اﻝرﺼﺎص ﻓﻴﻬﺎ ﻓوق ﺤد اﻝﺘﻠوث .أظﻬرت اﻝﻨﺘﺎﺌﺞ أن ﺘرﻜﻴز اﻝﺤدﻴد  ،اﻝﻨﺤﺎس واﻝﻤﻨﻐﻨﻴز ﻓﻲ ﺠﻤﻴﻊ اﻝﻌﻴﻨﺎت ﻫو اﻗل ﻤن ﺤد اﻝﺘﻠوث
وﻓﻘﺎ ﻝﻤﻨظﻤﺔ اﻝﺼﺤﺔ اﻝﻌﺎﻝﻤﻴﺔ .اﻝﺘﺤﺎﻝﻴل اﻝﺘﻲ اﺠرﻴت ﺒواﺴطﺔ ﺠﻬﺎز ﻤطﻴﺎف اﻝذري ﻝﻠﻤﻌﺎدن ،اظﻬرت ان ﺘرﻜﻴز ﻤﻌظم اﻝﻤﻌﺎدن اﻝﻀﺌﻴﻠﺔ
ﻫو اﻗل ﻤن ﻤﻌﺎﻴﻴر اﻝﺼﺤﺔ اﻝﻌﺎﻝﻤﻴﺔ اﻝﺘﻲ ﻝﻬﺎ ﻋﻼﻗﺔ ﺒﻤﻴﺎﻩ اﻝﺸرب ﻤﺎﻋدا  %٣٠و  %٤٠ﻤن اﻝﻌﻴﻨﺎت ﻜﺎن ﺘرﻜﻴز اﻝﻜﺎدﻤﻴوم و اﻝرﺼﺎص
اﻋﻠﻰ ﻤن ﻤﺴﺘوى اﻝﺘﻠوث ﻋﻠﻰ اﻝﺘواﻝﻲ اي اﻨﻬﺎ ﻏﻴر ﺼﺎﻝﺤﺔ ﻝﻠﺸرب ﻤن ﻨﺎﺤﻴﺔ ﺘرﻜﻴز ﻫذﻩ اﻝﻤﻌﺎدن.
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