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Abstract Rainwater samples harvested for drinking
from the west part of Hebron (south of West Bank in
Palestine), the largest city in the West Bank, were ana-
lyzed for the content of different trace heavy metals (Cr,
Mn, Co, Ni, Cu, Zn, Mo, Ag, Cd, Bi, and Pb) by
inductively coupled plasma mass spectrometry (ICP-
MS). This study was conducted to determine the water
quality of harvested rainwater used for drinking of south
West Bank (case study, Hebron area). A total of 44 water
samples were collected in November 2012 from 44
house cisterns used to collect rainwater from the roofs
of houses. The samples were analyzed for their pH,
temperature, electrical conductivity, total dissolved
solids, and different heavy metal contents. The pH of
all water samples was within the US Environmental
Protection Agency limits (6.5–8.5), while some water
samples were found to exceed the allowed WHO limit
for total dissolved solids (TDSs) in drinking water.
Results showed that concentrations of the heavy metals
vary significantly between the 44 samples. Results also

showed that the concentration of five heavy metals (Cr,
Mn, Ni, Ag, and Pb) is higher than the WHO limits for
these heavy metals in drinking water. Overall, our find-
ings revealed that harvested rainwater used for drinking
of this part of south West Bank is contaminated with
heavy metals that might affect human health.

Keywords Heavymetals . Lead . ICP-MS . Rainwater .

Hebron . Palestine

Introduction

Heavy metals are well known to be toxic to human
beings when present in high concentrations. Human
activities have increased the concentrations of heavy
metals in the environment. For example, anthropogenic
activities (e.g., industry, agriculture) increase the con-
tents of heavy metals in different environmental matri-
ces, e.g., water, soil, air, fruits, vegetables, fish, etc.
(Batayneh 2010; Abderahman and Abu-Rukah 2006;
Adekunle et al. 2007; Chen et al. 2007). There are 35
metals that concern us because of occupational or resi-
dential exposure; 23 of these are heavy metals: antimo-
ny, arsenic, bismuth, cadmium, cerium, chromium, co-
balt, copper, gallium, gold, iron, lead, manganese, mer-
cury, nickel, platinum, silver, tellurium, thallium, tin,
uranium, vanadium, and zinc (Ferner 2001). Small
amounts of these elements are common in our environ-
ment and diet and are actually necessary for good health,
but large amounts of any of them may cause acute or
chronic toxicity. Health risks of heavy metals include
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reduced growth and development, cancer, organ dam-
age, nervous system damage, and in extreme cases,
death. Exposure to some metals, such as mercury and
lead, may also cause development of autoimmunity, in
which a person’s immune system attacks its own cells.
This can lead to joint diseases such as rheumatoid ar-
thritis and diseases of the kidneys, circulatory system,
and nervous system. Heavy metals become toxic when
they are not metabolized by the body and accumulate in
the soft tissues. Heavymetalsmay enter the human body
via food, water, air, or absorption through the skin in
agriculture, industrial, or residential settings (Roberts
1999; Dupler 2001).

Heavy metals are considered as an important pollut-
ant to groundwater, surface water, and harvested rain-
water. Harvesting of rainwater is a common practice in
the West Bank, especially in south West Bank where
there is water scarcity. In these areas of West Bank and
during the winter, the rainwater is collected from the
roofs of the houses and stored in cisterns. Two types of
rainwater catchment systems are used. One system
works on a large scale to collect storm water runoff from
the ground. This water is then stored in large reservoirs.
The other system collects rainwater on a small scale
from controlled surfaces, such as a roof. This water is
stored in small reservoirs, known as cisterns, construct-
ed underneath or next to house. The average capacity of
the existing cisterns is 70 m3. According to Hebron
Municipality, 60 % of the inhabitants of the city have
cisterns in their houses. In rural areas, the percentage of
inhabitants using cistern collection systems is higher
than that in the city. This is because some of the small
villages are not connected to water distribution net-
works, thus experiencing a shortage of water. Also, if
connected, rural areas suffer from frequent shortage in
water supply (ARIJ 1995).

Many studies have investigated the occurrence of
heavy metals in groundwater, surface water, and
harvested rainwater. Batayneh (2010) has studied heavy
metal content in water springs of the Yarmouk Basin
(Jordan), and results of the study showed that Yarmouk
Basin in the north of Jordan is contaminated with heavy
metals that might affect human health as well as the
health of the ecosystem. Alomary (2013) has deter-
mined trace metals in drinking water in Irbid (Jordan),
and results showed that the level of most elements
determined (As, Ba, Cd, Pb, Cr, Cu, Fe, Zn, Mn, Ni,
and Se) was within the Jordanian and WHO standards
for drinking water. Gutierrez et al. (2008) have studied

the occurrence of heavy metals in water of San Petro
River in Mexico, and results confirmed that the San
Pedro River is contaminated with heavy metals and
other contaminants that might affect human health as
well as the health of the ecosystem. Kar et al. (2008)
have studied the assessment of heavy metal pollution in
surface water in Ganga in West Bengal, and results
showed that the dominance of various heavy metals in
the surface water of the river Ganga followed the se-
quence: Fe>Mn>Ni>Cr>Pb>Zn>Cu>Cd. Momot
and Synzynys (2005) have investigated toxic aluminum
and heavy metals in the groundwater of middle Russia,
and results showed that some heavy metals (Hg, Cr, As)
were detected. Ong and Kamaruzzaman (2009) have
studied the presence of heavy metals (Pb and Cu) in
bottom sediment from South China Sea Coastal Waters,
Malaysia. Voica et al. (2012) have determined different
heavy metals in the surface water from Transylvania,
Romania, and results showed that toxic heavy metals
were detected in water samples in the range of few
micrograms per liter. Ismail and Saleh (2012) have
analyzed different heavy metals in water samples from
Malaysia, and results showed that the concentrations of
heavy metals in water samples were below the detection
limit. As groundwater and surface water, harvested
rainwater is also prone to contamination with heavy
metals. According to Mosley (2005) from SOPAC
Water Quality Office, heavy metals are contaminants
commonly found in rainwater collection systems, where
they come from dust, particularly in urban and industri-
alized areas, and from roof materials (Mosley 2005). A
study by Amim and Alazba (2011) has focused on the
sources of rainwater contamination in a rainwater har-
vesting system. Despins et al. (2009) have assessed
rainwater quality (pH, turbidity, color, total and fecal
coliforms, total organic carbon, total nitrogen, and total
metal content) from rainwater harvesting systems in
Ontario, Canada. Magyar et al. (2008) have studied lead
and other heavy metals which are common contami-
nants of rainwater tanks in Melbourne where results
showed that concentrations of aluminum, cadmium,
iron, and zinc were found at levels exceeding acceptable
health levels.

It is evident from this literature that studies of the
occurrence and determination of heavy metals in water
(ground, surface, harvested rain) is an important issue
for the human health and for the environment, however,
and according to the best of our knowledge, there are no
studies in Palestine conducted for the analysis of heavy
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metals in water, e.g., harvested rainwater. Harvested
rainwater was selected as it is used for drinking in the
study area (Hebron) since there is water scarcity in this
area. The objective of the current study is therefore to
study the occurrence of different heavy metals (Cr, Mn,
Co, Ni, Cu, Zn, Mo, Ag, Cd, Bi, and Pb) in harvested
rainwater collected from south West Bank.

Materials and methods

Study area

Hebron is located in the south ofWest Bank in Palestine.
The climate of the Hebron District ranges from arid to
semiarid with an increase in aridity towards the Negev
Desert in the south and the Jordan Valley in the east. The
monthly average temperature ranges from 7.5 to 10 °C in
the winter to 22 °C in the summer. The minimum tem-
perature is −3 °C in January and the maximum is 40 °C
in August. Most of the rainfalls are during December
through February, although there may be rain from mid-

October to the end of April. Figure 1 shows the amount
of rainfalls in that region. The amounts of rainfalls per
month ranges between 400 mm during the rainfall sea-
son and 0 mm during the dry season. Water shortage is a
serious problem the Hebron District is facing due to the
arid and semiarid climatic conditions (ARIJ 1995).

The location of the sampling side is in the central
western areas of the West Bank. These areas are impor-
tant as recharge zones for the groundwater aquifers of
the West Bank (Mizyed 2009). Therefore, any contam-
ination in that region will have direct impacts on the
quality of water in the West Bank.

Sampling and analysis

Sampling has been carried out in November 2012 (the
beginning of the rain season) where 44 water samples
were collected from 44 house cisterns. Figure 2 shows
the location of Hebron in the West Bank and cisterns
analyzed in this study. The water samples were collected
in 1-L high-density polyethylene bottles (pre-cleaned
with 10 % nitric acid followed by repeated rinsing with

Fig. 1 Study area—mean annual precipitation in Hebron. The two arrows indicate the sampling site (source: municipality of Hebron)
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bi-distilled water), stabilized with ultrapure nitric acid
(0.5%HNO3), preserved in a cool place (about 4 °C) and
transported to the lab of Al-Quds University for further
analysis. Temperature, pH, electrical conductivity, total
dissolved solids, and dissolved oxygenwere measured in
the lab immediately after the arrival of the samples
according to standard methods (APHA 1998). The sam-
ples were then analyzed for heavy metal content (Cr, Mn,
Co, Ni, Cu, Zn, Mo, Ag, Cd, Bi, and Pb) by inductively
coupled plasma mass spectrometry (ICP-MS) (Agilent
Technologies 7500 Series).

For accurate quantitative determination of heavy
metals in water samples, an internal standard method
was used using Er as internal standard and a multi-
standard calibration method (29 metal standards with a
concentration of matrix 5 % HNO3). Samples were
prepared by dilution of 1.0 mL of the water samples to
10.0 mL with 0.3 % ultrapure nitric acid and were
analyzed by ICP-MS. Each sample was analyzed three
times, and the results are expressed as mean±standard
deviation (SD). Relative standard deviation (RSD) of
the three results was calculated and found to be less than

Fig. 2 Map of the West Bank showing Hebron locality in south West Bank and the location of cisterns (marked with asterisk) containing
harvested rainwater analyzed in this work
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5 % for all samples for all heavy metals analyzed in this
study, reflecting the precision of the method for the
analysis of these heavy metals. Calibration curves for
all heavy metals analyzed were constructed by plotting
the ratio of the intensity of the analyte heavy metal to
that of the internal standard (Er) vs. concentration of the
heavy metal (in μg/L), and results showed that the
calibration curves are linear with a correlation coeffi-
cient (r2) greater than 0.999 for the heavy metals ana-
lyzed with a concentration range of 1–1,000 μg/L.

The instrument

ICP-MS (Agilent 7500) with an onboard peristaltic
pump, a nebulizer (MicroMist nebulizer), an ICP argon
plasma torch, two pumps for evacuation, a quadrupole
mass analyzer, an octapole reaction system (ORS), and
an electron multiplier detector was used for analysis of
the heavy metals in this study.

The operating conditions of ICP-MS are as follows:
nebulizer gas (argon) flow rate, 0.9 L/min; auxiliary gas
(argon) flow rate, 0.3 L/min; plasma (argon) gas flow
rate, 15 L/min; reaction gas flow (helium) rate, 4 mL/
min; lens voltage, 7.25 V; and ICP RF power, 1,100 W.

Statistical analysis

Data were analyzed using Origin 9 software. Statistical
differences between the same heavy metal from differ-
ent water samples (44 samples) were tested using one-
way ANOVA. Differences were considered significant
at p values ≤0.05.

Results and discussion

This study was conducted to investigate the quality of
harvested rainwater which is used for drinking in the
west part of Hebron (south of West Bank in Palestine).
This region of Hebron has severe water scarcity so they
depend mainly on the rainwater harvested and stored in
cisterns or wells. The pH of all water samples ranged
between 7.1 and 8.2 (with a mean temperature of
18.8 °C) which is neutral to slightly basic and in the
allowed limit (6.5–8.5) according to WHO regulations.
Electrical conductivity, total dissolved solids, and dis-
solved oxygen for water samples ranged from 240 to
1,700 μs/cm, 136.7–1,139 mg/L, and 8.3–9.15 mg/L,
respectively. The limit for total dissolved solids in

drinking water according to WHO is 1,000 mg/L
(WHO 2003) where our results showed that 11 samples
have exceeded this limit, indicating high amounts of
dissolved salts, e.g., heavy metals.

Heavy metal content

Results showed that 11 heavy metals (Cr, Mn, Co, Ni,
Cu, Zn, Mo, Ag, Cd, Pb, and Bi) were detected in water
samples analyzed (44 sample) in this study. Eight
heavy metals (Cr, Mn, Co, Ni, Cu, Zn, Bi, and Pb)
were detected in all samples, while Mo, Ag, and Cd
were detected in 37, 18, and 38 samples out of 44
samples, respectively. The concentration of Cr, Mn,
Co, Ni, Cu, Zn, Mo, Ag, Cd, Pb, and Bi in water
samples ranged as follows: 22.6–165.5, 4.56–552.3,
0.34–4.93, 9.15–87.28, 21.93–925.5, 22.19–302.98,
0.0–6.17, 0.0–149.7, 0.0–2.19, 12.94–486.4, and
1.33–96.52, respectively. Table 1 summarizes the con-
centrations of heavy metals which are detected in the
harvested rainwater samples analyzed in this study
(minimum, maximum, average, standard deviation,
and relative standard deviation).

A one-way ANOVA statistical test was used to test if
the concentration of heavy metals is significantly differ-
ent in the 44 water samples analyzed. Results showed
that all heavy metal concentrations are significantly
different in the 44 water samples analyzed in this study
at 95 % confidence level. This indicates that these 44
water samples are different from each other in terms of
heavy metal concentration. This result confirms the
locational variations of heavy metals in the 44 water
samples analyzed in this study. Figure 3 shows this
variation for Pb in the 44 samples.

The allowed WHO limit for Pb in drinking water is
10 μg/L; however, our results showed that all samples
analyzed in this study exceeded this limit with a range of
12.94–486.4. It has long been known that lead in drink-
ing water is highly toxic. Exposure to lead is cumulative
over time. High concentrations of lead in the body can
cause death or permanent damage to the central nervous
system, brain, and kidneys. This damage commonly
results in behavior and learning problems (such as hy-
peractivity), memory and concentration problems, high
blood pressure, hearing problems, headaches, slowed
growth, reproductive problems in men and women,
digestive problems, and muscle and joint pain. Infants,
children, pregnant women, and fetuses are more vulner-
able to lead exposure than others because the lead is
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more easily absorbed into the sensitive tissue of actively
growing bodies. According to the recently released lead
toxicological profile for lead from the Agency for Toxic
Substances and Disease Registry (ATSDR), the adverse
health effects of lead range from slight increases in
blood pressure at 100 μg/L to severe retardation and
even death at very high blood lead levels of 1,000 μg/L
(WHO 1993).

For Cr, the allowed WHO limit is 50 μg/L; however,
26 water samples out of 44 found to have chromium
with concentrations larger than the allowed WHO limit.
The highest Cr concentration was found to be
165.5 μg/L. The health hazards associated with expo-
sure to chromium are dependent on its oxidation state;
the hexavalent form is toxic. For Mn, the allowedWHO
limit in drinking water is 500 μg/L; our results showed

Table 1 Concentrations of heavy metals which are detected in the
harvested rainwater samples analyzed in this study (minimum,
maximum, average, standard deviation, and relative standard

deviation) as well as their WHO limits and the percentage of the
samples that exceeded the WHO limit and the percentage of the
samples that were found to contain particular heavy metal

Concentration (μg/L) Heavy metal

Cr Mn Co Ni Cu Zn Mo Ag Cd Pb Bi

Minimum 22.6 4.56 0.34 9.15 21.93 22.19 0.0 0.0 0.0 12.94 1.33

Maximum 165.5 552.3 4.93 87.28 925.5 302.98 6.17 149.7 2.19 486.4 96.52

Average 56.1 112.6 3.16 26.7 143.6 111.8 11.3 39.7 1.17 45.8 32.8

SD 6.1 11.8 1.5 4.1 36.3 29.7 3.6 13.7 0.8 14.3 14.1

RSD (%) 10.9 10.5 47.5 15.4 25.2 26.6 31.9 34.5 68.3 31.2 43.0

% of samples that 100
found to contain
that heavy metal

100 100 100 100 100 100 37 18 38 100 100

Limits 50 500 No limits 20 2,000 3,000 70 No limits (usually
found in a concentration
of 5–50 ppb)

3 10 No limits

% of samples that
exceeded the limit

59 4.5 – 34 0 0 0 4.5 (exceeded 50 ppb) 0 100 –
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Fig. 3 Concentration of Pb (in μg/L) vs. sample number
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that two water samples were found to exceed this limit
with concentrations of 538.9 and 552.4 μg/L. Regarding
nickel, our results showed that 15 water samples out of
44 have Ni concentration higher than the allowed limit
(20 μg/L in drinking water) with the highest concentra-
tion of 87.28 μg/L. There is no limit for silver in drink-
ing water according to WHO; however, it is usually
found in drinking water in the range 5–50 μg/L, but
our results showed that two samples of the analyzed
water samples exceeded this upper limit (50 μg/L) with
concentrations of 52.0 and 149.7 μg/L.

Co and Bi have no limits in drinking water byWHO;
however, both metals were detected in all water samples
analyzed in this study. Regarding Cu, Zn, Mo, and Cd,
the allowed WHO limits in drinking water is 2,000,
3,000, 70, and 3 μg/L, respectively, and our results
showed that these metals were found in the analyzed
water samples within these limits.

The sources of these heavy metals in harvested water
used for drinking in the west part of Hebron might be
attributed to uncontrolled burning (incineration) of solid
wastes in illegal waste dumping sites, where it is ex-
pected that the ashes and dust of these incinerated
wastes containing heavy metals is transported through
wind to the house roofs and, consequently, to the har-
vested rainwater in this region. Other sources of these
heavy metals are vehicles’ exhausts and leakage from
engines, pesticides, and sand, soil, silt, and others. It is
noteworthy here to mention that people of this region
(west part of Hebron) collect rainwater from their house
roofs from the first rain which is expected to be highly
contaminated with different micropollutants, e.g., heavy
metals. In the study area, the most favored means of
waste disposal is through burning. Additionally, poor
people of the study area burn specific solid wastes, e.g.,
batteries, car wheels to get metals recovered from these
wastes (iron, copper, silver, etc.) to sell them.

Conclusion

Harvested rainwater from the west part of Hebron in
south West Bank contains different heavy metals with
five heavy metals (Cr, Mn, Ni, Ag, and Pb) exceeding
the WHO limits for heavy metals in drinking water. pH
of the water samples is within the WHO limits, while
some water samples exceed the limits for total dissolved
solids and electrical conductivity. Incineration of solid
wastes in the study area may be responsible for the

occurrence of heavy metals in harvested rainwater.
Uncontrolled consumption of harvested rainwater used
for drinking in the west part of Hebron may be danger-
ous for the human health.
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