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Abstract

Surface water contamination with heavy metals is one of the most important environmental
issues as they are toxic even at low concentrations. This study was conducted to determine
the water quality of harvested rain water used for drinking in Gaza after the 2012 bombing,
and to assess the potential effect of bombing on the amounts of trace metals in harvested
rainwater. In this study Gaza strip was divided in four areas (North (a) and (b)), Middle and
Southern area.). A total of 43 water samples classified between bombed and non-bombed
area, were collected in November 2012 during the first rain after eight days of bombings
from 43 rain water pools and from an area that was hit by many rockets. Water samples
have been analyzed for different trace (heavy) metals (Ba, Cu, Zn, Co, Mn, V, Al, Pb, Cr,
Ni, As, U, and Cd) as well as phosphorous content by ICP/MS. The samples were analyzed
for their pH, temperature, electrical conductivity, total dissolved solids. For some water
samples the results were found to be within the U.S. Environmental Protection Agency
guideline.

In North (a) Gaza Strip, Result showed that eight heavy metals Ba, Mn, Al, Pb, Ni, As, Cd
and Cr have exceeded the WHO limits, the highest percent was for Ba metal in 93% of the
16 samples. Furthermore, results showed that the concentrations of three heavy metals Cu,
Zn and U is within the allowed WHO limits in drinking water. However the concentration
of Ba, Al, Pb, Mn, Ni, Cr, As, and Cd are found to be higher than the allowed WHO limits
in 93%, 63%, 44%, 38%, 25%, 6%, 6%, and 6% of the water samples analyzed in this
study, respectively. Potential contamination by different number of rockets F16 and a lot of
destruction caused by shelling on the agricultural lands in this area are responsible for the
occurrence of the trace metals with high concentration. The result showed using this water

is dangerous for human health, especially when used for drinking and agriculture purpose.

In North b, Result showed that this area have been contaminated by twelve heavy metals
(Ba, Cu, Zn, Co, Mn, V, Al, Pb, Cr, Ni, As, and Cd) in addition to P and U .Al metal was
found in 73% of the analyzed eleven samples. On the other hand ten metals of them (Ba,
Cu, Co, Mn, V, Al, Cr, Ni, As, and Cd) were detected in 100% of these samples, while the
concentration of eight metals (Al, Pb, Ba, Mn, Ni, Cd, As and Cr) are higher than the
allowed WHO limits in 73%, 63%, 45%, 36%, 36%, 36%, 27% and 18% of the water
samples analyzed in this study, respectively. Phosphorous was also detected in all water

samples analyzed in this study with high concentrations (range of 100.86-2467.48 ug/L



and average of 682.22 ug/L). These high concentrations of phosphorous was found in
sample number 8 (Beirut Street, near to Abu Mazen Square) may be attributed to the white
phosphorous munitions used in Gaza during the war. The area was hit by different number
of missiles. Most of the samples in this area were potentially contaminated by eight to nine
missiles, which were bombed very close to the building where people live. This is very
danger for human health.

In Middle Gaza Strip (Nussairat area), Results showed that twelve trace metals (Ba, Cu,
Zn, Co, Mn, V, Al, Pb, Cr, Ni, As, and Cd) were detected in all water samples analyzed.
Furthermore result showed that the highest percent of samples that exceeded the limit of
WHO limit was for Barium, in 83% of the samples analyzed in this region. Additionally
twelve heavy metals (Ba, Cu, Zn, Co, Mn, V, Al, Pb, Cr, Ni, As, and Cd) were detected in
100% of water samples analyzed. Six heavy metals (Cu, Zn, Pb, Cr, Cd and U) were found
in the analyzed water samples within in these limits. Phosphorous was also detected in all
water samples analyzed in this region with high concentrations (range of 113.01-2855.07
ug/L, and average of 1039.4 pg/L). This high concentration of phosphorous was found in
sample number 20 (sample from an area that was hit by 5 rockets) may be attributed to the
white phosphorous munitions used in this war against Gaza. This area was also hit by

many different number of missiles.

In the Southern area, Results showed that eleven trace metals Ba, Cu, Zn, Co, Mn, V, As,
Pb, Cr, Ni and Al were detected in all water samples analyzed, the highest percent of
samples that exceeded the limit of WHO limit, were for Al and Pb, with 90% of the
samples analyzed exceeded this limit. Furthermore, result showed that the concentration of
heavy metals (Al, Pb, Ba, Ni and As) exceeded the allowed WHO limits in 90%, 90%,
30%, 20% and 10% respectively. However the concentration of Ba, Cu, Zn, Co, Mn, V, Cr,
Ni, As, U, P, Pb and Al) were detected in 100% of the water samples. Phosphorous was
also detected in all water samples analyzed in this study with high concentrations (range of
286.61-7390.62 pg/L). These high concentrations of phosphorous was found in sample
number 42 (sample from an area that was heavily bombed) the number of bombing was

concentrated and heavy.

Furthermore, the concentrations of all heavy metals that were detected in the collected
harvested rainwater from different areas vary significantly between the 43 samples. All of

the metals were detected in all water samples that had been analyzed in this study.
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Chapter One

Introduction and Literature Survey

1. Introduction:

One of the most important environmental issues is contaminated drinking water with trace
metals as they are toxic even at low concentrations (Momodu and Anyakora 2010, Vodela
et. al. 1997, Marcovecchio 2007).

Human activities have increased the concentrations of heavy metals in the environment.
For example, anthropogenic activities e.g. industry, agriculture increase the contents of
heavy metals in different environmental matrices e.g. water, soil, air, fruits, vegetables,
fish...etc. (Batayneh 2010, Abderahman and Abu-Rukah 2006, Adekunle et. al. 2007 and
Chen.et.al. 2007). In addition to these human activities, the use of weapons over the last
century in conflicts and in training has polluted the environment with toxic compounds and
heavy metals (Diaz 2003, Simini et. al. 1995).There are 35 metals that concern us because
of occupational or residential exposure; 23 of these are heavy metals such as antimony,
arsenic, bismuth, cadmium, cerium, chromium, cobalt, copper, gallium, gold, iron, lead,
manganese, mercury, nickel, platinum, silver, tellurium, thallium, tin, uranium, vanadium,
and zinc (Ferner 2001).

Trace metals, especially heavy metals, are well known to be toxic to human beings. Health
risks of heavy metals include reduced growth and development, cancer, organ damage,
nervous system damage, and in extreme cases may cause 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 arthritis, and diseases of the kidneys, circulatory system, and nervous system.
Heavy metals also become toxic when they are not metabolized by the body and
accumulate in the soft tissues. Heavy metals may enter the human body via food, water,
air, or absorption through the skin in agriculture, industrial, or residential settings (Roberts
1999, Dupler 2001).

Many studies have investigated the occurrence of heavy metals in groundwater, surface
water, and harvested rain water. Contamination can spread from the soil and groundwater

through physical migration or from uptake by organisms (Mueller el. al. 1995). Extensive
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studies following explosions and bombing in inhabited areas of different countries have
shown that the indiscriminate pulverization and incomplete combustion of a range of
materials can release and distribute pollutants such as organic and inorganic e.g. trace
metals, with worrying environmental and health consequences for human. The use of
metals and heavy metals in weapons is implicated as the cause of the injuries without
fragments. Also, the enhancement of already existing weapons of war by the utilization of
particulate and potentially toxic metals has been described. This has led to the
commissioning of weapons utilizing metals as augmenters, or as primary effective agents
(small smart bombs, thermo baric grenades and shape charged weapons, to produce a
molecular sieve of metal powder, capable of severing the human body) (Apperson, et. al.
2007). It is an important question whether the toxic and genotoxic potential of metals used
in weapons could be a cause for long-term environmental (soil, water, air.etc), and health

damage in exposed populations and the military.

An important toxic metal used in military weapons as high density penetrator is Depleted
Uranium (DU). Usually alloyed with 1-2% other elements which enable at high impact
speed, density, hardness, and pyrophoricity of the projectile destruction of heavily
armoured targets. Increased rates of immune system disorders and other wide-ranging
symptoms, including chronic pain, fatigue and memory loss, have been reported in over
one quarter of combat veterans of the 1991 Gulf War(RAC, 2004) Combustion products
from depleted uranium munitions are being considered as one of the potential causes by the
Research Advisory Committee on Gulf War Veterans' llinesses, as DU was used in 30 mm
and smaller caliber machine-gun bullets on a large scale for the first time in the Gulf War.
Veterans of the conflicts in the Arabian Gulf, Bosnia and Kosovo have been found to have
up to 14 times the usual level of chromosome abnormalities in their genes (Schroder et al
2003). Also, in Irag between 2005-2009 there was an increase in cancer and birth defects
with infant mortality reached up to 13.6% in 2009/2010 which was attributed to DU
(Busby et al 2010).Concentrations of DU in urine samples collected from bombed civilian
areas in Jalalabad showed higher concentrations (80-400 ng L™) compared to typical
concentration in the British population of ~5 ng L™ (Durakovic 2005).

A significant portion of Gaza’s population is likely to have been exposed to these materials
directly, through inhalation, and airborne materials would have settled on surfaces in a
considerable portion of the densely inhabited areas of Gaza. Previous studies in 2006 and

2009 at Shifa Hospital in Gaza on toxic and carcinogenic metals, delivered by “not
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fragmentation weapons” producing amputations, body charring, burns, and associated with
white phosphorus burns, showed their presence in amounts higher than the minimal risk
level for acute exposures, and then the known cumulative minimal risk level for chronic
exposures (Skaik et al 2010). Important metals that were detected in excess over control in
all biopsies were known human carcinogenic/teratogenic metals (class 1, IARC) like
Mercury (Hg), Arsenic(As), Cadmium(Cd), Chromium (Cr), Nickel (Ni), and Uranium (U)
(Skaik et al 2010). In another study on the potential contamination of the soil of Gaza due
to Israeli bombing, 35 elements of 4 craters derived from 2 bombing events in Gaza in
2006, one in Beit Hanoun, one in Jabalia camp, and 2 bombings in 2009, both in Tufah, the
Gaza suburb were analyzed by ICP/MS. In addition, powder remaining inside a shell of an
exploded White Phosphorus bomb THS89D112-003 155MM MB825E1 collected at Al
Wafa in January 2009 was also examined. The study revealed significant amounts of
Tungsten (170-350 ppm and 20- 42 folds the average level (8,5 ppm) expected in the soil) ,
higher than normal level of Mercury (0,082-1,634 ppm and 8-16 folds of the maximum
level found the soil of Gaza, (0,01 ppm) ), Molybdenum, ( 0,1 to 12 ppm and between 25
and 3000 folds than average levels (0,004 ppm) in the soil), Cadmium( which is present in
low concentrations in the soil of Gaza (0,093 ppm), (up to 7,3 folds)), Cobalt (was found in
amounts up to 26,2 ppm (compared to 5,1 ppm average in the normal soil)), Nickel,
Manganese, Copper , Zinc( were found at a 2 fold level than in soil), and Strontium (was
found in amounts higher than average in earth crust in all craters). The powder contained
also relevant amounts of Molybdenum (125-200 folds of the content in soil), Tungsten (up
to 41 folds of soil content) and of Mercury (up to 160 folds), in addition to high amount of
Aluminium (218000-524000 ppb) (Barbieri et. al. 2009).

The objective of the current study is, to study the effect of 2012 bombings and explosions
of inhabited areas of Gaza strip on the quality of harvested rain water by determining
content of trace metals in different harvested rainwater samples collected from bombed
area of Gaza. Harvested rain water was selected as rainwater harvesting is a common
practice in Gaza strip due to the shortage of water and to the high population density of
Gaza. In Gaza, rain water is collected in tanks from roofs and used for both landscape
irrigation and indoor purposes. Additionally, and in a large scale, rain water is collected
from urban areas and stored in infiltration ponds. During the past twenty years, nearly 6300
cisterns were constructed in West bank and Gaza benefitting a more than 132,000



residents, and 434 ponds targeting 230,000 beneficiaries in the West Bank and Gaza.
Captured rainfall can be stored either in cisterns as drinking water or in the soil for plant
production or in the aquifer through artificial recharge to improve the water resources in
the region. (Abdelmajid and Hamdan 2013).

In this regard, it is expected that the harvested rain water collected in the bombed area of
Gaza would be contaminated with different metals. In the scientific literature, studies have
been conducted to study the contamination of harvested rainwater with heavy metals; and
according to Luke Mosley from SOPAC Water Quality Office (Luke, 2005), heavy metals
are contaminants commonly found in rainwater collection systems, where they come from

dust particularly in urban and industrialized areas(Luke, 2005).

1.1 Toxic Heavy metals impact on plant animal and human

A heavy metal: a metallic element with a specific gravity of 5.0 g cm-3 or more that is
generally toxic in relatively low concentrations to plants and/or humans and animals.
Heavy metals occur naturally in most soils and are taken up to some degree by plants.
Cobalt, copper, and zinc are considered essential in the growth and development of higher
plants, and the other heavy metals may benefit normal plant growth if available in very low
concentration (Mengel and Kirkby 1978). All heavy metals, with the exception of barium
and mercury, are necessary in very small amounts for the normal growth of humans and
animals (Anke et al. 1984). Heavy metals are also considered a health hazard if present and
available in the environment at levels in excess of their normal concentrations. Because of
the potential health hazard associated with heavy metals in the environment, the World
Health Organization has established guidelines for drinking-water quality that include
concentrations of some heavy metals which can be used to assess the

general surface-water quality (Table 1).



Table 1.1: Maximum Heavy-Metal Concentrations in Drinking water (WHO, 1993).

Heavy metal concentration pg/l
Arsenic 10

Cadmium 3

Chromium 50

Copper 2000

Lead 10

Zinc 3000

Nickel 20

Arsenic (As):

There is no evidence that arsenic is essential for plant growth, but stimulation of root
growth in solution cultures with the addition of small amounts of arsenic has been noted.
Arsenic can be toxic to plants, and arsenic compounds were commonly used as insecticides
and herbicides in agriculture until their replacement by organics. It has been reported that
soil productivity is reduced where arsenic from sprays has accumulated in orchard soils.
Arsenic has been added to the list of essential elements in the diet of mini-pigs, goats, and
rats (Anke et al. 1984). Both acute and chronic exposure to arsenic may cause poisoning in
humans and animals, but acute poisoning is rare today. Chronic poisoning usually results
from exposure to contaminated air or drinking water or ingestion of arsenic in drugs or
food. Arsenic poisoning among industrial workers is characterized by perforation of the
nasal septum, skin changes, and peripheral neuritis. There is also evidence that arsenic may
cause lung cancer (Ishinishi et. al.1986) and carcinogenic (Salnikow and Zhitkovich 2008,
Beyersmann and Hartwig 2008).



Barium (Ba):

Barium is toxic to humans and animals because all water- and acid-soluble barium
compounds are poisonous. Occupational poisoning by soluble barium salts is virtually
unknown, but accidental poisoning with barium-containing household and medical
products has been reported (Reeves 1986). Barium is not considered essential for plants or
animals. It is not reported to be toxic to plants, and the uptake of barium by plants does not

correlate with the total amount in the soil (Emsley 2001).

Cadmium (Cd):

Cadmium can be toxic to plants, animals, and humans. Some studies indicate plant growth
is severely depressed with a relatively low accumulation of cadmium in plants. New
research suggests cadmium is essential for rats and goats (Anke et al. 1984). Studies done
in Japan indicate cadmium from polluted soil and water can be incorporated into the food
web in sufficient quantities to be toxic to humans (Yamagata and Sigematsu 1970).
Cadmium in the environment also has been implicated in human hypertension and
cardiovascular problems (Jarup 2003). Classified as carcinogenic by International Agency
for Research on Cancer (IARC, 1987; Beyersmann & Hartwig 2008).

Chromium (Cr):

There is no conclusive evidence that chromium is essential for plants, but plant-growth
stimulation in solution cultures with the application of low levels of chromium salts has
been seen. High levels of chromium in the soil can severely stunt or kill plants .Chromium
is essential for humans and animals, but at high levels in the diet, it can be toxic (Anke et
al. 1984). Chronic exposure to chromate dust has been correlated with lung cancer, and
oral intake has been associated with growth depression and liver and kidney damage in

experimental animals (Jarup 2003).1t is carcinogenic (Salnikow and Zhitkovich 2008).



Cobalt (Co):

Cobalt is essential for microorganisms that fix nitrogen in the nodules of legumes, but it is
also necessary for growth of higher plants (Mengel and Kirkby 1978). Cobalt can be toxic
to plants when the concentration in the soil is relatively low. Cobalt is an essential element
for humans and animals because it is required for the production of vitamin B12 (Emsley
2001). Cobalt is not considered highly toxic to human or animals, but the addition of cobalt
to beer has caused endemic outbreaks of cardiomyopathy among heavy beer-drinkers,
resulting in several fatalities. Animal studies also indicated cobalt may be carcinogen
(Elinder and Friberg 1986).

Cobalt can inhibit DNA repair and cause DNA breakage (mutagenic) (Beyersmann and
Hartwig 2008).

Copper (Cu):

Copper is an essential element for both plants and animals. A moderate deficiency of
copper in plants normally results in a reduction in growth or yield, while more acute
deficiencies cause dieback at terminal growth points. Excess copper also reduces growth
and may cause iron chlorosis symptoms resulting from a depression of the iron
concentration in plant leaves. Copper solutions were also used for herbicides and
fungicides in agriculture until their replacement by organics (Emsley, 2001). Copper is an
essential element for humans and animals because it is required for the function of several
essential enzymes. Ingestion of a large amount of copper salts causes gastrointestinal
disturbances, and chronic copper exposure may cause liver and kidney damage (Jarup
2003). It is possible carcinogenic-classified as class 2 by IARC and fetotoxic (Luo et al
1993; IARC1987).

Lead (Pb):

Lead is not considered an essential element for plant growth, and no cases of lead
deficiency in plants have been reported. Most observations of lead toxicity in plants are
restricted to water-culture experiments, where acute toxic effects result in a reduction in
growth, but acute toxicity is not generally seen in the field (Mengel and Kirkby 1978).

Most research on lead in humans and animals deals with the toxic effect of this element,
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but other research indicates that lead is essential in the diet of rats (Anke et al. 1984). Lead
can bio accumulate in man and animals. One of the chief concerns of lead toxicity in
humans is brain damage to children. There is evidence that elevated lead levels in the
environment can induce aggressive behavior in animals (Jarup 2003). Carcinogenic

(Beyersmann and Hartwig 2008).

Nickel (Ni):

Nickel is found in most plants. It is not considered an essential element, and nickel
deficiency in plants has not been reported. Excess nickel produces a chlorosis in many
plants that resembles the symptoms of iron deficiency. Nickel is considered an essential
element in the diet of chickens, rats, and goats (Anke et al. 1984). Dermatitis and lung
reactions in the form of asthma have been attributed to sensitization caused by nickel
(Jarup 2003). Possible carcinogen in some forms, classified as class 2 by IARC (IARC,
1987, Salnikow and Zhitkovich 2008).

Zinc (Zn):

Zinc is an essential element for both plants and animals. One of the most common
micronutrient deficiencies in plants is zinc, and it is becoming increasingly significant in
crop production. Plants suffering from zinc deficiency often show chlorosis in the inter
veinal areas of the leaf, and terminal growth is usually affected. An excess of zinc
commonly produces iron chlorosis in plants (Mengel and Kirkby 1978). Zinc is necessary
for the function of various.

Enzymes in humans and animals. Symptoms and diseases related to zinc deficiency
include acne, poor wound healing, loss of taste and smell, and poor growth in children.
Large oral doses of zinc salts cause gastrointestinal disorders, but chronic zinc poisoning in
humans has not been described (Emsley 2001). It complements as carcinogenicity and is
fetotoxic (Jarup 2003; Luo et al 1993).

Aluminium (Al) and Manganese (Mn):

Aluminium has no known function in biology, but it reduces plant growth on acid soils.

Although it is generally harmless to plant growth in pH-neutral soils, the concentration in

9



acid soils of toxic Al**cations increases and disturbs root growth and function (Feng
&Delhaize 2001). Aluminium excess is involved in degenerative diseases of the nervous
system. Aluminium trespass placenta, if contamination occurs by skin exposure of the
pregnant mother, and produces fetotoxicity. Manganese is an essential trace nutrient in all
forms of life acts as cofactors in many classes of enzymes and also important in
photosynthetic oxygen evolution in chloroplasts in plants (Emsley 2001). It is fetotoxic,
possible carcinogenic-classified as class 2 by IARC and is involved in childhood

developmental disorders and neurodegenerative diseases (Donald 1999).
Vanadium (V):

Vanadium is a rare, soft, ductile gray-white element found combined in certain minerals
and used mainly to produce certain alloys. Most of the vanadium (about 80%) produced is
used as ferrovanadium or as a steel additive. Mixed with aluminium in titanium alloys is
used in jet engines and high speed air-frames, and steel alloys are used in axles,
crankshafts, gears and other critical components. Vanadium alloys are also used in nuclear
reactors because vanadium has low neutron-adsorption abilities and it doesn not deform in
creeping under high temperatures (Makhijani & Yih 2000). Watering is an important way
in which vanadium is redistributed around the environment because venedates are
generally very soluble. Vanadium is abundant in most soils, in variable amounts, and it is
taken up by plants at levels that reflect its availability. Vanadium plays a very limited role
in biology, and is more important in ocean environments than on land. Component of
vanadium nitrogenase used by some nitrogen-fixing microorganisms. In humans it is used
as dietary supplement for treating diabetes and for improving athletic performance in
weight training. Inhalation of Vanidium peroxides could damage respiratory tract.
Laboratory tests with test animals have shown, that vanadium can cause harm to the
reproductive system of male animals, and that it accumulates in the female placenta, with
DNA alteration in some cases. Classified as class 2B possible carcinogen by IARC (Soazo
and Garcia 2007; IARC 1987, Beyersmann and Hartwig 2008).
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1.2 Literature Survey

Many studies have investigated the occurrence and monitoring of heavy metals in
harvested rainwater and ground water by contamination of environment and human health
following bombing. The most important studies are described in the following two

sections.

1.2.1 Worldwide Studies:

It is obvious from this literature that studies on the occurrence and determination of heavy
metals in water surface, is an important issue for the human health and for environment.
Schroder et al (2003) has focused in Bosnia and Kosovo. They have found up to 14 times
the usual level of chromosome abnormalities in their genes due to the bombing.

Jarup (2003) has studied the assessment, that the chronic effects of metal contamination
can affect reproductive performance (fertility and malformation are potential effects) and
children neurological development. The use of devices that carry and spread to unknown
distances high amounts of toxic metals can cause widespread contamination of the soil,
concurrent with the conditions of the displaced population that lives in this environment
close to the ground and exposed to the possible contaminants, with the possibility of skin,
respiratory and alimentary chronic contact. This is especially important for young people
in reproductive age and for children due to the fact that chronic effects of metal
contamination can affect reproductive performance (fertility and malformation are
potential effects) and children neurological development.

Durakovic (2005) has studied the assessment of concentrations of DU in urine samples
collected from bombed civilian areas in Jalalabad. He has measured higher concentrations
of DU in Jalalabad civilian (80-400 ng L™) as compared to typical concentration in the
British population of ~5 ng L™ .

Magyar et al. (2008) has studied Lead and other heavy metals which are common
contaminants of rainwater tanks in Melbourne where results showed that Concentrations of
aluminum, cadmium, iron and zinc were found at levels exceeding acceptable health
levels.

Also, other studies were concerned of heavy metals pollution in surface, groundwater and

harvested rainwater. Kar et al. (2008) has studied the assessment of heavy metals pollution
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in surface water in Ganga in West Bengal. Their results showed that the dominance of
heavy metals in the surface water of the river Ganga followed the sequence: Fe >Mn> Ni >
Cr >Pb> Zn > Cu > Cd.

Despins et al. (2009) has assessed rainwater quality (pH, turbidity, colour, total and fecal
coliforms, total organic carbon, total nitrogen, and total metals content) from rainwater
harvesting systems in Ontario, Canada.

Busby et al (2010) has focused in Irag between 2005-2009 there was an increase in cancer
and birth defectswith infant mortality reached up to 13.6% in 2009/2010 which was
attributed to DU.

Alaani S. et al (2011) have determined trace metals in hair samples from parents of
children with congenital anomalies in Irag and correlated this with the content of these
contaminants in water samples. They have found high concentrations of heavy metals in
hair samples, and have found a correlation between the metals found in the hair and in the
drinking water, and concluded that the metals in drinking water is the sole source of these
heavy metals in hair.

A study by Amim and Alazba (2011) has focused on the sources of rainwater
contamination in a rainwater harvesting system.

Other studies were also concerned with the significance of bombing in changing trace
elements status in soil, water and even in plants. (Massol-Deya et al, 2005 and
Vidosavljevi¢ et al, 2013).

1.2.2 Local Studies:

In Palestine, the principal water resources available include groundwater, springs, and
harvested rainwater (UNEP, 2003).

El-Nahhal (2006) has studied the contamination of groundwater with heavy metals in Gaza
Strip. The results showed that concentration of Cd, Pb, Fe, and Cr are above the EPA limits
in some wells. Skaik S. et al (2010) showed that metals, in particular known toxic and
carcinogenic metals (e.g. lead, mercury, chromium, copper, arsenic, uranium, cadmium,

zinc) were detected in wound tissues of victims from Gaza after bombing in 2006 and
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2009. This study recommended also to conduct investigations on the effect of such
bombing and weapons in Gaza on the environment (soil, water, air...etc.).

A study by Manduca P. et al in (2014) has focused on the heavy metals in hair of
newborns, hair samples of newborns with congenital birth defects or developmentally
premature birth were analyzed in a cohort of couples with documented parental exposure
to military attacks in Gaza, and found high concentration of some heavy metals in hair
samples. This study showed that the occurrence of birth defects is correlated to
documented exposure of parents to weapons containing metal contaminants during attacks
in 2009.

1.3 Research Motivations:

The following are the research motivations:

1. Assessment of water quality of harvested rain water used for drinking in Gaza after
the 2012 bombing.
2. Assessment the potential effect of bombing on the amounts of trace metals in

harvested rainwater.

1.4 Research Questions

The key purpose of this research is to address, and if possible to answer, the following

questions:

1. What are the types of heavy metals found in harvested rain water samples and how
much is the concentration of each heavy metal?

2. s the concentration of heavy metals compatible with the WHO stander or not?

3. What is the relationship between bombing and heavy metals?
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1.5 Main objective

1. To study water Quality with respect to heavy metals concentrations in Gaza.

2. To study the effect of 2012 bombings and explosions of inhabited areas of Gaza
strip on the quality of harvested rain water by determining content of trace metals
in different harvested rainwater samples collected from bombed area of Gaza.

3. To assess the effect of bombing on the amounts of trace metals in harvested

rainwater.
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Chapter Two:

Study Area:

2.1 Study Area

The Gaza Strip is one of the most densely populated areas in the world, 4505 people per
kmz2. For administrative purposes; the area has been divided into five regions: North, Gaza,
Middle, Khan Younis and Rafah. (Figure 2.1).Each governorate consists of municipalities
that varied in number depending on the number of towns or villages and the population of
each (Khalaf, 2005).

Gaza Strip is; a strip of land on the eastern coast of the Mediterranean Sea, located in the
Middle East (at latitudes 31°16" and 31°45"N and longitudes 34°20" and 34°25"E) (Aish et
al. 2004) bordered by the Mediterranean Sea in the West and the Negev Desert and
Egyptian Sinai Peninsula in the South with a total area of 365 Kmz2 Land surface
elevations range from mean sea level to about 110 m in the eastern parts. Gaza’s water
resources are essentially limited to that part of the coastal aquifer that underlies its area
(Al-Talmas et al. 2012).
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Figure 2.1: Gaza strip,location (Martin, 2014).

2.1.1Topography

Gaza strip is a coastal foreshore plain according to a topography that refers to the altitude
of the land surface. The topography of the area is flat, where the altitude of the Gaza Strip
land surface ranges between zero meters at the shore line to about 90 meters above means
sea level in some places. The height increases towards the east from 20 to 90 meter above
the sea level (ARIJ- Part 11 2001).

2.1.2 Population

Gaza Strip is estimated to be at approximately 4 million, according to the Palestinian
Central Bureau of Statistics in 2009.
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Figure (2.2): Gaza Strip, Population Density (UN Office for the Coordination of
Humanitarian Affairs, 2009).
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2.2 Meteorological Conditions

2.2.1 Rainfall

Generally; the climate of Palestine is of East Mediterranean type; identified as being hot
and humid in summer and cold in winter. The US Environmental Agency has classified
regions into arid and non-arid regions based on rainfall of 12.5 in/yr. (312.5 mm/yr.) to be
the reference (Qrenawi 2006). The Gaza Strip area is classified as a semiarid region since

the average annual rainfall is about 13.83 in/yr. (351.4 mm/yr.).

2.2.2 Temperature

The area has a Mediterranean dry summer sub topical climate with mild winter; this is
because of its locations as transitional zone between semi-humid Mediterranean climate
and arid desert climate The highest mean annual temperature is 30.85 °C in August, while
the lowest mean annual temperature is 13.50 °C in January, with the mean annual
temperature of 19.90 °C (PMO, 2008).

2.2.3 Wind Speed

The wind velocity with northwest direction at 2 meter above the surface in the summer is
about 1.5 m/ switch is less than that is during winter months where velocity reaches values
of 2.8 m /s (D’Haeyer 2000).
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Chapter Three

Material and methods

3.1 Sampling and analysis

3.1.1 Sampling of Rain Water

In the days preceding and during the first rains, About 43 samples were taken by a team of
professionals and volunteers from various organizations in Gaza. (Who gave laboratory

sample collection bottles).

The location of each sample was mapped, and the samples were stored in refrigeration to
perform various analytical tests, especially those related to heavy metals by using Agilent
7500 ICP-MS device.

Sampling has been carried out in November 2012 (the beginning of the rain season and
after the end of war on Gaza) where 43 water samples were collected from 43 rain water
pools and from an area that hit by many rockets. Harvested rain water in this area were
classified into (North” a and b”, Middle and South area).

Harvested rainwater is used for drinking and agriculture in Gaza as it is located in the
semiarid region and it is one of the scarce water countries. (Figure 3.1) shows the location
of the part of Gaza where the samples were taken, and the location of the cisterns analyzed
in this study. The water samples were collected in 1-liter high density polyethylene bottles
(pre-cleaned with 10% nitric acid followed by repeated rinsing with 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 and total dissolved solids, were measured in the lab immediately
after the arrival of the samples according to standard methods (APHA, 1998). The samples
were then analyzed for trace metals content and phosphorous by ICP/MS (Agilent

technologies 7500 series).
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Figure 3.1: Map of Gaza strip showing the location of house wells and rain water pools
sample marked with green color for non-bombed sample ,red color for bombed and yellow
color for not detected ) these sample containing harvested rain water analyzed in this
work.( in GIS Lab at Al-Quds University, 2015).

3.1.2 Chemicals and Reagents

1- Ultrapure nitric acid. Merck catalogue number Z282541 304

2- Standard 1 and Standard 2 containing multi- metals:(Ag 10 mg/L, Al 50 mg/L, B 50
mg/L, Ba 10 mg/L, Bi 100 mg/L, Ca 10 mg/L, Cd 10 mg/L, Co 10 mg/L, Cr 50 mg/L, Cu
10 mg/L, Fe 10 mg/L, K 100 mg/L, Li 50 mg/L, Mg 10 mg/L, Mn 10 mg/L, Mo 50 mg/L,
Na 50 mg/L, Ni 50 mg/L, Pb 100 mg/L, Sr 10 mg/L, Tl 50 mg/L, Zn 10 mg/L, matrix 5%
HNO;) Fluka Analytical BCD1137 100990223.

3- Internal standard method was used using Indium (In) and Erbium (Er) as internal
standard, Agilent Technologies G1820-60372.

4- Ultra-pure deionized water (18.2 MQcm-1) from a Milli-Q analytical reagent grade
water purification system, Millipore (Arium Pro DI) was used.

5- Filter paper - Whatman No. 41 or equivalent.
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3.1.3 Preparation of solutions

Four solutions of the thirteen metals with concentrations: 5.0, 10.0, 25.0 and 50.0 ppb were
prepared from the stock one and two standard by dilution using 0.5% ultrapure nitric acid
as diluent. These solutions were used for linearity and range study of the method. Each
sample was analyzed three times and the results are expressed as mean + SD (SD: Standard

Deviation).

3.2.1 The instrument

Inductively Coupled Plasma Mass Spectrometry (ICP-MS)

The Agilent Technologies 7500 Series ICP- MS (Agilent 7500) Figure (3.2) can measure
trace elements as low as one part per trillion (ppt) and quickly scan more than 70 elements
to determine the composition of an unknown sample with a Mass Hunter Workstation
software automates the analysis and accurately interprets the resulting data. The ICP/MS
instrument consists of an on- board peristaltic pump that controls the flow of sample
solution into and waste (drain) out of the instrument, a nebulizer (Micro Mist nebulizer)
that uses a stream of argon to disperse the sample, an ICP Argon plasma torch using Argon
as plasma gas, auxillary gas and nebulizer (carrier) gas, two pumps for evacuation,
quadrupole mass analyzer with 0.8 amu resolution at 10% height, an Octapole Reaction

System (ORS), and electron multiplier detector.

Figure (3.2): Agilent 7500 Inductively Coupled Plasma Mass Spectrometer (ICP-MS).
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ICP- MS (Agilent 7500) with an on- board peristaltic pump, a nebulizer (Micro Mist
nebulizer), an ICP Argon plasma torch, two pumps for evacuation, Quadrupole mass
analyzer, an Octapole Reaction System (ORS), and electrom multiplier detector was used
for analysis of the heavy metals in this study.

Overview of ICP-MS Major Components:

An ICP-MS instrument consists of several distinct parts:
» Sample introduction

« Ton generation in the ICP

* Plasma/vacuum interface

* Jon focusing

* Jon separation and measurement.

Sample introduction: The sample is typically introduced into the Inductively Coupled
Plasma (ICP) as an aerosol, produced by passing the liquid sample through a simple
pneumatic nebulizer. Larger aerosol droplets are removed from the gas stream by a spray
chamber, and the remaining smaller droplets are swept into the central channel of the argon
plasma. The Agilent 7500 Series is fitted with a Scott-type double pass spray chamber
manufactured from high-purity quartz. Spray chamber temperature is precisely maintained
with a thermoelectric (Peltier) device to prevent signal drift caused by large changes in
room temperature and also to reduce solvent loading on the plasma. This reduced solvent
loading leads to a higher plasma temperature, reducing oxide interferences, and assisting in
matrix decomposition. (Agilent Technologies, 2005)

lon generation in the ICP: The sample aerosol is passed into the plasma, which is
generated in a stream of argon (Ar) contained in a quartz tube or "torch”. The torch is
located in the center of a cooled copper coil, through which a high power, high frequency
electric current is passed. The intense magnetic field created by the electric current causes
collisions between free electrons and Ar atoms, producing ions and more electrons, until a
stable, high temperature plasma is formed. The high frequency current is produced by a
Radio Frequency (RF) generator operating at powers up to 1600W. While two RF
frequencies are approved for ICPs, 40.68 MHz and 27.12 MHz, the latter has been shown
to result in higher plasma temperatures and is used in most modern and all Agilent ICP-MS

instruments. The very high temperature of the plasma (up to 10,000K maximum and
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around 7,500K in the central channel) means that the aerosol droplets are rapidly dried,
decomposed, vaporized and atomized, then ionized by the removal of one electron from
each atom. The resulting ions, which are formed within about 10ms of the original aerosol
droplet entering the back of the plasma, are present at the highest level at about 7mm from
the end of the load coil, which is where the spectrometer interface is positioned. (Agilent
Technologies, 2005)

Gaseous
- =
5 Sample

ot g

:’l"'l:-,.|-ii- e
- 0 n
Asrosol 8 L o =
Apoam on

e Paricla — s Mlalecula

Mass Spacirm|

Mebulzer (liguid) Spray Plasma Mass
Laser (solid) Chamber Spectrometer

Figure (3.3): Schematic representation of processes in ICP-MS from sample introduction
to mass analysis. (Agilent Technologies, 2005)

Interface: The positively charged ions that are produced in the plasma are extracted into
the vacuum system, via a pair of interface “cones”. The cones are essentially metal plates
with central orifices through which the ions pass. Small orifices are used, typically 1Imm
diameter or less, to maintain the high vacuum in the mass spectrometer region. (Agilent
Technologies, 2005).

lon focusing: Electrostatic lenses keep the ions focused in a compact "ion beam™ as they
pass through the vacuum system to the final chamber, where the Mass Spectrometer (MS)
and detector are housed. The ion lenses perform a second, essential, function of separating
the ions from the photons and residual neutral material. Agilent uses a high transmission
off-axis or Omega lens arrangement that separates the positively charged ions from the
photons and neutral particles, which would otherwise reach the detector and increase

random background noise. (Agilent Technologies, 2005)
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Mass spectrometer: Three different types of mass analyzers have been used with ICP-MS;
these are quadrupole, magnetic sector, and time-of-flight analyzers. By far the most
common mass analyzer used in ICP-MS, and the one employed on the Agilent 7500 Series,
is the quadrupole. The quadrupole uses a combination of DC (Direct Current) and AC
(Alternating Current) electrical fields to separate ions based on their mass to charge ratio
(m/z). Since the plasma produces almost exclusively singly-charged ions, the mass/charge
ratio is equal to the mass of the ion, making the spectrum very simple to interpret. The
ratio of the DC and AC electrical fields is fixed but the voltages can be changed. For a
given voltage setting, only one m/z is stable and the quadrupole scans rapidly across the
mass range (2-260 amu), passing each mass of interest sequentially to the electron
multiplier (EM) detector. (Agilent Technologies, 2005)

lon detection: The electron multiplier detects each ion as it exits the quadrupole. The
detector electronics count and store the total signal for each mass (m/z), creating a mass
spectrum. The spectrum that is produced provides a simple and accurate qualitative
representation of the sample. The magnitude of each peak is directly proportional to the
concentration of an element in a sample; quantitative results are produced by comparing

signal intensities to those generated by calibration standards. (Agilent Technologies, 2005)

For accurate quantitative determination of heavy metals in water samples, an internal
standard method was used using (In) as internal standard and a multi-standard calibration
method (29 metals standard, matrix 5% HNOg3). Samples were prepared by dilution of 1.0
mL of the water samples to 10.0 mL with 0.3% ultrapure nitric acid and analyzed by
ICP/MS. Each sample was analyzed three times and the results are expressed as mean +
SD (SD: standard deviation). Relative standard deviation (RSD) of the three results are
calculated and found to be less than 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 vs. concentration of
the heavy metal (in ppb), and results showed that the calibration curves are linear with
correlation coefficient (r?) greater than 0.999 for the heavy metals analyzed with a

concentration range of 1-1000 ppb. (Appendix A).
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3.3 Statistical analysis

Data were analyzed by using Origin 9 software and R program. Statistical differences
between the same heavy metal from different water samples (43 samples) were tested
using two way: ANOVA and correlation coefficient. Differences were considered
significant at p values < 0.05 for ANOVA test and more than 0.7 for strong correlation.
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Chapter Four

Results and discussion

Harvested Rain Water

The pH of all water samples ranged between 7.2-7.9 (with mean temperature of (19.0 °C)
which is neutral to slightly basic and in the allowed limit (6.5-8.5) according to WHO
regulations. Electrical conductivity and total dissolved solids for water samples ranged
from 170-5460 ps/cm and 93.5-3003 mg/L, respectively. The limit for total dissolved
solids in drinking water according to WHO is 1000 mg/L (WHO 2003). These results
showed that two samples have exceeded the WHO limit. (Sample n1 and s35), indicating

high amounts of dissolved salts that may contain heavy metals.

4.1 Harvested Rain Water in North area (a)

This area include: (Tal al Zaatar,Biet Lahia,and Biet Hanun- High Street andShiekh
zaid).This area was contaminated by bombing or agricultural activities. These regions were
hit by different number of rocket as Shown in table 4.1. The pH of water samples in this
area ranged from 6.83-8.18. Electrical conductivity and total dissolved solids for water
samples ranged from 284-5460 ps/cm and 156 -3003 mg/L, respectively as shown in table
4.2. Sample nl, has the highest values for EC and TDS, which may be attributed to

bombing sources of pollution.

Table (4.1): Samples description in the North area (a) of Gaza Strip.

sample no. Sample Description

nl Bombing area: one rocket hit the house.

n2 Bombing area: One rocket hit the house.

n3 Agricultural empty lands: area was hit by 5 rockets f 16.
n4 Agricultural empty lands: area was hit by 5 rockets f 16.
n5 Agricultural empty lands: area was hit by 5 rockets f 16.
né Agricultural empty lands: area was hit by 5 rockets f 16.
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n23 Bombing area: 5 rockets hit the area.

n24 Agricultural empty lands: area was hit by 2 rockets f 16.

n25 Agricultural empty lands: a lot of destruction by the shelling.
n26 Agricultural empty lands: a lot of destruction by the shelling.
n27 Bombing area lot of destruction by the shelling.

n28 Bombing area: 5 rockets hit the area.

n29 Bombing area: rockets hit the area.

n30 Bombing area: completely destroyed

n31 Bombing area: completely destroyed

n43 Bombing area: 5 rockets hit the area.

Table (4.2): Analysis of pH, EC and TDS, in the harvested rainwater samples in North (a).

sample no. pH EC (us/cm) | TDS(mg/L)
nl 6.85 5460 3003
n2 7.89 1330 732
n3 8.18 573 315
n4 7.27 743 409
n5 7.67 611 336
n6 7.39 688 378
n23 7.34 469 258
n24 7.47 542 298
n25 7.53 329 181
n26 7.37 370 204
n27 7.52 390 215
n28 7.56 349 192
n29 7.58 323 178
n30 7.49 437 240
n31 7.94 461 254
n43 7.61 284 156

30



4.1.1 Heavy metals content:

Results showed that twelve trace metals (Ba, Cu, Zn, Co, Mn, V, Al, Pb, Cr, Ni, As, and
Cd) were detected in all water samples analyzed (16 samples) in North area (a). All of
them are heavy metals except Aluminum and Barium. The concentration (in pg/L) of these
metals were found in the range of : 227.0-3484, 3.0-126, 0.34-813.0, 2.0-101.0, 55.0-
13149.0, 4.0-30.0, 98.0-6101.0, 0.0-45.82, 1.0- 59.0, 3.0-95.0, 0.53-11.0 and 0.08-4.82, for
Ba, Cu, Zn, Co, Mn, V, Al, Pb, Cr, Ni, As, and Cd respectively. In addition to these metals,
Uranium and Phosphorous were detected in all samples analyzed in this area too, with
ranges of 0.04-2.48, and 50.25-20166.1 pg/L, respectively as shown in table 4.3.
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Table 4.3: Concentration of trace metals detected in harvested rain water after the November 2012 bombing in North (a), Gaza by using 1CP/MS.
Results expressed as average = SD for three samples (SD: standard deviation.
Sample Concentration of metals (ug/L)
no: Ba Cu Zn Co Mn \Y, Al Pb Cr Ni As Cd U P
nl 530.25 126.13 | 282.72 | 11.66 2515 29.52 | 6101.2 4582 | 58.57 | 63.99 | 9.82 0.8 2.48 901.27
+1.78 +3.51 +1.69 | +0.07 +1.05 1+0.11 +31.5 +0.22 | £1.77 | £1.91 | £0.32 | £0.05 | £0.03 | +3.01
n2 315.51 11.65 | 268.46 | 4.22 177.12 27.45 | 131.51 0.28 4.58 23.2 9.35 0.85 1.52 411.47
+2.06 +0.2 +1.79 | +0.06 +1.57 +0.19 +3.32 +0.01 | £0.23 | £0.08 | +0.25 | +0.07 | £0.01 | +2.18
n3 3483.56 24.79 | 509.92 | 100.56 | 13148.56 | 15.04 | 3247.31 1.84 6.24 | 95.49 | 11.37 | 4.82 | 0.08 | 20166.1
+54.05 +1 +3.92 | +2.19 | £173.15 | #0.21 | #5335 | +0.02 | +0.38 | £+3.39 | £0.23 | £0.16 | +0.01 | +9.44
n4 606.28 6.16 0.3 2.9 77.93 4.0 97.6 0.05 0.67 | 3.71 | 4.86 0.06 | 0.64 | 2254.64
14.26 +0.04 | +0.02 | #0.03 +0.44 +0.05 +7.26 +0.01 | +0.1 | £0.03 | +0.24 | +0.02 | £0.02 | +8.98
n5 373.97 51.16 812.9 7.05 675.72 18.47 | 3172.32 | 34.13 | 6.05 20.3 6.35 1.26 | 0.58 | 2553.97
+2.6 +0.46 | +3.66 | £0.04 15.62 +0.16 | +27.99 | +0.34 | +0.22 | £0.23 | £0.02 | £0.09 | +0.01 | +7.30
né 343.87 38.86 | 515.03 4.8 394.92 12.63 | 1284.72 | 10.86 | 3.98 | 13.64 | 7.02 1.04 | 0.41 | 3358.28
+0.98 +0.92 +1.53 | +0.05 +0.82 10.16 12.42 +0.03 | £0.19 | +0.2 | +0.29 | +0.07 | £0.01 | +11.2
n23 376.38 10.44 58.82 3.11 100.61 12.62 | 103.33 0.25 511 | 545 | 4.23 157 | 0.04 | 4528.35
2.3 +0.04 | +1.72 +0.1 16.17 +0.14 | +34.06 | +0.23 | +0.23 | £0.12 | £0.05 | £0.05 | £0.01 | #12.11
n24 226.71 13.29 40.27 3.73 256.37 21.21 | 109.73 0.47 141 | 1278 | 4.6 0.48 1.05 565.20
+4.62 +0.21 +0.94 | +0.06 4.2 +0.51 +1.66 +0.01 | +0.08 | +0.39 | +0.2 | +0.07 | +0.03 | +4.06
n25 368.97 21.1 288.16 8.8 614.06 26.36 | 3970.67 | 12.11 | 19.37 | 1858 | 2.94 1.1 0.94 609.97
+6.36 +0.62 +557 | +0.17 +11.81 | +0.43 | +73.21 | +#0.24 | £0.53 | £0.53 | +0.15 | +0.1 | £0.01 | £3.02
n26 446.86 21.14 | 359.66 | 17.8 933.15 24.7 | 5312.33 | 27.68 | 26.23 | 24.25 | 3.24 1.48 1.06 651.35
+2.91 +0.18 | +1.01 | +0.17 +8.01 +0.09 | £19.66 | +0.24 | £0.45 | £+0.63 | £0.17 | +0.08 | £0.02 | +4.72
n27 828.53 2.87 0.62 24 54.9 16.69 | 151.54 0.11 7 2.91 1.41 0.09 1.95 134.29
+4.3 +0.04 | +0.05 | +0.04 +0.14 +0.13 | £12.09 | +0.01 | £0.25 | £0.11 | £0.04 | £0.03 | £0.03 | +2.84
n28 915.08 3.53 3.92 2.44 81.65 16.81 | 220.45 0.27 7.63 2.87 1.38 0.11 1.77 145,57
+7.57 0.1 +0.02 | +0.01 +0.37 +0.05 +8.14 +0.01 | +0.17 | +0.21 | +0.08 | +0.02 | +0.01 | +1.73
n29 489.51 3.56 0.34 3.21 61.54 12.66 | 129.37 0.17 404 | 2.85 0.53 0.2 1.46 50.25
+4.92 +0.07 +0.15 | +0.08 +0.67 +0.16 2.6 +0.01 | +0.01 | +0.07 | £0.01 | +0.01 | +0.04 +2.0
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n30 393.66 30.75 | 565.45 | 17.75 1302.3 19.23 | 4165.73 14.5 535 | 18.73 | 1.92 2.87 0.52 996.68
+3.02 +0.48 +5.2 0.1 +17.07 +0.25 | #54.19 | #0.15 | #0.07 | £0.14 | +0.08 | +0.12 | +0.01 +4.55

n31 418.01 29.62 | 540.92 | 17.08 124594 | 17.92 | 382146 | 13.13 | 4.68 | 19.39 | 1.85 2.73 0.58 | 2876.13
+4.3 +0.57 +3.88 | +0.19 +10.77 +0.14 | %34.72 +0.12 | +0.18 | +0.41 | +0.02 | +0.16 | +0.01 +8.77

n43 615.36 7.99 16.25 3.07 139.96 1498 | 512.74 0.87 4.45 7.53 0.79 0.18 1.15 57.63
+1.82 +0.26 +0.17 | +0.01 +0.37 +0.07 +23.1 +0.01 | +0.14 | +0.47 | +0.04 | +0.04 | +0.02 +2.32
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Table 4.3 summarizes the concentrations of heavy metals from the highest to lowest values
which were detected in the harvested rainwater samples analyzed in this area.

From table 4.4 the concentrations of heavy metals which were also detected in the
harvested rainwater samples analyzed in this area (minimum, maximum, average, median,
standard deviation, and relative standard deviation). There was a significant difference
between the average and median values indicating that there were differences in the
concentrations of the metals in the water samples analyzed in this area. A one way
ANOVA statistical analysis was used to test if the concentration of heavy metals is
significantly different in the 16 water samples analyzed or not. Another statistical test
(correlation coefficient) was also used for the different samples to determine if there is
relationship between each element. Results showed that all metals concentrations are
significantly different in the 16 water samples according to ANOVA test, which indicates
that these water samples are different from each other in terms of heavy metals
concentration. This result confirms locational variations of heavy metals in water samples
analyzed in this area.

Figures (4.1), (4.2), (4.3) and (4.4) show this variation for Al, Ba, Ni and Pb in the 16
water samples.

Al Conc. in North (a) Samples | Above Limit

10000

I | Below Limit

1000

Concentra tion of Al in (ug/L)

100
10
1
> N AR
S b@" NN o’\’ N 0 c VL
S Sample number

Figure (4.1): Concentration of Al (in pg/L) vs. (WHO Stander and sample number
obtained in November 2012 in North (a) area.
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Figure (4.2): Concentration of Ba (in pg/L) vs. (WHO Stander and sample number
obtained in November 2012 in North (a) area.

Ni conc. in North (a) samples I Above Limit
100 [ Below Limit

10

Concentration of Ni in (ug/L)

§&%°°°° RN NN AN AN AN N NN
(\

>

o Sample number

Figure (4.3): Concentration of Ni (in pg/L) vs. (WHO Stander and sample number
obtained in November 2012 in North (a) area.

34



Pb Conc. in North (a)
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[ Below Limit
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Figure (4.4): Concentration of Pb (in pg/L) vs. (WHO Stander and sample number

obtained in November 2012 in North (a) area.

From these figures, results showed that some samples have exceeded the limit of WHO
stander. Sample n1, has the highest concentration for Al and Pb metals. But in sample n3,
Ba and Ni have the highest concentration values. This difference could be attributed to the
different sources of contamination, which was bombing houses and agricultural empty
lands for n1 and n3 respectively and to the variation of the number of rockets. These sites

were hit by 1 to 5 rockets respectively.

The sources of these heavy metals in harvested water used for drinking and agriculture in
the Gaza Strip might be attributed to bombing or agriculture activities. These regions had
been hit by different number of rocket. The detected metals in the harvested rainwater
samples analyzed in this area are of known human carcinogenic/teratogenic metals (class
1, IARC) as As, Cd, Cr, Ni (IARC, 1987), and of possible carcinogens (class 2B, IARC) as
Co, V, and of known fetotoxic metals as Al, Cu, Ba, Pb, Mn (Jaerup, 2003, Siemiatycki et.
al. 2004). Toxicological and experimental studies established that high concentrations of
these metals disrupt body functions and have pathogenic effects in human respiratory
organs, kidney and skin and affect sexual and neurological development and functions
(Jaerup, 2003, Siemiatycki et. al. 2004, Domingo, 1994).
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The allowed WHO limit for lead in drinking water is 10 pg/L (WHO, 1993), however our
results showed that more than 44% of the samples analyzed in this region (7 out of 16)
exceeded this limit with an average of 10.83 pg/L and the highest value is 45.82 pg/L. This
may be attributed to the bombing and agricultural activities. It has long been known that
lead in drinking water is highly toxic. Exposure to lead is also cumulative over time. High
concentrations of lead in the body can cause death or permanent damage to the central
nervous system, the brain, and kidneys. This damage commonly results in behavior and
learning problems (such as hyperactivity), memory and concentration problems, high blood
pressure, hearing problems, headaches, slowed growth, reproductive problems in men and
women, digestive problems, muscle and joint pain. Infants, children, pregnant women, and
fetuses are more vulnerable to lead exposure than others because the lead is more easily
absorbed into the sensitive tissue of actively growing bodies. According to the recently
released lead toxicological profile for lead from Agency for Toxic Substances and Disease
Registry (ATSDR), the adverse health effects of lead range from slight increases in blood
pressure at 100 pg/L to severe retardation and even death at very high blood-lead levels of
1000 pg/L (WHO, 1993).

For Ba, the allowed WHO limit is 300 ug/L, however 15 water samples out of 16 have
Barium with concentrations higher than the allowed WHO limit. The highest Ba
concentration was found to be 3484.0 pg/L in sample n3, which was collected from
agricultural empty land area that was hit by 5 rockets from F16. The health hazards
associated with exposure to barium is toxic to humans and animals because all water- and
acid-soluble barium compounds are poisonous. When people are exposed to Ba for short
periods at levels above the maximum contaminant level, they may experience
gastrointestinal disturbances and muscular weakness. Additionally, Ba has the potential to
cause high blood pressure when humans exposed to levels above the limit for long periods
of time (WHO, 2004).

For Mn, the allowed WHO limit in drinking water is 500 pg/L; results showed that six
water samples were found to exceed this limit. The highest concentration was found to
reach 13149.0 ug/L.

Regarding Ni, our results showed that five water samples out of 16 have Ni concentration
higher than the allowed limit (20 pg/L in drinking water) with the highest concentration of
95.0ug/L.

For Al, the allowed WHO limit is 200ug/L, however 10 water samples out of 16 have
Aluminum with concentrations larger than the allowed WHO limit. The highest Al
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concentration was found to be 6101.0ug/L. The health hazards associated with exposure to
Aluminium excess is involved in degenerative diseases of the nervous system, trespass
placenta, if contamination occurs by skin exposure of the pregnant mother, it may produces
fetotoxicity. Aluminum has been associated with Alzheimer’s and Parkinson’s disease,
senility and presenile dementia (Bakare-Odunola, 2005).

As, Cr and Cd the allowed WHO limits in drinking water is 10.0, 50.0 and 3.0 pg/L
respectively. Our results showed that these metals were found in the analyzed water
samples. One sample only has As, Cr and Cd concentration higher than the allowed limit,
with the highest concentration of 0.53, 1.0, 0.06ug/L, respectively.

Co, V and P have no limits in drinking water by WHO, however these metals were
detected in all water samples analyzed in this study. Regarding Cu, Zn and U the allowed
WHO limits in drinking water is 2000, 3000 and 30ug/L respectively. Our results had
shown that these metals were found in the analyzed water samples within these limits.
Phosphorous was detected in all water samples analyzed in this study with high
concentrations (range of 50.25-20166.1 ug/L, and average of 26.41ug/L). These high
concentrations of phosphorous may be attributed to the white phosphorous that was used in
Gaza during the war. Uranium was also detected in all water samples analyzed in this area
with a range of 0.08-2.48ug/L and average of 1.01ug/L, and it is attributed to the depleted

uranium used in this war.
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Table (4.4):Heavy metals concentrations in pg/L, which are detected in the harvested rainwater samples analyzed in North area (a) (minimum,
maximum, average, standard deviation, and relative standard deviation), as well as their WHO limits, and % of the samples that exceeded the
WHO limit, and the % of the samples that found to contain particular heavy metal.

concentration (ug/L)

heavy metals

Ba Cu Zn Co Mn \ Al Pb Cr Ni As Cd U P

Minimum 227 4 0 2 55 4 98 0 1 3 0.53 | 0.06 | 0.08 50
Maximum 3484 126 813 101 | 13149 | 30 6101 | 45.82 59 95 11 482 | 2.48 | 20166
Average 670.78 | 25.19 | 284.23 | 13.16 |1219.8 | 18.14 | 19254 | 10.83 | 11.13 | 20.98 | 448 | 123 | 1.01 | 2641
Median 432.44 | 17.20 | 285.44 | 451 |253.54 |17.37 |898.73| 1.84 570 | 16.11 | 3.74 | 095 | 1.00 | 776.31
SD 747.62 | 29.33 | 2525 | 23.22 | 3106.4 | 6.38 | 2086.9 | 13.95 | 13.79 | 2405 | 3.31 | 1.25 | 0.66 | 4729
RSD (%) 111.46 | 116.44 | 88.84 | 176.44 | 254.67 | 35.17 | 108.39 | 128.81 | 123.90 | 114.63 | 73.88 | 101.63 | 65.35 | 179.04
% of samples that found | 100 100 93 100 100 100 100 93 100 100 100 100 100 100
to contain that heavy
metal
Limits 300 2000 | 3000 No 500 No 200 10 50 20 10 3 30 No

limit limits limits
% of samples that 93 0 0 / 38 / 63 44 6 31 6 6 0 /
exceeded the limit
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4.1.1.1Correlations between elements in North area (a)

Correlation coefficient between different heavy metals was calculated. Table 4.5 showed
the correlation coefficient in North (a). Strong positive correlations (higher than 0.7) were
detected for: P with Mn, Co, Ba, Ni and Cd. The Cd with Mn, Co, Zn and Ni. As with Ni.
Cu with Al. Pb and Cr. Ni with Mn, Co and Ba. Cr with Pb. Also Pb with Al. Ba with Mn
and Co. Finally there is a very strong correlation between Co and Mn.

Another correlation between different heavy metals was found in this area: Middle positive
correlation (0.5 and 0.7) between, the following metals were found, P with As. Cd with Al
As with Mn, Co and Cu. Also Cu with Ni. Ni with Al. Cr with AL and V. Pb with V and
Zn. Zn with Al. Finally V had correlation with Al. Middle negative correlation coefficient
found for U with Cd and P.

Most of heavy metals in North (a) (table 4.5) were not associated to each other. Due to the
differences between the 16 samples that were contaminated from different sources
including bombing, agriculture contaminants or groundwater polluted sources. The large
number of samples have a weak correlation between metals. But Mn, Ni and Co was
intermediate association with other metals.

Mn had a strong correlation with Cu, Ba, Ni, Cd and P. P had a strong correlation with Mn,
Co, Ba, Ni and Cd. Also Cd had a strong correlation with Mn, Co, P, Zn and Ni. Co had a

strong correlation with Mn, Ba, Ni, Cd and P.
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Table (4.5): Correlations between different heavy elements in North area (a) were determined by R program.

Al \Y/ Mn Co Zn Ba Pb Cr Ni Cu As Cd P U

Al 1.00 o

v e/ 1.00 . correrI(;?i%ns
Mn 0.24 -0.09 1.00

Co 0.35 -0.02 0.99 1.00 Middle
Zn 0.65 0.25 0.34 0.39 1.00 positive
Ba 0.09 -0.19 0.95 0.93 0.13 1.00 correlation
Pb 0.83 0.54 -0.10 -0.01 0.59 -0.20 1.00 i

Cr 0.66 0.68 -0.09 0.00 0.04 -0.09 0.74 1.00 Middle
Ni 0.58 0.33 0.81 0.85 0.44 0.74 0.37 0.45 1.00 negative
Cu 0.71 0.48 0.02 0.09 0.45 -0.05 0.87 0.80 0.55 1.00 correlation
As 0.25 0.26 0.52 0.52 0.40 0.44 0.30 0.32 0.76 0.53 1.00
Cd 0.50 0.06 0.81 0.85 0.65 0.64 0.12 -0.07 0.70 0.15 0.40 1.00

P 0.18 -0.23 0.96 0.95 0.37 0.90 -0.11 -0.16 0.76 0.04 0.56 0.83 1.00

U 0.02 0.48 -0.41 -0.38 -0.43 -0.24 0.22 0.56 -0.07 0.29 -0.10 -0.60 -0.56 1.00
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4.2 Harvested Rain Water in North area (b)

This area include: (Gaza City, Beirut Street, Tal Alhawa,Abu Ghadra,Main Street, former prison
and King Street), most of these sites were contaminated by large number of missiles in different
locations which was for building samples as shown in table 4.6. Eleven samples were taken from
different sites in this area. The pH of water samples in this area ranged between 7.31-8.07
Electrical conductivity and total dissolved solids for water samples ranged from 170-1081 ps/cm
and 93.5-594.55 mg/L respectively, as shown in table 4.7. Result showed that there were a very
strong correlation coefficient, with R? =1; between EC and TDS as shown in Figure 4.5. The
highest values of EC and TDS were in sample nl11, contaminated by 8 missiles, which is a large
number of rockets that contains a huge amount of pollutant that had affected on the location of

the sample site.

Table (4.6): Description of each samples in North area (b), Gaza strip.

sample no. Sample Description

n7 Potential Contamination: hit with 8 missiles

n8 Nearby bombs Westward in different locations

n9 Nearby bombs Westward in different locations

n10 Potential Contamination: hit with hit with 8 missiles

nll Potential Contamination: hit with 8 missiles

ni2 Potential Contamination: hit with 8 missiles

nl3 Potential Contamination: hit with 9 missiles

nl4 Potential Contamination: hit with 9 missiles

nl5 Potential Contamination: hit with 9 missiles

nl6 Sample taken from a small puddle created from the first rain on a cement paved road
Potential Contamination: Bombing occurred 15 meters South-West from the sample, a fire
started from the bombing and lasted for 10 hours burning construction debris and automotive
equipment

n32 Potential Contamination: hit by missiles
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Table (4.7): Analysis of pH, EC and TDS in the harvested rainwater samples in North area (b).

sample name | sample no. pH EC(us/cm) TDS(mg/L)
7 n7 7.41 170 93.5
8 ng 7.31 828 455.4
9 n9 7.94 534 293.7
10 n10 7.94 424 233.2
11 nll 7.78 1081 594.55
12 ni2 7.91 302 166.1
13 nl3 7.50 692 380.6
14 nl4 8.07 522 287.1
15 n15 8.02 667 366.85
16 nlé 7.84 318 174.9
B14 n32 7.95 451 248.05
Relatioship between EC and TDS
700
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Figure (4.5): Concentration of TDS (in mg/L) vs. (EC (in pus/cm) for samples that obtained in
November 2012 in North area (b).
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4.2.1 Heavy metals content:

In North area (b), results showed that 11 trace metals (Ba, Cu, Zn, Co, Mn, V, Al, Pb, Cr, Ni, As,
and Cd) were detected in all water samples. Results in (Table 4.8) were expressed as Average +
SD for all samples that were analyzed in this sites. The concentration (in pg/L) of these metals
were found to be in the range of : 178.98-1909.57, 3.16-672.44, 4.29-1074.30, 1.30-125.23,
115.09-9121.81, 4.23-155.11, 68.60-44046.43, 0.18-450.74, 3.45-112.18, 4.60-133.02, 0.43-
24.99 and 0.39-12.61, 0.11-4.20, and 100.68-2467.48 pg/L, respectively. For Ba, Cu, Zn, Co,
Mn, V, Al, Pb, Cr, Ni, As, Cd, U and P respectively. Table 4.9 summarizes the concentrations of
heavy metals which were detected in the harvested rainwater samples analyzed in this area

(minimum, maximum, average, median, standard deviation, and relative standard deviation).
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Table (4.8): Concentration of trace metals detected in harvested rain water analyzed in the North (b) Gaza Strip. Results expressed as

Average £ SD for all samples (SD: standard deviation).

Sample concentration of metals (ug/L)
no.
Ba Cu Zn Co Mn \Y Al Pb Cr Ni As Cd P U
n7 197.0 41.0 939.0 1.0 119.0 4.0 3610.0 53.0 5.0 12.0 1.24 1.71 | 382.0 0.34
+0.95 +0.23 +845 | £0.01 | £068 | £0.02 | +18.2 +05 | +£003 | +£0.22 | £0.04 | £0.04 | £5.39 | £0.01
n8 1910.0 158.0 1074.0 71.0 5012.0 | 67.0 23388 162.0 39.0 87.0 | 15.05 40 |2467.0| 4.0
+31.99 14.74 1235+ | £1.04 | #5955 | +06 | +£19183 | +2.16 | +£133 | £34 | £0.29 | +0.14 | £12.69 | £0.03
n9 440.0 18.0 10.0 3.0 149.0 8.0 69.0 1.0 4.0 5.0 6.1 0.39 |1018.0| 0.89
15.03 +0.48 +0.26 +0.05 | £1.93 | £0.1 +3.71 +0.01 | £0.18 | £0.11 | £0.2 | £0.04 | £15.52 | £0.01
n10 265.0 40.0 259.0 4.0 278.0 23.0 5543.0 78.0 24.0 10.0 6.13 091 | 374.0 | 0.84
+13.97 +0.59 +6.48 +0.29 | +24.48 | +0.23 | £5268 | #059 |[+059 | £0.3 | £0.08 | £0.06 | £8.56 | +0.02
nll 1756.0 259.0 989.0 125.0 | 9122.0 | 145.0 44064 209.0 | 109.0 | 133.0 | 12.06 | 104 | 726.0 | 6.95
+50.31 +6.52 | +31.36 | £3.97 |£266.79 | +4.02 | £1559.66 | +6.02 | £197 | £2.68 | £0.2 | £0.37 | £10.57 | £0.12
ni2 1755.0 672.0 1001.0 49.0 3505.0 | 155.0 | 50840.0 | 451.0 | 112.0 | 70.0 | 2499 | 12.61 | 1762 | 6.69
+17.46 | £158 | #1939 | +049 | £4868 | +152 | +688.87 | 514 | £3.02 | +2.01 | +0.57 | £0.36 | £11.15 | +0.06
nl3 179.0 82.0 310.0 4.0 119.0 15.0 2803.0 47.0 28.0 18.0 7.4 6.28 | 178.0 | 0.39
+255 12.74 +513 | £0.04 | £1.24 | £0.22 | +4.77 +0.36 | £0.63 | £0.61 | £0.32 | £0.29 | £1.23 | £0.01
nl4 205.0 20.0 460.0 3.0 231.0 6.0 148.0 1.08 3.0 7.0 2.21 1.13 | 2150 | 0.11
+0.76 +0.33 +1.66 +0.02 | £1.23 | £0.03 | +£1.58 +0.01 | £0.13 | +0.26 | £0.12 | £0.07 | £3.69 | £0.01
nl5 280.0 31.0 192.0 6.0 194.0 19.0 294.0 1.06 17.0 9.0 3.73 1.18 | 1140 | 051
+35 0.3 +791 | £0.08 | £1.23 | £0.28 1.6 +0.01 | £0.49 | £0.11 | £0.09 +0 | +£1.82|+0.01
nl6 697.0 3.0 4.0 3.0 621.0 6.0 153.0 0.18 3.0 40.0 0.43 0.4 167.0 | 0.81
+2.95 +0.11 +0.13 +0.03 | £5.05 | £0.03 | +£2.97 +0.01 | £0.03 | £0.88 | +0.04 | £0.04 | £4.05 | £0.02
n32 223.0 57.0 246 .0 3.0 115.0 13.0 3042 63.0 22 .0 8.0 1.35 154 | 1010 | 0.3
+1.6 +1.91 +036 | £0.02 | +054 | +£0.1 +3.65 +0.2 +09 | £0.23 | £0.04 | £0.11 | £0.36 | £0.01
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Table (4.9): Heavy metals concentrations in pug/L, which were detected in the harvested rainwater samples analyzed in North (b). For

this study (minimum, maximum, average, standard deviation, and relative standard deviation), as well as their WHO limits, and % of

the samples that exceeded the WHO limit, and the % of the samples that found to contain particular heavy metal.

Concentration

Heavy metals

(Ho/L)
Ba Cu Zn Co Mn \ Al Pb Cr Ni As Cd U P

Minimum 178.98 3.16 4.29 1.30 | 115.09 | 4.23 68.60 0 3.14 4.60 | 043 | 0.39 0.11 100.86

Maximum 1909.57 | 672.44 | 1074.30 | 125.23 | 9121.81 | 155.11 | 50840.44 | 450.74 | 112.18 | 133.02 | 24.99 | 12.61 | 6.95 | 2467.48

Average 718.72 | 125.51 | 498.46 | 24.61 | 1769.50 | 41.91 | 12177.63 | 96.82 | 33.35 | 36.20 | 7.33 | 3.71 2.00 | 682.22

Median 280.25 | 41.47 | 309.50 | 3.51 | 230.79 | 1539 | 3041.74 | 53.13 | 22.33 | 11.59 | 6.10 | 1.54 0.81 | 373.60

SD 682.13 | 187.25 | 399.33 | 38.75 | 2808.95 | 53.64 | 17845.77 | 129.67 | 38.16 | 40.57 | 7.11 | 4.07 2.51 | 741.78

RSD (%) 94.91 149.20 | 80.11 | 157.45| 158.74 | 127.99 | 146.55 | 133.93 | 114.43 | 112.07 | 96.96 | 109.75 | 125.35 | 108.73

% of samples that 100 100 100 100 100 100 100 90 100 100 100 100 100 100

found to contain

that heavy metal

Limits 300 2000 3000 No 500 No 200 10 50 20 10 3 30 No
limit limits limits

% of samples that 45 0 0 / 36 / 73 63 18 36 27 36 0 /

exceeded the limit
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From table 4.9, there was a significant difference between the average and median values
indicating that there were differences in the concentrations of the metals in the water samples
analyzed in this area. To support these results statistical analysis was done for each sample in
this area. Two ways: ANOVA and R- program statistical test were used to prove, if the
concentration of heavy metals were significantly different and if there was any correlation
between each sample.

By using ANOVA statistical test, results confirm locational variations of heavy metals in the 11
water samples analyzed. Figures (4.6), (4.7), (4.8), (4.9) and (4.10) show this variation for Al,

Cr, Ni, Ba and Pb respectively in the 11 water samples.

From these figures, results showed that Al, Cr and Pb had the highest concentration values in
sample no. (n12), this area was hit by eight missiles, which was a large number of missiles that
hit the same site of (n12) sample. While Ni and Ba have the highest concentrations in sample no.
(n11), which also hit by the same number of missiles. Indicating that the sample n11 came from

inside the prison, but n12 came from outside the prison.

Sample nl11, has the highest values for: Ni and Ba, due to different reasons of contamination
which was the main source from industrial metals and bombing in this area. Nickel, is used in the
production of stainless steels. It has been estimated that 8% of nickel is used for household
appliances (IPCS, 1991). Barium is a trace element that is never found freely in nature, and used
in the electronics textile industries and, plastics. In the electricity industry it is used in spark
plugs, fluorescent lamps and vacuum tubes. While sample n12 has the highest values for: Al, Cr

and Pb, these results may be attributed to bombing.
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Figure (4.6): Concentration of Al (in pg/L) vs. (WHO Stander and sample number obtained in November
2012 in North area (b).
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Figure (4.7): Concentration of Cr (in pg/L) vs. (WHO Stander and sample number obtained in November
2012 in North area (b).
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Figure (4.8): Concentration of Ni (in pg/L) vs. (WHO Stander and sample number obtained in November
2012 in North area (b).
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Figure (4.9): Concentration of Ba (in pug/L) vs. (WHO Stander and sample number obtained in November
2012 in North area (b).
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Figure (4.10): Concentration of Pb (in pg/L) vs. (WHO stander and sample number obtained in
November 2012 in North area (b).

In North (b) area, the highest percentage of samples that exceeded the limit of WHO, was for
Aluminum with 73% of the obtained samples. That mean 8 water samples out of 11 have
aluminum with concentrations higher than the allowed WHO limit, which is 200 pg/L, however
the highest Al concentration was found to be 50840.44 ug/L. The health hazards associated with
exposure to Aluminium excess affect human health especially in degenerative diseases of the
nervous system, trespass placenta, if contamination occurs by skin exposure of the pregnant
mother, and produces fetotoxicity. Aluminum has been associated with Alzheimer’s and

Parkinson’s disease, senility and presenile dementia (Bakare-Odunola, 2005).

The second heavy metal with high concentration is lead. Results showed that more than 63% of
the samples analyzed in this study (7 out of 11) exceeded this limit with an average of 96.82
Mg/L and highest value as 450.74. Barium the allowed WHO limit is 300 pg/L, however (5 out of
11) water samples had barium with concentrations larger than the allowed WHO limit, with 45%
of the samples analyzed exceeded this limit. The highest Ba concentration was found to be
1909.57 pg/L, with an average of 718.72 pg/L. For Cr, results showed that two water samples
found to exceed this limit with highest concentration 112.18ug/L. Regarding Arsenic, three

water samples out of 11 contained As.
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For Mn, Ni and Cd the allowed WHO limits in drinking water is 500.0, 20.0 and 3.0 pg/L,
respectively, results showed that these metals had exceeded the limit of WHO by the same
percentage which is 36% higher than the allowed limit, with the highest concentration of
9121.81, 133.02, 12.61ug/L, respectively. While Cu and Zn the allowed WHO limits in drinking
water is 2000 and 3000ug/L, respectively, our results showed that these metals were found in the
analyzed water samples within these limits.

Uranium allowed WHO limit in drinking water is 30 pg/L, results showed that these metal was
found in the analyzed water samples within these limits. Uranium detected in all water samples
analyzed in this area with range of 0.11-4.20ug/L and average of 2.00 pg/L, the highest value
found in sample number 8, it might be attributed to the depleted uranium used in this war.

Co, V and P have no limits in drinking water by WHO, however these metals were detected in all
water samples analyzed in North (b). Phosphorous was detected in all water samples analyzed in
this study with high concentrations (range of 100.86-2467.48ug/L, and average of 682.22ug/L).
These high concentrations of phosphorous was found in sample number 8 (Beirut Street, near to

Abu Mazen Square) may be attributed to the white phosphorous that was used in this war.

4.2.1.1 Correlation between elements in North area (b).

The second way for statistical test by R- program. Correlation coefficient between different
metals was detected in North (b). Show table 4.10.

Correlation coefficient gave strong correlation (higher than 0.7) for: U with Al, V, Mn, Co, Zn,
Ba, Pb, Cr, Ni, Cu, As and Cd. Cd with Al, V, Mn, Co, Ba, Pb, Cr, Ni, Cu, and As. As with Al,
V, Mn, Ba, Pb, Cr and Cu. Cu with Al, V, Mn, Ba, Pb and Cr. also Ni with Al, V, Mn, Co, Ba,
Pb and Cr. Cr with Al, V, Mn, Co, Ba and Pb. Also Pb with Al, V, Mn, Zn and Ba. Ba with Al,
V, Mn, Co and Zn. where Zn with Al, V, Mn and Co. Co was with Al, V and very strong
correlation with Mn. Mn with Al and V. But V with Al. Finally P with Ba and As. P had a
positive middle correlation with Al, V, Mn, Co, Zn, U, Pb, Ni and Cu. As also had the same
correlation with Co, Zn and Ni. Cu had a middle correlation with Co, Zn and Ni too. Ni and Cr

had another middle correlation with Zn. Finally Pb had a middle correlation with Co.
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Table 4.10: Correlation between different heavy elements were determined by R program in North (b), Gaza Strip.

Al \Y \Mn \Co |Zn |Ba |Pb |Cr |Ni |Cu \As \Cd \P |U

Al 1.00

vV 099 | 1.00 Strong

Mn 0.84 0.85 1.00 . correlations

Co 084 | 0.85 | 1.00 | 1.00

Zn 076 | 070 | 070 | 0.71 | 1.00

Ba 0.89 | 0.87 | 0.88 | 0.87 | 071 | 1.00 Middle

Pb 094 | 091 | 061 | 062 | 072 | 078 | 1.00 positive
correlation

Cr 097 | 098 | 081 | 082 | 065 | 079 | 090 | 1.00 )

Ni 085 | 085 | 098 | 097 | 069 | 092 | 065 | 0.81 | 1.00

Cu 090 | 089 | 054 | 055 | 063 | 0.72 | 098 | 0.88 | 058 | 1.00

As 089 | 087 | 062 | 063 | 064 | 082 | 093 | 084 | 064 | 092 | 1.00

cd 092 | 092 | 072 | 073 | 067 | 073 | 089 | 095 | 074 | 089 | 0.85 | 1.00

P 063 | 058 | 054 | 055 | 063 | 082 | 065 | 048 | 057 | 059 | 0.80 | 047 | 1.00

U 098 | 098 | 090 | 090 | 072 | 094 | 088 | 094 | 091 | 084 | 086 | 0.88 | 068 | 1.00

The correlation between heavy metals in North b region was very clear in contrast to North a. 11 samples were conducted in North b;
so the source of potential contaminated was only from bombing area. The correlation coefficient was very strong in most elements in

this area except P.

Ba had a strong correlation coefficient with all elements. While Al, V, U and Mn also had a strong correlation with all elements except

with P. But P had a middle correlation with all elements except Ba and As.
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4.3 Harvested Rain Water in Middle Area

Middle area includes: Nussairat- Almufti land between Sea Street and Salah al din and Nussairat-
Abu Zekri land. Six samples have been analyzed in this region. For m17 and m19 were bombed
by many rockets in this agricultural area. While m18 and m20 were hit by 2 to 5 rocket
respectively. But samples m21 and m22 were not targeted by any missiles, as shown in table
4.11. The pH of water samples in this area ranged between 7.63-7.95. Electrical conductivity and
total dissolved solids for water samples ranged from 217-573 ps/cm and 119.35-315.15 mg/L,
respectively as shown in table 4.12. Result showed that there was a strong correlations between
EC and TDS. The highest values of EC and TDS were in sample m20, five rockets had hit the
Nussairat area close to the sea, which was contaminated by a large number of rockets compared

with other samples in the same area.

Table (4.11): Description of samples in Middle area, Gaza strip.

sample no. Sample Description

m17 Agricultural area bombed which was hit by many rockets

m18 An area that hit by 2 rockets

m19 Agricultural area bombed which was hit by many rockets

m20 An area that hit by 5 rockets

m21 An area that has not been targeted by missiles

m22 An area that has not been targeted by missiles- the same area of 21

Table (4.12): Analysis of pH, EC and TDS, which were detected in the harvested rainwater
samples in Middle area.

Sample no. pH EC (us/cm) TDS (mg/L)
ml17 7.89 299 164.45
m18 7.79 217 119.35
m19 771 249 136.95
m20 7.63 573 315.15
m21 7.95 535 294.25
m22 7.63 501 275.55
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4.3.1 Heavy metals content

Results showed that twelve trace metals (Ba, Cu, Zn, Co, Mn, V, Al, Pb, Cr, Ni, As, and Cd)
were detected in six water samples analyzed in Nussairat area. Table (4.13) shows the
concentrations of metals detected in the harvested water samples, results expressed as Average *
SD for all samples that were analyzed. The concentration (in pg/L) of these metals were found to
be in the range of :277.66-491.61, 3.59-30.37, 1.07-430.32, 2.58-8.80, 71.36-1006.25, 4.30-
15.27, 53.65-3155.65, 0.05-8.28, 2.67-6.71, 2.30-28.48, 0.83-10.31, 0.13-1.07, 0.16-1.65 and
113.01-2855.07 pg/L, for Ba, Cu, Zn, Co, Mn, V, Al, Pb, Cr, Ni, As, Cd, U and P respectively.

Table 4.14 summarizes the concentrations of heavy metals which were detected in the harvested
rainwater samples analyzed in this area (minimum, maximum, average, median, standard

deviation, and relative standard deviation).
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Table (4.13): Concentration of trace metals detected in harvested rain water analyzed in the Middle area Gaza Strip. Results expressed

as Average = SD for samples (SD: standard deviation).

Sample no. Concentration of metals (ug/l)
Ba Cu Zn Co Mn \Y Al Pb Cr Ni As Cd U P
m 17 456.0 | 4.0 1.0 3.0 71.0 15.0 |54.0 0.07 5.0 2.0 1.0 0.13 1.65 113.0
+5.73 | £0.08 | £0.18 | +0.04 | £+0.85 | £0.15 | £0.99 |+£0.01 |[+0.18 | +0.05 |+£0.07 |£0.01 |+0.03 +2.25
m 18 429.0 | 8.0 85.0 |4.0 519.0 [14.0 |2363.0 |4.38 3.0 11.0 2.0 0.52 0.46 963.0
+7.08 | £0.23 | £1.43 | £0.09 | £10.16 | £0.26 | £37.93 | £0.08 [+0.1 |+047 |+£0.02|+£0.02 |+0.01 +2.23
m 19 336.0 | 4.0 1.0 3.0 79.0 7.0 87.0 0.05 3.0 2.0 1.0 0.14 0.16 255.0
+3.97 | £0.02 | £0.13 | £0.02 | £+0.5 |+0.04 |£21 |+£0.01 |+0.08 |£0.1 +£0.01|+001 |£0.01 +4.57
m 20 492.0 |30.0 |430.0|9.0 1006 | 4.0 3156 8.28 10.0 [28.0 5.0 1.07 0.63 2855.0
+36 [+£0.18|+49 |+0.11|+£9.04 | £0.07 | +41.25 | £0.11 |[+0.06 | +051 |+£0.11|+£0.03 |+0.01 +45.71
m 21 313.0 [ 9.0 20.0 |4.0 154.0 | 15.0 |89.0 0.21 7.0 9.0 9.0 0.25 0.27 1205
+374 1 £0.7 |£0.1 |+0.02 |+£1.37 | +0.13 |+£4.27 |£0.01 |[+0.14 |+513 |+£232|+£0.04 |+0.01 +17.86
m 22 278.0 | 8.0 50.0 |3.0 189.0 |14.0 |168.0 |0.16 5.0 7.0 10.0 |0.32 0.19 846
+3.09 | £0.32|+058 | +0.04 | +1.3 |+0.11 |+16 |[+£0.01 [+0.2 |+0.28 |+£0.25|+£0.01 |+0.01 +11.66
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Table (4.14): Heavy metals concentrations in ug/L, which were detected in the harvested rainwater samples analyzed in Middle area (minimum,
maximum, average, standard deviation, and relative standard deviation), as well as their WHO limits, and % of the samples that exceeded the

WHO limit, and the % of the samples that found to contain particular heavy metal.

Concentration

Heavy metals

(Mo/L)

Ba Cu Zn Co Mn \Y/ Al Pb [ Cr Ni As Cd U P
Minimum 277.66 | 3.59 0.8 258 | 71.36 4.3 53.65 |[0.05]|267| 23 0.83 | 0.13 | 0.16 | 113.01
Maximum 491.61 | 30.37 | 430.32 | 8.8 | 1006.25 | 15.27 | 3155.65 | 8.28 | 9.52 | 28.48 | 10.31 | 1.07 | 1.65 | 2855.07
Average 383.96 | 10.61 | 97.81 | 4.24 | 336.43 | 11.68 | 986.18 | 2.19 | 5.37 | 10.14 | 4.58 0.4 0.56 | 1039.4
Median 382.74 | 8.24 | 3491 | 3.47 | 171.81 | 13.77 | 128.94 | 019 |5.24 | 8.3 3.06 | 0.28 | 0.37 | 904.18
SD 78.88 | 9.08 [ 151.59 | 2.14 | 334.99 | 4.22 1275 3.14 | 2.34 | 8.81 3.83 | 0.32 [ 0.51 | 898.26
RSD (%) 0.21 | 0.86 155 | 0.51 0.99 0.37 1.29 1.43 | 43.6 | 86.9 |83.58|80.88| 91.5 | 86.42
% of samples that
found to contain 100 100 100 100 100 100 100 100 | 100 [ 100 100 | 100 | 100 100
that heavy metal
Limits 300 | 2000 | 3000 | NO | 500 | NO 200 | 10 | 50 | 20 | 10 3 30 No

limit limits limits

v of samples that | g5 | 0 / 33 / 33 | oo | 17| 17| o] o /

exceeded the limit

55




From table 4.14, there was a significant difference between the average and median values
indicating that these water samples were different from each other in terms of heavy metals
concentration according to different sources includes: (bombed, agricultures bombed area and
area that hadn’t targeted by any rocket).

To confirm these results, two statistical tests were done in this area on six water samples. One
way ANOVA statistical analysis, results confirms that there was a variations between these
heavy metals in the 6 water samples analyzed in Nussairat area. Figures (4.11), (4.12) and (4.13),
show this variation for Mn, Ba and Al metals in the 6 water samples.

Results showed that Mn, Ba and Al had the highest concentration values in sample no. (m20)
according to figures, (4.11), (4.12) and (4.13), this area contaminated by five rockets, which was

the most sample exposed to bombing compared with other samples.

Mn Conc. in Middle area mmm  Above Limit
[ imi
1000.00 - Below Limit
=
=]
=
£
c— 100.00 -
>
[V
(@]
[
)
—
g 10.00 A I
[
D
o
[
(@]
O
1.00 -
Stander m17 m 18 m19 m 20 m 21 m22
WHO Sample number

Figure (4.11): Concentration of Mn (in pg/L) vs. (WHO Stander and sample number obtained in
November 2012 in Middle area.
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Figure (4.12): Concentration of Ba (in pg/L) vs. (WHO Stander and sample number obtained in
November 2012 in Middle area.
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Figure (4.13): Concentration of Al (in pg/L) vs. (WHO Stander and sample number obtained in
November 2012 in Middle area.
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Middle area results showed that the highest percent of metals exceeded the limit of WHO, was
for Barium. The allowed WHO limit is 300 pg/L, (5 out of 6), water samples have barium with
concentrations higher than the allowed WHO limit, with 83% of the samples analyzed exceeded
this limit.

The highest Ba concentration was found to be 491.61ug/L, with an average of 383.96 pg/L. The
primary health effects in drinking water with a high concentration of soluble barium compounds
over the short term may cause high blood pressure, breathing difficulties, stomach irritation, and
changes in heart rhythm, muscle weakness, brain swelling, and damage to the kidney, liver,

spleen and heart.

Aluminum and Manganese; were the second heavy metal important in this area with 33% of
samples; that mean (2 out of 6), water samples have Al and Mn with concentrations larger than
the allowed WHO limit, which is 200ug/L and 500ug/L respectively, however the highest Al
concentration was found to be 3155.65ug/L in sample m20. The health hazards associated with

exposure to Aluminium excess is involved in adverse effect on human health.

For Mn, the highest concentration was found to be 1006.25ug/L. Over exposure to manganese
has been associated with toxicity to the nervous system which produces a syndrome that
resembles Parkinson's disease. This effect is more likely to be found in the elderly. Manganese is
of particular concern for young children, especially for infants who bottle-feed since some baby
formulas contain manganese, and if prepared with water containing manganese, the infant
receives a higher dose than the rest of the family. The young absorb more manganese than older
age groups, while excreting less, so it is better for young children and pregnant women to drink

water with a very low concentration of manganese (less than 500ug/L) according to WHO.

Results showed that 17% of the samples had exceeded the limit of WHO for Ni and As in
drinking water, with the highest concentration of 28.48, 10.31ug/L, respectively. Regarding Cu,
Zn, Pb, Cr, Cd and U the allowed WHO limits in drinking water is 2000, 3000, 10, 50, 3 and
30pg/L, respectively, results showed that these metals were found in the analyzed water samples
within these limits. Co, V and P have no limits in drinking water by WHO, however these metals
were detected in all water samples analyzed in the Middle area.

Phosphorous was detected in all water samples analyzed in this study with high concentrations
(range of 113.01-2855.07ug/L, and average of 1039.4ug/L). The highest concentrations of
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phosphorous was found in sample number 20 (sample from an area that hit by 5 rockets), which

might be attributed to the white phosphorous that was used in this region bombing

4.3.1.1 Non- bombed sample in Middle area:

This included samples no. m21 and m22, in which both samples were taken from non-bombed
Nussairat area. High concentrations of some heavy metals were detected in some agricultural
regions of Gaza may be attributed to excessive use of pesticides in this area. It could also come
from many factories that manufacture fruits canning. In addition to several factories for Concrete
cement.

For example, Ba metal was detected in sample no. m21 with 313.28ug/L concentration and As

metal was also detected for sample no. m22 with 10.31ug/L concentration.

4.3.1.2 Correlation between elements in Middle area

R- Program; was the second way for doing statistical analysis test in Middle area. The correlation

coefficient was determined, as shown in table 4.15.

Correlation coefficient between elements in Middle area, gave a strong correlations (higher than
0.7) which is the correlation for: Al correlated with Mn, Co, Zn, Ba, Pb, Ni, Cu, Cd and P. Mn
correlated with Co, Zn, Pb, Ni, Cu, Cd and P. Co correlated with Zn, Ba, Pb, Ni, Cu, Cd and p.
Zn correlated with, Pb, Ni, Cu, Cd and P. Pb with Ni, Cu, Cd and P. Cr correlated with Ni, Cu
and P. Ni correlated with Cu, Cd and P. Cu correlated with Cd and P. Cd with P.

Another correlation observed in Middle area which had positive middle correlation coefficient
for these metals: Mn correlated with Ba and Cr. Ba correlated to Zn, Ni, Cu, Cd and U. Pb
correlated with Cr. Finally Cr and Cd had positive middle correlation too. From Table 4.15, a
strong negative correlation conducted between V and Zn. On the other hand, V had a middle
negative correlation with Mn, Al, Co, Pb, Ni, Cu and Cd. Ba and As had middle negative

correlation.
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Table 4.15: Correlation between different heavy elements were determined by R program in Middle area, Gaza Strip.

Al [v. |mMn |co |zn |Ba |pp Jcr [Ni Jcu |Aas Jcd P |u
Al 1.00
v 052 | 1.00 strong
Mn 0.96 -0.62 1.00 negative Stron_g
Co 088 | -064 | 096 | 1.00 correlation correlations
Zn 085 | 072 | 096 | 097 | 1.00
Ba 0.70 | -0.33 | 064 | 072 | 061 | 1.00 Middle _—
Pb 098 | -061 | 099 | 095 | 093 | 071 | 1.00 negative ositive
Cr 0.39 -0.35 0.60 0.74 0.74 0.35 0.53 1.00 correlation correlation
Ni 0.86 | -0.61 | 096 | 096 | 097 | 052 | 093 | 076 | 1.00 -
Cu 0.80 | -0.67 | 093 | 096 | 099 | 053 | 0.89 | 0.83 | 098 | 1.00
As -0.22 0.21 -0.04 -0.07 0.03 -0.64 -0.16 0.41 0.17 0.16 1.00
cd 093 | -063 | 099 | 096 | 098 | 058 | 097 | 066 | 098 | 096 | 006 | 1.00
P 079 | -058 | 091 | 092 | 094 | 040 | 086 | 081 | 099 | 098 | 029 | 094 | 1.00
002 | 025 | -0.05 | 010 | 000 | 066 | 001 | 017 | -0.11 | -0.04 | -0.49 | -0.08 | 0.19 | 1.00

In Middle area the correlation was dissimilar conversely to North (a) and North b. According to different sources of potential

contamination from bombing and agricultures in six samples two of them were polluted from agricultures and the other samples were

polluted from bombed area that was hit by different number of rockets. U and As didn’t have any correlation with all heavy metals

except Ba; U with Ba have a positive middle correlation, while As with Ba have a negative middle correlation. V had a negative

correlation with all heavy metals; so the sources of V contamination differ than other element sources. Al had a strong positive

correlation with most element except V, Cr, As and U. Co had a strong positive correlation but weak for V, As and U.
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4.4 Harvested Rain Water in Southern Area

Southern area include: (Tal- AL sultan camp, Shabboura camp, Barazil camp, ALsalm camp,
Yebna camp, Khan Yuen’s and middle of Rafah). This area contains ten samples that had been
analyzed. Different samples with different sources; collected from this area, samples (s34, s35,
$36, $38, s39, s40, s41 and s42, contaminated by bombing. Bombing was varying with different
number of rockets. Additionally, this area also includes two samples (s33 and s37), that were
describe as not bombed area as showen in table 4.16. The pH of water samples ranged between
7.06-7.67. Electrical conductivity and total dissolved solids for water samples ranged from
340.0-2010.0pus/cm and 187.0-1105.5mg/L, respectively as shown in table (4.17). The limit for
total dissolved solids in drinking water according to WHO is 1000 mg/L (WHO 2003), results

showed that sample number s35 has exceeded the limit with 1105.5mg/L value.

Table (4.16): Description of samples in Southern area, Gaza strip.

sample no. Sample Description
33 not bombed area

s34 Collection of rainwater: Heavily bombed with 3 rockets
s35 Collection of rainwater : Heavily bombed area

$36 Collection of rainwater : Heavily bombed area

s37 non bombed area

s38 Collection of rainwater: Heavily bombed area

s39 Collection of rainwater : Heavily bombed area

s40 sample from an area that hit by 5 rockets

s41 sample from an area that hit by 5 rockets

s42 Collection of rainwater; middle of the camp - Heavily bombed area
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Table (4.17): Analysis of pH, EC and TDS in the harvested rainwater samples in South area that

were analyzed in this region.

Sample no. pH EC (us/cm) TDS (mg/L)
s33 7.60 671 369.05
s34 7.45 761 418.55
s35 7.13 2010 1105.5
s36 7.67 1397 768.35
s37 7.44 791 435.05
s38 7.46 340 187
s39 7.31 636 349.8
s40 7.28 980 539
s41 7.23 912 501.6
s42 7.06 1167 641.85

4.4.1 Heavy metals content

Southern area; results showed that eleven trace metals (Ba, Cu, Zn, Co, Mn, V, As, Pb, Cr, Ni
and Al were detected in one or more water samples analyzed (10 water samples in this study.) in
different places in the southern area of Gaza Strip. Table 4.18, shows the concentrations of
metals detected in the harvested rain water samples, results expressed as average + SD for all
samples that were analyzed in different sites in Southern area.

By summarizing the concentrations of heavy metals, which were detected in the harvested
rainwater samples after the November 2012, the analyzed results obtained in this area (minimum,
maximum, average, median, standard deviation, and relative standard deviation). shows Table
4.19.
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Table (4.18): Concentration of trace metals detected in harvested rain water analyzed in the Southern area Gaza Strip. Results expressed as
Average = SD for samples (SD: standard deviation).

Sample Concentration of metals (ug/L)
no.
Ba Cu Zn Co Mn \% Al Pb Cr Ni As Cd U P
s34 142.21 | 20.66 206.75 | 1.45 | 96.41 | 30.49 | 189347 | 16.73 | 13.88 | 7.69 2.83 0.35 0.57 286.61
+0.72 +0.45 +4.46 | +0.02 | £1.61 | £+0.39 | +27.18 | +0.15 | £0.35 | £0.27 | £0.07 | £0.02 | +0.01 +5.88
s35 164.26 26.3 272.82 3.3 142.3 | 19.44 | 2074.21 | 13.86 | 11.56 | 10.63 | 5.31 0.27 0.43 372.27
+1.78 +0.59 +3.31 | £0.04 | £2.06 | £0.23 | +£22.19 | +0.15 | £0.27 | 0.2 | £0.16 | £0.04 | £0.01 +2.93
s36 200.82 | 38.61 289.27 | 4.77 | 169.59 | 28.12 | 3011.0 3216 | 17.64 | 12.14 | 6.98 0.41 0.68 453.94
0.6 +0.51 +1.73 | £0.03 | £1.26 | £+0.19 | +18.62 | +0.42 | £0.39 | £0.18 | +0.17 | £0.03 | +0.01 +3.26
s37 212.93 | 51.95 47475 | 3.82 | 253.96 | 21.52 | 2600.05 | 98.07 | 14.97 | 15.67 | 5.37 0.83 1.17 829.14
+2.75 +0.96 +5.38 | £0.06 | £3.15 | £+0.26 | +35.1 +0.81 | £0.33 | £0.13 | £0.06 | +0.03 | +0.08 +6.29
s38 325.73 | 25.74 381.87 | 3.78 | 317.1 | 17.29 | 2695.46 | 4456 | 7.11 | 9.42 2.75 0.75 0.83 914.66
+2.21 +0.36 +5.12 | £+0.05 | +2.62 | £+0.18 | +43.41 | +0.51 | £0.08 | £+0.21 | +0.07 | +0.07 | +0.01 +5.59
s39 34492 | 10.81 4.15 2.33 | 14148 | 27.17 | 40.92 0.06 6.27 | 6.47 6.19 0.28 1.50 784.53
+1.11 +0.13 +0.05 | £0.01 | +£1.14 | £0.26 2.7 +0.01 | £0.15 | £+0.04 | £0.18 | +0.01 | +0.03 +7.30
s40 273.45 48.5 372.89 | 6.51 | 461.78 | 28.68 | 2246.33 | 43.97 | 9.15 | 20.07 | 8.13 0.74 1.68 | 1650.29
+2.49 +1.44 +4.26 | £+0.04 | +4.25 | £+0.29 | +£22.78 | +0.18 | £0.14 | £0.72 | +0.13 | £0.06 | +0.04 +7.45
s41 168.37 | 57.46 146.24 | 4.66 | 242.34 | 53.32 | 2276.66 | 10.74 | 17.19 | 1143 | 44 0.55 0.45 309.9
+2.02 +0.45 +2.18 | £0.05 | +2.34 | +0.68 | +17.8 +0.09 | £0.33 | 0.2 | £0.15 | +0.04 | £0.01 | 3+151
s42 531.16 | 188.89 | 1703.67 | 8.56 | 647.94 | 42.09 | 8807.74 | 309.83 | 31.32 | 29.39 | 10.64 | 1.36 2.16 | 7390.62
+4.02 +3.92 +139 | £0.06 | 6.8 | £0.35 | £59.72 | +2.51 | £0.83 | £0.81 | £0.23 | £0.03 | £0.02 +3.10
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43

615.36
+1.82

7.99
+0.26

16.25
+0.17

3.07
+0.01

139.96
+0.37

14.98
+0.07

512.74
+23.1

0.87
+0.01

4.45
+0.14

7.53
+0.47

0.79
+0.04

0.18
+0.04

1.15
+0.02

57.63
+2.32
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Table (4.19): Heavy metals concentrations in harvested rainwater samples analyzed in Southern area, (minimum, maximum, average,

standard deviation, and relative standard deviation), as well as their WHO limits, and % of the samples that exceeded the WHO limit,

and the % of the samples that found to contain particular heavy metal.

concentration (ug/L)

heavy metals

Ba Cu Zn Co Mn \Y/ Al Pb Cr Ni As U P
Minimum 142.21 | 10.81 | 4.15 1.45 96.41 | 17.29 | 40.92 0.06 6.27 [6.47 |275 |0.43|286.61
Maximum 531.16 | 188.89 | 1703.67 | 8.56 647.94 | 53.32 | 8807.74 | 309.83 | 31.32 | 29.39 | 10.64 | 2.16 | 7390.62
Average 254.01 | 50.01 | 408.83 |4.13 263.09 | 28.86 | 2794.39 | 62.72 | 14.13 | 14.06 | 5.86 | 1.01 | 1368.00
Median 206.88 | 35.23 | 281.04 | 3.80 205.97 | 27.64 | 2247.80 | 38.06 | 13.06 | 11.79 | 5.67 |0.75| 737.57
SD 113.58 | 48.33 | 449.36 | 2.04 163.69 | 10.61 | 2144.33 | 86.64 |6.81 |6.55 |2.26 |0.56|2043.6
RSD (%) 0.48 0.97 11 0.49 0.62 0.37 |0.78 1.38 048 |047 |039 |0.55]149
% of samples that found to | 100 100 100 100 100 100 100 100 100 100 100 100 | 100
contain that heavy metal
Limits 300 2000 | 3000 No 500 No 200 10 50 20 10 30 | No

limit limits limits

% of samples that exceeded | 30 0 0 / 0 / 90 90 0 20 10 0 /

the limit
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From table 4.19, there is a significant difference between the average and median values
indicating that these water samples were different from each other in terms of heavy metals
concentration according to different sources, including a collection of water samples range
between bombed and non-bombed area.

These results were confirmed by statistical test on all water samples in this area. One way
ANOVA statistical test, results confirmed that there were variations between these heavy metals
in the 11 water samples analyzed. Figures (4.14), (4.15) and (4.16), shows this variation for Al,
Pb and Ni metals in the water samples.

Results showed that Al and Pb, have the highest concentrations value in sample no. s42.
Ni had the highest value for sample no. s41, according to figures, (4.14), (4.15) and
(4.16).Sample s42 contaminated in the middle of the camp by heavy bombing ,while s41 was

contaminated after it was hit by 5 rockets .

Al Conc. in Southern area B Above Limit

10000.00 [ Below Limit

1000.00
100.00
10.00
1.00 -
s34 s35 s36 s37 s38 s39 s40 s41 s42

Stander s33
WHO

Concentration of Al in (pg/L)

sample number

Figure (4.14): Concentration of Al (in pug/L) vs. (WHO Stander and sample number obtained in
November 2012 in Southern area.

66



Pb Conc. in Southern area
B Above Limit

1000.00 [ Below Limit

100.00 4

- ] I I I I I I I I
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s34 s35 s36 s37 s38 s39 s40 s41 s42

Stander 533
WHO

Concentration of Pb in (ng/L)

sample number

Figure (4.15): Concentration of Pb (in pug/L) vs. (WHO Stander and sample number obtained in

November 2012 in Southern area.

Ni Conc. in Southern area

1000.00 -

Q I Above Limit

é{’ I Below Limit

£ 10000 -

- p—

4

o

c ——

=

- I I I

o;

[+

.

N

(%]

g 1.00 -

8 Stander s33 s34 s35 s36 s37 s38 s39 s40 s41
WHO sample number

Figure (4.16): Concentration of Ni (in pg/L) vs. (WHO Stander and sample number obtained in

November 2012 in Southern area.
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In Southern area, results showed that Aluminum and lead, exceeded the limit of WHO, which is
200ug/L, 10ug/L respectively, however, (9 out of 10) water samples have Al and Pb with
concentrations higher than the allowed WHO limit, with 90% of the samples analyzed exceeded
this limit. The highest Al concentration was found in sample s42 to be 8807.74ug/L, with an
average of 2794.39ug/L, and the highest Pb concentration was found also in the same sample to
be 309.83ug/l, with an average of 62.72ug/L.

Furthermore, results showed that the concentration of five heavy metals (Cu, Zn, Mn, Cr, and U)
is within the allowed WHO limits in drinking water (2000, 3000, 500, 50 and 30 pg/L,
respectively), however eleven of these metals (Ba, Cu, Zn, Co, Mn, V, Cr, Ni, As, U, P, Pb and
Al) were detected in 100% of the water samples. On the other hand, the concentration of Ba, Ni,
As, Pb and Al were found to be higher than the allowed WHO limits (300, 20, 10, 10 and 200
Ma/L, respectively) in 30%, 20%, 10%, 90% and 90% of the water samples analyzed in this
study, respectively. For Ba, the allowed WHO limit is 300ug/L, however, (3 out of 10) water
samples have barium with concentrations higher than the allowed WHO limit. The highest Ba
concentration was found 142.21pg/L. Exposure to barium is toxic to humans and animals
because all water- and acid-soluble barium compounds are poisonous. When people are exposed
to Ba for short periods at levels above the maximum contaminant level, they may experience
gastrointestinal disturbances and muscular weakness. Additionally, Ba has the potential to cause
high blood pressure when exposed to levels above the limit for long periods of time (WHO,
2004).

Co, V and P have no limits in drinking water by WHO, however these metals were detected in all
water samples analyzed in Southern area. Phosphorous was detected in all water samples
analyzed in this study with high concentrations (range of 286.61-7390.62ug/L, and average of
1368.00ug/L). These high concentrations of phosphorous were found in sample number s42
(sample from an area that was heavily bombed) the concentration of bombed was very high and
heavy, it may be attributed to the white phosphorous munitions used in Gaza during the war, this
area was hit with different number of missiles.

Ni and As the allowed WHO limits in drinking water is 20.0 and 10.0ug/L, respectively, results

showed that these metals have the same percent of sample which is 20% and 10% that exceeds
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the limit of WHO, were found in the analyzed water sample (2 out of 10) and (1 out of 10)

samples respectively only had Ni and As concentration higher than the allowed limit.

4.4.1.1 Non-bombed area in Southern area

This includes samples no. s33 and s37, which was found in (Tal alsultan camp- Rafah town and
middle of Rafah) respectively. Results showed that the concentrations of some heavy metals
found above the range of WHO limit, due to different sources of pollutant, which may be caused
by a huge number of people working in many industrial professions. For example; Al and Pb
metals were detected in samples no. s33 and s37 with (2298.13 -2600.05ug/L) and (57. 24-
98.07ug/L) respectively.

4.4.1.2 Correlation between elements in Southern area
Second way to confirm our results by statistical analysis in southern area is, R- Program. The

correlation was determined, as shown in table 4.20.

Correlation coefficient gave a strong correlations (higher than 0.7), which is the correlation for: P
correlated with Al, Mn, Co, Zn, Ba, Pb, Cr, Ni, Cu and As. As correlated with Mn, Co, Pb, Ni
and Cu. For Cu correlated with Al, Mn, Co, Zn, Ba, Pb, Cr and Ni. Ni correlated with Al, Mn,
Co, Zn, Pb and Cr. For Cr correlated with Al, Zn, Ba and Pb. for Pb correlated with Al, Mn, Co,
Zn and Ba. Ba metal correlated with Mn and Zn. Co correlated with Al and Mn. Finally Mn

metal correlated with Al.

From different values conducted for some heavy metals correlation; a middle positive
correlations coefficient range from (0.5 to 0.7) noted: Al correlated with Ba, As and U. V
correlated with Cr and Cu. Mn correlated with Cr. also Co correlated with Ba and Cr and U. Zn
correlated with As and U. For Ba correlated with Ni and As. And Cr correlated with As. Finally
U correlated with Ni and Cu.
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Table 4.20: Correlations between different heavy metals were determined by R program in Southern area, Gaza Strip.

Al V Mn |co  |zn 'Ba |pb  Jcr [Ni Jcu |Aas [P It
Al 1.00 Strong
v 0.37 1.00 - correlation
Mn 0.80 0.35 1.00
Co 0.78 0.47 0.92 1.00
Zn 0.97 0.29 0.85 0.78 1.00 Middle
Ba 0.67 0.19 0.80 0.67 0.77| 1.00 positive
Pb 0.95 0.27 0.82 0.73 0.98| 0.77 1.00 correlations
Cr 0.89 0.59 0.57 0.66 0.83| 0.44 0.83 1.00
Ni 0.84 0.27 0.85 0.80 0.85| 0.58 0.87 0.71 1.00
Cu 0.96 0.52 0.85 0.84 0.96| 0.73 0.95 0.90 0.86 1.00
As 0.64 0.27 0.70 0.77 0.68| 0.64 0.70 0.59 0.82 0.73 1.00
P 0.92 0.36 0.87 0.79 096 | 0.87 0.96 0.77 0.84 0.95 0.76 1.00
U 0.53 0.16 0.79 0.67 0.67| 0.86 0.70 0.35 0.67 0.65 0.77 0.79 1.00

In Southern area, the correlation coefficient was clear conversely to other sites. Ten samples determined in this area. The source of

contamination was only from bombing .Most of correlation between heavy metals was strong enough except V and U due to the

different sources of heavy metals.

V didn’t have a correlation with other elements except positive middle correlation with Cr and Cu. U had a strong correlation with P,

As, Pb, Ba and Mn although U had positive middle correlation with Al, Co, Zn, Ni and Cu. on the other hand Cr had a strong positive

correlation with Al, Zn, Ba, Ni, Cu and P. Cr had middle positive correlation with As, V, Mn and Cu. P had a strong correlation with

all elements except V; due to all samples that bombed. Al had a strong correlation with Mn, Co, Zn, Pb, Cr, Cu and P.
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Different between bombed area and non-bombed area in different heavy metals.

Al Conc. in all harvested rain water samples Bombed area
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Figure (4.17): Concentration of Al (in pg/L) vs. (WHO Stander and sample number obtained in November 2012 in all water sample).
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Mn Conc. in all harvested water samples
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Figure (4.18): Concentration of Mn (in pg/L) vs. (WHO Stander and sample number obtained in November 2012 in all water sample).
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Ba Conc. in all harvested water samples

10000 -

~

S

Y Bombed area

=

N’

= Bombed area
<

=]

s

= 1000 + non-bombed area
]

= |

N

: } l
[-P]

(]

=

=)

(@]

100 -
-DHNm<l‘I.nkDm#m&ol\00mOHmI\OOC\OHNm#mkDNI\OOONO\—!NMQ‘LnLOI\OOO\OHN
,_c:CCCCNNNNNNNMMQ’CCC\—i\—|HHHHHMHHHNNNMMMMMMM##Q‘
© C ¢ € ¢ c c c c c c c S S S £ 8 S cc kg g £ 2n0wn 90X
2
©
&

Sample number

Figure (4.19): Concentration of Ba (in pg/L) vs. (WHO Stander and sample number obtained in November 2012 in all water sample).
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Chapter Five

Conclusions and Recommendations
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Chapter Five

Conclusions and Recommendations

5.1 Harvested Rain Water

Harvested rainwater from bombed area of Gaza strip contains different trace metals with eight
heavy metals (Ba, Mn, Al, Pb, Cr, Ni, As, Cd) exceeding the WHO limits in drinking water. pH
of the waters samples is within the WHO limits, while some water samples exceed the limits for
total dissolve solids and electrical conductivity. Based on the results of this study, it is believed
that the bombing of Gaza in November 2012 may present one source of heavy metal and
phosphorous contamination in the harvested rain water samples analyzed in this study.

However, pre-existing sources of heavy metal and phosphorus contamination resulting from
agricultural or industrial practices must be taken into consideration as possible causes apart from
bombing (UNEP, 2003). However other sources of waste contamination in this high populated
region have not been controlled for. Uncontrolled consumption of harvested rainwater used for

drinking in this region of Gaza may be dangerous for human health.

76



5.2 Recommendations

1. Other studies should be conducted for monitoring heavy metals in water (surface,

ground...etc.) in other locations in Gaza.

2. Controlled the quality of harvested rainwater before using it for drinking in Gaza region

especially in the exposed bombed areas.

3. Raising the awareness of all relevant institutions working in the fields of environmental
pollution especially for bombing and discussing water treatment issues for the future is

strongly recommended.
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Appendix A

Calibration curve for various Barium concentration using ICP-MS.

9 Be [1] ISTD:115 In [1]
y =0.2462 * x +0.0051
R = 1.0000

DL = 0.006935 ppb
BEC = 0.02057 ppb

Ratio

0 ‘ ‘
20.0 30.0
Conc(ppb)

Ratio= Instrument Response (account/time)

DL : Detection Limit

BEC : background equivalent concentration.
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Calibration curve for various Lead concentration using ICP-MS.

208 Pb [2] ISTD:115 In [2]
y =0.9893 * x + 0.2065
R = 1.0000

DL =0.2101 ppb

BEC = 0.2087 ppb

x10 2

Ratio

Conc(ppb)

Ratio= Instrument Response (account/time)

DL : Detection Limit

BEC : background equivalent concentration.
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Calibration curve for various Arsenic concentration using ICP-MS.

75 As [1] ISTD:115 In [1]

y =0.1001 * x + 0.0032
R = 1.0000

DL = 0.02406 ppb

BEC = 0.03231 ppb

x10 1]

Ratio

Conc(ppb)

100.0

Ratio= Instrument Response (account/time)

DL : Detection Limit

BEC : background equivalent concentration.
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Calibration curve for various Chromium concentration using ICP-MS.

53 Cr [1]1 ISTD:115 In [1]
y=0.1010 *x +0.0175
R = 0.9999

DL =0.03589 ppb

BEC =0.173 ppb

Ratio

20.0 40.0 60.0
Conc(ppb)

Ratio= Instrument Response (account/time)

DL : Detection Limit

BEC : background equivalent concentration.
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