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Abstract
Groundwater is the main source for domestic, industrial and agricultural
purposes. Due to the sharp shortage of water and the deterioration of
groundwater quality, desalination plants were set up in the Gaza Strip to
provide potable water. Desalination of brackish and saline water seems to be
promising, especially in the absence of any other alternative resources in the
Gaza Strip. This study has been conducted to investigate the drinking water
quality at elementary schools in the Gaza strip.
The

methodology adapted

to

achieve

this

objective

by studying

the

existing desalinated water supply system in the schools, collection of data,
personal interviews with the operators and stakeholders. Sampling program
from the sources (wells of desalination plants), convey trucks and schools
storage tanks was planned as the following: 48 water samples from all the
directorates of the ministry of education, 8 wells, 8 truck tanks and 32 school
tanks. In physical methods; EC meter have been used to measure Electric
Conductivity and Total dissolved solids, pH meter have been used to measure
pH. In chemical methods; Nitrate and fluoride have been measured by
colorimetric methods. Chloride, Calcium, Magnesium and Total Hardness
have been measured by Titration methods. In microbiology methods, both
Total coliform and Fecal coliform have been counted by incubation method.
The main Physical, chemical and microbiological parameters have been
analyzed for these samples. Physical parameters (Total Dissolved Solids and
Electric Conductivity) of water wells were exceeding the WHO limitations
for drinking water quality, except in the north Gaza well within the standard,
pH of all samples were found within the standards except in Rafah well.
Chemical parameters of water wells, as Total Hardness, Calcium and Nitrate
of all samples were exceeding WHO standards except in Rafah. Fluoride
parameter of all samples were found within the standards except in Rafah.
Only Magnesium parameter was in the standard range in all wells. Samples
of truck and school tanks that have all physical parameters (pH, Total
Dissolved

Solids

and

Electrical

Conductivity)

within

WHO

standard.

Samples of truck and school tanks that have chemical parameters as Chloride

iv

and Total Hardness within the standard, but Calcium and Fluoride of all
samples have been

exceeded WHO standards, Nitrate of all samples were

within the standards except in Khanyounis. Microbiological analysis have
been conducted in both truck and school tanks. 25% of truck tanks samples
were contaminated by total coliform, and 12.5% were contaminated by fecal
coliform. In school tanks 40.6 % of the school tanks were contaminated by
total coliform and 21.9 % were contaminated by fecal coliform, a according
to the WHO standard.
The sources of microbiological contamination in primarily schools are the
schools themselves and some truck tanks, so it is highly recommended to
efficient cleaning system to the schools and truck tanks.
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َلَا خلص ا
تشكككك الميكككك الجوفيكككك المصكككك ال ئيسكككك لألغكككك ا االسككككتا ام المنزليكككك الصككككن ي والز ا يكككك .
الحككك فككك الميككك وتككك و نو يككك الميككك الجوفيككك ككك اللجكككو إنشككك محطككك تحليككك الميككك
ونظككك ا للكككن
ايككك لتكككوفي ميككك الشككك فككك قطككك غكككز  .تبككك و تحليككك الميككك الم لحككك وا ككك واصوصككك فككك ظككك ككك
وجكككو بككك ائ لمصككك أاككك فككك قطككك غكككز  .ومككك نككك ا تمككك ككك ال اسككك بككك لتح فككك جكككو ميككك
الش ف الم ا س االبت ائي ف قط غز .
اسككك انظمككك امككك ا ا الميككك
اطككك ال اسككك سكككم بحيككك تن سككك مكككه أ ككك ا ال اسككك مككك اككك
شاصككككي مكككككه مشكككك لي محطككككك التحليككككك و و
وم ككككك ب
المحكككك فككككك المكككك ا س جمكككككه المعلومكككك
الع قككك  .صكككم ب نككك م ااككك العينككك مككك المصككك (ابككك محطككك التحليككك ) سكككي ا الن ككك وازانككك
الميككك فككك المككك ا س لتككك ل  48ينككك ميككك مككك جميكككه مككك ي ي الت بيككك والتعلكككي الت بعككك لكككوزا الت بيككك
 8سككككي ا ن كككك و 32اككككزا م سكككك  .تكككك تحليكككك الاصكككك ئ الفيزي ئيكككك ال يمي ئيكككك
والتعلككككي  8أبكككك
والبيولوجيكككك لجميككككه كككك العينكككك  .فكككك الاصكككك ئ الفيزي ئيكككك اسككككتا م يكككك س التوصككككيلي ال ب ئيكككك
واسكككتا م يككك س  pHل يككك س جككك الحمو ككك .
ل يككك س التوصكككيلي ال ب ئيككك والمجمكككو ال لككك لألمككك
وفكككل الاصككك ئ ال يمي ئيككك اسكككتا طككك التحليككك اللكككون ل يككك س ت ا يكككز ككك مككك النيت ايككك والفلو ايككك
ينمككككك اسكككككتا م طككككك المعككككك ي ل يككككك س ت ا يكككككز ككككك مككككك ال لو ايككككك العسككككك ال لككككك وال لسكككككيو
والم غنيسكككيو  .وفكككل الفحككك المي وبيولكككوج تككك اسكككتا ا طككك الح ككك ن لعككك ب تي يككك ال ولكككو ال ليككك
وب تي ي ال ولو الب ازي .
تكككك تحليكككك المعكككك يي الفيزي ئيكككك ال يمي ئيكككك والمي وبيولويكككك ال ئيسككككي ل كككك العينكككك  .ب لنسككككب للمعكككك يي
الفيزي ئيكككك (مجمككككو االمكككك ال ائبكككك والتوصككككيلي ال ب ئيكككك ) فكككك ابكككك محطكككك التحليكككك تجكككك وز الحكككك
المسكككمو بككك مككك قبككك منظمككك الصكككح الع لميككك ب سكككتون بئككك محطككك شكككم غكككز  .وب لنسكككب الككك  pHككك
كككم الحككك السكككمو بككك اال بئككك محطككك فكككي .أمككك ب لنسكككب للمعككك يي ال يمي ئيككك لميككك بككك
نككك
االبككك
محطكككك التحليكككك (العسكككك ال لكككك ال لسككككيو النتكككك ا ) تجكككك وز الحكككك المسككككمو بكككك اال ينكككك بئكككك
ككم الح ك المسككمو ب ك اال ف ك بئ ك محط ك
مح فظ ك فككي .وج ك ت يككز الفلو اي ك ف ك جميككه ين ك االب ك
كككم الحككك المسكككمو بككك ت جميكككه المح فظككك  .جميكككه ينككك الميككك
فكككي .ف كككط ت يكككز الم غنيسكككيو ككك
مكككك ازانكككك المكككك ا س وازانكككك سككككي ا الن كككك نكككك فحصككككوات الفيزي ئيكككك (التوصككككيلي ال ب ئيكككك
مجمكككو االمككك ال ليلككك والككك  )pHكككم معككك يي منظمككك الصكككح الع لميككك  .ب لنسكككب للمعككك يي ال يمي ئيككك
لعينكككك الميكككك مكككك ازانكككك المكككك ا س وازانكككك سككككي ا الن كككك ف كككك نكككك كككك مكككك ت ا يككككز ال لو ايكككك
كككم الحككك المسكككمو بككك ل ككك ت ا يكككز ال لسكككيو والفلو ايككك تجككك و الحككك المسكككمو .
والعسككك ال لككك
كككم المعككك يي المسكككمو ب ككك ب سكككتون اككك نيونس .اج يككك تح ليككك مي وبيولوجيككك
ت ا يكككز النتككك ا ككك
لعينككك الميككك مككك ازانككك الميككك فككك السكككي ا والمككك ا س حيككك وجككك ا  %25مككك ينككك ميككك الميككك
نككك ملووككك بب تي يككك ال ولكككو ال ليككك و % 12.5من ككك ملووككك بب تي يككك
المكككذاو مككك الازانككك السكككي ا
ال ولكككو الب ازيكككك  .امكككك ينكككك الميكككك المككككذاو مكككك ازانكككك المكككك ا س ف نكككك  %40.6ملووكككك بب تي يكككك
ال ولككككو ال ليكككك و %21.9نكككك ملووكككك بب تي يكككك ال ولككككو الب ازيكككك طب كككك ا لمواصككككف منظمكككك الصككككح
الع لمي .
مصككك التلكككو المي وبيكككولج فككك ازانككك ميككك الشككك فككك المككك ا س كككو المككك ا س نفسككك وبعككك
ازانككك سكككي ا ن ككك الميككك لككك ا ينصكككي بشككك و كككه نظككك فعككك لتنظيككك ازانككك الميككك فككك المككك ا س
وش حن الن .
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CHAPTER ONE
INTRODUCTION

1.1 Background
Water is the basis of life. By its nature, it is an essential ingredient for
most organisms; a human body consists mostly of water. Safe drinking water,
as defined by the Guidelines of the World Health Organization (WHO), does
not represent any significant risk to health over a lifetime of consumption,
including different sensitivities that may occur between life stages (WHO,
2006). Safe water for human consumption is a basic right of every human
being. According to WHO each person should have daily access 100 liters of
clean, affordable and reliable water supply (100 l/c/d) (WHO, 2003a).
Due to the sharp shortage of water and the deterioration of groundwater
quality, desalination plants were set up in the Gaza Strip area in Palestine.
Desalination of brackish and saline water seems to be promising, especially
in the absence of any other alternatives in the Gaza Strip. Pumping of
brackish

groundwater

for

the

purpose

of

desalination

can

lead

to

encroachment of deeper saline water to the aquifer deteriorating the fresh
groundwater layers above. Brackish water desalination is a reliable and
effective to improve the water quality and add more quantity to meet WHO
or the local standards for drinking water and create a sustainable life for the
people in the Gaza strip.
The working title of the study is Investigation of drinking water quality at
primarily schools in the Gaza strip. In particular, the study will focus on the
assessment of the current system; further more to propose recommendations
to protect drinking water supply systems in Schools of Gaza governorates by
testing the physiochemical and biological parameters. In research proposal,
the background and problem of the study are presented; the objectives of
study are formulated, questions and assumptions are stated. Finally, the
methodology to be used is also included.

1.2 Study justification
Although,

there

are

some

studies

that

dealt

with

the

problem

of

deteriorating drinking water quality in Gaza Strip. However, there are few
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studies conducted deals with the school drinking water quality in Gaza
governorates

in

particular,

and

especially

that

the

Gaza

strip

suffers

deterioration in the quality of drinking water. Trying to contribute to develop
a plan to solve the problem of the deterioration of the quality of drinking
water in the governorate schools, by providing the data base information, this
is contributes to increase attention to the health of students and to protect
them from water borne diseases.

1.3 Research problem
Students in different school ages are the biggest rate of population in Gaza
strip. Gaza strip suffers from several environmental issues one of these is the
deterioration of quality and quantity of drinking water which influence
schools to bring drinking water from desalinated water stations, which belong
to ministry of education or to private sector. Due to the pointed shortage of
water and the bad quality of groundwater, desalination plants were set up in
the Gaza strip. The most great agglomeration of young’s are at schools where
the students spend more than 4 hours a day, so all use the drinking water
systems in schools for drinking. This study concerned with the desalination
system in ministry of educations in all stages: wells, trucks and schools tanks.
Schools drinking water systems are rarely assessed in terms of quality.
Therefore, the main objective is assessing the drinking water system at Gaza
strip schools: quality, quantity and storage and compare it with PSI and
WHO standards.

1.4 Research objectives
The study will work to achieve the following objectives:


To review the status of current water supply system in the elementary
schools in the Gaza strip.



To

evaluate

water

physical,

supply systems

chemical
(wells,

and

microbiological

desalination

system) in the elementary schools.
3

plants

parameters

and

the

of

storage



To determine the source of contamination in water supply systems and
propose valuable recommendation if there is found.

1.5 Study outline
This study well organized into five main chapters as the following:
Chapter one: Introduction. It is include the study justification, research
problem definition and objectives. Chapter two: Study area. Study area
description,

it

well

highlight

geographical

demographic,

geological,

hydrological aspects and water resources in the Gaza strip, and highlights the
sources of water pollution and deals with drinking water quality in the Gaza
strip. Chapter three: Literature review. This chapter deals with the sources of
water in Palestine and standards and methods to identify sources of pollution
in drinking water. Chapter four: Methodology. This chapter deals with
sampling

steps,

microbiological

analysis,

chemical

analysis

and

physical

analysis, determine the methods of sampling sites, the laboratory procedures.
Chapter five: Results and Dissection. This chapter presents the sources of
pollution in schools, a comparison between the different schools, discuss the
results of the questionnaires, and discusses the sources of pollution that if
there is found in the schools. Chapter six: conclusions and recommendations.
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CHAPTER TWO
STUDY AREA

2.1 Geology of the Gaza strip
The ground surface in the Gaza Strip is formed of elongated ridges and
depressions parallel to the Mediterranean coast, and it is composed of
sedimentary rocks belong to Quaternary Era and divided into two main
formations, Holocene at the top is composed of continental alluvial and
Aeolian deposits called continental kurkar composed of calcareous sandstone
(Salem 1963) covered by recent calcareous sanddunes accumulation lying in
1-4 km belt along the coast which is suitable for natural water recharge (AlAgha and El-Nakhal 2004). The lower formation, Pleistocene is composed of
near shore deposits and called marine kurkar. The kurkar deposits are porous,
and this makes it important as a groundwater aquifer showing high hydraulic
conductivity. The thickness of both formations constituting the Quaternary
formation is estimated at 160 meters (Salem 1963), where the kurkar
formation is subdivided into sub-aquifers by local aquicludes at the first four
kilometers parallel to the coast which are composed of clay and marl beds
making confined aquifers. Black shale of100m of Pliocene age deposits are
found

beneath

the

Quaternary sediments

and

known

locally as

Saqiya

formation, which forms the base of the water bearing layer i.e. the coastal
aquifer of the Gaza Strip (Al-Agha and El-Nakhal 2004).

2.2 Geography and demography of the Gaza strip
2.2.1 Geography
Gaza Strip lies on the Eastern coast of the Mediterranean Sea, within
coastal of Palestine (at 31 25 N, 34 20 E). it's bordered by Egypt from the
south, the green line from the North, Nagev desert from the east and the
Mediterranean Sea from the west, it's about 41 km long and between 6 and
12 km wide in total area 378 km²(PCBS, 2009 and UNEP, 2009). It's locate
in an arid to semi-arid region,it receives an annual rainfall fluctuating from
236 mm in the south to 433 mm in the north falling in 40 rainy days from
October till April, the rest of the year being dry (MOA 2008).The average
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temperature fluctuates from25°C in the summer to 13°C in the winter with a
potential evaporation of 1572 mm per year (Hamdan 1999).
The topography of the coastal plain of Gaza is determined by the exposure
of Kurkar ridges. In the north of Gaza strip, there are four ridges. The ridges
are separated by deep depression (20-40 m) with alluvial deposits. Kukar
ridges of calcareous sandstone appear all along the coast positioned in a
south-west-northerly direction parallel to the coast. The influence of these
Kurkar ridges on sedimentation and erosion processes is however limited to
local disruption of waves and currents. Kukar ridges of calcareous sandstone
appear all along the coast positioned in a south-west-northerly direction
parallel to the coast. The influence of these Kurkar ridges on sedimentation
and erosion processes is however limited to local disruption of waves and
currents.

2.2.2 Population
Gaza Strip is divided geographically into five governorates: North Gaza,
Gaza, Mid Zone, Khan Yunis, and Rafah as shown in Figure (2.1). Gaza
Strip is one of the most densely populated areas in the world (4657 capita per
km²), the total population is about 1.71million inhabitant on a total area of
378 km², and the percentage of urban population mid 2012 was about 73.8%,
while the percentage of population in rural and camps areas was 16.8% and
9.4% respectively (PCBS, 2011 and UNEP, 2009).
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Figure 2.1: showing Gaza governorates map (Al-Ghuraiz and Enshassi, 2005)
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The number of people aged 0-14 years in Gaza strip totals 43.8% of the
total population, the number of people aged 15-24 is 21.1% of the total
population, the number of people aged 25-54 is 29.2% of the total population,
the number of people aged up to 55 years is 5.9% of the total population,
these percentages indicate high fertility rates and the fact that Palestinian
society is a young society with a broad, young pyramid base (PCBS, 2012).

2.3 Water resources
2.3.1 Surface water
Three Wades are crossing Beit Hanoun, Gaza, Salga areas forming the
hydrological feature of the area. In the winter season, water flows into those
Wades. The Wade Gaza is the biggest one. It runs in the central part of the
Gaza Strip and discharges into the Mediterranean Sea. Israel has retained and
changed the course of the three Wades and they became dry Wades (MOPIC,
EPD 1994).

2.3.2 Groundwater
Groundwater is the only water resource that is used to serve the people in
the Gaza Strip. The thickness of the base layer of the coastal aquifer e.g.
Saqeyya layer has a total thickness ranging from 500 meters in north Gaza
Strip to 1000 meters in the south (Al Yaqobi and Hamdan 2005).This aquifer
is divided into several sub aquifers by different layers of clay and silt. The
coastal aquifer thickness is about 120-160 meter near the coast to less than
10meter along the eastern border. The upper layer of the aquifer contains
fresh water. The groundwater moves from east to west to the sea. The
renewable amount of water from rainfall that replenishes the aquifer is much
less than the water demand, which has been increased due to increasing
population. The extraction from coastal aquifer is almost twice the available
recharge that has resulted in dropping the water level by 20-30 cm per year
(PWA, 2003). Seawater intrusion deteriorated the quality of aquifers beside
the overuse of fertilizers and pesticides in the agricultural activities. The
overall water deficit is estimated at 50-60 MCM/year (PWA, 2001).
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In general, the quality of water extracted from Gaza strip Coastal Aquifer
Varies by area and time and does not meet the World Health Organization
(WHO) Guidelines values for drinking water quality (CMWU, 2010).
Figure 2.2 shows that, all municipal wells within the Gaza strip are
containing a high level of Chloride that exceeds a value of 250 mg/l and
Nitrate value more than 50 mg/l.
Stalinization

of

groundwater

may

be

caused

by

a

number

and/or

combination of different processes, including: seawater intrusion, migration
of brines from the deeper parts of the aquifer, dissolution of soluble salts in
the aquifer (water-rock interaction), and contribution from discharges from
older formations surrounding the coastal aquifer. In addition, potential maninduced

(anthropogenic)

sources

include

agricultural

return

flows,

wastewater seepage, and disposal of industrial wastes (Bartram and et al,
1996).
Mediterranean Sea serves as the primary outlet for the aquifer, though
water has increasingly flowed into coastal depressions because of severe over
pumping. Evidently, the reverberations of unregulated Egyptian use are being
felt now it has had a weighty impact on natural flows within the region. The
main source of replenishment for the aquifer is direct rainfall on the coast.
Annual rainfall ranges from 350 mm in the south of Gaza Strip to 400mm in
the north. The average number of rain days is (30 – 40) (Elmusa, 1997).
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Figure 2.2: Levels of chloride in the Gaza ground water, for the years 2000, 2010 and plus predicted data for 2020 (PWA, 2012)

2.4 Water quality problem in Gaza strip
Groundwater is considered the main water supply source for all kind of
human usage in the Gaza Strip (domestic, agricultural and industrial( . For
many reasons groundwater

has been faced a deterioration in both quality and

quantity e. g. low rainfall, increased in the urban areas which led to a
decrease

in

the

recharge

quantity

of

the

aquifer,

also

increasing

the

population is depleting the groundwater and led to seawater intrusion in some
areas leads to increase the salinity of groundwater (Khateib and Al-Najar,
2011). The situation in the Gaza strip is below the desired standard, which is
attributed to the absence of environmental legislation and public awareness.
(Abou Auda et al., 2011).

In Gaza strip the problems of both water

deficiency and contamination are obvious and acute (Almasri, 2008).
The

main

source

of

microbiological

contamination

is

microorganisms

from human or animal excreta, which reaches humans through contaminated
water from wastewater, landﬁlls, or wastewater treatment stations, causing
serious health problems (Abu Amer and Yassin, 2010). Microbiological
contamination of the water may occur between the collection point and the
point-of-use in the household due to unhygienic practices causing the water
to become a health risk (Sobsey, 2002; Gundry et al., 2004; Moyo et al.,
2004).
Various levels of total and fecal Coliforms have also been found in water
samples from 20 groundwater wells located in the surround of the wastewater
treatment pond of Beith Lahia in North Gaza governorate, the contamination
level of total and fecal Coliforms exceeded that of WHO limit for water wells
and networks (Aish, 2010). Diseases were more prevalent among people
using municipal water than people using desalinated water and water filtered
at home for drink in Gaza city (Yassin et al, 2006).
Chemical contamination, the other type of water contamination. Salinity of
the groundwater in Gaza governorates increases over time due to seawater
intrusion and mobilization of incident deep brackish water caused by over
abstraction of the groundwater. Water with a TDS concentration greater than
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1000 mg/l is used for domestics supply in some areas in Gaza strip (Al-Agha
andMortaja, 2005). In most parts of the Gaza Strip, the chloride and nitrate
content

of

domestic

water

exceeds

the

WHO

guidelines

(PWA,

2012).Chloride concentration ranges from 250 mg/l to 1500 mg/l, nitrate
concentration generally ranges from 50 mg/l to 600 mg/l (Al-Agha and
Mortaja,2005). As a result of extensive use of fertilizers, discharging of
wastewater from treatment plants, and leakage of wastewater form cesspools,
increased levels of nitrate up to 400 mg/l have been detected in groundwater.
Nitrate concentrations more than 50 mg/l are very harmful to infant, fetuses,
and people with health problems (Baalousha, 2008).
Due to the pointed shortage of water and the bad quality of groundwater,
desalination plants were set up in the Gaza Strip, but desalination stations not
far good as many studies in this filed (Hilles and Al-Najar, 2011).
Each point of the water contamination cycle from source through distribution by
trucks, handling and storage in shop filling tanks, handling for household transport and
storage in schools tanks is a point of contamination of desalinated water, transforming
water that might have started the cycle free of bacteria into a threat to students health
at the point of consumption.
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CHAPTER THREE
LITERATURE REVIEW

3.1 Water quality assessment
Water is essential to sustain life. Improving access to safe drinking water
can result in tangible benefits to health. The term water quality is used to
describe the condition of the water, including its chemical, physical and
biological characteristics, usually with respect to its suitability for a particular
purpose (i.e., drinking, swimming or fishing) (Diersing, 2009).
Safe

drinking

water

may

contain

naturally

occurring

minerals

and

chemicals such as calcium, potassium, sodium or fluoride, which are actually
beneficial to human health (Life Water Canada, 2007). In general, good
quality drinking water is “free from disease-causing organisms, harmful
chemical substances

and radioactive matter, tastes

good, is

aesthetically

appealing and is free from objectionable color or odor” (Life Water Canada,
2007)
Two main factors determine the chemical, physical and microbiological
composition

of

water

quality:

artificial

and

natural

contamination.

Any

chemical, physical or microbiological analysis of water reveals the joint
effects of both sources of contamination. Although physical and chemical
pollution of water is not less important but the most common and deadly
contaminants in the drinking water are of microbiological origin (WHO,
2000).
The quality of any body of surface or groundwater is a function of either or
both natural influences and human activities. Without human influences,
water quality would be determined by the weathering of bedrock minerals, by
the atmospheric processes of evapotranspiration and the deposition of dust
and salt by wind, by the natural leaching of organic matter and nutrients from
soil, by hydrological factors that lead to runoff, and by biological processes
within the aquatic environment that can alter the physical and chemical
composition of water. As a result, water in the natural environment contains
many dissolved substances and non-dissolved particulate matter. Dissolved
salts and minerals are necessary components of good quality water as they
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help maintain the health and vitality of the organisms that rely on this
ecosystem service (Stark et al., 2000).

3.1.1 Physical characteristics of water
The

taste, odor of water determine what people experience when they

drink or use water and how they rate its quality; other physical characteristics
can suggest whether corrosion and encrustation are likely to be significant
problems in pipes or fittings.
Color and turbidity influence the appearance of water. Taste can be
influenced by temperature, total dissolved solids (TDS), and pH. The ‘feel’
of water can be affected by pH, temperature, and hardness. Rates of corrosion
and encrustation (scale build-up) of pipes and fittings are affected by pH,
temperature, hardness, TDS and dissolved oxygen (ADWG, 1996).

3.1.1.1 Temperature
The temperature of water affects some of the important physical properties
and

characteristics

of

water:

thermal

capacity,

density,

specific

weight,

viscosity, surface tension, specific conductivity, salinity and solubility of
dissolved gases and etc. Chemical and biological reaction rates increase with
increasing temperature. High

water temperature enhances

the growth

of

microorganisms and may increase taste, odor, color and corrosion problems.
Water temperatures fluctuate naturally both daily and seasonally (WHO,
2006).

3.1.1.2 Odor and taste
Consumer perception and acceptability of their drinking water quality
depends on user sense of taste, odor and appearance (Doria, 2010). That is
why consumers have differing opinion about the aesthetic values of water
quality. Relying on their own senses may lead to avoidance of highly turbid
or colored but otherwise safe waters in favor of more aesthetically acceptable
but potentially unsafe water sources (WHO, 2004).
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Taste and odor problems can stem from microbiological or chemical
causes and can be triggered by conditions in source water, during treatment,
or in distribution systems. Taste and odor in drinking water can be naturally
occurring or the result of chemical contamination and may also develop
during storage and distribution due to microbial activity (WHO, 2006).

3.1.1.3 Color
Color in drinking water may be due to the presence of colored organic
matter, e.g. humic substances, metals such as iron and manganese, or highly
colored industrial wastes. Drinking water should be colorless (WHO, 1997).
Color is organic material that has dissolved into solution, while turbidity
consists of tiny particles suspended in the water column. Color measured in
water that contains suspended matter is defined as "apparent color"; "true
color" is measured in water samples from which particulate matter has been
removed by centrifugation. In general, the true color of a given water sample
is

substantially

less

than

its

apparent

color (APHA, 1976;

Sawyer

and

Mccarty, 1967).
Most people can detect color above 15 TCU in a glass of water, level of
color below that are usually acceptable to consumers. No health based
guideline value is proposed for color in drinking water (ADWG, 2004).

3.1.1.4 pH
In water, a small number of water (H2O) molecules dissociate and form
hydrogen (H+) and hydroxyl (OH-) ions. If the relative proportion of the
hydrogen ions is greater than the hydroxyl ions, then the water is defined as
being acidic. If the hydroxyl ions dominate, then the water is defined as being
alkaline. The relative proportion of hydrogen and hydroxyl ions is measured
on a negative logarithmic scale from 1 (acidic) to 14 (alkaline), 7 being
neutral (Friedl et al., 2004)
pH is an important environmental factor that provides information about
many types of geochemical balances (Shyamala et al., 2008). pH affects not
only the reaction with CO2, but also the solubility of organic and inorganic
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substances in water. The normal range of pH values for surface and ground
water is 6.5 – 8.5 (WHO, 1996).

3.1.1.5 Turbidity
Turbidity, which can make water appear cloudy or muddy, is caused by the
presence of suspended and dissolved matter, such as clay, silt, finely divided
organic matter, plankton and other microscopic organisms, organic acids, and
dyes, the color of water, whether resulting from dissolved compounds or
suspended

particles,

can

affect

a

turbidity

measurement (ASTM

International, 2003a).
Turbidity is important because it affects both the acceptability of water to
consumers,

and

the

selection

and

efficiency

of

treatment

processes,

particularly the efficiency of disinfection with chlorine since it exerts a
chlorine demand and protects microorganisms and may also stimulate the
growth of bacteria. Turbidity is a critical parameter in drinking water because
bacteria,

viruses

and

parasites

can

attach

themselves

to

the

suspended

particles. In addition, particles in turbid water can interfere with disinfection
by shielding contaminants from the disinfectant. High turbidity will also fill
tanks and pipes with mud and silt, and can damage valves and taps. Where
chlorination of water is practiced, even quite low turbidity will prevent the
chlorine killing the germs in the water efficiently (WHO, 1997).
Turbidity can be measured using either an electronic turbidity meter or a
turbidity tube. Turbidity is usually measured in nephelometric turbidity units
(NTU) or Jackson turbidity units (JTU); the two units are roughly equal
(WHO, 2010). Electronic turbidity meter is very accurate, and especially
useful for measuring very low turbidities (less than 5NTU), but its high cost,
need power supply (mains or battery) and easily damaged (WHO, 2010).
Turbidity tube is simple design, low cost, not easily damaged, but cannot
measure very low turbidities (usual minimum is 5NTU) and less precise
(WHO, 2010).
Drinking water should have a turbidity of five NTU/JTU or less. Turbidity
of more than five NTU/JTU would be noticed by users and may cause
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rejection of the supply (WHO, 2010). Turbidity in water has public health
implications due to the possibilities of pathogenic bacteria encased in the
particles and thus escaping disinfection processes (WHO, 2010).

3.1.1.6 Total dissolved solids (TDS)
Total Dissolved Solids (TDS) values indicate the total content of salts in
water-salinity and are in direct relation to the content of total dissolved ionic
substances (Harilal et al., 2004). It serves to estimate the total dissolved salts
in water (Purandara et al., 2003; Sandeep et al. 2011). The principal
constituents are usually calcium, magnesium, sodium, and potassium ctions
and carbonate, chloride, sulfate, nitrate and hydrogen carbonate anions.
TDS is a measure of the combined content of all inorganic and organic
substances contained in a liquid in molecular, ionized or micro-granular
(colloidal) suspended form. TDS refers to the residue left after evaporation of
a known volume of water at 105 Cº, which has been filtered through a
standard filter. It is approximately equal to the total content of dissolved
substances in a water sample since approximately half of the bicarbonate ion,
which is one of the dominant ions in waters, is lost as CO2 during
evaporation process. The method of determining TDS in water supplies most
commonly

used

is

the

measurement

of

specific

conductivity

with

a

conductivity probe that detects the presence of ions in water. Conductivity
measurements are converted into TDS values by means of a factor that varies
with the type of water (Singh, 1975). High TDS concentrations can also be
measured gravimetrically, although volatile organic compounds are lost by
this method (Sawyer and McCarty, 1967).
The method of determining TDS in water supplies most commonly used is
the measurement of specific conductivity with a conductivity probe that
detects the presence of ions in water.

3.1.2 Chemical characteristics of water
The chemical characteristics of natural water are a reflection of the soils
and rocks with which the water has been in contact. In addition, agricultural
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and urban runoff and municipal and industrial treated wastewater impact the
water

quality.

Microbial

and

chemical

transformations

also

affect

the

chemical characteristics of water.

3.1.2.1 Inorganic chemical
Inorganic chemicals in drinking water are usually occur as dissolved salts
such as carbonates and chlorides, attached to suspended material such as clay
particles,

or

as

complexes

with

naturally

occurring

organic

compounds

(ADWG, 2004).

3.1.2.1.1 Major cations
Major cations found in natural water include calcium, magnesium, sodium
and potassium. Other constituents in natural water in concentration of 1 mg/l
or

higher

include

aluminum,

boron,

iron,

manganese,

phosphorus

etc...

(ADWG, 2004).

3.1.2.1.1.1 Sodium
Groundwater contains some sodium because most rocks and soils contain
sodium compounds from which sodium is easily dissolved. Sodium naturally
occurs in food and drinking water. Sodium is a highly soluble chemical
element. Contains some sodium because most rocks and soils contain sodium
compounds from contains some sodium because most rocks and soils contain
sodium compounds form.
In water, sodium has no smell but it can be tasted by most people at
concentrations of 200 (mg/L) or more. As WHO and Palestinian of drinking
water guideline sodium dose not exceeds 200mg/l (WHO, 2006).

3.1.2.1.1.2 Hardness
Hard water is water that has a high mineral content. This content usually
consists of high levels of metal ions mainly calcium and magnesium in the
form of carbonates, but may include several other metals as well as
bicarbonates and sulfates. The main natural sources of hardness in water are
dissolved polyvalent metallic ions from sedimentary rocks. Calcium and
20

magnesium, the two main ions are present many sedimentary rocks, the most
common being limestone and chalk (Jain, 1990).
Water hardness is a traditional measure of the capacity of water to react
with soap. Hard water requires a considerable amount of soap to produce a
lather, and it leads to scaling of hot water pipes, boilers and other household
appliances. In fresh waters, the principal hardness-causing ions are calcium
and

magnesium;

strontium,

iron,

barium

and

manganese

ions

also

contribute. Hardness can be measured by the reaction of polyvalent metallic
ions in a water sample with a chelating agent such as ethylenediaminetetraacetic

acid

(EDTA)

and

is

commonly

expressed

as

an

equivalent

concentration of calcium carbonate (EPA, 1976).
WHO guideline Hardness dose not exceeds 200 mg/l, but Palestinian
guidelines of drinking water determined hardness 600 mg/l as carbonate
calcium (WHO, 2006,).
Very soft water can corrode the metal pipes in which it is carried and as a
result the water may contain elevated levels of cadmium, copper, lead and
zinc (Harms, 2006).
The World Health Organization revealed that, "There does not appear to be
any convincing evidence that water hardness causes adverse health effects in
humans." Some studies have shown a weak inverse relationship between
water hardness and cardiovascular disease in men, up to a level of 170 mg/l
calcium carbonate of water. The World Health Organization has reviewed the
evidence

and

concluded

the

data

were

inadequate

to

allow

for

a

recommendation for a level of hardness (Harms, 2006).
Other studies have shown weak correlations between cardiovascular health
and water hardness (Dugan, 2005)

3.1.2.1.2 Major anions
Major

anions

in

drinking

water

include

chloride, sulfate,

carbonate,

bicarbonate, fluoride and nitrate. Bicarbonate is the principal anion found in
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natural

water.

These

anions

are

released

during

the

dissolution

and

dissociation of common salt deposits in geologic formations. Other anions
found in water include fluorides, carbonates and phosphates (USGS, 2006).

3.1.2.1.2.1 Chloride
Chloride occurs in all natural water in widely varying concentration as
salts of sodium (NaCl), potassium (KCl), and calcium (CaCl2). Chlorides are
leached from various rocks into soil and water by weathering. The chloride
content normally increases as the mineral content increases (Sawyer et al.,
2003).
As WHO guideline chloride does not exceed 250mg/l (WHO, 2006), but in
Palestine, as Palestinian drinking water guideline chloride does not exceed
600 mg/l (PDWG, 1997).
Chloride in surface and groundwater from both natural and anthropogenic
sources, such as run-off containing road de-icing salts, the use of inorganic
fertilizers, landfill leachate, septic tank effluents, animal feeds, industrial
effluents,

irrigation

drainage,

and

seawater

intrusion

in

coastal

areas(DNHWC,1978).Chlorides are important in detecting the contamination
of groundwater by waste water (Purandara et al., 2003).
A number of suitable analytical techniques are available for chloride
determinnoita
indicator,

in

water,

mercury(II)

including

nitrate

silver

titration

nitrate

with

titration

with

chromate

diphenylcarbazone

indicator,

potentiometric titration with silver nitrate, automated iron(III) mercury(II)
thiocyanate colorimetry, chloride ion-selective electrode, silver colorimetry,
and ion chromatography (IOS,1989).
A studies conducted by The Department of National Health and Welfare
(Canada), little is known about the effect of prolonged intake of large
amounts

of

chloride

in

the

diet.

Hypertension

associated

with

sodium

chloride intake appears to be related to the sodium rather than the chloride
ion.
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According

to

Palestinian

Water

Authority

(PWA)

records,

the

concentration of chloride has recently reached more than 1000 mg/l in many
locations. High chloride concentrations have been detected in Gaza City and
the southern area. In Khanyounis City, seawater intrusion has been detected
causing high chloride concentrations (Yakirevich et al., 1998).

3.1.2.1.2.2 Bicarbonate
The Bicarbonate (HCO3-) ion is the principal alkaline constituent in almost
all water supplies. Alkalinity in drinking water supplies seldom exceeds 300
mg/l. Bicarbonate alkalinity is introduced into the water by CO2 dissolving
carbonate containing minerals (YWO, 2013).

3.1.2.1.2.3 Sulfates
Sulfates occur naturally in numerous minerals, including barite (BaSO4),
gepsomite

(MgSO4·7H2O)

and

gypsum

(CaSO4·2H2O)

(Greenwood

&

Earnshaw, 1984). These dissolved minerals contribute to the mineral content
of many drinking-waters. Sulfates and sulfuric acid products are used in the
production

of

fertilizers,

chemicals,

dyes,

glass,

paper,

soaps,

textiles,

fungicides, insecticides, astringents and emetics. They are also used in the
mining, wood pulp, metal and plating industries, in sewage treatment and in
leather processing (Greenwood & Earnshaw, 1984).
According to WHO, the Sulfate level in groundwater should not exceed
250 mg/l as sulfur (WHO, 2004), but according to Palestinian guideline of
drinking water the sulfate level in groundwater shouldn't exceed 400 mg/l
(PGDW, 1997). Sulfate in aqueous solutions may be determined by a
gravimetric method in which sulfate is precipitated as barium sulfate; the
method is suitable for sulfate concentrations above 10 mg/l (ISO, 1990).
Case reports of diarrhoea in three infants exposed to water containing
sulfate at concentrations ranging from 630 to 1150 mg/l have been presented
(Chien et al., 1968). Reviews of the literature and a study to experimentally
determine a sulfate dose that would induce effects in adults concluded that it
was not possible to set a health-based standard for sulfate in drinking water
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and confirmed the conclusions of other workers (Backer, 2000; Backer et al.,
2001).

3.1.2.1.2.4 Nitrate
Nitrate is a tasteless, colorless and odorless compound that cannot be
detect unless water is chemically analyzed. Nitrogen compounds are of
interest to scientists because they are essential nutrients, beneficial to living
organisms, but at the same time, they can be pollutants in the environment,
with potentially harmful effects (Thomsomand et al, 2007). Concern about
higher nitrate intake is based on a concern for infanthealth; as the infant feed
made with water containing more than 50 mg/l is believed to have been the
cause of methamoglobinemia in infants. Methaemoglobinemia is a disease
characterized by cyanosis, a bluish coloration of the skin, hence is also
known as “blue baby” syndrome (Wolff, 1972).
Different factors affect the amount of nitrate pollution in groundwater
resulted from nitrogen load at the land surface. Such factors could be
fertilizers and manure application rate, thickness of unsaturated zone, crop
management, and form of applied nitrogen (Bohlke, 2002). Nitrite can also
be formed chemically in distribution pipes by Nitrosomonas bacteria during
stagnation

of

nitrate

containing

and

oxygen

poor

drinking

water

in

galvanized steel pipes or if chloramination is used to provide a residual
disinfectant and the process is not sufficiently well controlled. High level of
nitrate in drinking water due to excessive use of agriculture fertilizers,
decayed

vegetable

discharges,
precipitation

water,

leachable
has

domestic

from

become

refuse
a

effluent,
dumps,

serious

problem

sewage

disposal

atmospheric

and

(Makhijani

and

industrial
atmospheric
Manoharan

1999).
Many methods have been reported for quantitative determination of nitrite
and

nitrate,

including

kinetic,

chromatographic,

potentiometric,

amperometric, flow injection and spectrophotometric methods (Zatar, 1999).
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According to WHO, the nitrogen level in groundwater should not exceed
50 mg/l as nitrate (WHO, 2004), but in Palestine nitrate should not exceed 70
mg/l (PWO, 1997)
Therefore, it is believed that the nitrate in groundwater is of anthropogenic
origin. Application of fertilizers and pesticides in agricultural areas is the
main reason of increasing nitrate level in groundwater. In addition, nitrogen
released from wastewater discharge plays a big role in aquifer pollution
(Ronen and Magaritz, 1985).
Several studies in Gaza reported high nitrate levels in groundwater as one
of the major concerns among the public and governmental decision makers
but these studies did not include a scientific evaluation of source of nitrate
nor their implications on the health of the population in Gaza (Abu Maila et
al., 2004; Shomar,2006).

3.1.2.1.2.5 Fluorides
Fluoride belongs to halogen family represented. It occurs as a diatomic
gas in its elemental form. It is the most electronegative and the most reactive
when compared to all chemical elements in the periodic table so it does not
occur in the elemental state in the nature (Greenwood and Earnshaw, 1984;
Gillespie

et

al.,

1989).

It

has

occurs

as

both

organic

and

inorganic

compounds. Inorganic fluorine can also be released to the environment
during the production of phosphate fertilizers, bricks, tiles and ceramics. Its
natural abundance in the earth’s crust is 0.06 to 0.09% (Fawell et al., 2006).
Fluoride does not exhibit any color, taste or smell when dissolved in water.
Hence, it is not easy to determine it through physical examination. Only
chemical

analysis

of

the

groundwater

samples

can

determine

the

concentration of this ion.
The widely used method for the estimation of fluoride in groundwater
sample

is

colorimetric

SPANDNS

(sodium

2-(parasulfophenylazo)-l,8-

dihydroxy-3,6-naphthalenedisulfonate) method (Fawell et al., 2006).
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Fluoride is one of the important micronutrient in humans which is
required for strong teeth and bones. In humans, about 95% of the total body
fluoride

is

found

in

bones and teeth (WHO, 2004). WHO (1984) has

prescribed the range of fluoride from 0.6 to 1.5 mg/l in drinking water as
suitable for human consumption.

3.1.2.2 Organic contaminants
Organic compounds are usually present in drinking water in very low
concentrations. They may occur either naturally or as a result of human
activities. Diverse human-produced organic chemicals can enter surface and
groundwater through human activities, including pesticide use and industrial
processes, and as breakdown products of other chemicals (Carr and Neary,
2008). Many of these pollutants, including pesticides and other non-metallic
toxins, are used globally, persist in the environment, and can be transported
long ranges to regions where they have never been produced (UNEP, 2009).
Organic contaminants such as certain pesticides, are commonly found to
be contaminating groundwater by leaching through the soil and surface
waters through runoff from agricultural and urban landscapes. DDT, a
pesticide that has been banned in many countries but is still used for malaria
control in countries throughout Africa, Asia, and Latin America (Jaga and
Dharmani, 2003).
Pesticides are considered priority pollutants in Gaza governorates and with
the

expanding

use

of

greenhouses;

Palestinian

agriculture

is

becoming

increasingly dependent on chemical pesticides and fertilizers. Overexposure
to pesticides can have both immediate and longterm negative effects on
human health (Ribas et al., 1997). As an example, methyl bromide, which is
used extensively in Gaza, causes fetal deformations, eye infections and
dermatitis (Saﬁ, 2002). Moreover, there is some evidence that organochlorine pesticides of the type used in Gaza cause breast cancer(Aronson et
al., 2000(
Pesticides that have been banned or restricted in many countries continue
to be marketed and used in Gaza (IARC, 1999). Apparently, misuse of
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pesticides by the general public increased the level of soil and water
contamination across Gaza (Issa, 2000). Leaching of pesticides, a common
and growing problem in major agricultural regions including Gaza, from soil
can lead to the contamination of the Gaza groundwater (DaSilva et al., 2003).

3.1.3 Microbiological indicators of water quality
Testing the bacterial contaminants in water can be simplified by utilizing
the presence of an indicator organism. An indicator organism may not
necessarily pose a health risk but it can be easily isolated and enumerated, is
present in large numbers, is more resistant to disinfection than pathogens, and
does not multiply in water and distribution systems (Gadgil, 1998).
Traditionally, indicator micro-organisms have been used to suggest the
presence of pathogens (Berg, 1978). Today, however, we understand a
myriad of possible reasons for indicator presence and pathogen absence, or
vice versa. In short, there is no direct correlation between numbers of any
indicator and enteric pathogens (Grabow, 1996). To eliminate the ambiguity
in the term ‘microbial indicator’, there is three types of microbial indicators:
general (process) microbial indicators, fecal indicators (such as E. coli) and
index organisms and model organisms (Grabow, 1996).
Coliform bacteria are described and grouped, based on their common
origin or characteristics, as either Total or Fecal Coliform. The Total group
includes Fecal Coliform bacteria such as Escherichia coli (E .coli), as well as
other types of Coliform bacteria that are naturally found in the soil. Fecal
Coliform bacteria exist in the intestines of warm blooded animals and
humans, and are found in bodily waste, animal droppings, and naturally in
soil. Most of the Fecal Coliform in fecal material (feces) is comprised of E.
coli, and the serotype E. coli 0157:H7 is known to cause serious human
illness. Drinking water that is contaminated with Coliform bacteria does not
always cause illness. Most of these bacteria are harmless to humans. (Health
Canada, 2011).
The validity of any indicator system is affected by the relative rates of
removal and destruction of the indicator versus the target hazard. So
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differences due to environmental resistance or even ability to multiply in the
environment all influence their usefulness. Hence, viral, bacterial, parasitic
protozoan and helminthes pathogens are unlikely to all behave in the same
way as

a

single

indicator

group,

and

certainly not

in

all

situations.

Furthermore, viruses and other pathogens are not part of the normal fecal
microbiota, but are only excreted by infected individuals. Therefore, the
higher the number of people contributing to sewage or fecal contamination,
the more likely the presence of a range of pathogens. The occurrence of
specific pathogens varies further according to their seasonal occurrence (Berg
and Metcalf, 1978).
Coliform

groups

oxidase-negative,

rod

are

defined

shaped

as

facultative

gram-negative,
anaerobic

non-spore-forming,

bacteria

that

ferment

lactose (with β-galactosidase) to acid and gas within 24–48h at 36±2°C. Not
specific indicators of fecal pollution(Water Quality: Guidelines and Health,
2001).
There are three groups of microbial indicators of water quality, general
microbial (process) indicators, faecal indicators (such as E.coli), indicator
organisms

and model organisms

(Water Quality:

Guidelines

and

Health

2001). Process microbial indicators are defined as “a group of organisms that
demonstrates the efficacy of a process, such as total heterotrophic bacteria or
total coliforms for chlorine disinfection” (Water Quality: Guidelines and
Health, 2001).Faecal indicators are defined as “a group of organisms that
indicates the presence offaecal contamination, such as the bacterial groups
thermotolerant coliforms or E.coli” Lastly, index and model organisms are
defined as “ agroup/or species indicative of pathogen presence and behavior
respectively, such as E.coli as anindex for Salmonella and F-RNA coliphages
as models of human enteric viruses” (Water Quality: Guidelines and Health,
2001).
Total Coliform bacteria have been used to indicate the presence of fecal
contamination; however, this parameter has been found to exist and grow in
soil and water environments and is therefore considered a poor parameter for
measuring the presence of pathogens (Stevens et al., 2003). Studies also
show that due to their ability to grow in drinking water distribution systems
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and their unpredictable presence in water supplies during outbreaks of
waterborne disease, the sanitary significance or quality of water is difficult to
interpret in the presence of total Coliform (Stevens et al., 2003).
According to WHO and Palestinian guidelines, total coliforms (including
fecal coliform and E. Coli) should be zero in 100ml of water (WHO, 2006;
PGDW, 1997).
Water

sanitary engineers;

require

simple

and

rapid

methods

for

the

detection of faecal indicator bacteria. Hence, the simpler to identify coliform
group, despite being less faecal-specific and broader (for which Escherichia
Klebsiella, Enterobacter and Citrobacter were considered the most common
genera) was targeted. One of the first generally accepted methods for
Coliforms was called the Multiple-Tube Fermentation Test (Water Quality:
Guidelines and Health, 2001).
E. coli

(or thermotolerant

coliforms) indicate

the presence of faecal

contamination. Thermotolerant coliforms have been, inaccurately associated
with faecal contamination. Tests for thermotolerant coliforms can be simpler,
but E. coli is a better indicator because some environmental coliforms (e.g.
some Klebsiella, Citrobacter and Enterobacter) are thermotolerant. E. coli is
the most common thermotolerant coliform present in faeces (typically greater
than 90 per cent) and is regarded as the most specific indicator of recent
faecal contamination (Edberg et al, 2000).
As WHO and Palestinian of drinking water guideline:

Escherichia coli (E.

coli) must not be detectable in any 100 ml sample of drinking water (WHO,
2006; PDWG, 1997).
E. coli and thermotolerant coliforms come from the family of bacteria
known as Enterobacteriaceae (meaning ‘family of bacteria living in the
intestine’). E. coli is nearly always present in the gut of humans and other
warm-blooded animals. It is usually present in high numbers, and is found in
fresh fecal matter at densities of more than 109 organisms per gram (Brenner
et al, 1982). The presence of E. coli in drinking water indicates recent fecal
contamination because the organism does not generally multiply in drinking
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water systems. It is not possible to readily determine if E. coli in water
samples is of human origin, but as animals and birds can harbor human
intestinal pathogens, the presence of any E. coli indicates that there may be a
health risk.

3.2 Water quality and human health
A more recent estimate by Pure Water for the World states that 1200
million people in developing countries do not have access to safe water and
that

25

million

people

die

each

year

through

disease

contracted

by

contaminated water (Pure Water for the World, 2000).
Packaged waters with very low mineral content, such as distilled or
demineralized waters, are also consumed. Rainwater, which is similarly low
in minerals, is consumed by some populations without apparent adverse
health effects. There is insufficient scientific information on the benefits or
hazards of regularly consuming these types of bottled waters (WHO, 2003b).

3.2.1 Physiochemical water quality and human health
Most chemicals arising in drinking water are of health concern only after
extended exposure of years, rather than months. But for most chemicals, the
risk assessment results in the derivation of a threshold dose below which no
adverse effects are assumed to occur. Several of the inorganic elements for
which

guideline

values

have

been

recommended

are

recognized

to

be

essential elements in human nutrition. No attempt has been made here at this
time to define a minimum desirable concentration of such substances in
drinking water (WHO, 2008).
It was reported in a summary of a study in Australia that mortality from all
categories of ischaemic heart disease and acute myocardial infarction was
increased in a community with high levels of soluble solids, calcium,
magnesium, sulfate, chloride, fluoride, alkalinity, total hardness, and pH
when compared with one in which levels were lower (Meyers,1975).
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3.2.2 Microbiological water quality and human health
Water

quality

one

of

the

most

widespread

and

serious

class's

contaminants, especially in areas where access to safe, clean water is limited,
is pathogenic organisms: bacteria, protozoa, and viruses. These organisms
pose one of the leading global human health hazards. The greatest risk of
microbial contamination comes from consuming water contaminated with
pathogens from human or animal feces (Carr and Neary, 2008). In addition to
microorganisms

introduced

into

waters

through

human

or

animal

fecal

contamination, a number of pathogenic microorganisms are free-living in
certain

areas

or

are,

once

introduced,

capable

of

colonizing

a

new

environment. These free-living pathogens, like some Vibrio bacterial species
and a few types of amoebas, can cause major health problems in those
exposed,

including

intestinal

infections,

amoebic

encephalitis,

amoebic

meningitis, and occasional death. Viruses and protozoa also pose human
health risks, including Cryptosporidium and Giardia, Guinea worm, and
others (WHO, 2008).
Diseases caused by water related microorganisms can be divided into five
main categories; diseases which are often water-borne, diseases which are
often associated with poor hygiene, diseases which are often related to
inadequate sanitation, diseases with part of life cycle of parasite in water and
diseases with vectors passing part of their life cycle in water. Water may act
positively in the control of some through its use in hygiene, and may act as a
source or vector for others where contact with water is required for disease
transmission or where agents of disease or insect vectors require water in
which to complete their life cycle. The various relationships between water
and disease are summarized in Table 3.1 (WHO, 1993).
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Table 3.1: Diseases related to water and sanitation
Group

Disease

Route leaving

Route of

host

infection

Diseases which are often

Cholera

Faeces

Oral

water-borne

Typhoid

faeces /urine

oral

Infectious hepatitis

faeces

oral

Giardiasis

faeces

oral

Amoebiasis

faeces

oral

Dracunculiasis

cutaneous

percutaneous

Diseases which are often

Bacillary dysentery

Faeces

Oral

associated with poor

Enteroviraldiarrhoea

Faeces

oral

hygiene

Paratyphoid fever

faeces

oral

Pinworm (Enterobius)

faeces

oral

Amoebaisis

faeces

oral

Scabies

cutaneous

cutaneous

Skin sepsis

cutaneous

cutaneous

Lice and typhus

bite cutaneous

bite

Trachoma

cutaneous

cutaneous

Conjunctivitis

cutaneous

Diseases which are often

Ascariasis

Faecal

Oral

related to inadequate

Trichuriasis

faecal

oral

sanitation

Hookworm

faecal

oral

(Ancylostoma/Necator)
Diseases with part

percutaneous

Schistosomiasis

urine/faeces

Percutaneous

Dracunculiasis

cutaneous

Percutaneous

of life cycle of
parasite in water
Diseases with vectors
passing part of their life
cycle in water

Adapted from Bradley, D J, London School of Hygiene and Tropical Medicine, various.
http://www.who.int/water_sanitation_health/dwq/S01.pdf
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3.3 Disinfection of drinking water
Disinfection of drinking water is essential to protect the public from outbreaks of
waterborne infectious and parasitic diseases. There is some kinds of disinfection as
chlorination, ozone, ultraviolet radiation and other kinds. Primary methods of
disinfection are chlorination, chloramines, ozone, and ultraviolet light. Other
disinfection methods include chlorine dioxide, potassium permanganate and Nano
filtration.

3.3.1 Chlorination
Chlorine is the most common disinfectant in the chlorination process it reacts with
naturally occurring organic matter to produce a complex mixture of byproducts
including a wide variety of halogenated compounds (ADWG, 2004).
During the treatment process, chlorine is added to drinking water as elemental
chlorine (chlorine gas), sodium hypochlorite solution or dry calcium hypochlorite.
When applied to water, each of these forms “free chlorine,” which destroys pathogenic
(disease-causing) organisms. Chlorination offers a number of benefits including;
reduces many disagreeable tastes and odors; eliminates slime bacteria, molds and algae
that commonly grow in water supply reservoirs; removes chemical compounds that
have unpleasant tastes and hinder disinfection; and helps remove iron and manganese
from raw water (WHO, 2008).

3.3.2 Ozone (O3)
Ozone (O3) is generated on-site at water treatment facilities by passing dry
oxygen or air through a system of high voltage electrodes. Ozone is one of
the strongest oxidants and disinfectants available. Its high reactivity and low
solubility, however, make it difficult to apply and control. Contact chambers
are fully contained and non-absorbed ozone must be destroyed prior to
release to avoid corrosive and toxic conditions. Ozone is more often applied
for oxidation rather than disinfection purposes (WHO, 2008).
Advantages
against

of

ozone:

Cryptosporidium

strongest
at

higher

oxidant/disinfectant
concentrations,

available,

used

with

effective
Advanced

Oxidation processes to oxidize refractory organic compounds Limitations,
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and process operation and maintenance requires a high level of technical
competence provides
(bromate,

no protective residual forms

brominated

organics)forms

brominated byproducts

nonhalogenated

byproducts

(ketenes,

organicacids, aldehydes) and breaks down more complex organic matter
(WHO, 2008). But disadvantages of ozone is higher operating and capital
costs than chlorination and difficult to control and monitor particularly under
variable load conditions(WHO, 2008).As ozone used for disinfection leaves
no residual, no guideline value or fact sheet has been provided (ADWG,
2004).

3.3.3 Ultraviolet radiation
Ultraviolet (UV) radiation, generated by mercury arc lamps, is a nonchemical disinfectant. When UV radiation penetrates the cell wall of an
organism,

it

damages

genetic

material,

and

prevents

the

cell

from

reproducing. Although it has a limited track record in drinking water
applications, UV has been shown to effectively inactivate many pathogens
while forming limited disinfection byproducts (WHO, 2008).
Advantages of ultraviolet radiation: effective at inactivating most viruses,
spores and cysts, no chemical generation, storage, or handling, effective
against

Cryptosporidium,
residual

no

limitations,

no

(reoviruses

androtaviruses),

known

byproducts

protection,

low

difficult

to

at

levels

inactivation
monitor

of

of

concern

some

efficacy,

viruses
irradiated

organisms can sometimes repair and reverse the destructive effects of UV
through

a

process

known

as

photo-reactivation,

may

require

additional

treatment steps to maintain high-clarity water, does not provide oxidation, or
taste and odor control, high cost of adding backup/emergency capacity and
mercury

lamps

may

pose

a

potable

water

and

environmental

toxicity

risk(WHO, 2008).

3.4 Desalination of groundwater
Desalination is defined as the treatment of water to remove dissolved
minerals

salts

and

other

dissolved

solids

by means

of

various

water

purification processes. The principle purpose of desalination is enable source
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of brackish or salty water, otherwise unacceptable for human consumption, to
be used for this propose (WHO, 2006). Desalination is a physical process that
aims to remove dissolved minerals from either brackish groundwater or
seawater (El Bana, 2000). The process aims to produce water with a quality
that is accepted for domestic use or others such as industrial or agricultural
use (El Bana, 2000). The main goals of water desalination are increasing the
available quantity of potable water to consumers and reducing the overpumping from the groundwater.
Desalination is considered as the only realistic and best technological
hope for dealing with fresh water shortages. Over the past forty years, its uses
have grown, particularly in the Middle East with two-thirds of the world's
7500 desalination plants (El Bana, 2000). For example, about 82% of the
United Arab Emirates domestic water is supplied from desalination (CIA,
2003).
The groundwater in the Gaza aquifer is almost brackish except for some
fresh water in the form of shallow lenses. Therefore, the amount of fresh
groundwater is negligible and exists only in some locations in the Gaza Strip
(i.e., Bait Lahya) (Baalousha, 2006). One of the major options for resolving
the water problems in Gaza is the utilization of desalination technology for
both sea and brackish water (Al-Jayyousi and Mohsen, 2001). Desalination
of brackish and saline water seems to be promising, especially in the absence
of any other alternatives in the Gaza Strip. More than 90% of the population
of the Gaza Strip depends on desalinated water for drinking purposes (Agha,
and Mortaja, 2005). However, using desalination technology as an alternative
water supply implies many challenges such as energy cost and environmental
aspects (Baalousha, 2006).
The water desalination can be accomplished by different techniques that
can be classified under three main processes: thermal processes, membrane
processes and other processes (El Bana, 2000).
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3.4.1 Thermal process
This is a process where seawater is heated to its boiling temperature and
passing it to a series of heat exchange stages and flows into large chamber in
which the pressure is low. The low pressure causes some of water to flash
(turn quickly) into steam. The steam is condensed into salt-free water. The
seawater passes through several distillation chambers. Each chamber has
lower pressure than the previous chamber, the final water is so pure that it is
tasteless, and some salt must be tossed back to give it flavour (World Book,
2000).

3.4.2 Membrane-Based processes
They are used in two commercially important desalting processes: Reverse
Osmosis (RO) and Electro dialysis (ED).

3.4.2.1 Reverse Osmosis (RO)
Description of typical private RO plant used in Gaza Strip is shown in
Figure 3.1 RO is a widely used method for desalting seawater by using a
pressure driven techniques. Water is forced to flow through small pores
under high pressure through semi-permeable membranes or filters, while salt
is rejected. The pressure differential must be high enough to overcome the
natural tendency of water to move from the low salt concentration side of a
membrane to the high concentration side, as defined by osmotic pressure.
Pre-treatment is important in RO because the membranes must remain clean.
(EC, 1993). Therefore larger particles are filtered and often multiple stages of
membranes

are

used.

No

heating

is

necessary

but

the

major

energy

requirements come from pressure. Small pores require high pressure and
consequently more energy (EC, 1993). The quality produced depends on
pressure, salinity of source and efficiency of the membranes. Finally, water
flows to an ultraviolet unit (UV) where radiation is used as a germicidal
treatment for water; few of the RO companies use UV light. Later, water
flows to 1 micron cellulose filter. Finally, water is stored in final tank for
domestic use (EC, 1993).
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Development of more efficient membranes and energy recovery devices
has significantly improved the operating cost of RO plants in the past decade
and great potential growth in seawater desalination has been recorded(EC,
1993).

Figure 3.1: Typical RO unit used in the Gaza Strip

37

3.4.2.2 Electro dialysis (ED)
Electro dialysis is mainly used to desalt brackish groundwater (slightly
salt). The process of electro dialysis is based on the fact that salt water breaks
up electrically to sodium and chloride. It uses a large chamber divided into
many compartment by stacks of thin plastic sheets called membrane. Two
types of membranes are used, one type allows only positive ions (sodium
ions) to pass through it and the other lets only negative ions (chloride ions)
(EC, 1993).

3.5 Water quality guideline
WHO Drinking Water Guidelines cover a broad spectrum of contaminants
from

inorganic

and

synthetic

organic

chemicals,

disinfection

byproducts,

microbial indicators and radionuclides.
The World Health Organization has developed guidelines for drinking
water contaminant levels (WHO, 2008). The WHO states that their guideline
value normally represents the concentration of a constituent that does not
result in any significant risk to health over a lifetime of consumption. Some
substances of health concern have effects on the acceptability of drinking
water that would normally lead to rejection of the water at concentrations
significantly lower than these of health concern (WHO, 2008).

Many

countries set drinking water standards based on these guidelines, modified to
reflect what is economically and technologically achievable in a country
(Carr and Neary, 2008).
Knowing where and what type of risks to ground water exist can alert
water-resource managers and private users of the need to protect water
supplies. Although nitrate generally is not an adult public-health threat,
ingestion in drinking water by infants can cause low oxygen levels in the
blood, a potentially fatal condition (Spalding and Exner, 1993). For this
reason, the U.S. Environmental Protection Agency (EPA) has established a
drinking-water standard of 10 mg/l nitrate as nitrogen (EPA, 1995). Nitrate
concentrations in natural ground waters are usually less than 2 mg/l (Mueller
and et al, 1995).
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The lack of fresh water in Gaza imposed the Palestinian Water Authority
to elevate the standards of some chemical elements. For example, the limit of
chloride concentration can be accepted up to 600 mg/l compared with 250
mg/l according to WHO. Nitrate concentration may reach 70 mg/l compared
with 45 mg/l according to WHO Guideline (WHO, 1998; PSI, 2010).
The

WHO

Guidelines

for

Drinking-Water

Quality

(GDWQ)

cover

chemical and physical aspects of water quality as well as the microbiological
aspects, which are the focus of this publication. Within the GDWQ, it is
emphasized

that

the

control

of

microbiological

paramount importance and must never be compromised.
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contamination

is

of

CHAPTER FOUR
METHODOLOGY

4.1 Permission and cooperate with authorities
This

study is

an observational

study design. Physical,

chemical

and

biological tests were conducted in the laboratories of Palestinian Ministry of
Health for desalinated water samples from government elementary schools,
wells and trucks tanks in Gaza governorates. Permission was asked from
MOH and MOE to use the available data and laboratory. MOEHE allowed
the

author

to

collect

desalinated

water

samples

from

the

tanks

and

cooperation by giving the necessary information for the purposes of the
study.

Desalination

plant

owner

and

the

working

team

were

fully

cooperative. They allowed him to take needed sample from the plant and
delivery trucks. They also answered all checklist questions clearly.

4.2 Collection of related literature review
The available literatures have been collected from different references as
books, papers and reports as well as useful sources related to the topic.

4.3 Study design
An experimental analytical design has been used with cross sectional method for data
collection and water sampling for physical, chemical and microbiological examination
in addition direct interviews and data collection forms were performed with school
health officials in the directorates of education and ministry of health (public health
laboratory).

4.4 Population and samples
4.4.1 Study population
For this research work the elementary schools, the truck tanks and wells of
desalination units in the Gaza strip were selected as study population to study physical,
chemical and microbial parameters of the desalinated drinking water.
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4.4.2 Study samples
Forty-eight Samples from wells of desalination units, truck tanks and school tanks
water have been collected. They have been tested in the Palestinian Ministry of Health
- The Public Health Laboratory for physical, chemical and microbiological parameters.
As 32 selected elementary schools in Gaza governorates, distributed as percentages of
number of elementary schools in each governorate, see table (4.1), while table (4.2)
shows the number of schools supplied from one desalination unit.
The study population consisted of 259 governmental primarily schools in the Gaza
Strip, while the study sample consisted of 32 schools; this is accounts for about 13% of
the overall size of the sample community. Accordingly, the study sample statistically
suitable to represent the population of the study, the samples distributed for all Gaza
governorates as shown in the figure (4.1)
Table 4.1: Governmental elementary schools in Gaza governorates (Educational Statistical Yearbook, 2013).

Numbers of schools

No.

Directorates of
education

Numbers of primarily
schools

Percentages
%

1

North Gaza

46

17.7

6

2
3

East Gaza
West Gaza

66
56

25.5
21.6

14

4

Middle Area

18

7

3

5
6
7
Total

Khanyounis
East Khanyounis
Rafah
Gaza strip

26
24
23
259

10
9.2
9
100

6

samples

3
32

In addition eight wells in desalination unit and eight water trucks, three
desalination units and its truck in Gaza governorate, two desalination unit
and truck

in Khanyounis governorate, only one desalination unit and truck in

each other governorates.
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Figure 4.1: Map of samples distribution in Gaza governorates
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Table 4.2: Desalination stations distributed to the governorates and directorates of education.
No.

Governorate

Directorate of Education

Schools

1

North Gaza

North Gaza

Faysal ben fahed school

2

Gaza

West Gaza

Alrafdaen school

3

Gaza

East Gaza

Alramlah school

4

Gaza

East Gaza

sawaed

5

Middle governorate

Middle Governorate

Khaled ben alwaleed school

4

Khanyounis

East Khanyounis

Alkhansaa school

6

Khanyounis

Khanyounis

Markaz Almasader school

7

Rafah

Rafah

Bar Elsabaa school

4.5 Study duration
The samples of the study were taken from all the five governorates of the
Gaza

strip

including

groundwater

and

desalinated

water

samples.

The

samples collection lasted from October 2013 to January 2014.

4.6 Sampling methods
Sampling

was

performed

according

to

Standard

Methods

for

the

Examination of Water and Wastewater (20th edition, APHA, 1999).
Non-reactive borosilicate glass bottles of 500 ml were used to collect
samples for microbiological examinations that had been cleansed and rinsed
carefully, given a final rinse with deionized or distilled water, and sterilized
121C̊ for 15 minutes. For

the

chemical

tests,

one-liter

plastic

or

pure

polyethylene bottles were used. A sufficient amount of sodium thiosulfate
(Na2S2O3)

was

added

to

all

containers

intended

for

the

collection

of

desalinated water to eliminate residual chlorine toxic effect, which kills
Coliforms.
Before collection of the samples, any external additions such as tap water
filter or external pieces of plastic or rubber were removed so as to ensure no
contamination of these accessories; the water was allowed to run for 2-3
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minutes before collecting samples to insure that stagnant water flushed out of
the plastic, rubber or steel pipes. The plastic or rubber pipes were sterilized
with concentrated Sodium Hypochlorite (NaClO) by immersing the pipe in
the concentrated fluid for 2-3 minutes, while the steel one was flamed for one
minute. After sterilization, the water was left for two minutes to cool the exit
of water or to rewash the exit from the concentrated NaClO so as to
guarantee that there is no killing for any microbes that might be present in the
water which will be tested, and then the sample was collected in the prepared
glass bottle and quickly closed tightly. The number of the sample was written
on the label pasted on the bottle, while the name and the origin of the sample
and the time were written down on the prepared paper sheet.

The bottles were stored in the ice box (or sample transportation container)
under a temperature up to 4°C. Finally, the samples were transferred to the
Public Health laboratory in order to perform the Total and Fecal Coliform
tests during 2 to 6 hours.

4.6.1 Physical methods
4.6.1.1 The pH determination
pH is measured by determination of the activity of the hydrogen ions by
potentiometric measurement using a combined electrode as described in
APHA (1998). pH meter consists of a potentiometer, a glass electrode, a
reference

electrode

and

a

temperature

compensating

principle of electrometric pH measurement is

device.

The

basic

the determination of the

activity of the hydrogen ion by potentiometric measurement using standard
hydrogen and a reference electrode in water samples (APHA, 1998).
Interferences: Sodium can cause error at pH > 10; can be reduced by
using “low sodium error” electrode, affected by temperature; always report
temperature at which pH is measured and dirty electrodes.
Instrumentation: pH meter (Jenway trade mark) was used in laboratory
to determine pH. pH meter must be accurate to 0.1 unit, with a range of 0 to
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14 and equipped with a temperature compensation adjustment and keep
electrodes wet when not in use by returning them to storage solutions.
Calibration and Standardization:
A. pH meter and electrodes must be calibrated each day of use with 4,
7 and 10 buffers.
B. Bring samples and buffers to room temperature, recommend within
± 2 °C.
C. Remove electrodes from the storage solution, calibrate with pH 4
buffer. Use magnetic stirrer plate or provide gentle agitation when
taking pH measurements.
D. Repeat the above step with pH 7 and 10 buffers rinsing and blotting
dry the electrodes after each reading. Record the temperatures of
buffers during calibration
E. Check and record the slope to make sure it is within the
manufacturer’s specification. If not recalibrate.
F. After calibration is complete, a second source buffer should be
analyzed quarterly, recommend each day of calibration read the
check sample. It must be within ± 0.1 unit. If not recalibrate.
Sample Analysis:
A. Change or ensure meter is in Read mode after calibration.
B. Read samples and record readings and temperatures.
C. Run duplicates every 20 samples – for facilities testing one.
D. Verification buffer after every 10 samples.
E. port results as pH to nearest 0.1 unit and the temperature

4.6.1.2 Electrical conductivity
As described in APHA (1998): Conductivity is a measure of the ability of
an aqueous solution to carry an electric current. This ability depends on the
presence of ions; on their total concentration, mobility, and valence; and on
the temperature of measurement.
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Conductivity

is

customarily

reported

in

micromhos

per

centimeter

(µmho/cm).
An estimate of total dissolved solids may be derived from the conductivity
using the empirical relationship:
Total dissolved solids (mg/L) = Conductivity (µS/cm) × 0.62

Reagents:
Standard potassium chloride solution, KCl, 0.0100M: Dissolve 745.6 mg
anhydrous KCl in conductivity water and dilute to 1000 ml in a class A
volumetric flask at 25°C and store in a CO2-free atmosphere. This is the
standard reference solution, which at 25°C has a conductivity of 1412
µmhos/cm.
Equipments:


EC meter (Hach).



EC Elelctrod.



A volumetric flask.

Procedure:
A. Determination of cell constant:Rinse conductivity cell with at least
three portions of 0.01MKCl solution. Adjust temperature of a fourth
portion to 25.0 ± 0.1°C.
B. Conductivity measurement: Adjust temperature of a portion to about
25°C. Measure sample resistance or conductivity and note temperature
to ±0.1°C.

4.6.1.3 Total dissolved solids determination
Total Dissolved Solids Dried at 180°C
Principle: A well-mixed sample is filtered through a standard glass fiber
filter, and the filtrate is evaporated to dryness in a weighed dish and dried to
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constant weight at 180°C. The increase in dish weight represents the total
dissolved solids.
Interferences:


Highly mineralized waters with a considerable calcium, magnesium,
chloride,

and/or

sulfate

content

may be

hygroscopic

and

require

prolonged drying, proper desiccation, and rapid weighing.


Samples high in bicarbonate require careful and possibly prolonged
drying at 180°C to insure complete conversion of bicarbonate to
carbonate. Because excessive residue in the dish may form a watertrapping crust, limit sample to no more than 200 mg residue.

Apparatus
Crucible, drying oven, desiccators, analytical balance, dish tongs, magnetic
stirrer, wash bottle, suction flask, glass-fiber filter disks, filtration apparatus
(membrane filter funnel and Gooch crucible).
Procedure
A. Preparation of glass-fiber filter disk: Apply vacuum and wash
disk with three successive 20-ml volumes of reagent-grade water.
Continue suction to remove all traces of water. Discard washings.
B. Preparation of evaporating dish: If only total dissolved solids are
to be measured, heat clean dish to 180 ± 2°C for 1 h in an oven.
Store in desiccator until needed. Weigh immediately before use.
C. Selection of filter and sample sizes: Choose sample volume to
yield between 2.5 and 200 mg dried residue.
D. Sample analysis: Stir sample with a magnetic stirrer and pipet a
measured volume onto a glass-fiber filter with applied vacuum.
Wash

with

three

water.

Transfer

successive

total

filtrate

10-ml

volumes

(with

washings)

of
to

reagent-grade
a

weighed

evaporating dish and evaporate to dryness on a steam bath or in a
drying oven. Dry evaporated sample for at least 1 h in an oven at
180 ± 2°C, cool in a desiccator to balance temperature, and weigh.
Repeat drying cycle of drying, cooling, desiccating, and weighing
until a constant weight is obtained.
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4.6.2 Chemicals methods
4.6.2.1 Determination of nitrate by uv spectrophotometer
This method enclosed in water and wastewater standard test method book
by world health organization, and American Public Health Association.
Determination of nitrate (NO3-) is difficult because of relatively complex
procedures required, the high probability that interfering constituents will
present, and the limited concentration ranges of the technique.
Principle:
This method is screening techniques for determining approximate NO3concentration. An ultraviolet (UV) technique that measures the absorbance of
NO3- at 220 nm is suitable for uncontaminated waters (low in organic
matter). Because dissolved organic matter may absorb at 220 nm and NO3does not absorb at 275 nm, a second measurement made at 275 nm may be
used to correct the NO3- value. The extent of this empirical correction is
related to the nature and concentration of organic matter and may vary from
one water to another. Consequently, this method is not recommended for
waters

requiring

a

significant

correction

for

organic

matter

absorbance

although it may be useful in monitoring NO3- levels within a water body in
which the nature of the dissolved organic matter remains constant.
Apparatus:


Spectrophotometer, for use at 220 nm and 275 nm with matched silica
cells of 1-cm or longer.



Nessler Tubes, 50-ml, short form

Reagents:


Use distilled or deionized water of highest purity to prepare all
solutions and dilutions.



Stock nitrate solution: dry potassium nitrate (KNO3), in an oven at 105
°C for 24 h. Dissolve 0.7218 g in water and dilute to 1000 ml.
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Preserve with 2 ml chloroform/l; this solution is stable for at least 6
months (1.0 ml = 100 μg NO3- - N).


Standard nitrate solution: Dilute 50.0 ml stock nitrate solution to 500
ml with water; 1.0 ml = 10.0 μg NO3 - N).



1N HCl.

Procedure:


Start

NO3-

determination

promptly after

sampling.

If

storages

is

necessary, preserve samples with 40 mg HgCl2/l and store at 4 °C or
freeze at – 20 °C.


Sample Treatment: to 50 ml clear sample, filtered if necessary , add I
ml HCl solution and mix well



Preparation of standard curve: Prepare NO3- calibration standards in
the range 0 to 7 mg NO3- - N/l (0 to 350 μg NO3- - N/50 ml) by added
the following volumes of standard nitrate solution: 0, 1.0, 2.0, 4.0, 7.0,
and 35.0 ml to the Nessler tube and treated in same manner as
samples, then diluted to 50 ml by deionized water.

Spectrophotometric measurement:
Read absorbance against distilled or deionized water and set at zero
absorbance. Use a wavelength of 220 nm to obtain NO3- reading and a
wavelength of 275 nm to determine interference due to dissolved organic
matter.
Calculation:
Correction for dissolved organic matter: subtract two times the absorbance
reading at 275 nm from the reading at 220 nm to obtain absorbance due to
NO3- . Convert this absorbance value to NO3- - N from standard curve.
NOTE: If correction value is more than 10% of the reading at 220 nm, do not
use this method.
mg NO3- - N/L = net μg NO3- - N ( in 50 ml final volume) ∕ ml sample
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4.6.2.2 Determination of chloride
The measured chloride ions can be used to know salinity of water, it is an
important

parameter and indicates the extent of desalting of apparatus

required. Further, chloride ions are used as tracer ions in column studies to
model fate of different contaminants in soil and liquid media.

Procedure:
The Mohr Method uses silver nitrate for titration (normality: 0.0141)
(method applicability: 0.15 to 10 mg/l chloride ions). This corresponds to 1
ml of 0.0141 equals to 1 mg chloride in solution. The silver nitrate solution is
standardized

against

standard

chloride

solution,

prepared

from

sodium

chloride (NaCl). During the titration, chloride ion is precipitated as white
silver chloride.
The indicator (potassium chromate) is added to visualize the endpoint,
demonstrating presence of excess silver ions. In the presence of excess silver
ions, solubility product of silver chromate exceeded and it forms a reddishbrown precipitate. This stage is taken as evidence that all chloride ions have
been consumed and only excess silver ions have reacted with chromate ions.
Apparatus: Burette, conical flask, pipette, measuring cylinder
Reagents:

Potassium

chromate

indicator

solution,

standard

silver

nitrate

titrant.
Steps:
1. Take 25 ml sample in a conical flask. Measure sample pH.
2. Add 1.0ml indicator solution,
3. Titrate with standard silver nitrate solution to pinkish yellow end
point and note down volume of titrant used. Also measure sample pH.
4. Calculate chloride ion concentration using the next equation:

Chloride Ion Concentration (mg/l) = (A×N ×35.45)*1000 / Vsample
Where: A = volume of titrant used, N is normality of silver nitrate (here we
used N/71 or 0.0141 N), and Vsample is volume of sample used (ml).
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Precautions:
1. A uniform sample size must be used, preferably 100 ml, so that ionic
concentrations needed to indicate the end point will be constant.
2. The pH must be in the range of 7 to 8 as silver ions are precipitated as
AgOH at high pH levels and the chromate ions are converted to Cr2O7
at low pH values.
3. A definite amount of indicator must be used to provide a certain
concentration of chromate ions, otherwise silver chromate may form
too soon or not soon enough.
4. Caution should be made to notice indicator color change as it can
varies person to person. The usual range is 0.2 to 0.4 ml of titrant.

4.6.2.3 Total hardness determination
Standard method, 20th, 1998, 2340 C, EDTA titrimetric method
The hardness of water is mainly due to the presence of carbonates, bicarbonates, chlorides and sulphates of calcium and magnesium in dissolved
form. These salts cause excessive consumption of soap used for cleaning
purpose.
The World Health Organization ( WHO)

says that "there does not appear

to be any convincing evidence that water hardness causes adverse health
effects

in

humans.

Total

Hardness

is

composed

of

two

components,

temporary and permanent hardness.
The temporary hardness is due to the presence of carbonates and bicarbonates of calcium and magnesium. It can be easily removed by boiling
the water or by adding lime to water.
The permanent hardness i.e non-carbonate hardness is due to presence
of sulphates, chlorides and nitrates of calcium and magnesium.
Hardness is expressed in part per million as calcium carbonate or commonly
known as ppm as calcium carbonate.
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Water with hardness up to 50 ppm is known as soft water. 50 to 150 ppm it is
termed as Medium and 150 to 300 ppm it is termed as moderately hard water.
If the hardness is more than 300 ppm it is known as hard water.
The most common testing method for hardness is the EDTA titrimetric
method.


Disodium

ethylenediamine

tetra

acetate

(Na2EDTA)

forms

stable

complex ions with Ca+2, Mg+2, and other divalent cations causing
hardness, and remove them from solution.


When a small amount of Erichrome black T dye is added to the water
containing hardness ions at pH 10, the solution becomes wine red and
if there is no hardness the colour is blue.



With the addition of EDTA the water sample having indicator dye
starts forming stable complexes until all ions have been removed from
solution and the water colour changes from wine red to blue indicating
the end point.
Ca+2 + Mg+2 + EDAT PH=10
Wine red colour

Ca.EDAT +Mg.EDATA
Blue Colour

Apparatus


Burette.



Two Conical flasks



Pipette



Graduated cylinder



Funnel



Beaker



Hot plate stirrer

Reagents
a)

Erichrome Black-T indicator.
Dissolve 0.2 gram of the dyestuff in 15 ml of Triethanolamine and 5
ml ethanol or dissolve 0.5 gm dyestuff in 100 ml of rectified spirit.
Its chemical formula can be written as HOC10H6N=NC10H4(OH)(NO2)SO3Na.
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b)

Ammonia buffer.
Dissolve 16.9 gram of Ammonium Chloride (NH4Cl) in 143 ml of
concentrated ammonium hydroxide (NH4OH). Add 1.25 gram of
magnesium salt of EDTA to obtain sharp change in color of
indicator and dilute to 250 ml with distilled water. One or two ml of
this solution is required for raising the pH value of sample to 10.

c)

Standard

Ethylene

diamine

tetra

acetic

acid

(E.D.T.A.)

solution 0.01M.
Dissolve 3.723 gram EDTA sodium salt and dilute to 1000 ml.
d)

Inhibitor.(Adjust acid samples to pH 6 or higher with buffer or
0.1N NaOH)
Dissolve 4.5 gram of hydroxylamine hydrochloride in 100 ml of
95% ethyl alcohol or isopropyl alcohol.

Procedure of total hardness
1. Pipette 25-ml of the water sample into a conical flask (Erlenmeyer
flask).
2. Add at least one ml of Ammonia buffer solution. The pH should be 10.
To check pH, standardize pH meter.
3. Place the magnetic stirrer in the beaker and turn on the stirrer slowly.
4. Add a few drops Eriochrome Black T indicator to the Erlenmeyer.
5. Fill the burette with standardized EDTA. Record the initial burette
reading.
6. Immediately begin to titrate the sample two drops at a time. Be careful
to titrate slowly near the endpoint, as the color will take about 5
seconds to develop. Thus, add the last few drops at 3-5 second
intervals. The endpoint color is blue.
7. Record the initial and final burette reading to the nearest 0.1 ml.

4.6.2.4 Calcium determination
3500-Ca B. EDTA titrimetric method ( APHA, 1998)
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Principle
When EDTA (ethylene diamine tetraacetic acid or its salts) is added to
water containing both calcium and magnesium, it combines first with the
calcium. Calcium can be determined directly, with EDTA, when the pH is
made sufficiently high that the magnesium is largely precipitated as the
hydroxide and an indicator is used that combines with calcium only. Several
indicators give a color change when all of the calcium has been complexed
by the EDTA at a pH of 12 to 13.
Reagents


NaOH, 1N.



Indicators: Many indicators are available for the calcium titration as
Murexide (ammonium purpurate).



Standard

EDTA

titrant,0.005M:Prepare

standard

EDTA

titrant

and

standardize against standard calcium solution as weighting 3.723g of
EDTA(A.R) and dissolve it in 2000 ml distilled water.
Procedure
A. Sample preparation: Because of the high pH used in this procedure,
titrate immediately after adding alkali and indicator. 50 ml sample
dilute it to have calcium content about 5 to 10 mg.
B. Titration: Add 2.0 ml NaOH solution or a volume sufficient to produce
a pH of 12 to 13.

C. Add EDTA titrant slowly, with continuous stirring to the proper end
point. When using murexide, check end point by adding 1 to 2 drops

4.6.2.5 Magnesium determination
Magnesium may be estimated as the difference between hardness and
calcium as CaCO3 if interfering metals are present in non interfering
concentrations in the calcium titration and suitable inhibitors are used in the
hardness titration.
mg Mg/l =
[total hardness (as mg CaCO3/l)  ــــcalcium hardness (as mg CaCO3/l)] X 0.243
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4.6.2.6 Fluoride determination
The colorimetric SPADNS METHOD was used in the determination of
fluoride concentrations in the water samples. The procedure and reagent
system

consisted

of

the

approved

EPA

method

4500-F-D

for

fluoride

(APHA,1998).
Procedure
1. Press and hold ON button until colorimeter turns on.
2. Press ENTER to start.
3. Press ENTER to select TESTING MENU.
4. Select ALL TESTS (or another sequence containing 41 Fluoride) from
TESTING MENU.
5. Scroll to and select 41 Fluoride from menu.
6. This test requires a reagent blank. Rinse a clean tube (0290) with clear,
colorless, fluoride free water. Fill to the 10 ml line with clear,
colorless, fluoride free water.
7. Use the 0.5 ml pipet (0353) to add 0.5 ml of *Sodium Arsenite
Solution (4128). Cap and mix.
8. Use the 1.0 ml pipet (0354) to add 2 measures of *Acid-Zirconyl
9. SPADNS Reagent (3875). Cap and mix thoroughly. (This is the
reagent blank.)
10. Insert tube into chamber, close lid and select SCAN BLANK.
11. Rinse a clean tube (0290) with sample water. Fill to the 10 ml line
with sample water. Repeat steps 7 and 8.
12. Insert tube into chamber, close lid and select SCAN SAMPLE. Record
result.
13. Press OFF button to turn colorimeter off or press EXIT button to exit
to a previous menu or make another menu selection.

4.6.3 Microbiological analysis
Total coliforms and fecal coliforms were tested according to American
Public
issue

Health
no.

303,

Association (APHA)
issue

date:

Standard

3.5.2005,

w2).

compared with criteria used by the WHO Standard.
56

Microbiological
Microbiological

Methods
results

(

were

4.6.3.1 Recovery and detection of fecal coliform by membrane
filtration (mf) procedures
The MF Method is a fast, simple way of estimating bacterial populations in
water. In the initial step, an appropriate sample volume is passed through a
membrane filter with a pore size small enough (0.45 microns) to retain the
bacteria present. The filter is placed on an absorbent pad (in a petri dish)
saturated with a culture medium that is selective for coliforms. The petri dish
containing the filter and pad is incubated, upside down, for 24 hours at the
appropriate temperature. After incubation, the colonies that have grown are
identified and counted by using illuminated magnifier or a 10-15 times
microscope. The MF Method is especially useful for testing drinking water
because large numbers of samples can be analyzed in a short time( APHA,
2005).

4.6.3.1.1 Equipment and instruments


Ice box



500 ml glass bottles



500 ml plastics bottles



Bag



Volumetric flask



45 ml disposable pre-strilized culture dishes ( pteri dishes).



Incubator.



Vacuum filtration apparatus.



0.45 µm porosity membrane filters.



Forceps (sterilized).



Media (agar base, nutrient agar, plate count agar, cetrmide media).

4.6.3.1.2 Preparing materials
Start the incubator while preparing other materials. Adjust the incubator
temperature setting: 35 °C for total coliforms or 44.5 °C for fecal coliforms.
Filtration Apparatus
1. Flame sterilize the top surface of the stainless steel Field Vacuum
Support.
2. Using sterile forceps, place a membrane filter,
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3. Place the funnel onto the vacuum support. Do not touch the inside of
the funnel .
4. Pour the sample into the funnel.
5. Pull on the syringe plunger to draw the sample through the filter
apparatus.
6. Remove the funnel.
7. Press the lever on the vacuum support stem to lift the membrane filter
from the surface of the vacuum support.
8. Use sterile forceps to remove the membrane filter.
9. Place the membrane filter into a prepared petri dish and incubate
according to the appropriate procedure.
10. Disconnect the luer tip of the syringe from the tubing attached to the
vacuum support. Dispose of the liquid in the syringe.

Using Autoclavable Equipment
1. Wash all sample bottles, pipets, petri dishes, filter holder.
2. Rinse several times with tap water and then with distilled water and
dry thoroughly.
3. Prepare all equipment for autoclaving.
4. Sterilize equipment in an autoclave at 121 °C for 15 minutes.

4.6.3.1.3 Preparing autoclavable filter assembly
1. After

sterilization,

remove

the

filter

funnel

assembly

from

the

wrapping paper.
2. Do not contaminate the funnel by touching the inner surfaces that will
be exposed to the sample.
3. Insert the funnel with rubber stopper into the filtering flask or filter
funnel manifold and connect to the water trap and aspirator with
rubber tubing.
4. Using sterile forceps place a sterile membrane filter on the filter base
and attach the filter funnel top.
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5. Filter a small quantity of sterile buffered dilution water through the
funnel to assure a good seal on the filter and connections before
running the sample through.

4.6.3.1.4 Diluting samples
A very small sample volumes may be required for testing water samples.
Because it is almost impossible to measure these small volumes accurately, a
series of dilutions should be made. The following procedure describes one
method of preparing a series of dilutions.

Dilution Technique
1. Wash hands.
2. Open a bottle of sterile Buffered Dilution Water.
3. Shake the sample collection container vigorously, approximately 25
times.
4. Use a sterile transfer pipet to pipet the required amount of sample into
the sterile Buffered Dilution Water.
5. Recap the buffered dilution water bottle and shake vigorously 25
times.
6. If more dilutions are needed, repeat Steps 3-5.

4.6.3.1.5 Total coliform procedure
1. Place a sterile absorbent pad in a sterile petri dish (use sterilized
forceps). Replace petri dish lid.
2. Open an ampule of m-Endo Broth. Pour the contents evenly over the
absorbent pad.
3. Replace petri dish lid.
4. Set up the Membrane Filter Apparatus.
5. Shake the sample vigorously to mix. Pour 100 ml of sample into the
funnel. Apply vacuum and filter the sample. Rinse the funnel walls 3
times with 20 to 30 ml of sterile buffered dilution water.
6. Turn off the vacuum and lift off the funnel top. Using sterile forceps,
transfer the filter to the previously prepared petri dish.
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7. With a slight rolling motion, place the filter, grid side up, on the
absorbent pad. Check for trapped air under the filter and make sure the
filter touches the entire pad. Replace petri dish lid. Invert the petri dish
and incubate at 35 ± 0.5 °C for 24 hours.
8. After incubation count the greenish-gold metallic sheen colonies by
using

illuminated

magnifier

or

a

10-15X

microscope.

Use

the

Confirmation Procedures in the next section.

4.6.3.1.6 Total coliform confirmation procedure
Confirming total coliform test using LT Broth and BGB Broth.
1. Sterilize an inoculating needle. Or use a sterile, disposable inoculating
needle.
2. Touch the needle to a total coliform (sheen) colony. Transfer it to a
single-strength LT Broth Tube.
3. Again touch the same coliform colony with the needle. Transfer it to a
BGB Broth Tube.
4. Invert both tubes to eliminate any air bubbles trapped in the inner
vials. Incubate the tubes at 35 ±0.5 °C for 1 hour. After 1 hour, invert
the tubes to remove trapped air in the inner vial; then continue
incubation.
5. After 24 ±2 hours, check the inner vials for gas bubbles. Gas bubbles
in both the LT and BGB Broth Tubes verify that the colonies are total
coliforms. If no gas is present in one or both tubes, continue
incubating both tubes for another 24 hours. If no gas is present in the
LT Broth Tube, the colony is not a coliform and additional testing is
unnecessary. If gas is present in the LT Broth Tube but not in the BGB
Broth Tube, inoculate another BGB Broth Tube from the gaspositive
LT Broth Tube. Incubate this BGB Broth Tube and check for gas after
24 hours and/or after 48 hours. If gas is produced within 48 ± 3 hours,
the colony is confirmed as total coliform.
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4.6.3.1.7 Fecal coliform confirmation procedure
Total coliform positive drinking water samples must be analyzed for the
presence of fecal coliform. Confirming fecal coliform test using EC Medium.
1. Using a sterile cotton swab, swab the entire surface of the total
coliform positive membrane filter.
2. To transfer the colonies on the swab, swirl the swab in an EC Medium
Tube. Remove the swab from the medium. Use the same swab to
transfer colonies to other broth media if desired.
3. Invert the tube to eliminate any air bubbles trapped in the inner vial.
Incubate the tube at 44.5 ± 0.2 °C for 1 hour. After 1 hour, invert the
tube to remove trapped air in the inner vial; then continue incubation.
4. After 24 ± 2 hours, check the inner vial for gas bubbles. Gas bubbles in the EC
Medium Tube confirms the presence of fecal coliforms.

4.6.3.2 Collection samples
Prepared models for the collection of data for the management of
drinking water quality in the stages of study (schools – truck tanks transport the desalination plants) has taken data from a teachers of School Health and
use Appendix B.1, a drivers transport used Appendix B.2. The operator's
desalination plants used Appendix B.3.
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CHAPTER FIVE
RESULTS AND DISCUSSION

5.1 Water physical properties
The physical characteristics of drinking water (pH, TDS and electric
conductivity) in each of the wells and water tank trucks and water school
tanks were measured.

5.1.1 Hydrogen Ion Activity (pH)
Hydrogen Ion Activity pH is an important parameter in assessing the water
quality. The low pH does not cause any harmful effect (Boominathan and
Khan, 1994). In the wells of desalination units, the tests' results of the water
wells in all Gaza governorates were shown in the table 5.1. It is clear that the
maximum value of pH in the sample of Bear Alsabaa well was 8.25 in Rafah
governorate, while the minimum value of Fyesal Ben fahed well was 7.05 in
North Gaza governorate. All the mean of wells samples were within the
maximum permissible limits as WHO standard value range (6.50 – 8.50).
pH value was recorded of 8.25 in the desalination plant inlet water (Bear
Alsabaa - Rafah well). The high compliance of the groundwater in terms of
pH according to the WHO guidelines is due to the nature of groundwater and
the chemical balance of the formation of the groundwater (Abodayea, 2014).
As shown in the table 5.1, the maximum mean of pH in the samples of
Khanyounis governorate truck tank was 7.02, while the minimum mean was
6.08 in Gaza governorate. It is clear that the samples of five truck tanks (60
%) were within the standard range, while the samples of three truck tanks
(40%) out of the standard values.
Table 5.1: The pH means of the water wells, truck tanks and schools tanks samples (p≤ 0.05).

Governorates

North
Gaza

Gaza

Middle

Khan
Younis

pH. Wells

7.05

7.16

7.27

pH. Truck
Tanks

6.45

6.08

pH. School
Tanks

6.66

6.55

Rafah

Min.

Max.

7.47

8.25

7.05

8.25

6.79

7.02

7.00

6.08

7.02

6.7

6.89

7.05

6.55

7.05
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The results of pH of the school tanks samples in Gaza governorates are
shown in table 5.2. It's clear that pH levels (5.92 - 7.36) were present in the
desalination school tanks samples in North Gaza governorates. It is clear that
the two school tanks samples (33.3%) were out of the standard value range,
while the four school tanks samples (66.7%) were within the range of
standard value. In the results of Gaza governorate ; pH levels (6.10 - 6.92)
were present in the school tanks samples, five school tanks samples (35.7%)
were out of the standard value range, while nine school tanks samples
(64.3%) were within the standard value.
In the middle governorate, Khanyounis and Rafah; pH range between
(6.57 – 6.90), (6.76 – 7.08) and (7.03 – 7.08) respectively) were within
permissible limits as shown in table 5.2.
Table 5.2: Maximum, minimum and mean value of pH in the school tanks samples (p≤ 0.05).

North
Gaza

Middle

Gaza

Gov.

Khanyounis

Rafah

Max.

7.36

6.92

6.90

7.08

7.08

Min.

5.92

6.1

6.57

6.76

7.03

Mean

6.66

6.55

6.70

6.89

7.05

The means of wells, truck tanks and school tanks samples in each
governorate were summarized in figure 5.1, where the maximum mean value
of samples was 7.05 in Rafah governorate, while the minimum mean value
was 6.55 in Gaza governorate.
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Figure 5.1: The pH means of water wells, truck tanks and school tanks samples.

The mean of pH increased from the North Gaza to the south. The Coastal
Plain aquifer of Gaza Strip is composed of Pliocene-Pleistocene calcareous
sandstone, sands, sandy loam, and clays; this explains the basal characteristic
of groundwater (Alnakhala, 2005).
Generally, pH mean of all wells (N=8) in Gaza governorates were (7.44 ±
SD = 0.47) and pH mean of all schools (N=32) were (6.77± SD = 0.19).
The relation between pH in the well samples and school tanks samples is
positive correlation (0.91) at p≤ 0.05 according to Pearson correlation. There
are a statistically significant differences between them, where R2=F (0.8295(,
and figure 5.2 illustrates these trends.
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Figure 5.2 Correlation of pH between wells samples and school tanks.

The pH was decreased in the desalinated water of truck tanks, because of
the injection system of the concentrated sulfuric acid H2SO4 to control the pH
in acidic state to reduce the sediment emerging through Calcium Carbonate.
The low pH values are responsible to cause redness and irritation of eyes
in human beings. In addition, as pH can affect the extent of corrosion of
metals as well as disinfection efficiency of distributing systems, it thus has an
indirect effect on health also (WHO, 1986).
T test was used for the deference in the pH within the five governorates to
examine whether there is a significant statistical difference in the pH level
through those governorates and the level of significance. The results indicate
that there was significant

variation among the governorates within the

confidence level of a p-value of < 0.05).

5.1.2 Electric conductivity
It is a useful tool to assess the purity of water. Table 5.3 illustrates the
results of the water wells samples in the desalination plants in all Gaza
governorates. The maximum mean of Electric conductivity (EC) in the
samples of Markaz Al Masader well was 5510 µS/cm in Khanyounis
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governorate, while the minimum mean of Fyesal Ben Fahed well was 1271
µS/cm in North Gaza governorate. Only in the north Gaza the one mean of
well samples (12.5%) were within the maximum permissible limits as WHO
and PWA standard value (1500 µS/cm).
There was clear difference between EC values in wells water samples, it
increase from north to south. Very strong correlation between EC and Total
dissolved Solids TDS (0.98) because both indicate the salinity of the water.
Moreover, both TDS and EC indicate the efficiency of the desalination plants
when the water quality compared between water from the wells and the water
in the trucks.
As shown in the table 5.3, the maximum mean of EC in the samples of
Khanyounis governorate truck tank was 663.5 µS/cm, while the minimum
mean was 57 µS/cm in The North Gaza governorate. It is clear that all the
mean of truck tanks samples were within the maximum permissible limits as
WHO and PSI standard value.
The results of EC of the school tanks samples in Gaza governorates are
shown in table 5.4 In the North Gaza, Gaza, middle governorate, Khanyounis
and Rafah; EC range between ((22.3 - 290 µS/cm), (10.3 – 309 µS/cm), (310
– 328), (300 – 313) and (299 – 315) respectively) were all within permissible
limits.
Table 5.3: The EC means of the water wells, truck tanks and schools tanks samples (p≤ 0.05).

Governorates

North
Gaza

Gaza

Middle

Khan
Younis

Rafah

Min.

Max.

1271

3509.66

4280

5430

4891

1271

5430

57

209.03

324

663.5

306

57

663.5

85.95

129.74

320.33

308

309.33

85.95

320.33

EC. Wells
µS/cm
EC. Truck Tanks
µS/cm
EC. Schools
µS/cm
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Table 5.4: Maximum, minimum and mean value of EC in the school tanks samples (p≤ 0.05).

North
Gaza

Middle

Gaza

Gov.

Khanyounis

Rafah

Max. (µS/cm)

290

309

328

313

315

Min. (µS/cm)

22.3

10.3

310

300

299

Mean (µS/cm)

85.95

129.74

320.33

308.00

309.33

Figure 5.3 show the maximum mean value in school tanks samples was
(320.33 µS/cm) in The Middle governorate, while the minimum mean value
was (85.95 µS/cm) in The North Gaza governorate. All of these values fall
within acceptable limits of WHO standard value.
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Figure 5.3: The EC means of water wells, truck tanks and school tanks samples.

Generally, EC mean of all wells (N=8) in Gaza governorates were (3876
µS/cm ± SD = 1622 µS/cm) and EC mean of all schools (N=32) were (230
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µS/cm ± SD = 113 µS/cm). The EC of desalination wells increases from
north to south. The most deteriorated and salty water was in the eastern
regions of Khanyounis. It's clear that, EC is strong positively correlated with
TDS (0.98) in samples water from wells at the 0.05 level according to
Pearson. There were significant differences in the EC levels between the
wells and the five governorates of water samples from school tanks (p<0.05)
where R2 = F (0.7821( , Figures 4.3 and 4.4 illustrates these trends. The
difference in groundwater salinity refers to:


Quality of source water from well.



Efficiency of desalination unite work.



Cleanliness of water tanks in schools.



Administrative and technical agents such as changing filters and fuel
saving and others.

Figure 5.4: Correlation of EC between wells samples and school tanks.
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The high electric conductivity values above 1271 µs/cm are the direct
indication of the increase in the amount and mobility of ions in various
drinking water sources. These are the ions, which come from the breakdown
of different compounds and are able to conduct electricity. The dissolved
solids may be chloride, nitrate, sulphate, phosphate, sodium, magnesium,
calcium, and iron. Thus, electric conductivity can be used as an indicator of
water pollution (Hem, 1985).

5.1.3 Total dissolved solids
The

electrical

conductivity

of

water

samples

correlates

with

the

concentration of dissolved minerals or with what is commonly known as the
total dissolved salts of water samples. Table 5.5 illustrates the results of the
water wells samples in the desalination units in all Gaza governorates. It's
clear that the maximum mean of Total dissolved solids (TDS) in the samples
of Markaz Al Masader well was 3416 mg/l in Khanyounis governorate, while
the minimum mean of Fyesal Ben Fahed well was 788 mg/l in North Gaza
governorate. Only in The North Gaza there was the one mean of well
samples (12.5%) were within the maximum permissible limits as WHO and
PWA standard value (1500 mg/l) (WHO, 2006).
Table 5.5: The TDS means of the water wells, truck tanks and schools tanks samples (p≤ 0.05).

Governorates

North
Gaza

Gaza

Middle

Khan
Younis

Rafah

Min

Max.

788

2176.33

2654

3366.5

3032

788

3366.5

36

129.43

201

411.35

189.7

36

411.35

53.28

79.61

198.63

190.97

191.67 53.28 198.63

TDS. Wells
mg/l

TDS. Truck Tanks
mg/l

TDS. School tanks
mg/l

As shown in the table 5.5, the maximum mean of TDS in the samples of
Khanyounis governorate truck tank was 411.35 mg/l, while the minimum
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mean was 36 mg/l in Gaza governorate. All the mean of truck tanks samples
were within the maximum permissible limits as WHO and PSI standard
value.
The results of TDS of the school tanks samples in Gaza governorates are
shown in table 5.6 In the North Gaza, Gaza, middle governorate, Khanyounis
and Rafah; EC range between ((13.8 - 179.8), (6.4 - 191.6), (192.2 - 203.4),
(186 - 194.1) and (185 - 195) mg/l respectively) were within permissible
limits. As shown in Table 5.6 the mean values of TDS in school tanks
samples in Gaza governorates, where the maximum mean value of samples
was 198.63 mg/l in middle governorate, while the minimum mean value was
53.28 mg/l in The North Gaza governorate.
Table 5.6: Maximum, minimum and mean value of TDS in school tanks samples (p≤ 0.05).

North
Gaza

Middle

Gaza

Gov.

Khanyounis

Rafah

Max. (mg/l)

179.8

191.6

203.4

194.1

195

Min. (mg/l)

13.8

6.4

192.2

186

185

Mean (mg/l)

53.28

75.15

198.63

190.97

191.67

Generally, TDS mean of all wells (N=8) in Gaza governorates were (2403 mg/l ±
SD = 1622 mg/l) and TDS mean of all schools (N=32) were (142 mg/l ± SD = 70 mg/l).
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Figure 5.5: The TDS means of water wells, truck tanks and school tanks samples.

As shown in Figure 5.5 and 5.6 there were significant differences in the
TDS levels between the wells and the five governorates of water samples
from

school

tanks

(p≤0.05)

where

R2=F(0.779(
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person

correlation

was

0.88

and

Figure 5.6 Correlation of TDS between wells samples and school tanks.

TDS in drinking water originates from natural sources, sewage, urban
runoff and industrial wastewater. Concentrations of TDS in water vary
considerably in different geological regions. Owing to differences in the
solubility's of minerals, reliable data on possible health effects associated
with the ingestion of TDS in drinking water are not available, and no healthbased guideline value is proposed. However, the presence of high levels of
TDS in drinking water may be objectionable to consumers (WHO, 2011).
Over pumping due to the increased demands of the high population in the
Gaza Strip and low recharges from rainwater have limited the quantity of
water available and have further contributed to the degradation of the water
quality (Metcalf and Eddy, 2000 and PHG.2002).
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Abu Mayla (2010) found average TDS concentration ranges from 720
mg/L in the North to 2709 mg/l in Gaza governorate. Al-Khatib M., et al.,
2011 mentioned that during the years 2009-2010, the water salinity of the
domestic wells varied between 235 mg/l in northern Gaza and 6206 mg/l in
Gaza governorate.
The major source of salinity in the aquifer in the Gaza Strip is derived
from the flow of natural saline groundwater from the eastern part of the
aquifer toward the Gaza Strip. The long-term reduction of the water tables
due to over-exploitation has increased the water gradients and rate of water
flow toward the Gaza Strip (Abu Mayla Y. et al. 2010).

5.2 Chemical characteristics
5.2.1 Nitrate
In the wells of desalination units, the tests' results of the water wells in all
Gaza governorates were shown in the table 5.7 the maximum value of nitrate
in

the

sample

of

Khanyounis

governorate was

218.5

mg/l,

while

the

minimum value of The Middle Governorate was 144 mg/l. However, all
wells samples (87.5%) were out of the standard values WHO (50 mg/l). It's
clear that, There was a significant difference in the nitrate contents water
samples from wells in desalination units (p<0.05).
Table 5.7: The nitrate means of the water wells, truck tanks and schools tanks samples (p≤ 0.05).

Governorates

North
Gaza

Gaza

Middle

Khan
Younis

Rafah

Min

Max.

Nitrate. Wells

166.4

191

144

218.5

200

144

218.5

Nitrate. Tanks

16

27.44

35

81.8

66.6

16

81.8

Nitrate. Schools

8.53

17.45

38.67

67.22

16.67

8.53

67.22

In the truck tanks samples the table 5.7 show the maximum mean value of
nitrate in samples was 81.8 mg/l in the samples of Khanyounis governorate,
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while the minimum value was 10 mg/l in Rafah governorate. It's clear that;
all of these values fall within acceptable limits of WHO standard value.
According to the results in the table 5.8, the maximum nitrate content in
school tanks samples was 67.22 mg/l in Khanyounis governorate, while the
minimum value was 0.30 mg/l in North Gaza governorate. The nitrate
contents in north Gaza, Gaza, Middle Governorate, Khanyounis and Rafah
schools tanks were ((0.3 - 18), (1.3 - 42.9), (36.1 - 43.5), (64.4 - 69.9) and
(16 - 17) mg/l respectively). However, all of these samples (100%) fall
within acceptable limits of PSI, but according to the WHO standard, all of
Khanyounis school tanks (Six samples) were out of the standard values, in
the other side all of school tanks samples in other governorate within the
WHO standard.
Table 5.8: Maximum, minimum and mean value of nitrate in school tanks samples (p≤ 0.05).

North
Gaza

Middle

Gaza

Gov.

Khanyounis

Rafah

Max. (mg/l)

18

42.9

43.5

69.9

17.00

Min. (mg/l)

0.30

1.3

36.1

64.40

16.00

Mean (mg/l)

8.53

16.93

38.67

67.22

16.67

As shown in Table 5.8 the mean values of nitrate in school tanks samples
in Gaza governorates, where the maximum mean value of samples was 67.22
mg/l in Khanyounis governorate, while the minimum mean value was 8.35
mg/l in The North Gaza governorate.
There was a significant difference in the mean of nitrate contents between
the water samples of the wells and the school in different governorates. This
is related to the water from the source of the wells of desalination units and
technical issues like desalination efficiency.
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Figure 5.7: The nitrate means of water wells, truck tanks and school tanks samples.

Generally, nitrate mean of all wells (N=8) in Gaza governorates were (145
mg/l ± SD = 80 mg/l) and nitrate mean of all schools (N=32) were (29 mg/l ±
SD = 23 mg/l). There weren't a statistically significant difference between the
mean of both the water samples of wells and schools tanks samples as
Pearson Correlation descried it (0.45) that’s clear the figure 5.8.
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Figure 5.8: Correlation of nitrate between wells samples and school tanks.

The results of the Al Absi (2008) study show clearly that the ground water
of almost all drinking wells in Gaza Strip are observed to be contaminated
with nitrate with average concentration of 129.7 mg/l and no well could be
considered suitable for drinking according to WHO standards of 45 mg/l of
nitrate.
Almost

all

the

desalination

plants

in

Gaza

Strip

depend

on

the

groundwater as the source of the inlet water, which is used for desalination.
The quality of the groundwater in Gaza Strip is not the same in all plants.
The desalination process is primarily intended to remove natural ionic
contaminants, but some substances are not as well removed as others. The
design and efficiency of the desalination plants and the inlet water for the
plant play significant roles in this process (Abo daya et al, 2014).
Al-Yacubi A. (2006) reported that most municipal drinking wells in Gaza
show nitrate levels in excess of the WHO drinking water standard of 50 mg/l.
He also indicated that in urban centers nitrate concentrations are increasing at
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rates up to 10 mg/l per year. He attributed the main sources to domestic
sewage

effluent

and

fertilizers.

He

added,

"In

contrast

to

salinity,

groundwater flowing from the east has relatively low nitrate levels". Shomar
et al. (2008) has revealed that manure and septic effluents are the main
sources of NO3− in the groundwater of Gaza followed by sludge and synthetic
fertilizers.

5.2.2 Chloride
Chloride is an indicator of pollution when present in higher concentrations.
Chlorides are leached from various rocks into soil and water by weathering.
The chloride ion is highly mobile and is transported to closed basins or
oceans. (Singh et al., 2009). As in experimental animals, hypertension
associated with sodium chloride intake appears to be related to the sodium
rather than the chloride ion (Department of National Health and Welfare
(Canada), 1978).
Table 5.9 illustrates tests results of water wells of the desalination plants
in all Gaza governorates; it's clear that; the maximum value of chloride in the
sample of Well of Markaz Al Masader was 1399 mg/l in Khanyounis
governorate, while the minimum value of well Fyesal Ben fahed was 174
mg/l in North Gaza governorate.

However, only one well sample (12.5%)

fall within acceptable limits, while seven schools (87.5%) were out of WHO
standard value (250 mg/l) (WHO, 2006).
Table 5.9: The chloride means of the water wells, truck tanks and schools tanks samples (p≤ 0.05).

Governorates

North
Gaza

Gaza

Middle

Khan
Younis

Rafah

Min

Max.

Chloride. Wells

174

695.66

1022

1189.5

1065

174

1189.5

Chloride. Truck
Tanks

10

39.33

78

131

56

10

131

Chloride. School
Tanks

19

28.43

83.37

57.67

75.67

19

83.37

78

In the truck tanks samples; table 5.9 show the maximum mean value of
chloride in samples of truck tank was 131 mg/l in Khanyounis governorate,
while the minimum value of Fysal Ben Fahed truck tank was 10 mg/l in The
North Gaza governorate. However, all of these values fall within acceptable
limits of WHO standard value.
TDS of water is increased by chlorides. Corrosion of metal pipes is also
increased, because chloride reacts with metal ions to form soluble salts,
resulting in the increase levels of metals in drinking water. Lead pipes form a
protective oxide layer, but chloride increase galvanic corrosion and cause
pollution (who, 1996).
According to

the

table

5.10,

the

maximum

chloride

content

of

the

desalinated water samples in the school tanks was 88.0 mg/l in the middle
governorates, while the minimum content was 8 mg/l in Gaza governorate.
The table 5.10 illustrate the TDS contents in north Gaza, Gaza, Middle
Governorate, Khanyounis and Rafah were ((54-19), (28.43-1.3), (88-83.67),
(60-57.67) and (78-75.67) mg/l respectively). It is clear that; these values
were within the standard values WHO (250 mg/l). The presence of very high
amounts of chloride is responsible for high hardness (Kannan et al., 2005).

Table 5.10: Maximum, minimum and mean value of chloride in school tanks samples (p≤ 0.05).

North
Gaza

Middle

Gaza

Gov.

Khanyounis

Rafah

Max. (mg/l)

54.0

80

88.0

60.0 mg

78.0

Min. (mg/l)

10.0

8.0

78.0

54.0

71.0

Mean (mg/l)

19.00

28.43

83.37

57.67

75.67

As pumping increases, the aquifer becomes more deteriorated and more
brackish, and saline water encroaches the aquifer. Concentration of chloride,
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for instance, has recently reached more than 1000 mg/l at many locations
because of over-pumping. High chloride concentrations have been detected
in Gaza City and the southern area. In Khan Yunis City, seawater intrusion
has been detected that leads to high chloride concentration.
The table 5.10 and figure 5.9 show the mean values of chloride content in
desalinated water tanks of schools in Gaza governorates. Maximum mean
value of samples was 83.37 mg/l in the middle governorate, while minimum
mean value was 19 mg/l in the north Gaza governorate. It is clear that both
values in the level of standards.
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Figure 5.9: The chloride means of water wells, truck tanks and school tanks samples.

Generally, chloride mean of all wells (N=8) in Gaza governorates were
(829 mg/l ± SD = 409 mg/l) and chloride mean of all schools (N=32) were
(52 mg/l ± SD = 28 mg/l). There are positive correlation of chloride with
electric conductivity TDS (0.93). There were significant differences in the
chloride levels between the wells and the five governorates of water samples
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from school tanks (p≤0.05) where R2=F(0.68( , the figures 4.9 and 4.10
illustrates these trends.

Figure 5.10: Correlation of Chloride between wells samples and school tanks.

Chloride

in

surface

and

groundwater

comes

from

both

natural

and

anthropogenic sources, such as run-off containing road de-icing salts, the use
of inorganic fertilizers, landfill leachates, septic tank effluents, animal feeds,
industrial effluents, irrigation drainage, and seawater intrusion in coastal
areas (WHO, 2003)
Abo Dayea et al. 2006 study the quality of drinking water in Gaza Strip, he
emphasizes that in the Gaza Strip the chloride concentration in the municipal
drinking water wells were ranging from 50 to 9040 mg/l in 193 wells, the
highest Cl- concentration was recorded in Gaza governorate (9040 mg/l).
Aish (2010) recorded that the chloride concentration of 30% of the inlet
water samples is below the WHO recommendation standard (250mg/l) and
70% of the water samples have chloride concentrations higher than the WHO
standard.
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5.2.3 Total Hardness
Calcium and magnesium contribute to the hardness of the water and it
imparts unpleasant odor, when present in higher levels (More et al., 2002).
By keeping in view the interaction of hardness with other factors, such as
pH, it has been determined, that water with hardness above 200 mg/l causes
scale deposition in pipes of the distribution systems and the increased soap
consumption. On the other hand, soft water, with hardness less than 100
mg/l, is having a greater tendency to cause corrosion of pipes (WHO, 1996).
As shown in Table 5.11 the maximum mean of Total hardness in the wells
samples of Khanyounis governorate was 901.5 mg/l as CaCO3 in Khanyounis
governorate, while the minimum mean of well was 380 mg/l in Rafah
governorate. Only in Rafah the one mean of well samples were within the
maximum permissible limits as WHO (WHO, 2006).
These results were consistent with Abu Jabal (2013). In examining the
hardness of the water, it has been indicated that the water of all the wells
considered to be as hard water, where eight considered as very hard water
(have total hardness values of more than 300 mg/l as CaCO3). According the
permitted WHO value (hardness concentration between 200 and 500 mg/l as
CaCO3), only one wells mean were within the range in Rafah governorate.
As shown in the table 5.11, the maximum mean of the total hardness in the
samples of Khanyounis governorate truck tanks was 79.8 mg/l, while the
minimum mean was 17.6 mg/l in Rafah governorate. All of these values fall
within acceptable limits of WHO standard value.
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Table 5.11: The total hardness means of the water wells, truck tanks and schools tanks samples (p≤ 0.05).

Governorates

North
Gaza

Gaza

Middle

Khan
Younis

Rafah

Min

Max.

Total Hard. Wells

519

621.16

576

901.5

380

380

901.5

Total Hard. Truck
Tanks

20

21.46

18

79.8

17.6

17.6

79.8

Total Hard.
School Tanks

26.67

18.83

19.53

19.85

16

16

26.67

The table 5.12 shows the results of the total hardness contents in school
tanks samples, the maximum value was in 66.3 mg/l in the North Gaza
governorate, while the minimum value was 13.7 mg/l in North Gaza and
Gaza governorates. It's clear that all these values under level and out of the
range of WHO standard.
The table 5.12 illustrate the total hardness contents in the samples of north
Gaza, Gaza, Middle Governorate, Khanyounis and Rafah were ((13.7 - 66.3),
(13.7 - 27.3), (17.60 - 21.50), (17.6 - 29.3) and (14 - 18) mg/l respectively).
These values were within the standard values WHO and PSI.
Table 5.12: Maximum, minimum and mean value of the total hardness in school tanks samples (p≤ 0.05).

North
Gaza

Middle

Gaza

Gov.

Khanyounis

Rafah

Max. (mg/l)

66.3

27.3

21.50

29.30

18.00

Min. (mg/l)

13.7

13.7

17.60

17.60

14.00

Mean (mg/l)

26.67

18.83

19.53

19.85

16

The maximum mean value in the school tanks samples was 26.67 mg/l in
north Gaza, while the minimum value was 16 mg/l in Rafah governorate as
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show in table 5.12 and figure 5.11. Both values under level compared to
standard values.

The Total Hardness Means
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Figure 5.11: The total hardness means of water wells, truck tanks and school tanks samples.

There was strong positive correlation with calcium and magnesium (0.73)
and (0.94) respectively. Water hardness is determined primarily by Ca2+ and
Mg2+ not surprisingly, the areas with highest levels of Ca2+ and Mg2+ also
have the hardest water. Khanyounis and Gaza wells showed the highest
levels of both Ca2+ and Mg2+ thus total hardness.
Generally, total hardness mean of all wells (N=8) in Gaza governorates
were (599 mg/l ± SD = 191 mg/l) and total hardness mean of all schools
(N=32) were (20 mg/l ± SD = 4 mg/l). There was not significant correlations
between total hardness of wells and the samples of school tanks (0.093)
according to Pearson Correlation (see figure 5.12), but supposed to be a
positive relationship, but this did not happen because of the addition of
calcium hydroxide to the water.
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Figure 5.12 Correlation of total hardness between wells samples and school tanks.

There were not clear different between total hardness value in truck tanks
samples except Khanyounis directorate there was significant difference that
related to water from well source it clear very high (1028 mg/l).
There is no significant difference between the mean values of total
hardness in school tanks samples in all governorates.

5.2.4 Calcium
The table 5.13 illustrate the results of calcium contents in the wells of
desalination units. It's clear that the maximum mean value of Calcium in the
sample was 140.4 mg/l in Khanyounis governorate while the minimum mean
value was 62.4 mg/l in the Rafah governorate. Five well samples (62.5%)
were fall within acceptable limits of WHO (100 mg/l), while three wells
samples (37.5%) were out of the standard values.
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Table 5.13: The calcium means of the water wells, truck tanks and schools tanks samples (p≤ 0.05).

Governorates

North
Gaza

Gaza

Middle

Khan
Younis

Rafah

Min

Max.

Calcium Wells

138.6

107.9

96

140.4

62.4

62.4

140.4

Calcium Truck
Tanks

0

1.1

0

10

0

0

10

Calcium School
Tanks

2.45

1.18

1.07

0.42

0

0

2.45

As shown in the table 5.13, the maximum mean of calcium in the samples
of Khanyounis governorate truck tank was 10 mg/l while the minimum mean
was absent in other Gaza governorates except Gaza governorate it was 1.1
mg/l. It's clear that all of these values fall out of the acceptable limits of
WHO standard value.
The results of calcium contents of the school tanks samples in Gaza
governorates are shown in table 5.14. In the North Gaza, Gaza, middle
governorate, Khanyounis and Rafah; EC range between ((0.8 - 8.2), (zero 3.3), (zero - 3.7), and (zero - 3.8) mg/l respectively) and the samples of Rafah
Governorate there wasn’t any calcium content all of these values were within
permissible limits.
Table 5.14: Maximum, minimum and mean value of calcium in school tanks samples (p≤ 0.05).

North
Gaza

Middle

Gaza

Gov.

Khanyounis

Rafah

Max. (mg/l)

8.20

3.30

3.70

3.80

0.00

Min. (mg/l)

0.80

0.00

0.00

0.00

0.00

Mean (mg/l)

2.45

1.18

1.07

0.42

0.00
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According to table 5.13 and figure 5.13 Maximum mean value in the
school tanks samples was 2.45 mg/l in The North Gaza, while the minimum
value was zero mg/l in Rafah governorate. Both values out of the range
compared to WHO standard values.

The Calcium Means
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Figure 5.13: The calcium means of water wells, truck tanks and school tanks samples.

Generally, calcium mean of all wells (N=8) in Gaza governorates were
(109 mg/l ± SD = 32 mg/l) and calcium mean of all schools (N=32) were (1
mg/l ± SD = 0.9 mg/l). There are positive correlation of calcium with total
hardness (0.72). There were weak positive significant differences in the
calcium content between the wells and the five governorates of water
samples from school tanks (p≤0.05) where R2= F(0.33( , the figures 4.13 and
4.14 illustrates these trends.

87

Figure 5.14: Correlation of Calcium between wells samples and school tanks.

Abu Mayla (2009) summarized the concentrations of both Ca+2 & Mg+2 in
the samples of the inlet water of the desalination plants in Gaza Strip. It was
reported that the analytical data of inlet water samples show that 36.4% of
the samples have calcium concentration less than the recommendations (100
mg/l), while 45% of the samples have concentrations from 100 mg/l to150
mg/l. However, the remaining samples (18.6%) need calcium decreasing.

5.2.5 Magnesium
In the wells of desalination units, the tests' results of the water wells in all
Gaza governorates were shown in the table 5.15. It is clear that the maximum
mean value of Magnesium in the sample was 133.5 mg/l in Khanyounis
Governorate, while the minimum mean value was 41.9 mg/l in North Gaza
governorate. All the mean of wells samples were within the maximum
permissible limits as PSI standard value (150 mg/l).
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Table 5.15: The magnesium means of the water wells, truck tanks and schools tanks samples (p≤ 0.05).

Governorates

North
Gaza

Gaza

Middle

Khanyounis

Rafah

41.9

85.2

81

133.5

54

Min

Max.

41.9

133.5

4

13.15

3.67

4.98

Mg. Wells
mg/l
Mg. Truck tanks
5

4.53

4

13.15

4.3

mg/l
Mg. School tanks
4.98

3.85

4.07

4.57

3.67

mg/l

In the truck tanks samples; the table 5.15 show the maximum value of
Magnesium in the samples was 13.15 mg/l in Khanyounis governorate, while
the minimum value was 4.00 mg/l in The Middle governorate. It's clear that
all of these values fall out of the acceptable limits of WHO standard value.

Table 5.16: Maximum, minimum and mean value of magnesium in school tanks samples (p≤ 0.05).

North
Gaza

Middle

Gaza

Gov.

Khanyounis

Rafah

Max. (mg/l)

11.10

5.20

4.30

5.60

4.00

Min. (mg/l)

2.80

1.30

3.70

2.50

3.00

Mean (mg/l)

4.98

3.85

4.07

4.57

3.67

The table 5.16 illustrate the magnesium contents in school tank samples of
North Gaza, Gaza, Middle Governorate, Khanyounis and Rafah were ((2.8 –
11.1), (1.3 – 5.2), (3.7 – 4.3), (2.5 – 5.6) and (3 – 4) mg/l respectively), it's
clear that all of these results were fall out acceptable limits of the WHO.
Table 5.16 and figure 5.15 show the mean values of magnesium in school
tanks samples in Gaza governorates, where the maximum mean value of
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samples was 4.98 mg/l in The North governorate, while the minimum mean
value was 3.67 mg/l in Rafah governorate. It's clear that; all of these results
were fall out acceptable limits of the WHO.
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Figure 5.15: The magnesium means of water wells, truck tanks and school tanks samples.

Generally, magnesium mean of all wells (N=8) in Gaza governorates were
(79 mg/l ± SD = 35 mg/l) and magnesium mean of all schools (N=32) were
(4 mg/l ± SD = 0.53 mg/l). As shown in the figure 5.15 and figure 5.16 there
was not correlated relation, Pearson correlation descried it (0.02). Therefore,
there was not a statistically significant difference between the mean of both
the water samples of wells and schools tanks samples.
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Figure 5.16: Correlation of magnesium between wells samples and school tanks.

5.2.6 Fluoride
The

table

5.17

illustrates

Fluoride

results

of

water

wells

of

the

desalination plants in all Gaza governorates; it is clear that the maximum
mean value of Fluoride in the samples was 1.9 mg/l in Rafah governorate,
while the minimum mean value was 0.5 mg/l of wells in The North Gaza
governorate.

The

fluoride

concentration

increases

from

north

to

south.

Fluoride in well water may come from natural sources (Brindha et al., 2011)
In truck tank samples as show in table 5.17, the maximum value was 0.15
mg/l in East Khanyounis and Rafah, while the minimum value in the other
governorates was absent. There were four wells (50%) within the standard
value in north Gaza,

East Gaza and Khanyounis, while four well samples

from wells (50%) in West Gaza, Middle governorate, West Khanyounis and
Rafah governorate were fall out acceptable limits of the WHO and PSI (0.51.5 mg/l).
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Table 5.17: the fluoride means of the water wells, truck tanks and schools tanks samples (p≤ 0.05).

Governorates

North
Gaza

Gaza

Middle

Khan
Younis

Rafah

Min

Max.

fluoride Wells

0.54

1.076

1.5

1.45

1.9

0.54

1.9

fluoride
Truck Tanks

0

0

0

0.325

0.15

0

0.325

fluoride
Schools Tanks

0.02

0.21

0.08

0.14

0

0

0.21

According to the results in the table 5.18 the maximum fluoride content
in school tanks samples was 0.93 mg/l in the Gaza governorate, while the
minimum value was absent in the other governorates. All governorates were
out of the range of WHO and PSI standards (0.50 - 1.5 mg/l).

Table 5.18: Maximum, minimum and mean value of fluoride in school tanks samples (p≤ 0.05).

North Gaza

Gaza

Max. (mg/l)

0.14

0.93

Min. (mg/l)

Zero

Mean (mg/l)

0.02

Middle

Khanyounis

Rafah

0.15

0.20

Zero

Zero

Zero

zero

Zero

0.16

0.09

0.15

Zero

Gov.

The table 5.18 illustrate the fluoride contents in school tank samples of
North Gaza, Gaza, Middle Governorate, and Khanyounis ((zero –1.4), (zero –
0.93), (zero – 0.15), and (zero – 0.2) mg/l respectively), in Rafah; there
weren’t any fluoride in school tank samples, it's clear that only one school
tank sample in Gaza governorate within the standard value but all other
results were fall out acceptable limits of the WHO.
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Figure 5.17: The fluoride means of water wells, truck tanks and school tanks samples.

Generally, fluoride mean of all wells (N=8) in Gaza governorates were
(1.29 mg/l ± SD = 0.50 mg/l) and fluoride mean of all schools (N=32) were
(0.09 mg/l ± SD = 0.08 mg/l). There are positive correlation of fluoride with
electric conductivity TDS (0.82). There was not correlated relation between
the means of well and the mean of school tanks samples. There was no
significant

difference

in

the

fluoride

between

the

wells

and

the

five

governorates of water samples from school tanks, the figures 4.17 and 4.18
illustrates these trends.
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Figure 5.18 Correlation of fluoride between wells samples and school tanks

5.3 Microbiological analysis
5.3.1 Bacteriological analysis of school tanks samples in Gaza
governorates
5.3.1.1 Total coliform
Total coliforms are a group of bacteria that are widespread in nature. The
usefulness of total coliforms as an indicator of fecal contamination depends
on the extent to which the bacteria species found are fecal and human in
origin. The total coliform test is the starting point for determination the
biological quality of drinking water. This test is performed frequency because
of the acute risk that disease-causing organisms pose to the users of that
water supply (EPA, 2013).
The presence of faecal coliforms in a water samples indicates the possible
presence of other pathogenic bacteria such as Salmonella spp, Shigella spp,
Pathogenic

E

coli,

V.

Cholera,

Klebsilla

spp

associated with water boron diseases (DWAF, 1996).
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and

Campylobacter

spp

The results of total coliform analysis in school tanks samples are shown in
table 5.19. It is clear that 59.4 % of the school tanks samples in Gaza
governorates were uncontaminated, while 40.6% of the examined samples
were contaminated with total coliforms as an indicator to the pollution with
gastrointestinal parasites.

Table 5.19: Percentages of total coliform contamination in school tanks samples of Gaza governorates (p≤ 0.05).

North

Gaza

Gaza

Total Coliform

Middle

Khanyou

Gov.

nis

Rafah

Total

No.

%

No.

%

No.

%

No.

%

No.

%

No.

%

Contaminated

4

66.7

3

21.4

3

100

3

50

0

0

13

40.6

Uncontaminated

2

33.3

11

78.6

0

0

3

50

3

100

19

59.4

According to the table 5:19 and figure 5.19, four samples of school tanks (66.7%)
were contaminated, while two samples (33.3) were uncontaminated with total coliform
in north Gaza governorate. In Gaza governorate, three samples of school tanks (21.4%)
were contaminated, while eleven samples (78.6%) were uncontaminated with total
coliform. All samples of school tanks in middle governorate were contaminated, while
all samples of school tanks in Rafah governorate were uncontaminated. Three samples
in school tanks (50%) were contaminated and three samples (50%) were
uncontaminated in Khanyounis governorate.
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The Total Coliform Means
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Figure 5.19: Percentages of total coliform contamination samples in school tanks of Gaza governorates

Generally,

total

coliform

mean

of

all

truck

tanks

(N=8)

in

Gaza

governorates were (0.2 CFU/100 ml ± SD = 0.50 CFU/100 ml) and total
coliform mean of all schools (N=32) were (3.1 CFU/100 ml ± SD = 3.9
CFU/100 mg/l). According to the table 5:20; in truck tanks samples : two
samples (25%) were contaminated with total coliform in Khanyounis and east
Gaza, while six samples (75%) were un contaminated in other governorates.
Because trucks tanks distribute water to school, it must be healthy and clean.
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Table 5.20 Bacteriological analysis of truck tanks samples in all governorates (p≤ 0.01).

Truck

Total
Coliform
CFU/100
ml

Fecal
Coliform
CFU/100
ml

Neg.

Neg.

20

14

No.

Directorate

1

North Gaza

2

East Gaza

Truck of Alramlah
Desalination Unit

3

East Gaza

Truck of Sawaed
desalination unit

Neg.

Neg.

4

West Gaza

Truck of Alrafden
desalination unit

Neg.

Neg.

5

Middle Gov.

Truck of Khaled Ben
Alwaleed desalination
unit

Neg.

Neg.

6

Khanyounis

Truck of Markaz
Almasader desalination
unit

1

Neg.

7

East
Khanyounis

Truck of Alkhansaa
desalination unit

Neg.

Neg.

8

Rafah

Truck of Bear Alsabaa
desalination unit

Neg.

Neg.

Truck of Fysal Ben
Fahed desalination unit

There were strong positive correlation of total coliform between the mean
of the truck tanks and the five governorates of water samples from school
tanks (0.97) at the 0.01 level. The figures 4.19 and 4.20 illustrates these
trends.
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Figure 5.20 Correlation of total coliform between wells samples and school tanks.

5.3.1.1 Fecal coliform
Fecal coliforms are types of total coliform that mostly exist in feces. They
appear in great quantities in the intestines and feces of people and animals.
The presence of fecal coliform in a drinking water sample often indicates
recent fecal contamination, meaning that there is a greater risk that pathogens
are present than if only total coliform bacteria is detected (EPA, 2013).
The results of fecal coliform contents of the school tanks samples in
Gaza governorates are shown in table 5.21. It is clear that 78.1 % of the
school

tanks

samples

(seven

samples)

in

Gaza

governorates

were

uncontaminated, while 21.9 % of the examined samples (25 samples) were
contaminated with fecal coliform as an indicator to the pollution with
gastrointestinal parasites.
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Table 5.21: Percentages of fecal coliform contamination samples in school tanks of Gaza governorates (p≤ 0.01).

North
Gaza

Fecal Coliform

Gaza

Middle

Khanyou

Gov.

nis

Rafah

Total

No.

%

No.

%

No.

%

No.

%

No.

%

No.

%

Contaminated

2

33.3

0

0

2

66.7

3

50

0

0

7

21.9

Uncontaminated

4

66.7

14

100

1

33.3

3

50

3

100

25

78.1

According to the table 5.21 and figure 5.21, there were two of the school tanks
samples (33.3%) were contaminated, while four samples (66.7) were uncontaminated
with total coliform in The North Gaza governorate. In Gaza and Rafah governorates,
all samples of school tanks were uncontaminated with fecal coliform. In middle
governorate two samples (66.7%) were contaminated while only one sample (33.3%)
of school tanks was uncontaminated. Three of the school tanks samples (50%) were
contaminated and three samples (50%) were uncontaminated in Khanyounis
governorate.

Percentages of fecal coliform contamination samples in school tanks of
Gaza governorates
25
20
15
10

Contaminated

5

Uncontaminated

0

Figure 5.21: Percentages of fecal coliform contamination in school tanks samples (p≤ 0.01).

99

According to the table 5.20; only one sample (12.5%) were contaminated
with total coliform in Truck of

Markaz Almasader desalination unit in

Khanyounis governorate, while six samples(87.5%) were uncontaminated in
other governorates.

5.3.1.3 Total and Fecal coliform desiccation
Unavailability of a proper sewage system, high distribution of septic tanks,
old

water

interruption

networks,

frequent

of

supply

water

interruption
play

a

of

major

water
role

in

chlorinating

and

increasing

the

microbiological water contamination which lead to an increase in health risks
of humans (El-Mahallawi, 1999).
It's clear that, there were high level of fecal contamination in schools tanks
and truck tanks. If the source of contamination were from the plant or the
trucks, we would found all or most of school tank contaminated. This
indicates that the contamination source of desalinated drinking water at
schools is the schools themselves. There should be a special cause for
contamination in each school. This cause could be one or more of those
causes listed in information model, which are:


The tank is not well closed or the cover of the tank is removed.



The pipe which supply taps is not safely higher than the bottom of
tank.



Delivery trucks don't apply end to end disinfection process when
filling up the tank.



The tank is not disinfected probably.



There is no drainage hole installed specially for cleaning.



The tank is located in an inappropriate site (near toilet, at dusty area,
under windows, etc...).



The water in tank is not disinfected by free chlorine.



Some students could throw waste in tank's upper hole.



Some students could blow into or breath on water taps while drinking.
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Haneya master thesis (2012) aims to check if there is microbiological
contamination at desalinated water at Gaza city schools and to determine the
source of contamination if any, a microbiological contamination in the
desalination plants inlet and in schools water tanks. About 23.8% of
monitored schools at East directorate were contaminated before follow-up
process. Nearly 20.8% of monitored schools at West were contaminated.
Contaminated

schools

ratio

has

decreased

after

follow-up

process,

this

enforces follow-up importance. Contaminated schools after follow-up were
19.0% at East, 15.1% at West Gaza. It is noticed that the weakness of
monitoring

program

of

desalinated

drinking

water

leads

to

a

higher

contaminated schools (Haneya, 2012).
Ministry

of

Health

(MOH,

2010)

mentioned

that

about

19%

of

groundwater, 27% of desalinated water and 20% of water network samples
are microbiologically contaminated by Total Coliform while 13%, 14% and
12% by Fecal Coliform bacteria respectively.
The study of Zeqiri et al. (2010) had given results of drinking water in
some primary schools in Shala Bajgorës in Kosovo. A number of 9 schools
were selected. About 88.9% of schools were microbiologically contaminated
by total coliform. The percent of contaminated schools in Shala e Bajgorës is
enormously bigger than the percent of contaminated schools in Gaza city.
However, the continuous and strong monitoring programs can lead to better
results at the future as happened at Gaza city schools.
UNICEF (2009) made a summary report of the evaluation of quality
parameters of drinking water in pre-university institutions at Moldova; it was
found

that

26%

of

schools

were

non-compliant

by

microbiological

parameters of the standards of drinking water quality, while it was 44.1% at
Gaza city in 2009. Therefore, the monitoring program at Gaza should be
improved.
This results seem to be consistent with the study of yassin and colleagues
(2006) who found that the contamination level of total coliforms

and fecal

coliforms exceeded that of WHO limits for water well and network (yassin,
2006).
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CHAPTER SIX
CONCLUSIONS AND
RECOMMENDATIONS

5.1 Conclusions
Desalination is becoming a solution for water scarcity in a number of arid
countries. For the potential application of desalination in Gaza governorates
schools, the following conclusions can be drawn from this study:
The

present

study

has

evaluated

the

physiochemical

and

bactirological

parameters in the system of desalination water in the schools of the ministry
of education in Gaza governorates.


Gaza‘s sole water source, the aquifer, is chemically contaminated with
dangerous levels of chlorides, nitrates and other pollutants, some far in
excess of WHO guideline values, the result of long-standing watersecurity, sanitation and environmental crises arising from multiple
inter-linked causes.



The mean concentrations of chemical parameters in the desalination
plants’ inlet water (groundwater) were higher than the WHO standards
in almost all the inlet water samples.



The mean concentrations of chemical parameters in the truck tanks'
and schools tanks' were within the WHO except pH and fluoride
values in some desalination unites.



The

mean

concentrations

of

bacteriological

parameters

in

the

desalination units’ inlet water (groundwater) were unpolluted.


Forty percent
coliform,

while

of

the
60%

schools

tanks'

uncontaminated

were
a

contaminated

according

to

by total
the

WHO

standard.


Twenty tow percent of the schools tanks' were contaminated by fecal
coliform,

while

78%

uncontaminated

a

according

to

the

WHO

standard.


The high desalination efficiency led to very high removal of essential
elements that are essential to human health such as calcium and
magnesium.



Microbiological

water

contamination

(including total

coliforms

and

faecal coliforms) is pervasive, increasing at each point in the water
handling cycle.
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 The well maintenance of the desalination plant leads to keep the
product of the plant safe and well accepted.


The point source of microbiological contamination in Gaza city
schools are the schools themselves. While the desalination units
and trucks are clean, because the plant ensures to meet most of
drinking water safety guidance.

5.2 Recommendations


Increasing the awareness of the adverse health effects related to
polluted drinking water between employees and teachers of primary
schools, especially in what concerns drinking water.



It is noticed that the weakness of monitoring program of desalinated
drinking water leads to a higher contaminated schools.



The importance of disinfection of drinking water. when filling-up the
school drinking tank, a disinfection process for inlet and outlet
should be applied.



The

importance

of

cleaning

drinking

water

tanks

especially

immediately after vacations and before students consumption.


The significance of covering tanks firmly and using insulators of high
quality.



Increasing of monitoring the quality of water in desalination unit,
truck tanks and school tanks.



Perform periodical analysis and cheeks for desalination plants shold to
WHO guidelines.



We recommend the addition of fluoride to the water in the northern
Gaza Strip and the province due to lack of fluoride content in the
water wells



Guide the students and make them aware so as they don't throw
their food waste in the water drainage hole.



Improve the capabilities of universities' laboratories, and allowing
them to serve in academic researches.
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APPENDIX A
Samples from Schools Distributed to The Governorates and Directorates of Education.

No. Governorate Directorate of Education

Schools

1

North Gaza

North Gaza

Faysal ben fahed

2

North Gaza

North Gaza

Abu jhafferalmansur basic

3

North Gaza

North Gaza

Hamza ben abdalmotaleb basic

4

North Gaza

North Gaza

Abu tamam basic

5

North Gaza

North Gaza

Hayelabdelhamed basic

6

Gaza

East Gaza

Subhiabukarsh basic

7

Gaza

East Gaza

Shohadaaalmontar basic

8

Gaza

East Gaza

Safad basic

9

Gaza

East Gaza

Abu baker alrazi basic

10

Gaza

East Gaza

Sladen basic

11

Gaza

East Gaza

Moaaz ben Jabal basic

12

Gaza

East Gaza

Asmaa bent abu Baker

13

Gaza

East Gaza

Hitten basic

14

Gaza

West Gaza

Elramal school

15

Gaza

West Gaza

Mosaab ben omer basic

16

Gaza

West Gaza

Anas ben malek basic

17

Gaza

West Gaza

Alsharjah basic

18

Gaza

West Gaza

Aswafer basic

19

Gaza

West Gaza

Alrafeden basic

20

Middle Area

Middle Area

Dearalbalah basic

21

Middle Area

Middle Area

Ibnroshed basic
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22

Khanyounis

Khanyounis

Abdallah Abu Settah basic

23

Khanyounis

Khanyounis

Ahmad ben Abdelazeez basic

24

Khanyounis

Khanyounis

Tabarea basic

25

Khanyounis

East Khanyounis

Alaodah basic

26

Khanyounis

East Khanyounis

Um Salmah basic

27

Khanyounis

East Khanyounis

Alkhansaabasic

28

Rafah

Rafah

Bar Elsabaa school

29

Rafah

Rafah

Ghssankanafani basic

30

Rafah

Rafah

Taha Hussein basic
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APPENDIX (B-1)
Schools Tanks Checklist
No.

Statement

Governorate
School name
Periods
Students number
Teacher number
General information
What is the main source of drinking water in the school?
1.

desalination plant

municipality water

private wells

other

sources
Who is the provider of school Filtered drinking water?
2.

directorate desalination plant

private desalination plant, mention it?

........... ............................ ............................ .............................................
3.
4.

How many times have Fill tanks desalinated drinking water in the school?
once a day

2-4 times a week

once a week

Do you drink the students of municipal water?

less than once a week
Yes

No

How is the discharge and disposal of wastewater in the school?
5.

municipal network
garden

6.

absorbency digging

irrigation system the school

Other ways

Is there a problem of sanitation in school?

Yes

No

Is appeared in school-related diseases contaminating drinking water
7.

supplies?
Yes

8.

9.

No

Did the students appear on symptoms such as diarrhea, vomiting, hepatitis?
Yes

No

The disease appeared related to water pollution, mention it:
…………………………………………………………..

Specifications of desalinated drinking water tanks in schools:
10.

What are the types of desalinated water tanks used in the school?
115

concrete

plastic

stainless Steel

fiberglass

Location of tank desalinated drinking water in the school:
11.

Upper (above the surface of the school)

at ground level

under the

surface of the earth
12.

How many tanks of desalinated drinking water in the school?.....................

13.

How much a tank capacity of desalinated drinking water by cubic meters...m³

14.

How much is the total school capacity tanks by cubic meters?.......... m³

15.

Do you think that the amount of desalinated drinking water available in the
school enough for all students?

Yes

No

Methods of Cleaning desalinated Water tanks in the schools
Any of the following parties responsible for cleaning and disinfection of
16.

drinking water tanks in schools?
ministry of Health

ministry of Education

special efforts at school
17.

18.

local organizations

I don’t know

Are there periodic tests of the quality of drinking water in your school?
Yes

No

If the previous answer yes, which the types of tests are monitored:
physical tests

chemical tests

biological tests

all of the above

Do conducted quality tests of desalinated drinking water in the school tanks
19.

in previous years? If yes, please attach the results of these tests.
Yes

20.

21.

No

Do you follow coverage of desalinated drinking water tanks at the school?
Yes

No

Is the cleaning of drinking water tanks done during specific periods?
Yes

No

If the previous answer yes, If the previous answer yes, how much time is
22.

between periods?
less than a week

1-4 weeks

1-3 months

more than three

months
What the materials are used in the cleansing of desalinated water tanks inside
23.

the school?
chlorine

24.

chemical cleaners

Other (specify)

Do the students drink water directly from the taps?
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Yes
25.

26.

No

Is there a special drinking cup?
Yes

No

Are desalinated water tanks far more than 10 meters from the toilets?
Yes

No

Is there a complaint from the students of the quality of desalinated water in
27.

the school?
Yes

28.

29.

30.
31.

No

Is the process of emptying desalinated drinking tanks water before refill?
Yes

No

Is there a special drainage holes in the bottom of the tanks clean drinking?
Yes

No

Are appeared problems related to water quality or water tanks previously?
Yes

No

If the previous answer yes, mention these problems: ……………….
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APPENDIX (B-2)
Truck Tanks Checklist
No.

Statement

Education Directorate:
Truck Name:
Truck Number:
Driver Mobile Number:
What is the supervising the water quality management in the desalination
1.

units?
Ministry of Health

Ministry of Education

local organizations

What types of water quality tests that are monitored? Please attach a copy
2.

of the analysis, if any.
Physical Tests

Chemical Tests

Biological Tests

All of the above

Are quality tests periodically or randomly?
3.

Monthly

Seasonally

Annually

Randomlly

Is the sole source of drinking water in the schools from desalination plant
4.

in the Directorate?

Yes

No

If the answer was no in the previous paragraph, Mention other sources?
5.

………………………………………………………………………………………………….

Characteristics of the truck tanks
6.
7.

What are the types of desalinated water tanks used in the school?
Concrete

Plastic

Stainless Steel

Fiberglass

How much is the truck tanks capacity in cubic meters?...................
Are the truck tank caps of desalinated water tightly closed?

8.
9.

Yes

No

Is there a hole to drain the water tank down the truck?

Cleaning of truck tanks
Is ensure the cleanliness of the water hose while filling?
10.
11.

Yes

No

Is the process of emptying desalinated drinking tanks water before refill?
Yes

No
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Is any disinfection in water inlet and outlet when the process of filling
12.

the tank truck with desalinated water?
Yes

No

Is the disinfection truck tanks regularly?
13.

Yes

No

If the answer is yes in the previous paragraph. What are periods of
14.

densifications?
Monthly

Seasonally

Annually

Randomly

Does the cleaning of water tanks done within specific periods?
15.

Yes

No

How is the period between each other and the process of cleaning?
16.

Every time filling
Once a week

Every day

2-4 times a week,

Less than once a week

What materials used in the disinfection of truck tanks?
17.

Chlorine

Detergents

Other (mention it)
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APPENDIX (B-3)
Desalination Checklist Units
No.

Statement

Characteristics of desalination unit
1.
2.

What is the age of the desalination unit? ……………
What is the source of water used for desalination?
Well Municipality

private wells belong to plant

private wells

3.

What is the production capacity of desalination unit by m³/h? …………

4.

What is the production capacity of desalination unit by m³/h/d?.............

5.

6.

Does the plant works every day?
Yes

No

What is the process of desalinated water production?
Reverse Osmosis

Distillation

other

Desalination plant control systems:
Is there an examination of water quality before and after the desalination
7.

process regularly?
Yes

No

If the previous answer yes, what is the insinuation that control of water
8.

quality in desalination unit?
Ministry of Health

9.

10.

Ministry of Education

local organizations

Is there a control of desalinated water quality in the desalination unit?
Yes

No

If the previous answer yes, how much time is between periods?
Monthly

seasonally

annual

Random

What is the water quality Tests that are monitored? Please attach a copy of
11.

the previous tests.
Physical Tests

Chemical Tests

Biological Tests

previous
Desalinated water Storage in the desalination units
12.

Is there storage tanks in the desalination units?
Yes

No
120

All of the

If the answer is yes in the previous paragraph, what types of reservoirs used
13.

for storage?
Concrete

14.

13.

Plastic

Stainless Steel

Fiberglass

How many days to storage, if desalinated water is stored?
One day

2-4 days

5-7 days

More than a week

What is the time to disinfection of desalinated water?
Before storage

Before distribution

Don't add any disinfection materials

Methods of cleaning desalinated water tanks in the desalination units
15.

16.

17.

Do the desalinated water storage tanks clean at the desalination units?
Yes

No

If the answer is yes in the previous paragraph, what times of cleaning?
One day

2-4 days

5-7 days

More than a week

Is the disinfection of desalinated water done inside the plant?
Yes

No

If the answer is yes in the previous paragraph, what are the disinfection
18.

method of water?
Chlorine

19.

20.

UV

Two together

Others (mention them)

If the answer in 17 question is yes, what times of disinfection treatment?
Monthly

Seasonally

Annual

Random

Is there disinfection of inlet and outlet of water in the desalination unites?
Yes

No
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