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ABSTRACT 

 

The coastal aquifer is considered to be the only water supply source for the human being 

use in the Gaza strip. Due to the increasing of salinity and nitrate in the coastal aquifer, 

most of the water-supplying responsible bodies in the Gaza strip depend on brackish 

water desalination for drinking purposes. Hence, the aim of this study is to investigate 

drinking water contamination and to determine potential sources of contamination during 

the water production, delivery practice and in water storage tanks at the kindergartens 

premises in the Gaza strip governorates.  

 

A total of 123 samples were taken from 50 water storage tanks in the kindergartens, 43 

water tankers and 30 desalination facilities in the Gaza strip and analyzed for the 

evaluation purpose of water quality parameters including: temperature, pH, total 

dissolved solids, electrical conductivity, hardness, chloride, nitrate, magnesium, calcium, 

fluoride, total coliform and fecal coliform. Results of physiochemical parameters 

demonstrated that the pH of water tested from private desalination units was found below 

the World Health Organization and Palestinian Standards drinking water acceptability 

standards. From a quality point of view, electrical conductivity, hardness, chloride, 

calcium and nitrate concentration levels for drinking water of all samples were found to 

be within WHO and PS drinking water standards whereas fluoride concentration levels 

were found to be lower than allowed by WHO and PS which required for dental health 

(1-1.5 mg/l). 

 

Bacteriological investigation results revealed that the bacterial contamination in water 

samples taken from kindergartens water storage tanks is relatively higher than those 

detected in samples collected from water tankers and desalination facilities outlet. There 

was no bacteriological contamination in the water samples taken from desalination plants 

outlet of North, Gaza, Middle and Rafah governorates. The contamination only found in 

the samples collected from Khanyounis desalination plants outlet with contamination 

percentage of total coliform (75%) and fecal coliform (66.66%).  
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The findings of general survey conducted during this study showed that bacteriological 

contamination of drinking water in the kindergarten premises storage tanks and water 

tankers were the record significant source of contamination due to the unsafe storage 

system. Water transportation appears to be only one of the potential causes of final 

contamination. 
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 اىَيخص

زيادة الملوحة و نسبة النتررات فري وبسبب  غزة.قطاع  للمياه فيتعتبر المياه الجوفية ىي المصدر الوحيد 
الميررراه الجوفيرررة  جدء للجررروا الجيرررات المرررزودة لميررراه العررررب فررري قطررراع غرررزة ل  تمررراد  لررر  تحليرررو الميررراه 

مرررن ىرررره الدراسرررة ىرررو التحيرر  مرررن تلررروث ميررراه العررررب  المالحررة رغررررار العررررب. وبالترررالي  فررر ن اليررد 
في خزانات مياه العرب و جثناا إنتاج المياه و طريية  توزيع المياه  في وتحديد المصادر المحتملة للتلوث

 في ريار ارطفال في محافظات قطاع غزة .
 

ر ارطفرال   و  ينرة مرن خزانرات الميراه  فري ريرا 05 ينة  موز رة برين  321خر  ما مجمو و جوقد تم 
 ينة  مرن محطرات تحليرة الميراه  فري قطراع غرزة و ليررر تييريم  15سيارات نيل المياه و  من  ينة 31

نو يررة الميرراه تررم فحررر المتييرررات التاليررة  ر درجررة الحرررارة ودرجررة الحمو ررة و المررواد الصررلبة الرا بررة و 
و المينيسرريوم والرالسرريوم و الفلورايررد  و و جمرر ح الرلورايررد و النترررات   سررر المررااالتوصرريلة الريربا يررة و 
 (. Fecal coliform ) و اليولونية البرازية (( Total coliformبرتيريا الروليفورم الرلي

 
الصرحة  مواصفات منظمةمن  جنيا جقلحليو المياه ت في محطاتحمو ة المياه  جن درجة النتا ججظيرت 

يرراه العرررب. مررن جيررة جخرررو فرر ن  الموصررلية الريربا يررة العالميررة و المواصررفات والميرراييس الفلسررطينية لم
وجمرررر ح  الرلوريررررد و الرالسرررريوم والنترررررات فرررري ميرررراه العرررررب مررررن جميررررع العينررررات وجرررردت  ررررمن  عسررررروال

مواصفات  منظمة الصحة العالمية و المواصفات والمياييس الفلسطينية لمياه العرب فري حرين ترم العثرور 
ن جقررل مررن المسررموح مررن قبررل منظمررة الصررحة العالميررة و الميرراييس  لرر  مسررتويات ترريررز الفلورايررد لترررو 

 مليم / لتر(. 3.0-3الفلسطينية  حيث المطلوب  لصحة ارسنان )
 

ورعفت نتا ج التحاليل الميرروبية جن التلوث في  ينات المياه المأخورة من خزانات مياه ريار ارطفرال 
و محطات التحلية.  نيل المياهسيارات  جمعت من ت التيىو نسبيا ج ل  من تلك التي رصدت في العينا

لم يرن ىناك جء تلوث ميرروبي في  ينات المياه المأخورة من محطات التحلية في المحافظات العمالية 
مرن محطرات تحليرو الميراه فري  جمعرت.جمرا التلروث فوجرد فيرط فري العينرات التري  و غزة  و رفح والوسط 

٪ ( و برتريررا اليولونيررة  Total coliform ( )50لروليفررورم الرلرري )خرران يررونس فنسرربة التلرروث ببرتيريررا ا
 Fecal (coliform  (66.66٪ . ) (البرازية 
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ي لمياه العرب في خزانات مياه لميرروبوجظيرت النتا ج التي توصل إلييا المسح العام جن التلوث ا
للتلوث ويرجع مصدرا ىاما  رانتوتوزيعيا المياه في سيارات نيل المياه  خزاناتالعرب لريار ارطفال و 

 من. اآلنيل غير التخزين و البسبب نظام  التلوث
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 1-CHAPTER 

INTRODUCTION 

 

1.1 Background 

 

The Gaza strip has very limited water resources. Groundwater is the main source for 

domestic, industrial and agricultural purposes. Water  resources are deteriorating in terms 

of quantities and quality which led to the establishment of commercial small-scale 

desalination plants to treat brackish water and distribute desalinated water by trucks for 

most of the Gaza strip areas (UNNC, 2010).  

 The groundwater in the Gaza strip aquifer is approximately brackish excluding some 

fresh water in the appearance of shallow lenses. Consequently, the quantity of fresh 

groundwater is negligible and subsists only in some areas in the Gaza strip for example 

Bait Lahia. Desalination of brackish and seawater appear to be promising, mainly in the 

absence of any other option in the Gaza strip. Though, utilizing desalination method as an 

alternative water supply entails many challenges such as energy cost and environmental 

characteristics. On one hand, confidence on desalination as a source of water supply can 

solve the increasing issue of water shortage in the vicinity and prevail over the 

deterioration problem of water quality. On the other hand, pumping of brackish 

groundwater for the purpose of desalination can lead to intrusion of deeper saline water to 

the costal aquifer deteriorating the fresh groundwater layers above. The securing of 

potable water for drinking purpose to the community in the Gaza strip is becoming an 

important goal to be implemented by the Palestinian Water Authority (El Sheikh, et al. 

2003). 

 

The quality of domestic water had been approximately totally deteriorated. The 

Palestinian Water Authority (PWA) identifies water desalination as the standard approach 

to alleviate the water problem and provide people in the Gaza strip with acceptable and 

potable water quality for drinking and other purposes (PWA, 2007). 
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The Gaza strip residents use ground water wells as main source of water which suffers 

from deterioration of the quality. Treated drinking water is provided by desalination 

plants which should enhance the quality of all water properties (Baalousha, 2006).  

The desalinated drinking water quality shall be investigated, and possible measures to 

reduce the environmental impacts on community health particularly children shall be 

introduced (Baalousha, 2006). Hence, for this purpose and for the first time this study is 

done to test the drinking water quality at the kindergartens in the Gaza strip governorates. 

 

1.2 Existing desalination plants in the Gaza Strip 

 

Desalination offers a mean improvement of the brackish water (poor quality) to produce 

potable water. This technique has been practiced commonly for over 5 decades and is a 

well-established process of water in several countries all over the world (Semiat, 2000).  

The first desalination plant (RO brackish water) in the Gaza strip was built in 1991 at the 

center of Deir El-Balah with a capacity of 45 m3/h by the EMS, a subsidiary of the Israeli 

(Mekorot) water company (EL Sheikh, et al. 2003). Later, many large and small scale 

desalination plants were built and functioned to provide drinkable water for the 

population of the Gaza strip who has limited water resources and depends generally on 

groundwater, where the salinity degrees mostly are high TDS (2,200 mg/l) and sometime 

above this value (Abu-Habib, et al. 2012). According to Al-Agha et al. (2005) in the past 

two decades 6 brackish water facilities and one seawater desalination plant were 

established in the Gaza strip. The product desalinated water from these plants represents 

nearly 4% of the total water consumption by the population. More than 90% of this 

population depends on the desalinated water for drinking purpose (Mogheir, et al. 2013). 

In addition, a number of small private RO desalination facilities are constructed and 

operated in all governorates of the Gaza strip. 

Almost, there are seven public desalination plants situated all over the Gaza strip 

operated by the Coastal Municipal Water Utilities (CMWU), the operational water body 

in the Gaza strip (CMWU, 2009). These plants provide drinking water for the population 

in the middle and southern parts of the Gaza strip. All of them are brackish water 



 

 

3 

desalination plants except for one seawater RO plant located in the middle area of the 

Gaza strip. The public plants have shown better performance and more significance when 

compared with small private plants. In addition, these plants are linked directly to the 

municipal water networks while private plants have distribution tanks and collecting 

points where people have to collect the water on their own 

It was reported by (PWA) that more than 80 small RO private facilities and stations are 

functioning and providing clean drinking water for the residents of the Gaza strip at 

acceptable cost. Though, only 37 of these plants are registered and conduct regular 

monitoring as recommended by PWA (Mogheir, et al. 2013). 

 

1.3 Problem definition 

 

Water is an important life component which must be clean and safe as well as available 

for human being drinking and other purposes. It was declared by the General Assembly 

of United Nations that access to clean water is a human being rights (UNNC, 2010). 

The Gaza strip anguish from depletion of drinking water resources. This is due to the 

over-pumping of the underground water wells, which it is the only resource for domestic 

purpose. This issue became more severe by time as a result of seawater incursion to the 

coastal aquifer, additionally to the infiltration of partially treated wastewater to the 

aquifer (Qahman, et al. 2009). 

According to Al-Najar , et al. 2007 the groundwater demand in the Gaza strip is growing 

rapidly. This is due to the population growth and the willing of farmers to cultivate the 

deprived land as a strategy toward poverty alleviation. The water high salinity, 

undesirable tastes and other contaminants are motives to find new resources such as 

desalination and quality improvement technologies.  

The concentration of chemical pollutants including: chloride and nitrate have exceeded 

the standards recommended by WHO (MoH, 2009) from maximum number of the 

municipal wells.  

According to Aish (2010) analyses of desalinated water samples indicated that 10% of 

inlet water were contaminated by total coliform (TC) and 5% of water samples were 
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contaminated by fecal coliform (FC). The study showed that 25% of product water 

samples were contaminated by total coliform, and about 15% of water samples were 

contaminated by fecal coliform.  

Due to the pointed shortage of water and the deteriorated quality of groundwater small 

private desalination units were established in the Gaza strip. Some of desalinated drinking 

water delivered to the kindergartens in the Gaza strip could be contaminated 

microbiologically; therefore, desalination units may be a source of contaminated water. 

On the other hand contamination may be caused at distribution trucks or at kindergartens 

sites; and it could be human or non-human origin. However, this study was undertaken to 

determine the source of contamination of water delivered to kindergartens in the Gaza 

strip as a case study. 

 

1.4 Purpose and objectives of the study 

 

The purpose of this study is to test if there is any chemical and microbiological influence 

at desalinated drinking water in the kindergartens of the Gaza strip, to determine the 

source of contamination if present and to find out the variation of drinking water qualities 

among  kindergartens. The specific objectives of the present study are given bellow: 

 

1. To evaluate the physical, chemical and microbiological parameters of water 

supply system in the kindergartens. 

 

2. To determine the source of contamination in the water supply system.  
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1.5  Thesis organization   

 

In chapter two the information collected from the literature survey including: drinking 

water sources and quality in the Gaza strip, impacts of contaminated water on public 

health, waterborne pathogens, methods for addressing waterborne pathogens ,desalination 

technology and the water legislation, regulation and institutional framework in the Gaza 

strip have been summarized. 

Chapter three focused on permissions and cooperation with authorities, selected study 

area, water samples collection procedure and water samples laboratory analytical 

methods. The information about general surveying (interviews) was also provided. Lastly 

data compiling and statistical analysis method were given in this chapter.  

Chapter four deals with the results of desalinated water quality monitoring at the 

kindergartens in the Gaza strip. Physiochemical parameters and microbiological 

indicators of the water quality were analyzed and discussed in detail. The determination 

of contamination source in the desalinated water and the general survey analysis results 

were also included in this chapter. 

 

Chapter five presents the conclusions obtained from the present study and the 

recommendations for future work to be conducted in order to improve the water quality 

status in the Gaza strip.  

 

 

 

 

 

 

 

 

 

 

 



 

 

6 

CHAPTER-2 

IEWVTURE RERALITE 

 

2.1 Drinking water sources in the Gaza Strip 

 

Groundwater aquifer is considered to be the primary water supply source for the human 

being use in the Gaza strip (domestic, industrial and agricultural purposes). This source 

has been confronted decline in both quality and quantity for various reasons including: 

low rainfall, increased in the urban areas which led to a decrease in the recharge quantity 

of the aquifer, also increasing the population will shrink the groundwater aquifer and led 

to seawater intrusion in some areas as a result in pressure differences between the 

groundwater rise and seawater level (PWA, 2012). 

 

The Gaza strip is one of the semi-arid areas where rain is falling in winter season from 

September to April. The rate of precipitation in the Gaza strip is fluctuating and ranges 

between 200mm/year in the south to about 400mm/year in the north (CMWU, 2010). The 

average of rainfall in the Gaza strip during the season 2010-2011 is recorded to low 

(225mm) as compared with the long-term annual average rainfall (372.1mm). Rainfall is 

irregularly distributed it fluctuates considerably by governorates from the North to the 

South (PWA, 2012). 

According to Abbas et al. (2013) the Gaza strip is one of the most densely populated in 

the world about 4,505 inhabitants per km
2
, with a growth rate of around 3%. About 90% 

of the population benefits from drinking water which supplied by municipal water 

network while remain 10% of the population lives in rural area and uses private wells. 

The exploitation of groundwater is expected to propagate and then it is necessary to 

develop a proper management plan, mostly to prevent further deterioration of an already 

decreased water resource, but also in an effort to improve the current status. 

In the Gaza strip, the main source of groundwater comes from the coastal aquifer 

(shallow aquifer), which consists mainly of sandstone, sand and gravel. The aquifer is 

highly permeable with transmissivity of about 1000 m
2
/day and an average porosity of 

25%. The depth to water ranges between 70 meters in the highly elevated area in the east 
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and 5 meters in the low land area. The total annual recharge of the aquifer is valued at 55 

Mm
3
. A deficit with an average of 70 Mm

3
/y is observed in the water balance due to over 

pumping. Therefore, the aquifer is refilled from brackish or seawater, which results in a 

deterioration of quality. In (2009) the noted water abstracted from groundwater was 

around 86.7 Mm
3
 including UN wells, while agricultural water abstraction is estimated to 

be around 80 Mm
3
 (CMWU, 2010).  

 

An average of 160 Mm
3
/y is pumped from the groundwater aquifer and is distributed 

over domestic and agricultural water wells. A water balance was developed to determine 

the impact of all the integrated aquifer management program activities. New water 

resources account for nearly 25% of the balance. New resources include additional water 

purchase from Mekorot, small SWRO desalination facilities and regional SWRO plant 

(PWA, 2012). In the Gaza strip there are five sources being used for drinking water, these 

are: 

 

 130 Domestic water wells produce 70 Mm
3
/y. 

 More than 4000 agricultural water wells produce 90 Mm
3
/y. 

 Water is purchased from an Israeli company “Mekorot” (5 Mm
3
/y). 

 Four BWRO plants produce 0.4 Mm
3
/y. 

 The Middle Area SWRO plant produces 0.2 Mm
3
/y. 

 

2.2 Drinking water quality in the Gaza Strip 

  
Al-Khatib and Arafat (2009) had studied the physical and chemical quality of desalinated 

water, groundwater and rain-fed cisterns in the Gaza strip. Their study revealed a clear 

superiority of quality for desalinated water, but also need to adopt better practices 

including maintenance and pre- and post-treatment in the desalination plants. 

 

Aish (2010) in his study investigated the chemical and bacteriological water qualities of 

different small scale of (RO) desalination business units in the Gaza strip. The study 

results were compared with World Health Organization (WHO) standards. It was 

concluded that all chemical analyses of RO produced water are within the allowable 
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limits. Microbiological analyses indicated that 25% of water samples exceeded the 

maximum acceptable rate of the total coliform. 

 

UNEP (2009) documented that several reports published by PWA showed that 70% of 

the Gaza strip inhabitants take water with a high salinity and a chloride in the range of 

500-2500 mg/l. While the majority of drinking water wells contain an average nitrate 

level of more than 100 mg/l. 

 

Haneya (2012) has studied the microbiological quality of desalinated drinking water at 

Gaza city schools. The results indicated a microbiological contamination in the 

desalination plants inlet and in schools drinking water tanks. He observed that the 

microbiological safety of desalinated drinking water at Gaza city schools has been 

improved in the last three academic seasons (2008-2009 to 2010-2011). It was identified 

that the weakness of monitoring program of desalinated drinking water leads to a higher 

contaminated schools ratio. The well maintenance of the desalination plant leads to keep 

the product of the plant safe and well accepted. 

El-Manama et al. (2005) in their study suggested that desalinated drinking water tanks 

must be clean and free of sand and other particles or sediments. Drinking water tanks 

should be fit closed to prevent water pollution with dirt or particles. Several studies on 

the survival of bacteria showed that sediments create a good environmental media for 

bacterial growth. 

Aish (2013) has investigated drinking water contamination and identified the budding 

sources of contamination in the permeate water and during delivery process in the Middle 

area of the Gaza strip. Water samples were taken from desalination facilities, water 

tankers, and distribution points located in shops, household storage tanks and private 

wells. Results showed that bacteriological contamination of drinking water distribution 

points and storage tanks was the most major source of pollution due to its unsafe storage 

method. In addition water conveyance seems to be only one of the possible causes of 

ending contamination.     
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AL-Yaqubi (2006) was pointed out that the groundwater is the only source used for 

drinking purpose in the Gaza strip. Though, the quantity and quality of drinking water 

have declined and worsen over the past two decades. The aquifer is constantly 

overexploited to meet the demand of the fast growing population. 

Hilles and Al-Najar (2011) have evaluated the small-scale brackish water desalination 

plants in the Gaza strip for highlighting their environmental impacts. The water samples 

from inlet and outlet of 43 local desalination plants were collected and analyzed for 

physical and chemical variables assessment. They observed some variations in the 

chemical parameters which are due to the variations of inlet water and instability of 

desalination efficiency. They have suggested establishing an urgent water monitoring 

program for desalination plants in the Gaza strip. In the meantime, more studies on the 

environmental impacts of desalination should be carried out in order to come across with 

the proper measures to protect the environment and the human health. 

Abu Mayla and Abu Amr (2010) evaluated the chemical and microbiological parameters 

of the drinking water in the Gaza strip.  Data were collected from the Palestinian Ministry 

of Health on the focus of total dissolved solids (TDS), chloride (Cl
-
) and nitrate (NO3) in 

drinking water wells, and pollution of total and fecal coliform in water wells and 

distribution networks. Results of microbiological water analyses including: total and fecal 

coliform contamination fractions were found to exceed that of the WHO standard. The 

chemical and microbiological characteristics of drinking water thus deteriorated in the 

Gaza strip, and water demand is increasing rapidly due to rapid population growth and 

absence of alternative water resources. This may end result in unfavorable human health 

impacts. 

 

Al-Khatib and Al-Najar (2011) investigated the deterioration of groundwater quality due 

to the over-pumping in the coastal area of the Gaza strip. One hundred and two samples 

from 44 municipal water wells in the Gaza strip were collected and analyzed for major 

cations and anions.  
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The groundwater quality in the Gaza strip is mostly monitored through all municipal 

wells and some of agricultural wells which are distributed all over the area. The main 

quality problem is the increase in salinity and nitrate content (PWA, 2007). 

 

In the Gaza strip nitrate concentration reaches more than 200 mg/l in north area and 

salinity extents to about 1600 mg/l in the middle and southern areas. This deterioration in 

the quality of water could be related to the un-managed dumping a number of wastes 

including: domestic, industrial solid and liquid and agricultural waste (fertilizers and 

pesticides) in addition to seawater intrusion (PWA, 2012). The chloride concentration 

map for year 2012 illustrates the majority of Cl concentration in the Gaza coastal aquifer 

ranges became between 600 mg/l to more than 1000 mg/l. This is due to the over 

pumping from the wells, scarcity of rain, drilling municipal wells in a random manner 

and not distributed in an orderly manner resulting to sea water intrusion, lateral flow of 

brackish water from east in the middle and southern area and up-coning of the brine water 

from the base of the aquifer. Seawater intrusion and uplift the deep brine water are the 

direct consequences of over pumping, and represent the greatest threats to municipal and 

agricultural water supplies in the Gaza Strip (PWA, 2013). 

 

2.3 Impacts of contaminated water on public health 

 

WHO (2011) was declared that communicable diseases usually caused by pathogenic 

bacteria, viruses and parasites. They are the most frequent and prevalent health risk 

related to drinking water. The public health load is determined by the brutality and 

occurrence of the sicknesses linked with pathogens, their infection and the population 

rendering. In susceptible subpopulations, disease effect may be more severe. 

 

Sharif (2003) found a range of different concentrations of total and fecal coliform in 

water samples from 20 underground wells situated in the surroundings of wastewater 

treatment plant of Beit Lahia.  

 

Yassin et al. (2006) revealed that total and fecal coliform pollution go beyond the World 

Health Organization (WHO) limits for water wells and water distribution networks in the 
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Gaza city. On the other hand, contamination fractions were higher in distribution 

networks than in wells. 

NAE Grand Challenge document showed that lack of clean water is blamable for more 

deaths in the world than war. About one out of every six people living today do not have 

sufficient access to water, and more than double that number lack basic sanitation, for 

which water is needed. In some countries, half the population does not have access to safe 

drinking water, and henceforth, is aggrieved with poor health. It was estimated that each 

day about 5,000 children worldwide die from diarrhea-related diseases, a toll that would 

drop theatrically if ample water for sanitation was available. The website was accessed on 

5th
 
Feb, 2014 (http://www.engineeringchallenges.org/cms/8996/9142.aspx). 

Nitrate levels in the Gaza strip have continued to rise and currently present a health risk 

throughout the area. High quantities of nitrates in drinking water can have significant 

health effects, particularly for children. A recent UNEP report recommended that a 

comprehensive study should be conducted on the occurrence of methemoglobinaemia in 

the Gaza strip, a disease caused by nitrate contamination, and that safe water should 

immediately be provided to all children under one year old, in order to ensure their health 

is protected (UNEP, 2009).  

 

2.4 Waterborne pathogens  

 

Waterborne diseases are common in the Gaza strip. The Department of Health of the UN 

Relief and Works Agency (UNRWA) reported that: Watery diarrhea, acute bloody 

diarrhea and viral hepatitis remain the major causes of morbidity among reportable 

infectious diseases in the refugee population of the Gaza strip (UNRWA, 2009). In the 

absence of safe water, suitable sanitation and appropriate hygiene, children are 

particularly exposed to sickness caused by waterborne disease. In Gaza, diarrhea, an 

easily avertible disease, is behind 12% of young deaths (UNHCT and AIDA, 2009). 

Additionally lack of safe water is a prompt cause of under-nutrition for millions of 

children, which can have lasting impact on a child’s mental and physical development 

(EWASH, 2010). 

http://www.engineeringchallenges.org/cms/8996/9142.aspx
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Coliforms are one of the imperative parameters for assessing the drinking water quality; 

they are not a health risk in itself. They have used to identify whether other potentially 

dangerous bacteria may be present in the water. According to United States Environment 

Protection Agency (USEPA) (2011) nationwide major drinking water standards are 

officially enforceable standards that shall be applicable to public water schemes. 

Colford et al. (2006), Messner et al. (2006) and Reynolds et al. (2008) reported that in the 

developed countries, eruptions and special inhabitants create endemic and chronic 

diseases. Whenever the environment is changed, new opportunities for new kinds of 

organisms are flourishing. When new source of water for human use is created, the 

environment is opened to new types of organisms that might have negative effects on 

human health and on the natural environment. It is required to have a real time 

monitoring and management of water treatment and water distribution systems that are 

currently monitored by occasional batch measurement methods, which unfortunately, can 

miss fleeting, but tricky water quality events. Several studies were conducted by EPA to 

assess how much illness from tap water occurred in the U.S. These studies stated that 

only from municipal water systems there were between 12-19.5 million cases of diarrhea 

every year. 

Latest studies on over 500 wells all over the U.S. presented that 10-42% of groundwater 

supply wells are polluted with enteric viruses (Reynolds, et al. 2008); 95% of all singular 

and small groundwater systems disrupt one or more main and subordinate drinking water 

standards in Arizona (Marrero-Ortiz, et al. 2009); and 52% of all using carbon filters 

contain an enteric organism after every three months of use in a municipal system (Miles, 

et al. 2009). About 80% of user complaints about tap water quality created in the 

consumer’s home distribution system (Derby, et al. 2009) showing that management of 

water quality complications are not easily addressed from a particular central location. 

Långmarka et al. (2007) were reported that potable water distribution systems extant 

aggressive environment for the growth of bacteria. This is due to the low nutrient levels 

as well as the presence of disinfection residuals. Biofilms form universally and may make 

available a near constant source of HPC (heterotrophic plate count) microorganisms even 
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when the water has been exposed to disinfection processes such as chlorination and ultra-

violet (UV)-treatment (Kulakov, et al. 2002). 

Heterotrophic bacteria are those that need organic carbon somewhat than CO2 as a carbon 

source; where all human pathogenic bacteria are heterotrophic. Although disinfection 

residuals within distribution systems reduce the possible growth of pathogens and 

regrowth of heterotrophic bacteria, they do not remove them (Payment and Trudel, 1993). 

While the presence of heterotrophs does not in itself create a human health hazard, they 

can function as a means to assess the bacteriological quality of the water and the 

usefulness of water treatment (Camper, et al. 1985).  

The U.S. Environmental Protection Agency (USEPA) (2001) has recommended that 

heterotrophic bacterial numbers in drinking water should not exceed 500 colony-forming 

units (CFU/mL), mainly because of interfering of coliform revealing. Such number is 

grounded on the effect of HPC populations on retrieval of total coliforms rather than on a 

health-based functioning degree (Allen, et al. 2004). Higher numbers of HPC are often 

the result of bacterial regrowth, mostly in the distribution system and in the water 

treatment filters used at the household tap (Reasone, et al. 1987). It should be noted that 

in an assessment of the comparative contribution of heterotrophic bacteria from numerous 

sources in the normal food of a typical person in the United States, less than 5% of the 

average user’s total heterotrophic bacteria intake was found to be resulting from drinking 

water (Stine, et al. 2005). But, individuals in high-risk groups, such as the immune-

compromised, young children, or the elderly could be at risk from drinking water 

containing opportunistic pathogens that belong to HPC family (Rusin, et al. 1997). 

According to Allen et al. (2004), the number of HPC bacteria in drinking water differs 

broadly, depending on several factors. These including: original quality of the source 

water, methods of treatment, and the sort as well as concentration of disinfection 

residuals. Additionally, water age and ambient temperature of the fresh and ended water 

impact HPC levels. Based on these facts, HPC are often used as an indicator to evaluate 

the bacterial quality of drinking water even though the clinical and epidemiological 

indication that HPC bacteria pose a health risk is absent. 
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2.5 Methods to address waterborne pathogens 

 

Nwachcuku and Gerba (2004) addressed a number of methods that are in development 

for removing or inactivating waterborne pathogens. In 1993 the largest waterborne 

occurrence of disease ever documented happened in Milwaukee, Wisconsin. Over 

400,000 persons developed gastroenteritis and about 100 persons died in response to 

consuming drinking water contaminated with the protozoan parasite Cryptosporidium 

parvum. The bacterium performed in high concentrations in the city’s water source after 

heavy rains, consenting some of the oocysts of the bacterium to enter the filtration 

barrier. Infections fluctuated from acute conditions, such as diarrhea, to chronic 

conditions with symptoms that persisted even a decade after first infection. Chlorine 

disinfection had diminutive consequence on competence of the oocysts, and in fact, this 

bacterium was later found in 60% of the treated drinking water supplies in the United 

States. Then new guidelines for protecting surface water supplies and required water 

quality monitoring programs have been taken place. 

It was documented that cryptosporidium is extremely chlorine resistant and consequently 

presents a challenge for its removal from water supplies. Latest research on microbial 

resistance to treatment and disinfection showed that the microbial surface structure and 

opus are important for determining prospective for waterborne spread of embryonic 

pathogens (Nwachcuku and Gerba 2004). 

Usually used methods for water disinfection in pipes depend on chlorination as the prime 

method in part due to chlorine’s wide range of action and to its part as a remaining 

disinfectant, which unluckily also leads to harmful residuals. Ultraviolet (UV) light has 

been revealed in some cases to be comparable to chlorine, but makes no disinfection 

residuals; the value of such residuals is still in discussion. Hammes et al. (2010) 

presented that drinking water that had undertaken Ozonation and Biological filtration, 

even so which was distributed without any disinfectant residuals, had a high level of 

biological stability with total cell concentrations hardly changing throughout the 

distribution network. They have highlighted the advantage of utilizing multiple chemical 

and microbiological parameters to assess water quality meanwhile relationships could be 

found between organic carbon and cell counts, on the other hand not with HPC. 
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Rodriguez et al. (2008) treatment technologies require gradually addressing alterations in 

water quality and quantity demand along with minor effects of using of the treatments. 

Increasing amounts of chlorine and chloramines lead to biofilm populations being added 

with Mycobacterium. In addition, increasing the UV light has caused increase in 

discharge of adenovirus in surface waters and the super-surviving portion has caused the 

disinfection microbe inactivation arches not being linear. 

Straub and Chandler (1995) presented some of the important challenges for finding of 

pathogens in water systems. Some of the significant questions they raise including a 

number of that are still not completely countered: is the finding objective enumeration, 

presence/absence, viability/infectivity; what is a proper level of risk (is it one viron per 

1000 L of water); what volume of water needs to be or must be collected; is it necessary 

to observe the complete range of prospective pathogens or only a few target bacteria; and 

can the methods be stipulated. 

Curriero et al. (2001) it is necessary to take better account of historic weather patterns 

since the majority of all surface and groundwater eruptions are attendant with heavy 

rainfall, much above normal levels. For example climate change can cause increase in the 

rate of storms and extent of rainfall events and an increase in the temperatures of surface 

and water distribution systems. This will result in increasing types and numbers of water-

based pathogens. This also will cause an increase in taste and odor issue due to the 

normal increase in algal blooms. 

Vargas et al. (2009) commercial sensors are available for testing chemical water quality 

parameters including: pH, chlorine, electrical conductivity, total organic or dissolved 

organic carbon, and turbidity. A small number of devices can identify microorganisms in 

a continual manner and the ones that are available typically do not perform species 

identification (pathogenic vs. non-pathogenic strains). 

Rodríguez et al. (2009) recently emphasized that PCR (polymerase chain reaction) 

established methods have become the most commonly used method for detection of 

waterborne viruses. PCR and RT-PCR approaches have high specificity and sensitivity, 

can be used for non-cultivable or non-cytopathic viruses, and require objectively short 
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time for revealing (normally 2-4 hours). Inappropriately, PCR methods can be limited for 

environmental analyses in that very small sample volumes are applied (which may lead to 

non-representative testing), the transcriptase enzymes can be repressed by waterborne 

substances counting humic acids, and the method cannot differentiate between infective 

and non-infective viruses. Perseverance of infectivity can differ considerably across type 

of microbe and the environment (Sinclair, et al. 2008).  

Meyer (2003) reported that biofilm development on pipes and water transportation 

systems contributes to the existence of HPCs in water systems and may play a role in 

hygiene harms. Since the appendage of microbes to surfaces and the development of 

biofilm phenotypes arise rapidly, it is virtually impossible to avoid biofilm development. 

The elimination and killing of established biofilms need tough treatments, generally using 

oxidizing biocides which may have variable effectiveness depending on the nature of the 

biofilm. The appearance of bacteria resilient to conventional antimicrobials requires that 

new control approaches to be developed. Some new methods employ the use of 

biological solutions including: enzymes, phages, interspecies interactions, and 

antimicrobial molecules of microbial origin. 

Zhao et al. (2004) showed that the biofilm microbes would need to be vulnerable to the 

phage. Further most biofilms are contained of a complex mixture of species and so 

application of this method has several challenges. A related approach utilizes primer of 

microbial metabolites, which can interfere with the mutual interactions and transport 

network within a complex biofilm. This approach depends on competition for substrates 

that can alter the balance of species within a biofilm. 

 

2.6 Desalination   

 

Riley et al. (2011) there is a tremendous need for methods to considerably increase water 

supply, not only to encounter present needs but also to meet the inhabitants' growth and 

increased water use. Merely, 3% of water on our globe is fresh, but maximum of this is 

moreover in snow or ice or in aquifers that are challenging to reach. Withdrawal from 

groundwater often exceeds the rate of refill. An understandable solution for meeting 
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universal freshwater demand lies in the seas and oceans; however this water is saline to 

be consumed without wide-ranging treatment like that provided by means of desalination.  

Katz and Dosoretz (2008) demonstrated that in Israel, where total demand for freshwater 

go beyond the average natural supply, the freshwater shortage is substituted to a great 

level by treated wastewater utilized for agriculture. Though, the treatment of effluents 

proceeding to be used in irrigation is not satisfactory for sustaining long-term agricultural 

production, because of salinization, which can deteriorate soil pattern and structure. 

Maintainable production of satisfactory drinking water can only be accomplished by 

desalination of sea and brackish waters. Desalination is a process for removing salts from 

seawater and returning water of superior quality. Desalination is not a new approach and 

is already utilized in many areas, mainly in the Middle East. Saudi Arabia alone accounts 

for about a tenth of worldwide desalination whereas Israel uses desalination technology 

to provide about a fourth of its domestic water needs. These technologies shall have 

lower effects on the environment (NRCNA, 2008). Growing populations and political 

concerns are prompting governments and investors to look closely at desalination.  

Lattemann and Hopner (2008) recent desalination facilities using reverse osmosis, which 

practices a membrane to separate out the salt. Almost there are more than 12,000 

desalination plants are currently functioning across the globe. It has been projected that 

up to 25 million m
3
 of desalinated water is produced daily in the world. Desalination 

units are expensive to construct and need considerable amounts of energy to work, 

making desalination appropriate mainly for coastal cities in developed and advanced 

countries. It thus has limited value for poor countries, where water supply issue is most 

serious. 

Shannon et al. (2008) desalination by reverse osmosis has perceived major improvements 

in the last ten years. Additional improvements still are likely to be incremental in part 

because of thermodynamic limitations. Repossessions of seawater desalination are up to 

50%, resulting in a brine discharge of environmental alarm. Thermodynamics directive a 

minimum energy of desalination, where the minimum energy needed to desalt water is 

sovereign of the technology or mechanism used for desalination. 
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Lee et al. (2010) novel technologies which may reduce energy use, and thus costs, might 

benefit desalination’s contribution to drinking water supplies. Majority of the studies to 

reduce the energy utilizing in reverse osmosis desalination has attentive on creating high 

penetrability (flux) membranes and low fouling membranes. The basis for both 

improvements is to reduce the required hydraulic pressure and hence, the electric energy 

needed for the process. Membrane fouling is a large problem, especially when the source 

water has high solids content or extensive organic matter load. The majority number of 

microorganisms is removed by pre-treatment, but since the system is not disinfected and 

because it is not possible to add chlorine to RO membranes, biofilms may always raise. 

The formed bio-fouling will cause decreases in the water flux, increases energy costs, and 

requires regular membrane cleaning or replacement. The Bacillus sp. and Pseudomonas 

sp. are among the most predominant microorganisms that form biofilms on RO and 

Nano-filtration (NF) membranes used for water treatment.  

Nanotechnology has remarkable promise for usage in reverse osmosis. A number of 

Studies have shown that water stream through the inside of carbon nanotubes (so called 

Nano-osmosis) produces flow rates that are 1,000 times to 10,000 times more than likely 

based on the simple fluid mechanics calculations of flow in the pipe (Hinds, 2004). The 

surface inside such structures is smooth and hydrophobic and as a result, water flows as a 

string of molecules that readily slips through the membrane. Multi-carbon nanotubes 

have been used, but the diameter is too large for removing salt. Smaller single-walled 

carbon nanotubes (SWNTs) with a pore size of about 0.7 nm are critical for salt rejection, 

while a high density of  nanotubes is needed for sufficient water productivity through 

such a membrane (Mauter and Elimelech, 2008). 

Roberts et al. (2010) the use and discharge of the concentrated brine must be addressed in 

better ways so that the environmental effects of bigger and more numerous desalination 

plants are minimized. The discharge of desalination facility can harmfully affect aquatic 

communities due to considerable increases in salinity and the accumulation of metals, 

hydrocarbons and toxic anti-fouling compounds in receiving waters. More detail in 

monitoring is needed to ensure that ecological impacts lie within anticipated limits. 
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Though, many published monitoring studies lack sufficient detail with respect to study 

design and statistical analyses, making conclusive interpretation of results difficult. 

El Sheikh et al. (2003) they prepared a strategy plan for water desalination in the Gaza 

strip. They have discussed various types of desalination plants in their study. Technical 

and economic aspects of the various plants were considered. Special consideration was 

given to the reverse osmosis (RO) plants in the Gaza strip. They concluded that the cost 

of desalination is still relatively expensive in the Gaza strip, reverse osmosis desalination 

is strongly recommended and considered as a strategic alternative in order to overcome 

the water shortage and meet the future needs of desalination. In addition and as part of the 

strategy, the power consumption of RO systems in the Gaza strip shall be optimized with 

the Global power consumption and capacity of the power plant under construction. They 

have recommended for establishing a large-scale SWRO plants in order to minimize the 

operation costs which are relatively higher than in the small-scale plants. 

Baalousha (2006) in his paper suggested that studies on the environmental impact of 

desalination should be carried out in order to take the proper measures to protect the 

environment. Also he suggested that effluents brines from the desalination plants are not 

properly discharged and the quality of desalinated water is not monitored. 

Assaf (2001) has reviewed the existing and future planned desalination plants in the Gaza 

Strip and their socio-economic and environmental impacts. He noted that the brine 

disposals from the desalination plants are a menacing and uncontrolled environmental 

problem in the Gaza Strip.  

Ahmed (2007) in his study indicated that performance of the RO plants was satisfactory 

in removing high TDS, through the efficiency deteriorated with time. He showed that the 

RO plants were socially acceptable since the population was satisfied with the treated 

water quality.  
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2.7 Water legislation and institutional framework 

 

According to the desk study conducted by UNEP (2003) on the environment in the 

occupied Palestinian territories the successive administrative and legal regimes have had 

major impacts on the development and management of water resources. Originally, water 

administration and regulations in the West Bank and Gaza strip were based on Islamic 

legal principles. 

It was mentioned in the desk study (UNEP, 2003) that during the British mandate in the 

1930s, a number of important laws and regulations were announced, but most of them 

improperly adjusted existing laws or were articulated along principles established under 

regular law. Between 1952 and 1967 Jordanian laws were imitated in the West Bank, and 

laws based on the British system applied in Gaza, although Gaza was under Egyptian 

government management.  

The Israeli Army Order No. 2 of 7 June 1967 identified that all water resources in the 

recently occupied Palestinian Territories were to be state owned by Israel. Three 

subsequent army orders in 1967 and 1968 granted full control to the military authority, 

designated an Officer to be appointed by the Israeli Military Commander for 

implementation of the orders, established a permit system for the drilling of new wells, 

fixed pumping quotas, and declared all prior settlements of water disputes to be invalid. 

The Israeli water companies Mekorot and Tahal were assumed an important role in 

planning, implementing and functioning water projects in the areas under occupation 

(UNEP, 2003). 

UNEP, (2003) documented that on 26 April 1995, the Palestinian Authority established 

the Palestinian Water Authority (PWA). The PWA derives its authority from By-Law No. 

2 of 1996 and Law No. 3 of 2002, according to which PWA is the official body that 

regulates, and is responsible for, overall water resources in the West Bank and Gaza. The 

PWA has developed the first National Water Plan (PWA, 2000), which has been 

approved by all involved stakeholders (ministries, authorities, water utilities, 

municipalities, etc.). It has not been presented to the National Water Council, as no 

meeting of this body has yet taken place. The National Water Council, however, 
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established by Water Law No. 3, consists of representatives of the most important water-

sector stakeholders. It is envisaged that the National Water Plan will be updated at the 

end of each year taking into consideration all technical, economic, environmental and 

social aspects. However, due to the prevailing circumstances, no update of the 2000 draft 

has been undertaken .  

 

2.7.1 Legislation 

 

Legislation for the regulation and management of the water sector is encompassed in the 

recently approved Water Law No. 3, signed by His Excellency Yasser Arafat, President 

of the Palestinian Authority, on 17 July 2002. The Water Law including: vision, goals, 

policy and strategic principles for the management purpose of the Palestinian water sector 

and shall function in parallel with other relevant legislation, particularly within the 

sectors of environment, agriculture and health. The objectives of Water Law No. 3 are 

listed as bellow: 

 To secure sustainable development of water resources based on environmentally 

sound and enabling bases; 

 To provide and satisfy societal and individual needs for water in an optimal and 

equitable way; 

 Protecting all water resources from pollution and secure water quality, an 

environment not harmful to human health or well-being, and sufficient water for 

production and self-renewal. 

 

2.7.2 Institutional framework 

 

1. Organization of the water sector 

The recently suggested organization of the Palestinian water sector (PWA, 2000) 

envisages clear separation between regulatory and delivery functions and emphasizes that 

PWA is the key regulator and guardian of Palestinian water resources. A number of other 
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stakeholders (e.g. ministries, authorities, water utilities, water user associations, 

municipalities and universities) also play important roles in the functioning of the sector. 

According to Water Law No. 3, the National Water Council, consisting of representations 

from the most important water-sector stakeholders, is, among other matters, responsible 

for: 

• Approving the General National Water Policy and submitting it to the Palestinian 

Authority Cabinet for approval and ratification. 

• Ratifying the National Policy for work on developing and exploiting the water 

resources. 

• Ensuring that the PWA implements the National Policy for water resources. 

• Approving the tariff structure, pricing system and privileges suggested by the PWA. 

 

2. Role of the Palestinian Water Authority 

 

The PWA was established by Decree 90/1995 and its powers and authorities according to 

Water Law No. 3 include the following: 

• To allocate water for beneficial uses. 

• To issue licenses and permits for the uses of water resources. 

• To charge set fees for issuance of licenses and permits as specified in the Water Law  

and regulations. 

• To assure optimal utilization of water resources for public use. 

 

3. Regulatory framework 

 

Water Law No. 3, is divided into three main categories of regulations: environmental, 

water quality and economic. Each category has its own objectives and functions. When 

set up, the environmental regulations will cover the entire field of control for both water 
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abstraction and discharge, including licensing of water abstraction for all demand sectors 

as well as issuing of licenses related to disposal and/or reuse of wastewater. 

PWA is responsible for imposing a set of regulations on the service providers, which 

should satisfy the requirements of the various stakeholders (including the Ministry of 

Health) in regard to the quality of drinking water and water for other purposes. The 

economic regulations aim at reviewing water prices of water to ensure they meet interests 

of the customer while ensuring that all cost-related activities are performed efficiently. 

They should also allow for incentives to reward service providers for managing available 

capital efficiently. Drafting and enacting regulations for the water sector are both 

relatively straightforward when compared with the challenges of enforcement. The PWA 

is to establish simple and clear institutional arrangements to create conditions favoring 

the smooth functioning and enforcement of regulations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

24 

  3-CHAPTER 

METHODOLOGY 

 

3.1Permission and cooperation with incharged authorities 

     

Palestinian Ministry of Health (MOH) laboratory conducts annual microbiological 

analyses for desalinated drinking water in the Gaza strip. The researcher applied the 

necessary permits through Al-Azhar University-Gaza to the Palestinian Ministry of 

Health (MOH) and Ministry of Higher Education (MOHE) to conduct this research 

experimental work (see annex.1). Permission was asked from MOH to conduct chemical 

and microbiological tests of drinking water samples at the Ministry of Health laboratory 

in Gaza. Also permission was asked from the Ministry of Higher Education to take water 

samples from kindergartens in the Gaza strip. The MOH technicians in the Gaza 

laboratory helped the researcher to conduct all water samples chemical and 

microbiological analyses, and provided the needed tools and substance as possible. The 

principles of kindergartens in the Gaza strip governorates allowed the researcher to 

collect drinking water samples from the tanks and their cooperation was helpful. 

Desalination plants owners and the working team was fully cooperative. They allowed 

the researcher to take needed water samples from the plant and delivery trucks.  

 

3.2 Study area 

 

3.2.1 Geography 

The Gaza strip is a narrow strip of land on the eastern coast of the Mediterranean sea, 

situated in the middle east at latitudes [31°16'' and 31°45''N] and longitudes [34°20'' and 

34°25''E] bordered by the Mediterranean sea in the west and the Negev desert and 

Egyptian Sinai headland in the south with a total area of 365 Km
2
 (Aish, 2004).   

Most of Gaza strip topographical area is described as flat area gradually sloping with a 

range from (0-5)%, westward toward the sea allowing for surface runoff (Khalaf et al., 

2007). The landscape of the Gaza strip is essentially a foreshore plain. A sandy beach 

stretches along the coast, bound in the east by a bridge of sand dunes up to 40 m high. 

Land surface elevations range from mean sea level (MSL) to about 110 MSL in the 
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eastern parts. Gaza’s water resources are essentially limited to that part of the coastal 

aquifer that underlies its area (Al-Talmas and Mogheir, 2012).  

 

3.2.2 Vegetation 

On the Gaza coastal plain the original Saharo-Sindian flora has been almost completely 

replaced by farmland and buildings. Gaza includes six main vegetation zones: the coastal 

littoral zone, the stabilized dunes and blown-out dune valleys, the Kurkar, alluvial and 

grumosolic soils in the northern part, the loessial plains in the eastern part, and three wadi 

(river) areas (UNEP, 2003). 

 

3.2.3 Climate 

The Gaza strip has a temperate climate, with mild winters and dry, hot summers subject 

to drought. Average rainfall is about 300 mm. In the Gaza strip rainfall occurs in the 

winter months (October-March) and mostly the Rainfall occurs during December to 

January (Khalaf, et al. 2007). 

 

3.2.4 Water supply 

There are 25 Municipalities responsible for providing domestic water through 192 wells 

distributed over the Gaza Strip municipal areas. These wells provide water for both 

municipal and industrial uses. The Gaza strip water supply in the year 2010 was 

estimated to be about 172.4 Mm
3
 (PWA, 2012). Around 98% of the Gaza strip population 

has piped water supply systems. The remainder depends mainly on cisterns and springs 

for their water use. The overall loss of water in the Gaza strip through the system is 

estimated at 45% of which 35% is due to physical losses and 10% is due to illegal water 

connections. Though, there are two main systems to distribute the desalinated water from 

RO facilities. 

 

1. Domestic water network 

The municipalities of Khanyounis and Deir Al Balah are pumping some of the 

desalinated water into the distribution network, where the consumers can get their fresh 

water. This is usually managed through few hours since the people are aware about the 

schedule of pumping such water. 
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2. Water tankers 

The private sector- local contractors- has a big rule in transporting the desalinated water 

from the sites of RO units to the consumers and water shops where they are not 

connected to the networks of the plants. Customers have to fill their Jeri cans directly 

from the tankers or the tanks owned by supermarkets. In the near future desalinated water 

from the regional plant will be distributed in the municipal distribution networks and will 

be paid as part of the water bill (Ahmed, 2007). 

 

3.2.5 Population 

Approximately 4,550,368 Palestinians live in the Occupied Palestinian Territories, of 

whom about 1,760,037 people are in Gaza strip. The annual population growth in the 

Gaza strip is estimated to be 3.41% and in the West Bank estimated to be at 2.59% while 

in the occupied Palestinian territories is estimated at 2.9% (CIA, 2014). 

 

3.2.6 Economic Situation 

The Gaza economy has come slowdown due to a combination of unemployment, 

closures, and restrictions placed on workers, industries, goods and services. With 

unemployment in Gaza reaching alarmingly high levels, the recent Israeli military 

operation has further paralyzed economic development, destroying much of the 

remaining productive resources, capital stock, and employment opportunities. 

 

For this study the kindergartens in the Gaza strip are selected as study area. To assess the 

physical, chemical and microbiological characteristics of the desalinated drinking water 

the samples were collected from 50 selected kindergartens from southern, Middle area, 

Gaza and Northern area governorates as shown in Fig.3.1. It was documented by MOHE 

(2012) that the total number of licensed kindergartens in the Gaza strip governorates is 

about 392. There are two out of this total number working under the supervision of the 

Ministry of Education and Higher Education. On the other hand the ministry is observing 

almost 390 total numbers of kindergartens regularly. 
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3.3 Sampling site selection 

 

Water samples were taken from 50 kindergartens (50 water tanks, 43 trucks providing 

water to the kindergartens and 30 desalination plants supplying water to the selected 

kindergartens). A total number of 50 kindergartens were selected. 7KG's were selected 

from Northern area, 15KG's were selected from Gaza city, 11KG's were selected from 

Middle Area, 11KG's were selected from Khanyounis governorate and 6KG's were 

selected from Rafah city.  Then an analysis was conducted to check their positivity for 

contamination. List tabulating names  of the selected kindergartens for this study are 

given in annex (2).  

 

Fig.3.1: Map shows sampling sites of the selected study area 
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3.4 Samples collection  

 

Water samples collection were conducted during September and December 2013.  

Samples collection was performed according to Standard Methods for the Examination of 

Water and Wastewater 20th edition (APHA, 1999). Plastic bottles of one liter capacity 

were used to collect water samples for physical and chemical examinations. Nonreactive 

borosilicate bottles of 300ml capacity were used to collect water samples for 

microbiological (TC and FC) test.  Before taking water samples all bottles were cleaned 

and rinsed carefully, given a final rinse with deionized or distilled water, and sterilized. 

For microbiological test a sufficient amount of sodium thiosulfate (Na2S2O3) was added 

to all sampling bottles intended for the collection of desalinated water to eliminate 

residual chlorine toxic influences which may kill coliforms. All samples were taken from 

one of the taps which connected to the desalinated drinking water tank. Tap was opened 

fully to let water run to waste for 2-3 minutes. Then the tap was closed to apply 

disinfection (inside and outside) using 70% Ethanol then was disinfected again by flame 

for a minute. After that water was run for additional 2-3 minutes. Then water flow was 

reduced to permit filling bottle without splashing. While the sample is collected, air space 

was left in the bottle to facilitate mixing by shaking. All collected samples were delivered 

in icebox to the laboratory immediately and then kept in the refrigerator at 4
0
C for 20 

hours then analysis was done. 

   

The volume of sample was sufficient to carry out all tests; the volume taken for TC and 

FC tests was 300 ml for both. However, a volume of 1000 ml was taken for physical and 

chemical parameters measurements, and the excess amount of sample volume was stored. 

Complete and accurate identifying and descriptive data was written on every sampling 

bottle. A sheet of overall sample information was documented during sampling period; 

including the date, location, sample number and the name of the sampler. A copy of this 

sheet was delivered for laboratory. 

 

3.5 Conducted water samples analysis    

 

A total number of 123 drinking water samples were delivered to MOH laboratory-Gaza 

for physical, chemical, TC and FC analysis. The MOH laboratory procedures which used 
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for water samples analysis follow the American Standard Methods for the Examination of 

Water and Wastewater (APHA, 1999). The methodology used for measuring water 

samples parameters is highlighted as following:  

 

3.5.1 Water temperature 

Mercury thermometer having a scale marked for every 0.1 
0
C was used to measure the 

water temperature. The thermometer was immersed in the water sample and the final 

reading of temperature was recorded after equilibration achieved. 

 

3.5.2 pH 

The pH level of drinking water reflects how acidic it is. The pH stands for “potential of 

hydrogen,” referring to the amount of hydrogen found in water. The value pH is 

measured on a scale that runs from 0 to 14. Seven is neutral, meaning there is a balance 

between acid and alkalinity. A measurement below 7 means acid is present and a 

measurement above 7 is basic (EPA, 2007). 

 

Fresh sample was taken to measure pH level in drinking water. The sample was stirred 

gently while measuring pH to insure homogeneity. The Jenway pH meter-model 3310 

was used to measure pH values in the collecting water samples at MOH laboratory-Gaza.  

 

3.5.3 Electrical conductivity (EC) 

Electrical conductivity is a measure of the ability of water to pass an electrical current. 

Electrical conductivity in water is affected by the presence of inorganic dissolved solids 

such as chloride, nitrate, sulfate, and phosphate anions or sodium, magnesium, calcium, 

iron, and aluminum cations. Electrical conductivity is also affected by temperature: the 

warmer the water, the higher the conductivity (drinking water: Monitoring and 

Assessment (http://water.epa.gov/ accessed on 25/2/2014).  

 

In the course of this study conductivity meter  Hach company–model sension 7 was used 

to measure the conductivity. Before reading the conductivity of water sample the 

temperature was adjusted at 25 degrees Celsius (25
0
C) then the conductivity reading was 

recorded and its unit which used in this thesis is (μs/cm). 

http://water.epa.gov/


 

 

30 

3.5.4 Total dissolved solids (TDS)  

TDS stands for total dissolved solids, and represents the total concentration of dissolved 

substances in water. TDS is made up of inorganic salts and a small amount of organic 

matter. Common inorganic salts that can be found in water including: calcium, 

magnesium, potassium and sodium, which are all cations, and carbonates, nitrates, 

bicarbonates, chlorides and sulfates, which are all anions (TDS and pH in water 

(www.safewater.org). TDS concentrations during this study were calculated by 

calculation and the equation used is given as following:   

TDS   (mg/l)   =   0.62   x   EC                                                                      Eq. (3.1)   

 

3.5.5 Hardness 

Hard water is high in dissolved minerals, both calcium and magnesium. As water moves 

through soil and rock, it dissolves small amounts of these naturally-occurring minerals 

and carries them into the ground water supply (www.watersystemscouncil.org).  

During this work EDTA titration method was used to measure total hardness in water 

samples. 25-50 ml of the sample was taken. 1-2 ml buffer was added to give a pH of 

10.0-10.1. Then 1-2 drops of indicator solution was added and titrated with EDTA titrant 

which changing color from reddish tinge to blue. A sample volume that requires less than 

15 mL EDTA titrant was selected and titration was completed within 5 min after buffer 

addition. The EDTA titrant should be first standardized against standard calcium solution. 

The values of hardness were calculated using the following equation:  

  Total Hardness (EDTA),mg CaCO3 /L = 

                                                                                                                                Eq. (3.2)        

where: A = ml EDTA titrated for sample 

           B = mg CaCO3 equivalent to 1.00 ml EDTA titrant 

 

®3.5.6 Chloride  

Chlorides are widely distributed in nature as salts of sodium (NaCl), potassium (KCl), 

and calcium (CaCl2). Chlorides are leached from various rocks into soil and water by 

A x B x 1000 

ml sample 

http://www.safewater.org)/
http://www.watersystemscouncil.org/
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weathering. The chloride ion is highly moveable and is moved to closed basins or oceans 

(WHO, 1996 and 2008). A number of appropriate analytical methods are available for 

measuring chloride in water. During this study argentometric method was used to 

measure chloride concentrations in water, details can be found in (APHA, 1999). After 

completing the titration process the following equations are used to calculate chlorides 

concentration:  

               N = 0.0141 x  

                                                                                                                   Eq. (3.3) 

where:  

       N = normality of AgNO3 

       V = ml AgNO3 titrant 

       B = ml titration for blank 

 

               mg Cl  / L = 

where:                                                                                                          Eq. (3.4) 

        A = ml titration for sample  

        B = ml titration for blank 

        N = normality of AgNO3 

 

3.5.7 Nitrate  

Nitrate is a form of dissolved nitrogen that occurs naturally in soil and water. It is the 

primary source of nitrogen for plants. Most natural concentrations of nitrate are not of 

concern, but when excess nitrate gets into water, it can pose a health hazard to humans. 

Sources of nitrate in water come from human activities including: fertilizers, animal 

feedlots, septic systems, wastewater treatment lagoons, animal wastes, industrial wastes, 

and food processing wastes (Daniels and Mesner, 2010); the website was accessed on 

February 25- 2014. http://extension.usu.edu/waterquality.  

To measure nitrate concentrations in water ultraviolet spectrophotometer (company: 

labomed–model: spectro uv.- vis. auto 2602) was used. The spectrophotometer was 

adjusted to wave length at 220 nm. The spectrophotometer was set at zero absorbance by 

reading the absorbance of blank sample and then the reading of unknown water sample 

(A-B) x N x 35  

   ml sample 

ml standard  NaCl 

        V - B 

http://extension.usu.edu/waterquality
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was recorded at the absorbency. Finally the reading was calibrated with nitrate calibration 

curve and the concentration of required nitrate was calculated (APHA, 1999).   

 

3.5.8 Calcium 

Calcium occurs in water naturally. One of the main reasons for the abundance of calcium 

in water is its natural occurrence in the earth's crust. Calcium is also a constituent of 

coral. Rivers generally contain 1-2 ppm calcium, but in lime Areas Rivers may contains 

calcium concentrations as high as 100 ppm. Calcium is an important determinant of water 

hardness, and it also functions as a pH stabilizer, because of its buffering qualities.  

Calcium also gives water a better taste (http://www.lenntech.com/periodic/water/calcium/  

calcium-and-water.htm) website was accessed on 26th February 2014. For measuring 

calcium concentration in water EDTA titration method was used (APHA, 1999). The 

equation used for calcium level calculation is given as bellow: 

 

               mg Ca / L = 

                                                                                                                    Eq. (3.5) 

where: 

                A =    mL titrant for sample 

              B =  

 

 

3.5.9 Magnesium 

Magnesium is the eighth most abundant natural element. It makes up 2.5 percent of the 

Earth's crust and is commonly found in such minerals as magnesite, dolomite, olivine, 

serpentine and talc. It is present in all natural waters and is a major contributor to water 

hardness (WHO, 2008). Ferromagnesian mineral igneous rocks and magnesium 

carbonates in sedimentary rocks are generally considered to be the principal sources of 

magnesium in natural waters (Guidelines For Canadian Drinking Water Quality-

Supporting Documents –Magnesium) website was accessed on 26th February 2014 

(http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/magnesium/index-eng.php). The level 

of magnesium in water was calculated using the following equation: 

 

mg Mg/L = [total hardness   −  calcium hardness (as mg CaCO3/L)] × 0.243       Eq. (3.6) 

A x B x 400.8  

mL sample  

mL of standard calcium solution taken for titration 

                      mL EDTA titrant 

http://www.lenntech.com/Periodic-chart-elements/Ca-en.htm
http://www.lenntech.com/periodic/water/calcium/calcium-and-water.htm
http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/magnesium/index-eng.php
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3.5.10 Fluoride  

Fluoride compounds are salts that form when the element, fluorine, combines with 

minerals in soil or rocks. Some fluoride compounds, such as sodium fluoride and 

fluorosilicates, dissolve easily into ground water as it moves through gaps and pore 

spaces between rocks. Most water supplies contain some naturally occurring fluoride. 

Fluoride also enters drinking water in discharge from fertilizer or aluminum factories. 

Also, many communities add fluoride to their drinking water to promote dental health 

(http://water.epa.gov/drink/contaminants/basicinformation/fluoride.cfm). The method 

used during this study to measure fluoride concentration in the water samples is called 

SPANDS Spectrophotometric. In this procedure the fluoride reacts with certain zirconium 

dyes to form a colorless complex and another dye. Then the dye becomes progressively 

lighter as fluoride concentration increases. The produced absorbance is measured at 570 

nm. The calibration curve using absorbance values for known standards is prepared. 

Finally fluoride values for the samples were recorded. The details of this method may be 

found in APHA (1999). Ultraviolet spectrophotometer  (company: labomed– model : 

spectro uv.- vis.auto2602) was used to determine fluoride in the water samples. 

     
3.5.11 Total coliform 

Total coliforms are a group of bacteria commonly found in the environment, for example 

in soil or vegetation, as well as the intestines of mammals, including humans. Total 

coliform bacteria are not likely to cause illness, but their presence indicates that water 

supply may be vulnerable to contamination by more harmful microorganisms 

(www.doh.wa.gov/Portals/1/Documents/Pubs/331-181.pdf) accessed on 27th February 

2014. For total coliform measurement 100 ml was taken which it is the standard sample 

size. This sample volume usually yields 20 to 80 coliform colonies and not more than 200 

colonies of all types on a membrane-filter surface. A sterile filtration unit was used at the 

beginning of each filtration series as a minimum precaution to avoid accidental 

contamination. Sterile forceps was also used; a sterile membrane filter (grid side up) was 

placed over porous plate of receptacle. The samples then filtered under partial vacuum. 

The interior surface of the funnel was rinsed by filtering 20 to 30ml portions of sterile 

dilution water. Then the membrane filter was placed on the agar-based medium directly, 

http://water.epa.gov/drink/contaminants/basicinformation/fluoride.cfm
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the dish was inverted, and it incubated for 22 to 24 hours at 35 ± 0.5°C.  A white 

fluorescent light source was directed to provide optimal viewing of sheen. Finally the 

coliform colony which has a pink or dark-red color with a metallic surface sheen was 

numbered (APHA, 1999). 

  
3.5.12. Fecal coliform  

The presence of Fecal Coliform in well water may indicate recent contamination of the 

groundwater by human sewage or animal droppings which could contain other bacteria, 

viruses, or disease causing organisms. This is why Coliform bacteria are considered 

“indicator organisms”; their presence warns of the potential presence of disease causing 

organisms and should alert the person responsible for the water to take precautionary 

action. A basic laboratory test is the best way to tell if Coliform organisms are present, as 

they can be there with no appearance or taste difference. When water is tested for Fecal 

or Total Coliform, the results are usually given as the number of colony forming units per 

100 milliliters (CFU/100ml) of water sampled. The website was accessed on 27th 

February 2014 (www.env.gov.bc.ca/wsd/.../groundwater/.../coliform (020715) _fin2.pdf).  

For fecal coliform laboratory test a sample of 100ml volume was taken to yield 20 to 80 

coliform colonies and not more than 200 colonies.  A sterile membrane filter was placed 

over porous plate of receptacle. Sample then was filtered under partial vacuum. The 

interior surface of the funnel was rinsed by a flow of sterile dilution water from a squeeze 

bottle. The funnel was removed, immediately membrane filter was removed with a sterile 

forceps, and then placed on M-FC agar. The dish was inverted to be ready for incubation. 

The dishes were incubated for 24 +/- 2h at 44.5 +/- 0.2°C. Finally the total number of 

fecal coliform bacteria colonies produced on M-FC with blue color was recorded.  

qq 

3.6 General survey 

The general and physical survey was carried out during the sampling of various sites in 

this study. The purpose of this survey was to know at random the current situation and to 

probe more deeply into the gross matter relating to the grave of drinking water 

contamination in particular kindergartens in the Gaza strip.  
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In order to gather the required information, principals and teachers from kindergartens, 

persons involved in supplying water to kindergartens (water tankers drivers) and 

desalination plants operators were asked several questions which are given bellow.   

The following questions were asked to the principals and teachers of the selected 

kindergartens in the Gaza strip governorates during this study:   

1. Is the drinking water tank made from stainless steel or plastic? 

2. Is the drinking water tank placed in an appropriate site? 

3. Is there any agency conducting a sort of periodic test for water quality? 

4. Is the process of emptying the tank before filling a new drinking water being 

applied? 

5. Is the drinking water tank being disinfected regularly?  

6. Do the kindergartens premises use free chlorine or chemical detergents as a mean 

of disinfection? 

 

The following questions were asked from the water tankers drivers during taking water 

samples. These tankers used to supply drinking water to the selected kindergartens in the 

Gaza strip governorates during this work.  

1. Is the tank made from stainless steel/plastic or iron? 

2. Is the cover of water tankers being properly closed? 

3. Is there any drainage hole made for cleaning purpose at the bottom of the truck 

tank? 

4. Is the water tankers pump hose being cleaned? 

5. Is the process of emptying the tank before filling a new drinking water being 

applied? 

6. Is the tank of the truck being disinfected in a periodic interval? 

7. Are you using free chlorine or chemical detergents disinfection purpose? 

 

The following questions were asked from the owners and operators during taking the 

water samples.  

1. Is there any periodic test being conducted for water parameters? 

2. Is the desalinated water storage placed in the plant? 



 

 

36 

3. Are the storage tanks of the desalination plant being disinfected? 

4. Which material is used for disinfection purpose (free chlorine or ultra violet rays 

or both of them)? 

5. Is the disinfection material added before storage process or distribution?   

6. Are the tanks at the plant made from stainless steel/plastic or concrete? 

7. Is a disinfection process for inlet and outlet of the plant being applied during 

filling-up the water tankers? 

 

3.7 Data compiling and statistical analysis  

 

After completing the laboratory analytical process of the water quality selected 

parameters, the excel sheets including tables contain names of all selected kindergartens, 

water tankers and desalination plants were made. The tables were divided into five 

groups, according to the geographical locations. The tables contain the result of all 

selected parameters. The Details of all analyzed parameters are shown in annex (3).  

The generated data were entered as Microsoft Excel sheets, uploaded to Statistical Pakage 

for Social Sciences (SPSS), and analysed using Min, Max, average, standard deviation 

parameters. In addition the Pearson correlation coefficient (a measure of linear 

association) and paired sample t-test are used to study the relation between various 

environmental parameters and detect significant variations among bateriological 

parameters in different demographic areas to determine the sources of contamination. 
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 FOUR  -CHAPTER 

RESULTS AND DISCUSSION 

 

4.1 Statistical analysis of the water samples data 

 

Statistical tools play a key role in assessment of environmental data. These tools help 

researchers to know whether monitoring sites are contaminated or not and also to find out 

the similarity in water quality data among monitoring sites. In the past decades a number 

of guidelines, principles and standards were defined by World Health Organization and 

EPA based on statistical procedures. Palestinian government has also established concern 

department committed to evaluate water quality in Palestine and Palestinian Standard 

(PS) to set the standards for safe drinking water. In this thesis an application of some 

useful statistical tools were demonstrated to investigate the water quality of desalinated 

drinking water at the kindergartens, water tankers and desalination plants in the Gaza 

strip governorates.  

 

4.2 Physiochemical quality of drinking water samples 

 

A total of 123 samples were collected from 50 kindergartens, 43 water tankers and 30 

desalination facilities in the Gaza strip and analyzed for the evaluation purpose of water 

quality with respect to permeate including: temperature, pH, total dissolved solids, 

electrical conductivity, hardness, chloride, nitrate, magnesium and calcium. The sampling 

and laboratory analysis were carried out for a period of 4 months. 

 

The results obtained from statistical analysis are discussed as following and given in 

annex (4): 

 

4.2.1 Water temperature  

Temperature is one of the significant parameters in the environment. This is because that 

most of the physical, chemical and biological properties are ruled by it. Temperature is 

limits the saturation values of solids and gases that are dissolved in the water 

(http://www.fondriest.com/environmental-measurements/parameters/water-quality/water-

temperature/).  
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Fig.4.1: Average temperature values in the desalinated drinking water samples  

 

Figure 4.1 shows the average values of temperature in the drinking water for the samples 

taken from kindergartens tanks , water tankers and desalination units. Slight variation in 

temperature values was observed. The values of temperatures in water samples taken 

during this study from all kindergartens water storage tanks ranging from 22 to 31 
0
C 

with an average value of 24.92 
0
C (data presented in annex 4.1). The values of water 

temperatures in the water samples taken from all trucks supplying water to kindergartens 

in the Gaza strip was ranging from 22 to 28 
0
C with an average of 25.09 

0
C (data 

tabulated in annex 4.2) . The values of water temperatures in  all water samples taken 

from desalination facilities storage tanks was ranging from 22 to 28 
0
C with an average of 

24.87 
0
C (data presented in annex 4.3) . Descriptive statistical analysis of the obtained 

values of water temperature is given in annexes (4.4-4.8). The highest value of 

temperature was observed in the samples collected from Khan Younis governorate. This 

is because the samples were collected in the end of summer season. The minimum value 

was found to be in the samples collected from north governorate. This is because samples 

were collected in the beginning of winter season. 
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4.2.2 pH 

According to U.S. Environmental Protection Agency (2007) the pH level in drinking 

water is classified as a secondary drinking water contaminant where its impact considered 

being aesthetic. Though, the EPA recommending that public water schemes adjusting pH 

values in the range of (6.5-8.5) is a good guide for private well owners. 

 

Water with low pH value can be acidic, indeed to be soft and corrosive. Acidic water may 

cause leaching to metals from pipes and fixed object for example, copper, lead and zinc. 

It can also impairment metal pipes and cause aesthetic problems (e.g. a metallic or sour 

taste, laundry staining or blue-green stains in sinks and drains). Drinking water with a pH 

value above 8.5 points to high level of alkalinity minerals is present. High alkalinity is 

not a health risk factor, but can cause aesthetic problems as mentioned by EPA (2007). 

 

Figure 4.2 presents the average levels of pH in the drinking water of the samples taken 

from kindergartens tanks, water tankers and private RO desalination units among all 

governorates in the Gaza strip. 

 

 

Fig.4.2: Average pH levels of drinking water samples in the Gaza Strip governorates    

 

From the above figure it is clear that there is a slight variation in pH level among the 

kindergartens in Gaza governorates, but the variation in pH values is higher between 
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kindergartens and desalination units. The values of pH in all water samples taken from 

kindergartens water tanks ranging from 5.58 to 8.69 with an average value of 6.79 .  The 

minimum value (5.58) of pH was observed at the kindergartens in north area water 

samples. The maximum value of pH was observed in the samples collected from middle 

area kindergartens( data tabulated in annex 4.1). About 82% of pH values of samples 

collected from kindergartens meeting with WHO and Palestinian standards (6.5-8.5).    

 

The values of pH in the all water samples taken from tankers which used to supply water 

to kindergartens in Gaza strip was ranging from 5.48 to 8.40 with an average of 6.50. The 

pH minimum value was found to be in north governorate water samples and maximum 

value observed in middle area governorate water tankers samples (data presented in  

annex 4.2). About 47% of pH values in the water samples collected from trucks found to 

be in agreement with the WHO and Palestinian standard.       

 

The values of pH in water samples taken from all desalination facilities storage tanks 

were ranging from 5.22 to 8.69 with an average of 6.26. The pH minimum value was 

found to be in north governorate water samples and maximum value observed in middle 

area governorate desalination unit samples (data given in annex 4.3). About 22% of pH 

values in the water samples collected from desalination units found to be in agreement 

with the WHO and Palestinian standard. It is clear that most of pH values in water 

samples were less than WHO and PS standards as a result of lacking in pH adjustment 

and clear control in desalination units. Statistical analysis of the obtained values of pH for 

all water samples is given in annexes (4.4 -4.8).  

       

4.2.3 Electrical conductivity   

It is a measure of the ability of an aqueous solution to carry an electric current. It depends 

on the presence of ions, on their total concentration, mobility and temperature of 

measurement. Higher value of conductivity shows higher concentration of dissolved ions. 

Electrical conductivity is considered to be a rapid and good measure of dissolved solids. 

Conductivity is an important criterion in determining the suitability of water for drinking 

and irrigation purposes (www.epa.gov, accessed on 20th March, 2014). Figure 4.3 shows 

the distribution of EC average values in the drinking water samples which taken from 

http://www.epa.gov/
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kindergartens storage tanks, water tankers and desalination units among all governorates 

in the Gaza strip. 

 

 

Fig.4.3: Average EC values of water samples in the Gaza Strip governorates    

 

From Fig.4.3 it is clear that there is a high variation in conductivity values in the water 

samples taken from kindergartens, water tankers and desalination units in the Gaza strip 

governorates. The values of EC in all water samples collected from kindergartens storage 

water tanks ranging from 43.90 to 403µs/cm with an average value of 157.18µs/cm. The 

minimum value (43.90) of EC was found at the kindergartens in north area water 

samples. The maximum value of EC was observed in the samples collected from 

Khanyounis governorate kindergartens (data presented in annex 4.1).     

 

The values of EC in the water samples taken from all trucks which used to supply water 

to kindergartens in the Gaza strip governorates was ranging from 44.30 to 389µs/cm with 

an average of 151.34 µs/cm. The minimum value of EC was found to be in north 

governorate water samples and maximum value observed in Khanyounis governorate 

trucks water samples (data given in annex 4.2).        

 

The values of EC in water samples collected from all desalination units were ranging 

from 45.5 to 395µs/cm with an average of 158.54µs/cm. The least value of EC was found 

to be in north governorate desalination units water samples and highest value observed in 

Khanyounis governorate desalination unit water samples (data presented in annex 4.3) .  
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All the values of EC in the water samples collected from kindergartens, trucks and 

desalination units found to be lower than WHO and Palestinian standard (2000µs/cm). 

The high value of conductivity was due to presence of dissolved salts. The value of 

electrical conductivity follows the order North < Rafah <Middle area<Gaza<Khanyounis.  

The descriptive statistical analysis of obtained values of EC is given in annexes (4.4 – 

4.8).  

 

4.2.4 Total dissolved solids (TDS) 

The recommended maximum value for the concentration of TDS (500 mg/l) is based on 

taste. Usually TDS water values with less than (500 mg/l) is considered as good quality 

water but values of up to (1000 mg/l) can be accepted. Corrosion may come to be a 

problem with high TDS levels. TDS is related to Electrical Conductivity (EC) of the 

water and high EC normally produces a high TDS. There is no health effect related with 

high TDS but the components which make up the TDS may cause problems in their own 

right. It is difficult to lower the TDS, however ; appropriate treatments including reverse 

osmosis, ion exchange and distillation could lower the TDS levels  (Geetha, et al. 2008).  
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Fig.4.4: Average TDS values of water samples in the Gaza Strip governorates 
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High values of TDS in ground water are generally not harmful to human beings but high 

concentration of these may affect persons who are suffering from kidney and heart 

diseases (Gupta, et al. 2004). A high content of dissolved solids elevates the density of 

water, influences osmoregulation of fresh water organism, reduces solubility of gases 

(like oxygen) and reduces EC value of water for drinking, irrigation and industrial 

purposes according to Maiti (2004). The values of TDS in water samples taken from all 

kindergartens storage water tanks ranged between 27.22 and 249.86 mg/l with an average 

value of 97.45 mg/l . The minimum value of TDS was noticed at the kindergartens in 

north area samples. The maximum value of TDS was perceived in the samples collected 

from Khanyounis kindergartens (data presented in annex 4.1).     

 

The concentrations of TDS in the water samples collected from all water tankers samples 

were ranging from 27.47 to 241.18 mg/l with an average of 93.82 mg/l. The TDS least 

concentration was found to be in north governorate water samples and high concentration 

observed in Khanyounis governorate trucks water samples (data given in annex 4.2).       

 

The levels of TDS concentration in all water samples taken from desalination facilities 

were ranging from 28.21 to 244.90 with an average of 98.29 mg/l. The TDS minimum 

value was found to be in north governorate water samples and maximum value observed 

in Khanyounis governorate desalination units water samples (data tabulated in annex 4.3). 

All water samples were found to be lower than the allowed concentration level according 

to WHO and Palestinian standards (1000 mg/l). Continuous consumption of water with 

high TDS content can cause gastro-intestinal irritation. It also causes undesirable taste 

and corrosion or incrustation (WHO, 2003). Generally there is a big gap between feed 

and product water concentrations of TDS as a result of high removal efficiency 

performed by desalination facilities in the Gaza strip. The descriptive statistical analysis 

of obtained concentrations level of TDS is given in annexes (4.4 – 4.8).  

 

4.2.5 Total hardness (TH) 

Water hardness is the ordinary degree of the capacity of water to react with detergents 

and soap, hard water needing much more soap to produce lather. Hard water regularly 

produces an obvious deposit of precipitate such as insoluble metals, soaps or salts in 

containers, including “bathtub ring”. The primary natural sources of hardness in water are 
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dissolved polyvalent metallic ions from sedimentary rocks, seepage and runoff from soils. 

Calcium and magnesium, the two basic ions, are existing in many sedimentary rocks, the 

most common being limestone and chalk as documented by WHO in (2011).  

 

The degree of hardness of drinking-water is important for aesthetic adequacy by 

consumers and for economic and functioning concerns. Many hard waters are softened 

for those reasons using several appropriate technologies, and the mineral composition 

will be considerably affected. The optimal for most appropriate conditioning technology 

will depend on local situations including: water quality issues, piping materials and 

corrosion (WHO, 2011).  

 

Fig.4.5: Average TH values of water samples in the Gaza Strip governorates    

 

From Fig.4.5 it is clear that there is moderate variation in hardness values at the 

kindergartens, trucks and desalination units water samples collected from the Gaza strip 

governorates. The values of hardness in water samples taken from all kindergartens 

storage water tanks ranging from 4.02 to 60.25 mg/l with an average value of 21.47 mg/l.  

The minimum value of hardness was found at the kindergartens of Khanyounis 

governorate water samples and the maximum value of hardness was observed in the 

samples collected from Gaza governorate kindergartens (data presented in annex 4.1).     
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The values of hardness in the all water samples collected from trucks used to supply 

water to kindergartens in the Gaza strip governorates was ranging from 4.02 to 58.29 

mg/l with an average of 19.87 mg/l. The minimum and maximum values of hardness 

were found to be in Khanyounis governorate water samples (data given in annex 4.2).        

 

The hardness level in all water samples collected from desalination units were ranging 

from 4.02 to 40.97 mg/l with an average of 21.14 mg/l. The least value of hardness was 

found to be in Rafah governorate desalination units water samples and highest value 

observed in North governorate desalination unit's water samples (data tabulated in annex 

4.3). 

  
All the values of hardness in the water samples collected from kindergartens, water 

tankers and desalination units found to be about 7 times lower than WHO and Palestinian 

standards level (500 mg/l). The level of hardness degree follows the order Rafah < Gaza 

<Khanyounis<Middle Area<North. Descriptive statistical analysis of the obtained values 

of hardness level is given in annexes (4.4-4.8).  

 

5.2.6 Chloride 

PWA (2013) reported that major water quality problems in the coastal aquifer of Gaza 

strip are high salinity and high nitrate concentrations. In general, the groundwater salinity 

in terms of chloride (Cl
-
) changes from area to another, based on the hydrogeological 

conditions of the water yielding zone, abstraction pattern in terms of quantity and 

duration as well as the total penetrated depth. 

 

The chlorides concentration in all water samples taken from kindergartens water storage 

tanks ranged between 10 and 90.30 mg/l with an average concentration of 35.63 mg/l  

.The least concentration of Cl
-
 was observed at the kindergartens in North area samples. 

The highest concentration of Cl
-
 was seen in the samples taken from Gaza kindergartens 

(data presented in annex 4.1).     

 

The concentrations of Cl
-
 in the all water samples taken from trucks were ranging from 

10 to 87.91 mg/l with an average of 32.03 mg/l. The chlorides least concentration was 

found to be in North area water samples and high concentration observed in water 

samples taken from Gaza governorate water trucks (data given in annex 4.2) .     
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 Fig.4.6: Average Chlorides level of water samples in the Gaza Strip governorates 

 

The levels of Cl
-
 concentration in all water samples taken from desalination facilities 

were ranging from 10 to 88.53 with an average of 33.34 mg/l. The Cl
-
 minimum value 

was found to be in samples collected from North governorate and maximum value 

observed in samples taken from Gaza governorate desalination units (data tabulated in  

annex 4.3) . 

 

All water samples were found to be lower than the allowed concentration level as 

compared with WHO and Palestinian standards (250 mg/l). According to WHO (1996) 

chloride is the most abundant anion in the human body and contributes significantly, 

along with its associated actions, to the osmotic activity of the extra-cellular fluid; 88% of 

the chloride in the body is extra-cellular. A normal 70 kg human body contains 

approximately 81.7 g of chloride and 45 liter of water. The taste threshold for chloride in 

drinking water is dependent on associated cation, but is usually within the range of 200-

300 mg/l (Hilles and Al-Najar, 2011).    

 

The level of chlorides concentrations follows the order North<Rafah<Middle 

Area<Gaza<Khanyounis. Generally there is a big gap between feed and product water 

concentrations of chloride as a result of high removal efficiency performed by small-scale 

desalination plants in the Gaza strip (Hilles and Al-Najar, 2011). The descriptive 
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statistical analysis of obtained concentrations level of chloride is given in annexes (4.4– 

4.8).  

 

4.2.7 Nitrate  

It was reported by PWA (2013) that nitrates pollution level in the Gaza strip is continued 

to rise and presently cause a health risk throughout the area. High amounts of nitrates in 

drinking water can cause major health consequences, mostly for infants. Use of fertilizers 

and pesticides in agricultural areas is the main reason for increasing nitrate level in 

groundwater. Beside agricultural activities, nitrogen released from wastewater effluents 

discharged in the environment adds pollution to the aquifer. 
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 Fig.4.7: Average Nitrates level of water samples in the Gaza Strip governorates 

 

Fig.4.7 shows the average values of nitrate concentrations of water samples taken from 

kindergartens, tankers and desalination units in the Gaza strip governorates. From the 

above figure it is clear that there is a slight variation in the nitrates concentration of water 

samples taken from kindergartens, trucks and desalination. The nitrates concentration in 

the all water samples taken from kindergartens tanks ranged between 0 and 79.89 mg/l 

with an average concentration of 19.97 mg/l. The minimum concentration of nitrate was 

found in the samples taken from kindergartens at Middle Area governorate and the 
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maximum value was observed in the samples collected from Khanyounis governorate 

kindergartens (data presented in annex 4.1).     

 

The nitrate concentration in all water samples taken from tankers was ranging from 0 to 

54.34 mg/l with an average of 20.44 mg/l. The minimum value found to be in the samples 

taken from Middle Area water tankers and maximum values observed in the samples 

taken from Khanyounis governorate tankers (data is given in annex 4.2).         

 

The nitrate level in all water samples collected from desalination units were ranging from 

0 to 58.30 mg/l with an average of 18.93 mg/l. The least value of nitrate was found to be 

in water samples taken from desalination units in the Middle Area and highest value 

witnessed in samples taken from desalination plants in Khanyounis governorate (data is 

presented in annex 4.3). However, most of water samples have lower and allowable 

concentration levels of nitrates by WHO and Palestinian standards (50 mg/l) except for 

few samples were taken from both Rafah and Khanyounis governorates. It was reported 

by Hilles and Al-Najar (2011) that WHO documented in some countries, water supplies 

containing high levels of nitrates have been responsible for cases of infantile 

methemoglobinaemia and death. Significant removal of nitrates could be found in the 

desalination facilities existing in North and Middle Area governorates.       

   

4.2.8 Calcium 

Groundwater and clandestine aquifers leach even higher concentrations of calcium ions 

from rocks and soil. The concentration of calcium ions (Ca
++

) in freshwater is found to be 

in the range of 0 to 100 mg/l, and usually has the highest concentration of any freshwater 

cation. A level of 50 mg/l is endorsed as the upper limit for drinking water. High levels 

are not considered as a health concern; however, levels above 50 mg/l can be problematic 

due to the formation of excess calcium carbonate deposits in plumbing or in decreased 

cleansing action of soaps (the website was accessed on 22nd March, 2014 

http://www2.vernier.com/sample_labs/WQV-13-COMP-calcium_water_hardness.pdf).  

 

Calcium concentration levels were investigated during this study for the drinking water in 

the kindergartens, tankers as well as desalination facilities of the Gaza strip governorates 

(Fig.4.8). The level of calcium concentration in the all water samples taken from 

http://www2.vernier.com/sample_labs/WQV-13-COMP-calcium_water_hardness.pdf
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kindergartens storage tanks ranged between 0.82 and 13.12 mg/l with an average 

concentration of 2.62 mg/l. The minimum concentration of Ca
++

 was found in the 

samples taken from kindergartens of all governorates. The maximum value was observed 

in the samples collected from Gaza governorate kindergartens.     
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Fig.4.8: Average of Ca
++

 level of water samples in the Gaza Strip governorates 

 

Ca
++

 concentrations level in all water samples taken from tankers was ranging from 0.46 

to 10.66 mg/l with an average of 2.05 mg/l. The least value found to be in the samples 

taken from Middle Area water trucks and high value observed in the samples taken from 

Khanyounis governorate water tankers (data is presented in annex 4.2).         

 

Calcium level in all water samples collected from desalination units were ranging from 

0.08 to 6.56 mg/l with an average of 2.16 mg/l. The least concentration of Ca
++

 was found 

to be in water samples taken from desalination units in the Middle Area and highest 

concentration was investigated in samples taken from desalination plants in Khanyounis, 

Middle Area and Rafah governorates (data is given in annex 4.3). However, all 

investigated water samples have lower concentration levels of calcium than WHO and 

Palestinian standards (100 mg/l and 100-200 mg/l). Calcium is an essential of the human 

diet. But the nutritional value from water is likely to be minimal as compared to that from 
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other food sources. There is no health objection to high calcium content, the main 

limitations being made on the grounds of excessive scale formation. It was documented 

by Hilles and Al-Najar (2011) that according to WHO standards, potable water may 

contain different minerals up to a certain limit. In the Gaza strip all small-scale private 

desalination facilities and in the absence of quality control, mostly desalinated water has 

negligible amounts of several minerals such as calcium. It is reported that the permeate 

water of these facilities has less than 30 mg/l Ca
++

 and similarly other elements. 

Therefore, the permeate water contains no elements that are needed for human health. 

However, Calcium is very important element for human growth mainly babies .The lack 

of calcium in human bodies may cause osteoporosis (Lewiecki, (2011).           

 

The degree of calcium concentrations follows the order Gaza<North<Rafah <Middle 

Area<Khanyounis. Conversely, there is a big gap between feed and permeate water 

concentrations of Ca
++

 as a result of high removal efficiency performed by small-scale 

desalination plants in the Gaza strip. The descriptive statistical analysis of obtained 

concentrations level of calcium is given in annexes (4.4-4.8).  

 

4.2.9 Magnesium 

It was reported that the people live in areas with higher levels of magnesium in their 

drinking water reveal rates of sudden cardiac death that are three to four times lower than 

those of people living in municipalities with the lowest magnesium levels in drinking 

water. This has brought the attention of the local and international public health officials. 

For instance, a recent WHO report on the quality of drinking water showed the results of 

80 studies that have examined the relationship between cardiovascular death and water 

(hardness).  

 

The WHO determined that the magnesium concentration in water is indeed a 

cardiovascular risk factor and that adding drinking water with magnesium should be 

significance, much as fluoride became one as reported by Davis (2007). 

 

The content of magnesium was investigated during this study for the drinking water in 

kindergartens, tankers and desalination facilities of the Gaza strip governorates as shown 

in Fig.4.9. The level of magnesium concentration in the all water samples taken from 
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kindergartens storage tanks ranged between 0.48 and 7.27 mg/l with an average 

concentration of 3.57 mg/l. The minimum concentration of Mg
++

 was found in the 

samples taken from kindergartens storage tanks of Rafah and Khanyounis governorates 

and the maximum value was observed in the samples collected from Khanyounis 

governorate kindergartens (data is presented in annex 4.1).  

 

The level of magnesium content in all water samples taken from tankers was ranging 

from 0.48 to 9.92 mg/l with an average of 3.58 mg/l. The least value found to be in the 

samples taken from Khanyounis water tankers and high value observed in the samples 

taken from North area governorate water trucks (data is given in annex 4.2) . 
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 Fig.4.9: Average Mg
++

 levels of water samples in the Gaza Strip governorates 

 

Mg
++

 level in all water samples taken from desalination units were ranging from 0.48 to 

8.45 mg/l with an average of 3.82 mg/l. The least value of Mg
++

 was found to be in water 

samples taken from desalination units in Rafah governorate and highest value observed in 

samples taken from desalination plants in North governorate (data is tabulated in annex 

4.3). However, all investigated water samples have lower magnesium concentrations than 

what is allowed by WHO and Palestinian standards (60-150 mg/l). Because of the lowest 

values of calcium and magnesium in drinking water delivered to the kindergartens 
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premises in the Gaza strip it is recommended to study the effects of minerals deficiencies 

on children health.   

The degree of magnesium concentrations follows the order Rafah < Khanyounis <  Gaza 

< Middle Area < North . However, there is a big gap between feed and permeate water 

concentrations of magnesium as a result of high removal efficiency performed by small-

scale desalination plants in the Gaza strip. Descriptive statistical analysis of the obtained 

concentrations level of magnesium is given in annexes (4.4–4.8).  

 

4.2.10 Fluoride   

According to the WHO (2006) published document, fluoride is present in all natural 

waters at some concentration. Seawater normally has about 1mg/l while rivers and lakes 

generally show concentrations of less than 0.5 mg/l. In ground waters, conversely, low or 

high concentrations of fluoride can take place, subjected to the nature of rocks and the 

occurrence of fluoride-bearing minerals. High fluoride concentrations may therefore be 

expected in ground waters from calcium-poor aquifers and in areas where fluoride-

bearing minerals are common. Fluoride concentrations may also increase in ground 

waters in which cation exchange of sodium for calcium occurs (Edmunds and Smedley, 

1996). The level of fluoride was investigated during this study for the drinking water in 

kindergartens, trucks tanks and desalination facilities of the Gaza strip governorates 

shown in Fig.4.10. 
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Fig.4.10: Average Fluoride levels of water samples in the Gaza Strip governorates 
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The level of fluoride in the all water samples taken from kindergartens tanks ranged 

between 0 and 0.25 mg/l with an average concentration of 0.07 mg/l. The zero value of 

fluoride was observed in several samples taken from kindergartens storage water tanks of 

Middle Area, Gaza and North governorates and the maximum value (0.25 mg/l) was 

observed in water samples collected from the kindergartens of North area governorate 

(data is presented in annex 4.1).  

 

The level of fluorides in all water samples taken from tankers was ranging from 0 to 0.30 

mg/l with an average of 0.08 mg/l. The zero value observed in the samples taken from 

Middle Area, Gaza and North area water tankers and high value found in the samples 

taken from Khanyounis governorate water trucks (data is given in annex 4.2). 

 

Fluoride level in all  water samples taken from desalination units were ranging from 0 to 

0.27 mg/l with an average of 0.08 mg/l. The zero value was found to be in water samples 

taken from desalination units in Khanyounis, Middle Area and North governorates and 

highest value observed in samples taken from desalination plants in Gaza governorate 

(data is tabulated in annex 4.3) . However, all concentration levels of fluoride in water 

samples were found to be lower than allowable levels according to WHO and PS 

standards (1.5 mg/l). According to the WHO (1996) low fluoride intake is considered to 

be a potential factor with care to the loss of fluoride from the bones. The optimum 

fluoride concentration in drinking water for dental health is mostly between 1.0 and 1.5 

mg/l and being contingent on the amount of drinking water used up as well as drinking 

and revelation from other sources (Aish, 2013).   

 

4.3 Microbiological test of drinking water quality 

 

According to WHO (1984) water is said to be microbiologically contaminated due to the 

occurrence of uncertain pathogens or owed to high growth of total reasonable count or 

because of presence of indicators bacteria at definite levels. Various bacteria are used as 

indicator to determine presence of bacterial contamination of drinking water. The 

microbiological investigation of drinking water is normally conducted to evaluate 

hygienic quality of water. In contaminated drinking water, the most important type of 

bacteria recognized is coliform bacteria. The bacteriological water quality data have been 
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generated and analyzed for the evaluation purpose to find out if there is contamination or 

no contamination in drinking water of the kindergartens, water tankers and small 

desalination units in the Gaza strip and to determine the source of pollution if it is there. 

The obtained results of bacteriological data analysis are shown in annexes {3.1-3.5(B)} 

and discussed in the following subsections. 

  

4.3.1 Total coliform contamination 
 

Total coliform bacteria are common in the environment (soil or vegetation) and are 

generally harmless. If a lab detects only total coliform bacteria in drinking water, the 

source is probably environmental and fecal contamination is unlikely. However, if 

environmental contamination can enter the system, pathogens could get in too. It is very 

important to find and determine the source of contamination (website was accessed on 

24th March, 2014 https://fortress.wa.gov/doh/eh/dw/publications/publications.cfm).  

 

Fig.4.11 shows the level of total coliform bacteria detected in 100 ml of the examined 

drinking water samples collected from kindergartens (premises) storage tanks in the Gaza 

strip governorates.  

  

  

 

Fig.4.11: Number of TC detected in the tested samples at kindergartens in the Gaza strip 

https://fortress.wa.gov/doh/eh/dw/publications/publications.cfm
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Microbiological analyses of 50 water samples were conducted from drinking water 

storage tanks at the kindergartens in the Gaza strip governorates. Very consistent levels 

of contamination were found reaching an average of 60% of total coliform contamination 

with 13 samples revealing low levels of contamination (less than 10 colonies per 100 ml), 

6 samples revealing medium levels of contamination (between 11 and 50 colonies per 

100 ml) and 11 samples revealing high level of contamination (more than 50 colonies per 

100 ml). The highest level of total coliform was observed in the water samples taken 

from Rafah and Khanyounis kindergartens water storage tanks. The least level of 

contamination observed in the water samples taken from North area. The degree of total 

coliform contamination among the kindergartens analyzed drinking water samples in the 

Gaza strip follows the order Khanyounis > Rafah>Gaza> Middle area> North.   
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Fig.4.12: Number of TC detected in the tested samples at water tankers in the Gaza strip  

 

Bacteriological analyses of 43 water samples were conducted from water tankers 

distributing water to kindergartens in the Gaza strip governorates. Very stable levels of 

contamination were found reaching an average of 33% of total coliform contamination 

with 27 samples revealing no contamination (zero colonies per 100 ml), 10 samples 
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revealing low levels of contamination (less than 10 colonies per 100 ml), 4 samples 

revealing medium level of contamination (between 11 and 30 colonies per 100 ml) and 2 

samples revealing high level of contamination. The highest level of total coliform was 

detected in the water samples taken from Khanyounis water tankers. The water samples 

taken from North area water tankers showed no contamination. The degree of total 

coliform contamination among the water tankers analyzed water samples in the Gaza 

strip follows the order Khanyounis > Rafah>Gaza> Middle area> North as 

understandable from Fig.4.12.   

 

Fig.4.13 shows the level of total coliform bacteria detected in 100 ml of the tested 

drinking water samples collected from reverse osmosis private desalination units 

supplying drinking water to kindergartens premises in the Gaza strip governorates.   
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Fig.4.13: Number of TC detected in the tested samples at desalination units in Gaza strip  

 

Bacteriological analyses of 30 water samples were conducted from reverse osmosis 

private desalination units used to supply drinking water to kindergartens in the Gaza strip 

governorates. Very low level of contamination was found reaching an average of 20% of 

total coliform contamination with 24 samples revealing no contamination (zero colonies 

per 100 ml), 4 samples revealing low levels of contamination (less than 10 colonies per 

100 ml), one sample revealing medium level of contamination (between 11 and 50 
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colonies per 100 ml) and one sample revealing high level of contamination. The highest 

and only level of total coliform contamination was detected in the water samples taken 

from Khanyounis reverse osmosis private desalination facility (Al-Salafea desalination 

unit). This is may be due to the contamination of feeding groundwater well with 

bacteriological sources and the low efficiency of RO desalination unit in removing 

bacteria from water. The water samples taken from North area, Gaza, Middle area and 

Rafah desalination units showed no bacteriological contamination as shown in Fig.4.13.  

   

4.3.2 Fecal coliform contamination 

Fecal coliform bacteria are a subgroup of total coliform bacteria. They exist in the 

intestines and feces of people and animals. The presence of fecal coliform in a drinking 

water sample often indicates recent fecal contamination. That means there is a greater 

risk that pathogens are present (the website was accessed on 24th March, 2014 

https://fortress.wa.gov/doh/eh/dw/publications/publications.cfm). 

. 

Fig.4.14: Number of FC observed in the examined samples at the Kindergartens in Gaza  

 

Microbiological analyses of 50 water samples were conducted from drinking water tanks 

at the kindergartens in the Gaza strip governorates. Consistent level of contamination 

were found reaching an average of 40% of fecal coliform contamination with 10 samples 
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illuminating low levels of contamination (less than 10 colonies per 100 ml), 5 samples 

illuminating medium levels of contamination (between 11 and 30 colonies per 100 ml) 

and 4 samples illuminating high level of contamination (more than 50 colonies per 100 

ml). The highest level of fecal coliform was detected in the water samples taken from 

Rafah and Khanyounis kindergartens water storage tanks. This high level of 

contamination may be due to the unsafe storage water tanks system. The least level of 

contamination observed in the water samples taken from North area. The degree of fecal 

coliform contamination among the kindergartens analyzed water samples in the Gaza 

strip follows the order Khanyounis > Rafah>Gaza> Middle area> North as clear in 

Fig.4.14.  

 

Fig.4.15 presents the level of fecal coliform contamination detected in 100 ml of the 

investigated drinking water samples collected from water tankers distributing drinking 

water to kindergartens (premises) in the Gaza strip governorates.   
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 Fig.4.15: Number of FC detected in the tested samples at water tankers in the Gaza strip  

 

Bacteriological analyses of 43 water samples were conducted from water tankers 

distributing water to kindergartens in the Gaza strip governorates. Low level of 

contamination was found reaching an average of 28% of fecal coliform contamination 

with 31 samples illuminating no contamination (zero colonies per 100 ml), 9 samples 
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illuminating low levels of contamination (less than 10 colonies per 100 ml), 2 samples 

illuminating medium level of contamination (between 10 and 20 colonies per 100 ml) and 

one sample illuminating high level of contamination. The highest level of fecal coliform 

was observed in the water samples taken from Khanyounis water tankers. The water 

samples taken from North area water tankers showed no contamination. The degree of 

fecal coliform contamination among the water tankers analyzed samples in the Gaza strip 

follows the order Khanyounis > Rafah>Gaza> Middle area as shown in Fig.4.15.   

 

Fig.4.16 shows the level of fecal coliform bacteria observed in 100 ml of the investigated 

drinking water samples collected from RO private desalination units supplying drinking 

water to kindergartens premises in the Gaza strip governorates.  
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 Fig.4.16: Number of FC detected in the tested samples at RO desalination units in Gaza  

 

Bacteriological analyses of 30 water samples were conducted from reverse osmosis 

private desalination units used to supply drinking water to kindergartens in the Gaza strip 

governorates. Very low level of contamination was found reaching an average of 13% of 

fecal coliform contamination with 26 samples illuminating no contamination (zero 

colonies per 100 ml), 2 samples illuminating very low levels of contamination (less than 

5 colonies per 100 ml), 2 sample illuminating medium level of contamination (between 

11 and 30 colonies per 100 ml). The medium and only level of fecal coliform 

contamination was detected in the water samples taken from Khanyounis reverse osmosis 
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private desalination facility (Al-Salafea desalination unit). This is may be due to the 

contamination of feeding groundwater well with bacteriological sources. In addition to 

this may be due to the low efficiency of RO desalination unit system in removing bacteria 

from water. The water samples taken from North area, Gaza, Middle area and Rafah 

desalination units showed no bacteriological contamination as observable from Fig.4.16. 

 

4.4 Water quality parameters linear correlation coefficients and regression equation  

 

According to Mulla et al. (2007) and Kumar et al. (2005) the statistical progress analysis 

has been established to be vastly beneficial tool for correlating various variables.  

Correlation analysis determines the confidence understanding of the relationship between 

chosen independent and dependent parameters. If the correlation coefficient is closer to 

+1 or –1, it indicates the possibility of linear relationship between the variables. This way 

analysis attempts to establish the nature of the relationship between the parameters and 

thus be responsible for a mechanism to predict or forecast required parameter. Table 4.1 

shows the results of correlation coefficients between various water samples parameters 

taken from kindergartens storage water tanks, water tankers and reverse osmosis private 

desalination units in the Gaza strip governorate.   

 

Table 4.1: Correlation coefficients among various water quality parameters  

T PH E.C TDS NO3- Cl- Hardness Ca++ Mg++ F- Total coli. Fecal coli.

T 1.00

PH 0.27 1.00

E.C 0.39 0.12 1.00

TDS 0.39 0.12 1.00 1.00

NO3- 0.35 -0.05 0.49 0.49 1.00

Cl- 0.28 0.00 0.90 0.90 0.27 1.00

Hardness -0.03 0.28 0.09 0.09 0.00 -0.05 1.00

Ca++ 0.30 0.38 0.19 0.19 0.15 0.03 0.72 1.00

Mg++ -0.24 0.13 -0.01 -0.01 -0.09 -0.10 0.86 0.27 1.00

F- 0.23 -0.02 0.08 0.08 0.24 0.03 -0.02 0.11 -0.10 1.00

Total coli. 0.35 0.23 0.27 0.27 0.30 0.16 0.11 0.24 -0.02 0.29 1.00

Fecal coli. 0.09 0.12 0.19 0.19 0.21 0.11 0.11 0.18 0.03 0.09 0.74 1.00  
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From Table 4.1 it can be seen that temperature is inversely correlated with hardness and 

magnesium also it’s correlated positively with pH, EC, TDS, NO3, chloride, calcium, 

fluoride, nitrate, TC and FC. Nitrate is correlated positively with chloride, calcium, 

fluoride, TC and FC. TDS is correlated positively with temperature, pH, EC, NO3, 

chloride, calcium, FC and TC. Chloride is inversely correlated with magnesium and 

positively with temperature, EC, TDS, FC and TC. Fluoride is inversely correlated with 

magnesium and positively with temperature, nitrate, calcium and TC. Total coliform is 

positively correlated with temperature, pH, EC, nitrate, TDS, chloride and calcium. 

Faecal coliform is positively correlated with total coliform, TDS, EC, nitrate and calcium.   

Electrical conductivity is found to be strongly correlated with chloride and TDS. Nitrates 

found to be moderately correlated with EC, TDS and temperature. Calcium is found to be 

strongly correlated with hardness and moderately with pH and temperature. Magnesium 

is observed to be strongly correlated with hardness. Fluoride is noticed to be between 

weak and moderate correlation with temperature, NO3 and calcium. Total coliform is 

found to be moderately correlated with temperature, NO3 and EC as well as strongly with 

FC.   

 

The methodical calculation of correlation coefficient between water quality parameters 

and regression analysis make available of indirect tools for quick monitoring of water 

quality. The correlation coefficient measures the association between two parameters, one 

taken as dependent factor. The greater the value of regression coefficient, the better is the 

fit and more useful the regression factors (Kumar, and Sinha, 2010). Correlation is 

mutual relationship between two variables. Direct correlation exists when increase or 

decrease in the value of one parameter is associated with a corresponding increase or 

decrease in the value of other parameter (Patil, V.T. and P.R. Patil, 2011). Table 4.2 

presents linear correlation coefficient R and regression equation for some pairs of 

parameters which have significant value of correlations.  
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Table 4.2: Linear correlation coefficient and regression equation for some pairs of     

parameters which have significant value of correlation 

 

Pairs of parameters R value (n=123) Estimated regression equation 

pH-TH 0.28 pH   = 6.20 + 0.02 TH 

EC-Cl 0.90 EC   = 31.49 +3.66 Cl
- 

NO3-EC 

NO3-TDS 

0.49 

0.49 

NO3  =  4.84 + 0.09 EC 

NO3   =  4.84 + 0.15 TDS 

Calcium-TH 0.72 Ca
++  

=  -0.65+0.14 TH 

Magnesium-TH 0.86 Mg
++ 

=  0.49+0.15 TH 

Fluoride-NO3  0.24 F
-
     =   0.05+0.001 NO3 

TC-NO3 

TC-F 

0.30 

0.29 

TC   =   1.69 +  0.55  NO3 

TC   =   3.63 + 119.33 F
-
 

FC-NO3 

FC-TC 

0.28 

0.74 

FC   =   0.50 +  0.26  NO3 

FC   =  -0.47 +  0.49 TC 

 

4.5 Comparison of bacteriological contamination among water samples sites  

 

The comparison between bacteriological contamination of drinking water among samples 

taken from kindergartens (premises) storage water tanks, water tankers supplying water 

to kindergartens and desalination RO facilities are given in Table 4.3. 

Table 4.3: Bacteriological contamination of collected water samples  

Parameters/Source 

Water samples 

No. 

Contaminated 

samples No. 

Contamination 

% 

Total Coliform 

 Kindergartens 

 Water tankers 

 Desalination units 

 

50 

43 

30 

 

30 

16 

6 

 

60% 

37% 

20% 

Fecal Coliform 

 Kindergartens 

 Water tankers 

 Desalination units 

 

50 

43 

30 

 

20 

12 

4 

 

40% 

28% 

13% 

 

The results presented in the above table shows that the bacteriological contamination of 

water with total coliform is higher than the contamination with fecal coliform. Results 

also show that the bacterial contamination in water samples taken from kindergartens 

water storage tanks relatively is higher than those detected in samples collected from 

water tankers and desalination facilities outlet. The degree of total coliform and fecal 
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coliform contamination among the analyzed water samples in the Gaza strip follows the 

order kindergartens>Water tankers>desalination units as shown in Table.4.3.   

 

4.6 Determination of contamination source among drinking water samples 

 

A microbiological test is one of the exact measures to provide a source for judging water 

quality. Water may take over positively in the control of some diseases through its 

practice in hygiene, and may doing a source or vector for others where interaction with 

water is required for disease transmission or where means of disease or insect vectors 

need water in which to wide-ranging their life cycle (WHO, 1997). Preferably, drinking 

water must not have any microorganisms branded to be pathogenic. It must also be free 

from bacteria revealing of contamination with excreta. The main bacterial indicator 

recognized for this purpose is the coliform group of bacteria as a total. Additional 

indicator bacteria may be included such as fecal streptococci and sulfite–reducing 

clostridia, which sometimes would be helpful in determining the origin of fecal 

contamination as well as in evaluating the efficiency of water purifying practices (Omer 

and Salam, 2012).  

 

The contamination point source was identified by using several methods, but in this study 

bacteriological association between living area and contamination of water quality in the 

Gaza strip was used. These were made by using statistical tools including: paired t-test 

(p-value) and T-value. Also the number of contaminated samples as well as percentage 

was calculated among kindergartens, water tankers and reverse osmosis private 

desalination plants storage tanks. These were used to check which place of desalinated 

drinking water (plant, trucks and kindergartens storage tanks) is responsible of being 

source of contamination. 

 

Hence, data analysis was performed by using the Statistical Package for the Social 

Sciences (SPSS). Descriptive statistics including: frequencies, percentage and 

contamination results were used to label the focal changes in the data and to understand 

the bivariate relationships among the variables (Table4.4&4.5). 
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Table 4.4: Statistical analysis demonstrates contamination percentage of TC among water   

samples of kindergartens, water tankers and desalination units in the Gaza Strip  

 

Governorate Parameters 

Contamination                                                                       Result           

        Yes                                            No              

         N                      (%)                  N                     (%)         

North                                                

Kindergartens  

Water Tankers 

Desalination Units           

Total Coliform                                                                           

 3                              42.86                 4                  57.14      Contaminated  

 0                              0                        5                  100         Not contaminated 

 0                         0                        5                100        Not contaminated  

Gaza                                                                                                                                                                                         

         Kindergartens   

Water Tankers 

Desalination Units           

Total Coliform 

 7                              44.66                 8                  53.33      Contaminated 

 3                              23.07                 10                76.92      Contaminated 

 0                          0                      9                100        Not contaminated 

Middle                                                                                                                                                                                                                        

Kindergartens  

Water Tankers 

Desalination Units           

Total Coliform 

4                               26.66                 7                  63.36      Contaminated 

1                               10                      9                  90           Contaminated 

0                               0                        6                  100         Not contaminated 

Khan Younis 

Kindergartens  

Water Tankers 

Desalination Units           

Total Coliform 

10                             90.90                 1                  9.09        Contaminated  

8                               88.88                 1                  11.11      Contaminated  

6                               75                      2                  25           Contaminated  

Rafah                                                                                             

Kindergartens  

Water Tankers 

Desalination Units           

Total Coliform 

5                               83.33                 1                  16.66      Contaminated  

4                               66.66                 2                  33.33      Contaminated  

0                               0                        3                  100         Not contaminated  
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Table 4.5: Statistical analysis demonstrates contamination percentage of FC among water 

samples of kindergartens, tankers and desalination units in the Gaza Strip 

  

Governorate Parameters 

Contamination                                                                       Result           

        Yes                                            No              

         N                      (%)                  N                     (%)         

North                                                

Kindergartens  

Water Tankers 

Desalination units           

 Fecal Coliform                                                                           

 1                              14.28                 6                  85.71       Contaminated  

 0                              0                        5                  100          Not contaminated 

 0                         0                        5                100         Not contaminated  

Gaza                                                                                                                                                                                         

         Kindergartens   

Water Tankers 

Desalination Units           

Fecal Coliform 

 5                              33.33                 10                66.66      Contaminated 

 2                              15.38                 11                84.61      Contaminated 

 0                           0                     9                100        Not contaminated 

Middle                                                                                                                                                                                                                        

Kindergartens  

Water Tankers 

Desalination Units           

Fecal Coliform 

3                                27.27                8                  72.72       Contaminated 

1                                10                     9                  90            Contaminated 

0                                0                       9                  100          Not contaminated 

Khan Younis 

Kindergartens  

Water Tankers 

Desalination Units           

Fecal Coliform 

6                                54.54                5                  45.45       Contaminated  

6                                66.66                3                  33.33       Contaminated  

4                                66.66                2                  33.33       Contaminated  

Rafah                                                                                             

Kindergartens  

Water Tankers 

Desalination Units           

Fecal Coliform 

5                                83.33                1                  16.66       Contaminated  

3                                50                     3                  50            Contaminated  

0                                0                       3                  100          Not contaminated  

 

It is clear from the results showed in Tables 4.4 & 4.5 that the bacteriological 

contamination level in water samples taken from kindergartens and water tankers was 

higher in Khanyounis and Rafah governorates when compared with North, Gaza and 

Middle Area governorates.  

 

The contamination percentage of TC and FC in the water samples taken from 

kindergartens of Khanyounis was (TC 90.0%–FC 54.54%), and Rafah kindergartens        
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(TC 83.33–FC 83.33%). The contamination percentage of TC and FC in the water 

samples taken from water tankers of Khanyounis was (TC 88.88%–FC 66.66%) and 

Rafah water tankers (TC 66.66%–FC 50%) respectively. The least microbiological 

contamination in kindergartens water storage tanks found to be in North and Middle Area 

governorates where the contamination percentage found to be (TC 42.86–FC 14.28 %) 

and (TC 26.66–FC 27.27 %) respectively.  

 

The contamination level in the water tanks of kindergartens in Gaza governorate found to 

be moderate where TC and FC contamination percentage was (TC 44.6–6 FC 33.33) 

respectively.  

 

There was no bacteriological contamination in the water samples taken from desalination 

plants outlet of North, Gaza, Middle and Rafah governorates. The contamination only 

found in the samples collected from Khanyounis desalination plants outlet with 

contamination percentage of (TC 75%-FC 66.66%). This high level of contamination 

may be because of bad microbiological quality of the groundwater (inlet water); bad 

quality of the filters used in the RO desalination plants which play an important role in 

the formation of bacterial colonies inside the filter; most plants depend on ultraviolet 

radiation (UV) for water disinfection which are inactive against high levels of 

contamination; moreover, UV is unlike chlorine that leaves a remainder-free chlorine 

protects water from external source pollution; the unqualified worker hose operating 

these plants may be considered as another cause of contamination; continuous damage in 

the chlorination pumps which lead to un-chlorinated or non-disinfected water; non-

compliance with health and environmental conditions and working without a license from 

the relevant authorities distorts the process of monitoring the quality of the product water. 

 

The bacteriological contamination of desalinated drinking water in the Gaza strip is not 

astonishing but is a lean-to a number of previous years, as stated in the documents 

published by MoH (2011). It has been reported that the microbiological contamination 

percentage of desalinated drinking water for the year 2011 was (16.8%), while in the year 

2010 it was (23.1%).  
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Bivariate paired t test trials were used to detect the significance (p<0.05 was considered 

significance) of the relations between each of independent and dependent variable to 

know if there is contamination or no contamination (Table.5.6). Paired t-test were used to 

detect and understand the variations of microbiological contamination in water samples 

among kindergartens, water tankers and the reverse osmosis private desalination units in 

association with living areas in the Gaza strip. This was applied to determine the impact 

of demographic factors on occurrence of point source bacteriological contamination at the 

drinking water storage tanks, tankers and desalination units.   

Table 4.6: Paired t-test (p-value) and T-value shows the association between living area and 

bacteriological contamination of drinking water in the Gaza Strip  

Paired Areas DF T-value p-value CI 

North & Gaza  
                       Kindergartens   

              Water Tankers 

                     Desalination Units           

 

18 

12 

0 

 

-1.3062 

-1.3047 

0 

 

0.208 

0.2164 

1 

 

(-8.9183,2.0803) 

(-3.4922,0.8762) 

(0,0) 

North & Middle 
                       Kindergartens   

              Water Tankers 

                       Desalination Units           

 

13 

9 

0 

 

-0.826 

-1 

0 

 

0.4238 

0.3434 

1 

 

(-7.9363,3.5463) 

(-1.3049,0.5049) 

(0,0) 

North & Khan Younis 
                       Kindergartens   

              Water Tankers 

                       Desalination Units           

 

10 

8 

7 

 

-4.5733 

-2.049 

-1.5058 

 

0.001 

0.0373 

0.0879 

 

(-94.5245,-32.5935) 

(-59.7466,3.5246) 

(-46.908,10.408) 

North & Rafah 
                       Kindergartens   

              Water Tankers 

                       Desalination Units           

 

5 

5 

0 

 

-2.2191 

-2.0322 

0 

 

0.0344 

0.0496 

1 

 

(-91.9887,6.7564) 

(-14.3438,1.6778) 

(0,0) 

Gaza & Middle 
                       Kindergartens   

              Water Tankers 

                       Desalination Units           

 

23 

15 

0 

 

0.363 

0.8413 

0 

 

0.72 

0.4134 

1 

 

(-5.7514,8.1994) 

(-1.3924,3.2084) 

(0,0) 

Gaza & Khan Younis 
                       Kindergartens   

              Water Tankers 

                       Desalination Units                        

 

10 

8 

7 

 

-4.2799 

-1.9485 

-1.5058 

 

0.0016 

0.0436 

0.0879 

 

(-91.4488,-28.8312) 

(-58.523,4.917) 

(-46.908,10.408) 

Gaza & Rafah 
                       Kindergartens   

              Water Tankers 

                       Desalination Units           

 

5 

6 

0 

 

-2.0293 

-1.5351 

0 

 

0.0878 

0.0982 

1 

 

(-88.8571,10.4571) 

(-13.0349,2.9849) 

(0,0) 

Middle & Khan Younis 
                       Kindergartens   

              Water Tankers 

                       Desalination Units           

 

10 

8 

7 

 

-4.3647 

-2.0191 

-1.5058 

 

0.0014 

0.0391 

0.0879 

 

(-92.6895,-30.0385) 

(-59.3602,3.9382) 

(-46.908,10.408) 
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Middle & Rafah 
                       Kindergartens   

              Water Tankers 

                       Desalination Units           

 

5 

5 

0 

 

-2.192 

-1.8884 

0 

 

0.0453 

0.0588 

1 

 

(-90.0949,9.2469) 

(-14.0093,2.1433) 

(0,0) 

Khan Younis & Rafah 
                       Kindergartens   

              Water Tankers 

                       Desalination Units           

 

10 

8 

7 

 

0.8853 

1.548 

1.5058 

 

0.3968 

0.1602 

0.0879 

 

(-31.7606,37.6406) 

(-10.6635,54.2195) 

(-10.408,46.908) 

  

** p-value is significant at <0.05 . 

The results shown in table 4.6 indicated that there are significant differences in the 

microbiological contamination levels in drinking water samples taken from 

kindergartens, tankers and reverse osmosis desalination units in the Gaza strip 

governorates. These significance differences justify the determination of point source of 

bacteriological contamination over the water samples taken from kindergartens, tankers 

and desalination plants outlets in the Gaza strip and prove that there is a real difference 

between the kindergartens chosen for the water quality assessment purpose. 

It's also observed from Table 4.6 that there is a high significant difference in 

contamination level in water samples taken from kindergartens and tankers in North and 

Khanyounis governorates. Similar result also noticed in the water samples taken from 

kindergartens and water tankers in North and Rafah, Gaza and Khanyounis, Middle area 

and Khanyounis as well as Middle and Rafah. There was no significant difference in 

microbial contamination in the water samples taken from desalination plants outlet 

among all five governorates. These observations prove that contamination may come 

from unsafe hygiene practices applied by the drivers while filling the tankers. May be 

water tankers drivers do not clean the tankers properly.  Also may be during tanker filling 

the hose would touch the ground and safety practices were not applied by those drivers 

while handling water to kindergartens water storage tanks. The p-value test proved that a 

desalination plant was not one of the sources causing contamination in the quality at 

kindergartens premises storage water tanks.  

Several studies showed similar results when compared with this study. For example Al-

Khatib et al. (2009) in their study found similar results for microbial contamination in 

desalinated water. The desalinated water is disposed to contamination due many reasons 
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including: water transportation and distribution methods such as plastic containers, 

distribution tankers, filling taps at the desalination plants. The manual handling of water 

significantly increases the risk of water contamination, especially if proper hygienic 

practices are not followed by the handlers of water.  Abu Mayla et al. (2009) reported that 

the data analysis of microbiological tests for the inlet and outlet of 22 desalination plants 

showed total contamination in inlet water (41% for TC) and (27.3% for FC) while the 

total contamination percentages in outlet water were (45.5% for TC) and (31.8% for FC). 

Al Tartory Sh. (2009) observed that 12 desalination facilities outlet water out of 20 were 

contaminated with TC bacteria, and 6 out of 20 were contaminated with FC bacteria. 

Aish (2013) has recorded results show similarity when compared with the present study 

bacteriological contamination level and in his study found that the level of bacterial 

contamination in the product water (desalinated water) was higher than that of the inlet 

water (groundwater), which may be attributed to the bad quality of filters that may play a 

significant role in the formation of bacterial biofilms inside the filters. Abudaya (2013) 

indicated that there is a high percentage of bacteriological contamination in the permeate 

water (21.6%) and the inlet water (16.6%), which exceeded the WHO guidelines. 

5.7 Findings of the general survey  

 

Results of the survey conducted to the kindergartens premises in the Gaza strip shows 

that about 80% using plastic storage tanks to store water for drinking purpose. Principals 

and teachers claimed that most of drinking water storage tanks are located far from the 

bathrooms building area. They said there is no any Periodical Monitoring Programme 

conducted for testing the drinking water quality among the kindergartens in Gaza strip 

governorates. Most of the kindergartens are emptying the storage tanks before filling a 

new drinking water process. This process is done almost every 15 days. Most of 

kindergartens owners said that the storage tanks are being cleaned with chlorine and 

detergents frequently. However, the water tankers drivers said that most of kindergartens 

not cleaning the water storage tanks before filling with a new water process. 
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Fig.4.17: Drinking water storage tanks being used in the kindergartens (Plastic & Stainless steel)  

 

During water samples collection, the water tanker drivers were asked few general 

questions regarding water tanks condition. All drivers said that the water tankers being 

used to supply kindergartens with drinking water are made from stainless steel. All also 

stated that the covers of water tankers are being closed tightly and consist of drainage 

hole in the bottom for cleaning water tanks when emptying the tankers before filling with 

new water. The drivers of all tankers stated that they clean their tankers almost once a 

month and clean the hose during filling the tankers. However, during the visiting field, it 

was observed that in all cases, during tanker filling the hose used to touch the ground and 

safety practices were not applied by those drivers while handling water. Additionally, all 

drivers claimed to completely empty their tanks before refilling them. They also stated 

that the average of refilling the tankers is between 3 and 7 times per day. None of the 

tanker drivers ever added chlorine to the water they transport to the kindergartens 

premises. However, it was observed that they do not use any chemicals for cleaning the 

water tankers only using normal water for cleaning purpose.  

 

The owners of desalination units claimed that ministry of health; municipalities and 

coastal municipalities' water utility are responsible for testing the product water quality. 

They have stated that the product water is stored in plastic storage tanks located on the 
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plant. Most of the desalination owners said that water storage tanks are not disinfected. 

They stated that during water treatment process chlorine and ultra violet for disinfection 

purpose is applied. Commonly chlorine is added to the product water before storage 

process. The disinfection or washing process for inlet and outlet of the plant is not 

applied during filling-up the water tankers, but majority claimed that disinfection process 

is made in the beginning of working day.  

  

 

Fig.4.18: Drinking water distribution tanker and desalination plant in Gaza strip. 
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CHAPTER FIVE 

CONCLUSIONS AND RECOMMENDATIONS  

 

In this thesis the investigation of drinking water quality in the selected kindergartens, 

water tankers (supplying water to kindergartens) and reverse osmosis private desalination 

units (providing water to kindergartens) in the Gaza strip was studied for evaluating the 

current status of drinking water system and determining the source of contamination. The 

following conclusions are made based on statistical analysis of the obtained results from 

the experimental work which was conducted in a period of four months.    

 

5.1 Conclusions  

 

 A total of 123 samples were collected from 50 kindergartens, 43 water tankers 

and 30 desalination facilities in the Gaza strip and analyzed for the evaluation 

purpose of water quality with respect to permeate including: temperature, pH, 

total dissolved solids, electrical conductivity, hardness, chloride, nitrate, 

magnesium and calcium. Results demonstrated that the pH of water tested from 

private desalination units was found below the World Health Organization and 

Palestinian Standards drinking water acceptability standards. From a quality point 

of view, electrical conductivity, hardness, chloride, calcium and nitrate 

concentration levels for drinking water of all samples were found to be within 

WHO and PS drinking water standards whereas fluoride concentration levels were 

found to be lower than allowed by WHO and PS which required for dental health 

(1-1.5 mg/l).  

 

 Microbiological test results showed that the bacterial contamination in water 

samples taken from kindergartens water storage tanks relatively is higher than 

those detected in samples collected from water tankers and desalination facilities 

outlet. The degree of total coliform and fecal coliform contamination among the 

analyzed water samples in the Gaza strip follows the order kindergartens>water 

tankers>desalination units.   
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 There was no bacteriological contamination in the water samples taken from 

desalination plants outlet of North, Gaza, Middle and Rafah governorates. The 

contamination only found in the samples collected from Khanyounis desalination 

plants outlet with contamination percentage of (TC 75%-FC 66.66%).  

 

 Findings of the conducted general survey showed that bacteriological 

contamination of drinking water in kindergarten storage tanks and water tankers 

were the most significant source of contamination due to the unsafe storage 

system. Water transportation appears to be only one of the potential causes of 

final contamination.  

 

 The bacteriological contamination of desalinated drinking water in the Gaza strip 

is not astonishing but is a lean-to a number of previous years, as stated in the 

documents published by MoH (2011).  

 

5.2 Recommendations  

 

 The pH values were investigated to be lower than the WHO and Palestinian 

Standards for drinking water, hence, the adjustment of pH value is recommended 

to be within the range of 6.5–8.5 to complain with the international standards.   

 

 Frequent cleaning of drinking storage tanks in the kindergartens and water tankers 

and proper implementation of water disinfection are recommended. 

 

 Public awareness of health risks associated with poor disinfection and cleaning 

storage tanks should be increased. 

 

 A monitoring program for underground water wells and desalination plants 

includes chemical and microbiological analysis should be enhanced, developed 

and intensified for the assessment of the product and distributed water quality. 

 

 The desalination facilities are recommended to be adeptly operated agreeing with 

international standards to maintain high quality of the product water. This may 

include applying essential pretreatment and post-treatment of water, as desired 

and maintenance of the desalination plants. 



 

 

74 

 The disinfection processes in the desalination units is recommended to be 

implemented and improved.  

 

 It is recommended to conduct more research studies on the association between 

water quality parameters and its health effects on public.  
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Annex 1.1: Permission letter from MOHE for collecting data and taking water samples   

from the kindergartens in Gaza strip 
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Annex 1.2: Permission letter for using the MoH laboratory  
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ANNEX-2 
LIST OF THE SELECTED KINDERGARTENS IN THE GAZA 

STRIP GOVERNORATES  

  Kindergartens  Governorates    Kindergartens  Governorates  

ز روضح اىفٍرو 1  North Gaza 26 ٍرمس اىثراٍح اىْطائٍح Middle Area 

 Middle Area روضح رٌتاج North Gaza 27 روضح عيً تِ اتً طاىة  2

 Middle Area روضح األقصى North Gaza 28 روضح اىَصثاذ 3

 Middle Area روضح عَر تِ عثذ اىعسٌس North Gaza 29 روضح زهرج اىحْىُ 4

 Middle Area روضح خَعٍح اىصالذ North Gaza 30 روضح خْاُ اىرحَِ  5

 Middle Area روضح تاهٍو اىَعاقٍِ North Gaza 31 روضح غطاُ مْفاًّ 6

 Middle Area روضح اىخْطاء North Gaza 32 روضح رواد اىغذ 7

اىطفىىح أحالًروضح  Gaza  33 روضح خيٍو اىىزٌر 8  Middle Area 

راعٌ اىطْحروضح ت Gaza  34 روضح ضْذش 9  Khan younis  

  Khan younis  األقصىروضح تراعٌ  Gaza  35 روضح اىطفىىح اىحذٌثح 10

  Khan younis روضح تٍثً هاوش  Gaza  36 روضح اىثطَح اىدٍَيح  11

  Khan younis روضح دار اىثٍاُ Gaza  37 روضح زهراء اىطفىىح  12

ٍِروضح اىٍاضَ Gaza  38 روضح أحثاب اىطفو 13  Khan younis  

  Khan younis روضح مراٍٍش Gaza  39 روضح اىشاطئ أ 14

1اىطفو اىَثذع  Gaza  40 روضح اىَحثح 15  Khan younis  

2اىطفو اىَثذع  Gaza  41 روضح طٍثح اىَْىرخٍح 16  Khan younis  

  Khan younis روضح طٍىر اىدْح Gaza  42 روضح اىرٌاض  17

  Khan younis روضح االتحاد اىْطائً Gaza  43 روضح عالء اىذٌِ 18

  Khan younis روضح اىَْى  Gaza  44 روضح اىحٍاج 19

  Rafah روضح اىثيذٌح Gaza  45 روضح اىشدرج اىطٍثح 20

  Rafah روضح اىسهراء Gaza  46 روضح اىطعٍذ 21

  Rafah روضح اىْىر Gaza  47 روضح صالذ اىذٌِ 22

  Rafah روضح تراعٌ اىطفىىح Middle Area 48 روضح أحثاب هللا 23

  Rafah  األوائوروضح  Middle Area 49 روضح اىصذٌق 24

  Rafah روضح اىدْىب  Middle Area 50 روضح أطفاه اىثرٌح  25
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ANNEX-3 

 

DRINKING WATER PARAMETERS ANALYTICAL DATA  

 
Annex-3(A) Physiochemical parameters data 

Annex-3(B) Microbiological parameters data 
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Annex 3.1-A: Physiochemical Parameters Data (North Governorate)  

  (Kindergartens) 

No NAME T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- 

 0.00 3.29 0.82 15.61 13.99 20.59 46.38 74.80 6.40 23 روضح اىفٍروز  1

2 
روضح عيً تِ 

 اتً طاىة 
22 6.16 90.80 56.30 20.74 11.99 39.02 5.74 5.99 0.25 

3 
روضح 

 اىَصثاذ
23 6.87 91.10 56.48 4.95 12.00 37.07 4.10 6.51 0.00 

4 
روضح زهرج 

 اىحْىُ
23 7.95 44.40 27.53 6.36 10.00 19.51 1.64 3.74 0.00 

5 
روضح خْاُ 

 اىرحَِ 
23 7.22 43.90 27.22 6.53 12.00 13.66 0.82 2.82 0.00 

6 
روضح غطاُ 

 مْفاًّ
22 7.74 132.00 81.84 6.36 24.00 33.17 4.10 5.56 0.01 

7 
روضح رواد 

 اىغذ
23 5.58 48.00 29.76 16.27 10.00 21.46 0.82 4.71 0.00 

   (Water tankers) 

No NAME T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- 

1 
ٍارج ٍحطح ض

 اىفالذ 
23 5.60 70.60 43.77 20.90 13.99 13.66 0.82 2.82 0.23 

 0.19 4.09 5.74 31.22 11.99 16.80 59.21 95.50 5.48 24 ضٍارج اىثرمح 2

3 
ضٍارج 

 اىثطٍىًّ
22 6.32 44.30 27.47 8.90 10.00 23.41 2.46 4.19 0.00 

 0.09 9.92 0.82 42.92 26.00 4.48 87.54 141.20 6.96 22 ضٍارج تٍطاُ 4

5 
ضٍارج ٍحطح 

 اىٍْو 
22 5.55 50.90 31.56 16.30 10.00 17.56 0.82 3.76 0.00 

   (Desalination units) 

No NAME T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- 

 0.05 5.56 4.10 33.17 10.00 24.99 55.18 89.00 5.85 23 ٍحطح اىفالذ 1

 0.00 4.71 0.82 21.46 12.00 5.47 51.71 83.40 6.37 23 ٍحطح اىثرمح 2

3 
ٍحطح ضقٍا 

 غسج
22 5.68 45.50 28.21 8.91 10.00 35.12 2.46 7.03 0.16 

 0.09 8.45 2.46 40.97 28.00 4.71 88.41 142.60 6.64 22 ٍحطح تٍطاُ 4

 0.00 3.76 0.82 17.56 10.00 16.12 29.95 48.30 5.22 23 ٍحطح اىٍْو 5
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Annex 3.2-A: Physiochemical Parameters Data (Gaza Governorate) 

  
  (Kindergartens) 

No NAME T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- 

 0.11 1.94 0.82 10.05 29.45 66.60 71.30 115.00 6.75 25 روضح خيٍو اىىزٌر 1

 0.14 0.72 0.82 5.03 78.25 7.69 158.72 256.00 7.54 24 روضح ضْذش 2

 0.05 4.24 13.12 60.25 39.26 15.75 127.72 206.00 6.87 25 روضح اىطفىىح اىحذٌثح 3

 0.05 2.90 2.46 18.09 39.26 15.75 88.66 143.00 6.52 26 روضح اىثطَح اىدٍَيح  4

 0.05 2.89 3.28 20.10 35.33 17.08 90.52 146.00 6.57 26 روضح زهراء اىطفىىح  5

ثاب اىطفوروضح أح 6  24 7.13 288.00 178.56 8.06 84.41 6.03 1.23 0.72 0.16 

 0.05 1.45 0.82 8.04 90.30 3.98 187.86 303.00 6.30 24 روضح اىشاطئ أ 7

 0.05 6.33 0.82 28.14 27.48 34.25 106.64 172.00 6.31 25 روضح اىَحثح 8

 0.18 0.96 1.64 8.04 23.56 15.56 79.98 129.00 6.46 23 روضح طٍثح اىَْىرخٍح 9

 0.01 3.76 0.82 17.56 25.97 21.12 87.42 141.00 6.07 23 روضح اىرٌاض  10

 0.16 0.71 2.05 8.04 17.67 22.87 75.02 121.00 6.00 24 روضح عالء اىذٌِ 11

 0.16 1.94 0.82 10.05 23.56 16.13 78.12 126.00 6.85 26 روضح اىحٍاج 12

ٍثحروضح اىشدرج اىط 13  24 6.59 214.00 132.68 13.27 49.95 23.41 0.82 5.18 0.09 

 0.00 2.79 1.64 15.61 29.97 19.91 86.18 139.00 6.24 24 روضح اىطعٍذ 14

 0.00 3.76 0.82 17.56 87.91 6.97 179.80 290.00 6.09 24 روضح صالذ اىذٌِ 15
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   (water tankers) 

No NAME T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- 

/ عَر 1ضٍارج اىنىثر  1  26.00 5.80 113.40 70.31 14.16 27.86 15.61 0.82 3.29 0.15 

/ فادي2ضٍارج اىنىثر  2  26.00 5.94 114.00 70.68 14.29 25.87 13.66 0.82 2.82 0.17 

/ّضاه3ضٍارج اىنىثر  3  26.00 5.90 114.30 70.87 14.22 25.87 13.66 0.82 2.82 0.23 

1ضٍارج اىٍاضٍِ  4  25.00 6.38 136.00 84.32 21.46 29.97 27.31 1.64 5.63 0.08 

2ضٍارج اىٍاضٍِ  5  25.00 6.62 138.00 85.56 19.61 31.97 27.31 2.49 5.12 0.01 

1ضٍارج اىخٍرٌح  6  25.00 6.04 292.00 181.04 7.18 87.91 19.51 0.82 4.24 0.00 

 0.24 2.82 0.82 13.66 25.87 48.44 105.71 170.50 5.65 26.00 ضٍارج اىعٍِ 7

/اىدذي1ضٍارج اىشهذ  8  24.00 6.57 133.00 82.46 18.57 25.97 15.61 0.82 3.29 0.08 

 0.01 3.76 0.82 17.56 21.98 19.00 75.64 122.00 5.82 24.00 ضٍارج  اىشهذ /حدازي 9

 0.05 3.29 0.82 15.61 17.98 29.20 74.40 120.00 6.57 24.00 ضٍارج اىحْدىري 10

 0.09 3.76 0.82 17.56 24.45 14.53 76.88 124.00 6.55 25.00 ضٍارج اىرحَح 11

 0.04 3.76 0.82 17.56 53.95 13.19 138.88 224.00 6.26 25.00 ضٍارج اىَْار/شرٌف 12

 0.01 3.76 0.82 17.56 29.97 21.50 85.56 138.00 6.17 24.00 ضٍارج اىٍَآ اىخٍرٌح 13

   (Desalination units) 

No NAME T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- 

 0.08 1.87 0.82 9.76 27.86 13.98 70.00 112.90 5.83 25.00 ٍحطح اىنىثر 1

 0.08 6.53 3.28 35.12 25.97 7.05 58.28 94.00 6.12 25.00 ٍحطح تحيٍح اىٍاضٍِ 2

 0.05 4.46 0.82 20.41 88.53 8.20 178.56 288.00 6.01 25.00 ٍحطح اىخٍرٌح 3

 0.12 1.87 0.82 9.76 23.88 46.69 105.21 169.70 5.56 26.00 ٍحطح اىعٍِ 4

 0.04 3.29 0.82 15.61 25.97 18.42 81.84 132.00 6.11 24.00 ٍحطح اىشهذ 5

 0.04 3.29 0.82 15.61 19.98 29.35 76.26 123.00 5.84 24.00 ٍحطح اىحْدىري 6

 0.01 5.16 1.64 25.36 25.97 13.02 75.64 122.00 6.47 24.00 ٍحطح اىرحَح  7

 0.27 6.13 0.82 27.31 57.94 10.50 145.70 235.00 6.14 24.00 ٍحطح اىَْار  8

2ٍحطح اىعٍِ  9  24.00 5.62 142.20 88.16 19.83 29.79 13.66 0.82 2.82 0.02 
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Annex 3.3-A: Physiochemical Parameters Data (Middle Area 

Governorate) 

  (Kindergartens) 

No NAME T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- 

 0.00 6.25 0.82 27.80 53.95 13.19 138.88 224.00 6.26 25 روضح أحثاب هللا 1

 0.03 5.38 0.82 24.22 25.00 5.22 48.36 78.00 7.55 24 روضح اىصذٌق 2

ح أطفاه اىثرٌح روض 3  24 5.62 119.60 74.15 19.83 29.79 23.88 0.82 5.30 0.12 

 0.05 1.98 4.92 20.45 42.23 6.22 117.18 189.00 6.55 26 ٍرمس اىثراٍح اىْطائٍح 4

 0.00 4.22 0.82 19.45 58.89 27.35 137.02 221.00 7.28 25 روضح رٌتاج 5

 0.03 6.66 4.89 39.67 25.98 0.00 69.01 111.30 8.69 26 روضح األقصى 6

 0.03 4.93 0.82 22.35 23.41 6.25 47.74 77.00 7.55 24 روضح عَر تِ عثذ اىعسٌس 7

 0.05 5.58 4.82 35.03 25.52 1.10 62.00 100.00 8.19 26 روضح خَعٍح اىصالذ 8

 0.05 1.98 4.92 20.45 35.23 5.50 112.22 181.00 6.55 26 روضح تاهٍو اىَعاقٍِ 9

 0.00 2.91 0.82 14.05 58.89 22.41 132.68 214.00 6.59 25 روضح اىخْطاء 10

 0.05 6.33 0.82 28.14 19.63 14.04 73.78 119.00 5.87 25 روضح احالً اىطفىىح 11

   (Water tankers) 

No NAME T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- 

 0.00 5.18 0.82 23.41 49.95 13.27 132.68 214.00 6.59 25 ضٍارج ضهٍو االشقر 1

 0.03 4.00 0.82 18.52 17.26 7.22 45.88 74.00 7.17 24 ضٍارج اىصالذ 2

 0.05 6.07 0.82 27.04 22.67 22.87 75.02 121.00 5.77 25 ضٍارج فادي اىْثاهٍِ 3

 0.05 2.72 4.46 22.36 33.37 7.29 110.98 179.00 6.36 26 ضٍارج اىْثاهٍِ 4

 0.00 4.11 0.46 18.09 39.26 15.75 127.10 205.00 6.52 25 ضٍارج حَادج ٍهْا 5

 0.03 5.75 5.75 38.05 25.52 0.00 65.72 106.00 8.40 26 ضٍارج ٍحطح اىطاحو 6

 0.03 4.00 0.82 18.52 17.26 7.22 45.88 74.00 7.17 24 ضٍارج خاىذ احَذ 7

 0.03 5.75 5.75 38.05 25.52 0.00 65.72 106.00 8.40 26 ضٍارج ٌىّص اىذٌل 8

 0.05 2.72 4.46 22.36 33.37 7.29 110.98 179.00 6.36 26 ضٍارج اٌَِ اىْثاهٍِ 9

 0.05 6.07 0.82 27.04 22.67 22.87 75.02 121.00 5.77 25 ضٍارج فادي  10

   (Desalination units) 

No NAME T pH E.C TDS NO3- Cl- Hardness Ca++ Mg++ F- 

 0.00 6.82 0.82 30.15 41.22 13.00 131.44 212.00 6.22 25 ٍحطح تحيٍح اىهىر 1

 0.03 3.29 0.82 15.61 19.98 3.30 45.88 74.00 7.17 24 ٍحطح اىصالذ 2

 0.05 6.33 0.82 28.14 19.63 14.04 71.92 116.00 5.33 25 ٍحطح تحيٍح اىفردوش 3

 0.05 1.89 4.92 20.10 47.11 5.50 115.32 186.00 5.93 26 ٍحطح تحيٍح اىفراخ 4

 0.00 3.27 0.08 13.66 48.00 25.30 123.81 199.70 6.10 25 ٍحطح تحيٍح اىدْىب 5

اىطاحو حتحيٍٍحطح  6  26 8.69 101.40 62.87 0.00 19.98 37.07 6.56 5.02 0.03 
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Annex 3.4-A: Physiochemical Parameters Data (Khanyounis 

Governorate) 

 

  (Kindergartens) 

No NAME T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- 

 0.09 4.83 4.10 30.15 66.74 58.10 249.86 403.00 7.49 31 روضح تراعٌ اىطْح 1

 0.19 5.80 4.92 36.18 13.74 13.43 52.70 85.00 7.42 29 روضح تراعٌ االقصى  2

 0.18 1.60 0.82 8.65 37.21 46.15 89.28 144.00 7.35 27 روضح تٍثً هاوش  3

 0.19 5.81 4.10 34.17 15.70 14.69 63.24 102.00 7.37 25 روضح دار اىثٍاُ 4

 0.12 1.92 2.46 14.07 37.30 24.55 105.40 170.00 7.04 27 روضح اىٍاضٍَِ 5

 0.05 3.81 8.20 36.18 58.89 42.13 181.04 292.00 6.58 26 روضح مراٍٍش 6

1اىطفو اىَثذع  7  27 6.53 265.00 164.30 79.89 54.96 30.15 4.92 4.33 0.17 

2اىطفو اىَثذع  8  25 6.70 257.00 159.34 40.89 56.93 28.14 6.56 2.85 0.05 

 0.18 1.44 1.64 10.05 58.89 22.41 164.30 265.00 7.09 26 روضح طٍىر اىدْح 9

 0.20 7.27 4.10 40.20 35.33 12.81 78.12 126.00 7.02 25 روضح االتحاد اىْطائً 10

 0.05 0.48 0.82 4.02 23.56 12.71 57.04 92.00 6.70 25 روضح اىَْى  11

  (Water tankers) 

No NAME T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- 

 0.08 2.90 2.46 18.09 62.82 54.08 241.18 389.00 7.71 26 ضٍارج ٍحطح اىطعادج  1

 0.12 0.48 0.82 4.02 35.32 37.45 75.64 122.00 6.77 26 ضٍارج ّعٌٍ 2

 0.20 7.68 10.66 58.29 21.59 27.23 106.02 171.00 7.38 28 ضٍارج اىرحَح 3

 0.05 2.89 3.28 20.10 54.96 41.37 177.94 287.00 6.56 25 ضٍارج ٍاضً 4

 0.17 4.83 4.10 30.15 74.59 49.24 179.80 290.00 6.89 26 ضٍارج ٌىضف اىشاعر 5

 0.05 4.36 2.46 24.12 72.63 45.26 174.84 282.00 6.42 24 ضٍارج خرغىُ 6

 0.18 1.93 1.64 12.06 60.85 32.64 170.50 275.00 7.20 27 ضٍارج مرً 7

 0.30 0.97 0.82 6.03 29.45 38.71 103.54 167.00 6.97 26 ضٍارج اتراهٌٍ االضطو 8

كضٍارج اىثٍى 9  26 6.29 91.00 56.42 11.10 19.63 5.03 0.82 0.72 0.05 

   (Desalination units) 

No NAME T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- 

 0.00 2.40 3.28 18.09 64.78 58.30 244.90 395.00 7.09 28 ٍحطح تحيٍح اىطعادج  1

 0.19 1.87 6.56 24.12 11.78 13.15 47.12 76.00 7.08 27 ٍحطح تحيٍح خَعٍح اىرحَح 2

 0.12 0.97 0.82 6.03 33.37 37.29 110.98 179.00 6.36 26 ٍحطح عَار 3

 0.19 4.35 3.28 26.13 43.19 44.02 155.62 251.00 6.44 25 ٍحطح اىعيً 4

 0.05 4.85 4.00 30.00 59.00 15.20 180.42 291.00 5.99 26 ٍحطح تحيٍح اىشاله 5

 0.18 1.43 1.67 10.05 64.78 31.40 170.50 275.00 6.82 26 ٍحطح وافً 6

 0.20 0.96 1.64 8.04 47.11 4.33 110.61 178.40 6.41 26 ٍحطح اىطيفٍح 7
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Annex 3.5-A: Physiochemical Parameters Data (Rafah Governorate) 

 

  (kindergartens) 
No

 
NAME

 T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- 

 0.05 7.26 4.92 42.21 33.37 56.45 150.04 242.00 6.78 25 روضت البلديت 1

 0.05 0.97 0.82 6.03 27.48 18.41 59.52 96.00 6.51 25 روضت السهراء 2

 0.05 1.94 0.82 10.05 25.52 15.37 65.72 106.00 6.40 24 روضت النور 3

4 
روضت براعم 

 الطفولت
25 6.78 94.00 58.28 14.80 25.52 4.02 0.82 0.48 0.05 

 0.05 1.91 3.28 16.08 15.70 21.92 56.42 91.00 6.11 26 روضت االوائل  5

 0.05 1.43 2.46 12.06 19.63 16.03 50.22 81.00 6.84 26 روضت الجنوب  6

   (Water tankers) 
No

 
NAME

 T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- 

 0.05 3.81 8.20 36.18 47.11 54.84 146.94 237.00 7.79 26 سيارة زعرب 1

 0.05 0.72 0.82 5.03 25.52 11.10 62.00 100.00 6.19 26 سيارة فريد 2

 0.05 0.72 0.82 5.03 19.63 11.10 56.42 91.00 6.29 26 سيارة محمد  3

 0.05 0.72 0.82 5.03 25.52 11.10 62.00 100.00 6.19 26 سيارة يحيى 4

حسيارة الصال 5  25 5.90 93.00 57.66 16.22 19.63 6.03 0.82 0.97 0.05 

 0.05 0.72 0.82 5.03 19.63 11.10 56.42 91.00 6.29 26 سيارة عوض 6

  
 (Desalination units) 

No
 

NAME
 T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- 

 0.05 4.80 6.56 36.18 47.11 54.08 147.56 238.00 6.55 26 محطت ابو زهري 1

 0.05 0.97 0.82 6.03 21.59 9.49 57.04 92.00 6.46 25 محطت الشاعر 2

3 
محطت جمعيت 

 الصالح
26 5.65 64.00 39.68 12.33 15.70 4.02 0.82 0.48 0.05 
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Annex 3.1-B: Microbiological Parameters Data (North Governorate)  

 

 
Annex 3.2-B: Microbiological Parameters Data (Gaza Governorate) 
   

 

 

 

 
 

No Name 

(Kindergartens) 

T

C 

FC Name 

(Water 

tankers) 

T

C 

FC Name 

(Des. Units) 

T

C 

FC 

 0 0 ٍحطح اىفالذ 0 0 ضٍارج ٍحطح اىفالذ  0 0 روضح اىفٍروز  1

طاىة  أتًروضح عيً تِ  2  0 0 ٍحطح اىثرمح 0 0 ضٍارج اىثرمح 0 8 

 0 0 ٍحطح ضقٍا غسج 0 0 ضٍارج اىثطٍىًّ 0 0 روضح اىَصثاذ 3

اُضٍارج تٍط 1 3 روضح زهرج اىحْىُ 4  0 0 ٍحطح تٍطاُ 0 0 

 0 0 ٍحطح اىٍْو 0 0 ضٍارج ٍحطح اىٍْو  0 0 روضح خْاُ اىرحَِ  5

 0 1 روضح غطاُ مْفاًّ 6

 0 0 روضح رواد اىغذ 7

No Name 

(Kindergartens) 

TC FC Name 

(Water tankers) 

TC FC Name 

(Des. Units) 

TC FC 

/ عَر 1ضٍارج اىنىثر  0 0 روضح خيٍو اىىزٌر 1  0 0 ٍحطح اىنىثر 0 0 

/ فادي2ضٍارج اىنىثر  10 15 روضح ضْذش 2  13 0 
ٍحطح تحيٍح 

 اىٍاضٍِ
0 0 

/ّضاه3ضٍارج اىنىثر  15 30 روضح اىطفىىح اىحذٌثح 3  0 0 ٍحطح اىخٍرٌح 0 0 

1ضٍارج اىٍاضٍِ  0 0 روضح اىثطَح اىدٍَيح  4  0 0 ٍحطح اىعٍِ 0 0 

2ضٍارج اىٍاضٍِ  4 5 روضح زهراء اىطفىىح  5  0 0 ٍحطح اىشهذ 3 3 

1ضٍارج اىخٍرٌح  0 2 روضح أحثاب اىطفو 6  0 0 ٍحطح اىحْدىري 1 1 

 0 0 ٍحطح اىرحَح  0 0 ضٍارج اىعٍِ 0 0 روضح اىشاطئ أ 7

/اىدذي1ضٍارج اىشهذ  1 2 روضح اىَحثح 8  0 0 ٍحطح اىَْار  0 0 

 0 0 روضح طٍثح اىَْىرخٍح 9
ضٍارج  اىشهذ 

/حدازي2  
2ٍحطح اىعٍِ  0 0  0 0 

 0 0 ضٍارج اىحْدىري 0 0 روضح اىرٌاض  10

 0 0 ضٍارج اىرحَح 15 20 روضح عالء اىذٌِ 11

 0 0 ضٍارج اىَْار/شرٌف 0 3 روضح اىحٍاج 12

ٌحضٍارج اىٍَآ اىخٍر 0 0 روضح اىشدرج اىطٍثح 13  0 0 

 0 0 روضح اىطعٍذ 14

 0 0 روضح صالذ اىذٌِ 15
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Annex 3.3-B: Microbiological Parameters Data (Middle area  

Governorate) 
  

 

 

 

 

 

 

 

 

 

 

 

 

No Name 

(Kindergartens) 

TC F

C 

Name 

(Water tankers) 

TC FC Name 

(Des. Units) 

TC FC 

 0 0 ضٍارج ضهٍو االشقر 0 0 روضح أحثاب هللا 1
ٍحطح تحيٍح 

 اىهىر
0 0 

 0 0 ٍحطح اىصالذ 0 0 ضٍارج اىصالذ 0 0 روضح اىصذٌق 2

 2 4 ضٍارج فادي اىْثاهٍِ 6 20 روضح أطفاه اىثرٌح  3
ٍحطح تحيٍح 

 اىفردوش
0 0 

 0 0 ضٍارج اىْثاهٍِ 0 1 ٍرمس اىثراٍح اىْطائٍح 4
ٍحطح تحيٍح 

 اىفراخ
0 0 

 0 0 ضٍارج حَادج ٍهْا 0 0 روضح رٌتاج 5
ٍحطح تحيٍح 

 اىدْىب
0 0 

 0 0 ضٍارج ٍحطح اىطاحو 0 0 روضح األقصى 6
ٍحطح تحيٍح 

 اىطاحو
0 0 

7 
روضح عَر تِ عثذ 

 اىعسٌس
 0 0 ضٍارج خاىذ احَذ 1 2

 0 0 ضٍارج ٌىّص اىذٌل 0 0 روضح خَعٍح اىصالذ 8

 0 0 ضٍارج اٌَِ اىْثاهٍِ 0 0 روضح تاهٍو اىَعاقٍِ 9

 0 0 ضٍارج فادي  7 20 روضح اىخْطاء 10

 0 0 روضح احالً اىطفىىح 11
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Annex 3.4-B: Microbiological Parameters Data (Khanyounis 

Governorate) 

 

 

Annex 3.5-B: Microbiological Parameters Data (Rafah Governorate)  

 
No Name 

(Kindergartens) 

TC FC Name 

(Water tankers) 

TC FC Name 

(Des. Units) 

TC FC 

 0 0 ٍحطح اتى زهري 0 2 ضٍارج زعرب 85 100 روضح اىثيذٌح 1

ج فرٌذضٍار 20 52 روضح اىسهراء 2  0 0 ٍحطح اىشاعر 10 20 

3 
 1 8 ضٍارج ٍحَذ  100 100 روضح اىْىر

ٍحطح خَعٍح 

 اىصالذ
0 0 

 0 0 ضٍارج ٌحٍى 0 0 روضح تراعٌ اىطفىىح 4

 0 0 ضٍارج اىصالذ 3 4 روضح االوائو  5

 8 10 روضح اىدْىب  6

 

 

 

 

 

No Name 

(Kindergartens) 

TC FC Name 

(Water tankers) 

TC FC Name 

(Des. Units) 

TC FC 

 ضٍارج ٍحطح اىطعادج  0 100 روضح تراعٌ اىطْح 1
10

0 

10

0 

ٍحطح تحيٍح 

 اىطعادج 
4 2 

 2 7 ضٍارج ّعٌٍ 2 3 روضح تراعٌ االقصى  2
ٍحطح تحيٍح خَعٍح 

 اىرحَح
5 0 

 ضٍارج اىرحَح 20 100 روضح تٍثً هاوش  3
10

0 
 15 28 ٍحطح عَار 12

 0 0 ٍحطح اىعيً 1 6 ضٍارج ٍاضً 8 85 روضح دار اىثٍاُ 4

 0 12 ضٍارج ٌىضف اىشاعر 25 100 روضح اىٍاضٍَِ 5
ٍحطح تحيٍح 

 اىشاله
1 0 

 1 8 ٍحطح وافً 1 3 ضٍارج خرغىُ 100 100 روضح مراٍٍش 6

1اىطفو اىَثذع  7  30 100 ٍحطح اىطيفٍح 2 20 ضٍارج مرً 0 27 

2اىطفو اىَثذع  8 االضطو إتراهٌٍضٍارج  0 0   5 0 

 0 0 ضٍارج اىثٍىك 0 100 روضح طٍىر اىدْح 9

10 
روضح االتحاد 

 اىْطائً
100 100 

 0 3 روضح اىَْى  11
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STATISTICAL SUMMARY OF DRNINKING WATER 

QUALITY DATA 
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 Annex 4.2 :Statistical Summary of Water Quality Data (All Water Trucks) 
No

 
NAME

 T pH E.C TDS NO3- Cl- Hardness Ca++ Mg++ F- 

 0.05 3.81 8.20 36.18 47.11 54.84 146.94 237.00 7.79 26 سٌارة زعرب 1

 0.05 0.72 0.82 5.03 25.52 11.10 62.00 100.00 6.19 26 سٌارة فرٌد 2

 0.05 0.72 0.82 5.03 19.63 11.10 56.42 91.00 6.29 26 سٌارة محمد  3

 0.05 0.72 0.82 5.03 25.52 11.10 62.00 100.00 6.19 26 سٌارة ٌحٌى 4

 0.05 0.97 0.82 6.03 19.63 16.22 57.66 93.00 5.90 25 سٌارة الصالح 5

 0.05 0.72 0.82 5.03 19.63 11.10 56.42 91.00 6.29 26 سٌارة عوض 6

 0.08 2.90 2.46 18.09 62.82 54.08 241.18 389.00 7.71 26 سٌارة محطة السعادة  7

 0.12 0.48 0.82 4.02 35.32 37.45 75.64 122.00 6.77 26 سٌارة نعٌم 8

 0.20 7.68 10.66 58.29 21.59 27.23 106.02 171.00 7.38 28 سٌارة الرحمة 9

 0.05 2.89 3.28 20.10 54.96 41.37 177.94 287.00 6.56 25 سٌارة ماضً 10

 0.17 4.83 4.10 30.15 74.59 49.24 179.80 290.00 6.89 26 سٌارة ٌوسف الشاعر 11

 0.05 4.36 2.46 24.12 72.63 45.26 174.84 282.00 6.42 24 سٌارة جرغون 12

 0.18 1.93 1.64 12.06 60.85 32.64 170.50 275.00 7.20 27 سٌارة كرم 13

 0.30 0.97 0.82 6.03 29.45 38.71 103.54 167.00 6.97 26 سٌارة ابراهٌم االسطل 14

 0.05 0.72 0.82 5.03 19.63 11.10 56.42 91.00 6.29 26 سٌارة البٌوك 15

 0.00 5.18 0.82 23.41 49.95 13.27 132.68 214.00 6.59 25 سٌارة سهٌل االشقر 16

 0.03 4.00 0.82 18.52 17.26 7.22 45.88 74.00 7.17 24 سٌارة الصالح 17

 0.05 6.07 0.82 27.04 22.67 22.87 75.02 121.00 5.77 25 سٌارة فادي النباهٌن 18

 0.05 2.72 4.46 22.36 33.37 7.29 110.98 179.00 6.36 26 سٌارة النباهٌن 19

 0.00 4.11 0.46 18.09 39.26 15.75 127.10 205.00 6.52 25 سٌارة حمادة مهنا 20

 0.03 5.75 5.75 38.05 25.52 0.00 65.72 106.00 8.40 26 سٌارة محطة الساحل 21

 0.03 4.00 0.82 18.52 17.26 7.22 45.88 74.00 7.17 24 سٌارة خالد احمد 22

 0.03 5.75 5.75 38.05 25.52 0.00 65.72 106.00 8.40 26 سٌارة ٌونس الدٌك 23

 0.05 2.72 4.46 22.36 33.37 7.29 110.98 179.00 6.36 26 سٌارة اٌمن النباهٌن 24

 0.05 6.07 0.82 27.04 22.67 22.87 75.02 121.00 5.77 25 سٌارة فادي  25

 0.15 3.29 0.82 15.61 27.86 14.16 70.31 113.40 5.80 26 / عمر 1سٌارة الكوثر  26

 0.17 2.82 0.82 13.66 25.87 14.29 70.68 114.00 5.94 26 / فادي2سٌارة الكوثر  27

 0.23 2.82 0.82 13.66 25.87 14.22 70.87 114.30 5.90 26 /نضال3سٌارة الكوثر  28

 0.08 5.63 1.64 27.31 29.97 21.46 84.32 136.00 6.38 25 1سٌارة الٌاسٌن  29

 0.01 5.12 2.49 27.31 31.97 19.61 85.56 138.00 6.62 25 2سٌارة الٌاسٌن  30

 0.00 4.24 0.82 19.51 87.91 7.18 181.04 292.00 6.04 25 1سٌارة الخٌرٌة  31

 0.24 2.82 0.82 13.66 25.87 48.44 105.71 170.50 5.65 26 سٌارة العٌن 32

 0.08 3.29 0.82 15.61 25.97 18.57 82.46 133.00 6.57 24 /الجدي1سٌارة الشهد  33

 0.01 3.76 0.82 17.56 21.98 19.00 75.64 122.00 5.82 24 /حجازي2سٌارة  الشهد  34

 0.05 3.29 0.82 15.61 17.98 29.20 74.40 120.00 6.57 24 سٌارة الحنجوري 35

 0.09 3.76 0.82 17.56 24.45 14.53 76.88 124.00 6.55 25 سٌارة الرحمة 36

 0.04 3.76 0.82 17.56 53.95 13.19 138.88 224.00 6.26 25 سٌارة المنار/شرٌف 37

 0.01 3.76 0.82 17.56 29.97 21.50 85.56 138.00 6.17 24 سٌارة المٌاه الخٌرٌة 38

 0.23 2.82 0.82 13.66 13.99 20.90 43.77 70.60 5.60 23 سٌارة محطة الفالح  39

 0.19 4.09 5.74 31.22 11.99 16.80 59.21 95.50 5.48 24 سٌارة البركة 40

 0.00 4.19 2.46 23.41 10.00 8.90 27.47 44.30 6.32 22 سٌارة البسٌونً 41

 0.09 9.92 0.82 42.92 26.00 4.48 87.54 141.20 6.96 22 سٌارة بٌسان 42

 0.00 3.76 0.82 17.56 10.00 16.30 31.56 50.90 5.55 22 سٌارة محطة النٌل  43

 Min value 22.00 5.48 44.30 27.47 0.00 10.00 4.02 0.46 0.48 0.00 

 Max value 28.00 8.40 389.00 241.18 54.84 87.91 58.29 10.66 9.92 0.30 

  Average 25.09 6.50 151.32 93.82 20.44 32.03 19.87 2.05 3.58 0.08 

 Standard Deviation  1.27 0.69 75.57 46.86 14.27 17.89 11.29 2.23 1.95 0.08 
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Annex 4.3 :Statistical Summary of Water Quality Data (All Desalination Units) 
No

 
NAME

 T pH E.C TDS NO3- Cl- Hardness Ca++ Mg++ F- 

 0.05 4.80 6.56 36.18 47.11 54.08 147.56 238.00 6.55 26 محطة ابو زهري 1

 0.05 0.97 0.82 6.03 21.59 9.49 57.04 92.00 6.46 25 محطة الشاعر 2

 0.05 0.48 0.82 4.02 15.70 12.33 39.68 64.00 5.65 26 محطة جمعٌة الصالح 3

 0.00 2.40 3.28 18.09 64.78 58.30 244.90 395.00 7.09 28 محطة تحلٌة السعادة  4

 0.19 1.87 6.56 24.12 11.78 13.15 47.12 76.00 7.08 27 محطة تحلٌة جمعٌة الرحمة 5

 0.12 0.97 0.82 6.03 33.37 37.29 110.98 179.00 6.36 26 محطة عمار 6

 0.19 4.35 3.28 26.13 43.19 44.02 155.62 251.00 6.44 25 محطة العلً 7

 0.05 4.85 4.00 30.00 59.00 15.20 180.42 291.00 5.99 26 لٌة الشاللمحطة تح 8

 0.18 1.43 1.67 10.05 64.78 31.40 170.50 275.00 6.82 26 محطة وافً 9

 0.20 0.96 1.64 8.04 47.11 4.33 110.61 178.40 6.41 26 محطة السلفٌة 10

 0.00 6.82 0.82 30.15 41.22 13.00 131.44 212.00 6.22 25 محطة تحلٌة الهور 11

 0.03 3.29 0.82 15.61 19.98 3.30 45.88 74.00 7.17 24 محطة الصالح 12

 0.05 6.33 0.82 28.14 19.63 14.04 71.92 116.00 5.33 25 محطة تحلٌة الفردوس 13

 0.05 1.89 4.92 20.10 47.11 5.50 115.32 186.00 5.93 26 محطة تحلٌة الفرات 14

 0.00 3.27 0.08 13.66 48.00 25.30 123.81 199.70 6.10 25 لٌة الجنوبمحطة تح 15

 0.03 5.02 6.56 37.07 19.98 0.00 62.87 101.40 8.69 26 محطة تحلٌة الساحل 16

 0.08 1.87 0.82 9.76 27.86 13.98 70.00 112.90 5.83 25 محطة الكوثر 17

 0.08 6.53 3.28 35.12 25.97 7.05 58.28 94.00 6.12 25 محطة تحلٌة الٌاسٌن 18

 0.05 4.46 0.82 20.41 88.53 8.20 178.56 288.00 6.01 25 محطة الخٌرٌة 19

 0.12 1.87 0.82 9.76 23.88 46.69 105.21 169.70 5.56 26 محطة العٌن 20

 0.04 3.29 0.82 15.61 25.97 18.42 81.84 132.00 6.11 24 محطة الشهد 21

 0.04 3.29 0.82 15.61 19.98 29.35 76.26 123.00 5.84 24 محطة الحنجوري 22

 0.01 5.16 1.64 25.36 25.97 13.02 75.64 122.00 6.47 24 محطة الرحمة  23

 0.27 6.13 0.82 27.31 57.94 10.50 145.70 235.00 6.14 24 محطة المنار  24

 0.02 2.82 0.82 13.66 29.79 19.83 88.16 142.20 5.62 24 2محطة العٌن  25

 0.05 5.56 4.10 33.17 10.00 24.99 55.18 89.00 5.85 23 محطة الفالح 26

 0.00 4.71 0.82 21.46 12.00 5.47 51.71 83.40 6.37 23 محطة البركة 27

 0.16 7.03 2.46 35.12 10.00 8.91 28.21 45.50 5.68 22 محطة سقٌا غزة 28

 0.09 8.45 2.46 40.97 28.00 4.71 88.41 142.60 6.64 22 محطة بٌسان 29

 0.00 3.76 0.82 17.56 10.00 16.12 29.95 48.30 5.22 23 محطة النٌل 30

 Min value 22.00 5.22 45.50 28.21 0.00 10.00 4.02 0.08 0.48 0.00 

 Max value 28.00 8.69 395.00 244.90 58.30 88.53 40.97 6.56 8.45 0.27 

 Average 24.87 6.26 158.54 98.29 18.93 33.34 21.14 2.16 3.82 0.08 

 Standard Deviation  1.38 0.66 83.39 51.70 15.25 19.39 10.39 1.90 2.08 0.07 
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Annex 4.4: Statistical Summary of Water Quality Data (North Governorate) 

 

 (Kindergartens)  

Values  T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- TC FC 

Max value 23 7.95 132 81.84 20.74 24 39.02 5.74 6.51 0.25 8 1 

Min value 22 5.58 43.90 27.22 4.95 10 13.66 0.82 2.82 0.00 0 0 

Average 22.71 6.85 75 46.50 11.69 13.43 25.64 2.58 4.66 0.04 1.71 0.14 

Standard 

deviation  
0.45 0.80 30.21 18.73 6.67 4.50 9.75 1.88 1.32 0.09 2.76 0.35 

 

 

(Water tankers) 

Values  T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- TC FC 

Max value 24 6.96 141.20 87.54 20.90 26 42.92 5.74 9.92 0.23 0 0 

Min value 22 5.48 44.30 27.47 4.48 10 13.66 0.82 2.82 0.00 0 0 

Average 22.60 5.98 80.50 49.91 13.48 14.40 25.75 2.13 4.96 0.10 0 0 

Standard 

deviation  
0.80 0.58 35.20 21.82 5.93 5.99 10.43 1.91 2.53 0.09 0 0 

 

 

 (Desalination units) 
  

Values  T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- TC FC 

Max value 23 6.64 142.60 88.41 24.99 28 40.97 4.10 8.45 0.16 0 0 

Min value 22 5.22 45.50 28.21 4.71 10 17.56 0.82 3.76 0.00 0 0 

Average 22.60 5.95 81.76 50.69 12.04 14 29.66 2.13 5.90 0.06 0 0 

Standard 

deviation  
0.49 0.50 35.19 21.82 7.63 7.04 8.76 1.23 1.67 0.06 0 0 
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Annex 4.5: Statistical Summary of Water Quality Data (Gaza Governorate) 

 

(Kindergartens) 

Values  T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- TC FC 

Max value 26 7.54 303 187.86 66.60 90.30 60.25 13.12 6.33 0.18 30 15 

Min value 23 6 115 71.30 3.98 17.67 5.03 0.82 0.71 0.00 0 0 

Average 24.47 6.55 185.93 115.28 19 45.49 17.07 2.13 2.69 0.08 5.13 3 

Standard 

deviation  
0.96 0.41 65.82 40.81 14.64 25.21 13.29 3.02 1.67 0.06 8.84 5.37 

(Water tankers) 

Values  T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- TC FC 

Max value 26 6.62 292 181.04 48.44 87.91 27.31 2.49 5.63 0.24 13 3 

Min value 24 5.65 113.40 70.31 7.18 17.98 13.66 0.82 2.82 0.00 0 0 

Average 25 6.17 149.17 92.48 19.64 33.05 17.86 1.01 3.72 0.09 1.31 0.31 

Standard 

deviation  
0.78 0.33 50.46 31.28 9.77 17.81 4.38 0.48 0.83 0.08 3.47 0.82 

(Desalination units) 

  

Values  T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- TC FC 

Max value 26 6.47 288 178.56 46.69 88.53 35.12 3.28 6.53 0.27 0 0 

Min value 24 5.56 94 58.28 7.05 19.98 9.76 0.82 1.87 0.01 0 0 

Average 24.56 5.97 157.64 97.74 18.56 36.21 19.18 1.18 3.94 0.08 0 0 

Standard 

deviation  
0.68 0.27 60.13 37.28 11.86 21.21 8.12 0.78 1.63 0.07 0 0 
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Annex 4.6: Statistical Summary of Water Quality Data (Middle Governorate) 

(Kindergartens) 

Values  T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- TC FC 

Max value 26 8.69 224 138.88 27.35 58.89 39.67 4.92 6.66 0.12 20 7 

Min value 24 5.62 77 47.74 0 19.63 14.05 0.82 1.98 0.00 0 0 

Average 25.09 6.97 148.54 92.09 11.01 36.23 25.04 2.30 4.68 0.04 3.91 1.27 

Standard 

deviation  
0.79 0.92 55.16 34.20 8.62 14.16 6.97 1.96 1.62 0.03 7.61 2.49 

 

 

(Water tankers) 

Values  T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- TC FC 

Max value 26 8.40 214 132.68 22.87 49.95 38.05 5.75 6.07 0.05 4 2 

Min value 24 5.77 74 45.88 0 17.26 18.09 0.46 2.72 0.00 0 0 

Average 25.20 6.85 137.90 85.50 10.38 28.69 25.34 2.50 4.64 0.03 0.40 0.20 

Standard 

deviation  
0.75 0.89 49.44 30.65 7.77 9.81 7.04 2.17 1.24 0.02 1.20 0.60 

 

 

(Desalination units) 
  

Values  T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- TC FC 

Max value 26 8.69 212 131.44 25.30 48 37.07 6.56 6.82 0.05 0 0 

Min value 24 5.33 74 45.88 0 19.63 13.66 0.08 1.89 0.00 0 0 

Average 25.17 6.57 148.18 91.87 10.19 32.65 24.12 2.34 4.44 0.03 0 0 

Standard 

deviation  
0.69 1.09 53.05 32.89 8.41 12.97 8.35 2.47 1.77 0.02 0 0 

 
 

 



 

 

106 

Annex 4.7: Statistical Summary of Water Quality Data (Khanyounis Governorate) 

 

(Kindergartens)   

Values  T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- TC FC 

Max value 31 7.49 403 249.86 79.89 66.74 40.20 8.20 7.27 0.20 100 100 

Min value 25 6.53 85 52.70 12.71 13.74 4.02 0.82 0.48 0.05 0 0 

Average 26.64 7.03 200.09 124.06 33.43 41.75 24.72 3.88 3.65 0.13 65.27 23.18 

Standard 

deviation  
1.82 0.34 97.88 60.68 21.03 17.82 12.35 2.21 2.07 0.06 43.80 37.15 

(Water tankers)   

Values  T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- TC FC 

Max value 28 7.71 389 241.18 54.08 74.59 58.29 10.66 7.68 0.30 100 100 

Min value 24 6.29 91 56.42 11.10 19.63 4.02 0.82 0.48 0.05 0 0 

Average 26 6.91 230.44 142.88 37.45 47.98 19.77 3.01 2.97 0.13 28.11 13.11 

Standard 

deviation  
1.05 0.44 91.46 56.71 12.09 20.42 16.08 2.92 2.21 0.08 38.80 30.92 

(Desalination units)   

Values  T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- TC FC 

Max value 28 7.09 395 244.90 58.30 64.78 30 6.56 4.85 0.20 100 30 

Min value 25 5.99 76 47.12 4.33 11.78 6.03 0.82 0.96 0.00 0 0 

Average 26.13 6.58 217.18 134.65 26.65 43.20 16.06 2.76 2.22 0.12 18.25 6 

Standard 

deviation  
0.93 0.36 100.07 62.05 17.84 18.53 9.13 1.82 1.46 0.07 32.07 10.26 
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Annex 4.8: Statistical Summary of Water Quality Data (Rafah Governorate) 

 

(Kindergartens)   

Values  T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- TC FC 

Max value 26 6.84 242 150.04 56.45 33.37 42.21 4.92 7.26 0.05 100 100 

Min value 24 6.11 81 50.22 14.80 15.70 4.02 0.82 0.48 0.05 0 0 

Average 25.17 6.57 118.33 73.37 23.83 24.54 15.08 2.19 2.33 0.05 44.33 36 

Standard 

deviation  
0.69 0.26 55.79 34.59 14.78 5.64 12.75 1.55 2.26 0.00 42.87 40.67 

(Water tankers)   

Values  T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- TC FC 

Max value 26 7.79 237 146.94 54.84 47.11 36.18 8.20 3.81 0.05 20 10 

Min value 25 5.90 91 56.42 11.10 19.63 5.03 0.82 0.72 0.05 0 0 

Average 25.83 6.44 118.67 73.57 19.24 26.17 10.39 2.05 1.28 0.05 6.33 2 

Standard 

deviation  
0.37 0.62 53.06 32.89 16.03 9.73 11.54 2.75 1.13 0.00 6.97 3.61 

(Desalination units)   

Values  T pH E.C TDS NO3- Cl- TH Ca++ Mg++ F- TC FC 

Max value 26 6.55 238 147.56 54.08 47.11 36.18 6.56 4.80 0.05 0 0 

Min value 25 5.65 64 39.68 9.49 15.70 4.02 0.82 0.48 0.05 0 0 

Average 25.67 6.22 131.33 81.43 25.30 28.13 15.41 2.73 2.08 0.05 0 0 

Standard 

deviation  
0.47 0.40 76.29 47.30 20.38 13.63 14.71 2.71 1.93 0.00 0 0 
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ANNEX-5 

 
LABORATORY REPORTS SHOW WATER CHEMISTRY 

AND MICROBIOLOGICAL ANALYSES GIVEN FROM 

MoH  
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Annex 5.1:-Water Chemistry Report for Water Samples Taken From 

Kindergartens 
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Annex 5.2:-Water Chemistry Report for Water Samples Taken From Water 

Tankers 
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Annex 5.3:-Water Chemistry Report for Water Samples Taken From Desalination 

Units 
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Annex 5.4:-Water Microbiological Report for Water Samples  

 

 
 

 

 


