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ABSTRACT 

Wadi Gaza is the most important valley in Gaza Strip reaching a length of 9 km and 

extending toward the northwest and southeast. Due to the difficult economic 

conditions, the Israeli occupation and lack of the resources, Wadi Gaza became place 

for solid and liquid waste disposal from surrounding provinces. 

The aim of this study is to investigate potential water- borne diseases caused by 

wastewater in Wadi Gaza. This will be achieved through soil sampling along the 

course of the Wadi and analyzing the samples in accredited laboratories. The 

sampling locations were: the western part of the Wadi near the sea (Area C), near the 

Wadi Gaza Bridge (Area B) and eastern part of the bridge (Area A). In addition, the 

study includes a statistical analysis of the infected cases of water- borne diseases of 

urban areas close to and far from the Wadi, these data from Ministry of Health and 

UNRWA clinics, through collection data which contains number of infected cases by 

three diseases that have been identified in this research as an indicator of the presence 

of bacterial infections then analysis this data by Excel and ArcGIS 9.3.  

After studying the diseases caused by wastewater in Wadi Gaza, three indicators were 

selected: Fecal Coliform (Fc), Streptococcus, E-coli, as indicators of the presence of 

biological contamination caused by waste water. In addition, three water borne 

diseases: Dysentery, Typhoid, and Hepatitis A were selected to know how much the 

biological contamination affect the people lives surrounding Wadi Gaza and This will 

be compared with non-surrounding provinces. 

The results show that in Area B, the Fc concentration is 6.5x10
3
/streptococcus is 3 x 

10
3
/g, and E-coli is 3.7 x10

3
/g, In Area C it was found that Fc concentration is 5.4 

x10
3
/g, Streptococcus concentration is 4.4 x10

2
/g, and E-coli concentration is 4.2 x 

10
2
/g. 

The analysis of infected people data showed that, Typhoid in Al-Zahra and Wadi 

Gaza (5.4, 1.9 per 100.000 populations) was contaminated areas by E-Coli and 

Streptococcus, and this does not conflict with the data of Ministry of Health for 

Typhoid, which has been analyzed. While Dysentery in Al-Mograqa and Wadi Gaza 

(14.1, 11.9 per 100.000 populations ) was contaminated areas by E-Coli and 

Streptococcus, and this does not conflict with data also, but Hepatitis A Al-Buraj got  

(0.14 per 100.000 ) this is different with the contour maps in MOH data, but for MOH 

data showed that, North of Gaza got a maximum number of infected cases of 

Hepatitis A. 

 

Public health is very important field; the government must care about it in order to 

maximize the safety of the people of the Gaza Strip, especially those who live near 

Wadi Gaza.
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 الملخص

 . كم ويمتد باتجاه الشمال الغربي والجنوب الشرقي9وادي غزة من أكثر األودية  أىمية في قطاع غزة يبمغ طولو 
ولكن الظروف االقتصادية الصعبة، واالحتالل اإلسرائيمي وعدم توفر الموارد ، جعل وادي غزة مكان إللقاء مياه 

 .الصرف الصحي والنفايات الصمبة من خالل المحافظات المحيطة بو

اليدف من ىذه الدراسة ىو التحقق من األمراض المنقولة عن طريق المياه الناجمة عن مياه الصرف الصحي في 
تحقق ذلك من خالل أخذ عينات التربة عمى طول مجرى الوادي وتحميل العينات في المختبرات ي . وادي غزة
في الجزء الغربي من وادي بالقرب من البحر ، بالقرب من : وتم  أخذ العينات من المناطق التالية. المعتمدة

وباإلضافة إلى ذلك الدراسة تشمل تحميل إحصائي لعدد المصابين من ،رجسر وادي غزة والجزء الشرقي من الجس
األمراض المنقولة من خالل المياه العادمة في المناطق الحضرية القريبة من الوادي و البعيدة أيضا وىذه البيانات 

وذلك من خالل جمع بيانات لعدد اإلصابات ، تم الحصول عمييا من وزارة الصحة وعيادات وكالة الغوث
بكتيري وبعد ذلك    (تموث )لألمراض الثالثة التي تم اعتمادىا في ىذه الدارسة والتي ىي مؤشر عمى وجود إصابة 

 . Excel and Arc GIS 9.3تم تحميل البيانات عمى برنامج ال 

 E-coli: بعد دراسة األمراض التي تسببيا مياه الصرف الصحي في وادي غزة تم اختيار ثالثة مؤشرات
FecalColiform,Streptococcus, ،  تموث وادي مؤشرات عمى وجود تموث بيولوجي ناجم عن والتي ىي

 تم اختيارىا لمعرفة مدى Dysentery ,Typhoid ,Hepatitis A: وباإلضافة إلى ذلك، ثالثة أمراض. غزة
غزة وىذا سيتم مقارنتو بالمحافظات الغير محيطة بوادي التموث البيولوجي المؤثر عمى الناس المحيطة في وادي 

 . غزة

 3 ،103* 6.5  يساوي Fecal Coliform النتائج أظيرت أن المنطقة ب تبين أن تركيز ال  في المنطقة ب 
أما المنطقة ج تبين أن تركيز ال . E-coli تركيز ال 103 * 3.7 و Streptococcus تركيز ال 103 *

Fecal Coliform تركيز ال 102 * 4.4 ،103 * 5.4 يساوي Streptococcusتركيز ال 102 * 4.2 و 
E-coli . وىذا يعني أن المنطقة ب ىي أكثر المناطق تموثاًا مقارنة بالمناطق األخرى. 

لكل 5.4, 1.9   )في مدينتي الزىراء ووادي غزة Typhoidأن مرض ، تحميل بيانات المصابين أظير التالي
وىذا ال يتعارض مع البيانات التي تم ، Streptococcus وE-coliىي مناطق مموثة بال  (100.000

 في مدينتي المغراقة ووادي غزة Dysenteryحينما أن مرض . الحصول عمييا من وزارة الصحة والتي تم تحميميا
وىذا ال ، Streptococcus وE-coliوىي أيضاًا مناطق مموثة بال  (100.000لكل 14.1, 11.9  ) 

 مدينة البريج Hepatitis Aيتعارض مع البيانات التي تم الحصول عمييا من وزارة الصحة أيضاًا ولكن مرض ال 
 وىذا يختمف عن البيانات التي تم الحصول عمييا من وزارة الصحة (100.000لكل 0.14,   )حصمت عمى 

 

الصحة العامة ىي مجال ميم جدا، والحكومة يجب أن تيتم بو من أجل تحقيق أقصى قدر من السالمة ألىالي 
.قطاع غزة، وخاصة أولئك الذين يعيشون بالقرب من وادي غزة
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CAHPTER 1 :  Introduction 

 

1.1 Background 

Wadi Gaza is the largest Wadi in the Gaza Strip, crossing the Strip from East to West 

south of Gaza City for about 9 km. It extends into the armistice border for about 95 

km where it collects water from a large catchment area (3600 km
2
 in the Hebron 

Mountains and the Northern Negev) This area has a characteristic semi-arid climate 

and locates in a transitional zone between Mediterranean, Negev and Sinai regions 

(Enzel et al., 2008). 

A wetland region follows the coastal system of the Mediterranean Sea. The source of 

Wadi Gaza is located near Al Samou village south of Hebron. The course of the Wadi 

crosses the Naqab desert and finally opens out into the Mediterranean south of Gaza 

City.  

The last 9 km of its course are within the Gaza Strip itself, making Wadi Gaza the largest 

valley in Gaza(EQA, 2009). 

 

Wadi Gaza occupies a key position in the geology and geomorphology of the area, but 

studies of its geological characteristics and its geomorphologic and hydrological 

features are limited. 

The quantity of wastewater that released daily into the Mediterranean Sea from Gaza 

is60 to 80 million liters. Wastewater comes to Wadi Gaza from the neighboring 

residential areas in the middle of the Gaza Strip. There is no wastewater treatment in 

the whole of the Wadi Gaza area in part due to Israeli restrictions on entry to Gaza of 

materials for construction and rehabilitation of infrastructure. The Wadi smells rotten 

and the water is heavily polluted with chemical waste, rubbish and wastewater. Given 

the lack of wastewater treatment facilities. Some households are forced to empty 

wastewater directly into the Wadi as there are no collection, treatment or disposal 

facilities. (EWASH, 2012).  

 

1.2 Problem Statement 

An unpublished 2011 study by the International Committee of the Red Cross (ICRC) 

showed how the Wadi was transformed illegally into a waste dumping ground. 

Household and other solid waste has piled up along its sides, and caused detriment to 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=semi-arid
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its environment, wetland, groundwater, and even the marine ecosystem. Municipality 

of Al-Nusirat began pumping untreated wastewater into Wadi Gaza around 1999.The 

volume of pumped wastewater increased following the establishment of large-scale 

wastewater networks in 2002, when a large number of citizens stopped using their 

cesspools (Hatter and Saafin, 2011). 

 

wastewater from Deir al-Balah, Al-Maghazi camp, Al-Zuwaida, Al-Buraj camp, Al-

Nusirat camp, and al-Zahra city, with a total population of 240,000 is pumped into 

Wadi Gaza directly, without being treated (Hatter and Saafin, 2011). While The 

dumping of solid wastes in the marine environment may affect the marine ecosystem 

through a number of ways. Small particles, for example plastics, can clog the gills of 

fish and may therefore affect their respiration. The solid wastes may also contain 

some toxic substances, such as the remains of oil, paint and pesticides. Furthermore, 

the large quantities of solid wastes dumped into the coast of Gaza strip are a direct 

threat to the habitats of the coastal and marine species (Mahmoud,2002).  

 

The situation has become more threatening due to the stoppage of treatment plants 

due to power outages, according to the Impact of Israeli Violations in 2008 on the 

Ability of the Palestinian National Authority to Protect Human Rights (Hatter and 

Saafin, 2011). 

 

Therefore due to the continuous wastewater availability in the Wadi, there is a 

need of characterization of the potential Water- Borne Disease in Wadi Gaza. 

 

1.3 Goals 

The goal of this research is to characterize the Potential Water- Borne Disease in 

Wadi Gaza. 

1.4 Objectives 

To be more specific, the objectives of this research are to: 

 Investigate existence of waste water contamination in Wadi Gaza soil. 

 Determine the expected diseases resulting from wastewater disposal in Wadi 

Gaza. 

 Link between the results of Wadi Gaza soil sampling and the water-borne 

diseases in the middle governorate and other Gaza Governorates.  
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1.5 Methodology 

It is intended to achieve the objectives of the study by the following steps:  

- Literature review 

Revision of accessible references as books, studies and researches relative to the topic    

of this research which may include: Geology, Geomorphology, ecology, 

socioeconomic and hydrology of Wadi Gaza etc. 

- Soil Sampling  

Soil sampling was taken from different areas close the Wadi. After collection, the 

samples have been analyzed in the laboratory of environment and Earth Sciences Dep. 

at the Islamic University to investigate the availability of soil biological 

contaminations.  

Statistical Analysis of water-borne diseases infections will be carried out and analysis 

for the middle governorate that very close to the Wadi and will be compared with all 

other Gaza Governorates. 

 

1.6 Result and discussion 

The soil sampling results and water- borne diseases data results will be discussed to 

investigate its relationship.  

 

1.7 Expected Results 

 Know the extent of biological contamination in Wadi Gaza. 

 Determine the degree of contamination in the surrounding provinces in the 

Wadi Gaza. 

 A link between the soil contaminations and the public health in the middle 

area. 

1.8 Thesis Outline 

The thesis is composed of the following six chapters that cover the proposed 

subject as illustrated below: 
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1. Chapter One (Introduction):  Chapter one include a general background about 

Wadi Gaza in Gaza Strip follows by statement of the problem, objectives, 

methodology used in order to achieve the objectives and thesis outline. 

2. Chapter Two (Literature Review): Chapter two covers a general literature 

review for Public health, Wastewater, Wastewater in Wadi Gaza and Bacterial 

diseases. 

3. Chapter Three (Study Area): Chapter three describes the study area with 

respect to its location, population, climate and rainfall, and geology. 

4. Chapter Four (Methodology): Chapter four discusses the methodology of study 

including data collection, experiment description, data analysis and 

preparation, sample collection and analysis. 

5. Chapter Five (Results and Discussion): Chapter Five presents the discussion of  

the result of the analysis of soil sampling and  data of the water borne diseases 

infections obtained from the Ministry of Health, UNRWA and. 

6. Chapter Six (Conclusions and Recommendations): Chapter six presents the 

main conclusions and recommendations of study. 
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CHAPTER 2: Literature Review 

 

2.1 Waste Water General Definitions  

The world is facing a global water quality crisis. Continuing population growth and 

urbanization, rapid industrialization, and expanding and intensifying food production 

are all putting pressure on water resources and increasing the unregulated or illegal 

discharge of contaminated water within and beyond national borders. This presents a 

global threat to human health and wellbeing, with both immediate and long term 

consequences for efforts to reduce poverty whilst sustaining the integrity of some of 

our most productive ecosystems (Corcoran et al., 2010).  

The health of a community and its water resources must be protected from the 

harmful effects of inadequately treated wastewater. These harmful effects include 

waterborne diseases like (Hepatitis A, E. Coli 0157:H7, Viral Gastroenteritis and 

Salmonellosis, etc )or other illnesses and the pollution of rivers, streams, lakes, 

groundwater supplies, or other water bodies.                    All persons generate All  

Persons generate wastewater, also known as wastewater, as they go about their daily 

activities of washing dishes and clothes, showering and bathing, and using the toilet. 

To protect public health and environmental quality, wastewater must be cleaned 

(treated) before it is returned to the environment for further use (Simms, 2006). 

 

Wastewater can cause health risks to people; it is well-known that wastewater is the 

accumulation of human wastes such as feces and urine. Because of its characteristic, it 

is indeed true enough that it has various pathogens and allergens that can be very 

harmful to people's health. There are several diseases caused by wastewater. 

The people are at great risk of acquiring infectious diseases due to exposure to 

wastewater. Not only are the general public affected, wastewater damage also poses 

risks to workers who usually venture in the remediation process, wastewater treatment 

and other wastewater-damage related activities. There is a big possibility for them to 

acquire chronic respiratory illnesses and other chronic illnesses whether it could be 

viral, fungal, bacterial and parasitic (Leo Nov, 2005). 

Contaminated water resulting from washing, bathing, construction, and personal 

hygiene, must be treated before it is returned to the environment. Water is the primary 

http://www.cdc.gov/hepatitis/ChooseA.htm
http://www.azdhs.gov/phs/oids/epi/disease/ecoli/index.htm
http://www.cdc.gov/ncidod/dvrd/revb/gastro/faq.htm
http://www.azdhs.gov/phs/oids/epi/disease/salmonellosis/index.htm
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component of a wastewater stream and is the component that is reused after 

contaminants have been removed through treatment processes. A typical resident uses 

about 45-60 gallons per day(170.3 - 227.1 Liters per day) – a family of four may 

generate up to 240 gallons (908.5 Liters) of wastewater per day (Simms, 2006). 

Early efforts in water pollution control prevented human waste from reaching water 

supplies or reduced floating debris that obstructed shipping. Pollution problems and 

their control were primarily local, not national, concerns. 

Since then, population and industrial growth have increased demands on our natural 

resources, altering the situation dramatically (EPA, 2004). 

 

2.2 Wastewater and diseases 

Polluted water could result in four types of diseases: water borne, water washed, 

water based and water related. Water borne diseases could get transmitted fecally or 

orally. Some are caused by bacteria; these include cholera and typhoid. Some others 

are caused by the phage virus or bacteriophages. Jaundice and infectious hepatitis are 

among these. Still others are the handiwork of protozoan. Amoebic meningo and 

amoebic dysentery are prime examples of these. Water borne diseases can be 

prevented by either improving the quality of drinking water, or by preventing the use 

of water from unhygienic sources. 

There are also some diseases that can be classified as water washed diseases, as these 

are spread from person to person using water as the medium. Skin diseases, leprosy 

and conjunctivitis rank among these. To prevent the spread of water washed diseases, 

you should improve access to a reliable domestic water supply, and also increase the 

quantity of water available for washing, cleaning, etc., so as to prevent sharing of the 

same water by many people (Runion, 2007). 

Other diseases of biological origin caused by polluted water are Schistosomiasis, 

Giardiasis, illness caused due to cyanobacteria, Cholera, Typhoid and Paratyphoid, 

Shigellosis (bacillany dysentery), Escherichia coli, Yersinia infections, Aeromonas 

infections, (aerobic, nonspore forming, gram negative bacilli), , Leptospirosis, 

Mycobacterial disease, Viral hepatitis, including poliomyelitis, Of these 

Schistosomiasis can prove occasionally fatal if Katayama fever happens within 4 to 6 

weeks of infection. The symptoms include diarrhea, abdominal pain, nausea, vomiting 

and anorexia, flatulence and bloating. In some cases, as with illness caused due to 

http://ezinearticles.com/?expert=Richard_Runion
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cyanobacteria, skin rashes are common. In Cholera, renal and cardiac failure occurs 

due to dehydration. Tuberculosis and leprosy can result from Mycobacterium disease. 

Viral hepatitis manifests as jaundice (Runion, 2007). 

There are many sources of contaminants in wastewater, including food particles, 

paper wastes, human wastes, cleaners, and personal-care products. Traditionally, local 

health agencies have been most concerned with disease-causing (pathogenic) 

contaminants that negatively affect public health. As populations experienced cycles 

of disease, public health officials began to base their strategy of treatment on worst-

case scenarios. This means that they assume pathogens are always present in 

wastewater streams. The World Health Organization (WHO) estimates show that 

three million people - two-thirds of them children - die from waterborne diseases each 

year. In the United States, the U.S. Environmental Protection Agency (USEPA) 

estimates that 168,000 viral and 34,000 bacterial illnesses occur each year as a result 

of the consumption of drinking water from systems that rely on improperly treated 

ground water (Simms, 2006).                                                                        

Common pathogenic organisms are classified into three categories: 

• Bacteria  

These pathogens typically cause diseases of the gastrointestinal tract, such as 

typhoid and paratyphoid fever, dysentery, diarrhea, and cholera. Bacterial 

pathogens are often highly infectious, causing many thousands of deaths every 

year in areas with poor sanitation.  

 • Viruses  

Human feces contain more than 100 different types of enteric viruses capable of 

causing infection or disease. Viral pathogens found in wastewaters cause 

diarrhea and other gastrointestinal diseases, and infectious hepatitis.  

 

• Parasites - Protozoa  

The protozoans Cryptosporidium parvum, Cyclospora, and Giardia lamblia are of 

greatest concern because of their devastating effects on individuals with weak or 

compromised immune systems, including very young children, the elderly, persons 

with cancer, and individuals with acquired immunodeficiency syndrome (AIDS). In 

1993, an outbreak of cryptosporidiosis in Milwaukee’s drinking water supply resulted 

http://ezinearticles.com/?expert=Richard_Runion
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in over 400,000 people becoming ill and contributed to the deaths of many persons. 

Parasites - Helminths Helminthic parasites that may be found in wastewater include 

intestinal worms, such as stomach worms, tapeworms, whipworms, hookworms, and 

threadworms. 

Diseases caused by bacteria, viruses and protozoa are the most common health 

hazards associated with untreated drinking and recreational waters. The main sources 

of these microbial contaminants in wastewater sources of these microbial 

contaminants in wastewater are human and animal wastes (WHO, 1997; 

Environmental Canada, 1998; 2003 EPA, 2000; WHO, 2006).These contain a wide 

variety of viruses, bacteria, and protozoa that may get washed into drinking water 

supplies or receiving water bodies (Kris, 2007). Microbial pathogens are considered 

to be critical factors contributing to numerous waterborne outbreaks.  

 

Hepatitis A, one of the oldest diseases known to humankind, is a self-limited disease 

which results in fulminate hepatitis and death in only a small proportion of patients. 

However, it is a significant cause of morbidity and socio-economic losses in many 

parts of the world. 

Infections occur early in life in areas where sanitation is poor and living conditions 

are crowded. With improved sanitation and hygiene, infections are delayed and 

consequently the number of persons susceptible to the disease increases. Under these 

conditions explosive epidemics can arise from faecal contamination of a single 

source. 

Hepatitis A is caused by infection with the hepatitis A virus (HAV), a non enveloped, 

positive stranded RNA virus, first identified by electron microscopy in 1973, 

classified within the genus hepatovirus of the picornavirus family. The virus interferes 

with the liver’s functions while replicating in hepatocytes. The individual’s immune 

system is then activated to produce a specific reaction to combat and possibly 

eradicate the infectious agent. As a consequence of pathological damage, the liver 

becomes inflamed. 

HAV is generally acquired by the faecal-oral route by either person-to-person contact 

or ingestion of contaminated food or water. Hepatitis A is an enteric infection spread 

by contaminated excreta. High concentrations of virus are shed in the stools of 

patients during 3 to 10 days prior to the onset of illness till one - two weeks after the 
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onset of jaundice. Faecal excretion of HAV persists longer in children and in immune 

compromised persons (up to 4 - 5 months after infection) than in otherwise healthy 

adults. Communicability is highest during this interval. 

Since both clinically and biochemically, acute hepatitis due to HAV cannot be 

distinguished from that due to the other hepatitis viruses, serologic tests are necessary 

for a virus-specific diagnosis. Diagnosis of hepatitis is made by biochemical 

assessment of liver function (laboratory evaluation of: urine bilirubin and 

urobilinogen, total and direct serum bilirubin, ALT and/or AST, alkaline phosphatase, 

prothrombin time, total protein, serum albumin, IgG, IgA, IgM, complete blood 

count). 

As almost all HAV infections are spread by the faecal - oral route, good personal 

hygiene, high quality standards for public water supplies and proper disposal of 

sanitary waste have resulted in a low prevalence of HAV infections in many well 

developed societies. Within households, good personal hygiene, including frequent 

and proper hand washing after bowel movement and before food preparation, are 

important measures to reduce the risk of transmission from infected individuals before 

and after their clinical disease becomes apparent(WHO, 2000-2007). 

Hepatitis A is considered one of the most common diseases and the leading cause of 

acute viral hepatitis worldwide. The majority of hepatitis A virus (HAV) infection 

still takes place in early childhood, where it is asymptomatic, self-limiting and leaves 

life-long immunity(Dheir et al., 2012). 

Diarrhea is loose, watery stools. Having diarrhea means passing loose stools three or 

 more times a day. Acute diarrhea is a common problem that usually lasts 1 or 2 days 

and goes away on its own. Diarrhea lasting more than 2 days may be a sign of a more 

serious problem. Chronic diarrhea—diarrhea that lasts at least 4 weeks—may be a 

symptom of a chronic disease. Chronic diarrhea symptoms may be continual or they 

may come and go. Diarrhea of any duration may cause dehy-dration, which means the 

body lacks enough fluid and electrolytes—chemicals in salts, including sodium, 

potassium, and chloride—to function properly. Loose stools contain more fluid and 

electrolytes and weigh more than solid stools.  

Acute diarrhea is usually caused by a bacterial, viral, or parasitic infection. Chronic 

diarrhea is usually related to a functional disorder such as irritable bowel syndrome or 

an intestinal disease such as Crohn’s disease. 
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The most common causes of diarrhea include the following:     

 

• Bacterial infections. Several types of bacteria consumed through 

contaminated food or water can cause diarrhea. Common culprits include Campylo-

bacter, Salmonella, Shigella, and Escherichia coli (E. coli). 

• Viral infections. Many viruses cause diarrhea, including rotavirus, norovirus, 

cytomegalovirus, herpes simplex virus, and viral hepatitis. Infection with the rotavirus 

is the most common cause of acute diarrhea in children. Rotavirus diarrhea usually 

resolves in 3 to 7 days but can cause problems digesting lactose for up to a month or 

longer.  

• Parasites. Parasites can enter the body through food or water and settle in the 

digestive system. Parasites that cause diarrhea include Giardia lamblia, Ent-amoeba 

histolytica, and Cryptosporidium( NIH,2011) 

 

Diarrhea is most often spread through fecally contaminated food, hands or surfaces 

touched by objects or hands put into the mouth (fecal-oral route).Water contaminated 

by human or animal feces (e.g., swimming pools) or trips to sites with animals (e.g., 

farms, pet stores, petting zoos) are also possible routes of transmission.(DDC,2006) 

If acute diarrhea lasts 2 days or less, diagnostic tests are usually not necessary. If 

diarrhea lasts longer or is accompanied by symptoms such as fever or bloody stools, a 

doctor may perform tests to determine the cause. (NIH, 2011). 

Just as clinicians are often required to implement immediate treatment measures 

before a patient’s diagnosis is confirmed by the laboratory, public health authorities 

are often obliged to take initial steps to prevent the spread of an outbreak or epidemic 

before the cause has been identified through laboratory testing. Epidemiologic 

information from the initial cases or their families may indicate a common exposure, 

such as a meal, a particular type of food, or a specific food vendor. Outbreaks of 

cholera and of many other enteric pathogens that case acute watery diarrhea may be 

food borne, and these leads should be investigated aggressively and appropriate 

prevention measures implemented. (CDC and GDC, 2011). 

Diarrhea is a common problem that generally lasts for few days. In Gaza strip, acute 

diarrhea is one of the most common childhood illnesses and the main cause of 

outpatient visits and hospitalizations. Globally, the average of diarrhea among 

children under 3 years of age reaches one to three episodes annually and acute 
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diarrhea accounts for almost 10% of all childhood hospital admissions (Dheiret al., 

2012). 

Typhoid fever is a life-threatening illness caused by the bacterium Salmonella Typhi. 

In the United States about 400 cases occur each year, and 70% of these are acquired 

while traveling internationally. Typhoid fever is still common in the developing 

world, where it affects about 12.5 million persons each year. 

Typhoid fever can be prevented and can usually be treated with antibiotics. If you are 

planning to travel outside the United States, you should know about typhoid fever and 

what steps you can take to protect yourself. (CDC, 2005). 

 

Salmonella Typhi lives only in humans. Persons with typhoid fever carry the bacteria 

in their bloodstream and intestinal tract. In addition, a small number of persons, called 

carriers, recover from typhoid fever but continue to carry the bacteria. Both ill persons 

and carriers shed S. Typhi in their feces (stool). 

 

You can get typhoid fever if you eat food or drink beverages that have been handled 

by a person who is shedding S. Typhi or if wastewater contaminated with S. Typhi 

bacteria gets into the water you use for drinking or washing food. Therefore, typhoid 

fever is more common in areas of the world where hand washing is less frequent and 

water is likely to be contaminated with wastewater. 

 

Once S. Typhi bacteria are eaten or drunk, they multiply and spread into the 

bloodstream. The body reacts with fever and other signs and symptoms. (CDC, 2005) 

The major routes of transmission of typhoid fever are through drinking water or eat in 

food contaminated with Salmonella typhi. Prevention is based on ensuring access to 

safe water and by promoting safe food handling practices. Health education is 

paramount to raise public awareness and induce behavior change. (WHO, 2003). 

 

Humans are the only natural host and reservoir. The infection is transmitted by 

ingestion of food or water contaminated with faeces. Ice cream is recognized as a 

significant risk factor for the transmission of typhoid fever. Shellfish taken from 

contaminated water, and raw fruit and vegetables fertilized with wastewater, have 

been sources of past outbreaks. The highest incidence occurs where water supplies 
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serving large populations are contaminated with faeces. Epidemiological data suggest 

that waterborne transmission of S. typhi usually involves small inocula, whereas food 

borne transmission is associated with large inocula and high attack rates over short 

periods. The inoculum size and the type of vehicle in which the organisms are 

ingested greatly influence both the attack rate and the incubation period (WHO, 

2003). 

Typhoid Fever got if you eat food or drink beverages that have been handled by a 

person who is shedding Salmonella typhi. The germ is shed through feces and urine of 

infected people because of that Typhoid rapid proliferation (Health Unit, 1990). 

 

Many microbial pathogens in wastewater can cause chronic diseases with costly long-

term effects, such as degenerative heart disease and stomach ulcer (Table 2-1). The 

density and diversity of these pollutants can vary depending on the intensity and 

prevalence of infection. 

 

 

Table (2-1): Acute and chronic health effects associated with microbial 

pathogens in water (CDC, 1997). 

Pathogen Agent Acute effects Chronic or ultimate effects 

Bacteria E. coli O157:H Diarrhea Adults: death (thrombocytopenia) 

Children: death (kidney failure) 

Legionella pneumonia Pneumonia Elderly, death 

Helicobacter pylori Gastritis Ulcers and stomach cancer 

Vibrio  cholerae Diarrhea Death 

Campylobacter Diarrhea Death: Guillain- Barre syndrome 

Yersinia Diarrhea Reactive fever 

Salmonella Diarrhea Reactive fever 

Cyanobacter Diarrhea Potential fever 

Leptosporosis Fever, Chills Well's Disease 

    

Parasites Giardia lamblia Diarrhea Lactose intolerance, Failure to 

thrive, severe hypothyroidism 

Cryptosporosis Diarrhea Death in immune compromised 

host 
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The detection, isolation and identification of the different types of microbial 

pollutants in wastewater are always difficult, expensive and time consuming. To 

avoid this, indicator organisms are always used to determine the relative risk of the 

possible presence of a particular pathogen in wastewater (Paillard et al., 2005). 

Viruses are among the most important and potentially most hazardous pollutants in 

wastewater. They are generally hazardous pollutants in wastewater. They are 

generally to detect and require smaller doses to cause infections (Toze, 1997; Okoh, et 

al., 2007). Because of the difficulty in detecting viruses, due to their low numbers, 

bacterial viruses (bacteriophages) have been examined for use in faecal pollution and 

the effectiveness of treatment processes to remove enteric viruses (Okoh et al.,  

2007). 

Bacteria are the most common microbial pollutants in wastewater. They cause a wide 

range of infections, such as diarrhea, dysentery, skin and tissue infections, etc. 

Disease-causing bacteria found in water include different types of bacteria, such as E. 

coli O157:H7; Listeria, Salmonella, Leptospirosis, Vibrio, Campylobacter, etc. (CDC, 

1997). Wastewater consists of vast quantities of bacteria, most of which are harmless 

to man. However, pathogenic forms that cause diseases, such as typhoid, dysentery, 

and other intestinal disorders may be present in wastewater. The tests for total 

coliform and faecal coliform nonpathogenic bacteria are used to indicate the presence 

of pathogenic bacteria (Akpor and Muchie, 2011).  

 

Water borne diseases data related to wastewater were obtained from the MOH and 

UNRWA. The data consists of the number of cases that infected in year 2012 by 

Hepatitis A, Dysentery and Typhoid fever. The data were collected for the five areas 

surrounding the Wadi Gaza: 

 

Acanthamoeba Eye infection  

    

Viruses Hepatitis Viruses Liver infection Liver failure 

Adenoviruses Eye infection  

Echoviruses Meningitis  

https://www.google.ps/search?espv=210&es_sm=93&biw=1093&bih=534&q=Echoviruses&spell=1&sa=X&ei=AjhCU5iiHaavygOqgYHYBw&ved=0CCUQvwUoAA
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MOH division of infectious diseases (epidemics) into three groups (Dheir et al., 

2012): 

Group A diseases: Diseases of this group are of high importance so they must be 

immediately notified with accuracy due to the urgency of investigation and 

intervention. This group includes Acute Flaccid Paralysis (AFP), Acute Poliomyelitis, 

Human immunodeficiency virus / Acquired immunodeficiency syndrome 

(HIV/AIDS), Cholera, Hemophillus Influenza b (Hib) Meniingitis, Rabies, Tetanus 

and Adverse Events Following Immunization (AEFI). 

Group B diseases: Diseases of this group are of the second highest of importance and 

must be notified within one week. It includes other Bacterial and Viral Meningitis, 

Brucellosis, Hepatitis (A, B and C), Lishmaniasis, Influenza A H1N1, Malaria, 

Mumps, Sexual Transmitted Diseases (STD), Shigellosis, Tuberculosis, 

Salmonellosis, Typhoid and Paratyphoid fever, and Whooping Cough. 

Group C diseases: Diseases of this group are of low importance and monthly 

notification is needed. This group includes Animal Bites, Chicken Pox, and 

Diarrhea, Upper respiratory Tract infection (URTI), Ascariasis, Amebiasis, 

Giardiasis, Strongyloidiasis, Enterobiasis, Trichuriasis, Hymenolepiasis, 

Toxoplasmosis and Leprosy. 

 

Typical fecal coliform sources include (1) sewer infrastructure, (2) onsite wastewater 

treatment and disposal systems (OSTDS) (septic tanks), (3) storm water, (4) nonpoint 

sources, and (5) wildlife.  

A centralized sewer system may contribute fecal coliform pollution to the 

environment through the slow and continuous leakage of sanitary sewer 

infrastructure, treatment failure in wastewater treatment plants, and SSOs. An OSTDS 

can contribute to fecal coliform contamination if it is failing, which means it is not 

functioning in a sanitary manner and may result in the transport of untreated or 

partially treated wastewater to surface waters. Storm water may be a source by 

conveying fecal coliform bacteria through storm water runoff, or if there are illicit 

connections to the storm water system that discharge fecal coliform (i.e., septic tanks 

that are directly piped to the storm water system). Nonpoint sources of fecal coliform 

include pet waste, homeless populations, and certain types of agricultural operations. 
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In addition, wildlife can be a source of fecal coliform bacteria; however, this source is 

considered to be uncontrollable and part of the natural background condition of the 

basin (Florida Department of Environmental Protection,2011). 

Escherichia coli is a toxin producing bacteria that causes intestinal disease in people 

which lasts about one week. Diarrhea with blood is typical. Severe cases can lead to 

kidney problems which can be life-threatening, especially in children or the elderly. 

There are many types of E. coli bacteria. The designation O157:H7refers to the way 

scientists classify various E. coli bacteria. Some types of E. coli are normally found in 

the intestines of people and animals but intestines of people and animals but. The 

Infection can occur from ingesting (oral) contaminated food, particularly raw or 

undercooked ground beef. Direct contact with the feces of infected animals can also 

be a source of exposure. Illness usually starts 1 to 2 days after exposure, with 

abdominal pain and cramping and watery diarrhea with blood. In adults, the infection  

clears on its own in about a week. In young children (under 10) and the elderly, 

serious complications involving the kidneys can develop in a small percentage of 

cases. Human disease from E. coli O157:H7 is most often associated with eating 

improperly cooked meat, particularly ground beef, or from products such as 

unpasteurized milk and some processed meats. Use safe food preparation techniques. 

Wash your hands and all cooking equipment with soap and warm water after handling 

raw meat. Thaw meats in the refrigerator, never on the counter. Avoid cross 

contamination in the kitchen by using separate cutting boards for meats and 

vegetables. Cook meat thoroughly and to the proper cooking temperatures.  Drink 

only pasteurized milk, juices, and cider. Wash your hands frequently after handling 

animals. Wear disposable gloves if you are in contact with sick animals and always 

wash your hands after touching animals (The Center for Food Security & public 

Health, 2006). 

 

Streptococcus iniae is a major fish pathogen in many regions of the world. These 

bacteria are also zoonotic with infections in humans associated with the handling and 

preparation of infected fi sh. The first human infections were reported in 1996, and S. 

iniae was noted as an emerging zoonotic disease transmitted by food animals at 

emerging zoonotic disease transmitted by food animals at eases in 2000. Human 

infections with S. iniae have been sporadic but continue to be reported with new cases 
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arising sporadic but continue to be reported with new cases arising cause of enhanced 

awareness, more reliable detection and identification methods, and the global 

expansion of finfish aquaculture ( Baiano and Barnes,2009).  

 

2.3 Public health 

The public health sciences have played a key role in creating improvements in human 

health. They function at the forefront of science and policy by informing measures 

that will maintain a trajectory of health improvement by guarding against new hazards 

such as emerging infections, environmental hazards and diseases relating to lifestyle. 

The public health sciences are essential to further our understanding of the relative 

importance of environmental, lifestyle and genetic causes of disease to identify 

strategies to improve the wellbeing of the population and to evaluate their impact. 

Public health is concerned with preventing disease and improving the health of 

populations. The training, skills and activities underpinning public health are therefore 

necessarily different from those underpinning clinical care, where the major objective 

is the diagnosis and treatment of an individual patient’s particular predicament (Trust, 

2004). 

2.4 Wastewater in Wadi Gaza 

Gaza beach is the only recreational area available for the local inhabitants. It is 

heavily polluted with treated, partially treated, and untreated wastewater from point 

and nonpoint sources. The majority of the population is below the age of 15 years. 

This age group is vulnerable to gastrointestinal diseases and usually restricts their 

activities to beach sand at the swash zone. Five sampling points along the Gaza beach 

were selected and monitored for 1 year (fortnightly). Microbial sand content was 

evaluated for fecal coliforms (Fc), fecal streptococci (FS), Salmonella, Shigella, and 

Vibrio. Seawater samples were subjected to similar evaluation. Pseudomonas, yeast, 

and mold counts were performed for all sand samples as possible sand pollution 

indicators. Higher fecal indicators (both Fc and FS) were obtained in sand than in 

water in most locations. The frequency of Salmonella and Vibrio isolation was also 

higher insand than in water despite the fact that only 10 g of sand were used while 1 L 

of seawater was collected. Statistically significant correlations between FC and 

streptococci and between Salmonella and Vibrio were found. Similar correlation was 
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also dete between Pseudomonas and Salmonella in sand samples (Elmanama. et al., 

2005). 

 

The impact of discharging wastewater and disposing solid waste in Wadi Gaza 

environment was investigated. Groundwater and soil in Wadi Gaza are found to be 

seriously polluted with many pollutants in the area starting from the sea and extending 

to 5 km upstream of the sea. The pollution included heavy metals, fecal coliforms, 

organic matter, and nitrates. Moreover, the sea water at the outlet of the Wadi is 

seriously polluted with many types of Pollutants over a long distance. An immediate 

action should be initiated to stop the disposal of wastewater and solid waste into Wadi 

Gaza. This can be achieved by building a temporary wastewater treatment plant close 

to the Wadi to serve for an interim period of 5 to 7 years (the period expected for the 

construction of the central wastewater treatment plant). 

In addition a monitoring plan and low enforcement campaign should be implemented 

to prevent the illegal solid waste disposal in the Wadi (Rabah, 2013).   

 

Because of the importance of the Wadi Gaza as a unique ecosystem in Gaza 

Governorates, it was declared a nature reserve in June 2000. Wadi Gaza Nature 

Reserve was established to conserve the wetland ecosystem, to stop or slow the 

degradation of its natural resources and biological diversity and to promote measures 

for their eventual rehabilitation. Wadi Gaza represents a unique habitat supporting a 

rich biodiversity. The Wadi is under threat from many environmental pressures, in 

particular from wastewater generated by recent urban growth within the catchments 

area, and the use of the Wadi basin as a solid waste dumping site. the catchments area, 

and the use of the Wadi basin as a solid waste dumping site. they have an increasing 

negative impact on the public health of the communities around Wadi Gaza. This 

study outlines an agenda for investigating the sources of pollution of Wadi Gaza, 

effects of pollution on Gaza’s ecology and on the health of its inhabitants. Also, to 

establish an integrated approach for river reclamation management, including 

technical, administrative and legislative mechanisms for improvement of existing 

conditions and for ensuring the sustainability of clean Wadi. A capacity building 

component through training and educational activities are also proposed to proactively 

address issues of public health/awareness, as well as the protection and sustainability 

of the Wadi Gaza environment. All the Wadi sources of pollution and their impacts 
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are illustrated in details, these illustrations will be helpful tools to set the suitable 

solution to each source of pollution and this will give a better understanding of how to 

solve Wadi Gaza problems. This will lead to the right steps that should be taken in 

order to improve the environmental situation in Wadi Gaza area (WalidSaleh et al, 

2013). 

 

The coastal zone of Gaza is defined as the band of water and land along the marine 

shoreline where activities interact with each other. The coastal zone includes the sand 

dunes in the south and north, the coastal cliffs (exposed Kurkar ridges) in the middle 

to north. The nonurban areas. The Wadi and part of Gaza city. The landside of the 

coastal zone covers an area of about 74 km
2
, of which 2.7km

2
 are beaches. About 48 

km
2
of the coastal zone is occupied by Israel (MOPIC, 1996). Three valleys dissect the 

coastline. Wadi Gaza in the centre, Wadi Beit-Hanoun in the north and Wadi El-

salaqa in the south. The Wadi Beit-Hanoun and Wadi Al-Salqa valleys are dry 

through the summer and wet in the rainy winter season.                                 

 

To assess the sea water quality in the Gaza Strip, there is a recent and a very modest 

quality monitoring programs done every year by MOH and other different agencies 

such as the Islamic university. The MOH program has been established in 1998 to 

monitor the Sea water quality in the Gaza Strip by measuring some microbiological 

parameters (Fecal Coliforms, Total Coliforms, and Fecal Streptococci) for 28 points 

along the Gaza beach. The frequency of sampling differs  

from one point to another depending on the expected pollution and use of the beach. 

At least for every point one is performed time every two months from March to 

November of every year since 1998.The data gathered from MOH indicate a large 

microbiological contamination of seawater above the international accepted limits 

especially in locations near wastewater outfalls. Data also show that pollution level s 

(Fecal Coliforms) have decreased since 1999, when Gaza Wastewater Treatment plant 

was refurbished. But the Fecal Coliform Average in 2001 has risen due the lack of 

maintenance of Gaza Waste Water Treatment Plant and the disruption of planned 

projects during the Al-Aqsa Intifada which broke out in September 2000(EQA, 2004). 

 

EQA study included the assessment of the contamination level of total and faecal 

coliforms in water wells and distribution networks, and their association with human 
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health in Gaza Governorate, Gaza Strip. The study data were obtained from the 

Palestinian MOH on contamination of total and faecal coliforms in water wells and 

distribution networks, and on the incidence of water-related diseases in Gaza 

Governorate. An interview questionnaire was conducted with 150 residents of 

Gaza.EQA study showed that the contamination level of total and faecal coliforms 

exceeded that of the World Health Organization (WHO) limit for water wells and 

networks. However, the contamination percentages in networks were higher than that 

in wells. Giardias is was strongly correlated with faecal coliform contamination in 

water networks compared with diarrhoeal diseases and hepatitis A. Diarrheal diseases 

were the highest self-reported diseases among interviewees in Gaza city. Such 

diseases were more prevalent among people using municipal water than people using 

desalinated water and water filtered at home for drinking (OR ¼ 1.6). Intermittent 

water supply and wastewater flooding seemed to contribute largely to self-reported 

diseases. People in Gaza Strip have good knowledge on drinking water 

contamination, and this is reflected in good practice. Water quality has deteriorated in 

Gaza Strip. This may contribute to the prevalence of water-related diseases. Self-

reported diseases among interviewees in Gaza City were associated with source of 

drinking water, intermittent water supply, wastewater flooding and age of water, and 

wastewater networks (Yassinet al., 2006). 

 

2.5 Method used for soil samples analysis 

 

The objective of this analysis is to separation of micro-organisms from soil samples 

and, using these techniques, to determine the concentration of fecal, e-coli and 

streptococcus indicator organisms in Wadi Gaza stream and neighboring regions. 

The investigated Techniques included manual shaking, treatment by sonication bath 

for 6and 10 min, respectively, and by sonication probe for 15 s and 1 min, 

respectively. The use of the sonication bath for 10 min was the most successful 

method for removing microorganisms from sediment particles where sediments 

consisted mainly of sand (Craig et al., 2002). 

. . 
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CHAPTER 3: Study Area 

3.1 Location 

 

Wadi Gaza lies in the mid of the Gaza Strip and is bordered in the north-west by the 

Mediterranean Sea, the south-east by the Al-Buraij Camp, the south-west by Al-

Nuseirat Camp, and the north by Al-Zahra City Figure 3-1. In recognition of its 

importance as a natural area and as the only coastal wetland in Palestine, Wadi Gaza 

was declared a nature reserve in June 2000by the Palestinian National Authority. 

Wadi Gaza springs from the Negev Mountains and the Southern Heights of Hebron 

City in Palestine as shown in Figure 3-2 (Abd Rabou et al., 2007). 

 

Figure (3-1): Wadi Gaza 

 

3.2 History of Wadi Gaza 

 

Wadi Gaza has been known for very long time in the history. The Kan'ani people -the 

grandfathers of the nowadays Palestinians- who lived in Palestine from 2500 BC and 

formed their kingdom there called it the Besor (Eddabagh, 1985), from where the 

biblical language took the name and used it in many verses and locations in the bible 

such as 1 Samuel 30, 9" David and the six hundred men with him came to the Besor 

Ravine, where some stayed behind," and the verses 1 Samuel 30, 21" Then David 

came to the two hundred men who had been too exhausted to follow him and who  
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Were left behind at the Besor Ravine. They came out to meet David and the people 

with him. as David and his men approached, he greeted them (Awadallah, 2000). 

Figure (3-2): Wadi Gaza map. 

 

3.3 The problem of Wadi Gaza 

 

There are two types of pollutants in Wadi Gaza exist; point source and non-point 

source. A point source of pollution stems from a single discrete location, such as an 

outflow pipe. 

Untreated wastewater discharge into Wadi Gaza is the first major and the most 

destructive pollution source, which is seriously and rabidly damaging all kinds of 

habitats, wildlife and the unique ecosystem of Wadi Gaza (Salehet al., 2013).The 

history of wastewater discharge to Wadi Gaza starts with the construction of the grey 

wastewater collection system by the United Nations Refugee Work and Relief 

Agency (UNRWA), to serve the three refugee camps of the Middle Area: namely Al-

Nusairat, Al-Bureije, and Al-Maghazi in 1974. This open channel collection system 

was collecting the grey wastewater of these three residential areas and discharging it 

to Wadi Gaza through two outlets. After the construction of Al-Zahra City at the 

Northwestern edge of Wadi Gaza, it started to discharge its raw wastewater through 

closed pipe collection system to the Wadi (Saleh. et al., 2013). 
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3.4 Characteristics of Wadi Gaza 

3.4.1 Geology of Wadi Gaza 

 

The Geology of Gaza area is part of the coastal plain geology, which consists of a 

series of geological formations sloping gradually from East towards the West. The 

course of the Wadi Gaza is characterized by a 1–2 m thick gravelly horizon, 

consisting of poorly sorted sediments. It is composed of pebbles, cobbles, gravel and 

some boulders in a sandy and clayey matrix. The clasts are mainly calcareous, but 

flints are also common. These gravels were eroded from the high mountains to the 

east where the Wadi originates (Figure 3-3). 

 

 
Figure (3-3): Gravel horizon in the course of Wadi Gaza 

 

. 

This gravel horizon underlies the loess sediments and was formed during the pluvial 

period that affected the area during the Pleistocene. Sand Sediments are composed of 

medium to coarse-grained sands with some fine pebbly layers showing cross and 

graded-bedding Wadi see in figure 3-4. 
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Figure (3-4): Graded bedding in sand sediments in Wadi Gaza 

The length of the Wadi Gaza from source to mouth is about 105 km of which the last 

9 km is located in the Gaza Strip from the armistice line in the East to the 

Mediterranean coast in the West. The general elevation of the topography on both 

sides of the Wadi ranges from 20 to 40 m above sea level. The Wadi floor descends 

from 30 m above sea level at its eastern limits its mouth. 

The width and depth of Wadi Gaza vary a lot. Being 40–60 m wide in its eastern and 

middle ranges, it becomes more than 400 m wide at its mouth in the West. The depth 

varies from 5 to 10 m in the East to 4–3 m in the West at the mouth (Zaineldeen and 

Aish, 2012).Table 3-1 summarized the basic information of Wadi Gaza. 

 

Table (3-1): Basic information on Wadi Gaza 

Hebron mountains and the Northern 

Negeve 
Origin source 

The Mediterranean Sea Mouth 
105 km Total length from origin 

 

9 km Length in Gaza strip 
20-400m with max. width at the mouth Width in Gaza 
30 m AMSL at Gaza border gradually 

dropping to 0 m AMSL at themouth 

Topography in Gaza 

From East to West Flow direction 
Wadi Ashareeaa, wad iAshallalah Main tributaries 

 

 

3.4.2 Climate in Wadi Gaza (Gaza Strip) 

The Gaza Strip has a characteristically semi-arid climate and is located in the 

transitional zone between temperate Mediterranean climate in the west and north, and 

an arid desert climate of the Sinai Peninsula in the east and south. The distribution of 
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the average annual rainfall varies from 410 mm/year in the north to 235 mm/year in 

the south (Aish, 2004). Most of the rainfall occurs in the period from October to 

March, the rest of the months being almost completely dry. The average daily mean 

temperature ranges from 25°C in summer to 13°C in winter. The average annual 

relative humidity is around 65% with peak values in August and September up to 

87%. The average annual potential evaporation is between 1200–1400 mm/year 

(Aish, 2004). 

3.4.3 Hydrogeology of Wadi Gaza        

There are many studies about the hydrology of Gaza Strip; The Hydrogeology of the 

coastal aquifer consists of one sedimentary basin post-Eocene marine clay (Saqiya), 

which fills the bottom of the aquifer. Pleistocene sedimentary deposits of alluvial 

sand, graded gravel, conglomerates, pebbles and mixed soils constitute the regional 

hydrological system. Intercalated clay deposits of marine origin separate these 

deposits, and are randomly distributed in the area. Their thickness is decreasing to the 

east and basically they can be classified as aquitards. In the eastern plain the aquifer is 

semi-confined with an average thickness of 10 m clay, becoming phreatic 4 km from 

the sea. The regional groundwater flow is mainly westward towards the 

Mediterranean Sea. Most of the recharge is at the adjacent uphill eastern aquifer 

boundary and from dune areas near the coast overlaying the coastal aquifer itself and 

from the adjacent uphill area in the east zone. The maximum saturated thickness of 

the aquifer ranges from 120 m near the sea to a few meters near the eastern aquifer 

boundary located beyond the Eastern Gaza border.  

Natural average groundwater heads decline sharply east of the Gaza Strip and then 

gradually decline towards the sea. In the Gaza Strip, the coastal aquifer can be divided 

into three sub-aquifers. These three sub-aquifers overlay each other and are separated 

by impervious and semi-pervious clayey layers. Schematization of the hydro 

geological cross section of the Gaza Strip aquifer (MedWetCoast Project, 2001). 

3.4.4 Ground Water status 

The main and only source of water in the Gaza Strip is from the Groundwater aquifer. 

While the groundwater underneath the Gaza Strip is limited to the Gaza Strip area, 

while the coastal aquifer is extended from Haifa in the north to Sinai desert in the 

south, Hebron Mountain in the east and the Mediterranean Sea in the west and as a 

result of Israeli occupation practices, the groundwater underneath the Gaza Strip 
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becomes limited due to construction of trapped wells along the eastern part of the 

Gaza Strip to catch the natural flow from east to west, also building dams along the 

Wadi Gaza to collect the rainwater flow in the Wadi and recharge it outside the Gaza 

Strip for Israeli usages. 

The thickness of the saturated groundwater aquifer underneath the Gaza Strip ranges 

from few meters in the eastern and south east of the Gaza Strip to about 120-150m in 

the west and along the Mediterranean Sea. The aquifer is mainly composed of 

unconsolidated sand stone known as Kurkar formation, which overlaying the 

impermissible layer called Saqiya formation which is considered as the bottom of the 

Gaza Coastal Aquifer with thickness varies from 800-1000m.  

The thickness of the unsaturated aquifer which is the overlaying part of the saturated 

groundwater aquifer ranges from 70–80m in the eastern and south-eastern part of the 

Gaza Strip to about few meters in the western and along the coast (CMWU, 2010). 

 

3.4.5 Surface water and wastewater status 

The surface water in Wadi Gaza is in fact a stream of wastewater that runs for 5 Km 

creating a pollution disaster in the Wadi environment. The recent discharge of 

wastewater into the Wadi created a polluted surface water open channel system. Gaza 

city discharges 40000 m
3
/d of partially treated wastewater that runs over a distance 5 

Km along the Wadi towards the sea. The middle area municipalities discharge 11000 

m
3
/d raw wastewater into the Wadi at a location 2.5 Km east of the sea and join the 

flow of 50000 m
3
/d. The wastewater from Gaza city has high concentrations of 

organic matter, detergents, fecal coliforms and ammonia and the wastewater from the 

middle area is raw wastewater with higher concentration of these pollutants. This 

discharge imposes a huge pollution load on soil and aquifer (as found by laboratory 

tests) and 

creates a real threat to the public health taking into consideration the high flow rate 

disposed daily into the Wadi (Zaineldeen and Aish, 2012).  

                                                                                                                             

3.4.6 Fauna and flora diversity in Wadi Gaza 

This research included a documentary study about the flora and plant life forms of 

Wadi Gaza area Gaza Strip, situated at the East Mediterranean sea coast in the south 

Governorates, Palestine. Survey of plants grown in the area of study was conducted 
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during the period of March to September 2007. Plant species richness and habitat 

diversity are high in area of study in comparison with other locations in the 

Mediterranean region, where 219 plant species were recorded, belonging to 167 

genera and 55 families. The most abundant families were Composite, comprised 34 

plant species (15.5%); Gramineae 30 plant species (13.7%) and Papilionaceae, 26 

plant species (11.9%). The high percent of surveyed plants within the study area were 

therophytes (67.43%) compared with other life forms; i.e. hemicryptophytes 

(10.55%), phanerophytes (10.09%), chamaephytes (7.8%) and cryptophytes (4.13%)  

(Abou   Auda et al., 2009).                                                                                                

Wadi Gaza is an indispensable part of natural life in Palestine and has a rich 

biodiversity in terms of fauna and flora. The study aims a surveying the common flora 

of Wadi Gaza ecosystem during the spring season of 2004 and providing notes on 

their possible uses by the Palestinian community depending on direct observations, 

discussions with local people and available literature. As many as 70 plant species 

belonging to 32 families and 24 orders were identified during the spring months of 

2004 in Wadi Gaza.                                                                                                          

The aster or daisy family (Compositae) was the largest family and comprised 14 plant 

species (20%) of the recorded species. The natural flora of Wadi Gaza was commonly 

used in different ways as a food source, herbal medicine, fodder for grazing animals 

and timber and fuel production. The other direct human uses for specific floristic 

species were also mentioned. Many wildlife human uses for specific floristic species 

were also mentioned. Many wildlife purposes as well. Finally, the authors recommend 

carrying out detailed scientific works regarding the ecology, distribution and uses of 

particular floristic species in the Gaza Strip (Abd Rabou et al., 2008).                           

                            

Palestine is located on major migration routes in the Palearctic region. Every year, 

millions of migratory birds pass through the area following three main migratory 

routes; the coast and coastal plain, the mountains and the Jordan Valley. Its geography 

and climatic variations form a suitable environment for numerous species. Despite its 

small area, more than 500 of the 9600 bird species worldwide are found in Palestine  

(Ali- Abd Rabou et al., 2007, 1995; The Palestinian Institute for Arid Land and 

Environmental Studies – PIALES, 1996; The Palestinian Central Bureau of Statistics 

– PCBS, 2000).                                                                                                                                  
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 3.4.7 Point Sources and non- Point Sources  

There are two types of pollutants in Wadi Gaza exist; point source and non-point 

source. A point source of pollution stems from a single discrete location, such as an 

outflow pipe. This type of source can be monitored, measured, and controlled. 

Wastewater, industrial and solid waste discharges are generally considered point 

sources pollution in the Wadi area, as they exist at a single location. The other source 

of pollution is the industrial hazardous waste and the domestic solid waste that 

concentrated in Wadi outlet. On the other hand, nonpoint sources deliver pollutants 

indirectly through environmental changes and have wide range of entries and it is 

difficult to measure and manage. Non point source pollution in Wadi Gaza occurs 

from the activities of livestock farming in the Wadi area and from using pesticides 

and fertilizers in agricultural practices that carried into a stream by rain, in the form of 

run-off which in turn affects aquatic life. The water quality monitoring stations are 

shown in Figure 3-5. (WalidSaleh et al, 2013). 

Figure (3-5): Wadi Gaza Wetland Area Showing the Water Quality Monitoring Stations 
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The wastewater pumped into Wadi Gaza comes from two sources. The first source is 

the Gaza city WWTP effluent and the second is the middle area Municipalities sewer 

systems. Gaza city WWTP is an old inefficient treatment plant that disposes partially 

treated wastewater into Wadi Gaza estimated in the range of 40000 to 50000 m
3
/d and 

discharged into the Wadi at a location of 5 km upstream of the sea. The middle area 

Municipalities discharge approximately 15000 m
3
/d of raw wastewater into the Wadi 

at a location 2.5 Km upstream of the sea. The two discharges join together forming a 

wastewater river that runs for 5 km along the Wadi bed before it deliver its 55000 to 

65000 m
3
/d flow into the Mediterranean Sea Figure 3-6. This discharge imposes a 

huge pollution load taking into consideration the high flow rate disposed daily into the 

Wadi (Rabah, 2013).                                                                                                        

                                                                                                       

Figure (3-6): Sewer lines leading to Wadi Gaza (CMWU,2014) 
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3.4.8 Quality of wastewater in Wadi Gaza 

Seven samples were taken from the seawater opposite to the Wadi estuary outlet 

to investigate the pollution extent introduced due to the discharge of the 

wastewater into the sea. The locations of these samples are described earlier (in 

materials and methods section) and illustrated in Figure 3.7; the results of the sea 

water analysis are given in Table 3.2. 

From samples 1, 2, and 3 it is clear that the sea water is polluted with organic 

matter, suspended solids, detergents, fecal coliforms, and heavy metals. These 

samples are located at the Wadi outlet and at its north side. The water current in 

the sea usually moves from south to north, consequently, the pollutants from the 

wastewater discharge move in the same direction. This explains the high 

concentration of pollutants at the right side (northern side) of the outlet compared 

to the left side (southern side) presented by samples 5 and 6. Samples 4 and 7 

were taken at a depth of 20 m inside the sea opposite to the wastewater outfall 

point. The concentration of pollutants at this depth is relatively lower than the 

concentration at the shore due to the dilution effect. This pollution load imposes a 

real threat on the population and the marine environment. It is worth mentioning 

that the pollution of the sea is visually recognized since the colour of the sea at a 

distance of 500 m right of the outlet is black instead of the natural apparent blue 

colour. The smell of the seawater in this polluted area is offensive and smells like 

raw wastewater (Rabah, 2013). 
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Figure (3-7): Locations of sea water samples opposite to the Wadi Gaza 

outlet to the sea. 

 

 

Table (3-2): Characteristics of seawater opposite to the wastewater discharge 

point from the Wadi to the sea. 
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0.45 0.95 0.18 0.15 1.56 2.4*103 178 33 60 56 1

0.32 0.80 0.10 0.11 1.5 2.4*103 176 21 60 56 2 

0.13 0.60 0.08 0.08 1.15 2*103 136 17 40 58 3 

0.32 0.56 0.09 0.11 0.36 600 176 12 5 58 4 

0.09 0.74 0.06 0.071 0.709 4 136 14 5 58 5 

0.02 0.80 0.01 0.01 0.36 3 178 13 4 58 6 

0.28 0.63 0.04 0.11 0.08 1 170 14 3 58 7 
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3.5 Surrounding provinces of Wadi Gaza 

3.5.1Gaza city 

Gaza is a coastal city in the Palestinian Authority. The city is located in the northern 

Gaza Strip at the southern tip of the Palestinian coast on the Mediterranean Sea, and 

away from Jerusalem, a distance of 78 km to the south-west. Gaza, the largest 

Palestinian cities in terms of population, and second only to Jerusalem in terms of 

area, where the city's population alone reached 515,556 people in 2012(PCBS, 2013), 

which is the largest gathering of Palestinians in Palestine. It has an area of 45 km
2
, 

making it one of the most densely populated cities in the world. 

Gaza City is one of the most important Palestinian cities, Occupies a great  economic 

and social status compared to the rest of the Gaza Strip, in addition to being the 

provisional headquarters of the Palestinian National Authority, and the presence of a 

lot of their headquarters and its ministry. 

3.5.2 Wadi Gaza (East of bridge) 

The village of Johr AL dik in the south of the province, halfway between Gaza City 

and the camps Central, and away from Gaza City, a distance of 8 km, bounded east of 

the Green Line, and west Salahuddin Road, the north bounded through the 

KarniNetzarim, south bounded by Wadi Gaza, the area of influence of 6,200 acres. 

TheJohr Al-dik village agricultural frontier, and this is what displays always scraping 

its territory by the Israeli incursions, the number of population in 2012 of about 3,315 

people(PCBS,2013),supports a population primarily on plantings in terms of 

economic and most important their crops olive. 

3.5.3 Al-Mughraqa village 

Mughraqa village is located south of the province, bordered on the north of Gaza City, 

to the south of Wadi Gaza, and the Middle Salahuddin Road, and on the west editor of 

Netzarim and Madinat al-Zahra, and has been called by this name because rainwater 

was gathering where all the speaking due to the presence of Wadi Gaza, which 

causing the sinking of the region many times, with a population in 2012 of about 

7,502 people, (PCBS, 2013). 
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3.5.4 Al-Nusirat city 

One of the major camps in the Gaza Strip in terms of population and area, featuring 

the largest gathering of Palestinian refugees who were displaced from their homes in 

1948, is located just 8 km south of Gaza City, 6 km north of the town of Deir al-Balah 

The camp is located in the central Gaza Strip, the valley known as Wadi Gaza is 

separated between North Nuseirat and south, limiting the camp from the west of the 

Mediterranean and the Middle Salahuddin Road and the Bureij camp and residents 

live in houses adjacent although 24% of these houses dilapidated and prone to 

collapse In the winter season in 1983 and as a result of storms fell and destroyed a 

large number of them and especially those close to the beach , the population of the 

camp in 2012, about 75,242 people (PCBS,2013). 

3.5.5 Al- Buraj city 

The camp was established in 1949 on an area of 528 dunums, and then shrank until it 

reached 478 acres. Located to the south of Gaza City, remote camps in the Gaza Strip. 

Bounded on the east armistice line, Nuseirat refugee camp to the west, and from north 

of Wadi Gaza, on the south-Maghazi refugee camp. Set up camp on the land 

belonging to the tribe Alhanagerh where it began, "the agency" initial establishment 

of residential units of brick, brick and tin. With the increase in population growth, 

taking the camp to expand, and the reason for the name that name due to the tower, 

which is located next to the camp. The total number of the population, according to 

the statistics of 2012, about 27893 people inside the camp, and 11842 people outside 

the camp (PCBS, 2013). 
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CAHPTER 4: Methodology 

4.1Water Borne- Diseases Infections Data collection 

Data were collected through master thesis, books, periodicals health and data from 

MOH and UNRWA. 

 

4.2 Sampling Areas 

Sampling areas have been identified depending on population density from some 

surrounding  provinces of Wadi Gaza, and the maps of populations of surrounding  

provinces of Wadi Gaza was obtained  from Ministry of Local Government 

(Appendix 7). 

 

 

4.3 Soil Sampling 

The soil sampling process is a delicate process based on the good results of the 

analysis if the process of collecting the samples taken seriously and scientific 

foundations and methodology. 

 

 

Figure (4-1): Layout of Wadi Gaza and samples location. 

 

Three sites have been sampled as shown in Figure 4-1. The three areas were selected 

which are very close to urban areas surrounding the Wadi. In addition the limitation of 
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research budget forced the researcher to select only 3 representative points along the 

Wadi. The first sample was near the sea, the second near the Wadi Gaza Bridge and 

the third east of the bridge Figure 4-1. In each site samples from three points were 

taken one inside the Wadi boundary, the second is 20 m from the Wadi on one 

direction and the third point is 20 m in the opposite direction of point 2. The locations 

of sampling points in each site were represented in Figure 4-1.  

 Three major samples were taken from three different areas of Wadi Gaza, and from 

each of them three minor samples were taken, five samples were taken from each 

minor one as shown in Figure 4-2 (Composite Sampling) .Composite sampling 

technique that combines a number of discrete samples collected from a body of 

material into a single homogenized sample for the purpose of analysis. The objective 

of composite soil sampling is to represent the average conditions in the sampled body 

of material. The instrument has been used is "soil sampler" for soil sampling in a 

scientific and professional as shown in Figure 4-3.and the samples were sent to the 

laboratory of environment and Earth Sciences Dep. at the Islamic University on the 

same day. 

Figure (4-2): Sub-sampling scheme. 
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Figure (4-3): Soil Sampler 

 

Figure (4-4): soil sampling. 
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Table (4-1): Diseases that have been selected as indicators in the analysis of 

samples. 

No. Parameters Unit of measurement 

1. E-coli E-coli/g 

2. Fecal coliforms Fecal coliforms/g 

3. Fecal streptococci Streptococcus/g 
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CHAPTER5: Results and discussion 

This chapter shows the extent of the spread of epidemics in the provinces close to 

Wadi Gaza: Al- Zahra, Al-Nusirat, Al-Buraj, Al-Mograqa, and Wadi Gaza. This will 

be compared with non-surrounding provinces. Epidemics were identified by taking a 

three determinants satisfactory have a direct relationship with waste water such as 

Hepatitis A, dysentery, typhoid fever (CDC, 1997).As it is noticed, the data was 

collected from two difference sources: MOH and UNRWA.  

5.1 Statistical Analysis 

5.1.1 Ministry of Health data 

It was coordinated with the MOH to get the number of infectious diseases that have 

been mentioned previously in the provinces surrounding the Wadi Gaza for 2012as 

presented in Table 5-1.  
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Table (5-1):  Number of people infected by water borne- diseases in year 2012 Surrounding Provinces of Wadi Gaza(MOH, 2012). (Appendix 

.5) 

city Month 1 2 3 4 5 6 7 8 9 10 11 12 Total 

Zahra dysentery 39 30 13 9 46 36 49 41 40 27 36 4 370 

 Typhoid 26 2 5 0 3 32 28 26 27 22 22 0 193 

                             

Nusirat dysentery 88 72 141 0 131 127 104 96 102 154 151 66 1232 

 typhoid 11 16 21 0 23 16 26 28 29 39 35 13 257 

               

Buraj dysentery 73 115 157 147 152 230 179 162 151 137 140 180 1823 

 typhoid 20 0 0 0 7 0 4 8 9 0 5 7 60 

                             

mograqa dysentery 36 81 81 82 124 123 105 104 95 82 72 75 1060 

 typhoid 22 4 3 4 7 8 4 5 8 0 8 12 85 

               

Wadi 

Gaza 

dysentery 58 35 0 51 34 35 32 30 38 37 36 14 400 

 typhoid 12 0 39 0 0 0 0 0 8 0 5 0 64 
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Table (5-1) showed that the maximum infected number of Typhoid in Al-Zahra was 

recorded in June 32 cases, while the number of infected cases of  Dysentery was 

recorded also in June 49 cases. In Al-Nusirat the maximum infected number of 

Typhoid was recorded in October39 cases, while the number of infected cases of  

Dysentery was recorded in October also 154 cases. 

 

In addition, the maximum infected number of Typhoid in Al-Buraj was recorded in 

January20 cases, but the number of infected cases of  Dysentery was recorded in June 

230 cases, In Al-Moqraqa the maximum infected number of Typhoid was recorded in 

January22 cases, while the number of infected cases of  Dysentery was recorded in 

May 124 cases. Finally Wadi Gaza, the maximum infected number of Typhoid was 

recorded in March39 cases, while the number of infected cases of  Dysentery was 

recorded in January 58 cases.  

 

Table (5-2): The total number of infected cases in 2012 in the provinces 

surrounding of Wadi Gaza (WHO,2012). 

City Tot. of Typhoid  

Cases 

Tot. of Dysentery 

cases 

Populations number of cases  

per 100.000  

Typhoid  

number of cases  

per100.000 in 

Dysentery  

Zahra 193 370 3,541 5.4 10.4 

Nusirat 257 1232 75,242 0.3 1.6 

Buraj 60 1823 39,335 0.1 4.6 

Mograqa 85 1060 7,502 1.1 14.1 

Wadi Gaza 64 400 3,351 1.9 11.9 

 

Table (5-2) illustrated that the total number of Dysentery in 2012 in Al-Zahra is 370 

cases and Typhoid is 193 with population 3,541. While in Al-Nusirat the total number 

of Dysentery in 2012 is 1232 cases and Typhoid is 257 with population 75,242. And 

the total number of Dysentery in 2012 in Al-Buraj is 1823 cases and Typhoid is 60 

with population 39,335. 

 

In Al-Mograqa the total number of Dysentery in 2012 is 1060 cases and Typhoid is 85 

with population 7,502. Finally, the total number of Dysentery in 2012 in Wadi Gaza is 

400 cases and Typhoid is 64 with population 3,351. 
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5.1.2 UNRWA data 

UNRWA data of infected people from water borne diseases was analyzed and 

presented in the following figures. For the seek of comparison with MOH, data of 

year 2012 was used.  

Table 5-3 illustrated the number of infected cases of Dysentery, Hepatitis A and 

Typhoid in Al-Nusirat in year 2012 

 

Table (5-3): The total number of infected cases in 2012 in the provinces 

surrounding of Wadi Gaza (UNRWA,2012).(Appendix .6) 
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Nusirat 551 9 92 75,242 0.7 0.01 0.12 

Buraj 297 2 59 39,335 0.7 0.005 0.14 

 

 

Table (5-3) showed that the number of infected cases in Al-Nusirat of Typhoid, 

Dysentery, and Hepatitis A 551, 9 and 92,while in Al-Buraj The maximum infected 

number was recorded 297, 2 and 59  respectively in 2012. 

 

The number of infected cases has been transferred per 100.000, the results were as 

follows, Al-Nusirat and Al-Buraj equal in the number of infected cases in Typhoid 0.7 

cases per 100.000 populations, while in Dysentery Al-Nusirat got maximum infected 

cases 0.01 compared with Al-Buraj, Finally Al-Buraj got a maximum number of 

infected cases on Hepatitis A was recorded 0.14. 
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5.2 Soil Test Results  

5.2.1 General information 

The first area ( Area A ) east of Wadi Gaza bridge the samples was taken near the 

border of the Israeli side, when taking the sample, the Wadi was relatively dry and 

there is no foul smell, and there were many plants and animals. 

The second Area (Area B) near Wadi Gaza Bridge the samples were taken near the 

bridge, when taking the samples, the smell was very unpleasant and heavily 

contaminated wastewater and there is no plant or animals and the same for (Area 

C).Table5-4 shows the results of soil samples laboratory analysis. 

 

Table (5-4): Test results of soil samples. 

Sample F.Coliform/g Streptococcus/g E.coli/g 

Area A1 0 0 0 

Area A2 0 0 0 

Area A3 0 0 0 

Area B1 4.6×10
3

 8×10
2

 8.8×10
2

 

Area B2 6.5×10
3

 3×10
3

 3.7×10
3

 

Area B3 0 0 0 

Area C1 2.2×10
4

 4.4×10
2

 1.7×10
3

 

Area C2 5.4×10
3

 1.8×10
2

 4.2×10
2

 

Area C3 0 0 0 

 

Table 5-4 presents that the soil in Area A is clean of any wastewater contaminants. 

The soil in Area B and Area C includes high values of F.Coliform, Streptococcus and 

E.coli.  

 

5.2.2 Spatial Distribution of wastewater Contaminants  

The results in Table 5-4 were spatially distributed using Arc GIS 9.3 and google earth. 

It can be seen that Area C is about 1.56 km from Al-Nusirat and 2.88 km from Al-

Zahra, Area B about 1.2 km from Al-Mograqa, 2.73 km from Al-Zahra and 1.78 km 

from Al-Nusirat, Area A 0.91 km from Al-Buraj and 1.34 km from Al-Nusirat. 

Therefore, the people in Al-Nusirat will have the high probability of E-Coli, 

Streptococcus and F.Coliform infections.  
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Figure (5-1) illustrated the analysis of Streptococcus in the aerial map; Al-Mograqa 

city (north of Area B) and some parts of Wadi Gaza and Al-Mograqa got high value 

of Streptococcus pollution, followed by small parts of Al-Nusirat (North part). East of 

Wadi Gaza got medium value of Streptococcus, then (Area A) and west of Al-Nusirat 

(Area C) got low value of streptococcus. 

 

 

Figure (5-1): The most probable spatial distribution of Streptococcus in Wadi 

Gaza areas                                                                                                              
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Figure (5-2): The most probable spatial distribution of Fecal Coliform in Wadi 

Gaza areas                                                                         

Figure (5-2) illustrated the analysis of F.Coliform in the aerial map, sea coast ( Area 

C) got high value of Fecal Coliform pollution, followed by small parts of Al-Zahra 

got medium value of Fecal Coliform, then (Area A and B) got low value of Fecal 

Coliform. 
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Figure (5-3) illustrated the analysis of E.Coli in the aerial map; Al-Mograqa city 

(north of Area B) got high value of E-Coli pollution, followed by Al-Zahra and big 

part of Wadi Gaza. Al-Nusirat and north of (Area A) got medium value of E-Coli, but 

Al-Buraj and East of the (Area A) the lowest value. 

 

Figure (5-3): The most probable spatial distribution of E-Coli in Wadi Gaza 

areas                                                                                                           
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5.3 Discussion of the potential water borne- diseases in Wadi Gaza 

5.3.1 Typhoid in Wadi Gaza Surrounding Provinces and Other 

Governorates  

 

Figure 5-4 illustrated the number of Typhoid cases in five cities surrounding Wadi 

Gaza. In figure 5-4 it can be found that Al-Nusirat and Wadi Gaza had the largest 

number of people infected with Typhoid, where the number of Typhoid infection 

reached39 people in October and March. It is clear that the largest number of Typhoid 

infections in October and March.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (5-4): Number of cases infected with typhoid in all cites 2012. 

 

Figure 5-5 illustrated that the total number of Typhoid infections in the five cites. Al-

Nusirat got maximum number 257 infected case followed by Al-Zahra got 193 but Al-

Buraj got the low number 60. 

 

Table 5-2 showed that the number of infected cases has been transferred per 100.000, 

Al-Zahra got the maximum number of infected cases 5.4 per 100.000 population 

followed by Wadi Gaza 1.9 per 100.000. While Al-Buraj got 0.1 per 100.000 

populations is the lowest number of infected cases in surrounding provinces of Wadi 

Gaza, This could have a direct relation with the increase of number of E-Coli, F.Coil 

and Stepretecocus in the soil in area B and C.  
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Figure (5-5): Total number of infected cases with Typhoid in all cites 2012. 

 

Figure 5-6 shows the number of Typhoid infections in the other four governorates. In 

the year 2011, a total of 169 cases were reported to the epidemiology department with 

an incidence of 10.6 per 100.000 populations. While in the year 2010, a total of 249 

cases were reported with an incidence of 16.2 per 100.000 populations. In general 

typhoid disease takes a decreasing trend during the last three years in 2010 number of 

typhoid cases recorded officially 249, in 2011 the number of cases is 169 and finally 

number of cases in 2012 is 166(Dheir et al., 2012). 

 

In another study showed that Typhoid fever is also high in Gaza Strip 12.4 per 

100.000 populations (Malka, 2012). And that mean in 2012 the number of infected 

cases in Gaza Strip 12.4 per 100.000, so typhoid disease takes a decreasing curve 

compared with 2010, 2011. 

 

While UNRWA report, the highest incidence was observed in the Gaza Strip (14.3 per 

100,000) , while West Bank Field reported no cases. The cases observed in the Gaza 

Strip in 2010 were sporadic, no outbreak took place (UNRWA,2011) 
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Figure (5-6): Total number of infected cases with Typhoid in Gaza Strip. 

If a comparison between non-Surrounding cities with Wadi Gaza and the surrounding 

cities, it will be found that the total number of cases of typhoid infection in 2012 in 

Rafah is 0,Mid-Zone is 0,KhanYounis is 136 and North Gaza is 22 only. It means that 

Al-Nusirat alone without the other mid-zone provinces, the number of Typhoid 

infections is more than that of typhoid in KhanYounis(Dheir et al., 2012). 

 

This increase of the number of Typhoid infections is could be attributed the lack of 

clean drinking water presence of Wadi Gaza which is transmitted through the typhoid 

disease (IALIIS, 2011). 
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5.3.2 Dysentery in Wadi Gaza Surrounding Provinces and Other 

Governorates  

 

Figure 5-7 illustrated the number of dysentery cases in five cities around Wadi Gaza. 

In the figure 5-7 it can be found that Al-Buraj had the largest number of people 

infected with Dysentery whose number reached 230 people. It is clear that the largest 

number of Dysentery infections in June.  

 

 

FA 

 

 

 

 

 

 

 

 

 

 

Figure (5-7): Number of cases infected with dysentery in all cites 2012. 

 

Figure 5-8 illustrated that the total number of Dysentery infections in the five cites, 

Al-Buraj got the maximum number 1823 infected case followed by Al-Nusirat got 

1232 but Al-Zahra got the low number 370. 

 

Table 5-2 showed that the number of infected cases has been transferred per 100.000, 

Al-Mograqa got the maximum number of infected cases 14.1 per 100.000 population 

followed by Wadi Gaza 11.9 per 100.000. While Al-Nusirat got 1.6 per 100.000 

populations is the lowest number of infected cases in surrounding provinces of Wadi 

Gaza, This could have a direct relation with the increase of number of E-Coli, F.Coil 

and Stepretecocus in the soil in area B and C.  
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Figure (5-8): Total number of infected cases with dysentery in all cites 2012. 

 

 

As seen on Figure 5-9, there was an obvious increase of reported cases of bloody 

diarrhea in year 2012 in other Gaza Governorates where a total of 9384 cases were 

reported with an incidence of 570 per 100.000. From the year 2006 to 2010, there was 

a continuous decrease of reported cases. More than 34% of recorded cases were 

reported in Mid-Zone governorate followed by North governorate were 33% of cases 

were reported. This distribution reflects the bad sanitation situation in these 

governorates. In 2011, a total of 6826 cases were reported with an incidence of 

429/100.000 population. More than 32% of cases were reported in Mid-Zone 

governorate followed by North governorate were 28% of cases were reported(Dheir et 

al., 2012). 

 

The highest incidence rate was reported from Gaza Field (333.4 per 100,000) which 

may explained by poor water quantity and quality in addition to the frequent technical 

problems with water stations and power cuts due to the prolonged closure of borders 

and lack of fuel and replacements. West Bank reported 168.7 per 100,000 

(UNRWA,2011). 
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In general Dysentery disease takes an increasing curve during the last three years in 

2010number of Dysentery cases recorded officially 5018, in 2011the number of cases 

is 6826 and finally number of cases in 2012 is 9384. 

 

 

Figure (5-9): Total number of infected cases with dysentery in Gaza Strip. 

 

But if we want to make a comparison with non-Surrounding cities with Wadi Gaza, it 

will be found that the total number of cases of dysentery infection in Rafah is 535 and 

KhanYounis is 1560 and North Gaza is 3127 but Mid-zone in the report is 3219. That 

mean the number of Dysentery infections in the Mid-zone is more than the other 

provinces like Khan Younis, Rafah and north Gaza. 

 

And this could be attributed to contaminated food, poor water quantity and quality 

and due to bad sanitation and hygiene the main reason for transmission to the people, 

and due to the high probability the wastewater contamination from Wadi 

Gaza(UNRWA,2011). 
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5.3.3Hepatitis A in Wadi Gaza Surrounding Provinces and Other 

Governorates  

 

Figure 5-10 illustrated the number of infected cases of Dysentery, Hepatitis A and 

Typhoid in Al-Nusirat in year 2012. The maximum infected number was recorded 9, 

92 and 551 respectively. 

 

 
Figure (5-10): Total number of infected cases in Al-Nusirat2012. 

 

 

Figure 5-11 illustrated the number of infected cases of Dysentery, Hepatitis A and 

Typhoid in Al-Buraj in year 2012. The maximum infected number was recorded 2, 59 

and 297 respectively. Figures (5-10, 11) illustrated that Al-Nusirat got large number 

of infections cases compared with Al-Buraj and especially typhoid disease and this 

does not contradict with data obtained from MOH. 

 

Table (5-3) showed that the number of infected cases has been transferred per 

100.000, Al-Nusirat and Al-Buraj they were equal on Typhoid, number of infected 

cases 0.7 per 100.000 population. While Al-Nusirat got 0.01 per 100.000 populations 

on Dysentery but Al-Buraj 0.005 per 100.000 , Finally, Hepatitis A 0.12 per 100.000 

for Al-Nusirat and 0.14 per 100.000 for Al-Buraj. Al-Buraj got maximum number of 

infected cases on Hepatitis A compared with Al-Nusirat . 
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Figure (5-11): Total number of infected cases in Al-Buraj in 2012. 

 

Since the year 2005, a noticeable decrease of incidence per 100.000 populations was 

reported with an incidence of 97.5 per 100,000 populations decreased to 20.8 per 

100,000 in the year 2010 Fig 5-12. During the last two years an increase of reported 

cases was reported and the incidence increased to 26.6 and 61.4 respectively. During 

the year 2012, a total of 1010 cases were reported with an incidence of 61.4 per 

100.000 populations. The highest incidence was reported in North governorate 86 per 

100000while the lowest incidence 36.7 per 100000 was reported in Gaza governorate 

(Dheir et al., 2012). 

 

A notable decrease in number of cases were reported in the year 2006 (2,044) cases 

with an incidence rate of 52 per 100,000 of population, compared with 3,199cases 

with an incidence rate of 85 per 100,000 in 2005. The number of reported cases 

decreased to (1,893) cases in 2008 with an incidence rate of 50.32 per 100,000. 

(1,046) cases were reported in West Bank with an incidence rate of 44.6 per 100,000, 

and (847) cases were in the Gaza Strip with an incidence rate of (59.79) per 100,000 

of populations. In 2009 the total numbers of cases continue to decline up to (1,488) 

cases with an incidence rate of (37.8) per 100,000 of populations; (33.1) in West Bank 

and (45.6) in Gaza Strip. 

 

In 2010,  952 cases was reported with an incidence rate of 25 per 100,000 of 

population;(633) cases in West Bank with an incidence rate of (27.8) and (319) 

reported cases in Gaza Strip with an incidence rate of (20.8). Strip with an incidence 

rate of (20.8).Good personal hygiene and proper sanitation can help in prevention of 
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hepatitis A. The majority of HAV infection still takes place in early childhood, where 

it is asymptomatic and of little clinical significance (WHO,2011). 

 

In Hepatitis A the results differ slightly, Rafah is 123 cases, KhanYounis 240, North 

of Gaza is 277 the largest number, but the Mid-Zone is 161,noticeable increase in the 

north of Gaza could be explained by the bad infrastructure in the governorates with 

bad personal hygiene(Yassinet al., 2006).In general Hepatitis A disease takes an 

increasing curve during the last three years in 2010number of Hepatitis Acases 

recorded officially319, in 2011the number of cases is 423 and finally number of cases 

in 2012 is 319. 

 

 

Figure (5-12): Total number of infected cases with Hepatitis A in Gaza Strip. 

Figure (5-1,2,3) illustrated that E-Coli maphad got high value in Al-Mograqa, Al-

Zahra and small part of Al-Nusirat, second map of Streptococcus same of E-Coli map, 

the third map of  Fecal Coliform have high value of Fecal Coliform in Al-Nusirat and 

west of Gaza Strip ( Area A north and south). 
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CHAPTER 6: Conclusion and Recommendation 

 

6.1 Conclusion 

 

 Wadi Gaza is infested area in Gaza Strip, this due to the weakness of 

wastewater treatment for several factors including: frequent power outages, 

which prevents the completion of the treatment process, also the lack of full 

awareness in the culture of public health of the people. 

 The amount of wastewater pumping in Wadi Gaza is increasing significantly 

every year, and it was due to the increasing number of populations of Gaza 

Strip every year even arrived 55,000 – 65,000 m
3
 in 2013. 

 wastewater caused a significant risk to human health, and a major cause of 

Typhoid, Dysentery and Hepatitis A. 

 Hepatitis A Infections occur early in life in areas where sanitation is poor and 

living conditions are crowded, it's spread by contaminated excreta. 

 Acute Diarrhea, in Gaza strip, is one of the most common childhood illnesses 

and the main cause of outpatient visits and hospitalizations, it's spread through 

fecally contaminated food, hands or surfaces touched by objects or hands put 

into the mouth and water contaminated by human or animal feces. 

 Typhoid Fever spread through eating food or drinking beverages that have 

been handled by a person who is shedding S. Typhi or if wastewater 

contaminated with S. Typhi bacteria gets into the water you use for drinking or 

washing food. 

 Three samples in the Wadi is not sufficient, for several factors Firstly, is the 

length of Wadi Gaza about 9 Km, the secondly, the frequent topographic 

changes along the course of the Wadi, Finally the point and nonpoint sources 

of the pollutants. 

 Lack of data for the number of infected cases for diseases that have been 

adopted in this study for each province separately, created a great hindrance to 

the work of an accurate comparison on Gaza Strip provinces. 

 The samples were taken and analyzed in the laboratory showed that Al-Zahra 

and Wadi Gaza (5.4, 1.9 per 100.000 ) was contaminated areas by E-Coli and 
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Streptococcus, and this does not conflict with the data of Ministry of Health 

for Typhoid, which have been analyzed. 

 Number of infected cases of Typhoid in Gaza Strip decreases in last 3 years, 

and KhanYounis got a maximum infected cases in Gaza Strip and this could 

be attributed to weakness of wastewater networks in KhanYounis, but in 

general the number of infected cases of Typhoid in not big and non-serious. 

 The samples were taken and analyzed in the laboratory, showed that Al-

Mograqa and Wadi Gaza got (14.1, 11.9 per 100.000 ) was contaminated areas 

by E-Coli and Streptococcus, and this does not conflict with the data of 

Ministry of Health for Dysentery, which have been analyzed. 

 Number of infected cases of bloody diarrhea in Gaza Strip increased 

significantly in last 5 years, especially in the Mid-Area zone in Gaza Strip may 

be due to wastewater on Wadi Gaza. 

 The samples were taken and analyzed in the laboratory, showed that Al-Buraj 

got  (0.14 per 100.000 ) this is different with the contour maps in UNRWA 

data but for MOH, North of Gaza got a maximum number of infected cases of 

Hepatitis A. 

 Number of infected cases of Hepatitis A in Gaza Strip decreases significantly 

in last 5 years, especially in the North Gaza, and this could be attributed to bad 

infrastructure in the governorates with bad personal hygiene. 

 

6.2 Recommendation 

 

 Further study should be made where higher number sampling points along the 

course of the Wadi Gaza should be taken and this leads to increases degree of 

accuracy of contour map that express the reality and the potential water born 

disease in Wadi Gaza. 

 Awareness campaigns for the people living in the five provinces surrounding 

the Wadi Gaza should be conducted where the risk of bacterial infections 

caused by wastewater should be declared. 

 More attention for public health in Wadi Gaza, Al-Mograqa by their 

municipalities and the Ministry of Health should be considered. This due the 
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fact that Wadi Gaza and Al-Mograqa contains the largest number of bacterial 

infections as a result of pollution caused by wastewater from Wadi Gaza. 

 More attention by the Ministry of Health and UNRWA should be taken in 

order of preventive medicine and they should count the number of people 

infected in detail to see if the number of cases will increase or decrease over 

the years. 

 A yearly statistical study by interested parties should be carried out to see 

whether the number of infected cases resulting from the wastewater of Wadi 

Gaza increase or not. 
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 Appendix 1. Distribution of reported cases by governorates, 2012 

 North 

Gaza  

 

Gaza  

 
Mid-

Zone  

 

Khan-

Younes 

 

Rafah 

 

Total 

2012 2011 2010 

Group A 
AFP 0  5  1  3  0  9  6  4  

AIDS/HIV  0  0  0  1  0  1  5  0  

Cholera  0  0  0  0  0  0  0  0  

Diphtheria  0  0  0  0  0  0  0  0  

Measles  0  0  0  0  0  0  0  0  

Meningococcal Disease  15  38  15  16  19  103  151  104  

HI Meningitis  0  1  0  0  0  1  3  0  

Bacterial Meningitis  113  304  14  62  0  493  343  169  

Non Spesific Meningitis  59  790  590  14  0  1453  799  643  

Vaccin Adverse Events 0  2  1  0  1  4  10  13  

Food poisoning  92  0  0  0  0  92  10  105  

Influenzae H1N1  0  0  0  0  0  0  33  36  

Group B 
Brusellosis 4  0  0  0  3  7  13  8  

hepatitis A  277  209  161  240  123  1010  423  319  

Hepatitis B  116  112  24  47  55  354  375  407  

Hepatitis C  37  12  1  10  11  71  71  64  

Malaria  0  0  0  0  0  0  0  0  

Mumps  19  13  3  21  4  60  91  89  

Rubella  0  0  0  0  0  0  0  0  

Salmonellosis  1  1  0  0  0  2  17  4  

Septiceamia 194  286  3  0  0  483  350  333  

Shigellosis  0  9  0  0  0  9  17  30  

TB Pulmonary  1  2  0  7  0  12  13  7  

TB Extrapulmonary 3  1  0  0  2  4  10  10  

Typhoid Fever  22  7  0  136  0  166  169  249  

Typhus Fever (ox19)  6  20  0  202  1  228  185  415  

Whooping Couph 0  0  0  0  0  0  0  0  

Chemical Poisoning  0  0  0  64  0  64  133  141  

Group C 
Animal Bite  69  59  31  51  43  253  330  388  

Chicken Box  750  389  872  1663  145  3819  4030  5220  

Conjunctivitis  6847  3695  4486  7477  795  23300  19253  16032  

Diarrhea <3 years  17973  11306  10883  18104  6564  64830  51667  45259  

Diarrhea >3 years  14587  5152  8705  7013  3935  39392  30037  24501  

Bloody Diarrhea  3127  943  3219  1560  535  9384  6826  5018  

Influenzae 48131  14412  15736  16478  7529  102286  55098  28488  

Pediculosis 0  0  0  0  0  0  0  0  

Pneumonia  4382  3379  974  935  88  9758  6158  4582  

Scabies  0  0  271  0  0  271  0  31  
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Appendix 2. Monthly epidemiological report, 2009  

 1 2 3 4 5 6 7 8 9 10 11 12 Total 

Group A  
AFP  0  1  0  1  0  0  0  1  1  0  0  0  4  

AIDS/HIV  0  0  0  0  0  0  0  0  0  0  0  0  0  

Cholera  0  0  0  0  0  0  0  0  0  0  0  0  0  

Diphtheria  0  0  0  0  0  0  0  0  0  0  0  0  0  

Measles  0  0  0  0  0  0  0  0  0  0  0  0  0  

Meningococc

al Disease  

3  14  19  10  3  15  12  13  12  11  12  8  132  

HI 

Meningitis  

0  0  0  0  0  0  0  0  0  0  0  0  0  

Bacterial 

Meningitis  

4  1  1  3  11  11  15  16  17  25  20  12  136  

Non Specific 

Meningitis  

0  0  6  2  32  39  66  44  39  54  35  26  343  

Vaccine 

Adverse 

Events  

1  1  2  3  1  1  0  1  1  0  1  1  13  

Food 

poisoning  

0  0  93  0  0  0  0  1  0  0  0  0  94  

Influenza 

H1N1  

0  0  0  0  0  0  0  0  0  0  0  230  230  

Group B 
Brucellosis  0  0  0  0  0  1  1  0  0  0  0  0  2  

hepatitis A  56  65  74  66  48  48  63  59  66  49  53  31  678  

Hepatitis B  7  43  45  32  38  34  31  33  23  30  20  21  357  

Hepatitis C  0  0  6  4  4  8  2  5  3  7  3  4  46  

Malaria  0  0  0  0  0  0  0  0  0  0  0  0  0  

Mumps  2  1  1  0  0  0  6  9  5  2  8  0  34  

Rubella  0  0  0  0  0  0  0  0  0  0  0  0  0  

Salmonellosis  0  0  0  2  0  0  0  0  0  0  0  0  2  

Septicemia  21  16  36  13  15  33  25  16  2  23  26  26  252  

Shigellosis  0  0  0  0  0  1  0  0  2  0  0  0  3  

TB Pulmonary  0  2  1  0  0  2  1  0  1  1  1  1  10  

TB Extra-

pulmonary  

0  1  0  0  2  0  1  1  0  0  0  1  6  

Typhoid Fever  31  15  32  41  51  3  65  7  49  41  24  19  378  

Typhus Fever 

(ox19)  

8  12  1  32  48  5  28  0  74  35  28  17  288  

Whooping 

Cough  

0  1  0  0  0  0  0  0  0  0  0  0  1  

Chemical 

Poisoning  

6  7  4  13  11  0  0  0  5  0  6  6  58  

Group C 
Animal Bite  3  9  26  30  43  154  29  20  11  19  23  32  399  

Chicken Box  106  113  112  417  479  447  23
4  

96  15
9  

160  117  99  2539  

Conjunctivitis  685  545  827  119
4  

117
4  

1040  96
2  

39
2  

11
06  

102
4  

967  109
2  

11008  

Diarrhea <3 

years  

2290  2409  2447  297
9  

324
7  

3607  23
28  

22
58  

34
64  

331
3  

357
4  

325
3  

35169  

Diarrhea >3 

years  

1302  1076  1317  144
3  

171
3  

1970  19
03  

14
45  

20
47  

206
5  

169
9  

160
8  

19588  

Bloody Diarrhea  285  368  349  378  447  425  51
5  

41
3  

52
0  

450  383  437  4970  

Influenza  1238  1228  1498  199
4  

179
3  

1546  15
89  

70
8  

18
97  

156
2  

171
6  

255
8  

19327  

Pediculosis 0  0  0  0  0  0  0  0  0  0  0  0  0  

Pneumonia  81  177  183  249  249  173  23
5  

14
6  

28
3  

345  301  436  2858  

Scabies  0  0  0  0  14  5  0  1  2  6  5  5  38  
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Appendix 3.  Monthly epidemiological report, 2010 

 1 2 3 4 5 6 7 8 9 10 11 12 Tota

l 

Group A  
AFP  0  1  0  0  0  0  1  0  0  1  1  0  4  

AIDS/HIV  0  0  0  0  0  0  0  0  0  0  0  0  0  

Cholera  0  0  0  0  0  0  0  0  0  0  0  0  0  

Diphtheria  0  0  0  0  0  0  0  0  0  0  0  0  0  

Measles  0  0  0  0  0  0  0  0  0  0  0  0  0  

Meningococcal 

Disease  

7  10  8  3  7  17  7  6  7  9  9  14  104  

HI Meningitis  0  0  0  0  0  0  0  0  0  0  0  0  0  

Bacterial 

Meningitis  

4  14  5  8  5  19  17  19  9  25  19  18  162  

Non Specific 

Meningitis  

2
3  

22  44  80  86  12
1  

49  46  32  63  45  32  643  

Vaccine 

Adverse Events  

1  1  0  3  0  1  2  3  0  1  0  1  13  

Food poisoning  0  0  0  0  3  0  0  0  0  102  0  0  105  

Influenzae 

H1N1  

3
6  

0  0  0  0  0  0  0  0  0  0  0  36  

Group B 
Brucellosis  1  1  2  0  0  1  1  0  0  2  0  0  8  

hepatitis A  23  27  18  14  18  29  47  32  40  30  8  33  319  

Hepatitis B  32  27  36  33  18  42  41  36  35  48  25  34  407  

Hepatitis C  7  3  2  2  7  7  5  12  3  8  3  5  64  

Malaria  0  0  0  0  0  0  0  0  0  0  0  0  0  

Mumps  1  1  1  0  0  1  21  40  15  9  0  0  89  

Rubella  0  0  0  0  0  0  0  0  0  0  0  0  0  

Salmonellosis  0  0  0  1  0  0  0  0  1  0  0  0  2  

Septicemia  15  32  17  27  23  37  44  18  24  44  32  20  333  

Shigellosis  0  0  0  0  0  0  0  30  0  0  0  0  30  

TB Pulmonary  0  1  1  1  1  3  0  0  0  0  0  0  7  

TB 

Extrapulmonar

y 

1  1  2  1  1  0  0  1  2  1  0  0  10  

Typhoid Fever  3  13  11  15  13  39  51  23  34  29  5  13  249  

Typhus Fever 

(ox19)  

5  24  27  22  26  56  72  61  52  50  10  10  415  

Whooping 

Cough  

0  0  0  0  0  0  0  0  0  0  0  0  0  

Chemical 

Poisoning  

5  5  16  16  20  16  18  14  9  8  8  6  141  

Group C 
Animal Bite  26  23  35  35  34  41  36  38  28  42  20  30  388  

Chicken Box  144  235  320  649  895  1089  685  301  314  246  198  144  5220  

Conjunctivitis  1069  1146  1463  159
1  

1360  1703  146
4  

131
7  

127
8  

113
6  

117
6  

132
9  

16032  

Diarrhea <3 

years  

2681  2972  3229  343
3  

3452  4083  505
2  

434
9  

399
9  

599
8  

229
4  

371
7  

45259  

Diarrhea >3 

years  

1615  1864  1760  224
8  

2056  2582  271
2  

220
4  

221
4  

199
3  

104
4  

220
9  

24501  

Bloody 

Diarrhea  

427  434  475  483  473  518  480  418  433  359  183  335  5018  

Influenzae 2559  2346  2366  259
0  

2382  2346  217
2  

198
4  

211
0  

221
7  

281
8  

259
8  

28488  

Pediculosis 0  0  0  0  0  0  0  0  0  0  0  0  0  

Pneumonia  306  316  480  415  411  365  272  313  257  292  527  628  4582  
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Scabies  0  7  9  8  3  4  0  0  0  0  0  0  31  

 

Appendix 4. Monthly epidemiological report, 2011 

 1 2 3 4 5 6 7 8 9 10 11 12 Total 

Group A  
AFP  1  0  0  2  0  1  0  0  1  0  1  0  6  

AIDS/HIV  0  0  0  0  0  0  2  0  2  0  1  0  5  

Cholera  0  0  0  0  0  0  0  0  0  0  0  0  0  

Diphtheria  0  0  0  0  0  0  0  0  0  0  0  0  0  

Measles  0  0  0  0  0  0  0  0  0  0  0  0  0  

Meningococcal 

Disease  

16  7  13  11  11  8  20  15  18  7  14  11  151  

HI Meningitis  1  0  1  0  0  0  0  0  0  0  0  1  3  

Bacterial 

Meningitis  

21  38  38  32  21  13  34  41  22  42  22  19  343  

Non Specific 

Meningitis  

31  74  89  59  7  53  58  71  64  137  68  88  799  

Vaccine Adverse 

Events  

0  3  0  1  0  0  1  1  2  0  0  2  10  

Food poisoning  0  1  0  0  0  0  0  0  0  9  0  0  10  

Influenza H1N1  20  11  2  0  0  0  0  0  0  0  0  0  33  

Group B 
Brucellosis  0  2  2  2  0  2  3  2  0  0  0  0  13  

hepatitis A  31  22  26  20  15  15  25  27  64  38  71  69  423  

Hepatitis B  28  24  35  23  39  29  38  23  39  22  34  41  375  

Hepatitis C  1  4  4  3  9  6  4  2  15  14  1  8  71  

Malaria  0  0  0  0  0  0  0  0  0  0  0  0  0  

Mumps  1  1  0  2  3  31  17  1  2  23  10  0  91  

Rubella  0  0  0  0  0  0  0  0  0  0  0  0  0  

Salmonellosis  5  0  0  0  0  1  0  0  5  5  1  0  17  

Septicemia  25  38  29  18  29  20  32  45  27  49  27  11  350  

Shigellosis  0  1  6  1  0  1  2  1  3  0  1  1  17  

TB Pulmonary  1  0  3  0  1  1  1  1  0  1  2  2  13  

TB 

Extrapulmonary 

0  0  1  0  0  4  0  1  1  1  1  1  10  

Typhoid Fever  9  3  11  53  18  19  11  27  15  3  0  0  169  

Typhus Fever 

(ox19)  

11  6  11  20  19  19  28  37  8  21  0  5  185  

Whooping 

Cough  
0  0  0  0  0  0  0  0  0  0  0  0  0  

Chemical 

Poisoning  
13  14  1  13  18  12  8  18  8  13  9  6  133  

 

Animal Bite  25  28  29  32  38  43  29  25  23  23  14  21  330  

Chicken Box  182  229  377  312  582  523  526  269  263  265  256  246  4030  

Conjunctivitis  1384  1811  2093  2038  1721  1570  1573  1321  1535  1472  1362  1373  19253  

Diarrhea <3 

years  
3559  4374  4167  4135  4336  4863  4993  3941  4460  4375  3668  4796  51667  

Diarrhea >3 

years  
2187  2374  2403  2325  2553  2964  2860  2683  2500  2358  2064  2766  30037  

Bloody Diarrhea  347  435  487  426  554  666  807  453  784  587  539  741  6826  

Influenza  3965  5336  4203  5311  4505  4587  3590  3454  4721  4967  4759  5700  55098  

Pediculosis 0  0  0  0  0  0  0  0  0  0  0  0  0  

Pneumonia  692  734  457  508  472  541  406  406  483  528  363  568  6158  

Scabies  0  0  0  0  0  0  0  0  0  0  0  0  0  
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Appendix 5.Number of infected cases in year 2012(MOH, 2012). 
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Appendix 6. Number of infected cases in year 2012 (UNRWA,2012) 
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Appendix 7.  Localities in the province of Wadi Gaza 
 

 
1) Al-Zahra 
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2) Al-Nusirat 
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3) Al-Buraj 
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4) Al-Mograqa 
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5) Wadi Gaza 
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Appendix 8. Localities in the province of Deir al-Balah by type of assembly, and the preparation of estimates of the populations,2007-2016  

 *نوع التجمع رمز التجمع اسم التجمع

 السنة

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

 37,366 36,146 34,950 33,781 32,641 31,531 30,462 29,497 28,569 27,677 3 653065 ُمَخيَّم الُنَصْيَرات

 48,769 47,177 45,616 44,090 42,601 41,153 39,758 38,499 37,287 36,123 1 653070 الُنَصْيَرات

 31,932 30,889 29,867 28,868 27,893 26,945 26,031 25,207 24,413 23,652 3 653140 ُمَخيَّم الُبَرْيج

 13,099 12,671 12,252 11,842 11,442 11,053 10,678 10,340 10,015 9,702 1 653145 الُبَرْيج

 22,530 21,795 21,074 20,369 19,681 19,012 18,367 17,786 17,226 16,688 1 653180 الَزواْيَدة

 8,563 8,284 8,009 7,742 7,480 7,226 6,981 6,760 6,547 6,343 3 653200 ُمَخيَّم ِدير الَبمح

 21,380 20,682 19,998 19,329 18,676 18,041 17,429 16,877 16,346 15,836 3 653210 ُمَخيَّم الَمَغاِزي 

 8,696 8,412 8,134 7,862 7,596 7,338 7,089 6,865 6,649 6,441 1 653215 الَمَغاِزي 

 72,409 70,045 67,727 65,461 63,252 61,101 59,029 57,160 55,360 53,633 1 653240 ِدير الَبمح

ر  2,491 2,410 2,330 2,252 2,176 2,102 2,031 1,967 1,905 1,845 2 653250 الُمَصدَّ

 6,145 5,944 5,748 5,555 5,368 5,185 5,010 4,851 4,698 4,552 1 653275 واِدي الَسْمَقا

 مجموع الحضر
  

127,140 131,234 135,500 139,932 144,844 149,940 155,179 160,550 166,044 171,649 

 مجموع الريف
  

1,845 1,905 1,967 2,031 2,102 2,176 2,252 2,330 2,410 2,491 

 مجموع المخيمات
  

73,508 75,875 78,341 80,903 83,743 86,690 89,719 92,824 96,001 99,241 

 مجموع محافظة دير البلح
  

202,493 209,014 215,808 222,866 230,689 238,807 247,150 255,705 264,455 273,381 
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  2016-2007التجمعات السكانية في محافظة غزة حسب نوع التجمع، وتقديرات اعداد السكان، 

 *نوعالتجمع رمزالتجمع اسمالتجمع

 السنة

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

 45,033 43,681 42,349 41,043 39,764 38,516 37,311 36,227 35,181 34,176 3 602775 ُمَخيَّمالَشاِطىء

 583,870 566,331 549,070 532,132 515,556 499,374 483,742 469,687 456,131 443,095 1 602825 غّزة

 4,010 3,889 3,771 3,654 3,541 3,429 3,322 3,226 3,132 3,043 2 602900 مدينةالزىراء

ين)الُمْغراَقو   8,496 8,241 7,990 7,744 7,502 7,267 7,039 6,835 6,638 6,448 2 602945 (ابوِمدِّ

 3,795 3,681 3,569 3,459 3,351 3,246 3,144 3,053 2,965 2,880 2 603045 ُجْحرالِديك

 مجموعالحضر
  

443,095 456,131 469,687 483,742 499,374 515,556 532,132 549,070 566,331 583,870 

 مجموعالريف
  

12,371 12,735 13,113 13,506 13,942 14,394 14,857 15,330 15,812 16,301 

 مجموعالمخيمات
  

34,176 35,181 36,227 37,311 38,516 39,764 41,043 42,349 43,681 45,033 

 مجموع محافظةغزة
  

489,642 504,047 519,027 534,558 551,832 569,714 588,032 606,749 625,823 645,205 
 

 

 

 
 


