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Abstract: 
 

Gaza Strip suffers from many environmental problems and health risks as a result of the 

steady increase in population along with the absence of development projects that 

correspond to this increasing. The Gaza beach of the coastal line is an important area for 

recreation purposes. It is heavily polluted with treated, partially treated and untreated 

sewage from point and non-point sources. The aim of current study is focusing on the 

detection of species of human gastrointestinal parasites as an indicator of pollution of the 

seashore of Khan Younis.    

The investigation was conducted through analysis of the parasitic contamination of 

seawater along the study area. A total of 200 seawater samples was analyzed half of the 

samples (100sample) was analyzed during the winter season(1/2013 to 3/2013) whereas 

the second half from analyzed  during the summer season period (6/2013 to 8/2013).The 

samples were collected from the study area of about 9km along the seashore region of 

Khan Younis. The study area was divided into five zones (A, B, C, D, E) according to 

several criteria such as the presence of the wastewater discharge points and other 

geographical characteristics. Seawater samples were examined using three parasite analysis 

techniques (direct smear, concentration and staining). SPSS and Stats Direct as computer 

software were used for the data analyses and interpretation, and the results were presented 

in the forms of bar graphs and tables.   

The results showed that the parasitic contamination was 12% of the seawater samples 

during the winter season period and it was increased in summer to18% due to the huge 

amount of raw and partially treated sewage that discharged in the shoreline region and due 

to recreation and swimming and washing of the domestic animals in this period. The zone 

(B) (discharge point) showed the highest parasitic contamination level, while, zones (A) 

and (C) had lower level of pollution and zones (D), (E) were uncontaminated. The parasitic 

contamination increases with the decrease of the distance from the wastewater discharge 

points. The parasites species which were discovered are: Ascaris lumbricoides, Giardia 

intestinalis Strongyloides stercoralis, Entamoeba histolytica/dispar, Entamoeba coli 

Cryptosporidium parvum. The human gastrointestinal parasites prevalence in the analyzed 

samples is positively proportional to the quantity of wastewater discharged and is being 

affected by its quality (treated, partially treated and/or raw sewage). The most accurate 

technique used in analyzing seawater samples was the staining compared to the direct and 

concentration techniques. The study recommended that discontinue the flow of sewage into 
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the marine environment, which is the main source of pollution of seawaters according to 

the results of this study. The effluent discharge method should be reconsidered. A distance 

of not less than 400 meters inside seawater is recommended by many international 

agencies. And establishment of the main wastewater treatment plants in Khan Younis 

governorates, as much as possible to minimize environmental risks to the marine and 

recreational environment. Finally, establish educational programs to increase the public 

awareness of health hazards associated with seawater pollution. The public should be 

informed properly by posting signs indicating polluted areas.  
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:ملخص الدراسة  

 

 
قطاع غزة من كثير من المشاكل البيئية والمخاطر الصحية نتيجة للزيادة المطردة في عدد السكان مع عدم وجود يعاني 

االستجمام.  ألغراض كبيٌرة اهمية ذات الساحل ومنطقة بحر  يعتبر شاطئ مشاريع التنمية التي تتوافق مع هذه الزيادة.

 من الغير معالجة ه الصرف الصحي المعالجة والمعالجة جزئيا أويعاني الشاطئ من تلوث عالي نتيجة ضخ ميا

 المختلفة.   النقطية وغير النقطية المصادر

والناتج عن ضخ المياه العادمة  خانيونسكان الهدف الرئيس لهذه الدراسة هو تقييم التلوث الطفيلي لمنطقة شاطئ مدينة 

، و الصيف  3102وحتى نهاية شهر مارس  3102ية شهر يناير إليه. ولقد أجريت الدراسة خالل فصلي الشتاء من بدا

 اشتملت عشوائية بطريقة عينة 311 جمع ، تم 3102الذي كان من بداية شهر يونيه  وحتي نهاية  شهر أغسطس

عينة اخري في فصل الصيف، وكان من أهم أهداف هذه الدراسة تحديد  011بحر في فصل الشتاء و مياه عينة 011على

كيلومترا ، وتم تقسيم المنطقة إلى  9تلوث الطفيلي لساحل مدينة خانيونس في مياه البحر بطول يبلغ قرابة مستوى ال

(  تبعا لمعايير مختلفة منها: مناطق تواجد مصبات المياه العادمة، معالم جغرافية، E,D,C,B,A,خمسة  مناطق )

باستخدام ثالث تقنيات مخبريه وهي: الطريقة المباشرة، والمسافات شبه المتساوية. ولقد تم تحليل عينات  مياه البحر 

 ذلك وبعد العينات، جميع في الطفيلي التواجد لفحص الميكروسكوب واستخدم طريقة الفلترة والتركيز، طريقة الصباغة.

 .SPSS و Stats Directبرنامج باستخدام إحصائيا وتحليلها النتائج إدخال تم

% في عينات  03كانت  خانيونسبالطفيليات المعوية اآلدمية في منطقة شاطئ مدينة أظهرت الدراسة أن نسبة التلوث 

%. كما أظهرت الدراسة 08مياه البحر في فصل الشتاء وزادت نسبة التلوث في فصل الصيف حيث بلغت حوالي 

ثا بالطفيليات المعوية وهى المنطقة التي فيها مصب المياه العادمة  هي المنطقة االكثر تلو Bالحالية أن كل من منطقة 

( فهي مناطق غير D) ،E ( فهي أقل تلوثا آلنها أبعد عن المصب، واما بالنسبة للمناطقA) ،Cاآلدمية ،أما المناطق 

وكانت الطريقة االكثر دقة في لتحليل العينات  طريقة الصباغة مقارنة مع الطريقة المباشرة ملوثة بالطفيليات المعوية. 

وصت الدراسة بضرورة وقف ضخ مياه الصرف الصحي الى البيئة البحريٌة حيث و اعتمادا على وأ .وطريقة التركيز

نتائج هذه الدراسة ثبت انها المصدر االساس لتلوث الشاطئ . كذلك يٌجب اعادة النظر في الطريقة الحالية للتخلص من 

لخاصة بهذا الشأن و القاضية بأن ال تقل المنظمات الدولية ا ي منطقة الدراسة و اتباع توصيات مياه الصرف الصحي ف

متر داخل البحر . كذلك و لتقليل االثار البيئية المترتبة على التخلص من مياه الصرف الصحي في  011المسافة عن 

البيئة البحرية اوصت الدراسة بضرورة االسراع في انشاء محطة المعالجة الرئيسية لمنطقة خان يونس و أخيرا أوصت 

رورة القيام ببرامج التوعية الجماهيرية لمخاطر تلوث الشواطئ بمياه الصرف الصحي على الصحة العامة الدراسة بض

 وكذلك وضع اشارات واضحة تبين االماكن الممنوع فيها السباحة واالماكن المسموح السباحة فيها. 

 

 

 

 

 



VI 

 

Table of Contents 
 

 

 

 

Dedication………………………………………………………………………………………………………………………. I 

Acknowledgement……….…………………………………………….………………………………………………      II 

Abstract………………………………………………………………………………………………………………………     III    

Arabic Abstract……………………………………………………………………………………………………………     V 

Table of Contents………………………………………………………………………………………………………….   VI 

List of Tables………………………………………………………………………………………………………………….VIII   

List of Figures………..……………………………………………………………………………………………………..  IX  

List of Photos and Images …………………………………………………………………………………………….   X 

List of Abbreviations...…………………………………………………………………………………………………… XI 

 

CHAPTER "ONE" INTRODUCTION----------------------------------------------------------1                

     1.1 General Overview:…………………………………………………………………………………2 
     1.2 Problem Statement:………………………………………………………………………………4 
     1.3 Main Goal and Objectives:…………    …………………………………………………….....5 
     1.4 Justification of the Study:……………………………………………………………………....5 
     1.5 Study Area:…………………………………………………………………………………………...6 

 

CHAPTER "TWO" LITERATURE REVIEW-------------------------------------------- - 7        

     2.1 Coastal Zone Pollution:…………………………………………………………………………,,.8 
     2.2 Value of Coastal Zone Resource:……………………………………………………………,..8 
            2.2.1Economic and Social Welfare Value:……………………………………………...... 8 
            2.2.2 Scientific and Biological Value:………………………………………………………..9 
    2.3 Wastewater:……………………………………………………………………………………….......9 
    2.4 Impact of Sewage on Health………………………………………………………………………......12 

    2.5 Intestinal parasitic Infection……………………………………………………………………13 
    2.6 Parasites and the Environment………………………………………………………………..19  
    2.7Survival of Pathogenic and Indicator Microorganisms in Seawater……............21 
    2.8 Combined Effects of Pollutants and Parasits…………………………………....22 

    2.9 Detection of Parasitic contaminants in the Environment ………………….…...22 

    2.10Prevention and Control of  Protozoan Infections………………………………23 

    2.11 Studies in Gaza strip about intestinal parasites………………………………..23  

 

CHAPTER "THREE" METHODOLOGY----------------------------------------------------27     

     3.1 Study Location:…………………………………………………………………………………….28 
     3.2 Sample Size:     …………………………………………………………………………………......29 
     3.3 Study Duration:…………………………………………………………………………………....29 
     3.4 Samples Collection:……………………………………………………………………………....29 
        3.4.1 Seawater Sampling Procedure…………………………………………………………30 
        3.5 Sample Preparation and Analysis……………………………………………………….30 
        3.5.1 Seawater Analysis  ……………………………………………………………………........30  
     3.6 Pilot Studies; …………………………………………………………………………………….....31 
     3.7 Data Entry and Analysis:……………………………………………………………………….31  
 

CHAPTER "FOUR" RESULTS…………………………………………………………………………..    32 

     4.1 Seawater Analysis in winter from (January to March)…………………………...  33 



VII 

 

            4.1.1 Direct Smear Technique………………………………………………………………  35 
            4.1.2 Concentration Technique…………………………………………………………….  35 
            4.1.3 Staining Technique……………………………………………………………………...  35 
            4.1.4 Comparison of Seawater Analyses According to the Techniques……  36 
            4.1.5 Parasites Distribution According to the Research Area Zones………..  37 
            4.1.6 Total Percentage of Seawater Contamination………………………………..  38  
     4.2 Seawater Analysis in Summer from (June to August)……………………………..  39 
            4.2.1 Direct Smear Technique……………………………………………………………….  42 
            4.2.2 Concentration Technique……………………………………………………………..  42 
            4.2.3 Staining Technique……………………………………………………………………....  42 
            4.2.4 Comparison of Seawater Analyses According to the Techniques……...43 
            4.2.5 Parasites Distribution According to the Research Area Zones………...  43 
            4.2.6 Total Percentage of Seawater Contamination………………………………...  45 
     4.3 Statistical Analysis…………………………………………………………………………………46  

      4.4 Images of Human Gastrointestinal Parasites…………………………………………  48  
 

CHAPTER "FIVE" DISCUSSION ……………………………………………………………………….      50 

 
CHAPTER "SIX" CONCLUSION & RECOMMENDATIONS…………………………….58 

     6.1 Conclusion ……………………………………………………………………………………………..59 
     6.2 Recommendations………………………………………………………………………….......60 
 
 REFERENCES……………………………………………………………………......61 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



VIII 

 

List of Tables 

Table 4.15:  One way –ANOVA Test for the Parasitic Pollution within the five Zones     46 

Table 4.16:    Multiple Comparisons  for the Parasitic Pollution Within the five Zones       47           

One way ANOVA Test for the Parasitic Pollution in Seawater Samples          48       Table4.17 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2.1 Major Classes of Municipal Wastewater Contaminants   9 

Table 2.2 Typical Treated Effluent Standards Use of the Receiving Waters 11 

Table 2.3 Some Parasites Found in the Environment. 14 

Table 3.1 Zones of Sampling and Related Information. 28 

Table 4.1 Species of Parasites Detected in Seawater Using the Three Techniques.  33 

Table 4.2 Percentage of Contaminated Samples Using Direct Smear Technique. 35   

Table 4.3 Percentage of Contamination Using the Concentration Technique. 35 

Table 4.4 Percentage of Contamination Using the Staining Technique.  35 

Table 4.5 Contamination of Seawater Samples Using the Three Methods.  36 

Table 4.6 Distribution of Parasites in Seawater According to the Five Zones. 27 

Table 4.7 Percentages of Contamination in Seawater According to Zones. 38 

Table 4.8 Species of Parasites Detected in Seawater Using the Three Techniques. 39 

Table 4.9 Percentages of Contaminated Samples Using Direct Smear Technique. 42 

Table 4.10 Percentage of Contamination Using the Concentration Technique. 42 

Table 4.11 Percentage of Contaminated Seawater Samples Staining Technique. 42 

Table 4.12 Contamination of Seawater Samples Using the Three Methods. 03 

Table 4.13 Distribution of Parasites in Seawater According to the Five Zones. 44 

Table 4.14 Percentages of Contamination in Seawater According to Zones. 45 



IX 

 

List of Figures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 1.1 Gaza Governorates Map: Khan Younis Coastal area.                                                                               6 

Figure 2.1 Discharge of virtually untreated wastewater into the Gaza Beaches.   12 

Figure 3.1 Study Area and the Zones of Sampling from A to E. 29 

Figure 4.1 Contamination in Seawater Samples Using the Three Techniques.             36 

Figure 4.2 Detected Parasite Species and Percentages in Seawater Zone (A). 37 

Figure 4.3 Detected Parasite Species and Percentages in Seawater Zone (B). 38 

Figure 4.4 Percentages of Contamination in Seawater According to Five Zones. 39 

Figure 4.5 Contamination in Seawater Samples Using the Three Techniques. 43 

Figure 4.6 Detected Parasite Species and Percentages in Seawater Zone (A). 44 

Figure 4.7 Detected Parasite Species and Percentages in Seawater Zone (B). 45 

Figure 4.8 Detected Parasite Species and Percentages in Seawater Zone (C). 45 

Figure 4.9 Percentages of Contamination in Seawater According to Five Zones. 46 



X 

 

 

List of Photos and Images 

 

Image 4.1 Ascaris lumbricoides………………………………………………….... 48  

48           Image 4.2 Entamoeba histolytica/dispar trophozoite   

Image 4.3 Giardia lamblia cyst…………………………………………………………………………… 48 

Image 4.4 Cryptosporidium parvum oocysts………………………………………………………  48 

Image 4.5 Strongyloides stercoralis larva…………………………………………………………….48    

Image 4.6 Entamoeba histolytica/dispar cyst………………………………………………………. 48 

Image 4.7: Entamoeba coli trophozoite……………………………………………. 49 

Image 4.8: Hymenolepis nana egg………………………………………………… 49 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



XI 

 

List of Abbreviations 

APHA                    American Public Health Association  

AWWA American Water Works Association  

BOD Biochemical Oxygen Demand  

CMWU Coastal Municipalities Water Utility  

Cm Centimeter  

COD Chemical Oxygen Demand  

EPA Environmental Protection Agency  

EQA Environment Quality Authority  

EWASH Emergency Water, Sanitation and Hygiene Group  

FAO Food and Agriculture Organization  

GWWTP Gaza Wastewater Treatment Plant  

km² Square kilometer  

l/cap/d liter per capita per day  

m³ Cubic Meter 
 

 

MEnA                  Ministry of Environmental Affair    

MLD Million liters per day  

Mm Millimeter  

MOH Ministry of Health  

MOLG Ministry of Local Government  

N Nitrogen  

NGOs Non-governmental organizations  

NOAA National Oceanic and Atmospheric Administration  

NTU    Nephelometric Turbidity Units  

PAHs Polycyclic Aromatic Hydrocarbons  

PCBS Palestinian Central Bureau of Statistics  

PCHR    Palestinian Center for Human Rights           

Ph Measure of the Acidity or Alkalinity of an aqueous solution  

PWA Palestinian Water Authority  

SPSS Statistical Package for the Social Sciences  

TSS Total Suspended Solids  

UNEP United Nations Environment Programme  

UNRWA United Nations Relief and Works Agency  

USA United States of America  

WaSH Water, Sanitation and Hygiene  

WGO World Gastroenterology Organization  



XII 

 

WHO World Health Organization  

WWTP Wastewater Treatment Plant  

                                                              



0 

 

 

 

 

 

 

 

 

 

CHAPTER ONE 

 

INTRODUCTION 

 

 

 

 

 

 

 

 

 

 

 

             



3 

 

CHAPTER ONE 

 

INTRODUCTION 

 

1.1 General Overview: 

 

According to Carson et al (2001), environmental pollution is one of the major 

problems being faced in the world through the 21
st
 centuries. Problems of environmental 

pollution are of global concern due to drastic effects they have on human health, on air, 

water, soil, and eco-systems. Therefore, the protection of the environment is one of the 

priorities to governments and individuals of all countries. One of the most important 

factors for water pollution is the discharge of untreated wastewaters into the seawater. 

The beach of Gaza governorates has been subject to sewage pollution, waste dumping and 

over-fishing for many decades. The political unrest in the region since September, 2000 

and the blockade of Gaza since June 2007 have negative impacts on several environmental 

issues. The seawater quality was greatly affected due to partial destruction of wastewater 

treatment plants (Rafah and Gaza) or by security measures imposed by the Israeli on repair 

and expansion of these plants. Last years the blockade imposed on Gaza, prevented proper 

waste disposal leading to accumulation of huge amount which contributed to the burden of 

seawater pollution (Afifi, 2009). 

The exact quantity and quality of land based pollutants- mainly wastewater - produced in 

the Gaza Strip that reaches the Mediterranean Sea may be not accurately measured due to 

several factors. However, wastewater treatment plants outlets in Gaza City, Khan younis 

and Rafah, release significant volumes (18.000 m
3
/day) partially treated wastewater to the 

sea. Other outlets in Deir El Balah and Shati Refugee Camps and in Wadi Gaza have a 

significant imputes of untreated sewage. From the flourishing growth of green algae along 

the coastline, it is obvious that the coastal zone is subject to Eutrophication (UNEP, 2009). 

As indicated by PCBS (2012), Gaza Strip beach is the only recreational area available for 

around 1.8 million inhabitants.  

Recreational use of water and beaches is an important feature of leisure and tourism 

worldwide. There is also important interaction between tourism and environment. A 
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healthy attractive environment is one of the principle considerations in selecting a holiday 

destination (Elmanama, 2004). 

Recreational water generally contains a mixture of pathogenic and non-pathogenic 

microbes derived from sewage effluents, industrial process, farming activities, and wildlife 

in addition to any truly indigenous microorganisms. This mixture can present a hazard to 

bathers where an infective dose of pathogen colonizes a suitable growth site in the body 

and leads to disease (WHO, 1998). The extent of seawater pollution varies according to the 

quantity and quality of pollutant. However, the problem of seawater pollution is 

acknowledged worldwide (Bartram and Ress, 2000) . As a result of recreational activities, 

many individuals may contract diseases that range from self-limiting gastrointestinal 

disturbances to severe and life-threatening infections. The disease incidence is dependent 

on several factors; the extent of water pollution, time and type of exposure, the immune 

status of users and other factors. Seawater and beach quality monitoring and assessment 

are considered as a vital part of any integrated coastal management program (Afifi et al., 

2000). 

The beach water contain many different types of pathogenic and non-pathogenic organism, 

bacteria, fungi, parasites and viruses have all been isolated from beach sand a number of 

them are potential pathogens. Factors promoting the survival and dispersion of pathogens 

include the nature of the beach, tidal phenomena, and the presence of sewage outlets, the 

season, the presence of animals and the number of swimmers. Transmission may occur 

through direct person-to-person contact or by other means, although no route of 

transmission has been positively demonstrate (WHO, 2003).  

New studies of fecal contamination of beach sand have triggered interest among scientists, 

the media, and the public regarding the safety of exposure to sand at the beach. There are 

existing evidence that beach sand can harbor fecal indicator organisms, as well as 

pathogenic bacteria (Pseudomonas aeruginosa, Salmonella, Shigella, Campylobacter 

jejuni, Staphylococcus aureus, Vibrio parahaemolyticus, and Vibrio harveyi); viruses 

(adenovirus, norovirus, enterovirus, coxsackievirus types A16, B1, and B5, echovirus type 

1, poliovirus type 2, hepatitis A virus); fungi (Candida albicans and dermatophytic fungi); 

and parasitic nematodes (Toxocara canis) (Christopher et al., 2009). 

Many diseases caused by pathogenic bacteria and viruses such as gastroenteritis, 

legionellosis, salmonellosis, shigellosis, diarrhea, infection hepatitis and giardiasis (WHO, 

1997). Parasites such as Ascaris lumbricoides, Giardia lamblia and Entamoeba histolytica 
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are one of the major dangerous contaminants found in the wastewater of Khanyounis and 

can be used as indicator for the presence of parasites in seawater. Parasites are considered 

as a main pathogenic pollutant in many cases, which have been detected several times 

recently in many studies, these parasites eventually reach the sea.   

 

1.2 Problem Statement: 

 

Currently 40% of the sewage generated in the Gaza Strip is properly treated. The 

percentage of population served by sewerage systems is 78.9% (WaSH, 2008). The 

population of Gaza Strip continues to grow rapidly, thus increasing the amounts of poorly 

treated or untreated sewage being discharged into the coastal water. With a Palestinian 

population growth rate of around 4.8 percent per annum, which would result in a doubling 

of the population in 15 years, effective management and sustainable development of Gaza 

resources will be a huge challenge for the Palestinian Authority (UNEP, 2003).  In the 

Gaza Strip, wastewater treatment has been neglected to a certain extent, where most of the 

attention has been focused on measures to solve water quantity and supply problems.  The 

lack of operational and efficient wastewater treatment plants makes wastewater the main 

source of pollution of the coastal zone of Gaza Strip.  As stated by El Jarousha (2006), 

most of the wastewater is discharged untreated or partially treated along the shoreline 

resulting in pollution of most of the shoreline. In addition to the treatment plants effluents, 

there are more than 20 individual sewage drains, ending either on the beach or a short 

distance away in the surf zone.   

At present, 60% of Khan Younis city’s population is served by the new established public 

sewer collection system. In the year 2025, 83% of the population of Khan Younis city is 

expected to be served by piped sewage system in addition to 63% for the surrounding area 

(UNDP and PAPP, 2010). 

 

1.3 Main Goal and Objectives:  

   

 Main Goal:   

Detection of the prevalence and species of the human gastrointestinal parasites as an 

indicator of the pollution of the seashore of Khan younis, Palestine. 
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Objectives: 

 

 Identification of the parasitic contamination in the shoreline region of Khan 

Younis. 

 Determination of the source of the parasitic pollution.  

 Identification of the vulnerable zone to parasitic contamination and identifying the 

level of the vulnerability.  

 

1.4 Justification of the Study 

There is no information about the quantities, characteristics, specification of the parasitic 

pollution in the shoreline region of the South Gaza. (Khan younis). Highlighting the 

qualitative and quantitative description of the parasites within the study area will improve 

the health state of the Gaza and environmental situation.     

So, the study will describe and analyze the parasitic contamination (Ascaris lumbricoides, 

Giardia lamblia and Entamoeba histolytica) in the shoreline region of the Khan younis.  

 

1.5 Study Area: 

Gaza governorates are situating in the southeastern coast of Palestine with Longitudes of 

34:21:38 E and Latitudes of 31:29:45 N. The Gaza governorates are a narrow strip of land 

on the Mediterranean coast. The green line of historical Palestine borders it from the east 

and north side and Egypt to the south (see figure 1.1). The Gaza Strip shore on the 

Mediterranean sea is about 41km
2
 in length and between 6 and 12 kilometers wide, with a 

total area of about 378 km
2
 (UNEP, 2009). Khan Younis Governorate is located in the 

southern part of the Gaza Strip. Khan Younis City is considered as the second largest city 

of Gaza Strip and is currently inhabited by population of 311,000 persons (PCBS, 2011).  

In study area, most of the collected wastewater is currently transported to Al Amal storm 

water lagoon then to the temporary wastewater disposal lagoons, which have been 

constructed in 2008 in the western part of the city near the sea. About 9000 m3/day of 

partially treated wastewater is disposed to the sea through a new discharge effluent 

terminal (UNDP and PAPP, 2010; CMWU & ICRC, 2011). 
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            Figure (1.1): Gaza Governorates Map: Khan Younis Coastal area. 
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CHAPTER TWO 

 

LITERATURE REVIEW 

 

 

2.1 Coastal Zone Pollution: 

 

The Gaza coastal and marine environment is facing large and serious threats. The small 

Gaza governorates contain a rapidly growing population. The limited land resources, the 

physical isolation of the area and the underdeveloped environmental management system 

has caused various serious problems reflected on the coastal zone and seawater (MEnA, 

2000). The main forms of pollution in the Mediterranean from land-based sources are 

organic pollution, biological contaminants in addition to nutrients and toxic substance. 

Although, data to estimate fluxes of these pollutants to the sea in Gaza region is scarce, 

some estimates of fluxes can be done. Based on Afifi (2009) study, the main pollutants 

inputs to the Mediterranean by domestic, industrial, storm water and loads carried by Wadi 

Gaza discharges. The annual total hydraulic loading of different sources is 62.3 million 

cubic meters. Contributions of domestic waste discharge of organic matter measured as 

BOD and COD, as indicator for organic loading flux is about 3000 and 6000 tons/year 

respectively (Wu et al. 2010). 

 

2.2 Value of Coastal Zone Resource: 

Coastal zone is very important from marine ecological, land resources, fishery, transport, 

recreation and tourist perspectives (MEnA, 2000). The beach is the only accessible 

recreational area for the population in Gaza. At the same time, the sand dunes in the coastal 

zone hold the best groundwater resources in Gaza (Elmanama, 2004). 

 

2.2.1 Economic and Social Welfare Value: 

Gaza governorates beaches are important area for recreation for Gaza's people. The area is 

in bad needs of public access, service, landscape improvement and new infrastructure. Its 

potential use connected with improvement of public transportation, public service and 

safety of beach and water quality (UNEP and MEnA, 2001). Moreover, Tourism in Gaza 
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expected to be a major source of future income or revenue. It depends on unspoiled areas 

and relatively cleans water. Its potential is consider medium, but limited by political 

constraints (Elmanama, 2004). 

 

2.2.2 Scientific and Biological Value: 

This sector considered as a source of regional and international knowledge of history. 

Generally, the Archaeology sector in Gaza has to be improve in from of protection of site, 

landscape, zoning of heritage beaches and support the tourism facilities. Furthermore, the 

zone is an important ecological resource for Gaza with variety of both flora and fauna life 

(marine and terrestrial). It also holds the last natural areas in Gaza, such as the wetlands or 

marshes of the wadi Gaza outlet and mobile sand dunes or sand cliffs (Ajjour and Darabih 

1997; UNEP and MEnA, 2001). 

 

2.3 Wastewater: 

Wastewater can be characterized by its main contaminants which may have negative 

impacts on the aqueous environment in which they are discharged (Table 2.1). 

 

Table 2.1: Major Classes of Municipal Wastewater Contaminants and Significance 

and Origin. 

Contaminant Significance Origin 

Organic matter 

(BOD) 
Biological degradation consumes oxygen and may disturb the oxygen 

balance of surface water; if the oxygen in the water is exhausted anaerobic 

conditions, odour formation, fish kills and ecological imbalance will 

occur. 

Domestic, 

Industrial 

Nutrients 

(N and P) 
High levels of nitrogen and phosphorus in surface water will create 

excessive algal growth (eutrophication). Dying algae contribute to organic 

matter. 

Domestic, 

rural run-off, 

industrial 

Pathogenic 

Microorganisms 

Severe public health risks through transmission of communicable water 

borne diseases such as cholera 

Domestic 

Settleable solids 

(sand, grit) 

Settleable solids may create sludge deposits and anaerobic 

conditions in sewers, treatment facilities or open water. 

Domestic, 

Runoff 

Total dissolved 

solids (salts) 

High levels may restrict wastewater use for agricultural 

irrigation or aquaculture. 

Industrial, 

(salt water 

intrusion) 

Source: Metcalf and Eddy Inc., 1991 
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The lack of operational and the effluent of wastewater treatment plant make wastewater the 

main sources of pollution of the coastal zone of Gaza governorates. The wastewater is 

discharge untreated or partially treated along the shoreline resulting in pollution of most of 

the shoreline. In addition to the treatment plants effluent, there are individual sewage 

drains ending on either the beach or a short distance away in the surface zone. Higher 

percentage of the wastewater is generating in Gaza governorates are currently discharged 

without treatment into the sea (50,000 cubic meters per day).  

Only about 40% of the sewage generated in the Gaza governorates is properly treated (El 

Jarousha, 2006). Sewage discharges, or outfalls, may be readily classified into three 

principal types (WHO, 2003): 

1. Those where the discharge is directly onto the beach (above low water level in tidal 

areas). 

2. Those where discharge is through “short” outfalls, where discharge is into the water 

but sewage-polluted water is likely to contaminate the recreational water area. 

3. Those where discharge is through “long” outfalls, where the sewage is diluted and 

dispersed and the design criteria for the outfall should ensure that sewage does not 

pollute recreational water areas. 

 

The main sources of wastewater discharged in the coastal zone of Gaza Strip are: 

1. Wastewater Treatment Plants 

In Gaza, access to sewerage facilities at present varies from area to area. Where more than 

80 % of the households are serving by well-functioning sewerage systems, other areas have 

no sewerage system at all and they depend on cesspits and boreholes wastewater disposal 

systems. The larger urban centers, with the exception of Khan younis, are equipped to 

some extent with a sewerage network. The densely populated refugee camps of El 

Nuseirat, El Bureij, El Maghazi and El Zawida do not have any sewerage facilities, 

whereas the Jabalya camp is well serve. Approximately 70-80% of the domestic 

wastewater produced in Gaza is discharge into the environment without treatment, either 

directly, after collection in cesspits, or through leakages and overloaded treatment plants. 

Most wastewater is discharge into the Mediterranean via 18 different pipelines (UNEP, 

2009). In Khan Younis governorate, only 25% is connecting to a wastewater system, with 

75% of the population using septic tanks( Ashour et al., 2009),  

Most of the collected wastewater is currently transported to Al Amal storm water lagoon 

(established in year 2003 to collect and infiltrate storm water of khan Younis, CMWU, 
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2011) then to the temporary wastewater treatment western lagoons near the sea (al Mawasi 

lagoons), which have been constructed in 2008 in the western part of the city. The main 

objective of the construction of these lagoons is an attempt to control the flooding in Al 

Amal lagoon, about 9000 m
3
/day of partially treated wastewater is disposed to the sea 

through a new discharge effluent terminal (UNDP/PAPP, 2010; CMWU & ICRC, 2011). 

The effluent characteristics are BOD 120 mg/l, COD 485mg/l, and TSS 90 ppm (CMWU 

& ICRC, 2011). Table 2.2 gives some typical discharge standards applied in many 

industrialized and developing countries in relation to the expected quality or use of the 

receiving waters. 

Table 2.2: Typical Treated Effluent Standards as a Function of the Intended Use of 

the Receiving Waters: 

 

 

- No standards set, BOD = Biochemical oxygen demand, TSS =Total suspended solids, 

SAR= Sodium adsorption ratio, N= Nitrogen, P= Phosphorus, TDS =Total dissolved 

solids, 
1
 =Agronomic norm, ² =No restriction on crop selection. 

Sources: Ayers and Westcot, 1985; WHO, 1989. 

 

2.  Direct Sewage Discharging into the Sea 

Greatest volume of sewage discharged to the marine environment which includes 

pathogens, organic substances, heavy metals and trace elements pose direct and indirect 

effects on ecosystems and organisms (Islam et al., 2004). Figure (2.1) presented selected 

improper replaced outfalls in Gaza Strip. For short outfalls, the relative risk increased 
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based upon the size of the contributing population. In general, an effective outfall is 

assumed to be properly designed, with sufficient length and diffuser discharge depth to 

ensure low probability of the sewage reaching the recreational area (WHO, 2003). 

 

 

 

Figure (2.1): Discharge of virtually untreated wastewater into the Gaza Beaches, 1; Rafah 

terminal, 2; Wadi Gaza outfall, 3; Khan Younis terminal and four; Gaza terminal 

 

2.4 Impact of Sewage on Health: 

Human and animal excreta are the principal routes by which a large number of 

communicable diseases are transmitted and spread. Some of these diseases rank as the 

chief cause of death, especially in societies where poverty and malnutrition are prevalent. 

Diseases such as diarrhea, cholera, hookworm infection and schistosomiasis because many 

deaths impair the quality of life and make the individual more liable to die from 

superimposed infections (Linden, 1990). These diseases, along with many others, are 

spread from the infected individual to new victims through excreta, that is why the 

collection, transport, treatment and disposal of human excreta are important to protect the 

health of the population (Feachem et al., 1983).  
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2.5 Intestinal parasitic Infection 

A- Protozoa parasites  

Parasitic diseases contribute to be the burden of infectious diseases worldwide. 

While most infections and death from parasitic diseases affect people in 

developing countries, (Ortega YR,2008 ). In 2004, the WHO reported that 

diarrheal disease affected more individuals than any other illness, Several 

species of enteric protozoa are associated with diarrheal illnesses in humans,. 

Protozoan-related morbidity and mortality in both humans and animals 

worldwide are well documented (Dixon B, et al  2011).Much attention has been 

paid to enteric protozoa in human infections in developing countries, where poor 

sanitary conditions and the unavailability of effective water treatment have 

sustained conditions for their transmission (  Bakheit MA, etal . 2008).  Climate 

change is predicted to influence changes in precipitation quantity, intensity, 

frequency, and duration and subsequently affect environmental conditions that 

predispose developing countries to the transmission of waterborne disease 

(Harper S, etal .2011). 

 

1-Entamoeba Species 

. Six species of the genus Entamoeba have been described in  humans,including 

Entamoeba histolytica, Entamoeba dispar, Entamoeba moshkovskii, Entamoeba poleki 

(also called Entamoeba chattoni),Entamoeba coli, and Entamoeba hartmanii. Among 

these, E. histolytica is the only pathogenic species (Santos H, et al  2010). The WHO 

reports that approximately 500 million people worldwide are infected annually with E. 

histolytica, resulting in symptomatic illnesses and death in about 50 million and 100,000 

persons, respectively ( WHO, PAHO, UNESCO. 1997). Approximately 4 to 10% of 

carriers infected with E. histolytica develop clinical disease within a year, and amoebic 

dysentery is considered the third leading cause of death from parasitic disease worldwide 

(Haque R, et al 2003).Entamoeba histolytica causes a range of disease manifestations, 

including (i) dysentery or dysenteric syndrome, characterized by small volumes of bloody, 

mucoid stools without fecal leukocytes; (ii) amoebic colitis, characterized by ulcerations of 

the colonic mucosa with typical flask-shaped abscesses; (iii) amoeboma, the formation of a 
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fibrotic mass in the intestinal wall; and (iv) invasive disease, resulting in amoebic 

abscesses in the brain, lung, or liver (De Wit M,  et al  2001 ). Amoebic brain abscess 

occurs when Entamoeba histolytica trophozoites travel to extraintestinal tissues through 

the bloodstream, invading the central nervous system and producing amoebic brain 

abscesses that are frequently lethal (Maldonado .,et al  2012). Other rare forms of 

amoebiasis have been reported, including cutaneous amoebiasis (amoebiasis cutis), arising 

as a complication of amoebic dysentery .This usually results from contamination of 

damaged skin that  stick to the traumatized skin, such as in the perianal or perigenital area, 

resulting in lysis of the skin and subcutaneous tissue and, subsequently, ulceration and 

necrosis (Bumb R, Mehta R . 2006). The virulence of pathogenic E. histolytica is based on 

its ability to secrete enzymes and proteases that contribute to the invasion of the epithelial 

cells penetrating the intestinal mucosa and to degradation of the extracellular matrix 

proteins and subsequently to interfere with the host's humoral immune response .More 

recently, It is thought that some persons are genetically resistant to infection, while 

malnourished children are more susceptible, and a polymorphism in the leptin receptor 

increases susceptibility to amoebiasis in both adults and children ( Anaya-Velazquez F,  

Padilla-Vaca F ., 2011). Diagnosis is difficult based on the fact that the pathogenic 

species E. histolytica is morphologically identical to the nonpathogenic species E. 

dispar and . microscopy is generally considered insufficient for differentiation of these 

species  (Stark D, et al  2010).  Various methods are employed in the diagnosis 

of Entamoeba. In many countries, microscopy is widely used for protozoan identification 

.Microscopic techniques utilized in the clinical laboratory include the screening of wet 

preparations, concentrated samples, and permanently stained smears for the identification 

of E. histolytica/E. dispar/feces (Fotedar R,  et al .,2007).. Wet mount preparations and 

trichrome-stained smears of stool specimens are routinely used for identification of E. 

histolytica/E. dispar (CDC. 2010.).                                                                                          

2-Giardia intestinalis  

Giardia intestinalis is a common cause of parasitic diarrhea, with prevalences ranging 

from 2 to 7% in developed countries to 20 to 30% in most developing countries worldwide 

.  It has been suggested that Giardia trophozoites may remain in the small intestine for 

weeks to years .However, this is unsupported, since many long-term infections are 

suspected to represent either persisting abdominal symptoms  or reinfections . The fecal-

oral route still remains the most important mode of infection and various studies have 

found evidence of zoonotic transmission .The symptoms of giardiasis can be variable, but 
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it presents mainly as acute or chronic diarrhea associated with abdominal pain, nausea, 

malabsorption, and weight loss. In malnourished children, infection can lead to growth 

retardation, and asymptomatic illness is also possible (Cacciò SM, Ryan U . 2008) . 

Diagnosis is usually based on the microscopic detection of Giardia cysts or trophozoites in 

a stool specimen. Stools may be examined either directly as fresh smears, preserved in 

formalin or polyvinyl alcohol and stained with iodine, trichrome, or hematoxylin, or after 

formalin-ethyl acetate concentration (Kenny JM and Kelly P. 2009). 

3-Cryptosporidium Species 

Cryptosporidium was first recognized as an important cause of infection in AIDS patients. 

It is now well recognized and accounts for about 20% of diarrheal episodes in children in 

developing countries and up to 9% of episodes in developed settings and causes a 

considerable amount of diarrheal illness in young farm animals worldwide . The 

environmentally resistant oocysts are fully sporulated when they are excreted in feces, and 

therefore they are immediately infectious. Fayer R .,2000). .Infections are usually 

characterized by self-limiting diarrhea associated with severe abdominal pain in both 

immunosuppressed and immunocompetent persons, especially HIV-infected persons and 

children worldwide . The duration of clinical symptoms is highly dependent on the 

person's immunological competence . Cryptosporidium spp. are of importance to transplant 

patients, especially in regions where the organisms are endemic, where they can cause life-

threatening prolonged diarrhea, dehydration, and malabsorption in transplant recipients . 

Species of Cryptosporidium and subtype families of Cryptosporidium hominis have been 

shown to induce different clinical manifestations and have different potentials to cause 

outbreaks . In developed countries, transmission occurs from person to person, especially 

in day care settings and between men who have sex with men (MSM), as well as through 

waterborne and zoonotic infections) Cryptosporidium spp. have been identified as a 

common cause of diarrhea in persons from developed countries visiting less developed 

areas.  

 

B-Helminthes  parasites 

Up to one-third of the world's population, many of them children, may be infected with 

intestinal helminths, principal among them hookworm, Trichuris trichiura, Ascaris 

lumbricoides, and Strongyloides stercoralis. These intestinal infections may result in 

malnutrition, iron-deficiency anemia, and malabsorption, and they can be complicated by 

intestinal obstruction and in the case of S. stercoralis, hyperinfection and disseminated 
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disease that may result in death. Additionally, stunting of growth and delays in cognitive 

development are a frequent consequence of infection. Bethony J, 2006.  Infection  with 

soil-transmitted helminths  affect more than 1 billion people, particularly the rural poor of 

the developing world . The four most common soil  intestinal helminthes  are the 

roundworm (Ascaris lumbricoides), the whipworm (Trichuris trichiura), and two 

hookworm species (Ancylostoma duodenale and Necator americanus)., Hotez PJ.,etal 

(2008) . Warm climates and adequate moisture are essential for the hatching of eggs in the 

environment or development of larvae. Important factors for human infection are poverty, 

lack of sanitation, and inadequate hygiene (e.g., absence of hand washing with soap after 

defecation and before eating, and walking barefoot). In such social-ecological systems, 

multiple species of  soil intestinal helminthes infections are common . Transmission of 

intestinal helminthes  occurs via contact with contaminated soil (hookworm) or 

consumption of egg-contaminated foods (A. lumbricoides and T. trichiura) . People 

infected  may suffer from anemia, growth stunting, diminished physical fitness, and 

impaired cognitive development  ( Bethony J. etal .,2006 ). 

Infection  with soil-transmitted helminths  affect more than 1 billion people, particularly 

the rural poor of the developing world . The four most common soil  intestinal helminthes  

are the roundworm (Ascaris lumbricoides), the whipworm (Trichuris trichiura), and two 

hookworm species (Ancylostoma duodenale and Necator americanus)., Hotez PJ.,etal 

(2008) . Warm climates and adequate moisture are essential for the hatching of eggs in the 

environment or development of larva. Important factors for human infection are poverty, 

lack of sanitation, and inadequate hygiene (e.g., absence of hand washing with soap after 

defecation and before eating, and walking barefoot). In such social-ecological systems, 

multiple species of  soil intestinal helminthes infections are common Transmission of 

intestinal helminthes  occurs via contact with contaminated soil (hookworm) or 

consumption of egg-contaminated foods (A. lumbricoides and T. trichiura) . People 

infected  may suffer from anemia, growth stunting, diminished physical fitness, and 

impaired cognitive development  ( Bethony J. etal .,2006 ).  

1- Strongyloides stercoralis 

 It is a widespread, soil-transmitted intestinal helminth, which infects millions of people 

worldwide.  ( Weinstein D .,etal 2006).  It was first described in 1876 from stool specimens 

obtained from soldiers who had returned from Vietnam and were suffering from severe 

diarrhoea and other gastrointestinal symptoms. (Siddiqui AA, etal 2001).  Human infection 

occurs in endemic areas when the infective   filariform larvae in contaminated soil actively 
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penetrate the intact skin of the feet sole or hand palm; or the rhabditiform larva are 

ingested with contaminated food. Low socioeconomic backgrounds and habits that 

facilitate parasitic transmission with contaminated foods, factors for acquiring the primary 

infection. common intestinal symptoms, are diarrhoea, fever and abdominal pain.  Some 

patients present with cough, dyspnoea or constipation. Complications include autoinfection 

which may lead to hyperinfections  (Keiser PB , 2004 ). 

2-Ascaris lumbricoides   

The most prevalent intestinal helminth is Ascaris lumbricoides, which is estimated to infect 

1.5 billion humans worldwide. Childhood infections with ascariasis are associated with 

growth stunting , deficiencies of macro- and micronutrients , and small intestinal mucosal 

damage and malabsorption (Nesheim M. C. (1989)  . 

The presence of A. lumbricoides parasites in the small bowel may affect also the immune 

response to oral vaccines and explain the relatively poor immunogenicity of several live 

oral vaccines in certain populations of Asia, Africa, and Latin America compared with that 

seen in volunteers from industrialized countries.  Patriarca P. A.,etal 1991. The highest 

morbidity is found in children, especially in thosewith a high worm burden. A. 

lumbricoides can lead to reduced physical fitness, growth retardation, and respiratory and 

gastrointestinal problems . Evidence if A. lumbricoides infection has aInfection occurs 

through the oral intake of eggs, usually contained in soil or food. Adult worms live in the 

lumen of the small intestine where the female lays unembryonated eggs whic  are excreted 

with the feces. In the open, the eggs have to go through three stages of development in 

order to become infectious; a time during which they are exposed to environmental 

conditions .Crompton DWT, Pawlowski ZS (1985) When embryonated eggs are 

swallowed by a human host, the larvae hatch in the small intestine, have a short 

migratoryphase (venous system, liver, lungs, trachea, esophagus) after which they return to 

the small intestine where they mature and mate .Crompton DW (2001) .Ascaris is the 

largest of the common nematode parasites of man, female worm has the potential to 

produce over 200000 eggs per day (Sinniah, 1982). Eggs are passed in the faeces in the 

unembryonated state (Stephenson & Holland,1987). It is estimated that 10 eggs pass daily 

into the global environment . Egg survival,once infective, is variable up to a period of 15 

years  (WHO, 1967 ,but most are thought to be destroyed soon after passage, although 

many will embryonate to produce second stage larvae if provided with adequate moisture, 

oxygen and shade (Crompton,1994). 
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3-Hymenolepis nana   

Hymenolepis nana is a general occasion of cestode infections, and is found worldwide. In 

human adults, the tapeworm is more of a nuisance than a health problem, but in small 

children, H. nana is dangerous. It is often seen in children in countries with inadequate 

sanitation and hygiene. H. nana infections are typically asymptomatic but heavy infections 

also cause headaches, anorexia, weakness, abdominal pain, and diarrhea (Zang M, Xu et al 

2006).  Light H. nana infections are usually asymptomatic, whereas heavy infections with 

more than 2,000 worms can induce a wide range of gastrointestinal symptoms and allergic 

responses. Chronic urticaria, skin eruption, and phlyctenular keratoconjunctivitis are 

frequently reported to be related to hymenolepiasis.H. nana is one of a few parasites that 

can cause autoinfection which can persist for years. Autoinfection can lead to 

hyperinfection, especially in highly immunosuppressed hosts ( Isaak DD, 1979) . H  . 

nana is the only cestode without any intermediate hosts in its life cycle (Smyth JD, 

McManus DP 1989). However Hyper infection also can be achieved by ingesting grain 

products contaminated by infected insects such as grain beetles. When humans ingest eggs, 

the oncospheres enclosed in the eggs are liberated and penetrate into the villi of the small 

intestine. After maturation is complete (~7 days), they return to the intestinal lumen by 

rupturing the villi. Tissue immunity is acquired in this process; however, cysticercoids 

liberated from the insects can penetrate the intestinal villi more easily because villi do not 

exhibit tissue immunity conferred by harboring cysticercoids. This low-level tissue 

immunity can lead to hyperinfection .(Cho SC etal 2009 ). 

H. nana infection is typically acquired from eggs in the feces from another infected 

individual, which are transferred by contaminated food. Eggs hatch in the duodenum, 

releasing oncospheres that penetrate the mucosa and enter the lymph channels of the villi. 

Then, oncospheres develop into a cysticercoid, which has a tail and a well formed scolex. 

About five to six days cysticercoids migrate into the lumen of the small intestine and attach 

before maturing. Eggs of H. nana infect when passed with stool and transfer in 

contaminated food. Eggs are ingested by an arthropod intermediate host and hatch in the 

duodenum, releasing oncospheres, and develop into cysticercoid larvae. Upon rupture of 

the villus, the cysticercoids return to the intestinal lumen, evaginate their scoleces, attach to 

the intestinal mucosa, and mature into adults that reside in the ileal portion of the small 

intestine, producing gravid proglottids. The eggs are then passed in stools when released 

from the proglottids or disintegration of proglottids in the small intestine. An alternate 

mode of infection consists of internal autoinfection without passing through the external 
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environment. The short life span and rapid course of development also facilitates the 

spread and ready availability of this worm, but internal autoinfection allows the infection 

to continue for years(Smyth JD, McManus DP 1989 ).  

Environmental pollution with parasite transmissive stages poses a significant threat to 

public health. Further increases in pressure on overused resources are likely to increase this 

pollution. Hopefully, the lessons learnt from our experiences with both environmental 

pollution and detection of transmissive stages can be incorporated into more effective 

methods, but no one method may be effective across the variety of matrices encountered. 

 

2.6 Parasites and Environment: 

Environmental pollution with parasite transmissive stages poses a significant threat to 

public health. Further increases in pressure on overused resources is likely to increase this 

pollution. Hopefully, the lessons learnt from our experiences with both environmental 

pollution and detection of transmissive stages can be incorporated into more effective 

methods, but no one method may be effective across the variety of matrices encountered. 

Microscopic identification of transmissive stages, immunological detection of parasite 

products and molecular detection of nucleic acids provide evidence of infection in the 

clinical laboratory. A similar range of technologies can also be used to detect parasites in 

the environment. The amount of effort and technology directed at identifying the 

significance of various transmission routes is frequently dependent upon the (perceived) 

economic importance of the parasite. In endemic areas, transmission routes may be so 

complex and similarly weighted that drug intervention, where available, may be more cost 

effective in the short term than determining the significance of transmission routes. 

(Stephenson et al., 1980). Cryptosporidium parvum is one of the most common waterborne 

human parasitic protozoa. Oocysts of C. parvum represent the resistant life cycle stage and 

are shed in large numbers into the environment by infected humans, livestock and other 

animals. These oocysts can be readily found in sludge, raw sewage, sewage effluents, 

drinking water and recreational waters(Fayer et al. 2000). 

 

A. Parasites in Water  

Detection of protozoa in water samples is important for the monitoring of contaminants 

and for the prevention and control of parasitic infections from water. Their small size and 

dispersion in water and the difficulty in efficiently concentrating oocysts from 
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environmental samples while excluding extraneous materials make it difficult to detect 

protozoa in water by traditional methods, with detection requiring well-trained and 

experienced personnel .The biggest problem with identifying protozoa in water supplies is 

that cultivation from cysts or oocysts is difficult and it is almost impossible to concentrate 

oocysts from environmental samples while limiting the presence of extraneous materials. 

As a result, enteric bacteria are traditionally used as surrogate markers for fecal 

contamination of water sources FA, et al. Carvalho-Costa 2007.   

B. Waterborne Transmission 

The role of water resources in the transmission of enteric protozoa cannot be 

overemphasized, especially where there is the potential for water supply contamination. 

Despite ongoing investment in better sanitation infrastructure, water quality, and 

environmental protection legislations and the subsequent reduction in pathogen loads in 

public water supplies, waterborne disease outbreaks still pose significant risks to human 

health in developed countries . Small water supplies in rural communities in developed 

countries may be more vulnerable to contamination than the larger public water supplies, 

resulting in outbreaks of infectious disease ( Hunter PR 2009 ). The oocysts of several 

protozoa are highly resistant to chlorination, a conventional water treatment method . It is 

suspected that when water becomes contaminated, oocysts can become trapped by chlorine 

and UV-resistant biofilms in water pipelines and constantly shed into the water supply 

.While availability of potable water and water treatment standards are generally better in 

developed countries, remote and isolated areas often have deficient water systems, 

resulting in waterborne outbreaks, (O'Reilly CE, et al. 2007. )Unfortunately, many 

waterborne pathogens are still difficult to detect, and despite advances in molecular 

diagnostics, such methods are not widely available or used even in developed countries 

Increased water shortages in some developed countries have caused authorities to resort to 

the use of recycled water from highly contaminated sources such as sewage (Collignon PJ. 

2009. The increased use of biosolids from sewage as soil conditioners as a means of 

sustainable disposal has raised issues about the potential for the transmission of infectious 

pathogens,protozoa G.intestinalis, Cryptosporidium spp., Balantidium, Entamoeba sp and 

Dientamoeba fragilis  (Barceló D, 2011). These issues have been the subject of extensive 

debate in many countries, such as Australia, New Zealand, the United States, and countries 

in the European Union, highlighting an extensive gap in knowledge on the spread of 

enteric protozoa through recycled sewage and biosolids (Collignon PJ. 2009 ). 
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C. Potable water 

A water supply can become contaminated by sewage and runoff from farms, fecal matter 

from animal activity, or decomposing animal carcasses washed into water bodies  (Girones 

R, et al. 2010. ). In properly operated conventional water treatment plants, most protozoa 

are excluded from drinking water by their size (<30 μm)., due to their smaller size (range, 

1 to 17 μm), G. intestinalis cysts, Cryptosporidium oocysts, and the spores of 

microsporidia have been able to penetrate water treatment systems and have been detected 

in aquatic environments (Suresh K, Smith HV. 2004).While waterborne infections are not 

as widespread in many developed countries,  (e.g., Cryptosporidium). These organisms can 

attach to preexisting biofilms, where they become integrated and survive for days to weeks 

or even longer, depending on the biology and ecology of the organism and the 

environmental conditions, remaining undetected by conventional detection methods 

(Wingender J, Flemming H-C. 2011. ). It has been suggested that protozoa may act as 

protective environments for pathogenic bacteria, protecting them from disinfection and 

promoting extended survival under these conditions. Evidence for contamination of 

groundwater with protozoa was found in France. Cryptosporidium oocysts were detected in 

78% of both surface water and groundwater samples, while Giardia cysts were found in 

22% and 8% of surface water and groundwater samples, respectively . (Khaldi S, et al. 

2011 ). Cryptosporidium parvum is one of the most common waterborne human parasitic 

protozoa. Oocysts of C. parvum represent the resistant life cycle stage and are shed in large 

numbers into the environment by infected humans, livestock and other animals. These 

oocysts can be readily found in sludge, raw sewage, sewage effluents, drinking water and 

recreational waters and may represent a public health risk in developed and developing 

countries .In recent years, numerous waterborne outbreaks of cryptosporidiosis have been 

documented in several. Furthermore, they have been found to be quite environmentally 

persistent, being resistant to many of the disinfectants commonly used in water treatment 

plants to reduce bacterial contamination and the infectious dose has been estimated to be as 

low as 10 oocysts. (Fayer et al. 2000). 

 

2.7 Survival of Pathogenic and Indicator Microorganisms in Seawater 

Many factors affecting to survival of pathogenic and indicator microorganisms in seawater 

including Temperature, Solar Radiation, Osmotic Stress, Adsorption to Particulates, 

Biological Factors, microorganism type, growth stage, nutrient availability, aggregation, 

http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2672.2005.02737.x/full#b19
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pH, dissolved oxygen, or heavy metals (Bitton,2005). Water temperature is a decisive 

factor controlling the survival of pathogenic microorganisms in seawater. The die-off of 

wastewater microorganisms increases at higher temperatures.Marine sediments which are 

important reservoirs of pathogenic microorganisms and parasites. Pathogenic and indicator 

bacteria, when becoming associated with organic and inorganic particulates, settle into the 

bottom sediments of freshwater and marine   environments, where they accumulate and 

reach higher concentrations than in the   water column (Bitton, 2005). 

 

2.8 Combined Effects of Pollutants and Parasites 

The number of studies investigating effects of pollutants and concurrently occurring 

parasites is still relatively low (see e.g. Sures, 2006, 2007). This is most likely attributable 

to the fact that “Environmental Parasitology” is an interdisciplinary field which relies on 

simultaneous expertise from toxicology, environmental chemistry and parasitology 

However, the results published so far clearly show that it is worth to combine these 

expertises. For example the accumulation of pollutants by hosts is significantly influenced 

by certain groups of parasites It could be shown in laboratory studies that acanthocephalan 

infected fish have lower metal levels in their tissues than uninfected conspecifics (Sures & 

Siddall, 1999; Sures et al., 2003).  

 

2.9 Detection of Parasitic  Contaminants in the Environment 

The environmental route of transmission is important for many protozoan and helminth 

parasites, with water, soil and food being particularly significant. Both the potential for 

producing large numbers of transmissive stages and their environmental robustness (with 

the ability to survive in moist microclimates for prolonged periods of time) pose persistent 

threats to public and veterinary health. Increased demands made on natural resources 

increase the likelihood of encountering environments and produce contaminated with 

parasites significance of environmental routes of transmission. Detecting helminth ova and 

larvae in the environment are traditionally those modified from methods used in clinical 

laboratories and have similar recovery efficiencies. Faeces, soils, water and wastewater 

sludge, seawater and foods are normally the matrices sampled. For schistosome cercariae, 

various methods including filtration, centrifugation, chemokinetic entrapment and sentinel 

mice have been advocated. Free living larvae of parasitic nematodes can be concentrated 

by flotation or Baermannization. Modifications of the centrifugal flotation technique for 

the isolation and concentration of larvae from soil and plant tissues can be superior and 
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less cumbersome than the Baermannization technique (Hamburger et al., 1999). Detecting 

Giardia and Cryptosporidium cysts has precipitated a variety of procedures, each with its 

specific advantages and disadvantages, but, as yet, there is no universally accepted method. 

Although developed specifically for Giardia and Cryptosporidium, these methods should 

be useful for other protozoan and helminth contaminants of water. Current methods for 

detecting surface contamination on foods employ either examination of washings from the  

surface of foods or of foods in a liquid phase and are modifications of methods which 

apply to water (Barnard and Jackson, 1984). 

 

2.10 Prevention and Control of Protozoan Infections 

The ubiquitous nature, small size, and abundance in the environment of protozoan parasites 

make them difficult to control. Health care providers and public health personnel should 

provide adequate instructions to infected patients and carriers on how to avoid spreading 

the infection to others and should employ infection control precautions for hospitalized and 

institutionalized patients. The following are suggested controls based on proven 

intervention measures that can be applied in various situations. In domestic settings, simple 

prevention and control measures are effective against most enteric parasites. These include 

personal hygiene; hand washing after using or handling the toilet, changing diapers, or 

caring for a person with diarrhea and before preparing or handling food (Sheth M, Obrah 

M. 2004). 

 

2.11Studies in Gaza strip about intestinal parasites 

Yassin etal., 1999 .found that in a total of 489 stool specimens from school children aged 

6-11 years ,an overall prevalence at 27.6%. Six parasites were detected. Giardia lamblia 

(62.2%) was the most frequent species found, followed by Ascaris lumbricoides (20.1%) 

then, Entamoeba histolytica (13.3%). The prevalence of these parasites was found to be 

related to age, socioeconomic and sanitation conditions. Most of the other parasitic 

infections were of mild intensity.the study recommended to correct the present situation by 

improving the living conditions, providing facilities for the population such as modern 

housing, proper sewage disposal system, health education and execution of survey 

programs for parasites to treat the infected persons. The target area is overcrowded, with 

improper sewage disposal system and low socioeconomic standards . 
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El-Astal  Z  ,in a study of prevalence of intestinal parasites in Khan Younis  Governorate in 

1,370 children.,the  prevalence of intestinal parasites was 32.4%.   Ascaris lumbricoides 

was found to be the most common parasite (12.8%), followed by Giardia lamblia(8.0%), 

Entamoeba histolytica (7.0%), Entamoeba coli (3.6%), Trichuris trichiura (1.6%), and  

Hymenolepis nana (1.0%). Enterobius vermicularis was detected with the scotch tape 

preparation. Of the examined children, 20.9% were positive for E. vermicularis. 

 

Al-Hindi etal.,2012 in astudy aimed at  investigating  the presence of intestinal parasites 

among 214 food handlers in Gaza Strip.  The  study  was performed in the period between 

October 2007 to April 2009.The study revealed an  overall prevalence  of parasites in food 

handlers of  24.3%. The most common protozoan parasite was Entameba histolytica/dispar 

(19.2%).  It was found that the age group 26-36 years had  the  highest  prevalence  of 

Giardia  lamblia.  It was  found  that  city workers  had  the  highest  prevalence  of  

intestinal  parasites while  camp had the lowest prevalence.   

 

Al-Agha R, in a  comparative study was carried out to identify the prevalence of anemia, 

nutritional indices and intestinal parasitic infestation in primary school children. The target 

population included 209 pupils aged 6-11 years, attending schools in two areas, Rimal area 

(urban) and Jabalia village (rural), inGaza Governorates. Prevalence of intestinal parasites 

was high in Jabalia village (more than 53%) in comparison to Rimal area (33%). The main 

intestinal parasites were Entamoeba histolytica, Giardia intestinalis and Ascaris 

lumbricoides. Polyparasitism frequency is higher especially in rural area. In both areas 

anemia showed a high prevalence in children due to malnutrition and intestinal parasitic 

diseases. There was no association between intestinal parasitic infestation and children 

growth, but there was association between anemia and intestinal parasitic infestation in 

children, particularly in rural area. The correlation between anemia and mixed infestation 

reaches a highly significant level. 

Al-Shawa  R and Mwafy S.2007 in a study   to evaluate  the parasitological contamination 

of  raw vegetables  to in Gaza Governorates.  They  studied  216  samples  of  vegetables  

including  parsley,  dill,  rocket,  cucumber,  red  cabbage  and  purslane  collected from 

markets in Gaza Governorates and Rafah Governorates, between June and August 2006.  

The prevalence of  the parasites was 22.5%  in rocket, 17.5%  in each of parsley and 

purslane, 16.3%  in dill, 13.7%  in red  cabbage,  and  12.5%  in  cucumber.  The  statistical  
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analysis  indicated  that  Entamoeba  histolytica Giardia  intestinalis  and  Ascaris 

lumbricoides were the most common isolated parasites.   

 

Al Hindi A ., AL-Louh M.  2013 in a study on prevalence of intestinal parasites from 

period 1998–2007  to evaluate the amount of intestinal parasite infections over a 10-year 

period in the Gaza Strip.they collected and analyzed data from the Epidemiology 

Department, Ministry of Health. The study shows results including the records of 471,688 

patients (all ages) . It was found that 116,261 specimens were positive for intestinal 

parasites, representing an overall prevalence of 24.6%. Entamoeba histolytica and Giardia 

lamblia were the most frequently detected intestinal parasites; there is a clear variation in 

the prevalence of intestinal parasites due to season.they  conclude that intestinal parasites 

still constitute a health problem and there were fluctuations in the prevalence from 1998 to 

2007. 

A recent study by Al Hindi and El Kichaoi, 2008 indicated that the common parasites 

among school children in the Gaza Strip were A. lumbricoides, E. histolytica/dispar, G. 

lamblia, H. nana, and E. vermicularis. More than 50% of preschool children in the Gaza 

Strip refugee camps are infected with intestinal parasites due to poor socioeconomic and 

environmental sanitation conditions in addition to lack of personal hygiene practices.  

 

In a study conducted by Al Zain and Al Hindi, 2005, which is considered as the first 

community based study for the estimation and distribution of S. stercoralis and other 

intestinal parasites among the people of Beit Lahia, it was clear that the area of the 

northern part of Gaza strip suffer from high prevalence of parasitic infection 72.9% 

especially among the studied school children. The study findings showed that direct smear 

method is the most reliable test in detection of intestinal parasites in the Gaza Strip (Al 

Zain and Al Hindi, 2005). 

In a study curried out by Al Agha and Teodorescu (2000), found in their study that 

children infested with intestinal parasites in different age groups and on the whole have 

higher prevalence of anemia than those non-infested, and they find that in Gaza 

Governorates-Palestine, in urban (Rimal region) and rural areas (Jabalia village) there in a 

high prevalence of anemia and intestinal parasites infestation among children of primary 

school, and they conclude that one of the main causes of anemia is intestinal parasitic 

infestation. 
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In a study carried out by Al Agha and Teodorescu, (2002) in three other localities in Gaza 

Strip, they found that, the prevalence of intestinal parasites among children of the three 

localities: Rimal area, Jabalia Camp and Jabalia Village was 33%, 48%, and 53% 

respectively. They conclude that, the warm climate, the moisture and relative humidity, the 

sandy and clay nature of the soil and the salty nature of the water play an important role in 

the prevalence on infection in Gaza Governorates. 

 

In a recent study by Hilles 2012 for  assessment of the prevalence and the identification of 

species of human gastrointestinal parasites as an indicator of the pollution of the seashore 

of Gaza City. The investigation was conducted by analysis of the parasitic contamination 

of seawater along the study area. A total of 52 samples of seawater were analyzed during 

the summer period; from June to October 2011. The results show that about 48% of the 

seawater samples from the shoreline region of Gaza City were contaminated with parasites. 

The found were: Ascaris lumbricoides, Giardia lamblia, Strongyloides stercoralis, 

Hymenolepis nana, Entamoeba histolytica/dispar and Cryptosporidium parvum that 

investigate high level of contamination with parasites at most of the points which were 

investigated along the Gaza City coast line. 
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CHAPTER THREE 

 

METHODOLOGY 

 

3.1 Study Location: 

 

The study area (about 9km of Khan Younis shoreline) was divided into five sampling 

zones in order to facilitate the sampling process as it is shown in table 3.1 and Fig.3.1. The 

study area was divided into these zones according to the following reasons: 

 Sewage discharge points. 

 Recreational features. 

 Distance between zones. 

 Table 3.1: Zones of Sampling and Related Information. 

Zone 

Symbol 
Zone Boundaries 

Zone 

Length 

Total number 

of samples 

A 

 

From Besan Resort to Mercano Resort 1800m 
40 samples 

-Every 90m 

B 
From Mercano Resort to Fisher  Herbert of Khan 

Younis 
1800m 

40 samples  

-Every 90m 

C From Fisher  Herbert to Alehsan mosque 1800m 
40 samples 

-Every 90m 

D From Alehsan mosque to Fishfresh Resort 1800m 
40 samples 

-Every 90m 

E 
From Fish fresh Resort to The start of the beach 

of Rafah 
1800m 

40 samples 

-Every 90m 

Total Study area 9000m 200 samples 
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Figure 3.1: Study Area and the Zones of Sampling from A to E (Google/NOAA) 

 

3.2 Sample Size: 

A total of 200 samples were collected from seawater within several sampling rounds from 

the five zones (A to E). 100 samples collected in winter and 100 samples collected in 

summer. 

 

3.3 Study Duration: 

This study carried out over than 12-months period starting from Aug.2012 to Sep.2013. 

Sampling processes were conducted throughout the winter and summer seasons. 

 

3.4 Samples Collection: 

Samples were collected of seawater from the above mentioned five zones. From each one 

of these five collection zones, a number of collection sites were defined regularly. and 

calculated distances in each zone (table 3.1). These zones as a whole represent the entire 

shoreline region of Khan Younis. 

 

3.4.1 Seawater Sampling Procedure: 

 samples were collected in sterile 4L plastic bottles according to the APHA, 1995 

standard methods. 
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 The seawater samples bottles were labeled directly after the collection process by 

using special water-resistant marker. 

 Seawater samples were transferred into the laboratory and processed within 24 h of 

collection (Zanoli Sato et al., 2005). 

 

3.5 Seawater Analysis: 

Three techniques were applied to examine seawater samples and to identify the parasitic 

contents. 

A. Direct Seawater Smear Microscopy (Wet Mount): 

In this method, samples of the seawater were directly examined under the microscope 

without any pretreatment. This is known as a "wet mount." The water helps support the 

sample and it fills the space between the cover slip and the slide allowing light to pass 

easily through the slide, the sample, and the cover slip. The direct smear microscopy 

technique had been carried out by applying the following steps (WHO, 2004): 

1-All seawater samples were labeled appropriately. 2-One drop of seawater sample was 

placed in the center of the slide. 3- A cover slip was placed on the drop of water. 4- The 

slides were examined with 10X objective. 

 

B. Seawater Concentration Technique: 

1-Using a sample of 4 L of seawater and membrane filters of 7 to 10μm pores  and using a 

Buchner funnel connected to a side-arm flask by means of a neoprene adapter, with a tube 

leading to a vacuum pump .  

2- To avoid drying the filter papers, the sample was filtered without discontinuing the 

suction (APAH, 1995).  

3- The filter paper transferred to a side wall of a 100ml beaker, and repeatedly the filter 

surface was flushed with several milliliters sterile distilled water (APAH, 1995).  

4- The produced solution was transferred directly to the centrifugation process.  

5- The sample was centrifuged (2000 rpm) for 10 min using centrifuge tube 15 ml and a 

centrifuge apparatus to concentrate the solution (WHO, 1994).  

6- The supernatant was discarded and the sediment was collected.  

7- One drop of the sediment was placed in the center of the slide, the drop was covered 

with a cover slip, the slide was examined, the sediment stored in a labeled suitable tube for 

staining and photography. 
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C. Staining Technique: 

The researcher was used Modified Ziehl Neelsen/Acid-Fast Stain (WHO, 1994), which 

used for detection of C. parvum, C. cayetanensis, and other coccidian infections.Used: For 

detection of C. parvum, C. cayetanensis, and other coccidian infections. 

Staining procedure: 

Reagents: Carbol-fuchsin, formalin, HCl-ethanol solution, glycerol malachite green (or 

methylene blue) solution, HCl-methanol solution. 

 Prepare a thin smear of the sediment, then fix in methanol for 2-3 min, stain with cold 

Carbol-fuchsin for 5-10 min, differentiate in 1% HCl-ethanol until color ceases to flow 

out of smear. 

 Rinse in Counter stain with 0.25% malachite green (or methylene blue) for 30 sec, 

rinse in tap water and leave it to dry. 

 The slide was examined as it has been illustrated recently. 

 By using Immersion Oil and transparent oil of high refractive index, to enables the 

specimen to be seen. 

 The significant slides stored and preserved by using Balsam Canada as a gluing 

substance. 

3.6 Pilot Study: 

The pilot study was conducted in order to check out the completion and availability of all 

needed materials, reagents, equipments, analytical and sampling procedures and 

techniques, working agenda and specific plans regarding the sampling processes and the 

laboratory works. Three samples of seawater were collected randomly from the shoreline 

of the Khan Younis City and analyzed by following the proposed procedures and 

techniques. Then, all the work has been evaluated carefully. After the evaluation of this 

pilot study, the practical part of the current study has begun. 

 

3.7 Data Entry and Analysis: 

Data analysis was executed by using advanced computer programs: 

 Statistical Package for the Social Science (SPSS) version 18. 

 Stats Direct. Data analysis included different stages as follow: 
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CHAPTER FOUR 
 

RESULTS 
 
This chapter is divided into two major sections. The first is dealing with results of seawater 

analysis in winter and the second with results of seawater in summer season months. 

4.1 Seawater Analysis in winter from (January to March)  

The results of parasites and the species that have been detected in seawater using the three 

examination techniques (direct smear, concentration and staining) are illustrated in table 

4.1. The table shows the contaminated samples of seawater and the names of the species 

and the uncontaminated samples along the entire study area within the different zones.        

Table 4.1 Species of Parasites Detected in Seawater Using the Three Techniques from 

(January to March) 

Staining Technique Concentration Technique Direct Smear Zone No. 

N N N  

 

 

 

 

 

 

 

 

 

A   

1 

N N N 2 

N N N 3 

N N N 4 

N N N 5 

N N N 6 

N N N 7 

N N N 8 

N N N 9 

N N N 10 

N N N 11 

N N N 12 

N N N 13 

N N N 14 

N N N 15 

N N N 16 
Cryptosporidium 

Parvum oocysts 
N N 17 

Cryptosporidium 

Parvum oocysts 
Entamoeba histolytica cyst N 18 

Cryptosporidium 

Parvum oocysts 
Entamoeba histolytica cyst N 19 

Cryptosporidium 

Parvum oocysts 
-Entamoeba histolytica cyst 

- Ascaris lumbricoides egg 

 

Entamoeba histolytica 

cyst 
20 

Cryptosporidium 

Parvum oocysts 
-Entamoeba histolytica cyst 
- Ascaris lumbricoides egg 

-Hymenolepis nana egg 
- Giardia lamblia cyst 

- Entamoeba coli 

-Entamoeba histolytica 

cyst 

- Giardia lamblia cyst 

 

B 21 
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trophozoite 
Cryptosporidium 

Parvum oocysts 
-Entamoeba histolytica cyst 

- Ascaris lumbricoides egg 

 

Entamoeba histolytica 

cyst 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B   

22 

Cryptosporidium 

Parvum oocysts 
Entamoeba histolytica cyst 

 
N 23 

Cryptosporidium 

Parvum oocysts 
Entamoeba histolytica cyst 

 
N 24 

Cryptosporidium 

Parvum oocysts 
Entamoeba histolytica cyst 

 
N 25 

N N N 26 

N N N 27 
Cryptosporidium 

Parvum oocysts 
N N 28 

N N N 29 

N N N 30 
Cryptosporidium 

Parvum oocysts 
Entamoeba histolytica cyst 

 
N 31 

Cryptosporidium 

Parvum oocysts 
Entamoeba histolytica cyst 

 
N 32 

N N N 33 

N N N 34 

N N N 35 

N N N 36 

N N N 37 

N N N 38 

N N N 39 

N N N 40 

N N N C 41 to 60 

N N N D 61 to 80 

N N N E 81to100 

 
 
A- From Besan Resort to Mercano Resort . 

B- From Mercano Resort to Fisher Herbert of Khan Y0unis 

C- From Fisher  Herbert to Alehsan mosque. 

D- From Alehsan mosque to Fish fresh Resort. 

E- From Fish fresh Resort to The start of the beach of Rafah   
N- Negative.   

 

Table 4.1 shows that the species of the parasites which have been detected in the seawater 

samples using all three diagnosis techniques are the following (images in section 4.4): 

- E. histolytica/dispar - A. lumbricoides - G. lamblia - H. nana - E. coli - C. parvum  

It's clear from table 4.1 that zone F (see chapter 3, table 3.1 for the location) was 

uncontaminated by parasites. 
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4.1.1 Direct Smear Technique: 

 

The direct smear technique in analyzing samples, the percentage of contamination 

throughout the entire study area is shown in table 4.2, it is clear that only 3% of the 

samples were contaminated with parasites. 

 
Table 4.2: Percentage of Contaminated Samples Using Direct Smear Technique      

 

)%( No. Seawater samples 

3 % 3 Contaminated 

97 % 97 Uncontaminated 

100 % 100 Total samples 

 

 

4.1.2 Concentration Technique: 

 

The concentration technique in analyzing s samples, the percentage of contamination 

throughout the entire study area is shown in table 4.3. 

Table 4.3: Percentage of Contamination Using the Concentration Technique 

 

)%( No. Seawater samples 

10 %  10 Contaminated 

90 % 90 Uncontaminated 

100 % 100 Total samples 

 

According to table 4.3, the percentage of contaminated samples of seawater using the 

concentration technique is 10%, while 90% of the samples were uncontaminated. 

 

4.1.3 Staining Technique: 

 

The results of samples analysis using the staining technique are shown in table 4.4, It is 

clear that 88% of the stained seawater samples were uncontaminated, while 12% of the 

examined samples were contaminated with Cryptosporidium parvum as an indicator to the 

pollution with human gastrointestinal parasites. 

Table 4.4: Percentage of Contaminated Seawater Samples (Staining Technique) 

)%( No. Seawater samples 

12 % 12 Contaminated 

88 % 88 Uncontaminated 

100 % 100 Total samples 
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4.1.4 Comparison of Seawater Analyses According to Techniques:                                  
 

Three techniques were used in examining seawater samples for parasitic contamination. 

Table 4.5 and figure 4.1 show the percentages of the contamination in seawater samples 

according to each method of analysis. It is clear that the direct smear method has the 

lowest contamination detection percentage with 3% followed by the concentration 

technique with 10%, while the higher percentage of contamination detection was detected 

by the staining technique with 12%. 

Table 4.5: Contamination of Seawater Samples Using the Three Methods of Analysis 

 

 

 

  

Figure 4.1: Contamination in Seawater Samples Using the Three Techniques 

 

4.1.5 Parasites Distribution According to the Research Area Zones (A, B, C, D, E): 

 

The percentages of the parasites discovered in the seawater samples as a result of the three 

testing techniques and depending on every zone of the study area are illustrated in table 

4.6. 

Total Uncontaminated  Contaminated  Uncontaminated Contaminated Methods 

100 97% 3% 97 3 Direct smear 

100 90% 10% 90 10 
Concentration 

Technique 

100 88% 12% 88 12 
Staining 

Technique 
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Table 4.6: Distribution of Parasites in Seawater According to the Five Zones                                                                                            

 

 

Zone (A) 
Figure 4.2 show the parasitic pollution distribution in zone (A), 50% of the parasites was 

C. parvum, while 12.5% was A. lumbricoides, , 37.5% E. histolytica/dispar. 
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Figure 4.2: Detected Parasite Species and Percentages in Seawater Zone (A) 

Zone (B): 

 

Figure 4.3 show the parasitic pollution distribution in zone (B), 42.1% of the parasites was 

C. parvum, while 10.52% was A. lumbricoides, , 36.8% E. histolytica/dispar. But zones 

(C), (D) and (E), no parasites have been detected. 

Zones A B C D E Total 

Parasite No. % No % No % No % No % No % 

A. lumbricoides 1 12.5 2 10.5 0 - 0 - 0 - 3 11.1 

C. parvum 4 50 8 42.1 0 - 0 - 0 - 12 44.4 

E. histolytica 3 37.5 7 36.8 0 - 0 - 0 - 10 37 

G. lamblia 0 - 1 5.26 0 - 0 - 0 - 1 3.7 

H.  nana 0 - 1 5.26 0 - 0 - 0 - 1 3.7 

Total 8 100 19 100 0 - 0 - 0 - 27 100 
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Figure 4.3: Detected Parasite Species and Percentages in Seawater Zone (B) 

 

4.1.6 Total Percentage of Seawater Contamination: 

 

By combining the three seawater analyzing techniques, the results of seawater 

contamination with gastrointestinal parasites were illustrated in table 4.7, the table show 

that 12% of the seawater samples from the entire study area (100 samples) were 

parasitically contaminated, and 88% of the total samples were uncontaminated. 

According to table 4.7, and figure 4.4, the results of contamination with parasites in 

seawater according to the different five zones show that zone (B) has the highest level of 

contamination with 40% of polluted samples, followed by 20% in zone (A) and no 

parasitic pollution was detected in  zone (C), (D),(E), 

Table 4.7:  Percentages of Contamination in Seawater According to Zones 

 

 

Zones 
A B C D E Total 

 No. % No % No % No % No % No % 

Contaminated 4 20 8 40 0 - 0 - 0 - 12 12 

Un contaminated 16 80 12 60 20 100 20 100 20 100 88 88 

Total 20 100 20 100 20 100 20 100 20 100 100 100 
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Figure 4.4: Percentages of Contamination in Seawater According to Five Zones 

 

4.2 Seawater Analysis in summer from (June to August):  
 

The results of parasites and the species that have been detected in seawater using the three 

examination techniques (direct smear, concentration and staining) are illustrated in table 

4.8. The table shows the contaminated samples of seawater and the names of the species 

and the uncontaminated samples along the entire study area within the different zones.         

Table 4.8: Species of Parasites Detected in Seawater Using the Three Techniques 

from (June to August) 
 

Staining 

Technique 
Concentration Technique Direct Smear Zone No. 

N N N  

 

 

 

 

 

 

 

A   

1 

N N N 2 

N Entamoeba histolytica cyst N 3 
Cryptosporidium 

Parvum oocysts 
Entamoeba histolytica cyst N 4 

N N N 5 

N N N 6 

N N N 7 

N N N 8 

N N N 9 

N N N 10 

N N N 11 

N N N 12 

N N N 13 

N N N 14 

N N N 15 

N N N 16 

N Entamoeba histolytica cyst N 17 
Cryptosporidium 

Parvum oocysts 
Entamoeba histolytica cyst Entamoeba histolytica cyst 

 
18 
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Cryptosporidium 

Parvum oocysts 
Entamoeba histolytica cyst Entamoeba histolytica cyst 
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Cryptosporidium 

Parvum oocysts 
-Entamoeba histolytica cyst 

- Ascaris lumbricoides egg 

- Strongyloides stercoralis larva 
- Giardia lamblia cyst 

 

- Strongyloides stercoralis 

larva 
 

-Entamoeba histolytica cyst 
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Cryptosporidium 

Parvum oocysts 
-Entamoeba histolytica cyst 

- Ascaris lumbricoides egg 

-Hymenolepis nana egg 
- Giardia lamblia cyst 

- Entamoeba coli trophozoite 
- Strongyloides stercoralis larva 
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Cryptosporidium 

Parvum oocysts 
-Entamoeba histolytica cyst 

- Ascaris lumbricoides egg 
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Cryptosporidium 
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N N N 35 
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Parvum oocysts  

N Entamoeba histolytica cyst 

 
N 50 

N N N 51 

N N N 52 

N N N 53 

N N N 54 

N N N 55 

N N N 56 

N N N 57 

N N N 58 

N N N 59 

N N N 60 

N N N D 
61 

to80 

N N N E 
80to

100 

 

 
A- From Besan Resort to Mercano Resort . 

B- From Mercano Resort to Fisher Herbert of Khan Y0unis 

C- From Fisher  Herbert to Alehsan mosque. 

D- From Alehsan mosque to Fish fresh Resort. 

E- From Fish fresh Resort to The start of the beach of Rafah   
N- Negative.   

 

  Table 4.8 shows that the species of the parasites which have been detected in the 

seawater samples using all three diagnosis techniques are the following (images in 

section 4.4): 

- E. histolytica/dispar - A. lumbricoides - G. lamblia - S. stercoralis (image) - H. nana  

- C. parvum  

It's clear from table 4.8 that zone F (see chapter 3, table 3.1 for the location) was 

uncontaminated by parasites. 

 

4.2.1 Direct Smear Technique: 

 

Using the direct smear technique in analyzing seawater samples, the percentage of 

contamination throughout the entire study area is shown in table 4.9, it is clear that only 

4% of the samples were contaminated with parasites. 
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Table 4.9: Percentages of Contaminated Samples Using Direct Smear Technique 
 

 

 

4.2.2 Concentration Technique: 

 

Using the concentration technique in analyzing seawater samples, the percentage of 

contamination throughout the entire study area is shown in table 4.10. 

 

Table 4.10: Percentage of Contamination Using the Concentration Technique     
 

)%( No. Seawater samples 

16 % 16 Contaminated 

84 % 84 Uncontaminated 

100 % 100 Total samples 

 

According to table 4.10, the percentage of contaminated samples of seawater using the 

concentration technique is 16%, while 84% of the samples were uncontaminated. 

4.2.3 Staining Technique: 

 

The results of seawater analysis using the staining technique are shown in table 4.11. It is 

clear that 86% of the stained seawater samples were uncontaminated, while 14% of the 

examined samples were contaminated with Cryptosporidium parvum as an indicator to the 

pollution with human gastrointestinal parasites. 

Table 4.11: Percentage of Contaminated Seawater Samples Using the Staining 

Technique 
 

)%( No. Seawater samples 

14 % 14 Contaminated 

86 % 86 Uncontaminated 

100 % 100 Total samples 

 

4.2.4 Comparison of Seawater Analyses According to Techniques: 

 
As mentioned previously, three techniques were used in examining seawater samples for 

parasitic contamination. Table 4.12, and figure 4.5, shows the percentages of the 

contamination in seawater samples according to each method of analysis. It is clear that the 

)%( No. Seawater samples 

4 % 4 Contaminated 

96 % 96 Uncontaminated 

100 % 100 Total samples 
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direct smear method has the lowest contamination detection percentage with 4% followed 

by the concentration technique with 16%, while by the staining technique with 14%. 

Table 4.12: Contamination of Seawater Samples Using the Three Methods of Analysis 

 

 
 

Figure 4.5: Contamination in Seawater Samples Using the Three Techniques 

 

4.2.5 Parasites Distribution According to the Research Area Zones (A, B, C, D, E): 

 

The percentages of the parasites discovered in the seawater samples as a result of the three 

testing techniques and depending on every zone of the study area are illustrated in table 

4.13. 

 

 

 

 

 

Total Uncontaminated  Contaminated  Uncontaminated Contaminated Methods 

100 96% 4% 96 4 Direct smear 

100 84% 16% 84 16 
Concentration 

Technique 

100 86% 14% 86 14 
Staining 

Technique 
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Table 4.13: Distribution of Parasites in Seawater According to the Five Zones                                                                               

  

Zone (A): 

Figure 4.6 show the parasitic pollution distribution in zone (A), 30.7% of the parasites was 

C. parvum, while 7.7% was A. lumbricoides, , 46.15% E. histolytica/dispar,7.7% S. 

stercoralis, 7.7% G. lamblia. 
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Figure 4.6: Detected Parasite Species and Percentages in Seawater Zone (A) 

Zone (B): 

Figure 4.7 show the parasitic pollution distribution in zone (B), 38% of the parasites was 

C. parvum, while 9.52% was A. lumbricoides, , 38% E. histolytica/dispar, 4.76% S. 

stercoralis, 4.76% G. lamblia and H. nana with 4.76%. 

Zones A B C D E Total 

Parasite No. % No % No % No % No % No % 

A. lumbricoides 1 7.7 2 9.52 0 - 0 - 0 - 3 8.1 

C. parvum 4 30.7 8 38 1 33.3 0 - 0 - 13 35.1 

E. histolytica 6 46.15 8 38 2 66.7 0 - 0 - 16 43.2 

G. lamblia 1 7.7 1 4.76 0 - 0 - 0 - 2 5.4 

H.  nana 0 - 1 4.76 0 - 0 - 0 - 1 2.7 

S. stercoralis 1 7.7 1 4.76 0 - 0 - 0 - 2 5.4 

Total 13 100 21 100 3 100 0 - 0 - 37 100 
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Figure 4.7: Detected Parasite Species and Percentages in Seawater Zone (B) Zone 

(C): 

Figure 4.8 show the parasitic pollution distribution in zone (C), 33.3% of the parasites was 

C. parvum, while 66.7% was E. histolytica/dispar, 

 

0

10

20

30

40

50

60

70

00

66.7

33.3

00
 

 
Figure 4.8: Detected Parasite Species and Percentages in Seawater Zone (C) 

 

Zones (D), (E), no parasites have been detected. 

 
4.2.6 Total Percentage of Seawater Contamination: 

 

By combining the three seawater analyzing techniques, the results of seawater 

contamination with gastrointestinal parasites were illustrated in table 4.14, the table show 
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that 18% of the seawater samples from the entire study area (100 samples) were 

parasitically contaminated, and 82% of the total samples were uncontaminated.  According 

to table 4.14, and figure 4.9 the results of contamination with parasites in seawater 

according to the different five zones show that zone (B) has the highest level of 

contamination with 50% of polluted samples, followed by 30% in zone (A) and  10% in 

zone (C),  and no parasitic pollution was detected in  zone (D),(E), 

Table 4.14: Percentages of Contamination in Seawater According to Zones 
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Figure 4.9: Percentages of Contamination in Seawater According to Five Zones 

 
4.3 Statistical Analysis:  

Table 4.15 shows the results of a single one way-ANOVA test for the spatial variation in 

the patristic contamination within  and  between the five sampling zones (A,B,C,D,E) 

along the entire study area of  KhanYounis. The One Way-ANOVA test was carried out to 

examine the statistical differences in the contamination level through the sampling zones. 

 

Zones 
A B C D E Total 

 No. % No % No % No % No % No % 

Contaminated 6 30 10 50 2 10 0 - 0 - 18 18 

Un contaminated 14 70 10 50 18 90 20 100 20 100 82 82 

Total 20 100 20 100 20 100 20 100 20 100 100 100 
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The results in the below table indicated that there is a significant variation among the zones 

P value=0.                                                                                                                                

  

Table 4.15: One way –ANOVA Test for the Parasitic Pollution within the five Zones  
        

 

 

 
 

 

 

 

Table 4.16 shows that zone B was the most contaminated zone by comparing its mean 

with other zones, which confirmed as well by conducting Post hoc Tukey test. Followed by 

zone A, and finally the uncontaminated zones C, D and E. This means that by moving 

toward zone B the contamination with human gastrointestinal parasitic will increases.       

  

Table 4.16: Multiple Comparisons (LSD) for the Parasitic Pollution Within the five 

zones 

 

 

 

 

 

 

 

 

 

 

-Sea water analysis techniques: 

Table 4.17: Illustrates the results of single factor one way-ANOVA test for the level of 

contamination with parasites according to the used techniques in analyzing seawater to 

examine whether there is a significant statistical difference in the contamination level of 

seawater samples or not through these analyzing methods.  The results showed that there is 

 
Sum of 

Squares df Mean Square F Sig. 

Between Groups 13.960 4 3.490 57.661 0.000 

Within Groups 5.750 95 0.061   

Total 19.710 99    

N Zone 

8 A 

19 B 

0 C 

0 D 

0 E 

27 Total 
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a significant variation between the zones by using only concentration and staining, p=0. 

However, no statistical variations between the sites by using the direct smear method.       

 

Table 4.71. One way-ANOVA Test for the Parasitic Pollution in Seawater Samples                       

Using the Three Techniques 

 

 

 

 

 

 

 

 

 

 

4.4 Images of Detected Parasites in Seawater                              
  

 The following images were recorded as human gastrointestinal parasites which have been 

discovered and identified in the samples of the research from the five zones.                       

 
 

Image 4.1: Ascaris lumbricoides egg                                             Image 4.2: E. histolitica trophozoite   

          

      

 

 

   

 

        

 

  
Image 4.3: Giardia lamblia cyst                                  Image 4.4: Cryptosporidium parvum oocysts    

 Sum of 

Squares 
df 

Mean Square 
F Sig. 

Between 

Groups 
0.747 2 0.373 3.983 0.020 

Within Groups 
27.840 297 0.094 

  

Total 28.587 299 
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Image 4.5: Strongyloides stercoralis larva( female)                                      Image 4.6: E. histolitica cyst     

               

 

   
  
Image 4.7: Entamoeba coli trophozoite   Image 4.8: Hymenolepis nana egg 
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CHAPTER FIVE 
 

DISCUSSION 
 

Parasitic diseases contribute significantly to the burden of infectious diseases worldwide. 

While most infections and death from parasitic diseases affect people in developing 

countries, they also cause significant illness in developed countries  In 2004, the WHO 

reported that diarrheal disease affected far more individuals than any other illness,. Several 

species of enteric protozoa are associated with diarrheal illnesses in humans, with some 

causing severe debilitating illness. (Kucerova Z, et a .2011).The parasitic examination of 

seawater is of paramount importance for ascertaining the level of its contamination and its 

suitability for swimming and other recreational activities. This can determine the overall 

quality of seawaters. The microorganisms in seawater include several harmful and 

infectious parasites capable of causing diseases. A recent study by Al Hindi and El 

Kichaoi, 2008 showed that the human gastrointestinal parasites still constitute a public 

health problem in Gaza especially among children and as reported by many studies carried 

out in the last two decades. Ultimately, this parasites will reach the beach, and this what 

the current study has proved. Much attention has been paid to enteric protozoa in human 

infections in developing countries, where poor sanitary conditions and the unavailability of 

effective water treatment have sustained conditions for their transmission . (Sterling CR, 

Adam RD(ed). 2004). Climate change is predicted to influence changes in precipitation 

quantity, intensity, frequency, and duration and subsequently affect environmental 

conditions that predispose developing countries to the transmission of waterborne disease 

(Harper S etal .2011). During the past ten years, increasing attention has centred on the 

discharge of sewage into coastal waters. This practice has been widely criticized on the 

grounds that sewage-polluted sea water is a health hazard to bathers. Demands are 

consequently made for more elaborate or even for full treatment of the sewage of coastal 

towns so as to offset this risk. 

The history of sewage discharge into the sea is essentially a record of the shifting balance 

between progressive increase in the permanent and summer populations of towns and 

gradual improvements in sewer .The possible transmission of infectious disease via 

primary contact with recreational waters contaminated with domestic sewage has been the 

subject of suggest that bathing in such waters results in an excess of risk of gastroenteritis, 
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respiratory ailments, ear, eye and skin ailments. (The comittee on Bathing Beach 

contamination on bathing beach of the public health laboratory service,1959). Large inputs 

of organic matter, pathogens and nutrients from raw sewage to a weak hydrodynamic 

environment poses environmental and health problems from deterioration of water quality 

(Al-Dahmi, 2009). Inadequate or faulty sewerage and/or sewage treatment system are 

major causes of pollution in natural waters (Cimino et al., 2002). The exponential growth 

in urbanization through migration of people from rural and semi-urban areas to cities in 

search of livelihood, has contributed to the deploring sewerage situations in most major 

cities of the world notably in developing countries (Longe and Ogundipe, 2010). 

Studies on the connection between excreta and the transmission of parasitic diseases led to 

environmental classification for water- and sewag diseases, consisting of seven disease 

categories .In this classification, co-orally transmitted parasitic diseases included the 

presence in the faeces which are eggs of  A. lumbricoides, T. trichiura, Enterobius 

vermicularis , Hymenolepis nana and cyst of Entamoeba histolytica, G. lamblia, . (J. C. 

Teixeira J.C. and L. HellerL.2006). Marine waters worldwide have been found to be 

contaminated with domestic sewage from outfalls and storm water runoff (Fleisher J. 

M.,1996 ). Fecal stages of both Cryptosporidium and Giardia spp., protozoan parasites of 

humans and animals, were found in such water near a bathing beach ( Johnson D. C.,1995 

). Oocysts of Cryptosporidium parvum stored at 4°C in the dark in natural seawater 

remained viable, as determined by dye exclusion, for over a month. If oocysts could 

survive for a similar length of time in seawater at normal environmental temperatures, this 

would provide a sufficient period for potential exposure for humans and marine animals. 

(Robertson L. J., 1992). 

Pollution of the seawater, particularly in the shoreline region is caused by several reasons, 

the most important sources of seawater pollution are the anthropogenic activities which 

become more complicated and devastated in case of the rapid population growth and 

density. The increase in the human population and the improper management of their 

wastes has increased the amounts of wastes which enter the sea in unacceptable amounts 

(Glodberg, 1995).  

The growing urbanisation in many areas resulted in a significant increase of generated 

amounts of urban wastewater.  the annual volume of urban wastewater discharges has 

reached 500 million m  in the year 2000.These discharges will rapidly continue to increase 

to reach 900 million m  by 2020.Sixty six percent of the wastewater from coastal cities will 

be discharged into the sea . This practice causes considerable damage to the ecosystem, 
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waterfront inhabitants, swimmers, and fishermen  .Depending on its origin, wastewater can 

transport many pathogens depending upon the incidence of disease in the indigenous of 

animal and human population that discharge to the municipal sewer [4]. This that discharge 

to the municipal sewer . This contamination is directly evident in serious intoxications, 

skin problems, and intestinal parasitiasis .(Moubarrad  F and   Assobhei  O . 2007 ). 

Oceanic  and  coastal  waters  are  known  to  harbor  and  transport  microorganisms  that  

cause  disease  in humans  and  other  animals. Additionally,  climate  may  indirectly  

influence  disease   and  the  distribution  of many  pathogens.  While  certain  pathogenic  

or    microorganisms,  including  toxic  phytoplankton  occur naturally  in marine and 

estuarine waters,  anthropogenic microbes  including  enteric  bacteria,  protozoa and  

viruses  may  be  introduced  to  coastal  waters  in  sewage  pollution.  Despite  the  

relatively unfavorable  environment,  these  introduced  organisms  may  survive  for  

prolonged  periods  in  the  marine  environment,  often  associated  with  sediments  and  

other protective particles  (LaBelle and Gerba,  1982).  

Risk  to  swimmers  using  polluted  beaches  has  been  the major  determinant  in 

establishing  ambient water quality standards  and  discharge  limits to  recreational  sites.  

In  addition,  shellfish-associated  disease  remains  a significant  public  health  concern  

(Lipp  and  Rose,  1997).  Public  health issues  for marine waters  in  the tropics  and  

subtropics  differ from  those  of cooler  waters.  Thus  there  is  geographical  distinction  

for  these  environments  throughout  the world  and  the  current  system  for assessing  

marine water  quality and  public  health  risks  (Lipp E,  etal 2001). 

In the Gaza Strip, about 69 MLD of partially treated sewage is discharged into the sea and 

so is 20 MLD of raw sewage (CMWU, 2011). This wastewater reaches the beach through 

many ways with several flow rates. The huge amount of the wastewater generated from the 

Gaza Strip is from the Gaza City and it is considered as the main source of pollution in the 

shoreline region. About 9000 m3/day of partially treated wastewater is disposed to the sea 

through a new discharge effluent terminal (UNDP and PAPP, 2010; CMWU & ICRC, 

2011). 

One sewage outlets along the shoreline region of Khan Younis (study area) were observed 

throughout the current study. The majority of the wastewater produced in Khan Younis is 

from the domestic uses which mean that the concentration of the human faecal waste is the 

highest. The extent of human faecal pollution in coastal waters may depend upon a number 

of factors, including the size and density of the coastal community, development in the 
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watershed, waste disposal and treatment systems, storm water treatment and detention, and 

potentially climate and weather. This agrees with a study by (Kurz, 1998). 

In the current study, 100 seawater samples were analyzed in order to examine the parasitic 

contamination in winter season and 100 samples in summer season. The findings of the 

analyses showed that the contamination of the seawater in Khan Younis seashore region is 

12% in winter but the percentages is18% in summer season was contaminated with 

parasites and this increasing due to the huge amount of raw and partially treated sewage 

that discharged in the shoreline region and due to recreation and swimming and washing of 

the domestic animals in this period. It is clear in the study area compare to Gaza shoreline. 

This different because one sewage outlets along the shoreline region of Khan Younis 

(study area) but there are six sewage outlets along the shoreline region of Gaza. This 

agrees with the study by Nasser and Oman (1999) work's result indicated that the effect of 

temperature was found to be microorganism type depended. The effect of temperature was 

significant in gray water and less significant in raw wastewater. Six species of parasites 

have been recorded in the seawater samples throughout the present study as shown in table 

4.1. The human gastrointestinal parasites that have been detected in the seawater samples 

include E. histolytica/dispar, A. lumbricoides, G. intestinalis, S. stercoralis, H. nana and 

C. parvum. 

High percentage of the wastewater that is generated in Gaza Strip currently discharged 

without treatment into the sea as mentioned previously. Insufficient number of sewage 

treatment plants in operation, combined with poor operating conditions of available 

treatment plants, and the present disposal practices are likely to have an adverse effect on 

the quality of seawater (EQA and UNEP, 2005). 

Reductions in annual rainfall in some regions and increased human consumption have 

caused a shortage of water resources at the global level. The recycling of treated 

wastewaters has been suggested for certain domestic, industrial, and agricultural activities. 

The importance of microbiological and parasitological criteria for recycled water has been 

repeatedly emphasized. Among water-borne pathogens, protozoa of the genera Giardia and 

Cryptosporidium are known to be highly resistant to water treatment procedures and to 

cause outbreaks through contaminated raw or treated water.  Numerous water-borne 

outbreaks of giardiasis and cryptosporidiosis have been documented in the past several 

decades, mainly in the United States, Europe, and Australia (Rose, J. B.2002). Elevated 

discharge may have been important in the wide dispersal of human gastrointestinal 

parasites throughout the shore region. As it appeared in the current  study the outlet 
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discharge zone (B) From Mercano Resort to Fisher  Herbert of Khan Younis was heavily 

polluted. These findings agree with Lipp et al., 2001, where they found that the occurrence 

of parasites is particularly relevant to areas receiving discharge from the normally very low 

flowing. Cryptosporidium  spp.  and  Giardia spp.  are enteric protozoan parasites  that 

commonly  cause  waterborne  gastroenteritis.  These  organisms  produce environmentally  

stable  cysts  (Giardia)  and  oocysts  (Cryptosporidium) which  offer  protection  against  

disinfection  and  environmental  stresses. Relatively  little  is  known  of  the  prevalence  

and  survival  of  Cryptosporidium  and Giardia in coastal marine waters. However, studies  

in Hawaii have demonstrated  that  survival of Giardia may be closely related to  salinity  

and  declines rapidly  at  salinities  near  35 %o. Cryptosporidium  is more  tolerant  of 

these  salinities;  3-4  days were  required  for one-log  inactivation  (Johnson et al., 1997).  

The low percentages of parasites in the seawater in the current study may be attributed to 

the sedimentation impact which affected the concentration of the parasites in the upper 

layer of the seawater column. Reduction of protozoan parasites (Giardia and 

Cryptosporidium) observed in seawater (Falabi et al., 2002) was thought to be due to the 

sedimentation of parasites to the bottom of the water column. Thus, the bottom sediments 

of the polluted seawater could potentially serve as a reservoir of human pathogens, which 

could be released into the water column by storm (waves and agitated tidal movements) or 

manmade events (Karima et al., 2004).  

In the present study, the distance of the sewage discharge points along the shoreline region 

are inversely proportional to the prevalence of parasites. The most contaminated zones 

with parasites of the study area were the most adjacent zones to the sewage outlets such as, 

Zone, (B). 

The study used a staining method to increase the accuracy in the analysis process; the 

staining method is Modified Ziehl-Neelsen. This method is restricted for the 

Cryptosporidium spp. and Cyclospora. This agrees with (Tuli et al., 2010) that found the 

Modified Ziehl-Neelsen technique (Acid-fast stain) is better for Cryptosporidium spp. 

compared to Safranin staining. Kehl et al., (1995), reported that the Modified Ziehl-

Neelsen staining to be 96% sensitive and 99% specific for Cryptosporidium spp. detection. 

The current study used Acid-fast stain for detection of Cryptosporidium parvum, it is a 

protozoan that produces an unpleasant gastric and diarrheal illness known as 

cryptosporidiosis. It is able to survive extended periods under harsh environmental 

conditions (Arnone and Walling, 2006). Oocyts of Cryptosporidium parvum are small 

enough to penetrate water treatment processes and are insensitive to the disinfectants 



56 

 

commonly used in wastewater treatment (Smith, 1998). All of the above reasons have 

support choosing Cryptosporidium parvum in staining technique, additionally, it is not 

easy, time and cost feasible to apply all staining techniques during the current study. 

The study showed that the concentration method was more accurate in identifying parasites 

than direct examination as shown in table 4.5. It is clear that the direct smear method has 

the lowest contamination detection percentage with 3% followed by the concentration 

technique with 10%, while the higher percentage of contamination was achieved by the 

staining technique with 12%. 

 Detection of the Parasites and Analysis Methods   

Staining technique was more accurate in diagnosis process and discovering of parasites, 

the same samples were tested by three techniques (direct, concentration and staining), the 

higher parasitic contamination percentages were appeared when the staining method has 

been implemented (figure 4.1). statistically, table 4.18 show that there is a significant 

variation between the staining technique and the other two methods direct and 

concentration.  The study showed that the concentration method was more accurate in 

identifying parasites in the seawater sample than direct examination as shown in table 4.5 

and figure 4.1. It is clear that the direct smear method has the lowest contamination 

detection percentage with 3% followed by the concentration technique with 10%, while the 

higher percentage of contamination was achieved by the staining technique with 12%. 

Other studies found that the detection of parasite products in faecal specimens is enhanced 

by the use of concentration procedures, of which formalin-ether sedimentation (Ritchie, 

1948) . 

 Variables Affecting the Prevalence and Distribution of the Parasites in 

the Shoreline Region: 

The distance of the sewage discharge points along the shoreline region are inversely 

proportional to the prevalence of the human gastrointestinal parasites. Accordingly, the 

most contaminated zones with parasites of the entire study area throughout the current 

research were the most adjacent zones to the sewage outlets such as, Zone (B) received the 

raw sewage from sewage outlets along the shoreline region of Khan Younis which was 

heavily polluted by very concentrated raw sewage. The current study has found that zone 

(B) were the most contaminated zones with parasites in seawater (figure 4.3, 4.7), while 

the uncontaminated zones (free of parasites) were those distant from the wastewater outlets 

such as zone D, F (table 4.7). These findings have been proved by Savage, (2005) and 
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Daskin et al., (2008), where they found that the distance from a wastewater source may 

reduce the concentration of the nutrients (Nitrogen and Phosphorus) and microbes as they 

are diluted by receiving seawaters. This dilution has been detected within and among 

estuaries as shifts in N stable isotope ratios (an established indicator of wastewater-derived 

N) in suspended particles in the water column and in tissues of contaminated shellfish 

(Savage, 2005 and Daskin et al., 2008). 

Statistically, and from table 4.15, there was a significant mean difference between the 

higher polluted zone (B) and the other zones; also it was found that there was a significant 

mean difference between the lowest polluted (uncontaminated) zone (D,F) compared to the 

other zones using multiple comparisons (LSD) as a statistical analysis method. This 

variation may be attributed to the reasons mentioned above. In the current study, it is clear 

that the outlet with high flow rate makes the adjacent zone more polluted and to a long 

distance, while the outlets with the low flow rate contaminate the seawater with lowers 

level. These findings were compatible with other studies. Flow rate variation in wastewater 

discharge may also have affected total faecal coliform and parasites load to receiving 

seawaters because the increasing of the wastewater flow rate produces increasing of the 

pollution and parasitic contamination of the seawater (Gregory and Frick, 2001).  

Tables 4.6 and 4.13 shows the mean of parasitic contamination for the five samples taken 

from the southern side of each of the major discharge points (wastewater sources) 

compared with that of the other samples taken from the northern side of those discharge 

points. The results show that all of the samples located in the northern side of the discharge 

points have higher parasitic contamination level than the samples from the southern side of 

the discharge points. According to figure 4.4, the percentage of the parasitic contamination 

in the northern side (B) zone was 40% compared to zero contamination in the southern side 

(C) zone. These findings are might be explained by the direction of the wave-induced 

longshore current and by the geostrophic Mediterranean Current in the south east 

Mediterranean Sea (Rohrlicht and Goldsmith, 1984). 
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CHAPTER SIX 
 

Conclusion and Recommendations 
 

6.1 Conclusion: 
 

Discharging of un-treated or partially treated wastewater into marine environment 

specially, at recreation area in Khan Younis beach caused many environmental problems, 

to our knowledge, this was the first study done in Khan Younis beach demonstrating 

evaluating the magnitude of parasitological pollution due to Wastewater Discharge in the 

Shoreline Region of Khan Younis. 

In winter season it was found that 12% of the seawater samples were parasitically 

contaminated with six species of human gastrointestinal parasites that have been detected 

and determined in seawater samples in most of the study area. The species were; E. 

histolytica/dispar, A. lumbricoides, G. lamblia, S. stercoralis, H. nana and C. parvum. The 

In summer season it increases the contamination to 18% due to the huge amount of raw 

and partially treated sewage that discharged in the shoreline region and due to recreation 

and swimming and washing of the domestic animals in this period. 

The parasites prevalence was affected by the distance from the sewage outlets, flow rate 

and the type of the discharged wastewater, so the distance of the sewage discharge points 

along the shoreline region are inversely proportional to the prevalence of the human 

gastrointestinal parasites. The most contaminated zones with parasites of the entire study 

area throughout the current research were the most adjacent zones to the sewage outlets 

such as, zone(B), the clear zone was zones(C),(D), and,(E), there were no main wastewater 

discharge outlets. The current study, using the staining technique has shown more accuracy 

and precision than both of concentration and direct methods in parasites examination and 

determination process.  
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6.2 Recommendations 

 

Based on the results and findings of the current research, the researcher recommended the 

following: 

Discontinue the flow of sewage into the marine environment, which is the main source 

of pollution of seawaters. A distance of not less than 400 meters inside seawater is 

recommended by many international agencies. 

Establishment of the main wastewater treatment plants in Khan Younis governorates, 

as much as possible to minimize environmental risks to the marine and recreational 

environment. 

 To initiate a continuous monitoring program of both seawater and beach sand and 

modeling of this data and made available to serve the public and researchers. 

Strengthen the scientific research efforts to improve beach monitoring programs and 

consequently the beach quality. More specialized studies to determine the relationship 

between contact with contaminated beaches and the possibility of disease transmission. 

Establish educational programs to increase the public awareness of health hazards 

associated with seawater pollution. The public should be informed properly by posting 

signs indicating polluted areas. Radio and TV messages also are recommended to warn 

public from recreation in polluted areas.  

 National marine protection program actively involved in establishing standards and 

enforce regulations would be a great step toward integrated coastal zone management 

and marine sustainable development. 

 Consideration should be given to standardizing sampling conditions (e.g., depth and 

timing of samples) based on empirical data on microbial survival. 

 Encourage some students to specialize in the field of marine biology, ecology, marine 

management (ECOMAMA) and oceanography. 

 Cooperate with other neighboring countries in the region to identify the common 

problem facing the Mediterranean Sea basin and its marine environment and how they 

can play an important role regarding these issues. 
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