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Abstract:

This study has been conducted to comprehensively investigate the parasitic
contamination of the Gaza City seashore. The main objective of the study is the
detection of the prevalence and species of the human gastrointestinal parasites as an
indicator of the pollution of the seashore of the Gaza City. The investigation was
conducted through analysis of the parasitic contamination of seawater, dry and wet
beach sand along the study area. A total of 156 samples (52 seawater, 52 dry sand and
52 wet sand) were analyzed during the summer season period (6/2011 to 10/2011).
Samples were collected from the study area of about 12km along the seashore region of
Gaza City. The study area was divided into six zones (A, B, C, D, E, F) 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); while beach dry and wet
sand samples were analyzed using water-sedimentation technique. 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 show that the percentage of the parasitic contamination was 48.1% of
the seawater samples, 40.4% of the wet sand samples and 34.6% of the dry sand
samples of the shoreline region of the Gaza City. The zones A, B and D (mouth of Wadi
Gaza, Al Sheikh Ejleen discharge point and Al Shalehat discharge point respectively)
have the highest parasitic contamination level, while, zones C and E (From Al-Baydar
restaurant to Khalel Alwazer Mosque and the basin of the Gaza marina respectively)
were lower in pollution and zone F (From the northern part of the Gaza marina to the
Intelligence Building) was uncontaminated. The parasitic contamination increases with
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the decrease of the distance from the wastewater discharge points. The parasites species
which were discovered are: Ascaris lumbricoides, Giardia lamblia, Strongyloides
stercoralis, Hymenolepis nana, Entamoeba histolytica/dispar, Cryptosporidium
parvum, Taenia spp., Enterobius vermicularis and Entamoeba coli. The human
gastrointestinal parasites prevalence in the analysed 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 study has proved that the direction of the
carrying currents in the seawater share in the distribution and dispersion of the parasites
and its direction were from the south to the north. The most accurate technique used in
analyzing sweater samples was the staining compared to the direct and concentration
techniques, while the water-sedimentation method was the best for sand analysis (dry
and wet).
According to the findings of the current study, negative health impacts on Gaza City
population especially seashore visitors, are anticipated. Several recommendations that
may help in controlling and /or protecting the coastal area and the marine ecosystem in
the study area have been suggested. They mainly include: the construction of new
wastewater treatment plants and upgrading the existing ones, routine monitoring of the
pollution level of the coastal area especially the recreational zones and development of a
national program for the protection of the marine environment that can be enforced by
setting the necessary rules and regulations. Finally, it is recommended that further
studies are needed to assess the health impacts of the seawater pollution.
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ملخص الدراسة:
ﻴﻌﺎﻨﻲ ﻗطﺎع ﻏزة وﻜﻨﺘﻴﺠﺔ ﻝزﻴﺎدة ﻋدد اﻝﺴﻜﺎن وﻏﻴﺎب اﻝﺘطوﻴر اﻝﻀروري ﻝﻤواﻜﺒﺔ ﻫذﻩ اﻝزﻴﺎدة ﻤن اﻝﻌدﻴد ﻤن
اﻝﻤﺸﻜﻼت اﻝﺒﻴﺌﻴﺔ واﻝﺼﺤﻴﺔ .وﻴﻌد ﺘﻠوث ﺸﺎطﺊ ﺒﺤر ﻏزة ﻤن ﺨﻼل ﻀﺦ ﻜﻤﻴﺎت ﻫﺎﺌﻠﺔ ﻤن اﻝﻤﻴﺎﻩ اﻝﻌﺎدﻤﺔ ﻏﻴر
اﻝﻤﻌﺎﻝﺠﺔ أو اﻝﻤﻌﺎﻝﺠﺔ ﺠزﺌﻴﺎ اﺤد ﺼور ﺘﻠك اﻝﻤﺸﻜﻼت اﻝﺒﻴﺌﻴﺔ .ﻻ ﺘوﺠد أي دراﺴﺎت ﺴﺎﺒﻘﺔ ﺘوﻀﺢ ﻤدى اﻨﺘﺸﺎر أو
أﻨواع اﻝطﻔﻴﻠﻴﺎت اﻝﻤﻌوﻴﺔ اﻵدﻤﻴﺔ ﻓﻲ ﻤﻨطﻘﺔ اﻝﺴﺎﺤل اﻝﻤﺤﺎذﻴﺔ ﻝﻤدﻴﻨﺔ ﻏزة .ﻜﺎن اﻝﻬدف اﻝرﺌﻴس ﻝﻬذﻩ اﻝدراﺴﺔ ﻫو ﺘﻘﻴﻴم
اﻝﺘﻠوث اﻝطﻔﻴﻠﻲ ﻝﻤﻨطﻘﺔ ﺸﺎطﺊ ﻤدﻴﻨﺔ ﻏزة واﻝﻨﺎﺘﺞ ﻋن ﻀﺦ اﻝﻤﻴﺎﻩ اﻝﻌﺎدﻤﺔ إﻝﻴﻪ .وﻝﻘد أﺠرﻴت اﻝدراﺴﺔ ﺨﻼل ﻓﺼل
اﻝﺼﻴف ﻤن ﺒداﻴﺔ ﺸﻬر ﻴوﻨﻴﻪ  2011وﺤﺘﻰ ﻨﻬﺎﻴﺔ ﺸﻬر أﻜﺘوﺒر  ،2011وﻜﺎن ﻤن أﻫم أﻫداف ﻫذﻩ اﻝدراﺴﺔ ﺘﺤدﻴد
ﻤﺴﺘوى اﻝﺘﻠوث اﻝطﻔﻴﻠﻲ ﻝﺴﺎﺤل ﻤدﻴﻨﺔ ﻏزة )ﻓﻲ ﻤﻴﺎﻩ اﻝﺒﺤر ،اﻝرﻤﺎل اﻝﺠﺎﻓﺔ واﻝرﻤﺎل اﻝرطﺒﺔ( ،وﺘﺤدﻴد أﻫم أﻨواع
اﻝطﻔﻴﻠﻴﺎت اﻝﻤﻌوﻴﺔ اﻵدﻤﻴﺔ اﻝﻤﻨﺘﺸرة ﻋﻠﻰ طول ﺴﺎﺤل ﻤدﻴﻨﺔ ﻏزة ،وﻤﺎ ﻫﻲ اﻝﻤﻨﺎطق اﻷﻜﺜر ﺘﻠوﺜﺎ ﺒﺎﻝطﻔﻴﻠﻴﺎت وﻋﻼﻗﺘﻬﺎ
ﺒﻤﺼﺒﺎت اﻝﻤﻴﺎﻩ اﻝﻌﺎدﻤﺔ ،وﻤﺎ ﻫو ﺘﺄﺜﻴر ﺘﻴﺎرات اﻝﺤﻤل ﻋﻠﻰ اﻨﺘﺸﺎر وﺘوزﻴﻊ ﺘﻠك اﻝطﻔﻴﻠﻴﺎت ،وﻤﺎ ﻫﻲ أﻫم اﻝطرق
واﻝﺘﻘﻨﻴﺎت اﻝﻔﻌﺎﻝﺔ واﻝﺘﻲ ﻴﻤﻜن اﺴﺘﺨداﻤﻬﺎ ﻝﻔﺤص اﻝﺘﻠوث اﻝطﻔﻴﻠﻲ ﻓﻲ ﻤﻴﺎﻩ اﻝﺒﺤر واﻝرﻤﺎل اﻝﺠﺎﻓﺔ واﻝرطﺒﺔ.

ﺘرﻜزت اﻝدراﺴﺔ ﻓﻲ اﻝﻤﻨطﻘﺔ اﻝﻤﻤﺘدة ﻤﺎ ﺒﻴن ﻨﻘطﺔ اﻝﺘﻘﺎء وادي ﻏزة ﺒﺸﺎطﺊ اﻝﺒﺤر وﺤﺘﻰ ﻨﻬﺎﻴﺔ ﻤﻨطﻘﺔ ﻤﺨﻴم
ﻜﻴﻠوﻤﺘر ،وﺘم ﺘﻘﺴﻴم اﻝﻤﻨطﻘﺔ إﻝﻰ ﺴت
اﻝﺸﺎطﺊ ﻝﻼﺠﺌﻴن )اﻝﻤﺒﻨﻰ اﻝﻌﺎم ﻝﻠﻤﺨﺎﺒرات اﻝﻔﻠﺴطﻴﻨﻴﺔ( ﺒطول ﻴﺒﻠﻎ ﻗراﺒﺔ 12
اً
ﻤﻨﺎطق ) (F,E,D,C,B,Aﺘﺒﻌﺎ ﻝﻤﻌﺎﻴﻴر ﻤﺨﺘﻠﻔﺔ ﻤﻨﻬﺎ :ﻤﻨﺎطق ﺘواﺠد ﻤﺼﺒﺎت اﻝﻤﻴﺎﻩ اﻝﻌﺎدﻤﺔ ،ﻤﻌﺎﻝم ﺠﻐراﻓﻴﺔ،
واﻝﻤﺴﺎﻓﺎت ﺸﺒﻪ اﻝﻤﺘﺴﺎوﻴﺔ .ﺘم ﺠﻤﻊ  156ﻋﻴﻨﺔ ﺒطرﻴﻘﺔ ﻋﺸواﺌﻴﺔ اﺸﺘﻤﻠت ﻋﻠﻰ  52ﻋﻴﻨﺔ ﻤﻴﺎﻩ ﺒﺤر ) 4ﻝﺘر ﻝﻜل
ﻋﻴﻨﺔ( 52 ،ﻋﻴﻨﺔ رﻤﺎل رطﺒﺔ ) 500ﺠرام( 52 ،ﻋﻴﻨﺔ رﻤﺎل ﺠﺎﻓﺔ ) 500ﺠرام( .وﻝﻘد ﺘم ﺘﺤﻠﻴل ﻋﻴﻨﺎت ﻤﻴﺎﻩ اﻝﺒﺤر
ﺒﺎﺴﺘﺨدام ﺜﻼث ﺘﻘﻨﻴﺎت ﻤﺨﺒرﻴﻪ وﻫﻲ :اﻝطرﻴﻘﺔ اﻝﻤﺒﺎﺸرة ،طرﻴﻘﺔ اﻝﻔﻠﺘرة واﻝﺘرﻜﻴز ،طرﻴﻘﺔ اﻝﺼﺒﺎﻏﺔ .أﻤﺎ ﻋﻴﻨﺎت اﻝرﻤل،
ﻓﻘد ﺘم ﺘﺤﻠﻴﻠﻬﺎ ﺒﺎﺴﺘﺨدام طرﻴﻘﺔ اﻝﺘرﺴﻴب اﻝﻤﺎﺌﻲ واﻝﺘرﻜﻴز ،واﺴﺘﺨدم اﻝﻤﻴﻜروﺴﻜوب ﻝﻔﺤص اﻝﺘواﺠد اﻝطﻔﻴﻠﻲ ﻓﻲ ﺠﻤﻴﻊ
اﻝﻌﻴﻨﺎت ،وﺒﻌد ذﻝك ﺘم إدﺨﺎل اﻝﻨﺘﺎﺌﺞ وﺘﺤﻠﻴﻠﻬﺎ إﺤﺼﺎﺌﻴﺎ ﺒﺎﺴﺘﺨدام ﺒرﻨﺎﻤﺞ  SPSSو .Stats Direct
أظﻬرت اﻝدراﺴﺔ أن ﻨﺴﺒﺔ اﻝﺘﻠوث ﺒﺎﻝطﻔﻴﻠﻴﺎت اﻝﻤﻌوﻴﺔ اﻵدﻤﻴﺔ ﻓﻲ ﻤﻨطﻘﺔ ﺸﺎطﺊ ﻤدﻴﻨﺔ ﻏزة ﻜﺎﻨت  % 48,1ﻓﻲ
ﻋﻴﻨﺎت ﻤﻴﺎﻩ اﻝﺒﺤر % 40,4 ،ﻓﻲ ﻋﻴﻨﺎت اﻝرﻤﺎل اﻝرطﺒﺔ % 34,6 ،ﻓﻲ ﻋﻴﻨﺎت اﻝرﻤﺎل اﻝﺠﺎﻓﺔ وذﻝك ﻋﻠﻰ طول
ﻤﻨطﻘﺔ اﻝدراﺴﺔ .ﻜﻤﺎ أظﻬرت اﻝدراﺴﺔ اﻝﺤﺎﻝﻴﺔ أن ﻜل ﻤن ﻤﻨطﻘﺔ ) Aاﻝﻘرﻴﺒﺔ ﻤن وادي ﻏزة( ،وﻤﻨطﻘﺔ ) Bاﻝﻘرﻴﺒﺔ ﻤن
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ﻤﺼب ﻤﺤطﺔ اﻝﺸﻴﺦ ﻋﺠﻠﻴن ﻝﻤﻌﺎﻝﺠﺔ اﻝﻤﻴﺎﻩ اﻝﻌﺎدﻤﺔ( ،وﻤﻨطﻘﺔ ) Dاﻝﻘرﻴﺒﺔ ﻤن ﻤﺼب اﻝﻤﻴﺎﻩ اﻝﻌﺎدﻤﺔ اﻝﺨﺎم اﻝﻤﻘﺎﺒل
ﻻﺴﺘراﺤﺔ اﻝﺸﺎﻝﻴﻬﺎت( ،ﻫﻲ اﻷﻜﺜر ﺘﻠوﺜﺎ ﺒﺎﻝطﻔﻴﻠﻴﺎت اﻝﻤﻌوﻴﺔ اﻵدﻤﻴﺔ ،أﻤﺎ ﻤﻨطﻘﺔ ) Cﻤﻘﺎﺒل اﺴﺘراﺤﺔ اﻝﺒﻴدر( ،وﻤﻨطﻘﺔ
) Eﺤوض ﻤﻴﻨﺎء اﻝﺼﻴﺎدﻴن( ،ﻓﻘد ﻜﺎﻨت اﻗل ﺘﻠوﺜﺎ ﺒﺎﻝطﻔﻴﻠﻴﺎت ،ﻓﻲ ﺤﻴن أن ﻤﻨطﻘﺔ  Fواﻝﺘﻲ ﺘﺄﺘﻲ ﺸﻤﺎل ﻤﻴﻨﺎء
اﻝﺼﻴﺎدﻴن ﺤﺘﻰ ﻤﺒﻨﻰ اﻝﻤﺨﺎﺒرات اﻝﻔﻠﺴطﻴﻨﻴﺔ ﻓﻘد ﻜﺎﻨت ﺨﺎﻝﻴﺔ ﻤن أي ﺘﻠوث طﻔﻴﻠﻲ )ﻤﺼب اﻝﻤﻴﺎﻩ اﻝﻌﺎدﻤﺔ اﻝﻤﻘﺎﺒل
ﻝﻤﺨﻴم اﻝﺸﺎطﺊ ﻝﻼﺠﺌﻴن ﻴﺘوﻗف ﻋن اﻝﻌﻤل ﺨﻼل ﻓﺘرة اﻝﺼﻴف وﻫﻲ ﻓﺘرة إﺠراء اﻝدراﺴﺔ( .أظﻬرت اﻝدراﺴﺔ أن
اﻝطﻔﻴﻠﻴﺎت ﺘﺴﺘطﻴﻊ اﻝﺒﻘﺎء واﻝﺘﺤﻤل ﺘﺤت اﻝظروف اﻝﺼﻌﺒﺔ ﻤن اﻝﺤ اررة واﻝﺠﻔﺎف ووﺠود اﻷﻤﻼح ﻓﻲ ﻤﻴﺎﻩ ورﻤﺎل
ﻤﺴﺘﻤر ﻝﻠﺨطر ﻋﻠﻰ ﺼﺤﺔ اﻹﻨﺴﺎن .ﻜﻤﺎ و أظﻬرت اﻝدراﺴﺔ أن ﺘﻴﺎرات
ا
ﻤﺼدر
ا
ﺸﺎطﺊ اﻝﺒﺤر ﻝﻔﺘرات طوﻴﻠﺔ ﺘﺠﻌﻠﻬﺎ
اﻝﺤﻤل اﻝﻤﺎﺌﻴﺔ اﻝﺘﻲ ﺘؤﺜر ﻋﻠﻰ اﻨﺘﺸﺎر وﺘوزﻴﻊ اﻝطﻔﻴﻠﻴﺎت ﻫﻲ ﺒﺎﺘﺠﺎﻩ اﻝﺸﻤﺎل ﻗﺎدﻤﺘﺎ ﻤن اﻝﺠﻨوب ،وﺘﺒﻴن أن اﻝﻤﻨﺎطق
اﻝﺘﻲ ﺘﻘﻊ ﻋﻠﻰ اﻝﺠﺎﻨب اﻝﺸﻤﺎﻝﻲ ﻝﻤﺼﺒﺎت اﻝﻤﻴﺎﻩ اﻝﻌﺎدﻤﺔ ﺘﻜون أﻜﺜر ﺘﻠوﺜﺎ ﺒﻨﺴﺒﺔ ﻋﺎﻝﻴﺔ ﻤن ﺘﻠك اﻝﻤﻨﺎطق اﻝﺘﻲ ﺘﻘﻊ ﻋﻠﻰ
اﻝﺠﺎﻨب اﻝﺠﻨوﺒﻲ ﻝﻠﻤﺼﺒﺎت .وﻗد ﺨﻠﺼت اﻝدراﺴﺔ إﻝﻰ اﻝﻌدﻴد ﻤن اﻝﺘوﺼﻴﺎت اﻝﻀرورﻴﺔ ،ﻤن أﻫﻤﻬﺎ :ﻀرورة اﻝﻌﻤل
ﺒﺸﻜل ﺠدي ﻋﻠﻰ ﺘطوﻴر ﻗطﺎع اﻝﻤﻴﺎﻩ اﻝﻌﺎدﻤﺔ ﻓﻲ ﻗطﺎع ﻏزة ٕواﻴﺠﺎد ﺒداﺌل وﺤﻠول أﺨرى ﺘﺠﻨب ﻤﻨطﻘﺔ اﻝﺴﺎﺤل أي
ﺘﻠوث أو ﻀرر.
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CHAPTER ONE
INTRODUCTION
1.1 Background
Gaza Strip is located on the south east corner of the Mediterranean Sea. The length of
the Gaza Strip shore on the Mediterranean is about 41 km. The width of the strip ranges
between 5 km in the middle to 8 km in the north and 12 km in the south as shown in
figure 1.1. Gaza Strip is bounded by the green line with Israel from north and east and
by Egypt from the south and by the Mediterranean in the west. The total population is
about 1.6 million inhabitant on a total area of 378 km² (PCBS, 2011 and UNEP, 2009).

Figure 1.1: Gaza Strip as Part of Palestine
-1-

The siege and recent violent military invasion of the Gaza Strip by Israel has put
additional pressure on the long standing undeveloped sewage infrastructure of the Gaza
Strip. In Gaza, the functionality of wastewater networks has suffered extensive damage
sustained from Cast Lead (War on Gaza in December, 2008) and subsequent incursions
with minimal repairs and reconstruction permitted due to the delay of necessary spares
and materials as a result of the blockade. Most of the wastewater treatment plants
(WWTPs) in Gaza are overloaded and are working beyond their designed capacities
(UNICEF, 2012). According to the Coastal Municipalities Water Utility (CMWU),
2011, about 89 million liters per day (MLD) of untreated or partially treated sewage is
discharged into the sea, where 69MLD of partially treated sewage is discharged into the
sea and so is 20MLD of raw sewage. Efficient operation of the existing wastewater
systems are hindered due to continued electricity fluctuations.

Microbiologically contaminated seawater has been found along the Gaza Strip coast
(WHO, 2009), and there is an evidence of sanitation-related infections in the Gaza Strip
(Abu Mourad, 2004; Astal, 2004; Yassin et al., 2001). The 41 km of shoreline is already
under intense pressure, with substantial environmental degradation of terrestrial and
marine resources (Hilles and Abu Amr, 2010).

Parasites such as A. lumbricoides, G. lamblia and E. histolytica are some of the
expected major dangerous contaminants found in the wastewater of Gaza City and can
be used as indicators in seawater. Parasites are considered as a main pathogenic
pollutant in many cases, where they have been recently detected several times in many
studies.
Recreational use of water and beaches is an important feature of leisure and tourism
worldwide. There is also an important interaction between tourism and environment. A
healthy attractive environment is one of the principal considerations in selecting a
holiday destination (El Manama, 2004).
The recreational water generally contains a mixture of pathogenic and nonpathogenic microbes derived from sewage effluent; industrial process; farming
activities and the wild life in addition to any truly indigenous microorganisms. This
-2-

mixture can present a hazard to the bathers where an infective dose of pathogen
colonizes a suitable growth site in the body and leads to a disease (WHO, 1998).
The extent of seawater pollution varies according to the quantity and quality of the
pollutants. However, the problem of seawater pollution is acknowledged worldwide
(Bartram and Ress, 2000).
Seawater and beach quality monitoring and assessment are considered as vital parts
of any integrated coastal management, and an extensive research with the aim of
establishing guidelines and standards for recreational water quality was conducted all
over the world (Afifi et al., 2000).
Coastal ecosystems, which are of the richest storehouses of marine biodiversity, are
threatened by development of related activities along half of the world coasts.
According to the estimate of the World Resources Institute, about 34% of the worlds
coasts are at high potential risk of degradation and another 17% are at moderate risk
(WRI, 2006). A prime factor driving coastal pollution is the increase in the human
population and improper management of their wastes which enter the seawater in an
unacceptable amount (Goldberg, 1995).
The multiple uses of the coastal zone cause a greater stress on the coastal resources on
the long run, where about 90% will interfere with fisheries, a matter which will
therefore determine human health and welfare. Industries that discharge their effluents
directly into the coastal environment represent a major contribution of coast pollution
(Abed Rabou, 2003).
In Gaza Strip, seawater is severely threatened with the problem of pollution and
population explosion. The seawater is one of the major sources of protein supply as
fishing industry, and sea shore is the only natural recreational area available for the
populations. Industrialization coupled with urbanization are increasing the hazards of
industrial and domestic pollution in aquatic environment of Gaza Strip (Abed Rabou,
2003).
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1.2 Problem Statement:
Only about 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), leaving
nearly half a million people unconnected to the network and dependent on alternative
means for excreta disposal. The 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.
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. Most of the
wastewater is discharged untreated or partially treated along the shoreline resulting in
pollution of most of the shoreline.

In Gaza City, there is only one insufficient and inefficient wastewater treatment
plant (GWWTP) which is considered as the largest in the Gaza Strip. Insufficient means
that the quantity of the wastewater discharged from the city and arrived to the plant
exceeds its capacity, while, inefficient means that the plant suffers from a lot of lack of
maintenance and operational problems. This plant has anaerobic and aerobic ponds and
2 large (9 meter high) bio-towers, one settling pond and polishing pond, and a complete
sludge management system. In addition to that, the treatment plant in Gaza City, like
the other governorates in the Gaza Strip, doesn't have the sufficient capacity to receive
the actual amount of daily produced wastewater and treat it effectively. The plant was
damaged during the recent Israeli invasion when the anaerobic pond embankment was
destroyed causing the flooding of more than 100,000m³ of wastewater and sludge onto
agricultural areas. GWWTP discharges about 50MLD of partially treated wastewater
-4-

directly into the sea. About 10MLD of untreated wastewater (raw sewage) is currently
discharged directly into the sea of Gaza City (EWASH, 2009).

Depending on the previous studies, wastewater in Gaza Strip contains significant
numbers of pathogenic parasites which ultimately reach the beach.
Gaza beach is considered as the only recreational site for a population of about
500,000 inhabitants of the city. It is usually very crowded in summer season, mostly
with local inhabitants. At the local level, the few studies conducted by the
environmental and rural research center (Afifi et al., 2000), showed heavily
contaminated recreational seawater along the seashore of Gaza Strip.
According to the previous reports of Ministry of health (MOH), many of the diseases
among the gazans, particularly in summer, are attributed to the pollution due to the
discharged untreated or even partially treated wastewater to the sea water and near the
recreational areas.

1.3 Main Goal and Objectives:
A. Main Goal:
Assessment of Parasitic Pollution Due to Wastewater Discharge in the Shoreline
Region of the Gaza City.
B. Objectives:
•

Specification and identification of the parasitic contamination (species and
percentages) in the shoreline region of the Gaza City.

•

Determination of the source of the parasitic pollution in the region whether in
the seashore sand or in the sea water.

•

Determination of the vulnerable zone to parasitic contamination and identifying
the level of the vulnerability.

•

Determination of the carrying currents effect on the parasites distribution along
the shoreline region of the Gaza City.
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1.4 Importance of the Study:
The study findings may help in evaluating the current situation of the parasitic
existence in the shoreline region of the Gaza City and determining the most susceptible
and vulnerable zones along the beach of Gaza City. Recommendations for suitable
regions as safe recreational areas, and the mitigation measures that have to be taken in
order to protect the public health and the beach environment are suggested.

•

The current study provides the first original and real data about the parasitic
pollution content of the sand along the Gaza Strip beach as well as seawater
parasitic content. This work addresses sand and seawater parasitic contamination
issue which has been long neglected by researchers and policy makers in assessing
the quality of beaches. Hence, it is expected to assist local authorities in developing
plans and policies and implementing actions to reduce the pollution till achieving
acceptable levels. It may prove helpful in setting standards and guidelines.

•

This work will add to the accumulating literature on sand and seawater pollution
which could change the global view of beach monitoring policies.

1.5 Justification of the Study:
Reasons for the selection of this topic include the following:
There is no information about the quantities, characteristics, specification of the
parasitic pollution in the shoreline region of the Gaza Strip. Highlighting the qualitative
and spatial description of the parasites within the study area will improve the health
status of the Gazans and environmental situation. Therefore, the study describes and
analyzes the parasitic contamination and the adverse impacts of the sewage discharge
points in the shoreline region of the Gaza City and how to dispose it in sound ways.

1.6 Study Area:
Gaza City is considered as the main governorate of the five governorates in the Gaza
Strip. That is attributed to several reasons such as the population density and the
presence of official institutions. Gaza City is 78 km southwest of Jerusalem, and 30 km
-6-

north of Rafah. Surrounding localities include Beit Lahia and Jabalia to the north and
Wadi Gaza and the Middle Area to the south as shown in figure 1.1.

The municipal jurisdiction of the city today constitutes about 45 km² (Municipality of
Gaza, 2008). During the British Mandate era, Gaza's urban or "built-up" area consisted
of 7.960 km², while its rural area was 143.063 km². Irrigated land made up 24.040 km²
and lands planted with cereals made up 117,899 km² (Hadawi, 1970). The shoreline
region in the western site of Gaza City extends longitudinally to about 12 km as shown
in figure 1.2.
Gaza has a relatively temperate Mediterranean climate with mild winters and dry
warm to hot summers (Global Security, 2009). Spring arrives around March–April and
the hottest months are July and August, with the average high being 33 Cº. The coldest
month is January with temperatures usually at 7 Co. Rain is scarce and generally falls
between November and March, the average rainfall for Gaza City is about 358.5 mm for
the last 25 years (Ministry of Agriculture, 2011).
The population growth rate in the Gaza Strip is one of the highest in the world, and it
is greater than the population growth percentage in the West Bank, which is 3.5%. The
high population density continues to be one of the main problems facing the Gaza City,
which has one of the highest overall growth rates and population densities in the world:
12,262 individuals/km² (PCHR, 2006).

The population of Gaza City is about 552,000 (PCBS, 2011), and receives a water
supply through the CMWU water supply system. High percentage of the wastewater
that is generated in Gaza City is currently discharged without sufficient treatment into
the sea in addition to the Wadi Gaza’s wetland effluent channel for the raw sewage
from refugee camps adjacent to the watercourse, estimated of about 6-8MLD (Hilles
and Abu Amr, 2010).

Samples were collected along the shoreline region (about 12 km) of the Gaza City
from the dry sand, wet sand and seawater. Sampling was started from the south part of
the beach near the end of the Gaza City coast (mouth of the Wadi Gaza) and ended at
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the northern part of the beach in front of the building of the Palestinian Intelligence near
Al-Shati Camp as shown in figure 1.2.

Figure 1.2: Gaza City Boundaries and Layout of the Major Sewage Discharge Points to
the Sea
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CHAPTER TWO
LITERATURE REVIEW
2.1 Wastewater
Urban sanitation is a priority issue for cities everywhere. Major deficiencies in the
provision of this basic service contribute to environmental health problems and the
degradation of scarce water resources. The rapid growth of cities and the accompanying
concentration of population have lead to increasing amounts of human wastes that need
to be managed safely. The relative success in providing cities with usable water has led
to greater volumes of wastewater requiring management, both domestic and industrial.
As population densities in cities increase, the volumes of wastewater generated per
household exceed the infiltration capacity of local soils and require greater drainage
capacity and the introduction of sewer systems and treatment facilities. Wastewaters
flowing out of cities can, in turn, affect downstream water resources and surface water
particularly the shoreline and threaten their sustainable use. Control of water pollution
has reached primary importance in developed and a number of developing countries
(WHO, UNEP and WSSCC, 1997).

The prevention of pollution at source, the precautionary principle and the prior
licensing of wastewater discharges by competent authorities have become key elements
of successful policies for preventing, controlling and reducing inputs of hazardous
substances, nutrients and other water pollutants from point sources into aquatic
ecosystems such as seawater.
In a number of industrialized countries, as well as some countries in transition, it has
become common practice to base limits for discharges of hazardous substances on the
best available technology.

•

Definition of Sewage

There are many terms including ‘sewage’ that are used in the discussion that needs to
be clarified initially. Sewage, with or without the presence of industrial waste, is
probably the commonest and most widespread contaminant of inshore and near shore
- 10 -

waters (Preston and Chester, 1996). Longman Dictionary of Contemporary English
defines sewage as ‘the mixture of waste from the human body and used water that is
carried away from homes by sewers‘. In effect, this definition suggests that:

a) Sewage is a fluid.
b) It is carried away in a sewer which is defined as a pipe or passage under the
ground that carries away waste material and used water from houses and
factories.

In accepting these definitions, we should nevertheless, note that other liquid waste
discharges that do not flow through sewers might be identical in composition to sewage
as defined above. This is especially true in many developing countries where sewerage
systems are largely absent. In the current study, attention is focused on domestic sewage
or household sewage although it is not possible to separate wastewater generated by
industrial and commercial establishments (Preston and Chester, 1996). Thus, for the
purpose of this study, “sewage” refers to several components that have very different
characteristics. These are:
(a) Domestic waste (both grey and black water).
(b) Industrial wastewater.
(c) Storm-water.
Both (a) and (b) may be thought of as the ‘spent water’ (or ‘wastewater’) supply of
the community and is approximately equal in volume to the amount of water abstracted
for industrial and domestic use. In some cases, most of this waste does not flow into
sewers (which are nonexistent) but is discharged directly into the nearest available
watercourse such as shoreline. Storm water is equivalent to urban run-off and in many
cases flows directly into valleys or the sea. Where there is an absence of a sewerage
system, much of the untreated sewage is mixed with surface water. Even with
centralized sewerage systems, heavy floods can cause back flows within the system and
cause sewage to be mixed with flood water. In cities with a separate drainage from the
sewerage system, storm-water is collected and discharged, with little or no treatment,
into rivers or the sea. Where sewers are present, the infiltration of groundwater into the
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system can also contribute significantly to the volume of sewage generated, especially
when these are poorly maintained. Although a properly laid sewer is watertight when
constructed, ground movement and ageing may allow water to enter the sewer if it is
below the water table (Lester, 1996). On the other hand, seepage of sewage into the
surrounding soil can lead to contamination of groundwater.

Such hazardous water pollutants include substances that are toxic at low
concentrations, carcinogenic, mutagenic, and teratogenic and/or can be bioaccumulated,
especially when they are persistent. In order to reduce inputs of phosphorus, nitrogen
and pesticides from non-point sources (particularly agricultural sources) to water
bodies, environmental and agricultural authorities in an increasing number of countries
are stipulating the need to use best environmental practices (Enderlein, 1996).

Economic growth in most of the world has been vigorous, especially in the socalled newly industrialized countries. Nearly all new development activity creates stress
on the "pollution carrying capacity" of the environment. Many hydrological systems in
developing regions are, or are getting close to, being stressed beyond repair. Industrial
pollution, uncontrolled domestic discharges from urban areas, diffuse pollution from
agriculture and livestock rearing, and various alterations in land use or hydroinfrastructure may all contribute to non-sustainable use of water resources, eventually
leading to negative impacts on the economic development of many countries or even
continents, lowering of groundwater tables and adversely affected the surface water
such as seawater (e.g. Middle East, Mexico), irreversible pollution of surface water and
associated changes in public and environmental health are typical manifestations of this
kind of development (Lester, 1996).

Technology, particularly in terms of performance and available waste-water
treatment options, has developed in parallel with economic growth. However,
technology cannot be expected to solve each pollution problem. Typically, a wastewater
treatment plant transfers 1 m³ of wastewater into 1-2 liters of concentrated sludge.
Wastewater treatment systems are generally capital-intensive and require expensive,
specialized operators. Therefore, before selecting and investing in wastewater treatment
technology it is always preferable to investigate whether pollution can be minimized or
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prevented. For any pollution control initiative an analysis of cost-effectiveness needs to
be made and compared with all conceivable alternatives. A number of questions need
to be addressed as a start point:

•

Importance of wastewater treatment:
Is wastewater treatment a priority in protecting public or environmental health? Near

Wuhan, China, an activated sludge plant for municipal sewage was not financed by the
World Bank because the huge Yangtse River was able to absorb the present waste load.
The loan was used for energy conservation, air pollution mitigation measures (boilers,
furnaces) and for industrial waste (water) management. In Wakayama, Japan, drainage
was given a higher priority than sewerage because many urban areas were prone to
periodic flooding. The human waste is collected by vacuum trucks and processed into
dry fertilizer pellets. Public health is safeguarded just as effectively but the huge
investment that would have been required for sewerage (two to three times the cost of
the present approach) has been saved (WHO, UNEP and WSSCC, 1997).

•

Minimization of the Pollution:
Can pollution be minimized by recovery technologies or public awareness? South

Korea planned expansion of sewage treatment in Seoul and Pusan based on a linear
growth of present tap water consumption. Eventually, this extrapolation was found to be
too costly. Funds were allocated for promoting water saving within households; this
allowed the eventual design of sewers and treatment plants to be scaled down by half.
• Is treatment most feasible at centralized or decentralized facilities? Centralized
treatment is often devoted to the removal of common pollutants only and does not aim
to remove specific individual waste components. However, economies of scale render
centralized treatment cheap whereas decentralized treatment of separate waste streams
can be more specialized but economies of scale are lost. By enforcing land-use and
zoning regulations, or by separating or pre-treating industrial discharges before they
enter the municipal sewer, the overall treatment becomes substantially more effective
(WHO, UNEP and WSSCC, 1997).
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• Can the intrinsic value of resources in domestic sewage be recovered by reuse?
Wastewater is a poorly valued resource. In many arid regions of the world, domestic
and industrial sewage only has to be "conditioned" and then it can be used in irrigation,
in industries as cooling and process water, or in aquaculture. Treatment costs are
considerably reduced, pollution is minimized, and economic activity and labor are
generated. Unfortunately, many of these potential alternatives are still poorly researched
and insufficiently demonstrated as the most feasible. Ultimately, for each pollution
problem, one strategy and technology are more appropriate in terms of technical
acceptability, economic affordability and social attractiveness. This applies to
developing, as well as to industrialized countries. In developing countries, where capital
is scarce and poorly-skilled workers are abundant, solutions to wastewater treatment
should preferably be low-technology orientated. This commonly means that the
technology chosen is less mechanized and has a lower degree of automatic process
control, and that construction, operation and maintenance aim to involve locally
available personnel rather than imported mechanized components. Such technologies
are rather land and labour intensive, but capital and hardware extensive (WHO, UNEP
and WSSCC, 1997).

2.1.1 Wastewater Composition:
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). At the
same time, treatment systems are often specific, i.e. they are meant to remove one class
of contaminants, such as from industrial effluents. In particular, oil, heavy metals,
ammonia, sulfide and toxic constituents may damage sewers (e.g. by corrosion) and
reduce treatment plant performance. Therefore, municipalities may set additional
criteria for accepting industrial waste flows into their sewers, and contaminated sewage
may be rendered unfit for any productive use. Several in-factory treatment technologies
allow selective removal of contaminants and their recovery to a high degree and purity.
Such recovery may cover part of the investment if it is applied to concentrated waste
streams. For example, in textile mills pigments and caustic solution can be recovered by
ultra-filtration and evaporation, while chromium-VI can be recovered by chemical
precipitation in leather tanneries. In other situations, sewage can be made suitable for
irrigation or for reuse in industry (Ayers and Westcot, 1985).
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Table 2.1: Major Classes of Municipal Wastewater Contaminants and Their Significance
and Origin
Contaminant

Significance

Origin

Settleable solids

Settleable solids may create sludge deposits and anaerobic

Domestic,

(sand, grit)

conditions in sewers, treatment facilities or open water.

runoff

Organic matter

Biological degradation consumes oxygen and may disturb the

Domestic,

(BOD)

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

industrial

exhausted anaerobic conditions, odour formation, fish kills and
ecological imbalance will occur.
Pathogenic

Severe public health risks through transmission of

microorganisms

communicable water borne diseases such as cholera

Nutrients

High levels of nitrogen and phosphorus in surface water will

Domestic,

create excessive algal growth (eutrophication). Dying algae

rural run-off,

contribute to organic matter.

industrial

Micro-pollutants

Non-biodegradable compounds may be toxic, carcinogenic or

Industrial,

(heavy metals,

mutagenic at very low concentrations (to plants, animals,

rural run-off

organic

humans). Some may bioaccumulate in food chains, e.g.

(pesticides)

compounds)

chromium (VI), cadmium, lead, most pesticides and herbicides.

Total dissolved

High levels may restrict wastewater use for agricultural

Industrial,

solids (salts)

irrigation or aquaculture.

(salt water

(N and P)

Domestic

intrusion)
Source: Metcalf and Eddy Inc., 1991

Domestic waste production per capita is fairly constant but the concentration of the
contaminants varies with the amount of tap water consumed. For example, municipal
sewage in Sana'a, Yemen (water consumption of 80 l/cap/d) is four times more
concentrated in terms of chemical oxygen demand (COD) and total suspended solids
(TSS) than in Latin American cities (water consumption is around 300 l/cap/d). In
addition, seepage or infiltration of groundwater may occur because the sewerage system
may not be watertight. Similarly, many sewers in urban areas collect overflows from
septic tanks which affect the sewage quality. Depending on local conditions and habits
(such as level of nutrition, staple food composition and kitchen habits), typical waste
parameters may need adjustment to these local conditions. Sewage composition may
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also be fundamentally altered if industrial discharges are allowed into the municipal
sewerage system (WHO, UNEP and WSSCC, 1997).

2.1.2 Wastewater Management and Treatment Objectives:
Technology selection eventually depends upon wastewater characteristics and on the
treatment objectives as translated into desired effluent quality. The latter depends on the
expected use of the receiving waters. Effluent quality control is typically aimed at
public health protection (for recreation, irrigation, water supply), preservation of the
oxygen content in the water, prevention of eutrophication, prevention of sedimentation,
preventing toxic compounds from entering the water and food chains, and promotion of
water reuse. These water uses are translated into emission standards or, in many
countries, water quality "classes" which describe the desired quality of the receiving
water body. 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 (WHO, UNEP and WSSCC, 1997).

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

Variable
BOD (mg/l)
TSS (mg/l)
Kjeldahl-N (mg/l)
Total N (mg/l)
Total P (mg/l)
Faecal coliform
(No. per 100 ml)
Nematode eggs/l
SAR
TDS (salts) (mg/l)

Discharge in
surface water
High
Low
quality
quality
20
50
20
50
10
1
-

Discharge
in water sensitive
to eutrophication

Effluent
use in irrigation
and aquaculture

10
10
5
10
0.1

100¹
<50¹
-

-

-

-

<1,000

-

-

-

<1
<5
<500²

- No standards set, BOD = Biochemical oxygen demand, TSS =Total suspended solids, SAR= Sodium
adsorption ratio, N= Nitrogen, P= Phosphorus, TDS =Total dissolved solids, ˡ =Agronomic norm, ² =No
restriction on crop selection.
Sources: Ayers and Westcot, 1985; WHO, 1989.
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Emission or effluent standards can be set which may take into account the technical
and financial feasibility of wastewater treatment. In this way a treatment technology, or
any other action, can be taken to remove or prevent the discharge of the contaminants of
concern. Standards or guidelines may differ between countries.

2.1.3 Sanitary Solutions for Domestic Sewage:
The increasing world population tends to concentrate in urban communities. In
densely populated areas the sanitary collection, treatment and disposal of wastewater
flows are essential to control the transmission of waterborne diseases. They are also
essential for the prevention of non-reversible degradation of the urban environment
itself and of the aquatic systems that support the hydrological cycle, as well as for the
protection of food production and biodiversity in the region surrounding the urban area.
For rural populations, which still account for 75% of the total population in developing
countries (WHO, 1992), concern for public health is the main justification for investing
in water and sanitation improvement. In both settings, the selected technologies should
be environmentally sustainable, appropriate to the local conditions, acceptable to the
users, and affordable to those who have to pay for them. Simple solutions that are easily
replicable, that allow further upgrading with subsequent development, and that can be
operated and maintained by the local community, are often considered the most
appropriate and cost-effective.
The first issue to be addressed is whether sanitary treatment and disposal should be
provided on-site (at the level of a household or apartment block) or whether collection
and centralized, off-site treatment is more appropriate. Irrespective of whether the
setting is urban or rural, the main deciding criteria are population density (people/km2)
and generated wastewater flow. Population density determines the availability of land
for on-site sanitation and strongly affects the unit cost per household (Sinnatamby et al.,
1986).

2.1.4 Wastewater Management in Gaza Strip
The lack of sufficient wastewater treatment facilities makes wastewater the main
source of pollution of the coastal zone of Gaza Strip. There are more than 20 individual
sewage drains, ending either on the beach or a short distance away in the surf zone.
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High percentage of the wastewater that is generated in Gaza City is 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).

2.1.5 Wastewater Pollution Load in Gaza City
The lack of proper wastewater treatment facilities leads to the discharge of untreated
or partially treated sewage directly to the seashore and indirectly through Wadi Gaza
from the middle camps (Nuseirat, Bureij, Maghazi) and finally reaches the sea. This
results in the poisoning of water and soil and consequent major health risks for
swimmers and marine life. Many discharge points are registered along the shoreline in
the Gaza Strip (EQA and UNEP, 2005).
The major discharge points at the shoreline region of the Gaza City can be summarized
as follows:

•

Discharge point at the seashore in El-Sheikh Egleen, figure 2.1.

•

Discharge point of raw wastewater nearby Al Shalihat resort, figure 2.2 and 2.3.

•

Discharge point of raw wastewater from El-Sheikh Radwan (Al Shati Camp)
figure 2.4 (Note: the outlet was closed temporarily during the summer season).

•

About 10 small discharge points of raw sewage 2.5, 2.6, 2.7 and 2.8.

•

The emergency overflow south of Palestine hotel in Gaza City.

•

Discharging pond of raw sewage at the western end of Wadi Gaza accumulated
from the middle Camps as it shown in figures 2.9 and 2.10.
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Figure 2.1: El-Sheikh Egleen Discharge Point

Figure 2.3: Close to Al Shalehat Resort

Figure 2.5: Gaza Marina

Figure 2.2: Nearby Al Shalehat Resort

Figure 2.4 Al Shati Camp Point

Figure 2.6: Discharge Points (El-Sheikh Egleen)
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Figure 2.7: Discharge Points (El-Sheikh Egleen)

Figure 2.8: Discharge Points (El-Sheikh Egleen)

Figures 2.9 and 2.10: Discharge Pond of Raw Sewage at the Western End of Wadi Gaza

2.2 Impact of Sewage Effluents on Coastal Water Quality
The problems associated with sewage disposal have become a major problem of the
urban world due to increase in human population and urbanization. The commonality of
sewage related problems throughout coastal areas of the world is significant since these
areas are inhabited by over 60% of the human population. Consequently, domestic
wastewater discharges are considered one of the most significant threats of the coastal
environments worldwide (UNEP, 2001). Environmental effects associated with
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domestic wastewater discharges are generally local with transboundary implications in
some areas.
Coastal waters are facing a variety of pressure affecting both the ecosystem and
human health through wastewater discharge and disposal practices that may lead to
introduction of high nutrient loads, hazardous chemicals and pathogens causing
diseases. The adverse public health, environmental, socio-economic, food quality and
security, and aesthetic impacts from sewage contamination in coastal areas are well
documented (Luger and Brown, 1999; Tyrrel, 1999).
Pollution of the coastal water usually interferes with various water uses. Cultured
bivalves are generally reared in areas that are often densely populated and are sensitive
to heavy pollution from human activities. Pathogens transmitted by human feces are
most commonly involved and the discharge of sewage polluted by human and animal
pathogens into the sea represents the main source of bacterial pollution. Every pathogen
present in seawater may be trapped and concentrated in the tissues of the bivalves and
so represents a potential health hazard (Owili, 2003).
Legislation, directives and water quality standards for various coastal uses like
shellfish harvesting; recreation; drinking and aquaculture have been developed in many
countries to limit problems associated with sewage. These standards are usually not
realized due to poor sewage management. The poor management usually arises from the
fact that waste management decisions take place in complex situations governed by
political, bureaucratic, and financial forces that often interfere with the implementation
of existing regulations and standards. In most cases, waste disposal decisions encounter
resistance and inefficiency in the eventual administrative implementation and financial
difficulties that affect the disposer’s ability to comply with the original decision. The
fact that the majority of urban populations depend on coastal surface waters which are
usually used for sewage disposal, in one way or another, makes water pollution the
principal problem that requires sound management practices to contain impacts
(Danulat et al., 2002).

2.2.1 Impacts of Sewage Effluents
Sewage effluents which have historically been discharged through outfall in shallow
coastal waters are one of the major stresses impacting coastal ecosystems (Young-Jin
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and Rousseaux, 2001). There are usually significant effects on water quality and on
marine life arising from sewage disposal (Mclntyre et al., 1995). Water quality
deterioration is one of the most important water resource issues of the 21st century
(Klaus and Pat, 1996). Therefore the quality status of coastal surface water is very
important and would always be under public scrutiny because of health risk associated
with sewage contamination (Owili, 2003).
The potential deleterious effects of pollutants from sewage effluents on the receiving
water quality of the coastal environment are manifold and depend on the volume of the
discharge, the chemical composition and concentrations in the effluent. It also depends
on the type of discharge, for example, whether it is suspended solids, organic matter or
hazardous pollutants like heavy metals and organochlorines, and the characteristics of
the receiving waters (NPA, 2001; Canter, 1996 and Nemerow and Dasgupta, 1991).
High levels of soluble organics may cause oxygen depletion with a negative effect on
aquatic biota. Contamination of the coastal water may result in changes in nutrient
levels, abundance, biomass and diversity of organisms, bioaccumulation of organic and
inorganic compounds and alteration of trophic interaction among species. Receiving
waters with high flushing capacity are able to dilute or eliminate most of the
conventional pollutants but persistent toxic compounds and long lived pathogens will
always be troublesome (Peter and Robin, 2002).

2.2.2 Legislations and Standards on Water Quality:
Historically, sewage has been discharged in raw or partially treated form, through
outfalls into the receiving waters, which could be sea, lake or river. Attempts have
increasingly been made by several nations to regulate or control the sewage discharges
into the receiving waters in order to limit the negative effects. These attempts and their
implementations have, however, varied from nation to nation depending on both
economic and technological state of the country. The water quality standards and
regulations do vary between different countries and international organizations with
interest in water quality and safety but all have the common objective to reduce or
eliminate pollution (Prieur et al., 1990).

- 22 -

The water quality regulations can be considered from pollution-control and waterusage. Standards are usually made in reference to designated uses of the water such as
farming of fish, shellfish, wildlife, recreation, drinking and use in the food industry.
Water quality standards and guidelines should be regarded as tools for sound water
resource management, rather than an automatic assurance of good water quality. The
criteria usually depend on the sensitivity of the receiving waters, which are classified as
either less sensitive or sensitive. The former may receive only primary treatment; while
the sewage discharges to the latter must go through biological treatment and nutrient
removal (secondary treatment). The classification of sensitive areas is based mainly on
the risk of eutrophication (Kashefipour, et al., 2002).

2.2.3 Microbiological Aspects of Wastewater:
The danger with sewage, which includes urine, feces and sullage water, is that they
contain a host of pathogens as listed in Table 2.3. These micro-organisms (bacteria,
viruses and parasites) include indirect or direct communicable diseases. The most
common pathway is via faecal-oral contact either by ingestion with food or water, or by
contaminated fingers or utensils. Some pathogens can survive outside the host body for
long periods of time, e.g. in sewage and occasionally in soil, from where they may be
retransmitted to water and food. Some other diseases may be transmitted by vectors.
Hence, the collection, transport, treatment and disposal of excreta are an essential part
of the protection of health in any community (Chia, 2000).
Table 2.3 Occurrence of Pathogens in Urine, Faeces and Sullage Water

Pathogen

Common name
for infection
caused

Bacteria
Escherichia coli
Leptospire interrogans
Salmonella typhi
Shigella spp
Vibrio cholerae

Diarrhea
Leptospirosis
Typhoid
Shigellosis
Cholera

Viruses
Poliovirus
Rotaviruses

Poliomyelitis
Enteritiis
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Present in
Urine
Yes
Yes
Yes

Faeces Sullage
Yes

Yes

Yes
Yes
Yes

Yes

Yes
Yes

Yes

Helminthes
Ascaris lumbricoides
Fasciola hepatica
Ancylostoma duodenale
Necator americanus
Schistosoma spp
Taenia spp.
Trichuris trichiura

Roundworm
Liver fluke
Hookworm
Hookworm
Schistosomiasis
Tapeworm
Whipworm

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

Source: (WHO, 1992 quoted in JICA, 1997)

2.3 Social and Economic Impacts of Sewage Pollution:
Land-based sources of pollution contribute the major portion of pollution in the
marine environment as mentioned previously. These pollutants include organics,
nutrients, sediments, litter and plastics, metals, oil/hydrocarbons and polycyclic
aromatic hydrocarbons (PAHs). The major source of organic pollutants in coastal
waters is domestic sewage from both rural and coastal urban centers. The problem of
pollution has increased significantly in recent years primarily due to the lack of
services, policies and plans for collection, treatment, disposal and the overall
management of domestic sewage. The major cities in many countries are lacking in
sewerage systems and sewage treatment capacity, and a large proportion of domestic
and industrial effluent is discharged untreated into rivers or the sea (Chia, 2000).

2.3.1 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
cause 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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Four groups of disease causing pathogens: viruses, bacteria, protozoa and worms,
may be found in excreta (Tables 2.3). Potential pollution extends not only to surface
waters but also to groundwater. The unsanitary disposal of excreta may favor the
breeding of insects such as mosquitoes, flies and cockroaches that have nuisance value
and may act as vectors of other human diseases.

2.3.2 Viruses:
Many types of viruses may infect the intestinal tract and passes out with faeces where
they may infect new human hosts through ingestion or inhalation. Often viral infections
do not give rise to any clinical illness. For example, it is estimated that paralytic
poliomyelitis occurs in only one out of 1,000 poliovirus infections. However, the
absolute number of cases is high, as most children in developing countries are infected
(Feachem et al., 1983).

2.3.3 Bacteria:
A large number of commensal bacteria of many species are found in the normal stool
of healthy human beings. Because these bacteria are ubiquitous and numerous, they are
used as an indicator of faecal pollution. Pathogenic or potentially pathogenic bacteria
normally infect their host by ingestion (in water, on food, on fingers, in dirt), but may
also enter the body through the lungs or the eyes (after rubbing the eye with fecally
contaminated fingers). At some time, an infected individual passes on a large number of
bacteria in the faeces, thus affecting the spread of infection. Diarrhea is the major
symptom of many bacterial intestinal infections; at the same time the bacteria may also
invade the body from the gut and cause either generalized or localized infections. This
invasion is characteristic of typhoid infections and other enteric fevers caused by
salmonella. A carrier state exists in all the bacterial infections listed in Table 2.4. Thus a
proportion of perfectly healthy individuals in communities where these infections are
endemic will be excreting pathogenic bacteria. As these carriers are mobile, they play
an important role in transmitting the infections they carry by widely dispersing their
faeces (Feachem et al., 1983).
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Table 2.4 Viruses, Bacteria and Protozoa Found in Wastewater
Pathogen
Virus
Adenoviruses
Enteroviruses
Poliovirus
Echoviruses
Coxsackie viruses
Hepatitis A virus
Reoviruses

Disease

Numerous conditions
Poliomyelitis, paralysis
and other conditions
Numerous conditions
Numerous conditions
Infectious hepatitis
Numerous conditions

Rotaviruses, Norwalk
agent
and
other Diarrhoea
viruses
Bacteria
Campylobacter festus
ssp. jejuni
Pathogenic
Escherichia coli
Salmonella typhi
Salmonella paratyphi
Other Salmonmellae
Shigella spp.
Vibrio cholerae
Other Vibrios

Can symptomless
infection occur?

Reservoir

Yes

Man

Yes

Man

Yes
Yes
Yes

Man
Man
Man
Man and
animals

Yes
Yes

Probably
man

Diarrhoea

Yes

Animals to
man

Diarrhoea

Yes

Man

Typhoid fever
Paratyphoid fever
Food poisoning and other
salmonelloses
Bacillary dysentry
Cholera
Diarrhoea

Yes
Yes

Man
Man
Animals and
man
Man
Man
Man
Animals to
man

Yersinia enterocolitica Diarrhoea and septicemia

Yes
Yes
Yes
Yes
Yes

Protozoa

Balantidium coli

Entamoeba histolytica
Giardia lamblia

Diarrhoea, dysentery and
colonic ulceration

Colonic ulceration,
amebic dysentery and
liver abscess
Diarrhoea and
malabsorption

Yes

Man and
animals
(especially
pigs and rats)

Yes

Man

Yes

Man and
animals

Source: Feachem et al., (1983)

While man excretes some bacteria entirely (or almost entirely), a wide range of
animals also excretes others. This limits disease control through improvements in
human excreta disposal alone because this is not likely to affect transmission from
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animals to humans. However, typhoid, shigellosis and cholera are assumed to be
entirely human infections (Feachem et al., 1983).

2.3.4 Parasites:
Many species of protozoa can infect humans and cause diseases, of which several
species are harboured in the intestinal track of man and other animals where they may
cause diarrhea or dysentery. Many species of parasitic worms or helminths can infect
human. While some can cause serious illnesses, others generate few symptoms
(Feachem et al., 1983).
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.

Most helminths do not multiply within the human host, and this has important
implications in understanding their transmission and the means of control. In helminthic
infections, it is important to determine whether a person has an infection, and the
quantity of worms within the person. Worm burdens are not evenly distributed among
their human host within an infected community. Thus, a few people will carry a heavy
burden of worms leading to illness and even death, while many will carry a light
intensity of infection. Although it is easy to see the public health importance of heavy
infection, it is far harder to assess the disability in the lightly infected majority where
‘consequences are likely to be non-specific and effects cumulative with those of other
infections’ (Feachem et al., 1983).
Table 2.5 lists some of parasites found in the environment. Their life cycles before
reinfecting humans can be complex and the main related diseases symptoms. The
roundworms may cause mechanical obstruction (Ascaris), rectal prolapse (Trichuris),
itching around the anus (Enterobius) or anaemia (hookworm). They may divert food to
themselves and produce severe abdominal pain, though in many cases they are
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symptomless. Adult tapeworms create health problems mainly by depriving their host of
nutrients. Of the trematodes, some inhabit and damage the liver (Clonorchis) or lungs
(Paragonimus). The schistosomes live outside the intestines in the small blood vessels;
the eggs that fail to escape from their host may damage several organs. Intestinal flukes,
which are transmitted through food, may occur in large numbers but cause relatively
mild symptoms (Feachem et al., 1983).
Some parasites enter the environment in a dormant form, with a protective cell wall,
called a “cyst”. The cyst can survive in the environment for long periods of time and be
extremely resistant to conventional disinfectants such as chlorine. Effective filtration
treatment is therefore critical to removing these organisms from water sources such as
seawater (Nelson et al., 1996).
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Table 2.5: Some Parasites Found in the Environment.
Organism

Disease symptoms

Geographic
distribution

Environment

Transmissive stage
(size range) and
route of infection

Protozoa
Diarrhoea, dysentery

Cosmopolitan

Diarrhoea

Cosmopolitan

Diarrhoea

Cosmopolitan

Dysentery, liver abcess

Cosmopolitan

Giardia lamblia

Diarrhoea, malabsorption

Cosmopolitan

Microsporidia

Diarrhoea, hepatitis,
peritonitis, keratoconjunctivitis, etc.

Cosmopolitan

Sarcocystis sp.

Diarrhoea, muscle weakness

Cosmopolitan

Toxoplasma
gondii

Lymphadenopathy, fever,
congenital infections

Cosmopolitan

Balantidium coli
Cryptosporidium
parvum
Cyclospora
cayetanensis
Entamoeba
Histolytica

Water, food,
soil
Water, food,
soil
Food, water,
soil
Food, water,
soil
Water, food,
soil

Cyst (50-60 µm) ingestion
Oocyst (4.5-5.5 µm)
ingestion
Oocyst (8-10 µm)
ingestion
Cyst (9-14.5 µm)
ingestion
Cyst (8-12 µm) ingestion

Food, water,
soil

Spore (1.8-5.0 µm)
Ingestion/contact with eye

Food, water,
soil
Food, water,
soil

Oocyst (7.5-17 µm)
ingestion
Oocyst (10-12 µm)
ingestion

Cosmopolitan

Soil, water,
food

Ovum (32-38x21-30 µm)
ingestion

Cosmopolitan
in livestock

Food

Metacercaria (250 µm)
ingestion

Asia

Food

Metacercaria (9-14.5 µm)
ingestion

Africa, central
& South
America, S.E.
Asia

Water

Cercaria (<500 µm)
skin penetration

Helminths
Echinococcus
spp.
Fasciola hepatica
(Fasciola
gigantica)
Fasciolopsis
buski

Schistosoma spp.

Taenia solium
Ascaris
lumbricoides
Dracunculus
medinensis

Hookworms
(Ancylostoma
duodenale)

Strongyloides
stercoralis
Toxocara spp.
Trichuris
trichiura

Hydatid
Asymptomatic, chronic
inflammation of bile duct,
anaemia
Asymptomatic, mild
exacerbations
of diarrhoea, egg-associated,
flatulence, vomiting
Cirrhosis, hypertension
haematuria, egg-associated
fibro-inflammatory
pathologies
Cysticercosis,
neurocysticercosis
Pulmonary and intestinal
ascariasis, allergy
Urticaria, fever, blister and
ulcer formation, calcification,
cellulitis following secondary
bacterial infection

West and
central Africa,
Indian subcontinent,
middle East

Water

Asthma, fatigue, lassitude,
iron deficiency anaemia,
hypoproteinaemia

Cosmopolitan

Soil, food

Cosmopolitan

Soil, food

Cosmopolitan

Soil, food,
water

Ovum (31-43 µm dia.)
ingestion
Ovum (55-75x35-50 µm)
ingestion
1st stage larva (490-737x
18-24 µm)
ingestion of 3rd stage
larvae
within Cylops
Filariform (infective)
larva
(600-720 µm) skin
penetration, ingestion
with food
Filariform (infective)
larva
(240-460x12 µm)
skin penetration
Ovum (75-85 µm)
Ingestion

Cosmopolitan

Soil, food,
water

Ovum (50-55x22-24 µm)
Ingestion

Diarrhoea, Strongyloides
enteropathy, hypereosinophilia,
skin rash, disseminated
strongyloidiasis
Visceral, ocular and covert
toxocariasis
Asymptomatic, lower
abdominal
pain, Trichuris dysentery
syndrome

Cosmopolitan
Cosmopolitan

(Source: Smith, 1998)

- 29 -

Food, water,
soil
Soil, food,
water

2.4. Common Protozoan and Helminthes Diseases:
2.4.1 Protozoa:
Protozoa, a diverse group of unicellular eukaryotic organisms, many of which are
motile. Originally, protozoa had been defined as unicellular protists with animal-like
behavior, e.g., movement. Protozoa were regarded as the partner group of protists
to protophyta, which have plant-like behaviour, e.g., photosynthesis. Some protozoa
have life stages alternating between proliferative stages (e.g., trophozoites) and
dormant cysts. As cysts, protozoa can survive harsh conditions, such as exposure to
extreme temperatures or harmful chemicals, or long periods without access to nutrients,
water, or oxygen for a period of time. Being a cyst enables parasitic species to survive
outside of a host, and allows their transmission from one host to another. When
protozoa are in the form of trophozoites (Greek, tropho = to nourish), they actively
feed. The conversion of a trophozoite to cyst form is known as encystation, while the
process of transforming back into a trophozoite is known as excystation (Edward and
Jennifer, 2009).
Protozoa can reproduce by binary fission or multiple fission. Some protozoa
reproduce sexually, some asexually, while some use a combination, (e.g., Coccidia). An
individual protozoan is hermaphroditic. Protozoan infections are parasitic diseases
organisms formerly classified in the Kingdom Protozoa. They include organisms
classified

in

Amoebozoa, Excavata,

and Chromalveolata.

Examples

include E.

histolytica/dispar, Plasmodium (some of which cause malaria), and Giardia lamblia.
Trypanosoma brucei, transmitted by the tsetse fly and the cause of African sleeping
sickness, is another example (Michelle, 2008).
The species traditionally collectively termed "protozoa" are not closely related to
each other, and have only superficial similarities (eukaryotic, unicellular, motile, though
with exceptions.) The terms "protozoa" (and protist) are usually discouraged in the
modern biosciences. However, this terminology is still encountered in medicine. This is
partially because of the conservative character of medical classification, and partially
due to the necessity of making identifications of organisms based upon appearances and
not upon DNA (Kotpal, 2010).
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 Intestinal Amoebae:
Biochemical, immunological and genetic data now indicate that there are two
species with the same morphological characteristics - E. histolytica and E. dispar previously known as pathogenic and nonpathogenic E. histolytica respectively. Only E.
histolytica is capable of causing invasive disease. In the future, the name E.
histolytica/dispar should only be used in this sense. In the Gaza Strip, both of E.
histolytica and E. dispar were identified among children genetically (Al Hindi et al.,
2005).
• When diagnosis is made by light microscopy, the cysts of the two species (10-16µm in
diameter) are indistinguishable and should be reported as E. histolytica/dispar.
• Trophozoites with ingested red blood cells in fresh stool or other specimens and
trophozoites in tissue biopsies are both strongly correlated with the presence of E.
histolytica and invasive disease. E. histolytica is invasive and may cause disease within
the wall of the colon resulting in ulcer formation. Trophozoites of E. histolytica can
phagocytize erythrocytes and they are the only intestinal amoeba to do so. Trophozoites
without erythrocytes in their cytoplasm can also be found and should be reported as E.
histolytica/dispar. E. histolytica trophozoites can disseminate via the bloodstream or
direct tissue spread to other organs and tissues, including the liver, lung, kidney, brain,
skin and diaphragm. Cysts of E. histolytica/dispar excreted in faeces may contain 1 or 2
nuclei (immature cysts) or 4 nuclei (mature cysts). Cysts of E. histolytica/dispar often
contain chromatoid bodies with rounded ends. There are a number of non-pathogenic
intestinal amoebae including E. coli, E. polecki, E. hartmanni, Endolimax nana and I.
bütschlii. All of the these amoebae can be morphologically distinguished from each
other on the basis of morphological features such as size, morphology of the nucleus,
granularity and inclusions in the cytoplasm, and a number of nuclei in cysts. There is an
amoeba that lives in the oral cavity of humans, E. gingivalis, which has only a
trophozoite stage; this organism appears to be non-pathogenic and is rarely found
(WHO, 1997).

 Giardiasis:
Giardiasis is a commonly reported protozoan-causing disease. It has also been referred
to as “backpacker’s disease” and “beaver fever” because of the many cases reported
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among hikers and others who consume untreated surface water. Symptoms include
chronic diarrhea, abdominal cramps, bloating, frequent loose and pale greasy stools,
fatigue and weight loss. The incubation period is 5-25 days or longer, with an average
of 7-10 days. Many infections are asymptomatic (no symptoms). Giardiasis occurs
worldwide. Waterborne outbreaks in the many countries occur most often in
communities receiving their drinking water from streams or rivers without adequate
disinfection or a filtration system. The organism, G. lamblia, has been responsible for
more community-wide outbreaks of disease in the world than any other pathogen. Drugs
are available for treatment but are not 100% effective (Robert, 2003).

 Cryptosporidiosis:
Cryptosporidiosis is an example of a protozoan disease that is common worldwide,
but was only recently recognized as causing human disease. U.S. Environmental
Protection Agency (EPA) lists six species of Cryptosporidium, only Cryptosporidium
parvum is known to infect humans. Cryptosporidium oocysts are roughly spherical and
4-6µm in diameter (Arnone and Walling 2006). Cryptosporidium is frequently
waterborne. Infections occur through contact with contaminated drinking water
supplies, contaminated food, contaminated swimming pools and other recreational
waters, as well as zoonosis (Gerba et al., 1996).
The major symptom in humans is diarrhea, which may be profuse and watery. The
diarrhea is associated with cramping abdominal pain, general malaise, fever, anorexia,
nausea, and vomiting occur less often. Symptoms usually come and go, and end in
fewer than 30 days in most cases. The incubation period is 1-12 days with an average of
about seven days. Cryptosporidium organisms have been identified in human faecal
specimens from more than 50 countries on six continents. The mode of transmission is
faecal-oral, either by person-to-person or animal-to-person. There is no specific
treatment for Cryptosporidium infections, but maintenance of adequate fluid intake is
vital for persons with Cryptosporidium and other types of diarrhea (NFID, 2008).

2.4.2 Helminths:
The helminths are worm-like parasites (parasitic worms). The clinically relevant
groups are separated according to their general external shape and the host organ they
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inhabit. There are both hermaphroditic and bisexual species. The definitive
classification is based on the external and internal morphology of egg, larval, and adult
stages as follow (Baron,1996):

•

Flukes (Trematodes):

Adult flukes are leaf-shaped flatworms. Prominent oral and ventral suckers help
maintain position in situ. Flukes are hermaphroditic except for blood flukes, which are
bisexual. The life-cycle includes a snail intermediate host.

•

Tapeworms (Cestodes):

Adult tapeworms are elongated, segmented, hermaphroditic flatworms that inhabit the
intestinal lumen. Larval forms, which are cystic or solid, inhabit extraintestinal tissues.

•

Roundworms (Nematodes):

Adult and larval roundworms are bisexual, cylindrical worms. They inhabit intestinal
and extraintestinal sites.
Helminths are a division of eukaryotic parasites. They live and feed off living hosts,
receiving nourishment and protection while disrupting their hosts' nutrient absorption,
causing weakness and disease. Those that live inside the digestive tract are called
intestinal parasites. They can live inside humans as well as other animals.
Helminthology is the study of parasitic worms and their effect on their hosts. The word
helminth comes from Greek hélmins, a kind of worm (Maizels and Yazdanbakhsh,
2003).
Helminths often find their way into a host through mosquito transmission, eating
infected food, drinking contaminated water, and walking on infected soil such as beach
sand. This is especially a problem in the developing world where food, water and sand
were usually unclean (contaminated), and many people simply do not own shoes. Many
walk miles barefoot only to collect contaminated water for their families, and as a result
contract diseases and helminths (Watkins and Pollitt, 1997).
Intestinal helminths are a type of intestinal parasite that reside in the human
gastrointestinal tract. They represent one of the most prevalent forms of parasitic
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disease. Scholars estimate that over a quarter of the world’s population is infected with
an intestinal worm of some sort, with roundworm, hookworm, and whipworm infecting
1.47 billion people, 1.05 billion people, and 1.30 billion people, respectively.
Furthermore, the World Bank estimates that 100 million people may experience
stunting or wasting as a result of infection (Montresor, 2002).
Because of their high mobility and lower standards of hygiene, school-age children
are particularly vulnerable to these parasites. Overall, it is estimated that 400 million,
170 million, and 300 million children are infected with roundworm, hookworm, and
whipworm. Children may also be particularly susceptible to the adverse effects of
helminth infections due to their incomplete physical development and their greater
immunological vulnerability (Levinger, 1992).

 Ascaris lumbricoides:
Ascariasis is among the most important tropical diseases in humans with more than
billion infected people world-wide. It is mostly seen in tropical and subtropical
countries because of warm and humid conditions that facilitate development and
survival of eggs. The majority of infections occur in Asia (up to 73%), followed by
Africa (~12%) and Latin America (~8%). Unlike the hookworm, whose larvae actively
penetrate skin, A. lumbricoides (as well as T. trichiura) is transmitted passively within
the eggs after being swallowed by the host as a result of faecal contamination. A.
lumbricoides is the largest human intestinal nematode, growing up to 35 cm in length
and 0.5 cm in diameter. Ascariasis is classified by severity of manifestations, which
usually correlates with parasite burden. Five types are recognized: type A is often
asymptomatic, type B causes permanent growth retardation in children, type C is
clinically overt and is characterized by intermittent abdominal pain, nausea, anorexia,
diarrhea, type D includes acute complications that often require hospitalization
(intestinal obstructions, biliary ascariasis, appendicitis, etc.), type E is most severe
frequently fatal disease. The occurrence of A.lumbricoides usually peaks in childhood
and early adolescence (CDC, 2009).

 Trichuris trichiura:
An estimated 1.049 billion persons harbour T. trichiura (Crompton, 1999), including
some 347 million school and pre-school-age children. School age children harbour the
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most intense infections with two of the most common species of worm, T. trichiura and
A. lumbricoides, making them most at risk from morbidity, while also being the major
contributors to transmission. Adult T. trichiura are small, females are about 50 mm in
length and males slightly smaller (Chan, 1997).
The anterior 2/3 of the body is slender and threaded into the mucosa of the caecum
and colon. The posterior end is thick, giving a “whip-like” shape to the worm; hence the
name whipworm. Female worms produce eggs which are excreted in faeces. They have
distinct features which identify them. Eggs measuring 50-55µm by 22-24µm have an
oval shape and “plug-like” prominences at each pole. The shell is usually dark brown in
color and smooth. It contains a single-cell ovum. The egg is smaller than that of A.
lumbricoides. Because female worms produce smaller numbers of eggs, they are often
present in faeces in smaller numbers than A. lumbricoides eggs (Bennetta et al., 2002).

 Hymenolepis nana:
Dwarf tapeworm (Hymenolepis nana, previously known as Vampirolepis nana,
Hymenolepis fraterna, and Taenia nana) is a cosmopolitan species though most
common in temperate zones, and is one of the most common cestodes of humans,
especially children (Gerald et al., 2009).
As its name implies (Greek: nanos – dwarf), it is a small species, seldom exceeding
40 mm long and 1 mm wide. The scolex bears a retractable rostellum armed with a
single circle of 20 to 30 hooks. The scolex also has four suckers, or a tetrad. The neck is
long and slender, and the segments are wider than long. Genital pores are unilateral, and
each mature segment contains three testes. After apolysis gravid segments disintegrate,
releasing eggs, which measure 30 µm to 47 µm in diameter. The oncosphere is covered
with a thin, hyaline, outer membrane and an inner, thick membrane with polar
thickenings that bear several filaments. The heavy embryophores that give taeniid eggs
their characteristic striated appearance are lacking in this and the other families of
tapeworms infecting humans (Chero et al., 2007).
Infection is acquired most commonly from eggs in the feces of another infected
individual, which are transferred in food and water, by contamination. Eggs hatch in the
duodenum, releasing oncospheres, which penetrate the mucosa and come to lie in lymph
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channels of the villi. Oncospheres develops into a cysticercoid which has a tail and a
well formed scolex. It is made of longitudinal fibers and is spade shaped with the rest of
the worm still inside the cyst. In five to six days cysticercoids emerge into the lumen of
the small intestine, where they attach and mature (Baron, 1996).

The dwarf tapeworm like all other tapeworms lacks a digestive system and feeds by
absorption on nutrients in the intestinal lumen. They have non-specific carbohydrate
requirements and it seems like they will absorb whatever is being passed through the
intestine at that time. When it becomes an adult, it will attach to the intestinal walls with
its suckers and toothed rostellum and have its segments reaching out into the intestinal
space to absorb food (Pearson and Guerrant, 1983).

 Strongyloides stercoralis:
This is an important nematode parasite of humans because of its ability to autoinfect
and disseminate throughout the organ systems of immunocompromized or
immunosuppressed individuals or others with malignancies, e.g. lymphoma. This
nematode parasite produces Rhabditoid larvae instead of eggs, which are found in
faeces. The larva measures 180-380µm in length by 14–20µm in diameter. It has a short
buccal capsule, a slender, pointed tail and a prominent genital primordium. The larva is
easily recognized, either stained with iodine or not. Strongyloidiasis is an infection with
S. stercoralis, a round worm occurring widely in tropical and subtropical areas. The
genus Strongyloides is classified in the order Rhabditida, and most members are soildwelling microbiverous nematodes. Fifty-two species of Strongyloides exist, but most
do not infect humans. S. stercoralis is the most common pathogen for humans. The
adult male worm is passed in the stool after fertilizing the female worm, it is not a tissue
parasite. The adult female worm is very small and almost transparent. It measures
approximately 2.2–2.5 mm in length with a diameter of 50 µm; it lives in tunnels
between the enterocytes in the human small bowel. S. stercoralis is different from all
other soil transmitted helminthic infections because the female worm can reproduce by
parthogenesis within the human host. Depending on the host immune response, this can
lead to autoinfection and hyperinfection (WGO, 2004).
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 Taenia Species:
Taenia species are the most common cestode parasites of humans. More than 60
million people are infected with T. saginata (‘beef’ tapeworm) worldwide and about 4
million are infected with T. solium (‘pork’ tapeworm). T. saginata has a cosmopolitan
distribution, but is more common in developing countries where hygiene is poor and the
inhabitants have a tendency of eating raw or insufficiently cooked meat. T saginata is
the most common adult tapeworm found in man. T. solium is virtually extinct in Europe
and the USA (Peters & Gilles, 1995).
The adults of both species live in the small intestine of man, the definitive host. The
gravid segments are very active and escape through the anus, releasing large numbers of
eggs in the perianal region or on the ground where they can survive for long periods.
When ingested by pigs or cattle, the eggs hatch, each releasing an oncosphere which
migrates through the intestinal wall and blood vessels to reach striated muscle within
which it encysts forming cysticerci. When inadequately cooked meat containing the
cysts is eaten by man, the oncospheres excyst, settle in the small intestine and develop
there into adult cestodes over the next 3 months or so. The segments of T. solium are
somewhat less active than those of the beef tapeworm but its eggs, if released in the
upper intestine, can invade the host (auto-infection), setting up the potentially dangerous
larval infection known as cysticercosis in muscle of any other site (Peters & Gilles,
1995).

 Enterobius vermicularis:
E. vermicularis (originally Oxyuris vermicularis) is a small parasitic nematode,
probably, most common helminth parasite in human. It causes enterobiasis, a condition
that can escalate from a nuisance of pruritus ani (itching of the anus) and disturbed sleep
to a serious disease that may require a major surgery: ectopic pinworm migrations
(when worms move or get caught in places where they are not supposed to live) can
lead to chronic or even acute appendicitis, genitourinary infections, abdominal pain,
abscesses in the rectum, etc. Adult worms can cover up to 15 cm in one hour.
E.vermicularis is considered to be a human-specific parasite, however, it also can occur
in primates and a fatal infection in heavily infested chimpanzee was documented.
Highest prevalence of the parasite is observed in children of 5-10 years old. Infected
children can suffer from deficiency of microelements in serum (Copper, Zink and
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Magnesium) and decreased immunity to other diseases. Cockroaches were documented
as potential carriers of human parasites including E. vermicularis. Pinworm is one of the
oldest human parasites known to man: faecal samples dated back 10,000 years were
collected on archeological sites in the American southwest. One article reports evidence
of pinworm infection from Roman-occupied Egypt (Kinfu and Erko, 2008).

2.5 The Situation of Parasitic Diseases in the Gaza Strip:
Intestinal parasites still constitute a public health problem in Gaza Strip especially
among children as reported by many studies carried out in the last two decades. Gaza
Governorates are considered as an endemic area for parasitic infection since population
size, density, socio-economic and environmental factors contribute to the development
and transmission on many intestinal parasites (Al Agha and Teodorescu, 2002). Most
data on the prevalence of intestinal parasites were obtained from school and pre-school
children in Gaza. Intestinal parasites such as, G. lamblia, E. histolytica/dispar, A.
lumbricoides, T. trichiura, E. vermicularis and S. stercoralis are detected in the Gaza
Strip (Al Zain and Al Hindi, 2005).
The situation of intestinal parasitic infection in Gaza Strip is still a problem, probably
due to defect in health status, poor sanitation, population crowdedness, bad hygienic
habits, and poor health education (Al Hindi and El Kichaoi, 2008). Several studies
carried out in Gaza Strip on the prevalence of parasitic diseases among school children
revealed a low, moderate and high prevalence of intestinal parasitic infections among
the following populations; Pre-school children from Al-Shatei refugee camp aged 6-12
years (48%); children from Gaza (27.6%); children aged 6-12 years old from Deir ElBalah (36.3%); children from Beit-lahia (72.9%) and children aged 6-12 years old from
three localities in Gaza Strip (28.9%) (Al Hindi, 2002; Al Zain and Al Hindi, 2005;
Kanoa et al., 2006; Al Wahaidi, 1997 and Yassin et al., 1999).
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 (UNRWA, 1993).
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In a study curried 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 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).
The study also showed that A. lumbricoides had the highest prevalence among
children (56%) followed by S. stercoralis (15.5%), where these two helminthes need a
period of maturation in the soil to complete their life cycle.

2.6 Parasites in the Environment:
Many eukaryotic parasites use the physical environment to transmit developmental
stages of their lifecycles, such as robust resting stages (ova, cysts and oocysts) and
active larval stages (cercariae and other infective larvae). Traditionally, detection of
transmissive stages in the environment has been performed by bright field microscopy
following a concentration procedure, such as flotation or sedimentation, borrowed from
the clinical diagnostic laboratory (Smith, 1998).
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. Individuals involved in environmental detection identify
three criteria which distinguish their tasks from those of the clinical diagnosis: firstly,
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the need to extract organisms efficiently from a variety of matrices including water,
sludge, soil and food; secondly, the need to detect small numbers of organisms
consistently and accurately, immaterial of environmental stress; and thirdly, the need to
determine the viability of the organisms isolated. While detection of transmissive stages
might appear uncomplicated, determining whether the contents of the transmissive stage
are dead or alive can be less straightforward and frequently poses a variety of problems.
For those individuals concerned with assessing the impact of environmental pollution
with respect to public and veterinary health, these issues are central (Bethony, et al.,
2006).
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.
Where no specific drug intervention is available (e.g. cryptosporidiosis), there is no
alternative to reduction of environmental oocyst loading and assessment of likely risk.
The ability to break the cycle of transmission of intestinal parasites has been one of the
most significant interventions in public health medicine with respect to reducing
infections. Embodied at its most practical level, this has been the role of the sanitary
engineer (Stephenson et al., 1980).
Currently, greater emphasis is placed upon both epidemiological and modeling
approaches to reduce the risk of infection. Both epidemiological and risk assessment
approaches to controlling infection are dependent upon an assessment of the occurrence
and survival of the transmissive stage(s) of the parasite in question. For example, for
many parasitic infections transmitted through the environment, exposure assessment is
perhaps the most difficult parameter to measure in risk assessment, being dependent not
only upon the detection of organisms in the environment, but also on an effective
understanding of their occurrence, transport, survival and fate through various matrices
until they are either eliminated or ingested by the human host (Knopp et al., 2008).
Contamination of

the environment with ova of A. lumbricoides, T. trichiura and

Ancylostoma duodenale (hookworms), cysts of G. lamblia and oocysts of C. parvum
remains a significant public health issue and a variety of methods, developed for various
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matrices, have been used to assess their occurrence and significance (O'Hanley & Pool,
1995).
The transmissive stages of the parasites concerned (Table 2.6) are excreted in faeces
or urine into the environment, which are then either ingested by, or actively penetrate
tissues of, a susceptible host. In the last 10 years, the outbreaks caused by the protozoan
parasites C. parvum and C. cayetanensis have had an immense impact on method
development and have encouraged researchers to combine classical and novel
approaches to isolation and detection in order to increase method sensitivity (Goodman
et al., 2007).

2.6.1 Significance of Environmental Routes of Parasites Transmission:

•

Parasites in Soil:

For many of the parasites which appear in Table 2.6, infection can be transmitted by
any route where material contaminated with infective organisms can be swallowed by a
susceptible host. Some transmissive stages require a period for external maturation
before they become infective in the environment, and in these instances contact with
recently voided faeces is not a risk. Soils are important routes for transmitting ova,
larvae, cysts and oocysts; with both person-to-person and zoonotic transmission have
been documented (Hotez et al., 2008).
Various life cycle stages of free living and plant parasitic nematodes also co-inhabit
these environments and have to be differentiated from animal parasitic forms, especially
hookworm larvae. Furthermore, the free living (heterogenic) life cycle stages of S.
stercoralis can also be found in warm moist soil and in sand filter beds of wastewater
treatment works, particularly in warm climates and have to be differentiated from the
plethora of nematodes present in biofilms in these environments. Human beings can be
infected from a variety of contaminated sources, with the water-borne and food-borne
routes currently generating greatest concern and public interest. Water-borne outbreaks
of protozoan parasites following contamination from sewage, waste-water effluent,
muck spreading, slurry spraying, etc., leading to the contamination of potable water and
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food pose significant problems for both the developed and developing countries of the
world (O'Hanley & Pool, 1995).
Soil-transmitted helminth infections inflict a significant burden on the world’s
poorest populations living in rural or deprived urban settings in developing countries
(WHO, 2006a). Pre-school as well as school-aged children and pregnant women are the
groups at highest risk of morbidity due to these infections. S. stercoralis is another
important human helminth species with disseminated infections being potentially fatal
(Vadlamudi et al., 2006). Significant progress has been made in the control of soil
transmitted helminthiasis by means of large-scale administration of anthelminthic drugs
targeting high-risk groups or entire populations. A number of initiatives to reduce
helminth-related morbidity are currently underway in different countries (Savioli et al.,
2004). Single-dose anthelminthic treatment, usually without prior diagnosis
administered to high-risk groups, is the strategy of choice. This approach has been
termed ‘preventive chemotherapy’ (WHO, 2006b). It is important to note, however, that
cure is often not complete and depends on the anthelminthic drug utilized (Keiser and
Utzinger, 2008).
•

Parasites in Water and Seawater:

Contaminated potable water from community water systems or the shoreline region
by sewage is especially important as it can deliver parasites to numerous consumers or
bathers, many of whom become infected. Water-borne transmission of the intestinal
protozoan parasites G. lamblia and C. parvum is well documented (Craun, 1990; Smith
and Rose, 1990 and Bouchier, 1998). Epidemiological evidence was consistent with a
water-borne source and implicated the municipal drinking water whose raw water
source was probably contaminated with oocysts from domestic animals (Bowie et al.,
1997).
Over 160 water-borne outbreaks of Giardiasis and Cryptosporidiosis, for example,
affecting more than 450000 individuals, have been reported and the search for both the
contributors and causes has driven method development (Smith et al., 1993a and
Jakubowski et al., 1996). Giardia and Cryptosporidium have become significant waterborne pathogens in the developed world for three reasons. Firstly, Giardiasis and
cryptosporidiosis are indigenous infections with a low infectious dose; secondly,
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densities of environmental contamination with infective cysts and oocysts are sufficient
to pollute the aquatic environment; and thirdly, oocysts are small enough to penetrate
water treatment processes and are insensitive to the disinfectants commonly used in
water treatment. In general low and variable densities of oocysts are detected in water
and therefore sensitive isolation and detection methods are required (Smith and Rose,
1998).

2.6.2 Potential for Contaminating the Environment with Parasites:
The potential for environmental contamination depends upon a variety of factors
including the number of infected hosts, the number of transmissive stages excreted,
human (and non-human, if zoonotic) activity, socio-economic and ethnic differences in
behavior, geographic distribution, sanitation, safety of drinking water sources and
supplies, safety of seawater and beaches, climate and hydrogeology of the area. Some
aspects of the biology of the intestinal parasites A. lumbricoides, T. trichiura, G.
lamblia and C. parvum can be used to demonstrate the potential for environmental
contamination. An adult fertile female A. lumbricoides can lay in excess of 200000 ova
daily and can contain more than 25 million eggs at any one time. Egg outputs of up to
5

3X10 /g/person have been reported (Feacham et al., 1983). A recent estimate for the
worldwide prevalence of ascariasis is 1273 million infections, 24% prevalence (Chan,
1997). Fertilized adult female T. trichiura have one tenth the egg output of A.
lumbricoides. The prevalence of human trichuriasis (based primarily upon egg-positive
cases) is 902 million worldwide,17% prevalence (Chan, 1997). Both fertilized and
unfertilized ova occur in the environment.
G. lamblia is one of the commonest intestinal protozoan parasites of humans. In
severe infections up to 1-4x1010 cysts can be excreted daily (Porter, 1916), although
excretion rates vary. Danciger & Lopez (1975) calculated that high cyst excretors
expelled up to 1x106 cysts/g faeces for several days whereas low cyst excretors expelled
between 0-1x105 and 1-08x105cysts/g faeces. C. parvum causes between 250 and 500
million infections annually in Asia, Africa and Latin America (Current & Garcia, 1991)
and can be life-threatening in immune-compromised hosts (e.g. individuals with the
Acquired Immune Deficiency Syndrome). Soave & Johnson (1988) reported a
prevalence of 0-6-20% in western countries and 4-20% in developing countries. C.
parvum oocysts are excreted in large numbers by both human and non-human hosts of
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up to 107/g of excreta during the acute phase of infection. Unlike the ova of A.
lumbricoides and T. trichiura which embryonate to infectivity in the environment, cysts
of G. lamblia and oocysts of C. parvum are infectious when excreted.

2.6.3 Dissemination of Parasites in the Environment:
Ova, cysts and oocysts are disseminated in the environment by a variety of means.
Human activity and differing lifestyles can influence the environmental matrices
contaminated. For example, defecation by infected individuals, especially children, in
backyards or compounds, leads to the contamination of soil, fingers, hands, implements,
etc. (Feacham et al., 1983). The use of untreated faeces as fertilizers, especially for
crops which receive minimal heating prior to consumption (Pawlowski, 1989) as well as
the use of untreated wastewater effluent for irrigation leads to contamination of soil,
food and water, as defecation by agricultural workers in or near to the fields in which
they work do. Defecating in or near flowing water is often seen as being more sanitary
than defecating into latrines where often no water supply is available for washing the
hands. Further impacts of human activity include muck spreading and slurry spraying
leading to the contamination of soil, herbage and water courses and surface
contamination of food following the use of contaminated treated water for irrigation,
fumigation and pesticide application, etc. (Shuval et al.,1984; Adams et al., 1999).
In a recent study by Al Shawa and Mwafy, 2007, in Gaza Strip, researchers found
that the parasites are common in vegetables that frequently are eaten raw, and the use of
tap water does little to remove them. Rocket was more likely to be contaminated with
intestinal parasites, followed by parsley. Dill, cucumber, red cabbage and purslane were
also found to be contaminated. Entamoeba histolytica, Giardia intestinalis and Ascaris
lumbricoides were the most common isolated parasites. Meanwhile, the least common
parasite in the study was Trichuris trichiura, The study also found that, the
contamination of vegetables may occur in a variety of ways, such as from contact with
the soil, and from contact pre- and post-harvest and in most cases, contamination is
associated with the water used for irrigation.
The ingestion of swimming pool water following either accidental defecation events
in swimming and paddling pools or cross-contamination of swimming pool water with
sewage effluent, as well as the deliberate faecal contamination of potable water have
also resulted in outbreaks (Ramsay and Marsh 1990; Joce et al., 1991; Sorvillo et al.,
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1992; Rose et al., 1997). Transmissive stages can be redistributed to other
uncontaminated sites associated with human activities by transport hosts such as
coprophagous animals (e.g. pigs, dogs, chicken, seagulls and flies (Sterling et al., 1987;
Smith et al., 1993b and Gilles, 1996). Furthermore, parasites with both human and nonhuman reservoir hosts (e.g. C. parvum) can augment environmental contamination
following infection of coprophagous hosts. Thus, the sources of contamination can be
point sources, such as infected hosts, waste water effluents or non-point sources, such as
muck spreading, slurry spraying and run-off from contaminated land. Rapid climate
changes due to global warming, including temperature fluctuations, rainfall and changes
in water table levels are also likely to influence the distribution of parasites in the
environment.
A. lumbricoides and T. trichiura ova can occur commonly in the environment.
Ascaris ova are found in faeces (3x105/g) and Trichuris (3x104/g), night soil (>106
ova/l), sludge (20-1x104/g), soil, on crops and on beaches (Feacham et al., 1983; Smith
et al., 1999). Ascaris and Trichuris ova can also be found in surface water, ground
water, sea water but not in filtered drinking water. Giardia cysts and Cryptosporidium
oocysts have also been detected in many of these environments but their smaller size
allows them to penetrate water treatment systems and cause epidemic outbreaks of
waterborne disease following the consumption of treated drinking water (Badenoch,
1990). Water is not regarded as a major route of transmission for Ascaris although
Ascaris ova can be found in the air and in dust and can be transferred to uncovered
water sources. Ascaris ova are sticky and can adhere to items such as utensils, furniture,
fruit, vegetables, money, door handles and fingers (Kagei, 1983).

2.6.4 Survival of the Parasites in the Environment:
Helminth ova are well suited to prolonged survival in the environment, with Ascaris
ova being amongst the most resistant of intestinal pathogens. Infective Ascaris ova can
remain viable for several years, while those of Trichuris can remain viable for 18
months. In temperate climates, Ascaris ova can remain viable for 7 years in moist loose
soils with moderate shade, and longer when buried in clay soils. Ascaris ova are
resistant to cold, desiccation and chemical agents such as strong salt solutions but
exposure for short periods of time (h) to temperatures above 37 °C will kill developing
embryos (Feacham et al., 1983). E. granulosus ova are also very robust, surviving
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storage at 2 °C for 2-5 years, storage at -26 °C for 54 days and drying (Muller, 1975).
Vegetable washing programmes, such as immersion in water (60 °C, 10 min) or iodine
solution (100- mg/l, 10 min) inactivate Ascaris ova (Feacham et al., 1983).
Oocysts survive less well in the environment than ova, but C. parvum oocysts
survive longer than G. lamblia cysts. C. parvum oocysts can survive for more than 12
months in water at 4 °C (Smith, 1992) and Giardia cysts for up to 3 months in cold raw
water sources (Deregnier et al., 1989); air drying (18-20 °C) for 4 h kills both oocysts
and cysts. A proportion of C. parvum oocysts can survive at -20 °C for 12 h (Robertson
et al., 1992). C. parvum oocysts are resistant to the concentrations of chlorine
disinfection used in water treatment and only partly susceptible to chlorine dioxide and
ozone disinfection (Korich et al., 1990). G. lamblia cysts are less resistant to these
disinfectants than C. parvum oocysts. Exposure to ammonia (e.g. in urine) can kill
oocysts. Unsporulated oocysts of Toxoplasma gondii are more sensitive than sporulated
oocysts to adverse environmental conditions (Jackson and Hutchison, 1989).

2.7 Detection of the Parasites in the Environment:
Methods for 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 less
cumbersome than the Baermannization technique (Hamburger et al., 1999).

2.7.1 Detection of Protozoan in the Environment:
In the last 30 years, the driving force behind method development has been the
waterborne outbreaks of giardiasis and, more recently, cryptosporidiosis. This focus on
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.
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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; Monge and
Chinchilla, 1996; Ortega et al., 1997; Girdwood and Smith, 1999).
Similarly, with the exception of faeces, methods for detecting cysts contamination of
terrestrial environments are also modifications or variants of those which apply to
water, the focus of the modifications directed at addressing the removal of
contaminating particulates in order to concentrate the target organisms. Here the
intention is to suspend the target organisms and to extract them into the liquid phase
(Mawdsley et al., 1996). Although little work has been performed on recovering cysts
from soil, Walker et al., (1998) recovered an average of 43-57% of C. parvum oocysts
seeded into soils.

2.7.2 Ova in Wastewater and Seawater:
A variety of methods based upon sedimentation, centrifugal flotation or centrifugal
sedimentation have been used to recover helminth parasites from raw and treated
wastewater samples and the polluted seawater by sewage (Bouhoum and Schwartzbrod,
1989 and Ayers and Mara, 1996). The modified Balinger method, based on centrifugal
sedimentation (Allen and Ridley, 1970) and ZnSO4 flotation, reliably recovers Ascaris,
Trichuris and hookworm ova (Ayers and Mara, 1996). While effective for recovering
geohelminth ova, the method is not suitable for many operculate or large ova (e.g.
Clonorchis sinensis, Paragonimus westermani, P. pulmonalis, Fasciola hepatica,
Fasciolopsis buski, Diphyllobothrium latum, Schistosoma spp.) (Balinger, 1979).
The lack of a standardized method limits the extent to which accurate comparisons
of data can be made. Little information is available in the literature on the sensitivity,
efficiency and reproducibility of the methods used for the recovery of helminth ova.
Many investigators claim complete removal of helminth ova in final effluents, yet the
possibility remains that the density of ova present was below the minimum detection
limit of the method used. Ascaris and Trichuris ova are frequent contaminants of
wastewater. To promote standardization, WHO produced a laboratory manual for the
isolation and identification of helminth ova in treated wastewater and the polluted
seawater by sewage. Although the recovery efficiency of this method is not known, it
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does compare favorably with many methods currently used to detect helminth ova in
wastewater effluents and the polluted seawater by sewage (Ayres et al., 1996).
The current WHO guidelines for the microbiological quality of treated wastewaters
used for crop irrigation, identify a standard of an arithmetic mean of ≤ 1 intestinal
nematode egg/l, the species identified being A. lumbricoides, T. trichiura, A. duodenale
and N. americanus (Anonymous, 1989). However, Grimason et al., (1996) suggest that
the removal of nematode ova may not be a reliable indicator of the removal of Giardia
cysts in waste stabilization pond systems. Effluents which comply with the nematode
standard can still discharge oocysts into water used for crop irrigation and can be a
potential hazard to public health. Comparative studies of various methods, to evaluate
performance and practicability, recovery efficiencies for intestinal parasites and the
effect of the method upon the viability of the target organism are required to overcome
these anomalies (Smith et al., 1999).

2.7.3 Ova in soil:
Flotation, sedimentation and centrifugal flotation/sedimentation techniques are those
most frequently used. The objective of concentration by flotation and/or sedimentation
is to separate any ova present from the bulk of the material in the specimen.
Inconsistency of recovery has been widely reported, with matrix effects and treatment
of large particulates exerting major influences. Up to 50% of Ascaris ova may be
recovered from seeded sandy soil, but only 10% from clay soil. Mechanical blending, to
process soil into fine particles, followed by flotation provided higher recoveries of
Toxocara ova than sieving followed by flotation (Ito and Natsume, 1964).
Ova are identified by bright field microscopy using the standard criteria of
morphometry and morphology, although it must be remembered that both
unembryonated and embryonated ova that are either recently voided or environmentally
aged can occur in a sample. Furthermore, occluding debris can interfere with organism
identification. Classical methods are effective where high densities of ova are present in
the matrix tested (e.g. in matrices from indigenous areas of infection or sites of
contamination), but are less effective for low densities of organisms, underestimating
environmental contamination. The efficiency of these methods is dependent on the
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matrix tested, the flotation/sedimentation fluid used, the specific gravity (sp. gr.) of the
ova sought relative to the reagents used and their robustness (Dada, 1979).

- Floatation:
The sp. gr. of many helminth ova lies between 1-05 and 1-18 (e.g. A. lumbricoides,
1-13; T. trichiura, 1-15) and they can be concentrated by flotation, whereby particles
less dense than the flotation medium float to the surface and are skimmed out of the
surface film. The choice of flotation fluid is important as it must not produce shrinkage
sufficient to render ova unrecognizable. Originally brine, which has a sp. gr. between 112 and 1-20 (depending on the impurity of the salt used) was employed, and ova of the
common intestinal helminths, such as Ascaris, Trichuris and the hookworms, are not
damaged by this fluid. The large operculated ova of Diphyllobothrium, Fasciola,
Fasciolopsis and Paragonimus open up and Schistosoma ova, hookworm and
Strongyloides larvae become badly shriveled in this flotation fluid. Additionally, ova of
Clonorchis, Opisthorchis and Heterophyid species, which have a sp. gr. greater than 12, do not float in brine. The optimal time to examine specimens obtained from brine
flotation is between 5 and 20 min after flotation. Brine plasmolyses protozoan cysts, and
here sucrose solutions have been advocated. Both sucrose and salt solutions can be used
to concentrate coccidian oocysts. ZnSO4 and MgSO4 can be used as substitutes for brine
(Ito and Natsume, 1964).

- Sedimentation:
Sedimentation is used to concentrate helminth ova and larvae, either alone or in
combination with other techniques. Calculation of settling rates by Stokes' law indicates
that A. lumbricoides ova settle at 20 mm/min, T. trichiura ova at 16 mm/min and
hookworm ova at 6 mm/min in water. Ova of Schistosoma spp., Clonorchis,
Opisthorchis and Heterophyid flukes are denser and settle more rapidly (Ayers and
Mara, 1996).

- Centrifugal flotation:
Centrifugal flotation combines the principles of centrifugation and flotation. Large
particulates in an aqueous slurry are removed by pre-filtration through a sieve and
suspended particles are removed by decanting the supernatant following centrifugation
(WHO, 1964 and1969). Parasites present in the pellet are re-suspended in flotation
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medium (e.g. ZnSO4, sp. gr. 1-20; sp. gr. of saturated ZnSO4 ≤ 1-45) and centrifuged.
During centrifugation, objects denser than the flotation medium are pelleted while less
dense objects rise to the meniscus which is then sampled for the presence of ova.
Organisms which rise to the surface begin to sink after about one hour, therefore the
sample should be removed promptly from the meniscus (Smith, 1998).
This method provides a sample with a high concentration of parasites and which is
relatively free of contaminating particulate material. Most parasites, except for
operculate ova and those heavier than the floating medium, can be recovered efficiently
in a viable condition. A sp. gr. of 1-20 is recommended for formalized specimens.
Centrifugal flotation has been used to recover a variety of helminth ova and many
modifications of the Clayton-Lane technique (Anonymous, 1971) have been proposed.
For example, Quinn et al., (1980) found MgSO4% (sp. gr. 1-275) more efficient than
saturated ZnSO4% (sp. gr. 1-27) and saturated NaCl (sp. gr. 1-205), recovering up to
82-5% of Toxocara canis and Toxascaris leonina ova seeded into 25 g samples of soil.
A modification of the centrifugal flotation method (Dada, 1979) was used to quantify
contamination of soil with A. lumbricoides and T. trichiura ova (Wong & Bundy, 1990).
- Centrifugal sedimentation:
Combining pre-filtering to remove larger particulates and centrifugation can produce
a concentrate which is enriched for ova but the remaining particulates can obscure ova
in the film examined. Centrifugal sedimentation is useful for sewage sludge; fats present
are removed by diethyl ether or ethyl acetate extraction prior to centrifugation. Many
modifications of this procedure exist, and the method of Allen and Ridley (1970) can
achieve a concentration of 15-50 fold, dependent upon the parasite sought, and provides
a good concentrate of helminth eggs and most protozoan oocysts which is diagnostically
satisfactory.

2.8 Laboratory Diagnosis of Parasites:
Immunofluorescence microscopy. Currently, the only method acceptable for
determining the presence of water-borne oocysts is microscopy and is dependent upon
morphometry (the accurate measurement of size) and morphology (Badenoch, 1990). A
calibrated ocular micrometer, a measuring device, for the microscope is an essential tool
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for the microscopist. It provides a mean of accurately measuring objects such as eggs,
larvae or protozoan cysts (WHO, 1997).
If an egg is found, the following features as described below should be carefully
observed in order to make a specific identification:

1. Size: The length and width are measured and are generally within a specific range.
2. Shape: Each species has its own particular shape.
3. Stage of development when passed: In some species, the eggs consist of a single cell;
in some, there may be several cells; and some species are usually embryonated (i.e.,
they contain a larva) when passed in the faeces.
Occasionally, if the specimens are several hours or 1 – 2 days old, eggs may develop
to more advanced stages. Ascaris eggs usually have only 1 cell when passed in the
faeces; however, the single cell may divide and, in old specimens, eggs with 2 or 4 cells
may be seen.
4. Thickness of the egg shell: Some species, like Ascaris, have thick shells; others, like
hookworm, have thin shells.
5. Colour: Some eggs are colorless (e.g., hookworm, Enterobius), others are yellow or
brown (Ascaris, Trichuris).
6.

Presence of characteristic like opercula (lids), spines, plugs, hooklets, or
mamillated outer coats.

Trophozoites and cysts of the intestinal amoebae, flagellates and ciliates can be found
and identified best in permanently stained specimen smears.
In direct smears of polluted specimen of seawater or sand sample, motile trophozoites
may be found. A motile amoebic trophozoite is immediately identifiable as E.
histolytica. Motile amoebic trophozoites that do not contain ingested erythrocytes are
more difficult to classify and are best diagnosed in permanently stained smears as all
cysts are observed. Although experienced technologists can often identify species
accurately in wet mount sample preparations, permanently stained smears are superior
to saline- or iodine-stained wet mounts (WHO, 1997).
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Oocysts of the intestinal coccidians can be identified in wet mount sample
preparations, principally on the basis of size or shape. They typically do not stain well
with trichrome or iron haematoxylin. The use of Acid-fast staining of sample smears is
superior for demonstrating these oocysts. The extremely small size of microsporidian
spores makes their identification difficult under any circumstances. Modification of the
trichrome stain by increasing the amount of the stain components and increasing the
time for staining aids in demonstrating the spores in samples. Flotation and
sedimentation faecal concentration procedures are not useful for demonstrating
trophozoite stages of the intestinal protozoa but can be highly efficient for
demonstrating cyst stages. Detailed instructions for performing the direct smear,
formalin ether/ ethyl acetate/ gasoline concentration technique, permanent stains for
smears are described in the next sections (Anonymous, 1994).

2.8.1 Direct Smear Technique (Wet Mount):
This technique is used to detect motile parasite stages such as protozoan trophozoites
and helminth larvae frequently passed in the semi-formed and loose to fluid feces of
animals. The larvae of Strongyloides stercoralis are usually associated with diarrhea in
young puppies and have zoonotic potential. The trophozoite stages of Giardia and
several Trichomonad species can be found in the loose stools of many different host
species. Flotation concentration procedures have the potential to distort the delicate
structures of these organisms and obliterate their diagnostic attributes so that accurate
identification is impossible. Trophozoites and larvae may be immobilized by dropwise
application of dilute Lugol’s iodine solution (10.5%) to facilitate microscopic
examination of their diagnostic morphology (WHO, 1994). (Appendix, 1)

2.8.2 Permanent Stains for Sample Smears:
Staining is an auxiliary technique used in microscopy to enhance contrast in the
microscopic image. Stains and dyes are frequently used in biology and medicine to
highlight structures in biological tissues for viewing, often with the aid of
different microscopes. Stains may be used to define and examine bulk tissues
(highlighting, for example, muscle fibers or connective tissue), cell populations
(classifying different blood cells, for instance), or organelles within individual cells
(Penney et al., 2002).
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Several techniques using stains and dyes were applied in order to identify a number
of different types of parasites such as Trichrome stain, Iron haematoxylin stain,
Modified Ziehl-Neelsen technique (Acid-fast stain). (Appendix, 2 and 11). The usual
diagnostic stages for identifying medically important helminths are the eggs and larvae
as mentioned previously. Occasionally, adult worms like Ascaris and Enterobius may
be seen and segments or proglottids are used for diagnosing certain tapeworms (Arcari
et al., 2000).
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CHAPTER THREE
METHODOLOGY
3.1 Collection and Reviewing of Related Literatures:
The following related items were collected from the literature and comprehensively
reviewed before selecting the appropriate methods and procedures that have been used
to achieve the objectives of this study:

•

Wastewater (background, definitions, composition, management, treatment and
the situation in the Gaza Strip).

•

Impacts of sewage effluents and marine pollution.

•

Protozoa and parasitic worms (helminths).

•

Parasites prevalence in the Gaza Strip.

•

Detection of parasites in the environment (seawater and soil).

•

Laboratory diagnosis of the parasites.

3.2 Study Design:
This study is an observational study design, where it does not involve intervention in
the different natural variables (experimentally); researcher observes without
intervention other than to record, count, and analyze results. The observational design
for this research has been chosen because it is simple and appropriate for this kind of
public health studies.

3.3 Study Location:
The study area (about 12km of Gaza City shoreline) was divided into six sampling
zones in order to facilitate the sampling process as it is shown in table 3.1. The study
area was divided into these zones (figure 3.1) according to the following reasons:
•

Location from sewage discharge points (outlets)

•

Touristic and/or recreational features.

•

Distance between zones.
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Table 3.1: Zones of Sampling and Related Information
Zone
Symbol

Zone
Boundaries

Zone
length

A

From Wadi Gaza to AlZahra City

1800
m

B

Al-Zahra City to AlBaydar restaurant
From Al-Byder
restaurant to Khalel
Alwazer mosque
From Khalel Alwazer
mosque to the southern
part of the Gaza marina
The basin of the Gaza
marina
From the northern part
of the Gaza marina to
the Intelligence
Building
Study area

2000
m

C
D
E
F
Total

Total number of
samples

Number of samples
Sea
Wet Dry
water Sand Sand

(36 Samples)*
-First 5 samples every 50m.
-Second 5 samples every
250m.

12

12

12

(15 samples)
-Every 500m

5

5

5

1800
m

(18 samples)
- Sample every 300m.

6

6

6

2500
m

(36 samples)
- Sample every 200m.

12

12

12

450m

(12 samples)
-Every 100m.

4

4

4

2800
m

(39 samples)
- Sample every 200

13

13

13

52

52

52

12km

156 samples

* Six samples of the 36 samples (two from seawater, two from dry sand and two from wet sand) were
collected from the southern part (300 m to the south) of Wadi Gaza.

The following map in figure 3.1 clearly shows the selected zones on Gaza City
seashore.

Figure 3.1: Study Area and the Zones of Sampling from A to F (Google/NOAA and NGA,
2011)
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3.4 Study Duration:
This study was carried out over an 12-month period starting from March, 2011 to
March, 2012. Sampling processes were conducted throughout the summer season
months (from June to October / 2011).

3.5 Sample Size:
A total of 156 samples were collected within several sampling rounds from the
different zones (A to F). The samples included 52 from each of the seawater, the wet
sand and the dry sand as shown in table 3.1 and figure 3.1.

3.6 Samples Collection:
Samples were collected from the above mentioned six zones. From each one of these
six collection zones, a number of collection sites were defined regularly. Three samples
of seawater, dry sand and wet sand were collected from systematic and calculated
distances in each zone (table 3.1). These zones as a whole represent the entire shoreline
region of the Gaza City.
3.6.1 Seawater Sampling Procedure:
•

Using horse cart, seawater samples were collected in sterile 4L (4000 ml) plastic
bottles according to the APHA, 1995 standard methods.

• About 10 meters away from the contact line between the ground and the seawater,
the samples of seawater were carried out by using a suitable pail (5L), after the
immersion of the pail under the seawater surface about 50cm as depth, the sample
of seawater was taken out of water to fill the sterile bottle easily, quietly and
efficiently (Zanoli Sato et al., 2005).

• 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).

3.6.2 Sand Sampling Procedure:
•

About 500g of sand were collected from each one of the previously delimited
areas (table 3.1) of 2m², being composed of five cores of 100g taken from each
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corner of the sampling site and another one from the central part of the area within
the superficial layer of the ground at an approximate depth of 5-10cm (Colli et al.,
2010).
•

The samples were stored in suitable plastic bags, and directly labeled and signed
with special water-resistant pen.

•

Dry sand samples were collected in non flooded areas (above high tide line) in the
area of out of reach of seawater, and wet sand sample was taken in an
intermediate area between the dry sand area and the seawater (Swash zone or
Intermediate zone) where very close to the seashore and the seawater usually
reach and moisten the sand in these sites, and where bathers could be found most
of the time.

3.7. Sample Preparation and Analysis:
There is a number of globally applied and scientifically approved methods and
techniques for preparing and analyzing seawater and sand samples for parasitic
identification and detection. As illustrated in chapter 2 (literature review), the
researcher, and throughout the current study has tried more than one method as a pilot
study to choose the most feasible and suitable one as it will be explained in section 3.8
later. Eventually, the researcher applied the methods which are illustrated in the coming
sections.
3.7.1 Seawater Analysis:
In order to analyze seawater samples and to identify the parasitic pollution, three
techniques were applied:
A. Direct Seawater Smear Microscopy (Wet Mount):
In this technique, 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):
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•

With a water-resistant marker, the code of each sample was written at the end of
the slide (Ca. 76x26 mm/3x1 inch slides, Knittel, Glaser, Germany).

•

Using dropper, one drop of seawater sample was placed in the center of the slide.

•

The drop was covered with a coverslip by holding the coverslip at an angle (45º),
touching the edge of the drop, and gently lowering the coverslip onto the slide so
that air bubbles are not produced.

•

The slides were examined with 10X objective or, when needed for more
identification, higher power objectives of the microscope (OLYMPUS, CH-2,
Model CHS/Japan-Leice Galen III, CAT. No.317506) have been applied in a
systematic manner (either up and down or laterally) so that the entire coverslip
area was observed. When organisms or suspicious objects were seen, switching to
higher magnification is necessary to see more detailed morphology of the object
in question.

B. Seawater Concentration Technique:
This technique was applied through the following steps:

•

Using a sample of 4 L of seawater and membrane filters of 7 to 10µm pores
(Grade 595 ½: 4-7 µm, diam. 90mm Filter Paper LDRICH, Whatman) 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 (ARES, Tipo SM 02-N, 1.3 A, Italy)
(APAH, 1995).

•

The sample was filtered but without drying the filter by discontinuing the suction
(APAH, 1995).

•

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).

•

The produced solution after washing was transferred directly to the centrifugation
process.

•

The sample was centrifuged (2000 rpm) for 10 min using centrifuge tube 15 ml
and a centrifuge apparatus (Hettich Zentrifugen, Universal 32 18000 r/m, D78532 Tuttlingen). Then the solution was concentrated and converted to sediment
(WHO, 1994).
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•

The supernatant was discarded and the sediment was collected.

•

One drop of the sediment was placed in the center of the slide.

•

The drop was covered with a cover slip by holding the cover slip at an angle,
touching the edge of the drop, and gently lowering the coverslip onto the slide so
that air bubbles are not produced.

•

The slide was examined as it has been illustrated recently.

•

The sediment stored in a labeled suitable tube which is called Opened rove (with
sharp bottom and snap cap) for staining and photography.

C. Staining Technique:
A number of dyes and stains are used in parasitic analyses and documented globally
(Appendix, 2 and 11). In the current study, it was very difficult to apply all of those
techniques. The researcher has chosen Modified Ziehl-Neelsen/Acid-Fast Stain as
shown below:
•

Ziehl-Neelsen/Acid-Fast Stain (WHO, 1994)

Used: For detection of C. parvum, C. cayetanensis, and other coccidian infections.
Reagents: Carbol-fuchsin, formalin, HCl-ethanol solution, glycerol malachite green (or
methylene blue) solution, HCl-methanol solution.

Staining procedure:
•

Prepare a thin smear of the sediment.

•

Air-dry and 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.

•

Blot or drain dry.

•

The slide was examined as it has been illustrated recently.

•

Finally, and by adding Immersion Oil (a technique used to increase
the resolution of a microscope). This is achieved by immersing both the objective
lens and the specimen in a transparent oil of high refractive index, thereby
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increasing the numerical aperture of the objective lens, which enable the examiner
to use 100X objective lens (highest magnification).
The significant slides stored and preserved by using Balsam Canada (Balsam

•

Canada, Natural, HIMEDIA, HiMedia Laboratories Limited, Mumbai-400086,
India) as a gluing substance.

3.7.2 Sand Analysis (Water-Sedimentation Technique):
In the water-sedimentation technique, 35g (using the balance: Adventurer, DHAUS,
and Item No. AR1530) of sand was diluted (washing gently for 15 sec) in 150 ml of
distilled water, filtered through a sieve (Meshes: O.S.K. 16999 Standard Sieve, meshes
200=0.075mm= 75µm) and allowed to settle for between six and eight hours in a
suitable 250 ml measuring cylinder (Duran 250:2 EM, HIRSCHMANN®, TECH
COMOR, Germany) (Colli et al., 2010).
Two ml of the surface of the cylinder (floated parasites in the upper part of the
aqueous solution) were taken and discarding the rest of the supernatant, about eight ml
of the stagnant sediment were collected, and the two amounts were centrifuged together
to concentrate the sample by 1500 rpm for about 10 min (Hettich Zentrifugen, Universal
32 18000 r/m, D-78532 Tuttlingen) and a concentrated sediment was collected (Colli et
al., 2010).
The sand analysis process was completed by applying the following steps:
•

One drop of the sediment was placed in the center of the slide.

•

The drop was covered with a cover slip by holding the coverslip at an angle,
touching the edge of the drop, and gently lowering the coverslip onto the slide so
that air bubbles are not produced.

•

The slide was examined with 10X objective or, when needed for more
identification, higher power objectives of the microscope (OLYMPUS, CH-2,
Model CHS/Japan- Leice Galen III, CAT. No.317506) have been applied in a
systematic manner (either up and down or laterally) so that the entire coverslip
area was surveyed. When organisms or suspicious objects were seen, switching
to higher magnification was necessary to see more detailed morphology of the
object in question.
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•

The sediment stored in a labeled suitable tube which is called Opened rove (with
sharp bottom and snap cap) for further analyses and other processes.

3.8. Pilot Studies:
Two pilot studies were carried out prior to the whole practical part of this study as
shown below:
-

The first 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 dry sand, three
samples of wet sand and three samples of seawater were collected randomly from
the shoreline of the Gaza 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.

-

The second pilot study was conducted in order to choose the appropriate and the
most suitable method regarding sand analysis. Two procedures were experimented,
the first one was the centrifugal-flotation technique, and the second was the watersedimentation technique which are illustrated bellow:

• Centrifugal-flotation technique: Briefly, two 30g sub-samples from each 250g
collected sample were mixed with water and Tween 20 (Appendix, 10), and then
centrifuged at 1500 rpm. Sediment was collected, washed, suspended in 14ml of
sodium nitrate flotation solution (specific gravity 1.25-1.30), and centrifuged at
1500rpm. A cover slip was then added to the centrifugation tube, allowed to
settle for 15min, and then removed for microscopic examination (Chorazy and
Richardson, 2005 and Kazacos, 1982).

• Water-sedimentation technique:
In this study, the researcher has adopted the water-sedimentation technique in
order to analyze the sand samples, which was described recently in section 3.7.2.
Other seawater and sand analysis techniques were illustrated in details within
chapter 2 section 2.7.
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3.9 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:
•

Data collection.

•

Data entry.

•

Data cleaning.

•

Constructing tables for all of the study variables.

•

Forming cross tabulations for certain study variables.

In reporting the results of the study population distribution, descriptive statistics in
term of frequencies, means, percentage, standard deviation, independent sample T.test,
ANOVA and Correlation Pearson were measured for the different variables. Further to
this, tables and bar and pie-plot charts were used to present the data in an organized way
and easier for readers to understand.

3.10 Documentation and Photography:
All of the practical part of the current study were documented and recorded
continuously throughout the work period, and all of the practical stages and stations,
shoreline zones and significant features and most of the microscopic results were
documented and photographed using a high quality camera (BenQ, 14.0 MEGA
PIXELS, DC EI 430).
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CHAPTER FOUR
RESULTS
This chapter is divided into four major sections. The first is dealing with results from
seawater, the second with results from sand (dry and wet), the third section is dedicated
for the comparison between them and the effect of carrying currents upon the
distribution of parasites, and the fourth section is a collection of all important images of
detected human parasites, unknown animal nematodes and artifacts were detected
throughout the processes of examination.

4.1 Seawater Analysis:
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
No.

Code

Direct Smear

Concentration Technique

Staining Technique

1
2

A-1٭
A-2٭

N
N

N
N

3

A1

- Strongyloides
stercoralis larva

N
N
- Ascaris lumbricoides egg
-Hymenolepis nana egg
-Entamoeba histolytica trophozoite

4

A2

- Strongyloides
stercoralis larva

5

A3

N

A4

N

A5

N

N

8

A6

N

N

9
10

A7
A8

N
N

N
N

11

A9

N

N

12

A10

N

N

B1

N

N

6
7

13

Zone

A

B

- Ascaris lumbricoides egg
- Ascaris lumbricoides egg
- Strongyloides stercoralis larva
- Ascaris lumbricoides egg
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Cryptosporidium
parvum oocysts
Cryptosporidium
parvum oocysts
Cryptosporidium
parvum oocysts
N
Cryptosporidium
parvum oocysts
Cryptosporidium
parvum oocysts
N
N
Cryptosporidium
parvum oocysts
Cryptosporidium
parvum oocysts
Cryptosporidium
parvum oocysts

14

B2

N

- Giardia lamblia cyst

15

B3

N

- Ascaris lumbricoides egg

16

B4

- Strongyloides
stercoralis larva

- Ascaris lumbricoides egg

17

B5

N

-Entamoeba histolytica/dispar cyst

18

C1

N

- Ascaris lumbricoides egg

19
20
21

C2
C3
C4

N
N
N

N
N
N

22

C5

N

N

23

C6

N

N

24

D1

N

N

25

D2

N

N

26

D3

N

N

27

D4

N

N

28

D5

29
30
31

D6
D7
D8

C

D

- Strongyloides
stercoralis larva
N
N
N
- Strongyloides
stercoralis larva

N

N

N
- Strongyloides stercoralis larva
N

D9

33

D10

N

34

D11

N

- Strongyloides stercoralis larva

35

D12

- Strongyloides
stercoralis larva

- Ascaris lumbricoides
- Strongyloides stercoralis larva

36
37

E1
E2

N
N

N
N

E3

N

N

E4

N

N

E

39
40 to 52
٭
ABCDEFN-

N

Cryptosporidium
parvum oocysts
Cryptosporidium
parvum oocysts
Cryptosporidium
parvum oocysts
N
N
Cryptosporidium
parvum oocysts
N

N

Samples from the southern side of Wadi Gaza
From Wadi Gaza to Al-Zahra City.
From Al-Zahra City to Al-Baydar restaurant.
From Al-Baydar restaurant to Khalel Alwazer mosque.
From Khalel Alwazer mosque to the southern part of the Gaza marina.
The basin of the Gaza marina.
From the northern part of the Gaza marina to the Intelligence Building.
Negative.
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N
N
N
N

N

F

Cryptosporidium
parvum oocysts
N
N
N
Cryptosporidium
parvum oocysts
Cryptosporidium
parvum oocysts
N
Cryptosporidium
parvum oocysts
N
Cryptosporidium
parvum oocysts

32

38

Cryptosporidium
parvum oocysts
Cryptosporidium
parvum oocysts
Cryptosporidium
parvum oocysts
Cryptosporidium
parvum oocysts

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 (image 4.1)
A. lumbricoides (image 4.3, 4.4)
G. lamblia (image 4.6)
S. stercoralis (image 4.9, 4.10, 4.14)
H. nana (image 4.11)
C. parvum (image 4.13)

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

4.1.1 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 4.2. (Appendix, 3).
Table 4.2: Percentage of Contaminated Samples Using Direct Smear Technique

No.
Contaminated
samples

(%)

Single contamination

6

Mixed contamination

-

Total contaminated samples

6

11.5

46

88.5

52

100.0

Uncontaminated
Total samples

According to table 4.2, it is clear that only 11.5% of the samples were contaminated
with parasites, all samples were contaminated by single species of parasites.
Strongyloides stercoralis (larva, adult female and male) is the only type of parasites
detected in the seawater samples by using the direct smear technique as an analyzing
method.
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4.1.2 Concentration Technique:
Using the concentration technique in analyzing seawater samples, the percentage of
contamination throughout the entire study area is shown in table 4.3.
Table 4.3: Percentage of Contamination Using the Concentration Technique

No.

(%)

Single

9

Mixed

3

Total contaminated samples

12

23.1

40

76.9

52

100.0

Contaminated
samples
Uncontaminated
Total samples

According to table 4.3, the percentage of contaminated samples of seawater using the
concentration technique is 23.1%, while 76.9 of the samples were uncontaminated. The
table show that the seawater samples which was contaminated by single type (one
species) of parasites were 9 samples, and 3 samples of seawater were contaminated by
more than one species of parasites (mixed).
The species and percentages of the parasites detected in the entire study area using
the concentration technique are shown in figure 4.1 (Appendix,4).

Figure 4.1: Detected Parasite Species and Percentages in Seawater Using Concentration
Technique.
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The above figure (4.1) shows that seawater samples and using concentration
technique were contaminated with five species of human gastrointestinal parasites
distributed as follow: 50% A. lumbricoides, 25% S. stercoralis, 12.5% E.
histolytica/dispar, and 6.25% for both G. lamblia and H. nana.

4.1.3 Staining Technique:
The results of seawater analysis using the staining technique are shown in table 4.4. It
is clear that 59.6 % of the stained seawater samples were uncontaminated, while 40.4%
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 Using the Staining Technique

No.

(%)

Single

21

Mixed

-

Total contaminated samples

21

40.4

31

59.6

52

100.0

Contaminated
samples
Uncontaminated
Total samples

4.1.4 Parasites Distribution According to the Research Area Zones (A, B, C,
D, E and F):
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 4.5. It was found that 43.8 % of the parasites in zone (A) was C. parvum, while
25% was A. lumbricoides, 18.8% S. stercoralis, 6.2% E. histolytica/dispar and 6.2% H.
nana; and G. lamblia was not detected.
The distribution of the intestinal parasites in the other different zones is as follow:
•

Zone (B), 50 % of the parasites was C. parvum, 20% A. lumbricoides, 10%
S. stercoralis, 10% E. histolytica/dispar and 10% G. lamblia.
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•

Zone (C), 75 % of the parasites was C. parvum and 25% A. lumbricoides.

•

Zone (D), 41.7 % of the parasites was C. parvum, 50% S. stercoralis, and
8.3% A. lumbricoides.

•

Zone (E), almost 100 % of the parasites was C. parvum, and

•

Finally in zone (F), no parasites have been detected.

Table 4.5 (Appendix, 5) also shows that the total number of the parasites discovered in
the seawater samples was 43, and the major type was C. parvum with a prevalence of
48.8 % in seawater samples. The second type of the parasites was S. stercoralis with a
prevalence of 23.3 % followed by A. lumbricoides with a prevalence of 18.6 %, then E.
histolytica/dispar, G. lamblia and H. nana with 4.7%, 2.3% and 2.3 respectively of the
total number of the detected species of the human gastrointestinal parasites.

Table 4.5: Distribution of Parasites in Seawater According to the Six Zones

Zones
Parasites

A

B

No.

%

A. lumbricoides

4

25.0

2

C. parvum

7

43.8

E. histolytica/dispar

1

G. lamblia

C

E

No.

%

20.0

1

25.0

1

8.3

5

50.0

3

75.0

5

6.2

1

10.0

0

-

0

-

1

10.0

0

H. nana

1

6.2

0

-

S. stercoralis

3

18.8

1

16

100

Total

No. %

D
No. %

F

Total

No. % No.

%

No.

%

0

-

0

-

8

18.6

41.7

1

100

0

-

21 48.8

0

-

0

-

0

-

2

4.7

-

0

-

0

-

0

-

1

2.3

0

-

0

-

0

-

0

-

1

2.3

10.0

0

-

6

50.0

0

-

0

-

10 23.3

10 100

4

100

12 100

1

100

0

-

43 100

4.1.5 Comparison of Seawater Analyses According to Techniques:
As mentioned previously, three techniques were used in examining seawater samples
for parasitic contamination. Table 4.6 and figure 4.2 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 11.5%
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followed by the concentration technique with 23.1%, while the higher percentage of
contamination detection was detected by the staining technique with 40.4%.
Table 4.6: Contamination of Seawater Samples Using the Three Methods of Analysis

Direct Smear

Seawater analysis
techniques

Concentration
Technique

Staining
Technique

No.

%

No.

%

No.

%

Contaminated

6

11.5

12

23.1

21

40.4

Uncontaminated

46

88.5

40

76.9

31

59.6

52

100

52

100

52

100

Total

88.5%
76.9%

90%
80%

59.6%

70%
60%
40.4%

50%
40%
30%

23.1%

11.5%

20%
10%
0%

Direct Smear

Concentration
Technique

Contaminated

Staining Technique

Uncontaminated

Figure 4.2: Contamination in Seawater Samples Using the Three Techniques

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 48.1% of the seawater samples from the entire study area (52 samples) were
parasitically contaminated, and 51.9% of the total samples were uncontaminated, and
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the number of seawater samples which were contaminated by one type of parasites
(single) using the three analyzing techniques was 15 and 10 seawater samples were
contaminated by multiple human gastrointestinal parasites species (mixed).
Table 4.7: Total Contamination Percentage of Seawater Samples
(By Appling the Three Methods of Analysis)

No.

(%)

Single

15

Mixed

10

Total contaminated samples

25

48.1

27

51.9

52

100.0

Contaminated

Uncontaminated
Total samples

According to table 4.8 (Appendix, 6), the results of contamination with parasites in
seawater according to the different six zones show that zone (B) has the highest level of
contamination with 100% of polluted samples, followed by 66.6% in zone (A) and (D),
50% in zone (C), 25 % in zone (E), and finally no parasitic pollution was detected in
zone (F).
Table 4.8 Percentages of Contamination in Seawater According to Zones
A

B

C

D

E

F

Total

Sea water
No. % No. % No. % No. %

No.

% No. % No.

%

Contaminated

8

66.6

5

100

3

50.0

8

66.6

1

25.0

25

48.1

Uncontaminated

4

33.4

0

0.0

3

50.0

4

33.4

3

75.0 13 100 27

51.9

12 100.

5

100.

6

100. 12 100.

4

100. 13 100. 52

100.0

Total
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0

0.0

4.2 Sand Analysis:
The results of parasites and the species that have been detected in the seashore sand
(dry and wet) using water-sedimentation technique are illustrated in table 4.9. The table
shows the contaminated samples of dry and wet sand and the names of the species and
the uncontaminated samples along the entire study area within the six different zones.

Table 4.9: Species of Parasites Detected in Dry and Wet Sand

No. Zone Code
1
2
3
4

A-1*
A-2*
A1
A2

5

A3

6
7

A4
A5

A

Dry Sand

Wet Sand

N

N

N

N

- Enterobius vermicularis egg

- Strongyloides stercoralis larva

- Enterobius vermicularis egg
- Giardia lamblia cyst
- Strongyloides stercoralis larva
N

-Entamoeba histolytica/dispar cyst
- Giardia lamblia cyst
- Taenia spp. Egg

N

N

A6

-Entamoeba histolytica/dispar cyst
- Ascaris lumbricoides egg

- Ascaris lumbricoides egg

9

A7

- Giardia lamblia cyst

- Ascaris lumbricoides egg

10

A8

- Taenia spp. egg
- Enterobius vermicularis egg
- Ascaris lumbricoides egg

11
12

A9
A10

13

B1

14
15
16
17

B2
B3
B4
B5

8

18
19
20
21
22
23

B

C

24
25
26
27

D

C1
C2
C3
C4
C5
C6

- Ascaris lumbricoides egg
-Entamoeba coli trophozoite

- Strongyloides stercoralis larva
N

- Ascaris lumbricoides egg
- Strongyloides stercoralis larva

- Strongyloides stercoralis larva

- Ascaris lumbricoides egg

- Strongyloides stercoralis larva

N

N

- Ascaris lumbricoides egg

- Ascaris lumbricoides egg

-Entamoeba histolytica/dispar cyst

N

N

N

N

- Entamoeba coli trophozoite

- Ascaris lumbricoides egg
N

N

N
N

D2

N

- Ascaris lumbricoides egg
- Strongyloides stercoralis larva

N

D1

D3
D4

N

- Strongyloides stercoralis larva
N
- Strongyloides stercoralis larva Ascaris lumbricoides egg

- Ascaris lumbricoides egg
N

- Strongyloides stercoralis larva
- Strongyloides stercoralis larva
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28
29
30
31
32
33
34

D5
D6
D7
D8
D9
D10
D11

- Strongyloides stercoralis larva

35

D12

- Ascaris lumbricoides egg

36
37
38
39

E1
E2
E3
E4

E

40 - 52
٭
ABCDEFN-

- Strongyloides stercoralis larva

- Strongyloides stercoralis larva

N

N

N

N

N

N

N

N

N

N

- Strongyloides stercoralis larva
- Strongyloides stercoralis larva
- Ascaris lumbricoides egg

N

- Strongyloides stercoralis larva

N

- Strongyloides stercoralis larva

N

N

- Strongyloides stercoralis larva

F

N

N
N

Samples from the southern side of Wadi Gaza
From Wadi Gaza to Al-Zahra City
From Al-Zahra City to Al-Baydar restaurant
From Al-Baydar restaurant to Khalel Alwazer mosque
From Khalel Alwazer mosque to the southern part of the Gaza marina
The basin of the Gaza marina
From the northern part of the Gaza marina to the Intelligence Building
Negative

Table 4.9 shows that the species of the parasites which have been detected in the dry
and wet sand samples are the following (images in section 4.4):
-

E. histolytica/dispar (image 4.1)
T. spp. (image 4.2)
A. lumbricoides (image 4.3, 4.4).
E. vermicularis (image 4.5).
G. lamblia (image 4.6).
E. coli (image 4.7, 4.8)
S. stercoralis (image 4.9, 4.10, and 4.14).

It's clear from table 4.9 that zone F was uncontaminated with parasites.

4.2.1 Dry Sand Analysis:
The results of the dry sand analysis for the entire study area (six zones = 52 samples)
are shown in table 4.10, where 65.4% of the samples were uncontaminated, while
34.6% of the samples were contaminated with the human gastrointestinal parasites, and
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the number of dry sand samples which were contaminated by one type of parasites
(single) was 14 samples, and the number of dry sand samples which were contaminated
by several types of parasites (mixed) was 4 samples.

Table 4.10: Percentage of Contaminated Dry Sand Samples

No.

(%)

Single

14

Mixed

4

Total contaminated samples

18

34.6

34

65.4

52

100.0

Contaminated
samples
Uncontaminated
Total samples

Figure 4.3, shows the species and the percentages of each type of the parasites which
have been detected in the dry sand within the entire study area (Appendix, 7).

Figure 4.3: Species and Percentages of Parasites in Dry Sand for the Six Zones
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Figure 4.3 shows that the dry sand samples were contaminated with seven species of
human gastrointestinal parasites, and distributed by the following percentages: the
higher percentage was 39.1% for the Ascaris lumbricoides, and the lower was 21.7% for
the S. stercoralis, then 13.1% for E. vermicularis, 8.7% for E. histolytica/dispar, 8.7 %
for G. lamblia, 4.3 % for E. coli and 4.3 % for T. spp. (Appendix, 7).
According to table 4.11 and figure 4.4, the results of contamination with parasites in
dry sand according to the different six zones show that zone (A) has the highest level of
contamination with 44.4% of polluted samples, 22.2% in zone (D), 22.2% in zone (B),
5.6% in zone (C), 5.6% in zone (E), and no parasitic pollution in zone (F) was found.
Table 4.11, Percentages of Contamination in the Dry Sand According to the Six Zones
A

B

C

D

E

F

Total

Dry sand
No.

%

No.

%

No.

%

No.

%

No.

%

No.

%

No.

Contaminated

8

44.4

4

22.2

1

5.6

4

22.2

1

5.6

0

-

18 100

Uncontaminated

4

11.8

1

2.9

5

14.7

8

23.5

3

8.8

13 38.2 34 100

12 23.1

5

9.6

6

11.5 12 23.1

4

7.7

13 25.0 52 100

Total

44.40%
45%
40%
35%
30%
25%
20%
15%
10%
5%
0%

22.2%

22.2%

5.6%

5.6%
0.0%

Zones
A

B

C

D

E

F

Figure 4.4: Percentages of Contamination in Dry Sand According to the Six Zones
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%

4.2.2 Wet Sand Analysis:
The results of wet sand analysis for the entire study area (all zones = 52 samples) are
shown in table 4.12, it is clear that 59.6% of the wet sand samples were
uncontaminated, while 40.4% of the samples were contaminated by human
gastrointestinal parasites, and 18 wet sand samples were contaminated by one type of
parasites (single) and 3 samples were contaminated by more than one species (mixed) of
human gastrointestinal parasites.
Table 4.12: Percentage of Contaminated Wet Sand Samples

No.

(%)

Single

18

Mixed

3

Total contaminated samples

21

40.4

31

59.6

52

100.0

Contaminated
samples
Uncontaminated
Total samples

Figure 4.5: Species and Percentages of Parasites in Wet Sand in the Six Zones
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Figure 4.5 shows that wet sand samples were contaminated with six species of
human gastrointestinal parasites distributed as follows: the higher percentage was
58.2% for S. stercoralis and the lower percentage was 25% for A. lumbricoides then
4.2% for each of E. histolytica/dispar, G. lamblia, E. coli and T. spp. (Appendix, 8).

According to table 4.13 and figure 4.6, the results of contamination with parasites in
wet sand depending on the different six zones show that zones (A) and (D) have the
highest level of contamination with 28.6% of the contamination for each zone, followed
by 19.0% in zone (C), 14.3% in zone (B), 9.5% in zone (E), and no parasitic pollution in
zone (F) was found.

Table 4.13: Contamination Distribution in the Wet Sand According to Zones
A

B

C

D

E

F

Total

Wet sand
No. % No. % No. % No. % No. %

No.

%

No. %

Contaminated

6

28.6

3

14.3

4

19.0

6

28.6

2

9.5

0

-

21

100

Uncontaminated

6

19.4

2

6.5

2

6.5

6

19.4

2

6.5

13

41.9

31

100

12 23.1

5

6

11.5 12 23.1

4

7.7 13

25.0

52

100

Total

9.6

28.6%

28.6%

30%

19.0%

25%

14.3%

20%
9.5%

15%
10%

0.0%

5%
0%
Zones

A

B

C

D

E

F

Figure 4.6: Percentages of Contamination in the Wet Sand According to the six Zones
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According to figure 4.7, it’s clear that the percentage of contamination with the
human gastrointestinal parasites in the wet sand was 40.4 % which is higher than that in
the dry sand with 34.6%. (Appendix, 9).

Figure 4.7: Parasitic Contamination in Both of the Dry and Wet Sand

4.3 Comparisons and Statistical Relations:
This section was conducted in order to explain the main statistical relations and the
important comparisons among all sampling sites and all zones throughout the entire
study area. The section talks about the variations among zones, the analysis methods
and the sampling sites; and the effect of the carrying currents on the movement and
dispersion of parasites along the shoreline region in seawater.

4.3.1 Contamination in the Different Sampling Sites Within Each Zone:
•

Zone (A):

Table 4.14 and figure 4.8 show the parasitic pollution distribution in zone (A)
according to the three sampling sites (seawater, dry sand and wet sand).
It is clear that in zone (A), the highest percentage (66.7) of parasitic pollution was
in both of the seawater and the dry sand samples. The wet sand in zone (A) was lower
in pollution where 50% of the samples were polluted with parasites.
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Table 4.14: Percentages of Contaminated samples in Zone (A) According to Sampling
Sites
Seawater

Dry sand

Wet sand

Total

Zone (A)
No.

%

No.

%

No.

%

No.

%

Contaminated

8

66.7

8

66.7

6

50.0

22

61.1

Uncontaminated

4

33.3

4

33.3

6

50.0

14

38.9

12

100

12

100

12

100

36

100

Total

Generally, as it is shown in table 4.14, about 61.1% of zone (A) samples was polluted
with human gastrointestinal parasites in the three sampling sites (seawater, dry sand and
wet sand).

66.7%

66.7%
70%

50.0%

50.0%

60%
50%

33.3%

33.3%

40%
30%
20%
10%
0%

Sea water

Dry Sand
Contaminated

Wet Sand

Uncontaminated

Figure 4.8: Percentages of Contaminated Samples in Zone (A) According to Sampling Site
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•

Zone (B):
According to table 4.15and figure 4.9, it is clear that in zone (B) the highest

percentage of contaminated samples was in seawater with 100% and in the dry
sand samples where 80% of the samples were polluted, and 60% of the wet sand
samples were polluted.
Table 4.15: Percentages of Contaminated samples in Zone (B) According to Sampling Sites

Seawater

Dry sand

Wet sand

No.

%

No.

%

No.

%

No.

%

Contaminated

5

100

4

80.0

3

60.0

12

80

Uncontaminated

0

0

1

20.0

2

40.0

3

20

Total

5

100.0

5

100.0

5

100.0

15

100.0

Total

Zone (B)

Generally, as shown in table 4.15 and figure 4.9, 80% of zone (B) was polluted within
the three sampling sites (seawater, dry sand and wet sand).

100.0%
80.0%

100%

60.0%

80%

40.0%

60%
20.0%

40%
20%
0%

Sea water

Dry Sand
Contaminated

Wet Sand

Uncontaminated

Figure 4.9: Percentages of Contaminated Samples in Zone (B) According to Sampling
Sites
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•

Zone (C):

Results in table 4.16 and figure 4.10 show the parasitic pollution percentages and
the number of polluted samples in zone (C) according to the three sampling sites
(seawater, dry sand and wet sand).

Table 4.16: Percentages of Contaminated samples in Zone (C) According to Sampling
Sites

Seawater

Dry sand

Wet sand

No.

%

No.

%

No.

%

No.

%

Contaminated

3

50

1

16.7

4

66.7

8

44.4

Uncontaminated

3

50

5

83.3

2

33.3

10

55.6

Total

6

100

6

100

6

100

18

100

Total

Zone (C)

According to table 4.16 and figure 4.10, it’s clear that in zone (C) the highest
percentage of parasitic pollution was in the wet sand samples with 66.7, followed by
seawater with 50% and 16.7% of the dry sand.

83.3%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

66.7%
50.0% 50.0%
33.3%
16.7%

Sea water

Dry Sand
Contaminated

Wet Sand

Uncontaminated

Figure 4.10: Percentages of Contaminated samples in Zone (C) According to Sampling
Sites
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As shown in table 4.16 and figure 4.10, 44.4% of zone (C) was parasitically polluted
within the three sampling sites (seawater, dry sand and wet sand).
•

Zone (D):

The results in table 4.17 and figure 4.11 show the parasitic pollution percentages
and the number of polluted samples in zone (D) according to the three sampling sites
(seawater, dry sand and wet sand).
According to table 4.17 and figure 4.11, it’s clear that in zone (D) the highest
percentage of parasitic pollution was in seawater samples with 66.7% contamination
of the samples, followed by wet sand with 50% and 33.3% of the dry sand samples.
Table 4.17: Percentages of Contaminated samples in Zone (D) According to Sampling
Sites
Seawater

Dry sand

Wet sand

Total

Zone (D)

No.

%

No.

%

No.

%

No.

%

Contaminated

8

66.7

4

33.3

6

50.0

18

50

Uncontaminated

4

33.3

8

66.7

6

50.0

18

50

Total

12

100

12

100

12

100

36

100

Generally, and as it shown in table 4.17, 50 % of the (D) zone was parasitically
polluted within the three sampling sites (seawater, dry sand and wet sand).

66.7%

66.7%

70%

50.0%

50.0%

60%
50%

33.3%

33.3%

40%
30%
20%
10%
0%

Sea water
Contaminated

Dry Sand

Wet Sand

Uncontaminated

Figure 4.11: Percentages of Parasitic Pollution in Zone (D) According to Sampling Sites.
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•

Zone (E):
Results in table 4.18 and figure 4.12 show the parasitic pollution percentages

and the number of polluted samples in zone (E) according to the three sampling
sites (seawater, dry sand and wet sand).
According to table 4.18 and figure 4.12, it’s clear that in zone (E) the highest
percentage of parasitic pollution was in wet sand samples with 50%
contamination of the samples, followed by wet sand 25% of the samples were
polluted, and 25% of the seawater samples were parasitically polluted.
Table 4.18: Percentages of Contaminated samples in Zone (E) According to Sampling Sites

Seawater

Dry sand

Wet sand

Total

No.

%

No.

%

No.

%

No.

%

Contaminated

1

25.0

1

25.0

2

50.0

4

33.3

Uncontaminated

3

75.0

3

75.0

2

50.0

8

66.7

4

100

4

100

4

100

12

100

Zone (E)

Total

As shown in table 4.18 and figure 4.12, 33 % of the (E) zone was parasitically
polluted within the three sampling sites (seawater, dry sand and wet sand).

75.0%

80%

75.0%

70%
50.0%

60%

50.0%

50%
40%
25.0%

25.0%

30%
20%
10%
0%

Sea water

Dry Sand

Contaminated

Wet Sand

Uncontaminated

Figure 4.12: Percentages of Contaminated samples in Zone (E) According to Sampling
Sites
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•

Zone (F):
Finally, and as it is shown in table 4.19, zone (F) was clear and has 100%

percentage of uncontaminated samples.

Table 4.19: Percentages of Contaminated samples in Zone (F) According to Sampling Sites

Seawater

Dry sand

Wet sand

No.

%

No.

%

No.

%

No.

%

Contaminated

0

-

0

-

0

-

0

-

Uncontaminated

13

100

13

100

13

100

65

100

13

100

13

100

13

100

39

100

Total

Zone (F)

Total

4.3.2 Statistical Analyses:
-

Sampling Sites (seawater, dry sand, wet sand)

Table 4.20 shows the results of a single factor one way–ANOVA test for the spatial
variation in the parasitic contamination within the three sampling types (seawater, dry
sand and wet sand) to examine if there is a significant statistical difference in the
contamination level among the sampling types along the entire study area, and the level
of its significance. Thus the results in the table show that there is no significant
variation among the three types at a confidence level of p-value < 0.05.
Table 4.20: One Way –ANOVA Test for the Parasitic Pollution within the Three Sampling
Sites
ANOVA
Sum of Squares

Df

Mean Square

F

Sig.

.974

.380

Between Groups

.474

2

.237

Within Groups

37.269

153

.244

Total

37.744

155
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-

Dry sand with wet sand:

The statistical t-test for the equality of means has been conducted to check the
difference between the dry and the wet sand parasitic contamination and the results are
shown in table 4.21. The table shows that there is no statistically significant difference
in the concentration of parasitic contamination between the dry and wet samples at a
confidence level of a p-value < 0.05.

Table 4.21: t-Test for the Means of the Dry and Wet Sand

Independent Samples Test
Levene's Test for Equality of Variances

Equal variances
assumed

F

Sig.

t

df

Sig. (2-tailed)

1.399

.240

.603

102

.548

.603

101.903

.548

Equal variances
not assumed

-

t-test for Equality of Means

Zones of the study area (A, B, C, D, E, F):

Table 4.22 illustrates the results of a single factor one way-ANOVA test for the
spatial variation in the parasitic contamination within the six different zones (A, B, C,
D, E, F) along the entire study area to examine whether there is a significant statistical
difference in the contamination level through those zones and the level of significance.
The results in the table indicate that there is a significant variation among the zones
within the confidence level of a p-value of < 0.05).
Table 4.22: One way –ANOVA Test for the Parasitic Pollution within the Six Zones

Between
Groups
Within
Groups
Total

Sum of
Squares

df

Mean
Square

F

Sig.

11.133

5

2.227

13.011

.000

43.467

254

.171

54.600

259
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Table 4.23 shows that zone A was the most contaminated zone by comparing its
mean with the other zones, followed by zone B, zone C, zone D, zone E and finally the
uncontaminated zone F. This means that by moving toward zone A the contamination
with human gastrointestinal parasites will increase.
Table 4.23: Mean and Standard Deviation for Each Zone

N

Mean

Std. Deviation

A

60

1.32

.476

B

25

1.55

.502

C

29

1.65

.479

D

61

1.68

.470

E

20

1.80

.410

F

65

2.00

.000

Total

260

1.70

.459

From table 4.24, there was a significant mean difference between the higher polluted
zone (A) and the other zones, also it was found that there was a significant mean
difference between uncontaminated zone (F) compared to the other zones using multiple
comparisons (LSD) as a statistical analysis method.
Table 4.24: Multiple Comparisons (LSD) ) for the Parasitic Pollution Within the Six Zones

(I) ZONE

(J) ZONE

Mean Difference (I-J)

Std. Error

Sig.

A

B
C
D
E
F
A
B
C
D
E

.2300(*)
-.1397
-.1057
-.2500(*)
-.4500(*)
.4500(*)
.6800(*)
.3103(*)
.3443(*)
.2000

.09848
.09356
.07522
.10681
.07406
.07406
.09736
.09238
.07374
.10578

.020
.137
.161
.020
.000
.000
.000
.001
.000
.060

F

* The mean difference is significant at the 0.05 confidence level.
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Seawater Analysis Techniques:

Table 4.25 illustrates the results of single factor one way-ANOVA test for the level
of contamination with parasites according to the used technique in analyzing seawater
to examine whether there is a significant statistical difference in the contamination level
in seawater samples or not through those analyzing methods, and the level of its
significance if it exists, table 4.25 show that there is a significant variation between the
staining technique and the other two methods (direct and concentration) within the
confidence level of P-value < 0.05.

Table 4.25: One way-ANOVA Test for the Parasitic Pollution in Seawater Samples Using
the Three Techniques
ANOVA
Sum of Squares

df

Mean Square

F

Sig.

Between Groups

2.192

2

1.096

6.198

.003

Within Groups

27.058

153

.177

29.250

155

Total

Table 4.26, shows the results of multiple comparisons LCD statistical method. It is
clear that there is a significant variation between the staining technique (third technique)
and the other two methods (direct and concentration) within the confidence level of P <
0.05. The table also shows that there is no statistically significant variation between the
direct smear technique (first method) and the concentration technique.
Staining technique showed higher number of contaminated seawater samples than
direct and concentration techniques.
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Table 4.26, Multiple Comparisons (LSD) of the three Seawater Analysis Techniques
(I) Technique

Mean Difference
Std. Error
(I-J)

(J) Technique

Sig.

Concentration Technique

.11538

.08247

.164

Staining Technique

.28846*

.08247

.001

Direct Smear

-.11538-

.08247

.164

Staining Technique

.17308*

.08247

.037

Direct Smear

-.28846*

.08247

.001

Concentration Technique

-.17308*

.08247

.037

Direct Smear

Concentration
Technique

Staining Technique
*The mean difference is significant at 0.05

4.3.3 Carrying Currents:
Table 4.27 shows the mean of parasitic contamination for the six samples taken from
the southern side of each of the major discharge points (wastewater sources) compared
with that of the other six 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.

Table 4.27: Mean of Parasitic Contamination in North and South of the Discharge Points

Discharge Points

Wadi

El-Sheikh

Al Shalihat

Gaza

Egleen

Resort

South of discharge points

0

60

20

North of discharge points

90

80

80

Mean of pollution

According to figure 4.13, the percentage of the parasitic contamination in the
northern side of Wadi Gaza (source of raw sewage) was 90% compared to zero
contamination in the southern side of the valley while the percentage of the
parasitic contamination in the northern side of El-Sheikh Egleen (outlet of
GWWTP) was 80% compared to 60% contamination in the southern side of this
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outlet point. Also the percentage of the parasitic contamination in the northern side
of Al Shalihat resort (outlet of sewage) was 80% compared to 20% contamination
in the southern side of this outlet point. These results show that the seawater
southern westerly currents have a significant effect on the dispersion of the sewage
contaminants (including the parasites) along Gaza City seashore.

Figure 4.13: Mean of Parasitic Contamination in North and South of the Discharge Points

- 90 -

4.4 Images of Detected Microorganisms in Seawater and Beach Sand:
4.4.1 Images of Human Gastrointestinal Parasites:
The following images were recorded as human gastrointestinal parasites which have
been discovered and identified in the samples of the research from the six zones and all
sampling sites.

Image 4.1: Entamoeba histolytica/dispar Trophozoite

Image 4.3: Ascaris lumbricoides (infertile egg)

Image 4.2: Taenia spp. Egg

Image 4.4: Ascaris lumbricoides (fertile egg)

Image 4.5: Enterobius vermicularis Egg

Image 4.6: Giardia lamblia Cyst
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Image 4.7: Entamoeba coli Trophozoite

Image 4.8: Entamoeba coli Cyst (mature cyst)

Image 4.9: Strongyloides stercoralis Larva (male)

Image 4.10: Strongyloides stercoralis Larva (female)

Image 4.11: Hymenolepis nana Egg

Image 4.12: Entamoeba histolytica/dispar

- 92 -

Image 4.13: Cryptosporidium parvum Oocysts

Image 4.14: Strongyloides stercoralis Larva

4.4.2 Some of Unknown Animal Nematodes (animal parasites):
The following images are for unknown animal living microorganisms (animal
nematodes) which have been discovered in the shoreline region samples (seawater and
sand samples) throughout the examination processes.
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Chapter Five
Discussion
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CHAPTER FIVE
DISCUSSION
Faecal contamination of coastal marine habitat is a global problem manifesting, as
increased beach closures, water contact-associated illness and shellfish harvest
restrictions (Knap et al., 2002 and Kumar et al., 1984). In some countries, identifying
waters that are not fecally-impaired has become a challenge (Mclaughlin et al., 2005).
Once bacteria, viruses and protozoa enter the ocean, invertebrates can efficiently
concentrate these potential pathogens through filter-feeding activity (Miller et al.,
2008).
Sewage disposal in natural waters is a common practice among many nations.
(Rajagopalan, 2005). 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).
In a survey of the biogeochemical cycles of the world oceans’ coastal zone, Jickells
(1998) demonstrated that the pressures from the human populations around the coastal
seas, such as habitat destruction, waste disposal, and intensive agriculture, are already
fundamentally challenging the biogeochemical cycles in many areas. Recreational
seawater polluted by faecal discharges from wastewater discharge points may transport
a variety of human pathogenic microorganisms. Because the detection of all waterborne
potential faecal pathogens is very fastidious, various indicators of faecal contamination
are usually used to detect faecal pollutions in natural waters (Biancani, 2011). The
presence of such indicators in high numbers in water implies the existence of faecal
pollution which may contain some pathogenic microorganisms (George et al., 2001).
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As mentioned recently, wastewater effluent may transport faecal-associated
microorganisms such as parasites, which are implicated in thousands of illnesses each
year among people who consume contaminated shellfish (Burkhardt and Calci, 2000
and Shieh et al., 2000). There is a substantial need for better detection and
identification of wastewater influences on coastal systems to inform bathers and
fisheries management and protect public health (Randall, 2003 and Savage, 2005).
Parasitic diseases remain a scourge of humans. Malaria alone causes more than a
million deaths yearly, while helminthes such as Ancylostoma duodenale (hookworm)
and Ascaris infect more than a billion people worldwide. Diseases such as amebiasis
and schistosomiasis remain significant public health problems in developing countries,
while cryptosporidiosis and giardiasis are continuing threats in the industrialized world
(Seydel and Stanley, 1996).

5.1 Contamination of Seawater:
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). According to Lickens (1992), the increase in
the human population alone is responsible for any rise in the pollutants level in the
seawater. The relationship between the density of humans and the concentration of the
pollutants in major water bodies of the world has been obviously illustrated by Peierls
et al. 1991.
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.
Many sewage outlets distributed along the shoreline region of the Gaza City (study
area) were observed throughout the current study (section, 2.1.5). The majority of the
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wastewater produced in the Gaza City 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
watershed, waste disposal and treatment systems, storm water treatment and detention,
and potentially climate and weather. (Kurz, 1998).
Several sewage outlets have been discovered along the shoreline region of the Gaza
City, the main outlets discharging raw sewage into seashore region were Wadi Gaza
(figures 2.9 and 2.10) , El-Sheikh Egleen (figure 2.1) and nearby Al Shalehat Resort
(figure 2.2). Hundreds of thousands of people in the Middle Area are living without
sanitary sewage collection system and without treatment plant; 45% of them rely on
discharging their raw sewage directly into Wadi Gaza and ultimately to the seashore
region. Other thousands of cubic meters of partially treated wastewater were discharged
directly into the seashore at zone (B), and a hundreds cubic meters of raw sewage
discharged nearby Al Shalehat Resort at zone (D). In the current study, it is found that
the most contaminated zones (both seawater and sand) was zone (A, B and D) as shown
in tables 4.14, 4.15 and 4.17 respectively and figures 4.8, 4.9 and 4.11 respectively.
When Zones (A, B and D) were compared with the other zones of the study area (C, E
and F), it was clear that zones (A, B and D) were have the highest parasitic
contamination of seawater and also dry and wet beach sand as it was illustrated in table
4.8 and figures 4.4 and 4.6. Continued dependence on aging and poor cesspits, septic
tanks and drain fields (or other on-site sewage disposal systems, OSDS) in coastal
regions might cause excess loading of nutrients and microbes to seawaters (Lapointe et
al., 1990).
The second identified outlet after Wadi Gaza was Al Shekh Ejleen wastewater
treatment plant discharge point, which discharge a very huge amount of partially treated
(some time untreated) wastewater produced from the central WWTP of the Gaza City;
the receiving area of this outlet on the seashore was zone (B). The beach at this region
was contaminated with parasites with high rate as shown in table 4.8, as well as in both
dry and wet sand as shown in tables 4.11 and 4.13. The third outlet was nearby Al
Shalehat resort, This source and in spite of the low flow rate of the concentrated sewage
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discharged through it, high level of the parasitic contamination was found nearby this
outlet (zone D), This may be attributed to the continuous discharge of raw and very
polluted wastewater through this outlet. Because the sewage discharge points were far
away from zones C and E, it makes these zones lower in parasites prevalence and
contamination than zones A, B and D, and because there are no sewage outlets and the
fishers marina tongue was act as border in face of the distribution of parasites along the
shoreline for long distance from the outlets toward the northern side of the study area,
no parasitic contamination has been detected in the seawater and sand of zone F which
is located behind fishers marina in the opposite side of the carrying currents as it will be
illustrated in section 5.5 obviously.
In addition to faecal indicator organisms, enteric pathogens such as viruses and
protozoa are found at high levels in human feces and may also contaminate coastal
recreational and shellfish harvesting waters (NRC, 1993). These parasites (pathogens)
may cause infection through incidental ingestion of environmental waters during
recreational bathing. Parasites and other pathogens are also prevalent in shellfish, where
they may be bio-accumulated. Several outbreaks of gastroenteritis each year are
associated with parasitic contamination of oysters (Lipp and Rose, 1997). While there
is no epidemiological link between shellfish consumption and cryptosporidiosis, seeded
studies demonstrate that Cryptosporidium oocysts remain viable and infectious within
oyster hemocytes over time (Fayer et al., 1997).
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 (Salanki et al., 1994). The
microorganisms in seawater include several harmful and infectious parasites capable of
causing diseases (Trivedi and Goel, 1984).
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.
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In the current study, 52 seawater samples were analyzed in order to examine the
parasitic contamination. The findings of the analyses showed that the contamination of
the seawater in Gaza City seashore region is relatively very high, 48.1% of the entire
study area was contaminated with parasites (table 4.7) due to the huge amount of raw
and partially treated sewage that discharged in the shoreline region of the Gaza City as
mentioned previously. 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. lamblia, S. stercoralis, H. nana and C. parvum.
In Lipp et al., 2001 study, binary logistic regression demonstrated that the presence
of parasites in both sediment and the seawater column were significantly related to
temperature and antecedent rainfall. In the polluted seawater column, the occurrence of
parasites was also associated with periods of high wastewater discharge flow rate.
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, for example, Wadi Gaza was heavily polluted by receiving millions of cubic
meters of wastewater annually. 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 Myakka River; heavy discharge can
explain the occurrence of parasites in the mid-Harbor in historically uncontaminated
areas.
The current study has used the presence of the gastrointestinal parasites as indicators
of the seawater and beach sand pollution, parasites survive longer than the indicator
bacteria in coastal waters, and their survival may still be enhanced at low water
temperatures (Johnson et al. 1997). The occurrence of parasites in the winter months
may also be related to seasonal cycles in infection and excretion in the population
(Jaykus et al. 1994).
The current study has used parasites as an indicator of the pollution in order to
evaluate the status of the seashore region of the Gaza City. There are several inherent
disadvantages to using fecal coliforms as indicators of wastewater contamination of
seawater in tropical and subtropical regions (Mclaughlin and Rose, 2006). Both total
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and fecal coliforms are found in the intestinal flora of mammals other than humans and
may replicate in tropical environments (Byappanahalli and Fujioka 1998). In addition
to the questions about source, fecal coliforms are also less resistant to environmental
stress, water treatment, and disinfection than some pathogens, such as viruses and
parasites (Griffin et al., 2001).
According to Mclaughlin and Rose, 2006, parasites are often the most resistant to
environmental stress. Some species of parasites were more resistant to chlorination than
other pathogens (Yates and Scott 1988). The human gastrointestinal parasites were
found in the feces of humans, but not in animals or birds. These parasites were highly
specific to human sewage (Mclaughlin and Rose, 2006).
Abiotic and environmental factors may be better predictors of the presence of
pathogens (parasites) than threshold levels of indicator bacteria. Widespread
contamination was seasonal in nature when wet weather events were important in the
transport of indicators and human parasites far into the seawater (Paul et al., 1997).
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). Cryptosporidium, therefore, can cause some
alarming public health problems, particularly for people with weakened immune
systems, especially Acquired Immunodeficiency Syndrome (AIDS) patients, in whom
severe and protracted diarrhea can persist for months with considerable weight loss and
mortality (Rose, 1997). Individuals may become infected with as few as 30 oocysts of
Cryptosporidium parvum (AWWA, 1999). Oocysts of Cryptosporidium parvum are
small enough to penetrate water treatment processes and are insensitive to the
disinfectants 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.
Major sources for Cryptosporidium contamination are wastewater treatment facilities
and animal farms, especially ruminant farms (Thompson, 2003). Rainfall, floods, and
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sewage overflows wash Cryptosporidium oocysts into rivers, bays, and oceans, and as a
result contaminate fresh and marine waters with Cryptosporidium oocysts. This
contamination can find its way into some aquatic organisms, such as shellfish, which
may become part of the human food supply (Collins et al., 2005).
In the present study it was found other example of parasites that have been detected
in the seawater and the sand of the beach along the shoreline region of the Gaza City
was Giardia lamblia, it is the most common cause of human protozoan infection
(Edberg et al., 1997). There are several species of Giardia, but humans are usually
infected with Giardia lamblia. Due to its thick wall, the Giardia cyst can survive weeks
or months in seawater, although it is less hard than the Cryptosporidium oocysts
(Rosen, 2000). The infective dose for Giardia cysts varies from ten to one million
viable cysts, depending on the immune system of the host (Rockwell, 2002). These
hard and viable parasites, transmitted in the encysted form, can withstand adverse
conditions for extended periods. The longevity of the encysted form allows viable
parasites to travel large distances (Arnone and Walling, 2006).
During the current study, and sometimes, samples were stored in the refrigerator or
even out of it above the lap table, then the samples retested again and the results to
some extent were not changed. This notice is compatible with many other researches
and studies (Barbee et al., 1999). The parasite is able to survive in the tissue of fresh
shellfish from harvest through consumption and is resistant to treatment with many
toxic chemicals (liquids and gases) (Wilson and Margolin, 1999) and to refrigeration
temperatures (Freire-Santos et al., 2000).
In spite of the high percentage of the parasitic contamination within the seawater
(table 4.7), this percentage could be higher if the conditions of the environment were
favorable and the diagnosis process easier and faster. Specificity and sensitivity are of
paramount importance. The small size of oocysts and their partial occlusion by debris
limits the usefulness of bright field microscopy, particularly in the seawater samples. A
further problem in identifying parasites in seawater samples is that environmental
pressures can alter the size and shape of both recently voided and aged organisms,
making their appearance atypical. Physical changes such as distortion, contraction,
collapse and rupture of the oocysts and loss of identifiable internal contents further
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reduce the number of organisms that conform to accepted criteria, resulting in the
under-reporting of positives (Fayer et al., 1998).
Plachy and Juris, (1995), investigated the survival of helminth Ascaris eggs in the
sludge drying beds of two sewage treatment plants. They concluded that the most
important factors affecting the viability of the eggs at one of the treatment plants were
exposure time and solid content, while other factors showed no statistically significant
influence. Results of the other treatment plant showed that, besides exposure time and
solid content, sludge pH, drying bed temperature and air temperature were significantly
affecting the viability of the eggs.
The relatively 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 (seawater sampling layer).
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, sampling processes have been carried out in
the first hours of the day (morning), with no waves and agitation movements, all of that
may affect the prevalence of parasites and finally the detection of parasites and
diagnosis process.
Sedimentation is one of the many processes, which may be involved in the reduction
of pathogens in seawater (Decamp and Warren, 1998). Several studies have found that
coliforms, fecal coliforms, and Salmonella tend to concentrate in sediments of polluted
surface waters, and higher numbers of coliforms and fecal coliforms have been
observed in marine sediments compared to the overlaying water (Gerba and Mcleod,
1976).
The presence of human gastrointestinal parasites in the polluted seawater and sand of
the beach is scientifically proved through many recent studies and researches. The only
study to determine the effect of seawater on parasites was that of Shaw et al., (2000),
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who examined the microsporidian fish parasite Loma salmonae. The resistance of
helminthes pathogens to harsh environmental conditions is much higher than that of
bacteria (Muhammad et al., 2007). The trophozoite of Giardia can last only a matter of
hours outside the human body, while the cyst form can survive for several days in an
external hard environment (Erlandsen and Meyer, 1984).

5.2 Contamination of Beaches Sands:
Beaches represent the unconsolidated sediment that lies at the junction between
water (oceans, lakes and rivers) and land and are usually composed of sand, mud or
pebbles. From a recreational viewpoint, sand beaches should be clear and healthy.
Especially in higher latitudes, a significant percentage of time is spent on the beach
itself rather than in the water. Microorganisms are a significant component of the
polluted beach sand. Bacteria, fungi, parasites and viruses have all been isolated from
polluted beach sand. A number of genera and species that may be encountered through
contact with sand are potential pathogens. Accordingly, concern has been expressed
that beach sand or similar materials may act as reservoirs or vectors of infection (Nestor
et al., 1984; Roses et al., 1988; Mendes et al., 1997), although transmission by this
route has not been demonstrated in epidemiological studies.
Very little information exists concerning the presence of viruses and parasites in the
beach sand. In a three-year study in Romania by Nestor et al., (1984), the incidence of
parasites was found to depend on season, with no parasites being present in seawater
and beach sand during non-vacation seasons. In a study of two sand beaches in
Marseilles, France, Toxocara canis was found to be the most common parasite, being
present on average in 150 g of sand (Signorile et al., 1992). However, in a study carried
out on “dog beaches” in Perth, Australia, a total of 266 samples showed no traces of
Toxocara canis eggs or other eggs/larvae of parasitic nematodes (Dunsmore et al.,
1984). It was emphasized in that study that the major risk to humans was from an
environment in which puppies, not older dogs, were found. The presence of other
parasites transmitted by water (Marshall et al., 1997) that have not been investigated in
recreational sand areas may be potentially significant.
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In the present study, and in some zones, it is clear that the prevalence of parasites in
the wet sand was higher than in the seawater along the seashore region (zones C and E),
this may be attributed to the reasons mentioned recently and because of the sand that
may cumulate on the parasites. The growth of microorganisms in beach sand is limited
by nutrient input. Laboratory studies have shown that nutrients pass through the
bacterial community into the protozoan and metazoan community (Khiyama &
Makemson, 1973). Further studies have shown that microbial contamination is higher
in sand than in adjacent waters, as the sand behaves as a passive harbor for cumulative
pollution (Oshiro & Fujioka, 1995). Higher levels of coliforms, E. coli and enterococci
in sand from Hanauma Bay (Hawaii) were thought to originate from runoff from the
cliffs surrounding the bay (Oshiro & Fujioka, 1995). Feces from pigeons and mongoose
were also thought to be a source of beach sand contamination. This study concluded
that the contaminated sand could be the major source of the periodically high levels of
bacteria in the water. Sand contamination is highly variable over short distances,
making interpretation of results difficult ( Figueras et al., 1992).
Some studies showed that, the survival of enteric parasites on the surface of dry sand
may essentially be of short duration relatively, the parasites being destroyed mostly by
the high environmental pressure. Wet sand, the area where young children typically
spend most of their time on the beach, is the most relevant. Wet sand, enriched with
organic substances, provides a favorable environment for enteric bacteria and parasites,
which enables them to survive longer than in seawater (Papadakis et al., 1997). Various
factors have been proposed as encouraging the survival and dispersion of faecal index
microorganisms and pathogens on beach sand. These include the nature of the beach,
tidal phenomena, sewage outlets number, sewage outlets flow rate and quantity, the
type of wastewater (domestic, industrial, medical and treated, untreated or partially
treated), the season, the presence of animals and the number of bathers. Water
movement, for example, causes erosion, transportation and deposition of beach
sediment and redistribution of associated microorganisms.
Obiri-Danso & Jones (1997) analyzed sediment samples in the United Kingdom for
thermophilic campylobacter and faecal index microorganisms before and after tidal
cover over a 12-month period. Fifty three percent of the samples were positive for
campylobacter before tidal cover; this figure was significantly lower than the 64%
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recovered after tidal disposition. However, there was no significant difference in index
organism numbers with respect to samples taken before or after tidal cover. In the same
study, a seasonal variation was observed in campylobacter, with the highest isolation
rate in winter (100%), followed by secondary peaks in spring (33–67%) and autumn
(67–78%). The lowest counts were found in summer, which correlated with the
incidence of campylobacter in surface waters.
In contrast, Mendes et al., (1993) studied the influence of tides on counts of faecal
index microorganisms and pathogens in sand without finding any clear differences.
Borrego et al., (1991) reported higher parasites counts and longer survival time in
beaches close to sewage outlets. The precedent studies and its findings were
correspondent with the results produced by the current study, and that findings could be
used to interpret the prevalence of parasites in the dry sand.
According to the survey conducted within the current study, little number of the
recent studies has emphasized the beach sand contamination with parasites. For
example, Zanoli Sato et al., 2005, in their study, from 288 samples, Parasites were
detected in four samples of sand during summer: E.coli (2 cysts in one sample of dry
sand and 1 cyst in another), S. stercoralis (one egg and one larva in a wet sand sample),
and G. lamblia (two cysts in a dry sand sample). In the spring the parasites were
isolated from four samples of dry sand: Hymolepis diminuta (one egg in one sample),
Ancylostomidae (8 eggs and three larva in one sample, 1 larva and 4 eggs in another)
and G. lamblia (one cyst in one sample).
The potential health risk associated with the exposure to the contaminated sand
should also be higher in summer, especially for the people, usually children, who stay
there longer. Other facts may obtained from the current study, the relatively high levels
of parasitic contamination in dry sand, that it is not under the influence of the tides,
may indicate that the main source of faecal contamination is not the polluted seawater,
but instead the heavily polluted water of outlets and discharge points. It may also
indicate that the parasites attached to the particulate matter survive longer in the sand.
Lower levels of faecal parasites contamination in wet sand in some zones (A and B,
table 4.14 and 4.15) along the shoreline probably occur due to a “washing effect” of the
seawater that seems to play more of a dilution rather than a contamination role.
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Other researchers have also found this kind of relationship between sand and water
pollution using bacteria. Aulicino et al., (1985), studying faecal contamination of
shoreline sands in Italy observed larger numbers of faecal pollution indicator bacteria in
the sand than in seawater, with bacteria in the sand being detected in concentrations
from 1 to 30 times greater than in the corresponding seawater. Ghinsberg et al., (1994),
detected more elevated concentrations of faecal bacteria in the sand of Tel Aviv
beaches (samples were collected 2-3m inwards from the shoreline). By contrast, the
results obtained by Chabasse et al., (1986), showed that the sand was less polluted than
the water of the Lac Du Maine, a nautical centre comprising a complete sports complex
and a bathing beach in western France. Papadakis et al., (1997), found very low levels
of faecal bacteria both in water and wet sand of two beaches in Greece. Neither
Chabasse nor Papadakis observed any differences in faecal contamination according to
the season.
Ghinsberg et al., (1994), have found 35% of Candida albicans positive sand samples
in Tel Aviv coast, whereas Mendes et al., (1998), could isolate helminth parasites in
only one of the twelve beaches included in an evaluation performed at Lisboa and Vale
do Tejo coastal area. The detection of the parasites in sand samples should be
considered relevant, since skin and mucous membrane infections could result from the
contact with C. albicans contaminated sand.
Kay, (1992), has noted an increase in Thrush infection amongst women holidaying at
seaside. This study detected only 4.2% of parasite positive samples, and at low
concentrations, but Sanchez et al., (1986), detected 12.9% of helminth eggs, some of
these samples presenting densities as high as 115 Ancylostomidae eggs in 100g of sand.
Esterre and Agis, (1985), during a parasitological investigation in the sand of some
beaches from Guadeloupe could isolate larvae of hookworms of animal origin,
sometimes in important quantity as well as eggs of Toxocara sp. According to these
authors, clinical cases of cutaneous Larva migrans are frequent in the West Indies,
contrary to cases of visceral Larva migrans. The results of this study showed that faecal
contamination in the sand during summer was higher than during spring and highest in
dry sand. These data suggest the necessity of some criteria for microbiological control.
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According to the WHO, 2003, preventive measures, such as education campaigns and
some management actions are important precautionary measures.
Soil and herbage are important vehicles for transmitting ova, larvae, cysts and
oocysts, with both person-to-person and zoonotic transmission being documented. Ova
of the geohelminths A. lumbricoides, T. trichiura and Toxocara spp., larvae of
Strongyloides stercoralis. and hookworms, as well as free living larval stages of nonhuman hosts can be significant contaminants of soil and herbage as can cysts of G.
lamblia and oocysts of C. parvum. For example, 1 g of contaminated soil from a
heavily endemic area can contain many hundred viable Ascaris ova (O'Hanley & Pool,
1995). Furthermore, the free living (heterogenic) life cycle stages of S. stercoralis can
also be found in warm and moist soil and in sand filter beds of wastewater treatment
works, particularly in warm climates and have to be differentiated from the plethora of
nematodes present in biofilms in these environments (O'Hanley & Pool, 1995).
Some researchers go to interpret the prevalence of parasites in the beach sand
particularly A. lumbricoides by the presence of the favorable conditions which were
predominant in the sampling zones during the sampling process. Warm and moist
environments facilitate the survival of Ascaris eggs with moisture making more eggs
viable and infective (Crompton & Pawlowski, 1985). But in another hand, rainfall
provides the essential moisture for egg survival. An increase in transmission during the
rainy months is compatible with this finding. The scattering and sorting action of rain
can effectively disperse and transport Ascaris eggs over long distances (Edirisinghe &
Weilgama, 1997). These eggs can accumulate in shallow pits and ditches which
subsequently serve as natural sand pits for children to play in (Kan, 1985). Ascaris eggs
can also percolate to deeper strata of the soil due to the leaching effects of rain (Storey
& Phillips, 1985) leaving fewer eggs on the soil surface.
Other researchers have other points of view; the lower rates of transmission during
the hot, drier months are comparable with the findings of Gunawardena et al., (2004),
that eggs exposed to sunlight during the summer became desiccated rapidly and died,
depending partly upon the type of soil and humidity, also demonstrated that exposure to
direct sunlight (28.8–42.8 Cº) for 7 or more hours rendered the eggs non-infectious.
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5.3 Detection of the Parasites and Diagnostic Techniques:
There is a revolution in the numbers and types of methodologies for detecting
parasites that complement currently established methods (Zarlenga and Troutb, 2004).
In general, identification and detection are direct methods primarily developed to define
presence or absence, and to discriminate among parasite groups. Diagnostic techniques,
on the other hand, can be either direct or indirect in nature. Furthermore, the discussion
at times will elaborate on those parasites that currently pose the greatest health risks
and are widely disseminated in the shoreline region of the Gaza City and diagnostic
techniques that were followed.
In the current study, the concentration and filtration method were followed in order to
analyze seawater samples. Each sample type presents unique challenges in parasite
isolation, concentration, and detection. Depending on the source, seawater can contain
large amounts of silt, humic acid, decaying organic material, and free-living organisms
of bacteria, protozoa and algae (Feng et al., 2003) and this is what was noted
throughout the diagnosis process in the current study. Also faeces contain mucus, lipid,
bacteria, fungi, insects, pollen and partially digested foodstuffs. These materials can
clog filters, trap parasites during flotation, and disrupt gradient formation. On the other
hand, a certain level of particulate matter (10 nephelometric turbidity units (NTU)) of
the correct size (5–40 mm) can actually increase C. parvum oocyst recovery from
seawater by acting as a carrier (Feng et al., 2003).
Soils have the ability to bind oocysts, cysts and spores; however, the efficiency of this
binding varies with the geographical locality and soil type. Binding of the parasite to
beach sand particles can significantly decrease recovery yields. C. parvum oocyst
recovery from soil was shown to negatively correlate with clay content (Kuczynska and
Shelton, 1999). For these reasons and the obvious low levels of parasite often found in
environmental samples, microscopic analysis is often preceded by a concentration step
such as sedimentation, filtration or centrifugation. Sedimentation and filtration have the
added benefit of removing large particulate matter that can interfere with subsequent
detection.
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The current study relied on light microscope in all of the analysis process.
Conventional light microscope has the advantages that it is sensitive, informative, and
relatively inexpensive, provides permanent record and can be shared with other disease
control programmes. However, it suffers from disadvantages such as it is labor
intensive and time consuming (WHO, 2000).
In the current study, two analyzing technique have been examined (pilot study,
section 3.8). The researcher has followed the concentration and sedimentation method
in analyzing the beach sand samples. Tuli et al., (2010) found a significant increase in
the sensitivity of microscopy in detecting parasites, after sedimentation (Chi square test,
p < 0.05), when comparing it with flotation technique. As a result concentrated samples
were used for further techniques. Mtambo et al., (1992), reported higher oocysts
recovery rates with modified formol ether sedimentation technique than with either
sucrose density or zinc sulfate floatation techniques.
Similarly, Weber et al., (1991) reported that sucrose floatation and zinc sulfate
floatation yielded lower recovery rates than did the formol ethyl acetate sedimentation
method. Also ether sedimentation was better than sucrose floatation, as ether extracted
lipids from the samples, thus dispersing the oocysts into the aqueous phase (Waldman
et al., 1986).
The current study used a staining technique in order to increase the accuracy in the
analysis process; the staining technique which was followed is Modified Ziehl-Neelsen.
This technique is restricted for the Cryptosporidium spp. and Cyclospora. Tuli et al.,
(2010), found that 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 Cyclospora oocysts were variably stained with
distorted and wrinkled appearance leading to misdiagnosis. In spite of some individual
predilection of the two staining techniques for particular protozoan, they have better
diagnostic yields than the unstained smear examination, and the staining methods are
easy practical, and provide a stained slide that can be archived (Tuli et al., 2010).
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In the current study, it was clear that the 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
4.2). statistically, table 4.25 show that there is a significant variation between the
staining technique and the other two methods (direct and concentration) within the
confidence level of P-value < 0.05.
The accuracy and efficiency of the staining techniques in the detection of the
parasites were proved many times in recent studies. For a number of years, the Centers
for Disease Control (Melvin and Brooke, 1982) has recommended that the routine
parasitological examination of a specimen consist of a direct macroscopic examination,
a direct wet mount examination in both saline and iodine, a concentration examination
(preferably one incorporating a defatting agent and centrifugation), and a permanently
stained smear.
The current study showed that the concentration technique was more accurate in
identifying parasites in the seawater sample than direct examination as shown in table
4.6 and figure 4.2. It is clear that the direct smear method has the lowest contamination
detection percentage with 11.5% followed by the concentration technique with 23.1%,
while the higher percentage of contamination was achieved by the staining technique
with 40.4%. 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) is generally used in most clinical parasitological
investigation. Not only is this technique reliable for the detection of helminth eggs,
larvae and protozoan cysts, but is also thought to provide certain advantages, including
less alteration to organisms and increased recovery of Schistosoma and operculated
eggs (Truant et al., 1981).
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5.4 Variables Affecting the Prevalence and Distribution of the
Parasites in the Shoreline Region:
Other findings of the current study, 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, Zones (A, B and D) which received the raw sewage from
Wadi Gaza which was heavily polluted by very concentrated raw sewage, Gaza WWTP
discharge point and nearby Al Shalihat resort outlet respectively. The current study has
found that zones (A, B and D) were the most contaminated zones with parasites,
whether in seawater or dry and wet sand (tables 4.8, 4.11 and 4.13), while the
uncontaminated zones (free of parasites) were those distant from the wastewater outlets
such as zone F (table 4.19). These findings have been proved by Savage, (2005) and
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 4.24, there was a significant mean difference between the
higher polluted zone (A) and the other zones; also it was found that there was a
significant mean difference between the lowest polluted (uncontaminated) zone (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 lower 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).
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Also, the current study illustrates that the shoreline region was influenced by carrying
currents, its direction from the south to the north. It affects the distribution of the
parasites contamination to a certain distances. Table 4.27 shows the mean of parasitic
contamination for the six samples taken from the southern side of each of the major
discharge points (wastewater sources) compared with that of the other six 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.
These results show that the seawater southern westerly currents have a significant effect
on the dispersion of the sewage contaminants (including the parasites) along Gaza City
seashore. These findings are comparable with those that have been derived by El
Manama, 2004, where he found that in most of the time the currents in the seashore
region of the Gaza Strip were directed from the south to the north.
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CHAPTER SIX
Conclusion and Recommendations
6.1 Conclusion:
The present study has evaluated the magnitude of parasitological pollution due to raw
or partially treated sewage discharge into the coastal area (seawater, dry and wet sand)
of Gaza City. Samples were collected from the seashore region along the coastal line
zone of the Gaza City (about 12km long) during the summer season months (from June
to October, 2011).
The observations of the present study revealed a high pollution level in most of the
points which was parasitically investigated along Gaza City coast line, as indicated by
the high level of the prevalence of human gastrointestinal parasites. Pollution was due
to the direct disposal of wastewater into the seawater and beach sand without treatment
or partial treatment.
It was found that 48.1% of the seawater samples were parasitically contaminated with
six species of human gastrointestinal parasites that have been discovered 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 parasites prevalence was affected by the distance from the sewage outlets, flow rate
and the type of the discharged wastewater (treated, partially treated or raw sewage).
Zones A, B and D that were adjacent to sewage discharge points were the most polluted
areas, the clear zone was zone F in front of Al Shati Camp where there were no main
wastewater discharge outlets (the outlet there was closed during the study time).
During 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.
Sand of the beach act as cumulative media for the parasites, the findings have shown
that 40.4% of the wet sand and 34.6% of the dry sand along the shoreline region of the
Gaza City (entire study area) have been parasitically contaminated with human parasite.
Seven species have been discovered: E. histolytica/dispar, T. spp., A. lumbricoides, E.
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vermicularis, G. lamblia, E. coli and S. stercoralis. The current study has shown that the
prevalence of parasites in some zones is higher in sand than in adjacent waters, as the
sand behaves as a passive harbour for cumulative pollution.
The current study has concluded that using water-sedimentation technique in
preparing and analyzing the sand of the beach was better than centrifugal-flotation
technique (more accurate, less time consuming and easier in application).
The prevalence of parasites in the wet sand (swash zone) may attribute to the nature
of the sand which act as filter and cumulative tool, but the prevalence of parasites in the
dry sand may be attributed to the tidal action, when the seawater cover the dry sand the
parasites remain in the dry sand.
The current study illustrates that the shoreline region was influenced by the carrying
currents, its direction from the south to the north that affect the distribution of the
parasites contamination to a certain distances.

6.2 Recommendations
The beach of the Gaza City is a valuable recreational area and is the only choice for
the Gazan families to spend their vacations. It is considered as the only lung used by the
people to breathe some fresh air away from the heavily polluted and congested city. It is
used for swimming, boating, or simply relaxing and as a major economical resource for
many families living in the Gaza Strip. Therefore it has to be protected and improved.
After this study has been implemented, many recommendations were derived in order
to enhance and improve the quality of the beach of the Gaza City and to minimize the
environmental and public health risks associated with continuous discharge of
wastewater.

•

As it is well known that the major source of seawater pollution comes from
sewage, it is recommended that effluent quality should be improved through
constructing a sufficient and efficient new WWTP and rehabilitating and
upgrading the old WWTP.

•

Establishment of effluent standards and enforcing them would partially prevent
the problem at the source.
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•

Effluent (treated wastewater) discharge technique should be restudied. A
suitable and scientifically studded distance should be followed to dispose
effluent inside seawater if the reuse

of the treated wastewater option is

inapplicable.
•

Conserve the Wadi Gaza wetland and protect the natural landscape from any
destructive and non-ecofriendly practices.

•

Great attention should be paid to the quality of the effluent discharge to Wadi
Gaza, which eventually reaches the seashore region.

•

Better understanding of the potential health risks of human gastrointestinal
parasites in seawater and beach sand, characterization of specific species should
be carried out in an attempt to correlate specific species with those commonly
found in clinical cases at the local level.

•

Building of a monitoring program that provides complete data that might be
used to construct a model capable of predicting the status of the seawater quality
specially during bathing season.

•

Scientific research efforts should be encouraged to improve beach monitoring
programs and consequently the beach quality.

•

Conduct a routine sampling of sand at the swash zone, the wet and the dry sand
as it may pose a high level of health risk as evident by the results of this study.

•

The local medical literature should be periodically reviewed to assess any new
information on the risks associated with swimming in waters receiving sewage
effluent.

•

Washing of the domestic animals should be restricted, at least within the bathers
and during the swimming months.

•

Fishing in contaminated areas should be prohibited and enforcing regulations
related to this issue should be taken.

•

The public should be informed clearly by posting signs indicating polluted areas.

•

Public awareness by all media means also are recommended to warren public
from swimming in contaminated areas.

•

Establish educational programs to increase the public awareness on parasitic
infections and environmental contamination associated with seawater pollution.
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•

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.

•

Sand sampling and processing methods greatly influence the percentages of
parasites prevalence, so further researches should focus on standardizing the
collection and processing methods.

•

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.

•

Greatly expanded public education is needed on the importance of coastal areas,
the practices which damage them, and the steps needed to restore them. This
should include greatly expanded publication and distribution of educational
material: A coastal water manual for the Gaza Strip; use of videos, and lectures
by local marine scientist, promotion posters, brochures , stickers, booklets and
other educational means.

•

Develop a national program for the protection of the marine environment that
can be enforced by setting the necessary rules and regulations.

•

Encourage coastal ecotourism by enhancing investments in the coastal areas
through the development of recreational areas and improve the policies and
regulations toward this issue.

•

Encourage specialized agencies, NGOs and research centers to do more
activities related to the seashore region of the Gaza Strip.

•

Allow the custodians of the ecosystem to determine whether additional
management and alternatives for the control of pollution must be implemented.

6.3 Suggestions for Further Works:
In spite of the environmental, economical, commercial, recreational and touristic
importance of the seashore of the Gaza Strip there is a scarcity and lack of deep and
specialized studies dealing with all components related to the seawater and beach
region. Many fields of study and research topics could be taken in the future to enhance
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and improve the seashore region. The studies may handle the seashore region as
economical resource and food production, recreational area, environmental feature,
esthetical value, and international transportation route. Due to the limited number of
studies conducted to examine the marine quality in Gaza Strip coastal area, large
number of research problems could be addressed. The following are some areas of
research need to be clarified:

•

The prevalence of the human gastrointestinal parasites in the seashore region
along the entire costal line of the Gaza Strip.

•

The effects of the environmental conditions (physical, biological and chemical)
on the prevalence of human gastrointestinal parasites in the shoreline region of
the Gaza Strip.

•

The public health impacts related to the bathing in the contaminated sea water
and recreation on the polluted sand.

•

The correlation between the infectious diseases among the Gazans and the
swimming in the polluted seawater during the bathing months.

•

Conduct a study to investigate the possible effect of polluted beach sand on
public health.

•

A similar research that includes the type of symptoms in relation to specific
faecal indicator could be achieved by cooperation between researchers and
specialized physicians.

•

An interesting study of marine pollution research is the study of the effect of
bathers on the quality of the seawater and beach sand.

•

Study the antimicrobial resistant pattern of seawater parasites. This may enable
researchers to determine the source of pollutants and asses possible complication
associated with acquiring infectious parasites as result of contact with seawater.

•

A study that may prove useful in fishing regulation is the study of the microbial
quality of fish from polluted areas. Small-scale fishing is uncommon in the
coastal zone of the Gaza beach.
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Appendices:
1. Direct Smear Technique-saline and iodine wet mount preparations:
A. Materials and reagents:
1. Wooden applicator sticks or matches.
2. Microscope slides (75x25 mm).
3. Cover slips
4. Pens or markers for indelible labeling.
5. Dropping bottles containing:
•

Isotonic saline solution (0.85%; 8.5 g/l)

•

Lugols iodine (1% solution)

B. Procedures (WHO, 1994):
1. With a wax pencil or other markers, write the sample number at the left-hand
end of the slide.
2. Place a drop of saline in the center of the left half of the slide and place a drop of
iodine solution in the center of the right half of the slide.
3. With an applicator stick or match, pick up a small portion of the polluted
seawater sample (approximately 2 mg which is about the size of a match head)
and add it to the drop of saline: add a similar portion to the drop of iodine. Mix
the sample with the drops to form suspensions.
4. Cover each drop with a cover slip by holding the cover slip at an angle, touching
the edge of the drop, and gently lowering the cover slip onto the slide so that air
bubbles are not produced (using the angle of 45º). (Note: ideal preparations
containing 2 mg of the sample are uniform; they are not so thick to obscure
organisms, nor so thin that blank spaces are present.)
5. Examine the preparation with the 10X objective or, if needed for identification,
higher power objectives of the microscope in a systematic manner, (either up
and down or laterally) so that the entire cover slip area is observed. When
organisms or suspicious objects are seen, switch to higher magnification to the
more detailed morphology of the object in question.
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2. Some of staining techniques in parasites identification (WHO, 2004):
•

Trichrome stain

Use: very good stain for fresh and PVA (polyvinyl alcohol fixative) preserved faecal
smears does not give good staining results with SAF (sodium acetate, acetic acid,
formalin) preservation.
Preparation: Add 10 ml of glacial acetic acid to 6 g of chromotrope 2R, 3 g of light
green SF and 7 g of phosphotungstic acid in a clean flask. Swirl to mix and let stand for
30 min, then add 1000 ml of distilled water and mix thoroughly; the stain should be
deep purple. Store in a glass-stoppered bottle; the stain is stable and is used undiluted.
Staining procedure: Place slides, fixed in either Schaudinn’s fixative or PVA, into
70% alcohol for 2 min. Add Lugol’s diluted iodine solution to 70% ethanol to produce a
colour of strong tea: place slides in the solution for 5 min. Place slides in two changes
of 70% alcohol. Stain slides in undiluted trichrome stain for 10 min. Remove slides,
drain thoroughly, and place them in 90% acidified alcohol (prepared by adding 4.5 ml
of glacial acetic acid to 1 liter of 90% ethanol for 2-3 seconds. Dip slides in 95%
alcohol to rinse and then dehydrate through 100% ethanol and xylene or through carbolxylene mixture. Finally use a resinous mounting medium to place a cover slip on the
smear.

•

Iron haematoxylin stain

Use: Very good stain for fresh, PVA- or SAF-preserved faecal smears.
Preparation: Stock solution A: dissolve 1 g of haematoxylin crystals in 100 ml of 95%
alcohol; allow solution to stand in light for 1 week and then filter. Stock solution B: mix
1 g of ferrous ammonium sulfate, 1 g of ferric ammonium sulfate and 1 ml of
hydrochloric acid in 97 ml of distilled water. Prepare a working solution by combining
25 ml each of stock solutions A and B; the solutions should be prepared at least 3-4 h
prior to staining. Prepare picric acid solution for destaining by adding 25 ml of saturated
aqueous picric acid to 25 ml of distilled water.
Staining procedure: Place slides into 70% alcohol for 5 min; into 50% alcohol for 2
min; into tap water for 5min; into working haematoxylin stain solution for 10 min; into
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distilled water for 1 min; into picric acid solution for 1 min; into running tap water for
10 min; into 70% alcohol containing 1 drop of ammonia for 5 min; and into 95%
alcohol for 5 min. Dehydrate through 100% ethanol and xylene or through carbolxylene mixture. Finally use a resinous mounting medium to place a cover slip on the
smear.

•

Modified Ziehl-Neelsen technique (Acid-fast stain)

Use: For detection of C. parvum, C. cayetanensis, and other coccidian infections.
Reagents: Carbol-fuchsin, formalin, HCl-ethanol solution, glycerol malachite green (or
methylene blue) solution, HCl-methanol solution. For preparation of reagents.
Staining procedure: Prepare a thin smear of faeces or the sediment sample; air-dry and
fix in methanol for 2-3 min. Stain with cold carbol-fuchsin for 5-10 min. Differentiate
in 1% HCl-ethanol until colour ceases to flow out of smear. Rinse in tap water. Counter
stain with 0.25% malachite green (or methylene blue) for 30 sec. Rinse in tap water.
Blot or drain dry.
3. Figure of: Percentage of the parasitic contamination in the seawater samples
using Direct smear technique.

100%
80%
60%
40%
20%
0%
Direct Smear
Uncontaminated

Contaminated

Direct smear technique in analyzing seawater
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4. Table of: Percentages of Parasites in Seawater Using Concentration Technique
No.

(%)

A. lumbricoides egg

8

50

E. histolytica/dispar

2

12.5

G. lamblia cyst

1

6.25

H. nana egg

1

6.25

S. stercoralis larva

4

25

5. Table of: Distribution of parasites in seawater according to the zones
A

B

C

D

E

count

%

count

%

count

%

count

%

A. lumbricoides

4

50.0

2

50.0

1

12.5

1

12.5

0

C. parvum

7

33.3

5

33.3

3

14.3

5

23.8

1

E. histolytica/dispar

1

50

1

50

0

0

G. lamblia

0

0

H. nana

1

100.0

0

0

S. stercoralis

3

30.0

1

Total

16

37.2

10

Total

count % count %
8

100

21

100

0

2

100

0

0

1

100

0

0

0

1

100

10.0

0

6

60.0

0

10

100

23.3

4

12

27.9

1

43

100

1

9.3

4.8

2.3

6. Figure of: Percentages of Contamination in Seawater According to Zones:

Percentages of Contamination in Seawater According to Zones
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7. Table of: Dry sand analysis (parasites classification):
Dry sand

No.

(%)

A. lumbricoides egg

9

39.1

E. coli

1

4.3

E. histolytica/dispar

2

8.7

E. vermicularis egg

3

13.1

G. lamblia cyst

2

8.7

S. stercoralis larva

5

21.7

T. spp. Egg

1

4.3

8. Table of: Wet sand analysis (parasites classification):
Wet Sand

Frequency

Percent (%)

A. lumbricoides egg

6

25

E. coli

1

4.2

E. histolytica/dispar

1

4.2

G. lamblia cyst

1

4.2

S. stercoralis larva

14

58.2

T. spp. egg

1

4.2

9. Table of: Percentage of the contamination in dry and wet sand
Dry Sand

Wet Sand

Count

%

count

%

Uncontaminated

34

65.4

31

59.6

Contaminated

18

34.6

21

40.4

10. Tween 20:
Polysorbate 20 (common commercial brand names include Alkest TW 20 and
Tween 20) is a polysorbate surfactant whose stability and relative non-toxicity allows it
to be used as a detergent and emulsifier in a number of domestic, scientific, and
pharmacological

applications.

It

is

a polyoxyethylene derivative

of sorbitan

monolaurate, and is distinguished from the other members in the polysorbate range by
the length of the polyoxyethylene chain and the fatty acid ester moiety. The commercial
product contains a range of chemical species (Ayorinde et al., 2000).
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11. Preparation procedure of the Ziehl-Neelsen /Acid-fast stain (Carbol-Fuchsin
preparation): Source: (Hi Media, 1998).
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12. Some of Phytoplanktons:
12.1. Identified Phytoplanktons:
The following images for some of identified phytoplanktons (dinoflagellate cysts)
which have been discovered in the shoreline region samples (seawater and sand
samples) throughout the examination processes. The identification process was carried
out using several references such as: Botes, 2001 and Pitcher and Joyce, 2009.

Protoperidinium americanum

Hemidiscus cuneiformis

Nitzschia closterium

Preperidinium meunieri

Rhizosolenia imbricata
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Spiniferites delicatus

Scrippsiella crystalline

Asterionellopsis glacialis

Pleurosigma capense

Dinophysis acuminata

Dinophysis rotundata
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12.2. Some of Unknown Phytopalnktons:
The following emages for some of unkow phytoplaktons which have been discovered
in the shoreline region samples (seawater and sand samples) throughout the examination
processes.
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12.3. Some of Artifacts:
The following images are for artifacts which have been viewed in the shoreline region
samples (seawater and sand samples) throughout the examination processes; these
artifacts have made it more difficult to identify the actual human parasites indicators
such as eggs, larvae, cyst, trophozoite or whole parasite.
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13. Official agreement letter regarding to facilitate the implementation of the
practical part of the current study in the laboratory of public health:
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