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Abstract
The present study investigated the grain size distribution in two lines, tide and shelf
along the study area, and evaluated the concentrations of Zn, Pb, Mn, Cu, Co, and Cd
in tide and shelf zone sediments along Gaza Strip. Thirty sampling sites were selected
divided between the tide and the shelf zones to conduct the study along the Gaza Strip
coast. The samples were taken in February 2015 during the winter season. All
samples were analyzed mechanically in the lab of geology department in Al Azhar
university, while the chemical analysis made in the Ministry of Health (MoH)
laboratories-Gaza city. All metals were determined and analyzed by Flame Atomic
Absorption Spectrophotometer.
The results showed that, the sorting of sand sediments in tide was poorly at site 4/T,
moderately at sites 2/T and 6/T, moderately well at sites 3/T, 7/T, 9/T, 12/T, 13/T, and
15/T, and well at sites 1/T, 5/T, 8/T, 10/T, 11/T, and 14T. While the sorting of sand
sediments in shelf zone was as follows, poorly at sites 1/S, 13/S, 14/S, and 15/S,
moderately at sites 2/S, 4/S, 5/S, 6/S, 7/S, 10/S, and 11/S, moderately well sorted at
sites 3/S, 8/S, 9/S, and 12/S There is no well sorted in the shelf zone along the study
area.

The grain size distribution of the sand in tide zone along the study area was classified
in order of medium sand > fine sand > coarse sand > very coarse sand > very fine sand
> silt and clay. While in shelf zone the classification was in order of fine sand > very fine
sand > medium sand > very coarse sand > silt and clay > coarse sand.

The results of this study showed that, the mean concentration values of metals in shelf
zone along the study area were higher than those in tide, except of the Lead (Pb)
which found in the tide higher than shelf. The mean concentrations of heavy metals
(Zn, Pb, Mn, Cu, Co, and Cd) in the tide zone were 11.56 mg/kg, 15.86 mg/kg, 20.49
mg/kg, 1.72 mg/kg, 3.24 mg/kg, and 0.90 mg/kg respectively, while the mean
concentrations of the heavy metals (Zn, Pb, Mn, Cu, Co, and Cd) in the shelf zone were
14.92 mg/kg, 14.07 mg/kg, 198.07 mg/kg, 2.00 mg/kg, 4.51 mg/kg, and 1.30 mg/kg
respectively.
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The study showed that the concentration averages of the investigated metals in tide
zone was ranged in the order of Mn > Pb > Zn > Co > Cu > Cd, while in shelf zone
was Mn > Zn > Pb > Co > Cu > Cd. The significant correlation among the selected
heavy metals in tide zone along the study area was a significant correlation in Pb and
Co (0.99), Pb and Cd (0.96), Co and Pb (0.95). While in shelf zone the significant
correlation was found in Mn and Co (0.90).

Comparing the concentrations of heavy metals in tide zone sediment by EPA and
Ontario guideline standards, the concentration values of Zn, Mn, Cu, and Co were less
than these limits, while for Pb, all sites were under the limit except of site 11/T which
locates in Gaza City in Al Shalihat resort. In the Cd all sites were unfortunately above
the limits of EPA and Ontario, except of the sites 7/T, 9/T, 10/T, and 15/T which
found under these limits. While in shelf zone sediments all the selected heavy metals
(Zn, Pb, Mn, Cu, and Co) values were found under EPA and Ontario limits except of
Cd which found above these limits along the study area.
The Gaza Strip coast is considered as one of the most polluted areas due to the
adverse effect of effluents from land-based sources. Domestic untreated wastewater
discharges and fishing activities in the harbors area may possibly the major source of
the observed higher levels of heavy metals contamination, especially the cadmium
and lead. Further research studies and periodical monitoring of heavy metals level in
tide and shelf sediment along the Gaza strip coast and environment are recommended.
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الملخص
قامت الدراسة الحالية بالتعرف على توزيع حبيبات التربة على مستوى خطين متوازيين لمنطقة الدراسة وهما
خط على امتداد الشاطئ والمعروف بخط المد والجزر ويقابله خط على بعد  350متر من على الشاطئ على
طول ساحل قطاع غزة .وكذلك قامت الدراسة بتقييم تراكيز المعادن الثقيلة لكل من ( الزنك ،الرصاص،
المنجنيز ،النحاس ،الكوبلت ،والكادميوم) على خط الدراسة بامتداد طول ساحل قطاع غزة .ثالثون عينة تم أخذها
مقسمة بالتساوي على خطى الدراسة ،حيث تم أخذ العينات في شهر فبراير لعام  2015وخالل موسم الشتاء .ولقد
تم التحليل الميكانيكي للعينات في مختبر قسم الجيولوجيا بجامعة األزهر ،بينما تم التحليل الكيميائي لهذه العينات
في مختبر وزارة الصحة بغزة ،وذلك من خالل استخدام جهاز قياس االمتصاص الذري.
وقد أظهرت نتائج دراسة فرز حبيبات التربة على خط المد والجزر بأن فرز حبيبات التربة كان ضعيف عند
الموقع  ،4/Tمعتدل عند المواقع  2/Tو  ،6/Tمعتدل جيد في مواقع ،15/T, 13/T, 12/T, 9/T, 7/T, 3/T
وجيد في المواقع  .14/T, 11/T, 10/T, 8/T, 5/T, 1/Tبينما على بعد  350متر من خط المد والجزر كانت
نتائج فرز حبيبات التربة على النحو التالي ،ضعيفة في المواقع  ،15/S, 14/S, 13/S, 1/Sوكانت متوسطة في
كل من المواقع التالية  ،11/S, 10/S, 7/S, 6/S, 5/S, 4/S, 2/Sفي حين أنه لم ترصد أي حبيبات تربة
مفروزة بصورة جيدة على طول الخط الواقع على بعد  350متر من على منطقة المد والجزر.
تظهر الدراسة بأن توزيع حجم حبيبات التربة في منطقة المد والجزر على طول ساحل قطاع غزة كانت على
النحو التالي الرمال المتوسطة > الرمال الناعمة > الرمال الخشنة > الرمال الخشنة جدا > الرمل الناعم جدا >
الطمي والطين .بينما كانت على بعد  350متر من خط المد والجزر على النحو التالي الرمل الناعم > الرمل
الناعم جدا > الرمال المتوسطة > الرمال الخشنة جدا > الطمي والطين > الرمال الخشنة.
وتظهر نتائج هذه الدراسة على أن قيم المتوسط الحسابي لتراكيز المعادن الثقيلة المستهدفة في هذا العمل في
منطقة ال 350متر عمقا بعيدا عن الشاطئ كانت أعلى من مثيالتها على مستوى منطقة المد والجزر على طول
ساحل قطاع غزة باستثناء عنصر الرصاص الذي وجد متوسطه الحسابي في منطقة المد والجزر أعلى منه في
منطقة عمق البحر ببعد  350متر من على الشاطئ .حيث كان متوسط تراكيز المعادن الثقيلة (الزنك ،الرصاص،
المنجنيز ،النحاس ،الكوبلت ،والكادميوم) في منطقة المد والجزر على النحو التالي 11.56 mg/kg
 0.90 mg/kg, 3.24 mg/kg, 1.72 mg/kg, 20.49 mg/kg, 15.86 mg/kg,على التوالي ،في حين
متوسط تراكيز المعادن الثقيلة (الزنك ،الرصاص ،المنجنيز ،النحاس ،الكوبلت ،والكادميوم) في منطقة عمق
 350عن شاطئ الحر كانت على النحو التالي198.07 mg/kg, 14.07 mg/kg, 14.92 mg/kg ،
 1.30 mg/kg, 4.51 mg/kg, 2.00 mg/kgعلى التوالي.
وأظهرت الدراسة أن متوسطات تركيز المعادن المستهدفة أثناء العمل في منطقة المد والجزر كانت مرتبة كالتالي
المنجنيز > الرصاص > الزنك > الكوبلت > النحاس > الكادميوم  .بينما على مستوى منطقة  350متر عمقا
باتجاه البحر كان ترتيب متوسطات هذه المعادن على النحو التالي المنجنيز > الزنك > الرصاص > الكوبلت >
النحاس > الكادميوم.
V

أن العالقة ما بين تراكيز العناصر الثقيلة مع بعضها البعض والتي تم دراستها خالل هذه الدراسة أظهرت بأن
هناك عالقة قوية على مستوى منطقة المد والجزر بين العناصر التالية  :الرصاص والكوبلت (،)0.99
الرصاص والكادميوم ( ،)0.96الكوبلت والرصاص( .)0.95بينما على مستوى منطقة عمق  350متر بعيدا عن
شاطئ البحر كانت العالقة قوية بين العناصر التالية :المنجنيز والكولت ( ،)0.90الزنك والنحاس ( ،)0.13الزنك
و الرصاص (.)0.11
تمت مقارنة تراكيز العناصر الثقيلة على مستوى خط المد والجزر على طول ساحل قطاع غزة مع معايير وكالة
حماية البيئة االمريكية وكذلك معايير اونتاريو الكندية ،حيث كانت النتائج على النحو التالي ،جميع قيم تراكيز
عناصر ا لزنك ،المنجنيز ،النحاس ،والكوبلت كانت أقل من هذه المعايير في جميع مواقع الدراسة ،بينما عنصر
الرصاص وجد أنه في كل مواقع الدراسة كانت تراكيزه أقل من هذه المعايير باستثناء الموقع  11/Tالوقع في
منطقة الشاليهات بمدينة غزة ،وكذلك عنصر الكادميوم كانت تراكيزه في كل المواقع أقل من هذه المعايير
باستثناء المواقع  15/T, 10/T, 9/T, 7/Tوالتي وجدت قيم التراكيز فيها أعلى من معدالت المعايير المذكورة.
أما على مستوى خط  350متر عمقا بعيدا عن الشاطئ ،وجدت معظم العناصر الثقيلة ( الزنك ،الرصاص،
المنجنيز ،النحاس ،والكوبلت) أقل من معايير وكالة حماية البيئة األمريكية وكذلك معايير اونتاريو الكندية ،بينما
لدى عنصر الكادميوم ،ألسف كانت التراكيز أعلى منها في هذه المعايير في كل المواقع على طول منطقة
الدراسة.
يعتبر ساحل قطاع غزة من أكثر المناطق تلوثا وذلك بسبب التأثير السلبي للنفايات السائلة القادمة من اليابسة،
حيث تضخ كميات كبيرة من المياه العادمة غير المعالجة على طول الساحل فتعتبر بذلك من أهم المصادر
الرئيسة لملوثات المعادن الثقيلة وكذلك أنشطة الصيد على مستوى مرافئ القطاع ،وخاصة عنصر الكادميوم
والرصاص ،لذا يوصى بالقيام بالعديد من األبحاث وعمل مراقبة دورية لتقييم العناصر الثقيلة على طول الساحل
سواء على مستوى منطقة المد والجزر أو على مستوى عمق البحر.
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Chapter 1: Introduction

Chapter 1
Introduction
1.1 General Introduction
Heavy metals are considered among the most serious contaminants of aquatic ecosystems, due to
their high potential to enter and accumulate in the food chain. Under certain environmental
conditions in aquatic systems, heavy metals may accumulate to reach a toxic concentration and
cause ecological damage. The main sources of heavy metal pollution are the run-off from
agricultural and urban areas, discharges from mining, factories and municipal sewer systems,
leaching from dumps and former industrial sites, and atmospheric deposition (El-Serehy et al,
2012).
Sediments are the final destination of trace metals, as a result of adsorption, precipitation,
diffusion processes, chemical reactions, biological activity and a combination of those
phenomena. Sediments can become a source of metals, releasing them into the overlying water
column. Metals in minerals and rocks are generally harmless and only become potentially toxic
when they dissolve in water. Marine organisms can accumulate trace metals from the dissolved
phase and from ingested food. Metals enter the environment naturally as a result of chemical and
physical weathering of rocks, leaching of soils, vegetation, and volcanic activity, and as a result
of urbanization, industrial and agricultural activities. Both anthropogenic and natural processes
can contribute to the trace metal contamination in the coastal sediments. On the other hand the
trace metal variability in the sediments has been found to be related to grain size, mineralogy,
and organic carbon (Abbas et al, 2013).
In recent years there have been increasing interests regarding heavy metal contaminations in the
environments, apparently due to their toxicity and perceived persistency within the aquatic
systems. There are basically three reservoirs of metals in the aquatic environment: water,
sediment and biota. Sediments are important sinks for heavy metals and also play a significant
role in the remobilization of contaminants in aquatic system under favorable conditions and
interaction between water and sediments (Balasim, 2010).

1.2 Problem Statement
The heavy metals pollution is considered as one of the most harms in any environment because
its ability to persist in the nature without degradation or decomposition, with high poisoning
even at low concentration due to the accumulation process through the food web. In case of the
1
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Gaza Strip coast, it is suffering from facing many sources of pollution, including the
accumulation of heavy metals pollution. About 90.000 cubic meters of sewage per day has
dumped on the Gaza Strip beach by 12 sewage station located along the beach (UN, 2012).
Dumping of solid waste which contain industrial waste are also the main source of
anthropogenic sources. Furthermore the sediments which come from the Nile delta cause the
naturally contribution of these metals in the sea of Gaza Strip coast, either in tide or shelf zones.

1.3 Justification
There are many causes enforced us to study these topics:


Find out the main sources of heavy metals in the study area.



Make a comparison with other studies which evaluated the heavy metals concentration,
particularly that have been done in tide.



Lack of data about the heavy metals concentration in the shelf zone sediments along the
Gaza Strip Mediterranean Sea.



The Gaza Strip coast is considered as the lone recreation place for the people.

1.4 Objectives
The aim of this study is to understand of heavy metals occurrence for future references in Gaza
Strip coast, particularly in tide and shelf (350 m from the coastline) zones. The objectives of this
study can be summarized as the following:


To produce a high resolution assessment of the spatial and temporal heavy metal
concentrations in sediments along the Gaza Strip coast and to identify where possible
anthropogenic and/or natural sources.



To determine the Zn, Pb, Mn, Cu, Co and Cd concentration in sediments of tide and shelf
zones.



To study the relationship between the grain size distribution and the accumulation of
heavy metals concentration in the study area.



To make comparison between the study results and the other studies, particularly those
have been done in tide or shelf zone locally and internationally.
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1.5 Research Question


What are the sources of heavy metal accumulation along the Gaza Strip coast?



What is the difference between heavy metals concentration in tide and shelf zones?



What is the difference between heavy metals concentration in the south and the north
direction of the Gaza Strip sea?



Describe the relationship between grain size of sediments and the concentration of heavy
metals in the study area.



Comparison of heavy metals concentration among the international Standard limits.

1.6 The structure of dissertation
This thesis is organized in six chapters as follows:


Chapter 1
It gives an introduction about the background information with an overview of the heavy
metal occurrences, objectives and research questions, and brief structure of the study.



Chapter 2
It presents the meaning and the sources of heavy metals generally, the concentrate and
the occurrence of the six heavy metal test in this study, and it will provide the literature
review locally and internationally,



Chapter 3
It describes the study area; discusses the coast characteristics; the formation of the soil,
and sedimentation transport history in the study area.



Chapter 4
It presents the methods of the work sampling; preparing of samples; digestion, and
analyzing of samples which includes mechanical and chemical analysis. And discussion
of the method steps that will be used in the research.



Chapter 5
It shows the results and the discussion of the work; and figuring the correlation between
the elements by using SPSS software, and describes the discrimination between the
environment and the heavy metals chemistry.



Chapter 6
Summarize conclusions and recommendations about the research work described in this
study; proposed the main recommendation to avoid or reduce the effects of these heavy
metals along the coast of the Gaza Strip.
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Literature Review
1. Background
1.1 Heavy metals Definition
Heavy metal is a general collective term which applies to the group of metals and
metalloids with an atomic density range from above 3.5 g/cm3 to above 7 g/cm3
(Obirikorang, 2010). They are defined by the united states environmental protection
agency (USEPA) as "Metallic elements with high atomic weights; (e.g. mercury,
chromium, cadmium, arsenic, and lead); that can damage living things at low
concentrations and tend to accumulate in the food chain ". The united nations
environmental program (UNEP) also defined heavy metals as" any metal or
semimetal with potential human or environmental toxicity". There are about 23
“heavy metals” of concern that have been classified for residential and occupational
exposure; namely antimony, arsenic, bismuth, cadmium, cerium, chromium, cobalt,
copper, gallium, gold, iron, lead, manganese, mercury, nickel, platinum, silver,
tellurium, thallium, tin, uranium, vanadium, and zinc. Small amounts of these
elements are common in the environment and are sometimes necessary for good
health, but large amounts may cause acute or chronic toxicity (UNEP, 2010). Faced
with more and more stringent regulations, nowadays heavy metals are the
environmental priority pollutants and are becoming one of the most serious
environmental problems (Fu and Wang, 2011).

1.2 Pollution in marine environment
Heavy metals can contribute to degradation of marine ecosystems by reducing species
diversity and abundance and through accumulation of metals in living organisms and
food chains (Humood, 2013). Heavy metals in coastal sediment originate from both
natural (physical and chemical weathering of parent rocks) and anthropogenic
sources, wastewater discharge, urban effluent and fertilizer application constitute the
major anthropogenic inputs (Bastami et al, 2014). Whether the source of heavy metals
is natural or anthropogenic, the concentrations in terrestrial and aquatic organisms are
determined by the size of the source and adsorption and/or precipitation in soils and
4
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sediments. The extent of adsorption depends on the metal, the absorbent, the physicochemical characteristics of the environment (e.g. pH, water hardness and redox
potential) and the concentrations of other metals and complex chemicals present in the
soil water (Obirikorang, 2010).

1.3 Coastal zone
Coastal zone” means the geomorphologic area either side of the seashore in which the
interaction between the marine and land parts occurs in the form of complex
ecological and resource systems made up of biotic and abiotic components coexisting
and interacting with human communities and relevant socioeconomic activities
(UNEP, 2008).

1.4 Continental shelf zone
The continental shelf zone is generally defined as a flat zone extending from the shore
beneath the ocean surface to a point at which a marked increase in slope angle occurs,
called the shelf break. It is usually flat and relatively featureless because of marine
sediment deposits, but can contain coastal islands, reefs, and raised banks. The
underlying rock is a granitic continental crust, so the continental shelf is geologically
part of the continent.
With few exceptions, the coastal topography extends beyond the shore and onto the
continental shelf. The average width of the continental shelf is about 70 kilometers
(43 miles), but it varies from a few tens of meters to 1500 kilometers (930 miles) (Al
and Harold, 2011).

1.5 Tide zone
The Intertidal Zone is where the land meets the sea. It is the area between high tide
and low tide. Also, it is known as the marine zone between the highest high-tide point
on a shoreline and the lowest low-tide point. The intertidal zone is sometimes
subdivided into four separate habitats by height above tidal datum, typically
numbered 1 to 4, land to sea (Garrison, 2009).
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1.6 Marine sediments
Sediments are eroded particles and fragments of dirt, dust, and other debris that have
settled out of the water and accumulated on the ocean floor. Therefore, Particles of
sediment come from worn pieces of rocks, as well as living organisms, minerals
dissolved in water, and outer space. Clues to sediment origin are found in its mineral
composition and its texture (the size and shape of its particles). The marine sediments
classified into four types, lithogenous which derived from rock, biogenous which
derived from organisms, hydrogenous which derived from water, and cosmogonies
which derived from outer space.
Marine sediments provide a variety of important resources, including petroleum, gas
hydrates, sand and gravel, evaporite salts, phosphorite, and manganese nodules and
crusts (Al and Harold, 2011).

1.7 Pollution of sediments by heavy metals
Marine sediments act as scavengers for trace metals and often provide an excellent
proof of man’s impact. To some extent, trace metal contents in sediment can reflect
the quality of the water body. Although sediments act as one of the ultimate sinks for
heavy metals input into the aquatic environment, they cannot fix metals permanently.
Some of the sediment - bound metals might be released into the water body again
through various processes of remobilization under variable conditions. Therefore,
sediments are the main repository and source of heavy metals in the marine
environment and play an important role in the transport and storage of potentially
hazardous metals (Yu et al, 2008). Heavy metals are easily accumulated on finegrained particles of sediments. These metals that are fixed to sediments may be
returned to water bodies via chemical and biological processes and subsequently
transported to downstream rivers. Thus, sediment is the most important sink for heavy
metals and may act as a carrier and source of heavy metals in estuary systems (Sheng
et al, 2014). The primary sediment source in Gaza strip coast is the Nile River. Nile
sands have been transported from the outlets of the river to the Palestinian coast by
consistent west-to-east and southwest-to-northeast alongshore currents generated by
westerly approaching waves. In recent decades, the coast has been plagued by a
serious shortage of sand and by erosion. The net annual alongshore sediment transport
6
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is ranged from 160×103 to 220×103 m3 , but can vary significantly depending on the
severity of winter storms. According to the observed wave heights and directions, the
net waves are cross-shore, therefore vast quantities of sediments may transfer to the
deep sea (Mazen et al, 2012).

2. Selected heavy metals for this study
2.1 Zinc (Zn)
Zinc metal does not occur in the natural environment. It is present only in the divalent
state Zn (II). Zinc is a transition element and is able to form complexes with a variety
of organic ligands. Organometallic zinc compounds do not exist in the environment
(WHO, 2001). The most common mineral form of zinc is the sulphide (sphalerite).
Zinc is also found as a carbonate, oxide or silicate and may occur in association with
many other metal ores such as copper and arsenic. The chloride, sulphate and nitrate
salts of zinc are highly soluble in water, but at neutral and alkaline pH they hydrolyse
to form relatively insoluble hydroxides which tend to be associated with sediments.
On acidification of the water, the insoluble hydroxides are released back into solution.
As in the case with all metals, the pH of the water determines the concentration of
soluble zinc (Holmes, 1996). In aquatic systems, most of the zinc introduced into
aquatic environments is eventually partitioned into the sediments. zinc bioavailability
and toxicity are increased under conditions of low pH, low alkalinity, low dissolved
oxygen, and high temperatures. The concentration of Zn is rarely exceed 40 μg/L in
water, 200 mg/l in soils and sediment (Eisler, 1993).
The natural sources of Zn in the aquatic ecosystem is weathering, even from erosion
of soil particles or from high temperature hydrothermal fluids in mid- ocean ridges,
and their contribution is estimated to 915000 tonnes/year, and 681000 tonnes/year
respectively. The anthropogenic sources are mining, manufacturing processes,
domestic wastewater, atmospheric fallout, and from dumping of sewage sludge. In
addition, these sources input about 77000 to 375000 tonnes/year in the aquatic
ecosystem (WHO, 2001). Because of Zn has low solubility in aqueous solution; it is
easily adsorbed on waterborne suspended particles. After a series of natural processes,
the Zn finally accumulates in the sediment, and the quantity of Zn contained in these
sediment reflects the degree of pollution of the water body (Cheng et al, 2012).
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Uncontaminated sediments typically contain zinc concentrations of 5–50 μg/g
depending upon the local geology (Denton et al, 2005).
Zn is an essential nutrient for human body and has an importance for health.
However, like other metals, it can be toxic in high concentrations. Although
uncommon, gastrointestinal distress and diarrhea have been reported following
ingestion of beverages standing in galvanized cans or from use of galvanized utensils.
Other symptoms of Zn toxicity are slow reflexes, shakes, paralyzation of extremities,
anemia, metabolic disorder, teratogenic effects and increased mortality (Obirikorang,
2010).

2.2 Lead (Pb)
Lead is a bluish-white, very soft metal. It is also highly resistant to corrosion. The
most common mineral ores of lead are lead sulphide, lead carbonate and lead
sulphate. The occurrence of lead in its elemental state is rare. Lead tends to
accumulate in sediments and soils in the environment Typically the concentration of
lead in sea water is no greater than 0.003mg/L (Holmes, 1996).
Lead is a naturally occurring metal found in small amounts in the earth’s crust. Lead
can be found in all parts of our environment. Much of it comes from human activities
including burning fossil fuels, mining, and manufacturing (ATSDR, 2007).
The effects of lead are the same whether it enters the body through breathing or
swallowing. Lead can affect almost every organ and system in your body. The main
target for lead toxicity is the nervous system, Lead exposure also causes small
increases in blood pressure. Exposure to high lead levels can severely damage the
brain and kidneys in adults or children and ultimately cause death (ATSDR, 2007).

2.3 Manganese (Mn)
Manganese is a naturally occurring element that is found in rock, soil, water, and
food. Manganese and its compounds can exist as solids in the soil and as solutes or
small particles in water. Most manganese salts are readily soluble in water. The
manganese oxides (manganese dioxide and manganese tetroxide) are poorly soluble in
water (WHO, 2004). A rough estimate of the average concentration of manganese in
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the earth's crust is about 1000 mg/kg. Deep sea sediments, also contain concentrations
of about 1000 mg/kg (Adu, 2010).
The natural presence of manganese in rock and soil provides a source of manganese
that may dissolve in ground and surface waters or may erode and deposit as sediment.
In aquatic system, manganese solubility increases at low pH as well as under low
oxidation-reduction potential. Manganese precipitates out in sediment mainly as Mn
(IV) and re-solubilizes in the water column mainly as Mn (II). Manganese
concentration in water is primarily controlled by pH and redox concentration.
Anthropogenic sources of Manganese which can be released to water are discharged
from industrial facilities or as leachate from landfills and soils. Sea disposal of mine
tailings and liquor is reported to be a not negligible source of manganese in the
marine environment (Gabriela et al, 2012).
The accumulation of manganese in a living organism has the potential of reaching
toxic levels. Symptoms of the Manganese toxicity in man include dullness, weak
muscles, headaches and insomnia. High manganese concentrations affect vital organs
in humans, including the liver, cardiovascular system, and kidneys (Obirikorang,
2010).

2.4 Copper (Cu)
Copper is plentiful in the environment and essential for the normal growth and
metabolism of all living organisms. Copper is among the most toxic of the heavy
metals in freshwater and marine biota. It often accumulates and causes irreversible
harm to some species at concentrations just above the levels required for growth and
reproduction (Eisler, 1998).
Input of copper into aquatic ecosystems increased sharply during the past century and
includes inputs from waste discharges, industrial discharges, and leaching of
antifouling marine paints and wood preservatives. Present anthropogenic inputs of
copper are two to five times higher than natural loadings (Eisler, 1998).
Because of its affinity for particulate matter, mainly fractions of iron, manganese
oxides, and organic matter, copper tends to accumulate in sediments (CCEM, 1999).
Copper concentrations in clean, non-geochemically enriched sediments are in the
order of 10 μg/g or less, while values in excess of 2000 μg/g have been reported for
copper polluted sediments (Denton, 2005). High levels of copper can be harmful.
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Breathing high levels of copper can cause irritation of nose and throat. Ingesting high
levels of copper can cause nausea, vomiting, and diarrhea. Very-high doses of copper
can cause damage to the liver and kidneys, and can even cause death (ATSDR, 2004).

2.5 Cobalt (Co)
Cobalt is a shiny gray metal that is hard and magnetic. In nature, it usually combines
with other elements to form cobalt compounds (EPRI, 1999).
Cobalt occurs naturally in soil, rock, air, water, plants, and animals. It may enter air
and water, and settle on land from windblown dust, sea water spray, volcanic
eruptions, and forest fires and may additionally get into surface water from runoff and
leaching when rainwater washes through soil and rock containing cobalt. On the other
hand the anthropogenic sources of cobalt are burning of coal, oil or the production of
cobalt alloys. Cobalt released into the water may stick to particles in the water column
or to the sediment at the bottom of the body of water into which it was released, or
remain in the water column in ionic form. The specific fate of cobalt will depend on
many factors such as the chemistry of the water and sediment on a site as well as the
cobalt concentration and water flow (ATSDR, 2001).
Longer-term effects can include: allergic reactions in the skin (allergic dermatitis) and
respiratory tract (asthma); inflammation and fibrosis of the lung, in a condition called
‘hard metal disease’, which can become irreversible and lead to early death;
occasional instances of heart disease (cardiomyopathy); a possible effect on thyroid
function, with enlargement of the thyroid gland (HSE, 2013).
2.6 Cadmium (Cd)
Cadmium is chemically similar to zinc and highly toxic to living organisms. The
presence of cadmium in the aquatic environment is of concern because it
bioaccumulates. Cadmium has a low solubility under conditions of neutral or alkaline
pH and is highly soluble under acidic conditions.
Cadmium occurs in association with zinc ores. Cadmium sulphide, carbonate and
hydroxide salts are insoluble in water, whereas cadmium chloride, nitrate and sulphate
salts are highly soluble in water. Cadmium binds strongly to sulphydryl groups,
hence, the pronounced tendency of cadmium to bioaccumulate in the food chain
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(Holmes, 1996). Cadmium occurs in the earth’s crust at a concentration of 0.1–0.5
ppm and is commonly associated with zinc, lead, and copper ores (ATSDR, 2012).
Cadmium is emitted to soil, water, and air by non-ferrous metal mining and refining,
manufacture and application of phosphate fertilizers, fossil fuel combustion, and
waste incineration and disposal. Cadmium can also accumulate in aquatic organisms.
Cadmium exists as the hydrated ion or as ionic complexes with other inorganic or
organic substances. Soluble forms migrate in water. Insoluble forms of cadmium are
immobile and will deposit and absorb to sediments. Cadmium content in marine
sediments ranges from 0.1 to 1.0 μg/g in the Atlantic and Pacific oceans. Soils with
parent materials such as black shale (cadmium content up to 24 mg/kg) may have
higher concentrations of natural cadmium (ATSDR, 2012).
Even it is generally present in the environment at low levels, cadmium exerts toxic
effects on the kidney, the skeletal system and the respiratory system and is classified
as a human carcinogen. High inhalation exposure to cadmium oxide fume results in
acute pneumonitis with pulmonary oedema, which may be lethal. Long-term, highlevel occupational exposure is associated with lung changes, primarily characterized
by chronic obstructive airway disease (WHO, 2010).

3. Previous studies
3.1 Local studies
There are few previous studies in Gaza Strip about the concentration of heavy metals
in the marine sediments, especially in the littoral zone, and lately studies discussed the
concentration of some heavy metals in the shelf zone.

Muzyed (2011), was determined the concentration of zinc, lead, cadmium,
manganese, copper and nickel by using atomic absorption spectroscopy in the muscles
of six commercial fish species which available in Gaza Strip markets. In his study the
author found out the following level of metal in µg/g: Cu 0.251-0.907, Zn: 3.70520.535, Mn: 0.376-0.834, Ni: 0.453-0.978, Cd: Nd-0.09, Pb: Nd-0.0552. The study
explained transfer factor indicates that the local fishes accumulation heavy metals
from water. The daily intake of all metals showed that in case of regular consumption,
there was no harmful effect on general public health from the consumption of the
studied fish.
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Transfer factor (accumulation factor) indicated that local fish (Sparus aurata,
Oreochromis niloticus and Mugil cephalus) accumulated heavy metals from water and
sediment were considered as additional sources of heavy metals. The study resumed
that the estimated maximum total dietary intakes of all metals from the studied fishes
were below the maximum acceptable daily intake values set by WHO (1993) and
USA National Research Council (1989) (Muzyed, 2011).
Moqat (2014), was investigated the presence of Cadmium, Copper, Manganese,
Nickel, Lead and Zinc in the muscles of some fish, sea water, and sediments in four
sites, two sites were located at North Governorate, and the others in Wadi Gaza.
Where the bottom sediments were taken at depth of water about 1.5 m. In order to
measure theses metals, the author used the Atomic Absorption Spectrophotometer.
The results of fish muscles shows that the highest level is Cu and the lowest level is
Cd, and all estimated results were below the limits permitted by the Food and
Agriculture Organization of the United Nations (FAO, 1989) and World Health
Organization (WHO, 1996).
In sea water the mean concentration of heavy metals was as follows; Cu: 0.247mg/l,
Zn: 0.778 mg/l, Ni: 1.754 mg/l, Mn: 0.238 mg/l, Pb: 3.165 mg/l and Cd: 0.324 mg/l.
And these results were above the limits for sea water proposed by the Environmental
Protection Agency (EPA,), and European Community Regulation (EU).
In sediments, the study shows that the mean concentration of heavy metals as follows;
Cu: 0.479 mg/g, Zn: 0.587mg/g, Mn: 0.160mg/g, Ni: 0.154mg/g, Pb: 0.100mg/g and
Cd: 0.010mg/g. And the ranking was Zn > Cu > Ni > Mn > Pb > Cd. These results
were above the limits for sediment in present study proposed by the National Oceanic
and Atmospheric Administration, the United Kingdom Ministry of Agriculture,
Fisheries and Food (MAFF), and United State Environmental Protection Agency
(USEPA). Depending on his results, there is no risk on human health would be raised
at present from the consumption of the selected fish, where in case of sediments and
sea water it is mostly considered above the international standards. The author
explained that heavy metals concentrations almost showed the same patterns at all
sampling sites for each heavy metal element, except at Al-Sodania site, where the
concentration of Zn, Cu and Ni in the sediment samples were higher concentrations
observed. And this emphasizes that there is a high heavy metal pollution of the waste
water poured in the sea water at this site comparing with the two other sites (Moqat,
2014).
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El-Turk (2014), was assessed the heavy metals concentration of Zinc, Lead, Cdmium,
Manganese, Copper and Zinc in the sediments of Wadi Gaza from the north, south
and the mouth sides. He used the Atomic Absorption Spectrophotometer to determine
the heavy metals concentration. He found out the mean ± standard deviation of each
element as follow; Ni mean is 31.380±22.81, Zn mean 49.33±48.55, Pb mean
0.76±0.54, Cd mean 1.72±0.62, Cu mean 3.38±3.78 and Mn mean 16.04±12.89. The
results are below the limits of standard for sediments (Mn, Cd, Cu, Pb) but Ni and Zn
are moderate pollutant compared with USEPA and MOE Canada. And he explained
that the distribution patterns for Zn, Ni clearly indicate that sediment contamination is
due to anthropogenic factors, and may become alarming if mitigation measures are
not taken. Lastly, he recommended to stop the flow of sewage into the marine
environment, which is the main source of pollution in the study area (El-Turk, 2014).

Wafi (2015), studied and assessed the heavy metals contamination in the
Mediterranean Sea in Gaza coast, a cases Study of Gaza fishing harbor. In his study, it
investigated Mn, Cu, Zn, Ni, Co, Pb and Cd in sea water and the marine sediments
and the muscles of fish species. It selected eight sampling stations. The samples were
taken in September, November 2013 and March 2014, his samples were analyzed by
Atomic Absorption Spectrophotometer. The results show that the mean concentrations
of heavy metals (Mn, Cu, Zn, Ni, Co, Pb and Cd) were 0.067 mg/l, 0.063 mg/l, 0.028
mg/l, 0.199 mg/l, 0.071 mg/l, 0.159 mg/l and 0.074 mg/l respectively in sea water.
Whereas, the mean concentrations of (Mn, Cu, Zn, Ni, Co, Pb and Cd) in marine
sediments were 42.42 mg/kg, 18.08 mg/kg, 26.55 mg/kg, 8.04 mg/kg, 4.2 mg/kg, 7.27
mg/kg and 1.17 mg/kg respectively. Mean concentrations of these metals in marine
sediments show significant variations and they were significantly higher than their
levels in the sea water. In fish muscle tissues, the mean concentrations of (Mn, Cu,
Zn, Ni, Co, Pb and Cd) were 0.90 μg/g, 13.15 μg/g, 25.87μg/g, 1.10 μg/g, 0.68 μg/g,
1.82 μg/g and 0.27 μg/g respectively. The results of his study showed that the metal
concentrations in tissues of fish muscles were higher than sea water but lower than
marine sediments. The heavy metal concentrations in most fishes were found to be
below the limits proposed for fish by various international standards and guidelines
such as EU (2001), WHO (1989) and Turkish guidelines. Several concentration
values of Cu, Mn, Ni, Zn, Pb and Cd in the sea water and marine sediment samples
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were found to be higher than the limit values as compared with EPA, WHO,
Australian, Turkish and Israeli guidelines and standards for heavy metal level. The
author explained that Gaza fishing harbor is one of the most polluted areas due to the
adverse effect of effluents from land-based sources. Domestic untreated wastewater
and fishing activities may be the major sources of observed higher levels of heavy
metals contamination. Also, the mean concentration values of metals in marine
sediments were higher than those in water samples due to their metal mobilization
from sediments to overlying water by action of pH and microbial activity (Wafi,
2015).

3.2 International studies
There are a lot of studies which discussed the problem of heavy metals concentration
around the world. They focused on the sediment accumulation of those metals and it
is related to the health effects and the damage which it could cause to the aquatic
environment.


In Egypt, El-Serehy et al (2012), were studied the concentration of Fe, Mn, Zn,
Cu, Pb and Cd in bottom sediment and surface water in five sites in Egyptian
coastal waters along the Mediterranean sea. Water and bottom sediments show
apparent seasonal variations of metal accumulation with maximum concentrations
during summer and winter, respectively. Mean metal concentrations were found to
be higher in some of the selected five sites than others. These differences in heavy
metal concentrations were not statistically significant (P>0.05), suggesting that
common and main anthropogenic sources contributing to the heavy metal
pollution at this Egyptian coastal area on the Mediterranean sea. El-Manasra site
demonstrated the highest level of heavy metal contamination recorded during the
study. The author explained that by the increasing of the industrial activities at this
site, with natural gas companies, pipeline industries and an electric power
generating station all operating in this area. All the sample results were compared
to OME and EPA classification criteria and were not considered as a metal
polluted area (El Serehy et al, 2012).
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In Iraq (2010), Balasim was assessed some heavy metals pollution in water
sediments in Tigris river. The study evaluated the concentration of Cadmium,
Zinc and Manganese in filtered water and sediments. It used many sediments
pollution indexes in order to assess the severity of the pollution in the river
sediment. The study results show that the mean concentrations of heavy metals
(cadmium, zinc and manganese) were 0.004 ppm, 0.023 ppm and 0.007 ppm,
respectively in filtered water. Concentrations of these metals in filtered water of
Tigris River show seasonal variations during the study period and they were
within permissible limit for Iraqi standard specifications. Whereas, the mean
concentrations of cadmium, zinc and manganese in sediments were 1.38 pp,m, 86
ppm and 231.4 ppm, respectively. Concentrations of these metals in sediments
showed significant seasonal variations and they were significantly higher than
their levels in the water. According to the author, the concentrations of studied
heavy metals were affected by deterioration the water quality of Tigris River,
which increased towards the downstream of Baghdad city because of pollutants
discharge to the river (Balasim, 2010).



In the Arabian Gulf, Nasser (2013), was figured out the assessment and
management of heavy metal pollution in the marine environment of the Arabian
Gulf. The study reviewed the heavy metal contamination in a variety of marine
organisms, and sediments, and suggests measures for environmental management
of heavy metal pollution in the Arabian Gulf. Most of the reviewed literature
confirmed that heavy metal concentrations in marine organisms were generally
within allowable concentrations and pose no threat to public health. Likewise,
studies suggested that levels of heavy metals in marine sediments are similar or
lower compared to other regions. However, localized hotspots of chronic metal
pollution in areas influenced by industrial facilities, desalination plants, and oil
refineries have been reported (Humood, 2013).



In Iran, Bastami et al (2014), were studied the heavy metal pollution in relation to
sediment properties in the coastal sediments of the southern Caspian sea. The
study evaluated the concentrations of Arsenic (As), Copper (Cu), Chromium (Cr),
Cobalt (Co), Vanadium (V), Nickel (Ni), lead (Pb) and Zinc (Zn) in surface
sediments of the southern Caspian Sea. It found out the metal contents in the
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sediments were in order of V > Cr > Zn > Ni > Co > Cu > Pb >. As Correlations
between elements showed that sediment total organic matters (TOM), grain size
and chemical composition are the main factors that influence the distribution of
heavy metals. According to the pollution load index (PLI), sediments from some
sampling sites were polluted. Concentrations of Ni, As, Cr and Cu were higher
than sediment quality guidelines at some sampling sites (Bastami et al, 2014).


In China, Yu et al (2008), were studied the heavy metal pollution in intertidal
sediments from Quanzhou Bay. They determined the concentration of eight heavy
metals (Cu, Zn, Pb, Cd, Cr, Ni, Hg and As) to evaluate their levels and spatial
distribution. The ranges of the measured concentrations in the sediments were as
follows: 24.8–119.7 mg/kg for Cu, 105.5–241.9 mg/kg for Zn, 34.3–100.9 mg/kg
for Pb, 0.28–0.89 mg/kg for Cd, 51.1–121.7 mg/kg for Cr, 16.1–45.7 mg/kg for
Ni, 0.17–0.74 mg/kg for Hg, and 17.7–30.2 mg/kg for As. The overall average
concentrations of the studied metals exceed the primary standard criteria but meet
the secondary standard criteria of the Chinese National Standard of Marine
Sediment Quality. They resumed that there are no significant correlations among
most of these heavy metals, indicating they have different anthropogenic and
natural sources. Some locations present severe pollution by heavy metals
depending on the sources, of which sewage outlets, aquatic breeding, and
commercial ports are the main sources of contaminants to the area (Yu et al,
2008).
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Chapter 3
The Study Area

1. Introduction
The coastal zone of the Gaza strip (Figure 3.1) is 42 km long, while the width of the Strip is
2

between 6 and 12 km covering an area of 365 km . The area is situated in the southwestern part
of Palestine and Southeast Mediterranean Sea and occupied by 1.6 million populations. The
coastal zone of the Gaza strip is defined as a band of water and a land extended along the
seashore of the eastern Mediterranean Sea. The coastal zone includes the sand dunes in the south
and north, the coastal cliffs (exposed Kurkar Ridges) in the middle to north. The land band of the
2

2

coastal zone covers about 74 km of which 2.7 km are beaches (Ali, 2002).

Figure 3.1: Gaza Strip Coast at southeast of the Mediterranean Sea in Palestine.
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2. Environmental status of the Gaza coastal area
The coastal land and sea zone of Gaza is subject to serious environmental threats. Limited land
resources, large and rapidly growing population numbers, long term isolation as a result of the
regional political circumstances and an underdeveloped environmental protection system have
caused serious deterioration of land and water resources as well as pollution of various
compartments of the coastal environment. Meanwhile, the coastal zone is very important from
marine ecological, land resources, fishery, transport, recreation and tourist perspectives. The
main problems along the Gaza coast include, coastal water and solid waste pollution, erosion,
and deterioration of natural resources (MEnA, 2000).

3. Bathometry of Gaza Strip Coast
The bathometry, which based on the underwater depth of the sea floor, characterize as the 100 m
depth of the Gaza coast is 28 km in the south, and 14 km in the north. Moreover, the average
seabed slope between the coast and the 100 m depth line is about 1-200. Beyond the 100 m depth
line, the sea bottom drops to a depth of 1500 m (outside Gaza waters). The 20 m depth contour is
found some 1600 m seaward of the shoreline; so that, the average sea bed slope is 1 in 80 (Delft
Hydraulics, 1994). The below table illustrates the Gaza coast profile at some point and did not
considered for all points along the coast of the Gaza Strip, while the (Figure 3.2) shows the
overall bathometric map of Gaza Strip coast.

Table 3.1: Gaza Strip coastal profile (modified from MEnA, 2001)

Depth (m) below MSL

Distance from shore (m)

0
2
4
6
8
10
12
14
16
18
20

0
100
200
350
500
670
870
1070
1260
1460
1660
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A more complicated coastal profile form, with one or two offshore submerged sands and bars,
Furthermore, at the depth - 4 until -5 below mean sea level (MSL) along the Gaza coast, there
are a sand bar featured was found, theses bars play an important role in the sediment transport,
both along shore and perpendicular to the shore (MENA, 2000).

Figure 3.2: The overall bathometric map of Gaza Strip coast (MEnA,2001)
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4. Sea level fluctuations
Sea level fluctuation occurs due to the normal astronomical tide with variations due to neap tide
and spring tide cycles. Storm events piling up water near the coast due to combined wave action
and local low barometric pressure, and seasonal effects due to shifts in regional air pressure
systems. Unfortunately, there are not any systematic records of sea level along the Gaza Strip
coast, however, at Ashdod coast, which located 40 km north of Gaza strip, and coordinates of
(N31˚ 50' and E34˚ 38') has known records of the tide levels as it is illustrated in the Table (3.2)
(MENA, 2000).

Table 3.2: Tidal levels along Ashdod coast near to Gaza

MHWS

0.6 m

MHWN

0.4 m

MLWN

0.1 m

MLWS

0.0 m

Rosen (1996) reported that the Israel Land Survey Datum (ILSD), lies at 8.1 cm below MLS
(Mean Sea Level), with MLW (Mean Low Water) at 13.6 cm below MSL and MHW (Mean
High Level) at 15.1 cm above MSL. Seasonal variations in mean sea level are probably restricted
to 0.2 m. Usually the Sea level rises mainly due to storm surge events which may have a duration
of one day more or less on the coasts of Israel (MEnA, 2001). It was also reported that MSL on
the average of + 0.64 m once per year, and +1.10 m once per 100 years (Rosen, 1996).

5. The Dynamicity of Gaza Strip Coast
The winds, the waves, and the currents are considered as the main parameters of the sea
dynamicity. One of these parameters is the flow velocity, which due to the tide and the largescale anti-clockwise gyre in the SE corner of the Levantine Basin are small in the near-shore
zone. In the deeper regions their maximum magnitude is about 0.2 m/s. Wave-induced currents
in the breaker zone, and under extremely severe wave conditions, according to numerical model
results estimated by Delft Hydraulics, might reach the maximum of velocities to 1.0 m/s (Delft
Hydraulics, 1994).
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In winter the prevailing wind direction is SW with an average speed of 4.2 m/s. During summer
the prevailing winds are from NW directions. Waves at the Gaza coastline were never recorded
through a systematic program. Based on the wind statistics and fetch considerations, wave
statistics have been computed for Gaza and Ashdod, but data are not available. These extreme
wave height statistics might, for the time being, also be regarded as indicative for the situation of
Gaza. Local wave characteristics, particularly direction and height, play an important role in the
understanding and quantification of the long-shore sediment transport characteristics, which on
their turn determine the coastal erosion effects of man-made coastal structures (MEnA, 2001).

6. Coast and seabed characteristics
From sea to land, the coastal profile of Gaza Strip can be divided into the seabed, the beach, the
dune face or kurkar cliffs, and the adjacent body of the dune or cliff plateau. The coastal profile
does not only consist of sand, but locally also erosion-resistant formations of rock and Kurkar
protrude, on the seabed, on the beach, and in the cliffs. The geophysical bathymetric survey of
the Gaza Sea Port planned site revealed that between the shoreline and 10 m depth the seabed is
characterized by areas of rock outcrops and linear features of sand bars (Sogreah, 1996). On the
beach and near the waterline of Gaza coast usually Kurkar outcrops and rocky ridges can be
seen. These hard ridges are important coastal features that they form natural breakwaters which
tend to mitigate an eroding trend (Fig 3.3) (MEnA, 2001).
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Figure 3.3: Gaza Strip Seabed characteristics (MEnA, 2001)
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7. Sediments transport
Until around 1950, few human interventions were imposed on the natural coastal system of
Gaza, so it may be assumed that before that time the coast of Gaza largely behaved in an
undisturbed, natural way. Unfortunately, regarding that period, no structured information is
readily available on whether the coastline of Gaza was changing, either landward or seaward.
However, we can relate to the somewhat similar coastline of the eastern Mediterranean sea.
According to Nir (1985) the Kurkar cliffs (‘carbonate-cemented quartz sandstone, red loams, and
sands at different stages of cementation, all of Pleistocene age’) are slowly but continuously
retreating: “Because of the action of marine and atmospheric agents, the coastal Kurkar cliffs are
very steep and unstable, retreating landward at a rate of at least 3 to 4 cm/yr for the last 6,000
years”. A factor of overwhelming importance in shaping the coastline of Gaza has been the semi
continuous supply of Nile sediment, which is being transported by NE directed wave-driven
longshore currents along the entire coastline of the Nile littoral cell for thousands of years. This
sand forms the bulk of the Gaza coastal sediments together with additional calcareous, aeolian
and alluvial silty and clayey material. The sand is composed of well sorted quartz sands. The
sediments from the Nile are easily picked up by the near-bed orbital velocities of the
Mediterranean wave motion, and are then transported according to the prevailing currents. These
currents on their turn are mainly induced by the near-coast breaking process of the waves, i.e. in
the surf zone. Depending on the direction of the waves and especially on the angle between the
breaking wave crest and the shoreline, these so-called longshore currents transport the suspended
sediments either to NE or to SW (Figure 3.4). This direction can vary from day to day depending
on the incident waves of that day. The waves, generated by the wind, either by local winds or by
storms hundreds of kilometers away, may approach the shoreline from any direction. Due to this
wave-associated variability, sometimes the sand goes SW, but mostly NE, which is defined by
the wind climate over the Mediterranean, and the geometry of the Mediterranean basin. On the
average the resulting sand transport direction is from the Nile delta along the coast, anticlockwise, say NE. Apart from being transported parallel to the shoreline, there is also a
sediment transport component perpendicular to the coastline. Due to the complex pattern of
wave-induced secondary currents both inside and offshore of the surf zone, in combination with
the particular differential settling velocity of finer and coarser sediment particles, in general the
finer sediments (silt and clay) are washed to deeper water offshore. In contrast, the coarser
material (such as sand, shells and gravel) is transported towards the shore, and finally onto the
beach by the wave uprush. If there are strong enough landward winds the sand is even blown
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further ashore where it may form accumulations in the form of sometimes very high and
extensive coastal dune complexes, well-known in Egypt, Gaza and Israel (MEnA, 2001).

Figure 3.4: long shore sand transport (Ubeid, 2011).

8. Coastal hydrology
The mean annual rainfall on the coast of Gaza is 400 mm. Rainwater is the only source of natural
recharge of the shallow aquifer. Along Gaza Strip, there are two aquifers: the shallow aquifer (5
– 20 m deep), and the deep aquifer (40–60 m deep). The shallow aquifer is known as “Mawasi
aquifer” and located in the southern part of Gaza. It was reported that most of the rainwater
along Gaza coast infiltrates the shallow aquifer. While as the deep aquifer is recharged from the
other parts in the area, including the eastern borders of Gaza in Naqab desert and the West Bank
(Al-Agha, 2000).

24

Chapter3: The Study Area

9. Coastal Geology
Geology of the coast is rather simple, where few types of sediments are reported. These
sedimentary facies include the following:
Kurkar sediments belong to the Pleistocene age, and they form the main aquifer in the Gaza
Strip. They are formed of calcareous sandstone with high porosity and permeability. The Kurkar
sediments extend along the coast but are more exposed in the northern and the middle area of the
Gaza coast than in the southern area. In some parts of the coast, Kurkar sediments are highly
eroded and occasionally they form the bottom of the water–land contact. Kurkar sediments form
high coastal cliffs in some parts of the coast, the height of these cliffs range between 5–18 m.
They are normally formed of calcareous sandstone interbedded with 1–2 m thick clayey or silt
clay beds. The thickness of the calcareous sandstone ranges between 5–10 m. The distance
between this Kurkar cliff and the water–land contact ranges between 0–25 m (Al-Agha, 2000).
Most of the buildings and other permanent installations are constructed behind, or on this Kurkar
ridge or cliff. Sandstone is formed of well-sorted and well-rounded quartz and feldspar grains.
These grains are cemented by carbonates (Ubeid, 2010).
Sand white and non-cemented quartz grains are common along the Gaza coast from the north to
south. Sand extends just from water–land contact to several meters and rarely tens of meters. It is
approximately 1m higher than the sea water level. Usually sand grains are mixed with shells and
shell fragments with variable shapes and sizes (Ubeid and Albatta, 2014).
There are many shelly spots along the Gaza coast which mixed with the sands. These shells
mainly belong to the pelecypods. They are of variety colors and usually range between white and
black. These shells also are found sometimes to be fragmented and occasionally kept nonfragmented. Such phenomena may give clues to direction of currents, waves and wind, and
consequently to the reworking processes.
Sand dunes are common along Gaza coast extending from north to south. These dunes belong to
the Quaternary deposits along the coast. They are formed of friable and non-cemented quartz
grains, with small amounts of feldspars and minerals. Since last decades they were used as a
source for construction and building purposes (Ubeid and Albatta, 2014).
Soil in the Gaza strip belongs also to the Cainozoic (Quaternary) deposits. Soil is characterized
by its yellow to brown color, where the brown color increases toward the east. It is one of the
important natural resources in Gaza strip, especially for agricultural purposes (Al-Agha, 2000;
Ubeid, 2011).
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Introduction
In order to evaluate and assess the concentration of heavy metals pollution in the tide and shelf
zones along the Gaza Strip coast, the methodology of the study was divided into three domains
during this work, the field work, the lab work, and the office work. The next section will
describe the procedures of these domains clearly.

1. Field Work
1.1 The Target Area
In order to evaluate and assess the concentration level of heavy metals pollution in both tide and
shelf zones along Gaza Strip coast. The basic field work was simply in the Gaza Strip coast. To
investigate the distribution of heavy metals in tide and shelf zones along the Gaza Strip Sea, 30
samples were collected along approximately 42 km of the Gaza Strip Mediterranean Sea, From
Rafah in southern border to the north. 15 samples collected from the tide zone; and 15 samples
were collected in shelf zone. The samples in the shelf zone located at 350 m from shoreline
(Figure 4.1). The selected parameters of the study sites were referred to expect pollutant sources
of heavy metals such as harbors, and outlet sewage stations. The sampling sites were located by
GPS device. The coordinates and description of sampling sites for both tide and shelf zone were
depicted in Table (4.1) and (4.2) respectively.
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Figure 4.1: Sampling sites along the study area
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Table 4.1: Coordinates of sampling sites in tide zone

Point
No

Sampling site

1

Coordinates

Area description

N

E

Rafah

31.32495

34.220913

Outlet sewage, near the Egyptian
Board

2
3
4
5
6

Rafah
Khan Younis
Khan Younis
Khan Younis
Deir El Balah

31.338293
31.358991
31.384231
31.399489
31.419923

34.236676
34.260727
34.288805
34.307534
34.331428

Outlet sewage

7

Deir El Balah

31.430082

34.342284

8
9
10
11

Al Zawaida
Wadi Gaza
Gaza
Gaza

31.451082
31.464635
31.488493
31.516942

34.363001
34.376172
34.398651
34.426432

12

Gaza

31.525086

34.433735

13
14
15

Gaza
North
North

31.534046
31.555999
31.569241

34.442271
34.461574
34.472782

Harbor Fishing
Outlet sewage, Deir El Balah
camp
Outlet sewage
Outlet sewage (Al Baider)
Outlet sewage (Al Shalihat)
Outlet sewage & Harbor Fishing
(Gaza Harbor)
Shati Camp
Opposite of Mariote
Al Soudania

Table 4.2: Coordinates of sampling sites in shelf zone

Coordinates

Point
No

Sampling site

1

Area description

N

E

Rafah

31.327414

34.218215

Outlet sewage, near the
Egyptian Board

2
3
4
5
6

Rafah
Khan Younis
Khan Younis
Khan Younis
Deir El Balah

31.340404
31.360933
31.386252
31.40214
31.422292

34.233951
34.257768
34.285168
34.304654
34.328236

Outlet sewage

7

Deir El Balah

31.432238

34.338829

8
9
10
11

Al Zawaida
Wadi Gaza
Gaza
Gaza

31.452491
31.466067
31.490767
31.51869

34.359648
34.37219
34.395963
34.42313

12

Gaza

31.526868

34.430482

13
14
15

Gaza
North
North

31.536137
31.557671
31.572227

34.438563
34.457847
34.469169

28

Harbor Fishing
Outlet sewage, Deir El Balah
camp
Outlet sewage
Outlet sewage (Al Baider)
Outlet sewage (Al Shalihat)
Outlet sewage & Harbor
Fishing (Gaza Harbor)
Shati Camp
Opposite of Mariote
Al Soudania
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1.2 Sampling Processes
The sediment samples were collected in February 2015 during winter season. The uppermost10
cm layers sediments were carefully taken to avoid disturbance. The uppermost10 cm layer was
selected because they it is more chemically and biologically active than deeper layers, and
substance exchanges between sediment and water occur in this layer (Salim et al, 2014).
Approximately 2 kg of sediments was collected. The samples were taken by systematic method
by taken 4 samples from each site and then mix it together to assure the homogeneity of the
sample. The shelf sediments were collected using a boat and hire a diver to get the bottom
sediment sample of the uppermost part of the seabed. At each point, sediment samples were
taken superficially by using pre cleaned 100 ml, wide mouthed, disposable plastic containers and
packed separately in pre cleaned polyethylene bags. And transported to the laboratory.

2. Lab Work
2.1 Sampling Preparation
The prepared samples were done in Lab of Geology Department, Al Azhar University, Gaza.
Primarily the coarse particles were removed from samples by sieve (2000 μ). After that, the
samples were dried at 105 °C for 24 hours in an oven. Figure (4.2) illustrated the oven used in
geology department.

Figure 4.2: The electric oven used for drying the samples, in the geology lab department.
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2.2 Mechanical Analysis
After drying of the sediment samples, sieving method was used by sieve shaker to classify the
particle sand of each sample, eight sieves were used (2000, 1180, 600, 425, 300, 212, 150, 63,μ).
The initial sand of each sample was constant at 100g, and the duration of shaking was 15
minutes for each sample. After the completion of the shaking period, the retained weight of sand
in each sieve was determined separately. The results of sieve analysis are generally expressed in
terms of the percentage of the total weight of soil that passed through different sieves. The
resulting data was processed by the Gradistat software to determine sample statistics. Grain size
analysis was determined according to Folk (1974). (Figure 4.2) shows the sieve shaker.

Figure 4.3: Sieve Shaker Machine

2.3 Chemical Analysis
2.3.1 Digestion of sediment samples
For extraction of heavy metal from marine sediments the standard method described by
American Public Health Association (APHA, 1998) was used. Four grams of dried sediment
sample were added to 5 ml concentrated nitric acid, 1 ml sulphuric acid and 1 ml of hydrochloric
acid in prewashed beaker and digested at room temperature. The sediment samples were then
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evaporated almost to dryness at moderate temperature 50-70 C° on the hot plate under the clean
air-fuming hood. Finally, the samples were diluted up to 50 ml with 2% nitric acid (FAO, 1975
and APHA, 1998). Heavy metals in the sediment samples were analyzed on Flame Atomic
Absorption Spectrophotometer (FAAS) using UNICAM 929 model.
2.3.2 Blank preparation
At each step of the digestion processes of the samples, acid blanks (laboratory blank) were
prepared using an identical procedure to ensure that the samples and chemicals that being used
are not contaminated.
2.3.3 Determination of selected heavy metals concentration
Concentrations of Manganese, Lead, Manganese, Zinc, Copper, Cadmium and Cobalt were
determined at the Ministry of Health Laboratory-Gaza using a Buck Scientific Model
(UNICAM, 929) Flame Atomic Absorption Spectrophotometer (FAAS). The (Figure 4.4) shows
the (FAAS) instrument, and the results were expressed as mg/kg dry weight for sediment
samples. Wavelengths and detection limits of the FAAS for the analyzed metals are shown in
(Table 4.3).

Figure 4.4: Flame Atomic Absorption Spectrophotometer (FAAS) .
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Table 4.3: Wavelengths and detection limits of Atomic Absorption Spectrophotometer

No.

Element

Wavelength

Detection Limit
(mg/l)

1

Pb

217.0 nm

0.070

2

Mn

279.5 nm

0.020

3

Zn

213.9 nm

0.010

4

Cu

324.8 nm

0.033

5

Cd

228.8 nm

0.013

6

Co

240.7 nm

0.60

3. Office Work
3.1 Data Statistical Analysis
Processed the data using GRADISTAT software to obtain the grain-size distribution. This
software uses the linear interpolation to calculate statistical parameters (Folk and Ward, 1957).
In other hand the heavy metals data were processed by Microsoft Excel sheets and uploaded to
the Statistical Package for Social (SPSS) and analyzed using minimum, maximum, mean and
standard deviation tools. In addition the Pearson correlation coefficient (a measure of linear
association) and paired sample t test are used to detect significant variations of heavy metal
elements in sediment samples.
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Results and Discussion
1. Introduction
In this chapter, the mechanical and chemical results will be described, both for tide and shelf
sample zones separately. Primarily, the results of mechanical analysis show the description of
sands for the 30 samples along the tide and shelf zones. The grain size distribution of the
sediment samples will present and the distribution of each element of the selected heavy metals
will illustrate by figures to simplify the understanding of those results. The statistical results of
mechanical analysis will be described according to Folk and Word method (1957). The statistical
results include the mean, the sorting, the skewness, and the kurtosis. The data of mechanical
analysis results were processed by GRADISTAT V7, in order to find the grain size distribution
and the statistical parameters.
Secondly, the chemical analysis results of selected heavy metals in the tide and shelf zones will
be discussed in details in this chapter. The results of heavy metals concentration (mg/kg) for the
30 samples will be presented. The statistical parameters of those elements will be discussed,
including the minimum, the maximum, the mean, and the standard deviation. Each parameter for
those heavy metals was described separately. Additionally, the results were presented in
diagrams and figures to simplify the results. The correlation coefficient was presented according
to person correlation, discussing the relation between each element. The heavy metal
concentrations were processed by the software of (SPSS 16.0), in order to obtain the statistical
parameters.

2. Results of mechanical analysis
After sieving each sample of the sediment, texture, grain size distribution, and the statistical
results for each sample in the tide and the shelf zone were presented in tables and figures. The
data were processed by GRADISTAT V7 software to obtain the grain size distribution, the
software also uses the linear interpolation to calculate statistical parameters (Folk and Word,
1957).
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2.1 Textural parameters of sands in tide zone
The study of textural characteristics of beach sediments is used to categorize the sedimentary
environments. In tide dominated beaches the tidal current can play an important role to change
the textural characteristics of beach sediments. The foreshore sediment is generally influenced by
coastal processes, especially wave action and beach morphology (beach-face slope and shoreline
orientation) (Udhaba et al, 2011).
So that each sample has its specific description of the sand as type, textural group, sediment
name, mean, sorting, skewness, and kurtosis. These characteristics of tide zone present in the
Tables (5.1).
Along the study area in the tide zone, the predominant of sorting were as follows, poorly sorted
at site 4/T, moderately sorted as sites 2/T and 6/T, moderately well sorted at sites 3/T, 7/T, 9/T,
12/T, 13/T and 15/T and well sorted was found at sites 1/T, 5/T, 8/T, 10/T, 11/T, and 14/T.
In general the mean of sediments at the sites in tide zone was medium sand, especially at sites
(1/T, 7/T, 8/T, 9/T, 10/T, 11/T, 12/T, 13/T, 14/T, and 15/T), the very fine sand was observed at
sites (2/T, 3/T, and 4/T), the fine sand was observed at site 5/T, while the coarse sand found at
site 6/T.
The skewness, along the tide zone in the study area was divided between symmetrical and coarse
skewed in sites 1/T, 4/T, 5/T, 8/T, 9/T, 10/T, 11/T, 14/T, 15/T, and sites 2/T, 3/T, 6/T, 7/T, 12/T,
13/T respectively.
Kurtosis in tide zone as follows, Mesokurtic was observed at sites (5/T, 6/T, 7/T, 9/T, 10/T and
11/T), leptokurtic was observed at the site (1/T, 2/T, 3/T, 8/T, 11/T, 12/T, 13/T, 14/T, and 15/T),
while the playkurtic was found just at site 4/T.
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2.2 Grain size distribution in tide sediments zone
Sedimentologists tend to use grain-size distribution to elucidate transport dynamics. Such diverse
factors as waves, winds, long shore currents, and beach relief control littoral sediments, textural
composition. Coasts formed by non-consolidated sediments constitute approximately 40% of the
world’s sand and gravel beaches. Beaches are exposed to such marine, fluvial, and eolian
processes as waves and tidal regimes, fluvial discharges, and wind transport, factors that control
sand beaches grain size and relief (Ubeid, 2011). The Table 5.2 and figure 5.1 summarize the
grain size distribution in the tide zone.

Table 5.2: Grain size distribution along the tide zone sediments.

Sample
No

Very
Coarse
Sand %

Coarse
Sand %

Medium
Sand %

Fine Sand
%

Very Fine
Sand %

Silt + Clay
%

1/T

1.0%

13.0%

73.6%

12.1%

0.2%

0.1%

2/T

4.8%

14.8%

51.5%

27.6%

0.9%

0.3%

3/T

1.9%

6.1%

49.1%

41.8%

1.1%

0.0%

4/T

23.1%

27.2%

31.3%

17.6%

0.7%

0.1%

5/T

1.5%

9.4%

65.3%

23.3%

0.5%

0.1%

6/T

17.4%

31.7%

45.0%

5.6%

0.3%

0.1%

7/T

1.2%

6.5%

50.9%

39.2%

1.5%

0.8%

8/T

1.2%

9.6%

76.6%

12.4%

0.2%

0.0%

9/T

1.9%

14.7%

61.7%

21.1%

0.3%

0.3%

10/T

0.3%

5.0%

61.8%

31.3%

1.2%

0.4%

11/T

0.4%

3.2%

49.9%

43.9%

2.2%

0.4%

12/T

3.7%

13.0%

53.6%

28.5%

0.8%

0.4%

13/T

8.6%

32.3%

56.0%

3.2%

0.0%

0.0%

14/T

1.3%

14.0%

76.4%

8.2%

0.2%

0.0%

15/T

6.5%

37.3%

51.1%

5.1%

0.0%

0.0%

It's clear from Table (5.2) that the predominant of all site samples in tide zone was classified as
medium sands which range between (73.6%) at site 1/T in Rafah border in the south, and
(31.3%) at site 4/T which located in the north of Khan Younis. Fine sands range between (43.9%
and 3.2%) at site 11/T which located in Al Shalihat Resort in Gaza, and at site 13/T in Al Shatie
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Camp respectively. The coarse sands of the samples range between (32.3%) at site 13/T in Al
Shatie Camp, and (3.2%) at site 11/T in Al Shalihat Resort in Gaza. The very coarse sands range
between (0.3%) at site 10/T in Al Baider in the south of Gaza, and (23.1%) at site 4/T in the
north of Khan Younis. The very fine sands range between (0.0%) at site 13/T in Al Shatie Camp,
and (2.2%) at site 11/T in Al Shalihat Resort in Gaza. The silt and clay which normally found the
lowest percentage along the tide due to the lack of clay in the beach sand, range between (0.0%)
at sites 3/T, 8/T, 13/T, 14/T, 15/T, and (0.8%) at sites 7/T. The differences in grain size
distributions at different locations are due to the variation in wave energy and the morphology of
the beach.
90
80
70

coarse & very coarse
sand

Percentage %

60

medium sand

50

fine sand

40

very fine sand

30

silt - clay

20
10
0
1/T 2/T 3/T 4/T 5/T 6/T 7/T 8/T 9/T 10/T 11/T 12/T 13/T 14/T 15/T

Site Samples

Figure 5.1: Grain size distributions for the sample at sites 1/T up to 15/T along the tide zone *

*Site 1/T locates at south, while site 15/T locates at north of the study area.
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2.3 The statistical results of sand samples in tide zone
Table 5.3: Statistical results of sand samples in tide zone

Sample No
Mean

1/T

2/T

3/T

4/T

359.4 333.6 273.3 547.1

5/T
319

6/T

7/T

8/T

9/T

10/T

11/T

12/T

13/T

14/T

554.1 273.7 344.9 342.3 292.6 258.3 324.6 469.5 380.1 482.4

Folk &
Sorting 1.346 1.65 1.439 2.098 1.403 1.781 1.46 1.314 1.485 1.392 1.397 1.592 1.5 1.306
Work
Method
Skewness -0.01 0.169 0.211 0.053 -0.04 0.256 0.111 -0.03 0.032 -0.04 0.029 0.164 0.191 0.092
)mm(
Kurtosis
Mean

1.254 1.152 1.296 0.685 1.064 1.086 1.074 1.314 1.078 1.007 1.017
1.476 1.584 1.872

0.87

15/T

1.17

1.52
0.08

1.439 1.296 1.264

1.649 0.852 1.869 1.536 1.547 1.773 1.953 1.623 1.091 1.396 1.052

Fork &
Sorting 0.429 0.722 0.525 1.069 0.489 0.832 0.546 0.394 0.57 0.477 0.482 0.671 0.585 0.385 0.604
Work
Method
Skewness 0.009 -0.17 -0.21 -0.05 0.037 -0.26 -0.11 0.029 -0.03 0.042 -0.03 -0.16 -0.19 -0.09 -0.08
) ᶲ(
Kurtosis

1.254 1.152 1.296 0.685 1.064 1.086 1.074 1.314 1.078 1.007 1.017
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2.4 Textural parameters of sands in shelf zone
In this section, characteristics of sediment in the shelf zone, which was 350 m in sea direction
from the shore, will discuss, sand type, textural group, sediment name, mean, sorting, skewness,
and kurtosis. These characteristics present in table (5.4)
Along the study area in the shelf zone, the predominant of sorting were even moderately sorted
as in sites (2/S, 4/S, 5/S, 6/S, 7/S, 10/S, and 11/S) or moderately well sorted as in the sites (3/S,
8/S, 9/S, and 12/S). While the sorting character of sediments in shelf zone was poorly sorted at
the site 1/S in Rafah border in the south, and the last three sites (13/S, 14/S, and 15/S) in the
north. It was logic because the poorly sorted indicate that the grain sizes are mixed, and in these
points which have poorly sorted, all are located in north of harbors, even the first site 1/S in
Rafah, which locates north of Al Arish port, or the last three sites which locate also in the north
of Gaza harbor, where the possibility of erosion is high and the effects of size mixed will
increase.
The sediments name in the shelf zone along the study area, was varied between very fine sand in
sites (1/S, 2/S, 3/S, 4/S, 6/S, 9/S, and 13/S) and fine sand in sites (5/S, 7/S, 8/S, 10/S, 11/S, 12/S,
14/S, and 15/S).
In general the mean of sediments at the sites in shelf zone was fine sand, especially at sites (5/S,
7/S, 8/S, 10/S, 11/S, 12/S, 13/S, 14/S, and 15/S), the very fine sand was observed at sites of (2/S,
3/S, 4/S, 6/S and 9/S), and the medium sand was observed at site 1/S in the Rafah border in the
south.
The results reveal that the shelf sediments were varied from well to poorly sorted, along the
study area of shelf zone. About 46.6% of the total collected samples were moderately sorted, and
about 26.6% were moderately well sorted to poorly sorted.
Well-sorted medium sand is mainly associated with the effects of the marine, fluvial, and eolian
selectiveness that produces it due to the hydraulic action of waves in beach sedimentary
environments and wind in dune ones (Ubeid, 2011).
The skewness, along the shelf zone in the study area, has a coarse skewness which about 46.6%
of all the sites, that was found in the sites (2/S, 3/S, 4/S, 6/S, 9/S, 14/S, and 15/S). The fine
skewness was about 26.6% in the sites (5/S, 10/S, 11/S, and 12/S). Very coarse skewness was
found in sites (1/S and 3/S) in the south. While symmetrical was found in two points (7/S and
8/S) in the middle area (Deir Al Balah, and Al Zawaida) respectively.
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In the shelf zone, the diversity of the kurtosis in all the sites was greater than the tide zone dose.
Mesokurtic was observed at sites (2/S, 3/S, 4/S, 5/S, 6/S, 7/S, 9/S, and 10/S), leptokurticwas at
site 12/S, while the sites (13/S,14/S, and 15/S) were have very leptokurtic. The platykurtic
skewnesss was observed at sites (8/S and 10/S) while very platykurtic observed at the site 1/S in
the south.

2.5 Grain size distribution in shelf sediments zone
The Table 5.5 summarizes the results of grain size distribution along the study area in the shelf
zone, also Figure 5.2 illustrates these results.
Table 5.5: Grain size distribution in the shelf zone

Sample
No

Very
coarse
Sand %

coarse
Sand %

Medium
Sand %

Fine Sand
%

Very Fine
Sand %

Silt + Clay
%

1/S

23.9%

3.1%

6.5%

27.1%

35.4%

4.0%

2/S

1.5%

1.4%

4.7%

33.1%

50.5%

8.7%

3/S

0.6%

0.9%

3.5%

32.2%

58.9%

3.9%

4/S

2.3%

1.9%

6.7%

34.4%

47.9%

6.9%

5/S

1.3%

1.2%

7.5%

48.8%

35.6%

5.5%

6/S

2.5%

1.0%

7.3%

37.2%

49.2%

2.8%

7/S

2.8%

1.1%

7.9%

49.2%

38.8%

0.1%

8/S

0.4%

0.8%

8.2%

47.0%

43.4%

0.2%

9/S

0.5%

0.9%

5.7%

35.6%

55.4%

1.9%

10S

1.3%

1.7%

10.5%

47.6%

33.8%

5.0%

11/S

0.5%

0.6%

5.7%

47.1%

38.6%

7.4%

12/S

1.2%

1.1%

10.7%

62.7%

24.2%

0.1%

13/S

13.5%

1.6%

5.3%

35.8%

38.7%

5.1%

14/S

8%

1.9%

13.4%

44.7%

27.3%

4.7%

15/S

7.7%

1.0%

16.5%

56.4%

17.9%

0.5%
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The main character of the studied sites in the shelf zone was predominate either fine and very
fine sands, in contraire of the results in the tide zone which was predominate medium sands.
Very fine sands was range between (17.9% and 58.9%), the minimum value (17.9%) was found
at site 15/S in north, while the maximum value (58.9%) was found at site 3/S in the south.
Fine sands range between (27.1% and 62.7%), the minimum value (27.1%) was found at site 1/S
in Rafah border, while the maximum value (62.7%) was found at site 12/S in Gaza harbor.
The medium sands range between (3.5% and 16.5%), the minimum value (3.5%) was located at
site 3/S in the Khan younis, while the maximum value (16.5%) was found at site 15/S in north.
Coarse sands range between (0.6% and 3.1%), the minimum value (0.6%) was found at site 11/S
in Al Shaliha resort in Gaza, while the maximum value (3.1%) was found at site 1/S in Rafah
border, in south .
Very coarse sands range between (0.4% and 23.9%), the minimum value (0.4%) was found at
site 8/S in Zawidia in middle of Gaza Strip, while the maximum value (23.9%) was found at site
1/S.
In all sites along the shelf zone, the very fine sand was up to 39.7%, and fine sand up to 42.60%,
medium sand 8.00%, coarse sand 1.34%, and very coarse sand 4.53%, while the silt and clay
sand 3.78%. The (Figure 5.2) will shows these results as graphs.
The study’s data analysis showed further that the percentage of fine and medium sands almost
increased toward the north. This indicates that the sand grains become segregated due to their
size as they move northward.
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Figure 5.2: Grain size distribution along the shelf zone.
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2.6 The statistical results of sand samples in shelf zone

Table 5.6: Statistical results of sand samples in the shelf zone

Sample No
Mean
Folk &
Work
Method
)mm(

Sorting
Skewness
Kurtosis
Mean

Fork &
Work
Method
) ᶲ(

Sorting
Skewness
Kurtosis

1/S

2/S

3/S

4/S

5/S

6/S

7/S

8/S

9/S

10/S

11/S

12/S

13/S

14/S

15/S

277.9

112.8

109.9

119.3

133.6

124.0

139.9

132.5

117.4

141.0

125.1

157.9

161.0

161.1

182.8

3.377

1.679

1.522

1.756

1.648

1.669

1.649

1.577

1.570

1.726

1.636

1.549

2.398

2.255

2.027

0.485

0.131

0.152

0.171

-0.201

0.165

-0.079

-0.058

0.162

-0.115

-0.155

-0.232

0.368

0.136

0.147

0.569

1.046

0.959

1.097

0.923

0.961

1.023

0.848

0.931

0.990

0.872

1.278

1.512

1.620

2.601

1.847

3.148

3.186

3.067

2.904

3.011

2.838

2.916

3.090

2.826

2.999

2.663

2.634

2.634

2.452

1.756

0.747

0.606

0.812

0.721

0.739

0.722

0.658

0.651

0.787

0.710

0.631

1.262

1.173

1.019

-0.485

-0.131

-0.152

-0.171

0.201

-0.165

0.079

0.058

-0.162

0.115

0.155

0.232

-0.368 -0.136 -0.147

0.569

1.046

0.959

1.097

0.923

0.961

1.023

0.848

0.931

0.990

0.872

1.278

1.512
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3. Results of chemical analysis
The concentrations of Zn, Pb, Mn, Cu ,Co and Cd in the sediments of tide and shelf zones along
Gaza Strip will present in this section, The mean, coefficient of variation, minimum, maximum
and standard deviation of metal concentration. Concentrations of the selected heavy metals will
present in Table 5.7 and Table 5.10 for tide and shelf zone respectively.
Table 5.7: Heavy metal concentrations in tide zone along the study area

Sample
No

Zn
(mg/kg)

Pb
(mg/kg)

Mn
(mg/kg)

Cu
(mg/kg)

Co
(mg/kg)

Cd
(mg/kg)

1/T

5.25

14.96

12.57

0.8

2.68

0.98

2/T

27.29

14.76

36.57

1.46

2.52

1.0

3/T

11.08

16.0

41.96

1.17

2.98

0.9

4/T

20.66

13.54

13.05

0.87

3.14

0.68

5/T

8.11

14.48

14.92

0.77

3.14

0.87

6/T

8.94

12.89

14.07

0.77

3.14

0.81

7/T

3.1

3.43

16.61

0.26

1.08

0.0

8/T

8.2

14.09

16.62

0.84

2.84

0.93

9/T

5.83

14.44

17.99

1.17

2.73

0.34

10/T

5.96

10.33

28.14

0.97

1.68

0.16

11/T

34.23

63.69

43.03

6.19

13.68

3.72

12/T

16.9

15.22

20.19

6.56

2.68

1.06

13/T

9.21

10.5

13.23

1.78

2.39

1.03

14/T

5.0

10.08

8.71

1.57

1.88

0.80

15/T

3.74

9.57

9.79

0.67

2.09

0.30

Fifteen samples were taken from each line survey (tide and shelf) in this study along the Gaza
Strip coast, the statistical descriptive which discussed in this section are presented in Table (5.8)
for tide and Table (5.11) for shelf.
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Table 5.8: Descriptive statistics of chemical results in the tide zone

Metal (mg/kg)

Minimum

Maximum

Value

Value

N

Mean

Std. Error

Std. Deviation

Zn

15

3.10

34.23

11.5667

2.37874

9.21281

Pb

15

3.43

63.69

15.8653

3.51744

13.62299

Mn

15

8.71

43.03

20.4967

2.94292

11.39787

Cu

15

0.26

6.56

1.7233

0.49785

1.92817

Co

15

1.08

13.68

3.2433

0.76111

2.94777

Cd

15

0.00

3.72

0.9053

0.21942

0.84981

In Table 5.8, which describe the statistics of chemical results in the tide zone sediments, the
highest concentration among the six selected heavy metals was lead with concentration of 63.69
mg/kg, while the lowest concentration among theses selected heavy metals was cadmium at a
concentration of 0 mg/kg. On the other hand, the highest mean was 20.49 for the manganese, and
the lowest mean was 0.90 for the cadmium. The standard deviation was maximum in lead by
13.62, and has the minimum value in cadmium at 0.85.
The highest value which found in lead and the highest mean which found in manganese, where
according to (Fernandez et al, 2000) lead concentration was mostly related with Fe-Mn oxide
segments and had preservation in marine sediments. And it could refer to human activity as
brought a huge amount of mechanical workshops and batteries wastes into the sea, and the
fishing boats activities, including the wastewater discharge into the sea.
The highest mean value which found in manganese, refers to the huge quantity of the municipal
wastewater discharges which presents the main anthropogenic source of manganese (WHO,
2004).
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3.1 Concentration of Zinc (Zn) in tide zone
Zinc concentrations varied between 3.10 – 34.23 mg/kg with a mean value of 11.56, and
standard deviation of 9.21. The highest concentration is 34.23 mg/kg found at site 11/T. The
highest value refers to the sewage outlet in this site. The lowest concentration is 3.10, at site 7/T
which located in the southern bored of Khan Younis. The distribution of Zn in all sites of the tide
zone sediments is illustrated in (Figure 5.3).
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Figure 5.3: Distribution of Zn concentrations in site sampling along the tide zone in Gaza Strip.

Figure 5.3 shows that the middle region has a low level of Zn concentration compared with some
sites in the south as 2/T, 4/T and in the north as 11/T, 12/T. In general the Zn concentrations in
tide zone along Gaza Strip are still under the standard limits of WHO, which is 50 mg/kg.

3.2 Concentration of Lead (Pb) in tide zone
Lead concentrations varied between 3.43 – 63.69 mg/kg, the mean value was 15.86 mg/kg, and
the standard deviation was 13.62. The highest concentration was 63.69 mg/kg at site 11/T in the
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north area, and the lowest concentration was 3.43 mg/kg which found at site 7/T at Deir Al
Balah, even the sample was taken from location near to the sewage outlet, but it recorded the
lowest level of Pb concentration.
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Figure 5.4: Distribution of Pb concentrations in sampling sites along the tide zone in Gaza Strip.

The distribution of Pb concentrations (Figure 5.4) in tide zone along Gaza Strip was nearly range
between 9 -15 mg/kg , except the site 11/T (63.69 mg/kg) and site 7/T (3.43 mg/kg). There are a
positive relation between the Pb and Zn, since the maximum site 11/T and the minimum site 7/T
were similar. Overall, the site samples are under the standard limit of EPA which is 31mg/kg,
except the site 11/T which locates in Gaza in Al Shalihat resort and has the highest value of Pb
level (63.69 mg/kg), this high value refers to sewage outlet which locates in the site area.

3.3 Concentration of Manganese (Mn) in tide zone
The concentrations of Mn in the tide sediments of Gaza Strip are illustrated in Figure 5.5.
Manganese concentrations varied between 8.71- 43.03 mg/kg with a mean value of 20.49 mg/kg,
and standard deviation of 11.93. The highest concentration (43.03 mg/kg) found at site 11/T, and
the lowest concentration (13.92 mg/kg) found at site 14/T which locates in the north towards
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exactly at Al Soudaniea area and opposite of the Mariote, and there is not any out let sewage
point discharge.
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Figure 5.5: Distribution of Mn concentrations in sampling sites along the tide zone in Gaza.

The concentration of Mn in tide zone was high in the south and then decrease in the middle until
reach the site 10/T and 11/T which considered as the highest concentration level (Figure 5.5),
after that, the concentrations start to decrease gradually again. These results are still under the
EPA limit which was 460 mg/kg.
The value range between 8.71 mg/kg and 20.19 mg/kg, except the sites 2/T; 3/T in the south, and
10/T and 11/T in Gaza city around Gaza harbor, the both sites have a municipal wastewater
outlet which discharge into the sea.

3.4 Concentration of Copper (Cu) in tide zone
Copper concentration levels in the tide zone along Gaza Strip are fluctuating between 0.26 and
6.56 mg/kg, the mean value was 1.72, and the standard deviation was 1.93. The highest
concentration 6.56 mg/kg was found at site 12/T inside the Gaza harbor. The high concentration
could be referred to a sewage outlet which discharge into the sea inside the harbor. The lowest
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concentration 0.26 mg/kg was found at site 7/T at Deir Al Balah region in the middle of the
study area.
7
6
5
4
3
2
1
0
1/T

2/T

3/T

4/T

5/T

6/T

7/T

8/T

9/T 10/T 11/T 12/T 13/T 14/T 15/T

Figure 5.6: Distribution of Cu concentrations in sampling sites along the tide zone in Gaza Strip.

The levels of Cu concentrations were high at Gaza city in the north, exactly at the site 11/T and
12/T, the other sites have almost the range of 0.2 to 1.7 mg/kg were considered as an indicator of
the stability level along the tide zone in Gaza Strip. Overall, the concentration of Cu along the
tide zone in Gaza Strip is still under the limit of EPA which was 16 mg/kg.

3.5 Concentration of Cobalt (Co) in tide zone
The concentration levels of Cobalt in tide sediment zone along the Gaza strip range between
(1.08 – 13.68) mg/kg, with a mean value of 3.24 mg/kg and standard deviation of 2.95. The
highest concentration level was 13.68 mg/kg, which found at site 11/T in north of the Gaza
harbor in Al Shalihat resort, and the lowest concentration level was at site 7/T which has a value
of 1.08 mg/kg, where this site locates at Der Al Balah, in middle of the study area.
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Figure 5.7: Distribution of Co concentrations in sampling sites along the tide zone in Gaza Strip.

The concentrations of Co range between 1.08 and 3.14 mg/kg, except the site 11/T which has a
maximum value of 13.68 mg/kg. This result was still in the same homogeneity of the other
elements in the tide which resume that site 11/T has the highest level, and site 7/T has the lowest
level of concentration. Overall, the concentration of Co along the tide zone in Gaza Strip is still
under the limit of Ontario, which was 50 mg/kg.

3.6 Concentration of Cadmium (Cd) in tide zone
The concentration of Cd in the tide sediments of Gaza Strip is illustrate in Figure 5.8. Cadmium
concentrations varied between 0 – 3.72 mg/kg with a mean value of 0.90 mg/kg, and standard
deviation of 0.85. The highest concentration (3.72 mg/kg) found at site 11/T exactly north the
Gaza harbor and inside Al Shalihat resort, and there are a domestic outlet sewage which
discharge into the Gaza sea at this site. The lowest concentration (0.00) found at site 7/T in Der
Al Balah in the middle of the study area.
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Figure 5.8: Distribution of Cd concentrations in sampling sites along the tide zone in Gaza Strip.

As most of tide site samples the site 11/T, which locates in Gaza city, just north of the Gaza
harbor has the highest level of concentration. While site 7/T has the lowest level of concentration
which locates in Der Al Balah in the middle of the study area. According to EPA standard limit
(0.6 mg/kg) all site samples were above the permissible limit, except on sites 7/T, 9/T, 10/T, and
15/T which have a safe value under the limit of EPA .

3.7 Pearson correlation of heavy metals among tide sediment samples
Pearson’s correlation was used to detect linear correlations between the selected six heavy metals
among tide zone sediment samples. Table 5.9 presents the Pearson's correlation coefficients
among heavy metals (Zn, Pb, Mn, Cu, Co, and Cd) elements in the tide sediments along the Gaza
Strip.
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Table 5.9: Correlation coefficient matrix among six heavy metals in tide zone along Gaza Strip

Heavy metals

Zn

Pb

Mn

Cu

Co

Zn

1

Pb

0.75

1

Mn

0.66

0.60

1

Cu

0.64

0.68

0.41

1

Co

0.73

0.99

0.55

0.65

1

Cd

0.77

0.96

0.54

0.71

0.95

Cd

1

The correlation coefficient of the six heavy metals is shown in Table 5.9. It can be seen from the
table, that all heavy metals are positively correlated. Significant strong correlation was found
between Pb and Co (0.99); Pb and Cd (0.96); Co and Cd (0.95); Cd and Zn (0.77); Zn and Pb
(0.75); Zn and Co (0.73); Cu and Cd (0.71). Moreover, moderate correlation was found between
Pb and Cu (0.68); Mn and Zn (0.66); Cu and Co (0.65); Zn and Cu (0.64); Pb and Mn (0.60); Mn
and Co (0.55); Mn and Cd (0.54). The strong positive correlation between Pb, Co, and Cd
indicates that they mostly came from the same source. The strong positive correlations between
Pb, Co, and Cd are presented as scatter graphs in the figures 5.9.
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(a)

(b)
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(c)

Figure 5.9 : The significant correlation in the tide zone between
(a) Pb and Co (b) Pb and Cd (c) Co and Cd

3.8 Concentration of shelf sediments samples
The analysis of the six heavy metals which were taken from 15 sampling sites in the shelf zone
(350 m from the shore) and starting from site 1/S in the south until site 15/S which locates in the
north of the Gaza Strip. Table 5.10 will summarize the concentration level results of those heavy
metals in each sample and Table 5.11 illustrates the statistical description of the six selected
heavy metals in the sampling sites.
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Table 5.10: Heavy metal concentrations in shelf zone along the study area.

Sample
No

Zn
(mg/kg)

Pb
(mg/kg)

Mn
(mg/kg)

Cu
(mg/kg)

Co
(mg/kg)

Cd
(mg/kg)

1/S

14.48

17.81

407.1

3.86

6.91

1.45

2/S

12.78

18.18

245.62

2.68

4.84

1.33

3/S

14.11

19.5

185.95

2.65

4.95

1.29

4/S

19.06

14.31

240.45

0.26

6.28

1.25

5/S

13.07

12.85

123.8

2.07

3.89

1.07

6/S

12.95

12.39

175.64

1.66

4.01

1.18

7/S

14.25

12.0

125.03

1.58

3.83

1.15

8/S

13.52

9.38

141.29

1.37

3.22

0.96

9/S

15.12

10.59

192.35

2.07

4.58

1.33

10/S

14.08

12.04

170.05

2.0

4.18

1.32

11/S

12.2

13.28

92.78

1.05

3.23

1.36

12/S

12.56

14.56

102.57

1.16

2.95

1.33

13/S

20.18

14.35

371.44

2.93

5.75

1.39

14/S

20.7

15.54

250.55

2.59

4.86

1.50

15/S

14.71

14.39

146.48

2.07

4.22

1.60
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Table 5.11: Descriptive statistics of shelf sediment zone

Metal (mg/kg)

Minimum

Maximum

Value

Value

N

Mean

Std. Error

Std. Deviation

Zn

15

12.20

20.70

14.91

0.71

2.76

Pb

15

9.38

19.50

14.07

0.72

2.80

Mn

15

92.78

407.10

198.07

23.80

92.18

Cu

15

0.26

3.86

2.00

0.22

0.88

Co

15

2.95

6.91

4.51

0.29

1.13

Cd

15

0.96

1.60

1.30

0.04

0.16

Table 5.11 describes the statistics of chemical results in the shelf zone sediments. The highest
concentration among the six selected heavy metals was the Manganese with a value of 407.10
mg/kg, while the lowest concentration among these selected heavy metals was the Copper with a
value of 0.26 mg/kg. In addition, the highest mean was 198.07 mg/kg for the Manganese, and the
lowest mean was 1.30 mg/kg for the Cadmium. The standard deviation was maximum in
Manganese at 92.18 mg/kg, and has the minimum value in Cadmium at 0.16 mg/kg.

3.9 Concentration of Zinc (Zn) in shelf zone sediments
The concentration of Zn in the shelf sediment zone of Gaza Strip is illustrated in Table 5.10 and
Figure 5.10. Zinc concentrations varied between 12.20 - 20.70 mg/kg with a mean value of 14.92
mg/kg, and standard deviation of 2.76 mg/kg. The highest concentration (20.70 mg/kg) was
found at site 14/S in the north and opposite of the Mariote resort. While the lowest concentration
(12.20 mg/kg) was found at site 11/S in Al Shalihat resort in Gaza City.
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Figure 5.10: Distribution of Zn concentrations in sampling sites along the shelf zone in Gaza Strip.

From the Figure 5.10 it can be observed that the sites of 13/S and 14/S in the north and site 4/S at
Khan Younis in the south (near domestic outlet sewage) have the highest level of Zn
concentration, and all the other sites have a range of values between (12.2 and 15.12 mg/kg).
Generally, all sites in the shelf zone are under the permissible limit of WHO which was 50
mg/kg. The high Zn concentration at site 4/S could be referred to the sewage wastewater
discharge in this area, while the high concentration at site 13/T and 14/T may be referred to the
domestic and industrial sewage which pour into the sea from the Gaza harbor, which locates
south of these sites, and due the currents movement to the north, this concentration can reach to
these sites in the north of the study area.
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3.10 Concentration of Lead (Pb) in shelf zone sediments
Lead concentration varied between 9.38 - 19.50 mg/kg with a mean value of 14.08 mg/kg, and
standard deviation of (2.81). The highest concentration (19.50 mg/kg) was found at site 3/S at
Khan Younis in the south, while the lowest concentration (9.38 mg/kg) was found at site 8/S in
Al Zawaida region in the middle of Gaza Strip.
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Figure 5.11: Distribution of Pb concentrations in sampling sites along the shelf zone in Gaza Strip.

It's clear that the distribution of Pb levels in the shelf zone of Gaza Strip was increased in south
and north, and almost decreased in the middle area as example of site 7/S, and 8/S. As its
illustrated in the Figure 5.10, all sites are under the standard limit due to EPA which was 31
mg/kg. The high Pb concentration was found clearly at site 1/S, 2/S, and 3/S in the south of the
study area. Therefore, the logical explanation for these values is due to the domestic and
industrial waste which discharge into the sea from Al Arish port in Egypt, and by the currents
movement of the sediments, Pb concentrations can reach to these sites and accumulate in the
seabed due to the gravity.
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3.11 Concentration of Manganese (Mn) in shelf zone sediments
Manganese concentration levels in the shelf zone along Gaza Strip are fluctuating between 92.78
and 407.10 mg/kg, the mean value was 198.07 mg/kg, and the standard deviation was 92.18. The
highest concentration (407.10 mg/kg) was found at the site 1/S at Rafah in the south. In the shore
at this site there was a domestic outlet sewage which discharge the sewage from Rafah waste
water plant to Rafah beach. On the other hand, the lowest concentration (0.26 mg/kg) was found
at site 11/S in Gaza City, at the south of Gaza harbor where at this area is domestic outlet sewage
discharge into the beach. Figure 5.12 describes the distribution of Mn concentrations in shelf
zone along the Gaza Strip.
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Figure 5.12: Distribution of Mn concentrations in sampling sites along the shelf zone in Gaza Strip.

It's clear that the high concentrations of Mn were in the south at site 1/S, site 13/S at Al Shate
Camp of refugees, and 14/S in the north. The highest concentration of Mn at sites 1/S and 13/S is
locate north of Al Arish port in Egypt and Gaza harbor respectively, and this is an indicator for
the contribution of the anthropogenic in this values of Mn at those sites. Otherwise, according to
EPA standard limits, all sites were presented at the safe side and under the limit of 460 mg/kg.
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3.12 Concentration of Copper (Cu) in shelf zone sediments
Copper concentrations varied between 0.26 - 3.86 mg/kg with a mean value of 2.00 mg/kg, and
standard deviation of 0.88. The highest concentration (3.86 mg/kg) was found at site 1/S in
Rafah near the Egyptian border in the south. While, the lowest concentration 0.26 mg/kg was
found at site 4/S in Khan Younis in the south. Both sites have sewage outlet in the beach.
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Figure 5.13: Distribution of Cu concentrations in sampling sites along the shelf zone in Gaza Strip.

It's clear from Figure 5.13, that sites 1/S,2/S, and 3/S in the south, sites 13/S,14/S and 15/S in the
north have the highest Cu concentration along the study area, and that refer to their location
which found north of the Al Arish port in Egypt, and Gaza harbor, where these harbors consider
as a source of heavy metals pollution. Even that, all shelf sites are under the permissible limit
according to EPA standards which was 16 mg/kg.

3.13 Concentration of Cobalt (Co) in shelf zone sediments
Cobalt concentration levels in the shelf zone along Gaza Strip are fluctuating between 2.95 and
6.91 mg/kg, the mean value was 4.51mg/kg, and the standard deviation was 1.13. The highest
concentration (6.91 mg/kg) was found at the site 1/S at Rafah in the south. In the shore of this
site, there was a domestic outlet sewage which discharge the sewage from Rafah wastewater
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plant to Rafah beach. The lowest concentration 2.95 mg/kg was found at site 12/S in the Gaza
city, inside of Gaza harbor, where this site contains also a domestic outlet sewage. Figure 5.14
describes the distribution of Co concentration in shelf zone along the Gaza Strip.
8

7

6

5

4

3

2

1

0
1/S

2/S

3/S

4/S

5/S

6/S

7/S

8/S

9/S 10/S 11/S 12/S 13/S 14/S 15/S

Figure 5.14: Distribution of Co concentrations in sampling sites along the shelf zone in Gaza Strip.

As the values of the Mn, and Cu, the highest level of Co in shelf zone was found at site 1/S in the
south at the border between Rafah in Gaza Strip and Egypt. All sites are under the standard
limits of the EPA, which was 50 mg/kg.

3.14 Concentration of Cadmium (Cd) in shelf zone sediments
Cadmium concentrations varied between 0.96 -1.60 mg/kg with a mean value of 1.30 mg/kg, and
standard deviation of 0.16. The highest concentration (1.60 mg/kg) was found at site 15/S in the
north. While the lowest concentration (0.96 mg/kg) was found at site 8/S exactly in Wadi Gaza,
where there are a massive quantity of sewage which discharge to the sea.
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Figure 5.15: Distribution of Cd concentrations in sampling sites along the shelf zone in Gaza Strip.

It's clear that nearly all sites have the same value of Cd concentration in the shelf zone
sediments, which range between 0.96 - 1.60 mg/kg. The values have the highest level in the
south and in the north, while have the lowest level in the middle at site 8/S, which locates at Al
Zawaida area in the middle of the study area. According to EPA standards limit which was 0.6
mg/kg. Unfortunately, all the sites along the study area present above this limit.

3.15 Pearson correlation of heavy metals among shelf sediment samples
Pearson’s correlation was used to detect linear correlations between the selected six heavy metals
among shelf zone sediment samples. Table 2.12 presents the Pearson's correlation coefficients
among heavy metals (Zn, Pb, Mn, Cu, Co, and Cd) in the shelf zone sediments along Gaza Strip.
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Table 5.12: Correlation coefficient matrix among six heavy metals in shelf zone along Gaza Strip

Heavy metals

Zn

Pb

Mn

Cu

Co

Zn

1

Pb

0.11

1

Mn

0.58

0.47

1

Cu

0.13

0.53

0.68

1

Co

0.59

0.53

0.90

0.50

1

Cd

0.35

0.50

0.39

0.41

0.38

Cd

1

It can be observed from Table 5.12 that all heavy metals are positively correlated. Significant
strong correlation was found between Mn and Co (0.90); moderate correlation was found
between Mn and Cu (0.68), Zn and Mn (0.58), Zn and Co (0.59), Pb and Cu (0.53), Pb and Co
(0.53), Pb and Cd (0.50), and Cu and Co (0.50). The strong positive correlation between Mn and
Co is present in figure 5.16.

Figure 5.16: The significant correlation between Mn and Co in the shelf zone
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4. Descriptive statistical analysis of the study area:
To understand the concentration results of the selected heavy metals, the next section will show
the results of the selected heavy metals in all the 30 sites (tide and shelf),by presenting the
descriptive statistics and a coefficient correlation matrix in table (5.13), (5.14) respectively.
Table 5.13: Descriptive statistics of all study area sediment along Gaza Strip

Minimum

Maximum

Value

Value

30

3.10

Pb

30

Mn

Metal (Mg/kg)

N

Mean

Std. Error

Std. Deviation

Zn

34.23

13.26

1.26

6.94

3.43

63.69

14.97

1.77

9.70

30

8.71

407.10

105.95

19.75

108.22

Cu

30

0.26

6.56

1.86

0.27

1.47

Co

30

1.08

13.68

3.87

0.41

2.28

Cd

30

0.00

3.72

1.10

0.11

0.63

Table (5.13) shows that the highest mean on the selected heavy metals concentration along all the
study area was in Mn (105.95), while the lowest mean was in Cd (1.10).
To examine the relationships between the selected heavy metals along the study area, and compare
the results with tide and shelf zone correlation results a correlation table (Pearson coefficients) has
been established (Table 5.14).

Table 5.14: Correlation coefficient matrix among six heavy metals in all study area along Gaza Strip

Heavy metals

Zn

Pb

Mn

Zn

1

Pb

0.65

1

Mn

0.33

0.20

1

Cu

0.57

0.63

0.27

1

Co

0.72

0.88

0.44

0.62

1

Cd

0.75

0.86

0.33

0.66

0.91
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From table (5.14) it’s clear that all the metal pairs showed positive relationship, where the strong
positive correlation was appeared between Co and Cd (0.91), pb and Co (0.88), Pb and Cd
(0.86), Other strong correlation was found also between Zn and Co (0.72), Zn and Cd (0.75).
While the other correlation were either good or weak. It’s important to mention that the strong
correlation between Pb, Cd, and Co was appeared also in the tide zone. And these results
suggest that the strong correlation in tide zone and the study area between Pb, Cd, and Co
probably came from a common an anthropogenic source. This is obvious according to the large
amount of untreated wastewater which release directly into the coast along the study area. The
plots of the significant correlation between Pb, Cd, and Co in the study area are present in
(Figure 5.17).

(a)
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(b)

(c)

Figure 5.17 : The significant correlation along the study area bwrween
(a) Pb and Cd (b) Pb and Co (c) Co and Cd
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5. Discrimination plots along the study area
Plotting of three heavy metals (Pb, Cd, and Co) as bivariate scatter plot was used in order to
reveal the relationship between the environment and the heavy metals chemistry. Therefore, in
the present study plots were done and the plots show that there is a clear discrimination by
producing three different forms, each group of points divides the graph into two fields (tide and
shelf). The following types of plots were obtained:
1- Overlap plots in Pb and Cd (Figure 5.18)
2- Tangency plot in Co and Pb (Figure 5.19)
3- Separate plot in Co and Cd (Figure 5.20)
In conclusion, we can use these results in discrimination between the environment in case the
environment is unknown.

Figure 5.18: The discrimination plot of Pb and Cd
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Figure 5.19: The discrimination plot of Pb and Co

Figure 5.20: The discrimination plot of Co and Cd
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Figure 5.21: Zinc distribution along the study area
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Figure 5.22: Lead distribution along the study area
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Figure 5.23: Manganese distribution along the study area
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Figure 5.24: Copper distribution along the study area
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Figure 5.25: Cobalt distribution along the study area
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Figure 5.26: Cadmium distribution along the study area
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6. Heavy metal results comparison between tide and shelf zone:

Table 5.15: differences of heavy metal concentrations in tide and shelf zones

Metals
(mg/kg)

Min

Max

Mean

Tide

Shelf

Tide

Shelf

Tide

Shelf

Zn

3.10

12.20

34.23

20.65

11.59

14.92

Pb

3.43

9.38

63.69

19.51

15.87

14.08

Mn

8.71

92.78

43.03

407.10

21.16

198.67

Cu

0.26

0.26

6.56

3.86

1.72

2.00

Co

1.08

2.95

13.68

6.91

3.24

4.51

Cd

0.00

0.96

3.72

1.60

0.91

1.30

From the above table, the study concluded that the mean concentration of the selected heavy
metals in the study area of shelf zone was greater than the mean concentration in the tide zone in
all selected metals except of the Lead, which found in the tide zone with concentration more than
what was found in the shelf zone, therefore, this is an indicator for the anthropogenic
contribution of the lead in the beach, which resulted from the over discharge of the domestic
sewage wastewater into the sea along the Gaza Strip coast.

5. Heavy metals concentration results comparing to the international standards:
Unfortunately, there are no Palestinian standards for the heavy metals concentration in the
sediments, therefore it is useful to make comparison with other international standards to guide
the stakeholders to achieve the safety, the protection, and the control of our natural resources
from the pollution of these heavy metals. Table (5.16) presents the heavy metals results of the
study and compare it with the available international standards.
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Table 5.16: Limits values according to EPA, WHO, and the results from the study along Gaza Strip coast in
both, tide and shelf zone.

Metals

EPA

Present study (mean)

Ontario
Canada

Tide Zone

Shelf zone

Zn (mg/kg)

120

120

3.10 – 34.23

12.20 – 20.70

Pb (mg/kg)

31

31

3.43 – 63.69

9.38 - 19.50

Mn (mg/kg)

460

ـــــــــ

8.71 – 43.03

92.78 - 407.10

Cu (mg/kg)

16

16

0.26 – 6.56

0.26 – 3.86

Co (mg/kg)

ـــــــــ

50

1.08 – 13.68

2.95 – 6.91

Cd (mg/kg)

0.6

0.6

0.00 – 3.72

0.96 – 1.60

*All the result units are in mg/kg.
(Pekey et al, 2004), (MOECC, 1993).

Table 5.16 shows that the concentration values of the heavy metals (Zn, Mn, Cu, and Co) in the
tide zone were under the EPA and the Ontario standard limits for all sites, while for Pb, the
results show that it concentration was under the limits in all sites except at site 11/T which found
in Al Shalihat resort in Gaza. But for Cd the results showed that all sites were found above the
standard limits of the EPA and the Ontario except the sites of 7,9,10, and 15.
The concentration values of heavy metals in the shelf zone for (Zn, Mn, Cu, and Pb) were under
the standard limits of EPA and the Ontario, while the concentration of Cd was above those limits
in all sites in the shelf zone along the study area.
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Chapter 6
Conclusions and Recommendations

The present work represents heavy metals contamination in tide and shelf zones along the Gaza
Strip coastline for the first time. Therefore, it provided a baseline data regarding heavy metals
concentration, and the grain size distribution in both tide and shelf sediments. This data can use
as a guideline for future researchers and environmental stakeholders to identify future
anthropogenic impacts at the study area with respect to the studied metals, and better assess the
need for remediation by monitoring for changes from the existing levels.

6.1 Conclusion


The Gaza Strip coast is considered as one of the most polluted areas due to the adverse
effect of effluents from land-based sources. Domestic untreated wastewater and fishing
activities may be the major sources of observed higher levels of heavy metals
contamination.



The sorting of sand sediments in tide was poorly at site 4/T, moderately sorted at sites
2/T and 6/T, moderately well sorted at sites 3/T, 7/T, 9/T, 12/T, 13/T, and 15/T, and well
sorted at sites 1/T, 5/T, 8/T, 10/T, 11/T, and 14T. While the sorting of sand sediments in
shelf zone was as follows, poorly at sites 1/S, 13/S, 14/S, and 15/S, moderately at sites
2/S, 4/S, 5/S, 6/S, 7/S, 10/S,S and 11/S, there is no well sorted in the shelf zone along the
study area.



The grain size distribution of the sand in tide zone along the study area was classified in
order of medium sand > fine sand > coarse sand > very coarse sand > very fine sand > silt
and clay. While in shelf zone the classification was in order of fine sand > very fine sand >
medium sand > very coarse sand > silt and clay > coarse sand.



The mean concentration values of metals in shelf zone along the study area were higher
than those in tide, except of the Lead (Pb) which found in the tide higher than shelf.



In tide zone concentration results, Zn mean was 11.56 mg/kg, Pb mean 15.86 mg/kg, Mn
mean 20.49 mg/kg, Cu mean 1.72 mg/kg, Co mean 3.24 mg/kg and Cd 0.90 mg/kg. While
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in the shelf zone concentration results for mean was as the following, Zn mean was 14.92
mg/kg, Pb mean was 14.07 mg/kg, Mn mean was 198.07 mg/kg, Cu mean was 2.00
mg/kg, Co mean was 4.51 mg/kg, and Cd mean was 1.30 mg/kg.


The concentration averages of the investigated metals in tide zone were ranged in the
order of Mn > Pb > Zn > Co > Cu > Cd, while in shelf zone was Mn > Zn > Pb > Co >
Cu > Cd.



The significant correlation among the selected heavy metals in tide zone along the study
area was a significant correlation in Pb and Co (0.99), Pb and Cd (0.96), Co and Pb
(0.95). While in shelf zone the significant correlation was found in Mn and Co (0.90), Zn
and Cu (0.13), Zn and Pb (0.11).



Comparing the concentrations of heavy metals in tide zone sediment by EPA and Ontario
guideline standards, the concentration values of Zn, Mn, Cu, and Co were less than these
limits, while for Pb, all sites were under the limit except of site 11 which locates in Gaza
City in Al Shalihat resort. In the Cd all sites were unfortunately above the limits of EPA
and Ontario, except of the sites 7, 9, 10, and 15 which found under these limits.



Comparing the concentrations of heavy metals in shelf zone sediments by EPA and
Ontario guideline standards, all the selected heavy metals (Zn, Pb, Mn, Cu, and Co)
values were found under these limits except of Cd which found above these limits along
the study area.

6.2 Recommendations
 Further studies should be conducted to check contamination with other toxic heavy metals
such as mercury, chromium, and arsenic in anther costal location, and during many
season.



Restriction of the human, industrial and agricultural discharges to the coastal water of
Gaza Strip, particularly along the Gaza harbor area.
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The strict laws that are related to the Mediterranean Sea region should be implemented to
prevent hazardous pollutants to be higher than standard levels into coastal water, marine
sediments and the ecosystem.



Periodical monitoring of heavy metals concentration in sediment is necessary, especially
for Copper and Lead which showed the highest concentration of studied metals to avoid
being overcome permissible limits.



Monitoring the treated sewage discharged into the Mediterranean Sea at multiple points
along the coast line of the Gaza Strip to ensure and control the levels of heavy metals
which discharge into the sea in huge quantities.



Dissemination and increase environmental awareness among people in the Gaza strip is
recommended



Overall, environmental strategies need to be improves to protect and enhance the coastal
zone quality.
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