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ABSTRACT
The present study investigated the concentrations of Mn, Cu, Zn, Ni, Co, Pb and Cd in
seawater and the marine sediments of Gaza fishing harbour and surrounding area. The
same metals were measured in the muscles of fish species (Grey mullet) that were
collected from the study area. The study also identified the major physical and chemical
properties of the seawater. Eight sampling stations were selected to conduct the study in
Gaza Fishing harbour along Gaza coast. The samples were taken from the study stations at
once every two months from September of 2013 until March 2014. The samples were
taken in September, November 2013 and March 2014. All samples were analyzed in the
Ministry of health (MoH) laboratories-Gaza. All metals were determined and analyzed by
Flame Atomic Absorption Spectrophotometer.
The results showed 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 filtered seawater. Whereas, the mean concentrations of (Mn, Cu,
Zn, Ni, Co, Pb and Cd) in marine sediments were 42.42mg/kg, 18.08mg/kg, 26.55mg/kg,
8.04mg/kg, 4.2mg/kg, 7.27mg/kg and 1.17mg/kg respectively. Mean concentrations of
these metals in marine sediments showed significant variations and they were significantly
higher than their levels in the seawater. In fish muscles tissues (Grey mullet) the mean
concentrations of (Mn, Cu, Zn, Ni, Co, Pb and Cd) were 0.90µg/g, 13.15µg/g, 25.87µg/g,
1.10µg/g, 0.68µg/g, 1.82µg/g and 0.27µg/g respectively. The results of this study showed
that the metal concentrations in tissues of fish muscles were higher than seawater and
lower than marine sediments. The highest concentrations of metals in the muscles of the
studied fish species were detected for zinc (13.56-40.43 µg/g) and the lowest were for
cobalt (nd-2.93 µg/g) and cadmium (0.02-0.51 µg/g). 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. Physical
and chemical properties of seawater recorded several values ranged between 17.4-28 ºC,
7.57-8.15, 55.8-60.6 µs/cm, 1.52-13 NTU and 2.94-7.2 mg/l for water temperature, pH,
electrical conductivity, turbidity and dissolved oxygen respectively in the study area.
Results showed that there are differences in heavy metals concentrations between the
different eight sites, these differences in most of heavy metal concentrations were not
iii

statistically significant among most of the locations. Several concentration values of Cu,
Mn, Ni, Zn, Pb and Cd in the seawater and marine sediments samples were found to be
higher than the limit values as compared with EPA, WHO, Australian, Turkish and Israeli
guidelines and standards for heavy metals level. The heavy metals determined in the
muscles of the studied fish species were lower than the maximum levels and guidelines
values described in the literature.
Gaza fishing harbour is 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 harbour area may possibly are the major source of the observed higher levels of
heavy metals contamination. However, the Gaza coastal management strategy was
proposed to protect the coastal environment and marine waters from further deterioration.
Further research studies and periodical monitoring of heavy metals level in seawater,
sediment and fish tissues along Gaza strip coastal water and environment are
recommended.
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الملخص
قامت الدراسة الحالية بالتعرف على تراكيز العناصر الثقيلة المنجنيز ،الزنك ،النيكل ،الكوبلت،
الكادميوم ،الرصاص في مياه ورواسب طمي في قاع البحر في منطقه ميناء صيادين غزة والمنطقة
المحيطة به إضافة إلى ذلك تم قياس نفس العناصر في عضالت األسماك في منطقه الدراسة إضافة إلى
تحديد الخواص الفيزوكيمائيه لمياه البحر .وقد جمعت العينات بمعدل مرة كل شهرين ابتداء من شهر
سبتمبر  2013ولغاية شهر مارس  .2014وقد تم تحليل جميع العينات فى مختبر وزارة الصحة بغزة
باستخدام جهاز قياس االمتصاص الذرى .
لقد أظهرت نتائج هذه الدراسة بأن متوسط تراكيز العناصر الثقيلة لكل من (المنجنيز ،النحاس ،الزنك
،النيكل ،الكوبلت ،الرصاص ،الكادميوم) وكانت المنجنيز ) ،(0.067mg/Lالنحاس()0.063mg/L
 ،الزنك ) ، )0.028mg/Lالنيكل )، (0.199mg/Lالكوبلت )، (0.071mg/Lالرصاص
( ، (0.159mg/Lالكادميوم(  )0.074mg/Lوذلك في مياه البحر ومتوسط تراكيز نفس هذه العناصر
الثقيلة لرواسب الطمى في قاع البحر وجدت كما يلى :المنجنيز(، )42.42mg/kgالنحاس
)، )0.063mg/kgالزنك )، (26.55mg/kgالنيكل(، )8.04mg/kgالكوبلت( ،)4.2mg/kg
الرصاص ( ،) 7.27mg/kgالكادميوم ( (1.17mg/kgكما أظهرت الدراسة بأن هناك اختالفات
كبيرة بين مستويات العناصر المختلفة في رواسب الطمى قيد الدراسة بحيث أنها كانت أعلى من
تركيزها في مياه البحر .
لقد وجد بان متوسط تراكيز المعادن الثقيلة في عضالت األسماك كانت متغيرة كالتالي:
المنجنيز,0.90µg/gالنحاس،13.15µg/gالزنك،25.87µg/gالنيكل،1.10µg/gالكوبلت 0.68µg/g
،الرصاص ، 1.82µg/gالكادميوم  .0.27µg/gكما أظهرت نتائج هذه الدراسة ان معدالت تراكيز
المعادن الثقيلة في عضالت األسماك أعلى من معدل تركيزها في مياه البحر واقل من الرواسب الطمي
البحرية وكانت أعلى تراكيز المعادن الثقيلة في عضالت األسماك متمثلة كالتالي :الزنك
( )13.56-40.43 µg/gواألقل كانت في عنصر النيكل ( )N.d-0.51µg/gوالكادميوم
( .)0.02- 0.51µg/gإن مستويات جميع تراكيز العناصر الثقيلة في هذه الدراسة لمعظم عضالت
األسماك هي اقل من المستويات المسموح بها من قبل العديد من المنظمات والهيئات الدولية مثل
 WHO , FAO, EUوالدليل التركي .كما كانت القيم للخواص الفيزوكيمائيه التي قيست في مياه
البحر خالل هذه الدراسة متغيرة كما يلي  :درجه الحرارة (  )17-28 ºCودرجه الحموضة (7.57-
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 )8.15والموصلية الكهربائية (، )55.8-60.6 µs/cmدرجه العكارة(  )1.52- 13NTUتركيز
األوكسجين المذاب في الماء ( .)2.94-7.2 mg/l
أن العالقة ما بين تراكيز العناصر الثقيلة مع بعضها البعض والتي تم دراستها خالل هذه الدراسة
أظهرت بأن هناك عالقة ما بين األزوا المختلفة من العناصر المعادن الثقيلة فمنها العالقة القوية
والضعيفة ( الموجبة ،والسالبة) في كل من عينات مياه البحر الطمي  .ولمعرفة مدى االختالف ما بين
العناصر الثقيلة في مواقع الدراسة فقد تم استخدام التحليل اإلحصائي( )T- Testوذلك في مياه
ورواسب الطمي للبحر  .لقد أظهرت نتائج الدراسة بان هناك نتائج مختلفة لتراكيز المعادن بين مواقع
الدراسة ولكن هذه االختالفات لتركيز المعادن الثقيلة لم تكن ذات دالئل إحصائية واضحة ما بين معظم
المواقع  .لقد الدراسة بأن العديد من القيم لتراكيز المعادن الثقيلة لكل من النحاس  ،المنجنيز ،النيكل
،الزنك ،الرصاص ،الكادميوم في كل من مياه ورواسب طمي البحر كانت أعلى من القيم المسموح بها
من قبل العديد من الهيئات الدولية مثل  ، WHO, EPAالدليل التركي ،الدليل اإلسرائيلي وإن تراكيز
المعادن الثقيلة التي تم تحديدها في هذه الدراسة كانت اقل من المستوى األعلى المسموح به في الدليل
العالمي والتي وضعت في مراجع دراسية .
يعتبر ميناء الصيادين في غزة من اكثر المناطق تلوثا بسب التأثير السللبي للنفايلات السلائلة القادملة ملن
اليابس حيث أن النفايات السائلة تعتبر من اهم المصادر الرئيسية لملوثات المعادن الثقيلة لذلك السبب تم
اقتراح استراتيجية لحماية البيئة البحرية ومياه الساحل ملن أ تلدهور قلادم .للذا نوصلى بلججراء المزيلد
من الدراسات والبحوث لتحديد تراكيز العناصر الثقيلة في مياه ورواسب البحلر وكلذلك األسلماك عللى
طول ساحل قطاع غزة .
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CHAPTER 1:

INTRODUCTION

Coastal areas provide several important benefits to human beings in terms of foodstuff
resources and ecology amenities. The human beings activities may have significant adverse
effects on the ecosystems health and the sustainability of resources. Heavy metals may
occur in marine environment from natural practices and from discharges or leachates from
a number of anthropogenic activities (Connell et al., 1999; Franca et al., 2005). The
pollution of natural waters by heavy metals adversely affects marine biota and poses
significant environmental risks and concerns (Cajaraville et al., 2000; Ravera, 2001).
Monitoring programs and research on heavy metals in marine environment samples have
become widely important due to concerns over accumulation and toxic effects in marine
organisms and to humans through the food chain (Otchere, 2003). Pollutants can persist for
several years in marine sediments where they hold the possibility to affect human health
and the environment (Mackevičiene et al., 2002). Hence, coastal and marine pollution
control is necessary to determine and monitor the impacts of anthropological activities on
marine and estuarine ecologies.

1.1

BACKGROUND

The pollution entail disruption of the natural condition of the environment by human
activity. Both terms are different by the harshness of the consequence: pollution makes the
loss of possible resources (Goldberg 1992). In the marine environment, human-made
instabilities take many forms. Due to the source strengths and paths, the extreme impacts
incline to be in the coastal area. Waters and sediments in such areas tolerate the prominent
flow of industrial and sewage discharges and are a matter to indulge dumping (Hester and
Harisson 2000).
The Gaza fishing harbor and the surrounding coastal environment is facing large and
serious threats from land-based pollution sources. The small Gaza strip has rapidly
growing population that already counts at about 1.8 million persons (PCBS, 2014). The
limited land resources, the physical isolation of the area and the underdeveloped
environmental management system has caused various serious problems. These problems
1
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lead to contamination of the fishing harbor, coastal zone and seawater as well marine
sediments, deterioration of natural resources and natural habitats, and diminishing of fish
populations. The fishery and tourist sectors are directly under threat due to several adverse
effects (MEnA, 2001). The seawater and sediments quality in the fishing harbor along the
coast of Gaza in the Mediterranean Sea is highly polluted from untreated sewage of about
17 sewage outfalls discharging into the coastal waters more than 90,000m³/day (Ashour,
2009). The input of the sewage into the sea causes a number of deterioration effects on
aquatic life; including phytoplankton, zooplankton, and crustaceans, macro-algae and fish
species. The main causes of these disturbs are: biodegradable organics, refractory organics,
dissolved in-organics, heavy metals, suspended solids, pathogens, nutrients, pesticides and
the insecticides being used intensively in agriculture and some small-scale industries
(MEnA, 2001).
According to Connell et al. (1999) and Franca et al. (2005) heavy metals may take place in
coastal and marine environment from natural changes and discharges or leachates from
several anthropogenic activities. The contamination of normal waters by heavy metals
adversely affects aquatic life and poses significant environmental jeopardies and concerns
(Cajaraville et al. 2000 and Ravera, 2001). Monitoring programs and investigation on
heavy metals in marine water environments have become commonly major due to alarms
over accumulation and toxic effects in marine organisms and to humans over the food
chain (Otchere, 2003). Mackevičiene et al., (2002) reported that contaminants can stay for
several years in sediments of rivers and marine systems where they embrace the possible to
affect human health and the surrounding environment.
Sediments are an imperative basin of assortment of contaminants, predominantly heavy
metals and may attend as a supplemented source for benthic organisms (Wang et al., 2007)
particularly in estuarine ecosystems. Metals may be existing in the estuarine ecosystem as
dissolved kinds, as free ions or materializing organic complexes with humic and fulvic
acids. Additionally, many metals for example, Lead associate freely with particulates and
become adsorbed or co-precipitated with carbonates, oxyhydroxides, sulphides and clay
minerals. Accordingly, sediments accumulate contaminants and may deed as long-term
stores for metals in the environment (Spencer and MacLeod, 2002). The incidence of
higher concentrations of metals in sediments observed at the nethermost of the water
column can be a significant indicator of man-induced pollution rather than natural
2
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enrichment of the sediment by environmental weathering (Davies et al., 1991, Chang et al.,
1998). The analyses of marine water or sediment samples still are subject to a range of
limitations, in that the methods do not allow for the estimation of the quantity of the metal
which is biologically available (Etim et al., 1991).
The dissolved substances in the seawater along Gaza coast and fishing harbor however
pose a threat not only to the marine ecosystem but also to the ground water quality and
may be dangerous to the humans by causing unpredictable human diseases. Consequently,
the food chain of marine ecosystem of Gaza is highly affected from the above mentioned
factors. Few short term studies for monitoring and assessment of the seawater and on-shore
soil quality along Gaza particularly the distribution of heavy metals have been conducted.
Due to the lack of detailed pollution monitoring and assessment programs regarding heavy
metals pollution in the vicinity of Gaza fishing harbor, this study was undertaken. The
current concentrations of heavy metals, the types of heavy metals, and the presence of
various elements that may be present in the existing sediment entering Gaza fishing harbor
vicinity are unknown. Hence, there is a need to monitor and assess the heavy metals in
seawater, marine sediments and fish species at the vicinity of fishing harbor along Gaza
coast and propose a coastal management strategy for controlling pollution in the vicinity
and surrounding environment.

1.2

PROBLEM STATEMENT AND JUSTIFICATION

The discharge of untreated wastewater into the shallow waters of Gaza is a serious problem
for the status of the marine ecosystem. The main source of pollution along Gaza coastal
waters is the discharge of untreated wastewater along the coast. The beaches in front of
Gaza city are polluted by sewage discharges, and individual sewage drains ending either on
the beach or a short distance from the seashore (Afifi, 2001). The input of raw sewage
water into the sea can cause a number of detrimental effects including, untreated sewage
affects marine life and cause oxygen deficiency in seawater, increase in turbidity may
affect marine organisms, and eutrophication (the increase of the nutrient concentration)
may cause, algal blooms that may be harmful, excessive bacterial growth, shift in species
composition which encourages the abundance of benthic species rather than pelagic
species and poisoning of species by toxic substances (Afifi,1999).
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Urbanization, industrialization, tourism, shipping (harbor) and agricultural run-offs are key
and feared to cause pollution of the marine environment. Gaza fishing harbor is some of
the areas along the Gaza coastline that is at risk of having high levels of heavy metal
pollutants due to surrounding activities. Through the food chain heavy metals including Pb,
Cd, Zn, Mn, Cu and Hg in sea water, sediments, fish and other marine fauna may affect the
health of human beings. Untreated sewage outfalls contain organic and inorganic toxic
substances, such as nitrates and heavy metals. The quality of fishes caught near the shore
of Gaza is not examined to identify the effects of sewage on fish health. There is also
evidence of poorly looking fish near the sewage outlets at the beaches. More important is
that the very young stages of fish (larvae and juveniles) grow up in the near shore zone,
where the water quality is heavily affected by the raw sewage outfalls. This poses a severe
threat to the fish populations of Gaza whereas many wastewater outfalls discharges
untreated sewage into the sea (UNEP, 2009). There is therefore the need to assess these
heavy metals in the Gaza fishing harbor and surrounding area along Gaza coastline.

1.3

STUDY AIM AND OBJECTIVES

The aim of this study is to investigate the heavy metals contamination level in seawater,
marine sediments and fish species (Grey mullet) and then propose a management strategy
for controlling the pollution level in the Gaza strip coastal environment. The main
objectives of this study are:
1. To determine the levels of heavy metals (Mn, Zn, Cu, Ni, Co, Pb and Cd) in
seawater of Gaza fishing harbor and surrounding inshore area.
2. To determine the levels of heavy metals (Mn, Zn, Cu, Ni, Co, Pb and Cd) in marine
sediments of Gaza fishing harbor and surrounding area.
3. To determine the levels of heavy metals (Mn, Zn, Cu, Ni, Co, Pb and Cd) in whole
soft tissue of fish species (Grey mullet) of Gaza fishing harbor area.
4. To propose an environmental management strategy for protecting Gaza coastal area
from further deterioration.

1.4

SIGNIFICANSE OF THE STUDY

This study is the first effort for determining the occurrence of heavy metals in seawater,
marine sediments and fish species in the Gaza fishing harbor area. In view of the potential
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risks to human being through the food chain and the surrounding activities at the Gaza
coastline, it is important to constantly assess the pollution status of the marine ecosystem.
Hence, this study provides information that is useful towards the status of heavy metals in
the Gaza fishing harbor and surrounding area. Dissemination of these findings will be
helpful to the main stakeholders or agencies that monitor environmental pollution such as
Ministry of Health and Municipalities.

1.5

THESIS ORGANIZATION

In the second chapter, the information collected from the literature survey including:
environmental status of the Gaza strip coastal area, pollution in the marine environment,
heavy metal uses and sources in the environment, occurrence of heavy metals in seawater
and marine sediments, presence of heavy metals in marine species, public health risk from
heavy metals contamination and coastal area and marine environment management have
been summarized. In chapter three methodology adopted in this study is discussed in
detail. The description of study area, environmental parameters, collecting and processing
of samples, digestion of samples, calibration set of heavy metals, determination of the
selected heavy metal elements, quality control and assurance, analytical methods for
physicochemical parameters and tools used for obtained results statistical analysis are
described. The results obtained for the heavy metals distribution in seawater, marine
sediments and fish species have been discussed in chapter four. The proposed
environmental management plan for pollution control along Gaza coast has been also
discussed in chapter 5. In chapter six conclusions and recommendations of the present
study are delineated.
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2.1

ENVIROMENTAL STATUS OF THE GAZA COASTAL AREA

The Gaza coastal environment is facing a large and serious threat. The limited land
resources, the physical isolation of the area and the underdeveloped environmental
management system has caused various serious problems. The main problems along Gaza
coastal and marine environment include, coastal waters pollution, deterioration of natural
resources and natural habitats and diminishing fish populations (MEnA, 2001).
2.1.1 Bathometry
The 100m depth line off Gaza coast is 28 km away in the south and 14 km in the north.
Furthermore, the average seabed slope between the coast and the 100m depth line is about
1 in 200. Beyond the 100m 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;
hence the average sea bed slope is 1 in 80 (Delft Hydraulics, 1994). The following table
represents the coastal profile of Gaza but it is not considered as a representative for the
entire Gaza coast.
Table 2.1: Gaza Strip coastal profile (modified from MEnA, 2001)
Depth (m) below MSL
0
2
4
6
8
10
12
14
16
18
20

Distance from shore (m)
0
100
200
350
500
670
870
1070
1260
1460
1660

A more complicated coastal profile form, with one or two offshore submerged sand bars,
has
been described for an area somewhat more northward by Striem (1979). Such sand bar
feature is also found along the coast of Gaza, at a depth of MSL (4-5m). These bars play an
important role in the sediment transport, both alongshore and perpendicular to the shore.
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2.1.2 Sea level fluctuations
Sea level fluctuations occur 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. Along Gaza coast there is no systematic records of the sea
levels, however, at Ashdod, (Latitude N 31˚ 50' and Longitude E 34˚ 38'), about 40 km
north of Gaza city the tidal levels are presented in Table 2.2.

Table 2.2: Tidal levels along Ashdod coast near to Gaza (modified from MEnA, 2001)

MHWS
MHWN
MLWN
MLWS

0.6 m
0.4 m
0.1 m
0.0 m

Rosen, (1996) has reported that the Israel Land Survey Datum (ILSD), lies at 8.1 cm below
MSL (Mean Sea Level), with MLW (Mean Low Water) at 13.6 cm below MSL and MHW
(Mean High Water) 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).
2.1.3 Oceanographic conditions
Flow velocities due to the tide and the large-scale 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, under extremely
severe wave conditions, might reach maximum velocities of 1.0 m/s according to
numerical model results estimated by (Delft Hydraulics, 1994). 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 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
7
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characteristics, which on their turn determine the coastal erosion effects of man-made
coastal structures (Ministry of Environmental Affairs, 2001).
2.1.4 Coastal hydrology and geology
It is not easy to define the coastal zone along Gaza; this is may be due to its limited area. If
the international definition of the coastal zone is considered, in this case all Gaza strip
would be located in the coastal zone, where the maximum distance between the water–land
contact and the eastern border of the Gaza strip is approximately 12 km (Al-Agha, 2000).
2.1.4.1 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 (5–20m deep), and the deep aquifer (40–60m 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).
2.1.4.2 Geology
Geology of the coast is rather simple, where few types of sediments are reported. These
sedimentary facieses 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 area of
the Gaza 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
5–18m. They are normally formed of calcareous sandstone interbedded with 1–2m thick
clayey or silt clay beds. The thickness of the calcareous sandstone ranges between 5–10m.
The distance between this Kurkar cliff and the water–land contact ranges between 0–25m
(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 wellrounded quartz and feldspar grains. These grains are cemented by calcite.
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Sand white and non-cemented quartz grains are common along 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.
There are many shelly spots along 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 non-fragmented. 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 Cainozoic (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.
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.
2.1.5 Coast and seabed characteristics
The coastal profile of Gaza can be divided into seabed, beach, 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 10m 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 2.1).
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Figure 2.1: Gaza Strip seabed characteristics (modified from MEnA, 2001)

2.1.6 Sediments transport
Until the year 1950 few human interventions were imposed on the natural coastal system
of Gaza, furthermore it may be understood that the coast of Gaza largely behaved in a
natural characteristic. Since that period no structured information is readily available on
whether the coastline of Gaza was changing, either landward or seaward. However to
understand the status of coastal system it is recommended to refer similar coastlines
located in the eastern Mediterranean Sea, for example, it was reported that 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” (Nir,
1982). 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
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wave-driven long-shore currents along the entire coastline of the Nile littoral cell since
thousands of years. This sand forms the bulk of the Gaza coastal sediments together with
additional calcareous, Aeolian and alluvial silt and clay material. The sediments from the
Nile River 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 long-shore currents transport the
suspended sediments either to NE or to SW. 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 up-rush. If there are
strong enough landward winds the sand is even blown 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 (Ministry of Environmental Affairs, 2001).
2.1.7 Wastewater pollution
The majority of Mediterranean coastal cities discharge their effluents, whether treated or
not, into the marine waters using different designed sewage outfalls. In some cities the
treated effluents are reused, mainly for irrigation purposes (UNEP and EEA, 1999). The
discharge of untreated wastewater into the shallow waters of Gaza is a serious problem for
the status of the marine ecosystem. The main source of pollution along Gaza coastal waters
is the discharge of untreated wastewater along the coast. The beaches in front of Gaza city
are polluted by sewage discharges, and individual sewage drains ending either on the beach
or a short distance from the seashore. The input of raw sewage water into the sea can cause
a number of detrimental effects including, untreated sewage affects marine life and cause
oxygen deficiency in seawater, increase in turbidity may affect marine organisms, and
eutrophication (the increase of the nutrient concentration) may cause, algal blooms that
may be harmful, excessive bacterial growth, shift in species composition which encourages
the abundance of benthic species rather than pelagic species and poisoning of species by
toxic substances (Hilles et al., 2014; Abudaya and Hararah, 2013). Untreated sewage
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outfalls contain organic and inorganic toxic substances, such as heavy metals, nitrates and
chlorine. The quality of fishes caught near the shore of Gaza is not examined to identify
the effects of sewage on fish health. There is also evidence of poorly looking fish near the
sewage outlets at the beaches. More important is that the very young stages of fish (larvae
and juveniles) grow up in the near shore zone, where the water quality is heavily affected
by the raw sewage outfalls. This poses a severe threat to the fish populations of Gaza
whereas many wastewater outfalls discharges untreated sewage into the sea (MEnA, 2001).

2.2

POLLUTION IN THE MARINE ENVIRONMENT

The rising social concern regarding environmental quality can be witnessed in recent years,
both on worldwide and local level. Discharge of harmful substances has harmful effects on
the natural environment, human health and agricultural productivity (Gadzała-Kopciuch,
2004). When the significances of environmental pollution come to be visible, it is
frequently too late to stop them and chronic toxic effects, difficult to observe at the early
period of the process, may turn out to be noticeable after many years (Alloway and Ayres,
1998). The aquatic environment with its water quality is considered to be the main factor
for controlling the health and disease case in both human being and animals (Rashed,
2004). Currently, the increasing use of the chemical wastes and agricultural drainage
systems symbolizes the most hazardous form of chemical pollution mostly heavy metal
contamination. The most important heavy metals that cause water pollution including: Zinc
(Zn), Copper (Cu), Lead (Pb), Cadmium (Cd), Mercury (Hg), Nickel (Ni) and Chromium
(Cr) as reported by Rashed (2004).
When heavy metals enter the marine environment, the metal ions can respond with
constituents of the water or slow down to the bottom and act in response with the bottom
marine sediments. Heavy metals have bigger chance of remaining in solution when
complied to chelating ligands such as specific anions whose concentrations are termed by
the pH of the surrounding environment. Metals precipitate as oxides/hydroxides at
different pH areas and the amphoteric components return to solution at greater values of
pH. The hydroxide concentration is then of great prominence for the movement of metals.
Additional factors also affect the behavior of the metal ions like redox circumstances and
the occurrence of adsorbent sediments (Alloway and Ayres, 1998).
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Coastal waters pollution is generally accompanying with the discharge of effluents from
sewers or wastewater treatment plants, drains and workshops to the water body of rivers,
seas and harbors. The addition of metals in an marine environment has direct consequences
to human being and to the ecology. Metals have many sources from which they can flow
into the water body, (Rashad, 2004) these sources including the following:
Natural sources: Metals are found in the earth (rocks and soil ) and are generated into the
water body through natural processes such as, weathering and erosion.
1. Industrial sources: Industrial practices, mainly those concerned with the mining and
treating process of metal ores, the finishing and plating of metals and the
manufacture of metal items. Metal raw materials which are generally used in other
industries as pigments in paint and dye manufacture; in the manufacture of leather,
rubber, textiles , paint, paper and chromium factories which are built close to water
for shipping and workshops effluents.
2. Domestic wastewater: Domestic wastewater contains considerable amounts of
heavy and trace metals. The occurrence of heavy metals in domestic formulations,
such as cosmetic or cleansing agents, is regularly unnoticed.
3. Agricultural sources: The discharge of agricultural wastes usually contain residual
of pesticides and fertilizers which have traces of metal.
4. Mining runoff and solid waste disposal areas.
5. Atmospheric pollution: Acid rains containing trace metals as well as suspended
particulate matter (SPM) input to the water body will cause the pollution of water
with metals.

2.3

HEVAY METALS USES AND SOURCES IN THE ENVIRONMENT

Heavy metals arise naturally as they are chemical compounds of the lithosphere and are
produced into the environment through volcanism and weathering of rocks (Fergusson,
1990). Though, large-scale discharge of heavy metals to the water bodies is commonly a
result of human contribution (Mance, 1987; Denton, et al., 1997). Coastal areas are some
of the supreme sensitive environments and so far they are theme to growing human
pressures (David, 2003) for the reason that of increasing urbanization, industrial
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development, and recreational activities. Hence, pollution levels are often increased in the
coast due to the nearby land-based pollution sources (Fergusson, 1990; Wang, et al., 2007).
Industrial processes that discharge a range of metals into water bodies include mining,
smelting and refining. Almost all industrial practices that produce waste discharges are
potential sources of heavy metals to the water bodies environment (Denton, et al., 2001).
Domestic wastewater, sewage sludge, urban runoff, and leachate from solid waste disposal
sites are also obvious sources of heavy metals into rivers, estuaries and coastal waters
(Mance, 1987). A proportion of the total anthropogenic metal input in the sediments in
near coast waters, closer to urban and industrial development areas comes from the
combustion of fossil fuels. Additional possible sources including: ports, harbors, marinas
and mooring sites, also exposed to heavy metal inputs accompanying with recreational,
commercial and sometimes associated with

military, boating, and shipping activities

(Denton, et al., 1997). The uses and sources of heavy metal elements selected for this study
are described below:
2.3.1 Manganese (Mn)
Manganese is a naturally occurring element in the environment. It comprises about 0.1% of
the earth’s crust (NAS, 1973), and found in rock, soil, water, and food. Thus, all humans
are exposed to manganese, and it is a normal component of the human body. Food is
usually the most important route of exposure for humans. Manganese is released to air
mainly as particulate matter, and the fate and transport of the particles depend on their size
and density and on wind speed and direction. Some manganese compounds are freely
soluble in water, so significant exposures can also arise by drinking of contaminated
drinking water. Manganese in surface water can oxidize or adsorb to sediment particles and
settle to the bottom. Manganese in soil can transfer as particulate matter to air or water, or
soluble manganese compounds can be leached from the soil. Natural levels of manganese
in soil range from 40 to 900 mg/kg, with an estimated mean of 330 mg/kg as documented
by (Cooper, 1984) and (Rope, et al., 1988). Accumulation of manganese in soil usually
occurs in the subsoil and not on the soil surface (WHO, 1981).
2.3.2 Copper (Cu)
Copper is a moderately abundant heavy metal with mean concentration in the lithosphere
of about 39 μg/g. It is an vital trace element for the growth of most water bodies organisms
though it becomes toxic to aquatic organisms at levels as low as 10 μg/g (Callender, 2003).
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Heavily polluted sediments have been reported to exceed 200 μg/g. Inputs of copper into
the natural waters come from various source including mining, smelting, domestic and
industrial wastewaters, steam electrical production, incinerator emissions, and the dumping
of sewage sludge (Denton, et al., 1997). Algaecides and antifouling paints are identified as
major contributors of copper to harbor areas whereas coastal waters are generally receiving
inputs from rivers and atmospheric sources (Denton, et al., 1997).
2.3.3 Zinc (Zn)
Zinc is a very common environmental contaminant and usually outranks all other metals
considered in many studies in terms of abundance and it is commonly found in association
with lead and cadmium (Denton, et al., 1997; Finkelman, 2005). Major sources of zinc to
the water bodies environment including: the discharge of domestic wastewaters; coalburning power plants; manufacturing processes involving metals; and atmospheric fallout
(Denton, et al., 2001). Approximately one third of all atmospheric zinc emissions are from
natural sources, the rest come from nonferrous metals, burning of fossil fuels and
municipal wastes, and from fertilizer and cement production (Denton, et al., 2001;
Callender, 2003). Sediments are known as major sinks for zinc in the aquatic environment,
and residues in excess of 3000 μg/g have been reported close to mines and smelters
(Denton, et al., 2001). The highest sedimentary zinc levels are found to be from enclosed
harbors reaching as high as 5700 μg/g. This is mostly because of restricted water
circulation and also predominantly prone to zinc contamination from a variety of local
sources including: brass and galvanized fittings on boats, wharves and piers; zinc-based
anti-corrosion and anti-fouling paints (Denton, et al., 1997). The average zinc content of
the lithosphere is approximately 80 μg/g (Callender, 2003), sediments from
uncontaminated waters typically contain zinc concentration in the order of 5-50 μg/g.
2.3.4 Nickle (Ni)
Nickel is moderately toxic to most species of aquatic life, though it is one of the least toxic
inorganic agents to invertebrates and fish. The major source of discharge to natural waters
is municipal wastewater followed by smelting and the refining of nonferrous metals
(Denton, et al., 2001). Also mine drainage effluents are known to be major contributors
due to high concentrations of nickel found in the discharges (Finkelman, 2005). Typically,
nickel residues in sediments can be up to 100 μg/g or higher but may fall below 1 μg/g in
some clean coastal waters (Denton, et al., 1997) with the average concentration of nickel in
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the lithosphere of 55 μg/g (Callender, 2003). In the bottom sediments of estuaries in which
anaerobic conditions often occur, sulfide tends to control the mobility of nickel. However,
under aerobic conditions, the solubility of nickel is generally controlled by either the coprecipitate Ni(OH)2(s) (Callender, 2003).
2.3.5 Cobalt (Co)
Cobalt is a silvery grey solid at room temperature. It is one of the most abundant element
and has been found in a variety of media, including: air, surface water, leachate from
hazardous waste sites, groundwater, soil, and sediment. Sources of exposure to cobalt and
inorganic cobalt compounds are both natural and anthropogenic (Barceloux, 1999). Natural
sources include wind-blown dust, seawater spray, volcanoes, forest fires, and continental
and marine biogenic releases. Anthropogenic sources include the burning of fossil fuels,
sewage sludge, phosphate fertilizers, mining and smelting of cobalt ores, treating process
of cobalt alloys, and industries that use or process cobalt compounds. Cobalt released into
the atmosphere is deposited on soil, and cobalt released to water may sorb to particles and
settle into sediment or sorb directly to sediment. Mean cobalt concentrations in seawater
have been reported to be less than 1 μg/L. Cobalt concentrations in drinking water are
generally <1–2 μg/L. In rainwater, mean concentrations are 0.3–1.7 μg/L. The earth’s crust
contains an average cobalt concentration of 20–25 μg/g. Near some anthropogenic sources,
the concentration of cobalt in soil may be several hundred milligrams per kilogram. The
major anthropogenic sources of environmental cobalt include mining and processing of
cobalt-bearing ores, the use of cobalt-containing sludge or phosphate fertilizers on soil, the
disposal of cobalt containing waste, and atmospheric deposition from activities such as the
burning of fossil fuels and smelting and refining of metals (Smith and Carson, 1981).
2.3.6 Lead (Pb)
Metallic lead does occur in nature, but it is rare. Lead is usually found in ore with zinc,
silver and copper, and is extracted together with these metals. The main lead mineral is
galena (PbS), which contains 86.6% lead. Inorganic lead is moderately toxic to aquatic
flora and ranks behind mercury, cadmium, copper and zinc in the order of toxicity to
invertebrates. On the other hand, organolead compounds, particularly the alkyl-lead
compounds are considered toxic to any forms of life (Denton, et al., 1997). The major
sources of Pb in natural waters including: manufacturing processes, atmospheric
deposition. Other sources include domestic wastewaters, sewage and sewage sludge
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(Denton, et al., 1997). Lead is reported to be in the 15-50 μg/g range for coastal and
estuarine sediments overall the universe (Denton, et al., 1997) with < 25 μg/g in clean
coastal sediments.
2.3.7 Cadmium (Cd)
Cadmium is a common impurity as complex oxides, sulfides, and carbonates in zinc, lead
and copper minerals, and it is most often isolated during the production of zinc. Some zinc
minerals concentrates from sulfidic zinc minerals contain up to 1.4 % of cadmium
(Finkelman, 2005). Cadmium is extremely toxic to most plants and animal species
particularly in the form of free cadmium ions (Denton, et al., 1997). The major sources of
cadmium include metallurgical industries, municipal effluents, sewage sludge and mine
wastes, fossil fuels and some phosphorus containing fertilizers. The average concentration
of cadmium in the lithosphere is ~0.1μg/g and it is strongly chalcophilic (Callender, 2003).
Concentrations in pristine areas are <0.2 μg/g with levels exceeding 100 μg/g at severely
contaminated sites (Naidu and Morrison, 1994).

2.4

CONTAMINATON OF SEAWATER, MARINE SEDIMENTS AND FISH
TISSUES WITH HEAVY METALS

The marine environment is being constantly burdened with chemical pollutants from
lithogenic and anthropogenic sources. In the last decades, anthropogenic sources including:
agriculture, shipping, urban and industrial practices, have resulted in disquieting
concentrations of heavy metals in aquatic environments. These chemical contaminants can
cause detrimental effects on both marine organisms and human inhabitants (Karbassi et al.,
2008; Morton and Blackmore 2001; Vallejuelo et al., 2010). The evaluation of marine
sediments is more conventional as compared with water for defining the level of pollution
and noxiousness. Sediments act as a pollutant sink; thus, such analysis may reveal the
historical differences and effects of anthropogenic and lithogenic contributions into the
marine ecology (Olubunmi and Olorunsola 2010; Vallejuelo et al., 2010). Additionally, the
determination of dissolved pollutes in water body is more difficult and expensive than that
of pollutes in sediment due to their low concentration. Likewise, expensive pure chemical
methods are vital to accurately analyze dissolved pollutes in water (Pan and Wang, 2011;
Rezayi et al., 2013). Several studies have shown that heavy metal toxicity and
accumulation not only depends on metal concentrations but on other factors. These include
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the form in which the metal component is present, the type and concentration of other
materials and the integration of physicochemical parameters, such as temperature,
dissolved oxygen (DO), salinity, sediment grain size, pH and organic carbon (Wang et al.,
2002).
Heavy metals are considered to be key toxicant in polluted water globally (Asonye et al.,
2007 and Yasuhiro et al., 2007). A number of studies were made to assess heavy metal
pollution with regard to the distribution of particle size and to association of its organic
content (Sany et al., 2013; Kristensen, 1982 and Simokawa et al., 1984).
Heavy metal levels in several natural water bodies in the world were studied. Cooper et al.,
(1978) analyzed water quality of the river Tean Staff and observed increase in cadmium
levels with addition of sewage. Polprasert (1982) analyzed heavy metal levels in water of
the Chao Phraya river estuary, Thailand and discussed their long term impact on the water
bodies environment. Mart and Nurnberg (1984) investigated trace metal levels in the
eastern Arctic ocean while Abaychi and Douabul (1985) investigated trace metals in Shatt
Al-Arab river, Iraq and pointed out metal levels to be within the suggested limits. Pelig-Ba
et al., (1991) analyzed trace metals concentrations in Borehole waters from the upper
regions and the Accra plains of Ghana. Vazquez et al., (1998) analyzed dissolved metals in
Alvarado lagoon, Mexico and tested the seasonal variations in the levels of cadmium,
copper and lead. Thari et al., (2005), in a multivariate analysis of heavy metal
concentration in soil, sediment and water in the region of Meknes (Central Morocco),
compared the metal contents in water and sediment to find out the correlation between
water and sediments. Petronio et al., (2012) documented that Mar Piccolo basin is
subjected to urbanization, industry, agriculture, aquaculture and commercial fishing. Thus,
it is important to have a temporal picture both of heavy metals content and of organic
carbon and their distribution to investigate the progress of pollution in a certain time. Qari
and Siddiqui (2008) investigated the heavy metals pollution in the coastal waters of Nathia
Gali in Pakistan. Results showed that domestic and sewage outfalls, direct discharges of
factories and industrial effluents are the major sources of metals pollution. The heavy
metals distribution was not uniform. Peerzada et al., (1990) studied distribution of heavy
metals in Gove harbor, northern territory, Australia to find the impact of a bauxite
treatment plant on the heavy metal status of water.
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A number of studies showed that levels of metals were higher in sediment than in water.
Kraus Kopf (1955) suggested that heavy metal concentration increases in the sediment due
to the adsorption of cations by organic matter present in the sediment layers. Similarly
Curits (1966) and Singer (1977) observed that metals interact with organic matter in
aqueous phase and settle down resulting in high concentrations in sediments. Riyadi et al.,
(2012) reported that the rapid expansion of industrial activity and chemical pollution of
Jakarta Bay is a matter of concern. Thus, the authors studied the spatial and temporal
variations of trace elements contamination in the Bay by analyzing 19 surface sediment
samples from Jakarta Bay using handy type X-ray fluorescence analyzer (XRF). Kim et al.,
(2011) reported that to understand the distribution of elements in the environmental
samples, surface seawater and sediment, hence they collected samples from the
Saemangeum region of western coast of Korea. The samples were analyzed for
concentrations of major and trace elements. The results showed that dissolved Cd
concentration was low in the river waters but high in saline waters, indicating desorption
from SPMs with the increase of salinity. Yılmaz and Sadikoglu (2011) have investigated
the heavy metals including cadmium and lead in Kepez harbor to determine the
environmental contamination degree. For this purpose seawater samples of the Dardanelles
(Canakkale Strait) were taken from the nearest station to Kepez harbor in July 2007.
Rivaro et al., (2011) heavy metals (Al, Fe, As, Cd, Cr, Cu, Hg, Mn, Ni, Pb, and Zn) content
was evaluated in suspended particulate matter and sediment samples collected from Vlora
Bay (Albania) in the framework of (CISM) project activities. Results showed that metals
concentration in sediments can be considered near the background levels found in the
Mediterranean Sea, even if some accumulation was found in several stations. Peer and
Safahieh (2011) samples of sediment were collected from five different stations during
Aug. 2007 and Feb. 2008 for the purpose of heavy metals assessment. Mugnai et al.,
(2010) due to the marine sediments contamination caused by past industrial activities, the
town of Cogoleto (near Genoa) located along the Mediterranean Sea coast has been stated
as “national interest”. However, marine sediment samples were collected and analyzed to
investigate the trend of heavy metal inputs, with a particular focus on Cr. Zhan et al.,
(2010) were studied the characteristics of the spatial and temporal distributions of selected
heavy metals (Cu, Zn, Cd, Pb and Hg) in Bohai Bay, north China. Balkis et al., (2010)
determined distributions of heavy metals in seawater and marine sediments collected from
Gökova bay along the coast of Turkey. Wang et al., (2010) have investigated the
distribution of Cd, Cu, Pb, Fe and Mn in the shallow sediments of Jinzhou Bay, Northeast
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China, which has been heavily polluted by nonferrous casting activities. Galanopoulou et
al., (2009) contents of ten elements including: Cd, Pb, Zn, Mn, As, Se, Cr, Cu, and organic
carbon were determined in the marine sediments of Keratsini harbor, Saronikos Gulf,
Greece. The results showed highly prominent of Cd, Pb, As, Zn, Se, Cr, Cu, and organic
carbon values. Khaled and Ahdy (2009) have determined the concentrations of eight heavy
metals including: Cd, Cr, Cu, Fe, Mn, Ni, Pb, and Zn in the marine surface sediments from
El-Sallum to Sidi-Kreer along western part of Egyptian Mediterranean coast for evaluating
their levels and spatial distribution. Results showed that there are no significant
correlations among most of these metals, indicating they have different anthropogenic and
natural sources. A number of studies were conducted on heavy metals accumulation in
marine sediments indicated increase in metal levels in sediments with addition of sewage,
industrial wastes and agricultural runoff (Nolte, 1988; Fernandez et al., 1994; Thari et al.,
2005; Pradit et al., 2010; and Wang et al., 2009). Jara-Marini et al., (2008) evaluated heavy
metal concentrations including: Cd, Cu, Pb and Zn in the surface sediments in Mazatlán
Harbor in Northwest México.
Moqat (2014) investigated the presence of heavy metals contaminants Cadmium, Copper,
Manganese, Nickel, lead and Zinc in the muscles of some important fish available in Gaza
seawater, seawater and sediment and evaluated the possible risk associated with fish
consumption. Muzyed (2011) studies heavy metal concentrations in commercially
available fishes in the Gaza strip markets. Mourtaja (2008) had determined concentrations
of Zn, Cd, Pb and Cu in three marine fishes including: Grey mullet, Barracuda and Sigan
species. In his study the average metals concentration found to be 4.675, 0.096, 2.606,
0.3743 in Grey mullet, 6.050, 0.092, 2.618, 0.247 in Barracuda and 6.258, 0.123, 2.389,
0.570 (µg/g dry wt.) in Sigan respectively. Soegianto et al., (2008) studied the
accumulation of heavy metals in marine animals collected from coastal waters of Gresik in
Indonesia. Results showed that the level of metals in all samples contained metals within
the acceptable range for consumption. Yilmaz et al. (2007) recorded heavy metal levels in
two fish species including: Leuciscus cephalus and Lepomis gibbosus. The concentrations
of metals were determined in muscle, gill and liver of these fishes collected from Saricay,
South-West Anatolia. A number of research studies indicated that liver accumulate the
highest level of metal concentrations as compared with other fish tissues (Amundsen et al.,
1997; Krishnamurti and Nair, 1999; Alam et al., 2002; Nsikak et al., 2007 and Al-Kahtani,
2009). Khaled (2004) evaluated seasonal variations of some heavy metals in muscle tissue
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of two fish species collected from Alexandria coastal area along Egyptian coast. The
concentrations of the selected heavy metals including: Cd, Cu, Fe, Mn, Ni, Pb and Zn were
noticed seasonally in Siganus rivulatus and Sargus collected from El-Mex Bay and Eastern
Harbor. Haung (2003) analyzed heavy metal concentrations in common benthic fishes.
Zinc, copper, cadmium and lead concentrations were determined in muscle, gills, intestine
and liver of twenty benthic fishes of the most common commercial fish caught from the
coastal waters of eastern Taiwan. Canli and Atli (2003) studied heavy metal levels in six
Mediterranean fish species and indicated correlation between metal accumulation and fish
species habitat. Madany et al., (1996) studied the trace metal concentrations in fish and
shellfish samples collected from the coastal areas of Bahrain in the Arabian Gulf. AlMohanna (1994) determined the heavy metals level in various fish tissues collected from
Red Sea coast of Jizan in Saudi Arabia.

2.5

TOXIC EFFECTS OF HEAVY METALS CONTAMINATION ON PUBLIC
HEALTH

It was documented by Smith (1986) that the toxicity of a metal is commonly defined in
terms of the concentration binding to cause an severe response (usually death) or a sublethal response. Determining the effects of metal exposure on living organisms is difficult
because metals may be necessary or not essential. The low concentrations of needed metals
can be as harmful as high concentrations. For instance, chronic exposure to the not
essential element cadmium can cause symptoms of zinc deficiency because cadmium
relocates zinc in metalloenzymes. Excessive amounts of not essential tungsten can cause
an apparent deficiency of molybdenum, an essential and chemically similar element
(Mertz, 1981). The bioactivity of some not essential elements can also be affected by
another element, such as

mercury toxicity is lowered if sufficient concentrations of

selenium are likewise present. Ozturk et al., (2009) analyzed heavy metal contents in
tissues of Cyprinus carpio collected from Avsar Dam Lake in Turkey and observed metals
in fish to have reached to hazardous levels which has risk effects on the health of human
being. Bioaccumulation means an increase in the degree of a chemical content in a living
organism over time, compared with chemical’s level in the environment. Heavy metals can
be the reason of serious health effects with different signs depending on the nature and the
amount of the metal consumed (Adepoin-Bello and Alabi, 2005). Liang and Wong (2003)
documented that environmental contamination by heavy metals influences negatively
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human health. Their remediation ascertains to be difficult because of the persistence and
non-degradability of heavy metals. The high level of heavy metals in marine species can be
associated with high level in marine sediments. The accumulated metal contents in marine
sediments can affect the distribution and composition of benthic groupings (Kress et al.,
2004) and this may be accompanying to high concentration noted in living organisms
(Pempkowink et al. 1999). Hornberger et al. (1999) revealed that human activities have
significantly increased heavy metal deliveries to estuaries and bays. Because many metals
are toxic to aquatic organisms at trace levels, even relatively small changes in their
concentrations may have ecosystem-wide implications. Vernet (1991) reported that the
environmental pollution with toxic metals is becoming a worldwide concern. As a result of
the increasing concern with the possible effects of the metallic contaminants on human
health and the environment, the research on essential, useful and health phases of trace
metals in the environment is cumulative.
Many of the heavy metals are toxic to organisms at low concentrations. However, some
heavy metals, such as copper and zinc are also essential elements. Concentrations of
essential elements in organisms are normally homeostatically-controlled, with uptake from
the environment regulated according to healthful demand. Effects on the organisms are
noticeable when this guideline mechanism breaks down as a result of either lacking
(deficiency) or additional (toxicity) metal (Duffus, 2002). The effects of heavy metal
elements on living organism and human being health is outlined as bellow:
The accumulation of manganese in living organism has the potential of reaching toxic
levels. Symptoms of the Manganese toxicity in man include dullness, weak muscles,
headaches and insomnia. High iron concentrations affect vital organs in humans including
the liver, cardiovascular system and kidneys (Alabaster and Lloyd, 1980). In chronic
inhalation exposure to manganese, the main organ systems affected are the lungs, nervous
system, and reproductive system, although effects on other organ systems have also been
observed (Finkelman, 2005).
Copper is poisonous at very low concentration in water and is known to cause brain
damage in mammals (DWAF, 1996). Long term exposure to copper results in nose
irritation, mouth, and eyes, and cause headache, and diarrhea (Finkelman, 2005).
Zinc is an essential nutrient for the human body and has an importance for health (Hotz et
al., 2003). Zinc can be toxic in high concentrations (ANZECC, 2000). Although
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uncommon, gastrointestinal distress and diarrhoea have been reported following ingestion
of beverages standing in galvanized cans or from use of galvanized utensils (WHO, 2001).
Extensive literature on the aquatic toxicity of Zn and especially its toxicity to fishes has
been reviewed by Alabaster and Lloyd (1980) and by Spear (1981). Zinc is unusual in that
it has low toxicity to man, but relatively high toxicity to fish (Alabaster and Lloyd, 1980).
Some of the most serious health effects due to exposure to nickel include reduced lung
function some nickel compounds are reported to be carcinogenic to humans and metallic
nickel may also be carcinogenic (Finkelman, 2005).
Lead is bioaccumulated by benthic bacteria, freshwater plants, invertebrates and fish
species (DWAF, 1996). The chronic effect of lead on mankind includes neurological
disorders, especially in the fetus and in children. This can lead to behavioral changes and
impaired performance in IQ tests (Needleman, 1987).
Cadmium (Cd) has been found to be toxic to fish and other water bodies organisms
(Woodworth and Pascoe, 1982). The effect of Cd toxicity in man includes kidney damage
(Herber et al., 1988) and pains in bones (Tsuchiya, 1978). Cadmium also has mutagenic,
carcinogenic and teratogenic effects (Fischer, 1987; and Heinrich, 1988).

2.6

COASTAL ENVIRNMENT MANAGEMENT

The huge resources of the oceans are important components for the existence of coastline
communities. Logically, the world’s marine environments are also dumping systems for
anthropological generated wastes. It may be an overgeneralization, but there is some fact in
a motto, “Everything comes from the sea and everything returns to the sea.” The
consequence is that since the oceans have limited resources, there is a need to diminish the
impact that the increasing size and number of coastal communities have on marine
environments. Though maintaining sustainability in coastal development is mostly
important due to that there are more than half of the world's population lives within 60 km
off the shoreline, and this could rise to three quarters by the year 2020 (UNCED, 1992).
The beaches of Gaza strip are mostly used for discharging partially treated wastewater and
raw sewage. The land based activities including: urbanization, agriculture and industries
have resulted in increasing the pollution load from both chemical and biological
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contaminants to the Mediterranean Sea. Though, the management of pollution in the
coastal area of the Gaza is an important subject for the improvement and development
purpose (MEnA, 2001). Ajjour and Drabih (1997) have formulated a coastal area planning
and management for the Gaza strip coastal environment protection. They have outlined the
coastal area issues including: damage of beach landscape and natural coastal habitat,
wastewater discharges, developing of solid waste and construction waste directly on the
beach, coastal erosion, unintended development, incompatible land uses, absence of
awareness among the community and the responsible administration departments.
Ministry of the environment in Israel (2000) prepared a strategy to protect the beach areas
of Israel. The plan had two main objectives including: assistant the policy makers of
economic development sectors and educating the experienced foundation for policy
making on concerns such as pollution management, beach erosion, rock face stability,
climate change and coastal biodiversity. El-Raey et al., (1999) reported that protecting the
littoral environment along the Red Sea coastline of Egypt from further deterioration, it is
essential to develop an integrated coastal zone management plan. For this purpose they
have prepared an effective management plan for the protection of Red Sea littoral
environment along Egypt. Tamar Estuaries Consultative Forum (TECF) (2012) prepared
the fourth Tamara Estuaries management Plan (2013-2018) for scheme for Plymouth
Sound and Estuaries European Marine Site. The last plan was prepared in 2006, however, a
number of new challenges and opportunities have emerged which have influenced the
fourth Tamar Estuaries Management Plan. Under the Derwent Estuary Programme (2009)
a management plan was prepared to reduce the pollution generated from domestic
wastewater, industries effluent, agricultural and runoff. It was concluded that a planned
and coordinated management approach among all governmental stakeholders, industry and
the society will remain the best alternative for a non-polluted and better estuary in the
future.
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CHAPTER 3
METHODOLOGY
3
3.1

STUDY AREA

To assess the general concentration level of pollution in the seawater, marine sediments
and fish species in the coastal environment of Gaza the case study area is selected as Gaza
fishing harbor and the surrounding environment in the north and south parts of the harbor
area.
Gaza fishing harbor is located on the Mediterranean Sea at Gaza beach. The harbor was
constructed between 1994 and 1998 (Fig.1) on a traditional sandy beach supported by sand
dunes. The length of the current main breakwater is 1,000 m and that of the protection
breakwater is 500 m. The head of focal breakwater is at water depth of 9 m, and the entry
of the harbor was 6 m deep when it was constructed. The entering of Gaza harbor is
seaward from the shore to a distance of about 500 m (Abualtayef et al., 2012).

Figure3.1: Map shows Gaza Fishing harbor in the Mediterranean Sea

To investigate the distribution of heavy metals in the seawater, marine sediments and
fishes tissue (Grey mullet) in the fishing harbor of Gaza city, however, the data was
collected from 5 sites inside the vicinity of the harbor and two sites in the north and one
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site in the south of the harbor. This made the total number of sampling sites 8 during this
study (Fig.3.2). The longitudes and latitudes of sampling sites are presented in Table 3.1.

Figure 3.2: Map shows sampling stations of the study area

It is important to keep a uniform sampling frequency for monitoring seawater and marine
sediments quality. The sampling frequency of the monitoring data which collected during
this study was three times started from September 2013 and ended on March 2014. The
sampling was conducted every 2 months, first sampling run was on September and second
run was on November 2013 and the third run was on March 2014.
Table 3.1: Longitudes and latitudes of the sampling locations

Locations

Longitudes

Latitudes

1

31o 31' 58" N

34o 25' 58" E

2

31o 31' 51" N

31o 25' 57" E

3

31o 31' 49" N

34o 25' 71" E

4

31o 31' 49" N

34o 25' 83" E
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3.2

5

31o 31' 57" N

34o 25' 89" E

6

31o 31' 71" N

34o 25' 92" E

7

31o 31' 44" N

34o 25' 53" E

8

31o 32' 37" N

34o 25' 90" E

COLLECTION AND PROCESSING OF SAMPLES

In order to evaluate the level of heavy metals contamination caused by untreated sewage
discharged into Gaza fishing harbor in the Mediterranean Sea, and to have a clear and
better picture of the heavy metals pollution in the fishing harbor of Gaza, the samples were
collected and analyzed using the international protocols. All samples were collected using
1.5 liter, polyethylene bottles, which was pre-washed with 10% nitric acid and de-ionized
water. Before sampling, the bottles were rinsed at least for three times with water from the
sampling location. The bottles were immersed to about 20-40 cm below the water surface
to prevent contamination of heavy metals from air. All water samples were immediately
brought to the laboratory where they were filtered through Whatmann No.41 (0.45 µm
pore size) filter paper. The samples were acidified with 2 ml nitric acid for preventing
precipitation of metals, reduce adsorption of the analytics onto the walls of containers and
to avoid microbial activity, then water samples were stored at 4°C until the analyses
process carried out.

Bottom marine sediment samples were obtained from the same point where seawater
samples were collected. At each point, three sediment samples were taken superficially by
using pre cleaned 100 ml, wide mouthed, disposable plastic containers and packed
separately in pre cleaned polyethylene bags. They were brought to the laboratory, dried in
oven (at 105 ºC ±2 for 24hours) to constant weight and then grinded/sieved through a
polyethylene sieve/ pestle and mortar to remove very large particles in order to obtain a
homogenous fine powder. The samples were then pulverized in an agate mortar for 30
minutes. Dried samples were weighed around four g accurately and transferred to Teflon
containers. Then acid mixtures were added to samples. After the microwave digestion, all
samples were diluted to 50 ml with 2% nitric acid. The digested solutions were stored in
acid-treated falcon tubes at 4 0C prior to metal analysis by Flame Atomic Absorption
Spectrophotometer (APHA, 1998, and FAO, 1975). The samples were taken in September,
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November 2013 and March 2014. All samples were analyzed in the Ministry of health
(MoH) laboratories-Gaza.
3.3

DIGESTION OF SAMPLES

3.3.1 Extraction of heavy metals from seawater samples
Five ml of concentrated HCl (10 M) added to 250 ml of each water sample placed in 500
ml beaker, and evaporated to 25 ml. The concentrate was transferred to a 50 ml volumetric
flask and diluted to mark with deionized water. Prior analysis, the solutions were filtered
through Whatman number 42 filter paper (APHA, 1998). Measurement of heavy metal in
seawater was made with Flame Atomic Absorption Spectrophotometer (UNICAM 929
model). Standard operating conditions of the instrument were set during the analysis for
heavy metal elements including: manganese, nickel, copper, lead, zinc, cobalt and
cadmium in seawater.
3.3.2 Digestion of marine 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 (Aqua regia) in prewashed beaker and digested at room temperature.
The sediment samples were then evaporated almost to dryness at moderate temperature 5070 C° on the hotplate 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.
3.3.3 Digestion of fish tissues (Grey mullet) sample
Approximately four grams dry weight of marine organisms (For Fishes edible portion and
whole soft tissue of mussels) were mixed separately and to each digestion container were
added 5 ml of Nitric acid, 9 ml of Hydrochloric acid (Aqua regia) and 5 to 15 ml of
Hydrogen peroxide according to FAO (1975) and APHA, 1998 Manual and then were
digested at 70-100°C to dryness. After removal from hotplate, the samples were cooled at
room temperature, and then added with 25 ml of 2% of nitric acid and kept for two hours.
The samples were then filtered by Whatman No.42 filter paper. For calibration purpose
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known concentration of each element was added to digest the samples and recoveries were
>94% for the known amount of each element. All samples and blanks were analyzed using
Flame Atomic Absorption Spectrophotometer (FAAS) using UNICAM 929 model.
3.3.4 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.

3.4

CALIBERATION SET OF HEVAY METALS ELEMENTS

Working calibration solution was prepared from stock solution which normally 1000mg/l
in concentration. The stock solution then diluted in steps with a clean pipets in volumetric
glassware to make serial concentrations of each metal. The final working standard was
acidified with the same acid used during sample preparation.
3.4.1 Direct method
Direct method technique was used to determine the heavy metal concentration in sediment
and fish species samples when the matrix is negligible. The calibration graph is normally
linear at low absorbance value only and the samples were diluted to be with in this range.
For each standard the measure absorbance value were plotted against the known
concentration of each metal. The samples concentrations were calculated directly from the
linear equation of the graph. For each metal, calibration range and R2 values are listed in
Table 3.2.
3.4.2 Standard addition method
The standard addition technique was used in seawater samples due to the presence of high
complex concentrations of cation and anion in seawater where their removal is very
difficult. This technique assumes that added analytic were react exactly in the same manner
during analysis as the analytic already in the sample. The calibration was carried out using
standard solutions prepared from a multi-element standard solution. These standards were
10mg/l Mn, 20mg/l Cd, 6.5mg/l Co, 10mg/l Pb, 20mg/l Cu, 10mg/l Ni and 10mg/l Zn
(APHA, (1998), ASTM (2004), FAO (1975), (UNICAM, 929) and (PerkinElmer,
AA800)).
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Table 3.2: Calibration Range and R2 value for each metal in sediment and fish samples

Metals
Manganese
Zinc
Nickel
Copper
Lead
Cobalt
Cadmium
3.5

Calibration Range (μg/L)
0.3-2
0.25-2
0.3-3
0.5-3
0.3-3
0.2-1
0.5-2

R2
0.9997
0.9978
0.9999
0.9992
0.9993
0.9952
0.9989

DETERMENATION OF SELECTED HEVAY METALS ELEMENTS

Concentrations of Manganese, Zinc, Copper, Nickel, Cobalt, Lead and Cadmium were
determined at the Ministry of Health Laboratory-Gaza using a Buck Scientific Model
(UNICAM, 929) Flame Atomic Absorption Spectrophotometer (FAAS). The results were
expressed as total concentrations mg/l for seawater samples and mg/kg dry weight for
marine sediments and fish species samples. Wavelengths and detection limits of the FAAS
for the analyzed metals are shown in Table 3.3.

Table 3.3: Wavelengths and detection limits of Atomic Absorption Spectrophotometer
NO.
ELEMENT
WAVELENGTH
DETECTION LIMIT

1.
2.
3.
4.
5.
6.
7.

3.6

Mn
Cu
Zn
Ni
Co
Pb
Cd

279.5 nm
324.8 nm
213.9 nm
232.0 nm
240.7 nm
217.0 nm
228.8 nm

0.020 mg/L
0.033 mg/L
0.010 mg/L
0.050 mg/L
0.060 mg/L
0.070 mg/L
0.013 mg/L

QUALITY CONTROL AND ASSURANCE

For checking efficiency of the digestion procedures and the subsequent recovery of the
metal, homogeneous mixtures of five samples of marine sediment and fish muscles were
picked up with multi element solution which consists of standard solutions for all metals
measured during this work. The element solution was spiked in a mode to achieve ultimate
concentrations of 1 and 4µg/g. In addition, a mixture without any metal was used for
controlling purpose. All mixtures were prepared by the digestion method. The subsequent
solutions were analyzed 3 times for metal concentrations agreeing with the same
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procedures as the samples to create assurance in the accuracy and consistency of the
obtained data. The amount of spiked metal recovered after the digestion of the spiked
samples was used to estimate percentage recovery as following:
% recovery= [(t-c)/t] 100
Where t= concentration of a metal in treatment sample and c= concentration of a metal in
control sample.
All samples of sediment and fish tissue analytical batches for the determination of Mn, Zn,
Ni, Cu, Pb, Co and Cd concentrations were supplemented by blanks at a minimum rate of
one blank per 5 samples.
To validate the results obtained for the heavy metal elements each determination was
conducted at three (3) times and compared with the results observed from the water,
sediment and fish tissue samples for precision and accuracy. To minimize contamination,
all glassware for the digestion process were first cleaned under running tap water and
soaked in 10% (v/v) Nitric acid (HNO3) for 24 hours. They were then rinsed with distilled
water followed by 0.5% (w/v) potassium permanganate (KMnO4). Distilled water was used
to finally rinse the glassware which was subsequently dried. The result of recovery test
sample for sediments and fish muscles is given in Table 4.3
Table 3.4: Recovery of various metals from sediments and fish muscles
Metal
Concentration of
Concentration of metal Recovery (%)
metal added (µg/g)
recovered (µg/g)
Pb
5
4.95
99
Mn
4
3.91
97.75
Cu
3
2.95
98.33
Ni
3
2.89
96.33
Zn
5
4.99
99.80
Cd
3
2.88
96.00
Co
3
2.80
93.33
The recovery percentage of various heavy metals found to follow the following order: Pb>
Zn>Cu>Mn>Ni>Cd>Co.

High

recovery of

samples

ensure

the

accuracy

reproducibility of analytical method used for digestion purpose during this work .
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3.7

PHYSICOCHEMICAL WATER PARAMETERS

Surface seawater samples were collected from 8 stations in the months of September,
November 2013 and March 2014 for testing the physicochemical parameters including:
water temperature, pH, dissolved oxygen, electrical conductivity, total dissolved solids,
and turbidity. These parameters were determined by following standard methods given by
(APHA, 1998).
3.7.1 Surface seawater temperature (SST)
Surface seawater temperature is the water temperature close to the ocean's surface. The
temperature of seawater is fixed at the sea surface by heat exchange with the Atmosphere.
The temperature of seawater surface at the sampling stations was measured by using
laboratory thermometer.
3.7.2 Turbidity
The turbid-meter (HACH, 2100 A) was calibrated using 2 and 20 nephlometeric turbidity
unit (NTU) standards. The samples were gently shaken, and the cuvette was filled and
recapped. The cuvette was placed in its position and the light shield replaced. The most
stable readings were recorded according to (APHA, 1998).
3.7.3 Electrical conductivity (EC)
Electrical conductivity is measuring inorganic materials including calcium, bicarbonate,
nitrogen, phosphorus, iron, sulphur and other ions dissolved in a water body. Conductivity
measurements are affected by temperature so the water temperature needs to be measured
at the same time as conductivity. Electrical conductivity was measured using a calibrated
EC meter (HI 98129). EC is measured with a meter in micro Siemens per centimeter
(µS/cm). Seawater is approximately 50,000 (µS/cm) (http://www.gbwaterwatch.org.au).
3.7.4 pH
The pH is a measure of hydrogen ion concentration in water. It is necessary to measure the
pH at a constant temperature in a closed system in order to avoid contamination by
atmospheric carbon-dioxide. A field pH meter electrode (Jenway 3310 UK) was used to
measure pH values in the seawater samples. Samples were stirred gently and stable
readings were recorded (Grasshoff, 1983).
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3.7.5 Dissolved oxygen (DO)
Dissolved oxygen is the amount of oxygen, usually measured in milligrams or milliliters,
dissolved in one liter of water (mg/l or ml/l). The solubility of oxygen in water is inversely
correlated with temperature and salinity (APHA, 1992). Dissolved oxygen (DO) was
measured on site using a digital DO meter (HI 8043).

3.8

DATA STATISTICAL ANALYSIS

The heavy metals data were entered as Microsoft Excel sheets uploaded to Statistical
Package for Social (SPSS) and analyzed using min, max, 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 metals elements
among water, and marine sediments samples.

3.9

COASTAL ENVIRONMENTAL MANAGEMENT PLAN APPROACH

In this thesis various coastal management plans were reviewed including formulation of a
coastal area planning and management for the Gaza strip coastal environment protection
(Ajjour and Drabih 1997), the protection and management plan prepared by (MEnA,
2001), the outline of UNEP-MAP coastal area management programme for Israel, the
outline programme for coastal management in Egypt, the guidelines for integrated coastal
zone management prepared by UNEP (1992 and 1995) and UNESCO (2003), Derwent
Estuary Programme (2009) a management plan and Tamar Estuaries Management Plan
(2013-2018).
The approach adopted by the above mentioned literature was found useful. All these
management plans are helpful as a means to tackle the complex dynamics and issues and
also a good example for coastal management in Gaza. The baseline data of Gaza coastal
environment was prepared based on the data collected from various reports prepared by the
Palestinian institutions and a number of published research papers including information of
physical, biological/ecological and socioeconomic environment along Gaza coast. The
main objective of the management strategy is to protect the Gaza coastal waters and marine
environment from the continuous pollution. Therefore, the Gaza coastal environmental
management plan is recommended and details are discussed in chapter 5.
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CHAPTER 4
RESULTS AND DISCUSSION
The main source of pollution in the coastal environment of Gaza is the discharge of
untreated sewage along the shoreline. From the north, middle and south of Gaza, the
beaches are polluted by sewage discharges and individual sewage drains, ending either on
the beach or at a short distance away from the seashore (Afifi et al., 2000). The results
achieved during this study are discussed in the following sections.
4
4.1

LEVEL OF PHYSICOCHEMICAL PARAMETERS

A total of 24 samples during this study were collected and analyzed for assessing the water
quality with respect to surface water temperature, turbidity, electrical conductivity, total
dissolved solids, pH and dissolved oxygen at eight different locations in Gaza fishing
harbor and surrounding area along Gaza coast. The obtained results of seawater
physicochemical parameters along with statistical analysis are discussed in the following
sections and presented in Table 4.1.

Table 4.1: Statistical analysis summary for seawater physicochemical parameters

Parameters

Min.

Max.

Mean ±SE

StDev

Temp (ºC)

17.9

28

22.99±0.85

4.17

pH

7.57

8.15

7.89±0.03

0.15

EC (µs/cm)

55.8

60.6

57.62±0.33

1.64

Turbidity (NTU)

1.52

13

5.90±0.67

3.31

DO (mg/l)

2.94

7.2

5.22±0.20

0.98

4.1.1 Surface seawater temperature
Temperature is a significant biological factor, which plays an important role in the
metabolic endeavors of the microorganisms (Sirajudeen and Mubashir, 2013). The
measured temperature values at all sampling locations during this study are presented in
Fig.4.1. The surface water temperature varied from 17.9 ºC (winter) to 28 ºC (summer).
The temperature shows regular seasonal variations, with the higher temperature during
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summer and lower temperature during winter as shown in Fig.4.1. This seasonal variation
may be due to the increase in amount of sewage input and urban runoff. Generally surface
water temperature is affected by the intensity of solar radiation, evaporation,
inaccessibility, inflow of freshwater and cooling and mix-up with ebb and flow from
adjacent neritic waters (Govindasamy et al., 2000). The minimum, maximum, mean,
standard error and standard deviation values of temperature during the study period are
given in Table 4.1.

Surface Water Temprature
Degree Celsius

30.00
25.00
20.00
15.00

Sept.2013

10.00

Nov.2013
March.2014

5.00
0.00
1

2

3

4

5

6

7

8

Sampling Locations
Figure 4.1: Variations of surface water temperature in the Gaza fishing harbor

4.1.2 Turbidity
From Fig.4.2 it is clear that sea waters in Gaza fishing harbor is fairly turbid, while
turbidity decreased away from the harbor area. There is considerable variation in turbidity
among all locations while it is found to be higher in winter than summer. The turbidity
values observed to be ranged between 1.52 and 12.9 NTU, with a mean value of 5.87
NTU. Almost 50% of the values found to be higher than the international standard
(5NTU). Locations 7, 8 and 2 among the 8 locations had the lowest turbidity most of the
time and this may be attributed to the less amount of raw sewage input during sampling
time.
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Figure 4.2: Measured turbidity values in the Gaza fishing harbor along Gaza coast

The minimum, maximum, mean ±standard error and standard deviation values of turbidity
among sampling locations in the Gaza fishing harbor and surrounding area are given in
Table 4.1.
4.1.3 Electrical conductivity
The measurements of electrical conductivity did not vary significantly among the eight
locations data (Fig.4.3). It is observed from Fig.4.3 that slightly higher values are obtained
in September during end of summer season and these values decreased gradually in
November during the rainy season.
Electrical conductivity in the seawater samples collected during this study ranged between
55.8 and 60.6 mS/cm with a mean value of 57.62 mS/cm. The highest value found at
location 6 (60.6 mS/cm) in September end of summer season. The lowest value observed at
location 1 and 2 in November during rainy season. The minimum, maximum, mean
±standard error and standard deviation values of EC are given in Table 4.1.
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Figure 4.3: Measured values of EC in the Gaza fishing harbor along Gaza coast

4.1.4 pH
The investigation of pH is one of the most common tests in marine waters and a good
indicator for water quality assessment. Fluctuations in the acidity or basicity of seawater
can have intense effects on biological growth and activity of marine organism species and
on the chemical reactions in the seawater column (Cormack, 1983). Most organisms have
adapted to live in water of a specific pH in the range of 6.5-8.5. Most pH measurements
were found to be in the acceptable range (7.5-8.5) as documented by Harvey (1955) for all
locations during this conducted study.

Figure 4.4: Measured values of pH in the Gaza fishing harbor along Gaza coast

The pH measured values found to be ranged between 7.57 and 8.15 with a mean value
7.89. The lowest value of pH (7.57) was observed in the month of November while the
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maximum pH (8.15) was observed in the month of September. The pH values do not show
any definite trend for the two seasons during the study period. The minimum, maximum,
mean ±standard error and standard deviation values of pH are given in Table 4.1.
4.1.5 Dissolved oxygen
The oxygen contents in marine and coastal waters in the Mediterranean Sea along Gaza
strip occur from dispersion mode, from the photosynthetic process occurring in algae and
marine waters deep plants, as well as from the dispersal of oxygen in the atmosphere.
Therefore, the existence of dissolved oxygen in marine waters is very important for the
survival of most organism species (Afifi, 2001). Dissolved oxygen concentrations are
found to be at lower levels in some locations. This is due to a number of factors that have
influence in the dissolved oxygen concentrations on the surface water. These factors might
be the use of oxygen for respiration by aquatic life, transport and mixing of oxygen within
seawater and the incoming of untreated sewage flows.
The concentrations of DO ranged between 2.94 to 7.2 mg/l with a mean concentration of
5.22 mg/l. The statistical analysis results of dissolved oxygen obtained during this study
are given in Table 4.1. Close inshore and semi enclosed bodies of water, the introduction
of sewage with its high content of organic carbon, nitrogen and phosphorus can have a
serious effect on the oxygen level of seawater (Topping, 1976), which is quite evident from
the data obtained for Gaza fishing harbor. The data clearly show lower oxygen
concentrations were detected at locations 5, 3 and 4 where the values were 2.95, 3.54 and
4.20 mg/l respectively. Very low oxygen water and high organic wastes interact to form an
anaerobic environment at certain locations in Gaza fishing harbor. During the sample
collection it has also been observed that a thick layer of black mud persists at the bottom of
harbor particularly at upper reaches of harbor. The smell of hydrogen sulphides is quite
prominent during low tide. The concentration of dissolved oxygen gradually increases
(4.20 -7.11 mg/l) towards entrance of the open sea indicating decreased level of pollution.
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Figure 4.5: Distribution of dissolved oxygen concentrations in Gaza fishing harbor

4.2

DISTRIBUTION OF HEVAY METALS IN SEAWATER

Heavy metals are considered to be among the highest serious pollutants of water
ecosystems, because of their high possibility to enter and being accumulated in
nourishment chain (Tam and Wong, 2000; Erdoğrul and Erbilir, 2007). In definite
environmental conditions of marine water systems, heavy metals may be accumulated to
level of toxic concentration and cause unusual damage to the ecosystem (Jefferies and
Firestone, 1984; Freedman, 1989). The heavy metals pollution sources include the run-off
from agricultural and urban areas, discharges from factories and municipal sewer systems,
leaching from dumps and former industrial sites, and atmospheric deposition (Singh and
Steinnes, 1994; Kumar Singh et al., 2007).
Possible effects from heavy metals are commonly circumscribed to locations closer to
major cities or industrialized areas on the coastal margin and to spot draining areas of
strenuous agriculture. When it enters into the marine environment, heavy metals have the
possibility to disturb sediment nutrient cycling, regeneration, reproductive cycles and
photosynthetic budding of marine organisms. A case study on this was conducted by
Australian scientists on heavy metals contamination in marine and coastal environment
indicated that surficial sediments closer to highest urbanized and industrialized estuaries
are polluted with metals, mostly Pb and Zn, (Koop et al., 2001).
A total of 24 water samples were collected from the Gaza fishing harbor and surrounding
area and analyzed to investigate the concentration levels of heavy metals in the seawater
including: Mn, Cu, Zn, Ni, Pb, Co, and Cd. The sampling and laboratory analysis were
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conducted for a period of 7 months started from September, 2013 and ended on March
2014. All laboratory analysis was carried out at the Ministry of health laboratories-Gaza.
All generated data were entered as Microsoft Excel sheets, uploaded to Excel program and
analyzed using Min, Max, mean± standard error and standard deviation statistics. The
results obtained for the statistical analysis of heavy metal concentrations in seawater during
this study are discussed in the following subsections and outlined in Table 4.2.
Table 4.2: Summary of statistical analysis of heavy metals in seawater of Gaza fishing harbor

Heavy metals/elements
Manganese (mg/l)
Copper (mg/l)
Zinc (mg/l)
Nickel (mg/l)
Cobalt (mg/l)
Lead (mg/l)
Cadmium (mg/l)

Min
0.010
0.038
0.028
0.199
0.071
0.159
0.074

Max
0.128
0.695
0.373
0.296
0.166
0.588
0.949

Mean± SE
0.067±0.006
0.063±0.027
0.085±0.013
0.251±0.005
0.111±0.004
0.296±0.018
0.233±0.055

StDev
0.031
0.132
0.065
0.024
0.022
0.087
0.265

4.2.1 Concentrations of Manganese
Manganese is an element that naturally taking place in the environment. It contains about
0.1% of the earth’s top layer as reported by NAS (1973) and found in rock, soil, water, as
well as food. Hence, all human beings are exposed to manganese, and it is a common
element of the human body. The distribution of Mn concentrations among the selected 8
locations is shown in Fig.4.6. The concentration values of Mn in seawater samples in the
Gaza fishing harbor and surrounding area were ranging from 0.01 to 0.128 mg/l with a
mean value of 0.06759 mg/l. The maximum value of Mn (0.128 mg/l) was observed in
November (wet season) at station 8 which is located opposite to Al-Shati Camp where
about 12,000 m3 of untreated wastewater is discharged daily in this area. The minimum
value of Mn (0.005 mg/l) was recorded in surface seawater in September at location 1.
The Mn concentrations were similar to values recorded by Kim et al., (2010) from the
Saemangeum coastal area in Korea with an average of (0.0626 mg/l), and closer to values
reported by Khan and Saleem (1988) from Karachi harbor and Qari and Siddiqui (2008)
from Karachi coastal areas. Rao and Indusekhar (1989) reported low value of Mn in
seawater of Saurashtra coast in India as compared to the present study and the Mn
concentration were also high when compared with previous results obtained from Polymouth and the West Coast of Scotland (Black and Mitchell, 1952). El-Serehy et al., (2012)
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reported high concentrations of Mn (170-198 mg/l) in the Mediterranean coastal waters
eastern Nile Delta, as compared to the present study.

Mn concentration (mg/l)
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Sept.2013
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March.2014

0.02
0.00
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3

4
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6

7

8

Sampling Locations
Figure 4.6:Distributions of Mn concentration in the seawater of Gaza fishing harbor

4.2.2 Concentrations of Copper
The usages of copper including: electrical cabling and plating, copper piping, photography,
antifouling paints, formulation of pesticides and metals effluents from municipal wastes.
The most industrial sources may include manufacturing, refining and coal-burning
industries. These anthropogenic sources may lead to considerable concentrations entering
the coastal and marine environments either directly through discharged sewage or
industrial effluents or via depositions from the atmosphere (CCREM, 1987). It was
reported by Kennicott (1982) that domestic sources are the main contributors of copper
element in the ecosystems (Zaki, et al., 2012).
The concentrations level of Cu among the sampling locations is shown in Fig.4.7. The
concentration values of Cu in seawater samples taken from Gaza fishing harbor and
surrounding areas were ranging from 0.038 to 0.695 mg/l with a mean value of 0.06375
mg/l. The highest concentration of Cu (0.695 mg/l) was recorded in November (wet season
after the flood) at station 3 which is located in the center of Gaza fishing harbor where
about 17,000 m3 of untreated wastewater is discharged daily in this area. The lowest
concentration of Cu (0.038 mg/l) was recorded in surface seawater at location 4 in
November.
The copper concentrations were similar to values (0.05-0.43 mg/l) recorded by Qari and
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Siddiqui (2008) from Karachi coastal areas, closer to values reported by Khan and Saleem
(1988) from Karachi harbor. Kim et al., (2010) reported low concentrations from the
Saemangeum coastal area in Korea with an average of (0.57 µg/l) as compared to the
present study. The concentrations of Cu are generally higher when compared with previous
results obtained (an average of 4.72µg/l) from the seawater of Abu-Qir Bay in the
Mediterranean Sea along Egypt coast (Zaki et al., 2012), Danish waters (Magnusson and
Rasmussen, 1982), coastal waters of Gulf and western Arabian Sea (Oman) Fowler et al.,
(1984).

Figure 4.7: Distribution of Copper concentration in the seawater of Gaza fishing harbor

El-Serehy et al., (2012) reported high concentrations of Cu with a mean value of (6.83
mg/l) in the Mediterranean coastal waters eastern Nile Delta, as compared to the present
study. Higher concentrations of copper in the fishing harbor area of Gaza might be due to
the agricultural, domestic and small-scale industries wastewaters discharged into the
harbor vicinity. In addition to this high values of dissolved copper may be attributed to the
occurrence of high amount of suspended matter during highest discharged period (heavy
rains occurred in the region during the month of November, 2013).
4.2.3 Concentrations of Zinc
Zinc is one of the most abundant and movable of the heavy metals and is transported in
natural waters in both dissolved forms and attendant with suspended fragments (Mance and
Yates, 1984). In seawater, considerably amount of zinc is found in dissolved form as
inorganic and organic complexes. Conversely, zinc is less toxic metals. Zinc is the most
abundant trace element in human being body. It functions as a cofactor where many
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enzymes depend upon it as well as body cells (Schulz, 2000). The concentration of Zinc in
seawater surface ranged from 0.0289 to 0.3739 mg/l with a mean value of 0.0857 mg/l.
The highest concentration of Zinc (0.3739 mg/l) in seawater was observed in September at
location 4 (Fig.4.8).
The concentrations of Zn are very high when compared with the values recorded in AbuQir Bay that ranged between 0.0012 and 0.0927 mg/l in summer and winter seasons
respectively with a mean value of 0.0046 and 0.0314 mg/l. Masood and Hassan (2002)
recorded less concentration of Zn as compared to this study with an average of 0.0269 mg/l
in the estuarine mouth of Rosetta estuary of the Nile and Mediterranean sea waters. The
concentrations of Zinc are higher than the values (0.0207-0.05929 mg/l with a mean of
0.0335 mg/l) recorded by Abdullah (2008) at El-Max Bay in Egypt. The Zn concentrations
also were higher when compared with values recorded by Kim et al., (2010) from the
Saemangeum coastal area in Korea with an average of (0.29 µg/l).
The Zn values are lower in concentrations as compared with the values (0.09-0.77 mg/l)
recorded by Qari and Siddiqui (2008) from Karachi coastal waters. This high concentration
of Zinc in the seawater surface may be due to the discharge of untreated domestic and
urban wastewaters in the vicinity of Gaza fishing harbor.

Figure 4.8: Distribution of Zinc concentration in the seawater of Gaza fishing harbor

4.2.4 Concentrations of Nickel
Nickel is a pervasive metal and takes place in soil, water, air, and in the atmosphere. The
average content in the Earth's crust is about 0.008%. Levels in marine waters found to be
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in range of 0.2 and 0.7 μg/l (WHO, 1991). Nickel compounds are used as catalysts,
pigments, and in batteries. Nickel from different industrial practices and other sources
lastly reach to wastewater. Scums from wastewater treatment are dumped into ocean and
land treatment (WHO, 1991). Dissolved nickel generally enters the marine environment
through atmosphere depositions, urban runoff, industrial effluents, and municipal
discharges and also from natural erosion of soils and rocks (Schulz, 2000).
The distribution of Ni concentrations in the seawater among the sampling locations is
shown in Fig.4.9. Nickel concentrations in Gaza fishing harbor and surrounding area
ranged from 0.1995 mg/l at location 6 in September to 0.2967 mg/l at location 5 in March
with a mean value of 0.2518 mg/l. The concentrations of Ni were closer to values (0.1-0.41
mg/l) documented by Qari and Siddiqui (2008) from Karachi coastal areas. Kim et al.
(2010) reported low concentrations from the Saemangeum coastal area in Korea with an
average of (0.53 & 0.83 µg/l) as compared with the present study. It is clear from Fig.4.9
that the highest value of Ni concentrations was found in March at location 5 and there is a
slight variation in Ni concentrations among all locations which confirm that all locations
receive same contamination source.

Figure 4.9: Distribution of Nickel concentration in the seawater of Gaza fishing harbor

4.2.5 Concentrations of Cobalt
According to Tebo et al., (1984) and Tebo (1998) cobalt has been commonly understood as
a scavenged-type trace component in marine waters. Similar to iron, the slight solubility of
cobalt while oxidizing to inorganic Co (III) appears preventing the accumulation in water
column of the Pacific which is observing with nutrient-like trace components such as zinc.
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The oxidation of Co (II) to Co (III) can be done by co-precipitation with Manganese oxides
by Manganese-oxidizing microorganisms. The oxidation is understood to be a significant
process for cobalt removal in the marine and coastal waters (Moffett and Ho, 1996).
However, dust is considered to be a significant source of trace elements to the oceans, as
estimated from the relative contribution of Aeolian input to dissolved riverine input (Duce
et al., 1991).
The distribution of Cobalt concentrations in the present study is shown in Fig.4.10. The
concentration of Cobalt element in seawater surface ranged from 0.0712 to 0.1665 mg/l
with a mean value of 0.1113 mg/l. The highest concentration of Co (0.1665 mg/l) in
seawater was observed in March at location 5. It can be seen from Fig.4.10 that there is a
slight seasonal variation in the concentrations of Co among all locations.

Figure 4.10: Distribution of Cobalt concentration in seawater of Gaza fishing harbor

The concentrations of Cobalt are very high when compared with the values recorded in the
Saemangeum coastal area in Korea that ranged between 0.018-0.297 and 0.045-0.147 µg/l
in May and July, 2006 respectively with a mean value of 0.130 and 0.091µg/l (Kim, et al.,
2010). Herut and Halicz (2004) recorded less concentration of Cobalt as compared to this
study with a range of 0.025-0.038 µg/l in the surface water from Gulf of Eilat and
Mediterranean seawaters. The Cobalt concentrations are lower when compared with the
concentrations (0.25-0.45 mg/l) documented by Qari and Siddiqui (2008) from Karachi
coastal waters. This high concentration of Cobalt in the seawater surface may be due to the
discharge of untreated domestic and urban wastewaters in the vicinity of Gaza fishing
harbor.
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4.2.6 Concentrations of Lead
The Lead is considered to be a non-essential component for living organism species and is
an accumulating poison. Therefore, it enters marine environment throughout the discharges
(directly or from atmospheric removals) from the casting and sanitizing of lead, the
burning of petroleum fuels containing lead parts and, to a smaller range, the melting of
other metals. In addition, metallic lead originating from shotgun cassettes or used as
fishing weights is lost in the marine environment and frequently residues presented to
organisms (WHO, 1995; Schulz, 2000). The concentrations of Lead in the sampling
locations of Gaza fishing harbor and surrounding area are shown in Fig.4.11.

Figure 4.11: Distribution of Lead concentration in the seawater of Gaza fishing harbor

The concentration of Lead in seawater surface is ranged from 0.159 to 0.588 mg/l with a
mean value of 0.296 mg/l. The highest concentration of Pb (0.588 mg/l) in seawater was
observed in November at location 7. The concentrations of Pb are very high when
compared with the values recorded in Abu-Qir Bay that ranged between 0.013 and 0.028
mg/l in summer and winter seasons respectively with an average value of 0.022 and 0.015
mg/l. El-Bourarie et al., (2010) recorded less concentration of Pb as compared to this study
with a range of 0.005-0.057 mg/l in the Nile River Delta Waters. The concentrations of Pb
in this study are higher than the values ranged between 0.0026 and 0.0261 mg/l recorded
by Abdullah (2008) at El-Max Bay in Egypt. The lead concentrations also were higher
when compared with values recorded by Kim et al., (2010) from the Saemangeum coastal
area in Korea ranged from 0.007-0.053 µg/l with an average of (0.015 µg/l). Herut and
Halicz (2004) documented less concentrations of Pb as compared to our study with a range
of 0.018-0.055 µg/l in the surface water from Gulf of Eilat and Mediterranean seawaters.
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Anindita (2002) observed lower concentrations of Pb (<0.001-0.003 ppm) in the coastal
waters around fishery harbor of Pelabuhan Ratu in Indonesia when compared with this
study. Masaud et al., (2005) documented that the lower concentrations of Pb are possibly
related to the high values of pH (7.42, 7.88) which related to the removal of heavy metals
from the aqueous point to the solid point. The Pb values in this study are lower in
concentrations as compared with the mean value (9.39 mg/l) recorded by Yilmaz and
Sadikoglu (2011) from the seawater of Kepez harbor of Canakkale in Turkey and values
(ranged from 0.43-0.62 mg/l). The higher values of Pb concentration in the seawater
surface might be due to the increase amount of agricultural, untreated domestic and urban
wastewaters (Yilmaz and Sadikoglu, 2011) discharged in the vicinity of Gaza fishing
harbor.
4.2.7 Concentrations of Cadmium
The average concentration of cadmium in seawater has been assumed about 0.1μg/l or less
(Yim, 1981 and Owen 2000). WHO, (1995) reported that current measurements of
dissolved cadmium in surface waters of the open oceans gave values of < 5 ng/l. The
vertical distribution of cadmium concentrations in marine waters is described by a surface
depletion and shallow water supplementation, which relates to the form of nutrient
concentrations in the considered areas (Shen and Boyle, 1987). Such distribution is
considered to be the result cadmium which adsorbed by phytoplankton in surface waters
and its transportation to the deep water, integration to organic fragments, and consequent
releases.
The distribution of cadmium concentrations in water samples collected from Gaza fishing
harbor and surrounding area are shown in Fig.4.12. The concentration values of Cd in
seawater surface are ranged from 0.074 to 0.949 mg/l with a mean value of 0.233 mg/l.
The highest concentration values of Cd 0.949mg/l, 0.931mg/l and 0.819mg/l in seawater
were observed in November at locations 8, 4 and 6 respectively. The obtained Cd
concentrations are relatively similar to values (0.04-0.2 mg/l) recorded by Qari and
Siddiqui (2008) from seawater of Karachi coastal areas.
The found concentrations of Cd during this study are very high when compared with the
values documented in Abu-Qir Bay ranged between 1.18µg/l and 1.36µg/l during summer
and with an average value of 0.57µg/l in winter and 1.26µg/l in summer season. Emara et
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al. (1995) recorded lower concentration values of Cd as compared to our work with an
average value of 2.14µg/l in the coastal waters in the Eastern harbor area of Alexandrea,
Egypt. The concentrations of Cd in the present study are higher than the values which
ranged between 0.66 and 6.45µg/l recorded by Abdullah (2008) at El-Max Bay in Egypt.
The cadmium concentrations level were also higher when compared with values recorded
by Kim et al. (2010) from the Saemangeum coastal area in Korea ranged from 0.002-0.048
µg/l with an average of (0.057 µg/l). Herut and Halicz (2004) documented less
concentrations of Cd as compared to this study with a range of 0.008-0.013 µg/l in the
surface water from Gulf of Eilat and Mediterranean seawaters. Anindita (2002) and
Hutagalug & Manik (2002) observed lower concentrations of Cd (<0.001 and 0.001002ppm) in the coastal waters around fishery harbor of Pelabuhan Ratu and estuary of
Digul river & Arafura Sea in Indonesia respectively when compared with our results.

Figure 4.12: Distribution of Cadmium concentration in seawater of Gaza fishing harbor

The concentrations of cadmium in this study are lower in values as compared with the
mean value (73.80 mg/l) documented by Yilmaz and Sadikoglu (2011) from the seawater
of Kepez harbor of Canakkale in Turkey.

4.3

DISTRIBUTION OF HEVAY METALS IN MARINE SEDIMENTS

The heavy metals and many harmful pollutants, which are discharged into the ocean, are in
general adhered to particulate matters and settle down with sediments on the seabed. Some
of these pollutants may persist in marine and other environments for extended period (e.g.
DDT, PCB) and heavy metals one of them cannot be degraded. Though, they are
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eventually accumulated in marine sediments or in organism species (Suess and
Erlenkeueser, 1975; Taylor et al., 1995).
During this study a total of 24 marine sediment samples were taken from the Gaza fishing
harbor and surrounding area and analyzed to investigate the concentrations of heavy metals
accumulated in sediments. These metals include Mn, Cu, Zn, Ni, Pb, Co, and Cd. The
results obtained for the statistical analysis of heavy metal concentrations in marine
sediments are discussed in the following subsections and presented in Table 4.3.
Table 4.3: Summary of heavy metals statistical analysis in sediments of Gaza fishing harbor

Heavy metals/elements
Manganese (mg/kg)
Copper (mg/kg)
Zinc (mg/kg)
Nickel (mg/kg)
Cobalt (mg/kg)
Lead (mg/kg)
Cadmium (mg/kg)

Min
13.92
1.2
3.33
0.6
1.9
3.29
0.1

Max
96.84
81.2
101.89
24.51
8.23
13.34
1.81

Mean± SE
42.42±5.10
18.08±4.92
26.55±6.30
8.04±1.31
4.20±0.45
7.27±0.50
1.17±0.08

StDev
24.48
23.61
30.25
6.29
2.17
2.39
0.39

4.3.1 Distribution and concentrations of Mn in marine sediments
In this study the concentrations of heavy metals in marine sediments of Gaza fishing
harbor and surrounding area are illustrated in Fig. 4.13. Manganese concentrations varied
between 13.92-96.84 mg/kg with a mean value of 42.42 mg/kg. The highest concentration
(96.84 mg/kg) found at location 8 where huge amount of untreated domestic sewage and
agricultural wastes are discharged in this area and the lowest concentration (13.92) found
at location 7 which is located outside the harbor area where less amount of untreated
domestic sewage reaching this location.
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Figure 4.13: Concentrations of Mn in marine sediments of Gaza fishing harbor

The concentrations of Mn are low when compared with the mean values recorded in ElGamil coast in Egypt 198 and 170 mg/kg in summer and winter seasons respectively (ElSerehy et al., 2012). Kim et al., (2010) recorded higher concentrations of Mn as compared
to this study with a range of 221-426 µg/g with a mean value of 341 µg/g in May 2006 and
range of 211-429 µg/g with a mean of 304µg/g in August, 2006 in the Saemangeum
coastal area of Korea. From the comparison results with other studies it is clear that the
level of contamination with manganese metal in the Gaza harbor area is low.
4.3.2 Distribution of Cu in marine sediments
Copper element may existent in two forms; lithogenic or biogenic. The lithogenic copper is
found to be combined in clay mineral deposits, after breakdown of organic matter the free
copper may adsorbed on the surface of clay mineral deposits (El-Gohary, 2012). Copper
concentration values are ranged from a minimum of 1.2 mg/kg at location 7 to a maximum
value of 81.2 at location 4 during November and March respectively with a mean value of
18.08 mg/kg (Fig.4.14).
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Figure 4.14: Concentrations of Cu in marine sediments of Gaza fishing harbor

The copper concentrations are almost similar to values recorded by Arifin (2008b) from
the coastal area of Berau Delta in Indonesia Korea with an average of (16.5 mg/kg), and
closer to values (7.2-53.8 mg/kg) reported by Hutagalung (1994) from Jakarta Bay. ElSerehy et al., (2012) reported almost similar concentrations of Cu with a mean value of
15.3 and 13.3 mg/kg in winter and summer seasons respectively in the Mediterranean
coastal waters eastern Nile Delta, as compared to the present study. The concentrations of
copper are high when compared with the values recorded in the marine sediments of
Saemangeum coastal area in Korea that ranged between 2.99-8.23 and 1.75-12.8 µg/g in
May and July, 2006 respectively with a mean value of 5.83 and 5.95µg/g (Kim, et al.,
2010). The Cu values are lower in concentrations as compared with the values (9.6-166.32
mg/kg) recorded by Zaki, et al., 2012) along the coastal zone of Abu-Qir Bay in the
Mediterranean Sea-Alexandria of Egypt. Herut and Halicz (2004) recorded high
concentrations of copper as compared to this study with values of 181.1 and 1174.9 mg/kg
in the marine sediments from Gulf of Eilat and Navy port area in the Mediterranean Sea.
4.3.3 Distribution of Zinc in marine sediments
Concentrations of heavy metals in marine sediments of Gaza fishing harbor and
surrounding area are illustrated in Fig. 4.15. Zinc concentrations varied between 3.33101.89 mg/kg with a mean value of 26.55 mg/kg. The highest concentration (101.89
mg/kg) found at location 4 where huge amount of untreated domestic sewage and
agricultural wastes are discharged in this area and the lowest concentration (3.33) found at
location 7 which is located outside the harbor area, where a smaller amount of untreated
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sewage reach to this location.

Figure 4.15: Concentrations of Zn in marine sediments of Gaza fishing harbor

The zinc concentrations are almost closer to values recorded by Kim et al., (2010) in the
marine sediments of Saemangeum coastal area in Korea that ranged between 25.7-44.7 and
10.2-62.3 µg/g in May and July, 2006 respectively with a mean value of 35.6 and
36.0µg/g. El-Serehy et al., (2012) reported higher concentrations of Zinc with a mean
value of 33.9 and 30.4 mg/kg in winter and summer seasons respectively in the
Mediterranean coastal waters eastern Nile Delta, as compared to this study. The
concentrations of Zinc are high when compared with the values (1.1-9.0 mg/kg) recorded
by Arifin (2008b) at Berau Delta in the coastal waters of Indonesia. The Zn values are
lower in concentrations as compared with the values (48.2-149.3 mg/kg with mean value
of 96.8 mg/kg) recorded by Amin (2002) along the coastal waters of Telaga Tujuh in
Indonesia. The Zinc values are lower in concentrations as compared with the values 29.43164.44 mg/kg and 45.56-461.88 mg/kg recorded during summer and winter seasons
respectively along the coastal zone of Abu-Qir Bay in the Mediterranean Sea-Alexandria
of Egypt (Zaki, et al., 2012). Herut and Halicz (2004) recorded similar and higher
concentrations of Zinc as compared to this study with values of 99 mg/kg and 257 mg/kg
in the marine sediments from Eilat Port and Navy Port areas in the Mediterranean Sea
respectively.
4.3.4 Distribution of Nickel in marine sediments
The values of Nickel concentrations in marine sediments of Gaza fishing harbor and
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surrounding area are illustrated in Fig. 4.16.

Figure 4.16: Concentrations of Ni in marine sediments of Gaza fishing harbor

The concentration values of Ni in marine sediments are ranged from 0.6 to 24.5 mg/kg
with a mean value of 8.04 mg/l. The highest concentration value of Ni 24.5mg/kg was
observed in March at location 4 and lowest value (0.6 mg/kg) was observed in November
at location 7. The obtained concentrations of Ni are relatively similar when compared with
values (2.87-20.1 mg/kg with a mean value of 10.9 mg/kg) recorded by Kim et al., (2010)
from the Saemangeum coastal area in Korea. Herut and Halicz (2004) were documented
similar concentrations of Ni as compared to this study with a range of 2.2-21.14 mg/kg in
the surface marine sediments from Gulf of Eilat and Mediterranean Sea.
4.3.5 Distribution of Cobalt in marine sediments
The values of cobalt concentrations in marine sediments of Gaza fishing harbor and
surrounding area are illustrated in Fig. 4.17.
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Figure 4.17: Concentrations of Cobalt in marine sediments of Gaza fishing harbor

The concentration values of cobalt in marine sediments are ranged from 1.9 to 8.23 mg/kg
with a mean value of 4.2 mg/kg. The highest concentration value of Cobalt (8.23 mg/kg)
was observed in March at location 4 and lowest value (1.9 mg/kg) was observed in
November at location 7. The obtained concentrations of cobalt are almost similar when
compared with values ranged between 0.9 to 8.4 mg/kg recorded by Herut and Halicz
(2004) for marine sediment samples collected from Gulf of Eilat and Mediterranean Sea.
Kim et al., (2010) were also recorded relatively similar concentration values of cobalt
when compared with this study with a mean value of 6.21 and 6.28 mg/kg during May and
August of 2006 from the Saemangeum coastal area in Korea.
4.3.6 Distribution of Lead in marine sediments
Lead taking place in marine sediments persists in two mineral associations, one with clay
minerals and the other with authigenic minerals or biogenous debris. According to
Fernandez et al., (2000) lead concentrations was mostly related with Fe-Mn oxide
segments and had preservation in marine sediments. The Lead concentration values in
marine sediments of Gaza fishing harbor and surrounding area are fluctuated between 3.29
and 13.34 mg/kg at stations 2 in September and station 1 in March (Fig.4.18). The mean
value of Lead concentration observed during this study is 7.27 mg/kg. High concentrations
are recorded at stations 1, 2, 3,4 and 6 during March may be affected by the disposal and
wastes of fishing ships beside the effect of the heavy rains occurred during November
which brought a huge amount of mechanical workshops and batteries wastes into the
harbor area. The use of batteries in the last 8 years has been increased among the residents
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due to the electricity crisis in the Gaza strip.

Figure 4.18: Concentrations of Pb in marine sediments of Gaza fishing harbor

The Pb concentrations in marine sediments were similar to values recorded by Hutagalung
and Manik (2002) from estuary of Digul Dan (Arafura Sea) in Indonesia with a range of
3.6-12.4 mg/kg and mean value of 7.8 mg/kg and closer to values documented by Arifin
(2008b) from Berau Delta with an range of 3.9-18.7 mg/kg and values recorded by Razak
(1986) from coast of Pantai Ujung Watu (Central Java) with a range between 1.1 and 10.9
mg/kg. Kim et al., (2010) reported higher values of Lead concentration with a range
between 18.6-28.2 and 17.9-26.5 from the Saemangeum coastal area in Korea with an
average of 22.4 and 22.3 mg/kg as compared to the present study and the Lead
concentration were also low when compared with previous results (53.20-159.64 mg/kg
during summer) obtained from the coastal zone of Abu-Qir Bay in the Mediterranean Sea
(Zaki et al., 2012). Herut and Halicz (2004) were documented higher concentrations of Pb
as compared to this study with a range of 1.0 to 164.3 mg/kg in the surface marine
sediments from Gulf of Eilat and Mediterranean Sea.
4.3.7 Distribution of Cadmium in marine sediments
Cadmium is extensively concentrated in the crust of earth at average value about of 0.2
mg/kg and is normally originate in strong relationship with zinc. High level is present in
grainy rocks: oceanic phosphates frequently comprise of about 15mg/kg as documented by
Bryan (1971). Marine sediments essential surface waters of upwelling parts of high
productivity can have clearly higher cadmium levels as a result of inputs related to organic
remain wastes (Simpson, 1981).
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Figure 4.19: Concentrations of Cd in marine sediments of Gaza fishing harbor

The distribution of cadmium concentrations level in marine sediment samples collected
from Gaza fishing harbor and surrounding area are shown in Fig.4.19. The concentration
values of Cd in marine surface sediments are ranged from 0.1 to 1.81 mg/kg with a mean
value of 1.17 mg/kg. The highest concentration values of Cd 1.82, 1.81, 1.64 and 1.58
mg/kg in sediments were observed in March at locations 4, 3, 2 and 5 respectively. The
found concentrations of Cd in this study are lower when compared with the values
documented in Abu-Qir Bay ranged between 0.24mg/kg and 4.68mg/kg during summer
and with an average value of 2.52mg/kg in winter and 2.80mg/kg in summer season. ElSerehy et al., (2012) recorded higher concentration values of Cd as compared to our study
with a range of 1.8-2.3 µg/g and 1.4-2.0 µg/g in the El-Gamil coastal waters during winter
2005 and summer 2006 in the Mediterranean Sea along Egypt. The concentrations of Cd in
the present study are higher than the values which ranged between 0.001 and 0.002 mg/kg
recorded by Hutagalung and Manik (2002) at Estuary of Digul River and Arafura Sea in
Indonesia. The cadmium concentrations level were also higher when compared with values
recorded by Kim et al., (2010) from the Saemangeum coastal area in Korea ranged from
0.05-0.14 µg/g with an average of (0.09 µg/g). Herut and Halicz (2004) documented less
concentrations of Cd as compared to this study with a range of 0.03-1.60 mg/kg and
average of 0.32 mg/kg in the surface marine sediments from Gulf of Eilat and
Mediterranean Sea.
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4.4

DISTRIBUTION OF HEVAY METALS IN FISH MUSCLES

According to Suess and Erlenkeueser (1975) and Taylor et al., (1995) heavy metals and
persistent lipophilic organic compounds are absorbed and accumulated in organism species
and this process is identified as bioaccumulation. Results for the basic statistical analysis of
heavy metals concentration in fish mussels during this study are discussed in the following
subsections and given in Table.4.4.
Table 4.4: Summary of heavy metals statistical analysis in Gaza fishing harbor fish muscles

Heavy metals/elements
Manganese Mn(µg/g)
Copper Co(µg/g)
Zinc Zn(µg/g)
Nickel Ni(µg/g)
Cobalt Co (µg/g)
Lead Pb(µg/g)
Cadmium Cd(µg/g)

Min
0.26
3.01
13.56
0.05
0
0.73
0.02

Max
1.26
17.47
40.43
2.52
2.93
3.24
0.51

Mean± SE
0.90±0.068
13.15±1.08
25.87±1.92
1.10±0.14
0.68±0.19
1.82±0.20
0.27±0.03

StDev
0.28
4.45
7.94
0.55
0.82
0.78
0.13

4.4.1 Concentrations of Mn in the muscles of fish species
Manganese is a vital element for most of organism species. Some organisms, including:
molluscs, sponges and diatoms, can accumulate manganese in their tissues. Fish species
can have up to 5 µg/g and mammals up to 3µg/g in their soft tissues, although typically
they have around 1µg/g
(http://www.lenntech.com/periodic/elements/mn.htm#ixzz34bP9zDat) due to its vital role
in human health, however, excesses or lacks of manganese concentrations level can cause
health effects. Fig.4.20 represents the concentrations level of manganese in fish tissues
collected from Gaza fishing harbor. The concentration values of Mn in fish tissues are
ranged from 0.26 to 1.26µg/g with a mean value of 0.90µg/g. The maximum permissible
limit of manganese concentrations in marine fish species as recorded by FAO/WHO (1984)
is about 5.4µg/g. In general it can be seen that the concentrations of Mn found in tissues of
fish species in the present study are still considered as those of uncontaminated fish (<5.4).
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Figure 4.20: Concentrations of Mn in the muscles of fish in Gaza fishing harbor

4.4.2 Concentrations of Cu in the muscles of fish species
Cupper is a needed component that is judiciously controlled by biological mechanisms in
the majority of organism species (Erdoğrul and Ates, 2006). Though, it poses possible risks
that threaten both animal and human health. Cupper can be found in a natural environment
and is important for the normal growth and metabolism of most living organisms (Eisler,
1998). Conversely, it becomes poisonous at high concentrations. According to NRC (1980)
the suggested permissible daily amount of Cu for adults is 0.05μg/g for a man with a body
weight of 70 kg. The concentrations of Cu in humans may be increased by consuming
polluted fishes.
Fig.4.21 represents the concentrations level of cupper in fish tissues collected from Gaza
fishing harbor. In the present study, the Cu concentrations in the muscle of fishes from
Gaza fishing harbor are ranged from 3.01 to 17.47µg/g with a mean value of 13.15µg/g.
The maximum permissible limit of manganese concentrations in marine fish species as
recorded by FAO/WHO (1984) is about 20µg/g. In general it can be seen that the
concentrations of Cu found in muscles tissue of fish species in the present study are still
considered as those of uncontaminated fish (<20).
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Figure 4.21: Concentrations of Cu in the muscles of fish in Gaza fishing harbor

4.4.3 Concentrations of Zn in the muscles of fish species
Zinc is an important element for many marine organisms and, as such, is readily bioaccumulated. A number of species of crustacean are competent to control the uptake of
zinc however, at greater concentration values; such practice seems to breakdown cause an
inflow of zinc as documented by Schulz (2000).
The concentrations level of Zn in fish tissues collected from Gaza fishing harbor are shown
in Fig.4.22. In the present study, the Zn concentration values in the muscle of fishes from
Gaza fishing harbor are ranged from 13.56 to 40.43µg/g with a mean value of 25.87µg/g.
This finding is in agreement with previous observations recorded by Al-Yousuf et al.,
(2000), Canli and Atli (2003), and Monday and Nsikak (2007). Though, Zn is critical for
aquatic organisms, including fishes; however, Zn becomes poisonous when it exceeds its
maximum value. Many researchers have stated that dietary Zn is the fundamental reason
for increased Zn in marine fish (Xu and Wang, 2002). The Zn concentrations in the
muscles of fish samples documented in the literature elsewhere in the world, such as those
of marine culture fishes collected from Hong Kong (20.1 μg/g to 68.3 μg/g, dry weight)
(Wong et al., 2001) and those of different marine fish species captured from Tuzla Lagoon,
Turkey (16.48 μg/g to 37.39 μg/g) (Dural et al., 2007), were higher than those observed
during this study. Additionally, the Zn concentrations in the muscles of different marine
fishes harvested from Aqaba Gulf, Red Sea, Jordan (10.61 μg/g to 21.38 μg/g, dry weight)
(Ismail and Ahmed, 2008) were lower than those reported in the present study. The
permissible limits of Zn set by WHO (1989) is about 40 µg/g which is higher than the
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values observed during this study except for one sample which its concentration found to
be 40.43 µg/g. Zinc does not appear to present a contaminant hazard to fish within this
portion of concentration values.

Figure 4.22: Concentrations of Zn in the muscles of fish in Gaza fishing harbor

4.4.4 Concentrations of Ni in the muscles of fish species
The concentration values of Nickel in fish tissues collected from Gaza fishing harbor are
shown in Fig.4.23. The concentration values of Ni are ranged from 0.05 to 2.52µg/g with a
mean value of 1.10µg/g. The maximum permissible limit of Ni concentrations in marine
fish species as recorded by FAO (1983) is about 10µg/g. In general it can be seen that the
concentrations of Ni found in tissues of fish species in the present study are still considered
as those of uncontaminated fish (<10). According to Baumann and May (1984) Nickel
concentrations of 2.3 μg/g or greater, may cause reproductive impairment and lack of
recruitment in fishes. Only one sample out of 17 samples in this study approached these
levels of concern. Hence, nickel concentrations in the entire species of fish do not found
any treat upon the consumption of these species of fish.
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Figure 4.23: Concentrations of Ni in the muscles of fish in Gaza fishing harbor

4.4.5 Concentrations of Cobalt in the muscles of fish species
According to Morel et al., (1994) cobalt is an important micronutrient for marine
phytoplankton; in particular the photosynthetic Cyanobacteria as reported by Sunda and
Huntsman, (1995). The reasons behind occurrence and factors controlling the distribution
of cobalt element in seawater are not well understood. Additionally, the possible for low
concentrations of cobalt to influence species composition in the marine waters is unknown.

Figure 4.24: Concentrations of Cobalt in the muscles of fish in Gaza fishing harbor

The concentrations level of Cobalt in fish tissues collected from Gaza fishing harbor are
shown in Fig.4.24. In this study, Cobalt concentration values in the muscle of fishes from
Gaza fishing harbor are ranged from ND to 2.93µg/g with a mean value of 0.68µg/g. The
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found concentrations of Cobalt in this study are higher when compared with the
concentration values documented in Masan Bay with an average of 0.01µg/g (Kwon and
Lee 2001). Suresh et al., (2009) recorded lower concentration values of Cobalt as
compared to our study with a range of 0.05-0.28 µg/g in Parangipettai coast of India.
Topcuoglu et al., (2002) reported lower concentrations of Cobalt when compared with the
present study with a range <0.05-0.40 µg/g in the black Sea coast.

4.4.6 Concentrations of Pb in the muscles of fish species
Lead is found at high concentration in muscles and organs of fish. When accumulates in
the human body, it replaces calcium in bones (DHSS, 1980). Rompala et al., (1984)
documented that the biological effects of sublethel concentrations of lead may include
delayed embryonic development, suppressed reproduction and inhalation of growth,
increased mucous formation, neurological problems, enzyme inhalation and kidney failure.
Lead concentrations in the gills, livers, kidney, bones and flesh tissue of the most fish
species reviewed literatures were below the 0.6μg/g limit as reported by Walsh et al.,
(1977).
The concentration values of Lead in fish tissues collected from Gaza fishing harbor are
shown in Fig.4.25. In this study, Lead concentration values in the muscle of fishes from
Gaza fishing harbor are ranged from ND to 2.45µg/g with a mean value of 0.73µg/g.
Jinadasa et al., (2010) recorded lower concentration values of Lead as compared to our
study with a range of ND-0.24 µg/g and mean value of 0.06 µg/g in important marine fish
species in Sri Lanka coast. Mwashote (2003) reported higher concentrations of Pb when
compared with the present study with a mean value of 1.0 µg/g during dry season and6.0
µg/g during wet season in Gazi bay in Mombasa of Kenya. The EU maximum residue
limits permitted for Pb in fish species is about 0.3µg/g (Herreros et al., 2008). Hence, Pb
appear to present a contaminant hazard to fish within this portion of concentration values.
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Figure 4.25: Concentrations of Pb in the muscles of fish in Gaza fishing harbor

4.4.7 Concentrations of Cd in the muscles of fish species
Cadmium is non-essential element for living organisms, but considered to be highest toxic
element to human, plant and animals life and is further lethal than Cu, Pb, Ni and Zn as
documented by World Health Organization in (1991) and (1995). Heavy metals can come
into the food chain throughout direct intake of water or organisms or through uptake
practices and be possibly accumulated in eatable fish species (Paquin et al., 2003). Puel et
al. (1987) and Luoma and Rainbow (2008) documented that intake rate of toxic heavy
metals by humans through eating of fish causes severe health risks. The augmented
accumulation of heavy metal concentrations in the marine environment is calamitous to
marine organisms and similar to humans (Uluturhan and Kucuksezgin, 2007; Naji et al.,
2010) and has been continuing in a number of different countries, including Gaza fishing
harbor.
The distribution concentrations of Cd in fish muscles collected from Gaza fishing harbor
are shown in Fig.4.26. The found cadmium concentration values in the muscle of fishes
during this study are ranged from n.d to 0.51µg/g with a mean value of 0.27µg/g. This
finding is in agreement with previous observations recorded by Suresh et al., (2009) for
commercially valuable marine eatable fishes from Parangipettai coast, south east coast of
India (0.18-0.54 µg/g dry wt.). Canli and Atli (2003) documented higher values of Cd as
compared with this study where Cd concentrations mean value ranged between 0.37 and
0.79µg/g in the fish species of Mediterranean Sea. Bashir et al., (2013) reported lower
values of Cd as compared to our study with mean values of 0.058µg/g for fish muscles
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collected from Kapar and 0.027µg/g for fish muscles collected from Mersing coastal
waters in Malaysia.

Figure 4.26: Concentrations of Cd in the muscles of fish in Gaza fishing harbor

Additionally, the Cd concentrations in the muscles of different marine fishes harvested
from Masan Bay, Korea (0.02 μg/g to 0.05 μg/g, dry weight) (Kwon and Lee 2001) were
lower than those reported in our study. Kalay et al., (1999) reported higher concentrations
of Cd as compared to this study with mean values ranged from 1.28-1.60 µg/g for marine
fish samples collected from Mediterranean Sea in 1996. The permissible limits of Cd set
by FAO/WHO (1984) and EC in 2001 for eatable fish is about 0.2 and 0.05-0.1 µg/g dry
wt. respectively which is lower than 70% of the values observed during this study. Thus,
Cadmium appear to present a contaminant hazard to fish within this percentage of
concentration values.
4.5

CORRELATIONS BETWEEN HEAVY METALS IN WATER , SEDIMENTS
AND FISH MUSCLES
Correlation analysis is principally calculates the association between two or more
functionally independent parameters. In seawater quality the strength of the association
between two arbitrary factors can be determined through calculation of a correlation
coefficient r. The value of this coefficient ranges between -1 and 1. The value which is
close to +1 shows a strong positive correlation. When r is close to -1 is showing a strong
negative correlation between the two parameters. The closer the value of r is to zero, it
means the correlation is weak (Armah et al., 2012). Correlation coefficient and p-value are
calculated using SPSS and Minitab software's.
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4.5.1 Pearson correlation of heavy metals and physicochemical parameters among
water samples
Pearson’s correlation is used to detect linear correlations between various parameters and
locations. Table 4.5 shows the Pearson's correlation between heavy metals (Mn, Cu, Zn,
Ni, Co, Pb

and Cd) and physicochemical parameters (temperature, turbidity (NTU),

electrical conductivity (EC), pH and dissolved oxygen) in seawater.
Table 4.5: Pearson's correlation coefficient among seven heavy metals and physicochemical
parameters in Gaza fishing harbor and surrounding area
Parameters
Mn
Cu
Zn
Ni
Co
Pb
Cd
Temp
NTU
EC
pH
DO

Mn

Cu

Zn

Ni

Co

Pb

Cd

Temp

NTU

EC

1
0.07
-0.21
0.50
0.20
0.20
0.27
-0.53
-0.46
0.64
-0.05
0.63

1
-0.07
0.06
-0.02
-0.13
-0.11
0.02
-0.09
-0.12
0.01
-0.05

1
-0.21
-0.21
-0.07
-0.13
0.21
0.20
-0.09
0.04
-0.15

1
-0.25
0.02
-0.23
-0.53
-0.28
0.50
0.09
0.52

1
0.51
0.04
-0.39
0.16
0.38
-0.23
0.13

1
-0.09
0.16
0.10
0.19
0.04
-0.12

1
0.03
-0.11
-0.14
-0.33
0.18

1
0.15
-0.92
0.19
-0.71

1
-0.23
-0.19
-0.25

1
0.06
0.69

pH

1
-0.16

DO

1

Various degrees of correlations are found between the heavy metal elements, and
physicochemical parameters (Table 4.5). The correlation coefficient matrix between heavy
metal concentrations and the physico-chemical characteristics of the seawater samples of
Gaza fishing harbour and surrounding area showed some significant correlations, both
positive and negative. There were positive relationships (P<0.05) between the seven
elements and physicochemical parameters; Mn and Ni; Mn and Co; Mn and Pb; Mn and
Cd; Mn and EC; Mn and DO; Ni and Pb; Ni and DO; Co and DO; Cd and DO; Pb and EC.
Moreover, an inverse weak correlations were noticed between Mn and Zn; Cu and Co; Ni
and Co; Ni and Cd; Co and pH; Cd and Cu; Ni and Zn; Mn and turbidity; Mn and
temperature; Cu and turbidity; Pb and DO. Strong correlation found between Mn and
dissolved oxygen; EC and temperature; Dissolved oxygen and temperature; dissolved
oxygen and EC. Moderate negative correlation found between Mn and turbidity; Mn and
temperature; Ni and temperature. Moderate positive correlation found between Mn and
DO; Mn and EC; Mn and Ni; Ni and EC; Ni and DO; Co and Pb. These results can
demonstrate that the seven elements measured in the present study have almost similar
sources and having related sources can be associated to the geographical structure of the
selected study area.
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4.5.2 Pearson correlation of heavy metals among marine sediments samples
Pearson’s correlation was used to detect linear correlations between the selected seven
heavy metals among marine sediment samples. Table 4.6 presents the Pearson's correlation
coefficients among heavy metals (Mn, Cu, Zn, Ni, Co, Pb and Cd) elements in the marine
sediments of Gaza fishing harbour area.
Table 4.6: Correlation coefficient matrix among seven heavy metals in Gaza fishing harbor
marine sediments
Heavy metals
Mn
Cu
Zn
Ni
Co
Pb
Cd

Mn
1
0.65
0.53
0.70
0.89
0.55
0.47

Cu

Zn

Ni

Co

Pb

Cd

1
0.80
0.83
0.81
0.42
0.32

1
0.59
0.51
0.23
0.35

1
0.82
0.61
0.57

1
0.64
0.35

1
0.43

1

The correlation coefficient of the seven heavy metals is shown in Table 4.6. It can be seen
from Table 4.6 that all heavy metals are positively correlated. Significant correlation was
found between Mn and Co (0.89); Cu and Zn (0.80); Cu and Ni (0.83); Cu and Co (0.81);
Ni and Co (0.82); Mn and Ni (0.70). Moreover, moderate correlation was found between
Mn and Cu (0.65); Mn and Zn (0.53); Mn and Pb (0.55); Zn and Ni (0.59); Zn and Co
(0.51); Ni and Pb (0.61). The strong positive correlation between Cu, Co, Mn and Ni
indicates that they mostly came from the same source, while the three heavy metals Zn, Pb
and Cd, which show decreasing levels are moderately correlated indicating that these
heavy metals probably have similar provenance. The significant direct correlation between
some of the metals in marine sediment samples calculated in the present study may be due
to the existence of some of these metals in the same oxidation state reacting in similar
manner to the aquatic environment or that the metals with high correlation coefficient
occur together in a mineral and are co-leached into the aquatic environment consequently
(Asaolu, 1998; Aiyesanmi, 2006). For instance, cobalt has always been found to occur
naturally in association with nickel, and copper, cobalt and manganese have been revealed
to co-exist in nodules on the pacific sea bed (Aiyesanmi, 2006). Since it has been
documented that correlations between metal pairs get weakened or alienated with
anthropogenic effect thus, high correlation between these metals strongly recommends
common lithological or crustal origin rather than anthropogenic contamination sources
(Asaolu, 1998; Aiyesanmi, 2006).
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4.5.3 Pearson correlation of the heavy metals among fish muscles
Table 4.7 shows the results of correlation coefficients between various heavy metals in fish
species samples taken from Gaza fishing harbor area.
Table 4.7: Correlation coefficient matrix among seven heavy metals in fish muscles of Gaza
fishing harbor
Heavy metals
Mn
Cu
Zn
Ni
Co
Pb
Cd

Mn
1
0.76
0.73
0.67
0.04
0.30
0.57

Cu

Zn

Ni

Co

Pb

Cd

1
0.82
0.59
-0.09
0.52
0.43

1
0.48
-0.04
0.50
0.46

1
0.05
0.26
0.79

1
-0.18
0.38

1
-0.05

1

From Table 4.7 it can be seen that Co is inversely correlated with Pb, Cu and Zn; also it’s
correlated positively with Mn, Ni, and Cd. Positive significant correlation is observed to be
between Mn and Cu (0.76); Mn and Zn (0.73); Cu and Zn (0.82); Ni and Cd (0.79).
Moreover, moderate positive correlation is found between Mn and Ni (0.67); Mn and Cd
(0.57); Cu and Ni (0.59); Cu and Pb (0.52); Zn and Pb (0.50) and finally no significant
correlation found between Mn and Co; Co and Cu; Co and Zn; Co and Ni; Co and Pb; Cd
and Pb. These obtained results may confirm that the seven heavy metal elements
investigated in this study have similar sources and having similar sources can be related to
same topographical area (El-Serehy et al., 2012).

4.5.4 Calculation of p-value among seawater and sediment samples
A major concern in managing water properties is whether or not water quality variables
have changed over time or place. The two-sample t-test (p-Value) is most likely the utmost
generally used statistical test for this determination. The t-test is appropriate for unequal
variances if the sample sizes are equal (Montgomery and Loftis, 1987). Paired t-test is used
to detect variations among the heavy metals with location in the Gaza fishing harbour and
surrounding area. Pearson’s correlation was used to detect linear correlations between the
seven elements among various locations. Table 4.8 summarises the paired t test and the
Pearson’s correlations of seven heavy metals in the seawater and marine sediments quality
data. All these results are obtained by using SPSS software program.
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Table 4.8: Paired t test(p-value) & Pearson correlation (r) results for heavy metals in
seawater and marine sediments of Gaza fishing harbor area
Paired locations

Mn
(p-v)

Cu
r (p-v)

r

Ni
r (p-v)

Co
r (p-v)

Pb
r (p-v)

Cd
r (p-v)

0.65 0.14
-0.75 0.21

0.34 0.31
-0.77 0.38

0.01 0.38
-0.63 0.31

0.95 0.47
-0.83 0.88

0.81 0.04*
-0.90 0.18

-0.59 0.04*
-0.51 0.03*

-0.88 0.14
0.57 0.49

0.64 0.09

-0.99 0.16

0.87 0.14

-0.95 0.69

-0.93 0.17

0.68 0.05*

-0.94 0.10

0.98 0.25

-0.82 0.53

0.95 0.17

0.96 0.04*

0.53 0.004*

0.93 0.007*

0.57 0.09

0.38 0.46

0.08 0.44

0.93 0.30

0.94 0.13

0.97 0.009*

-0.86 0.19

ms

0.84 0.03*
-0.99 0.14

0.78 0.10
0.12 0.21

0.94 0.72
0.55 0.21

0.94 0.58
-0.27 0.74

-0.97 0.42
-0.08 0.22

-0.67 0.19
0.27 0.02*

-0.42 0.82
-0.21 0.11

2&4 sw

0.74 0.02*

0.14 0.60

0.93 0.28

0.93 0.18

-0.76 0.99

0.51 0.38

0.53 0.49

2&5 sw
2&6 sw

-0.17 0.26

-0.25 0.44

-0.47 0.43

-0.83 0.72

-0.96 0.45

0.19 0.31

r
1&2 ms
1&3 ms
1&5 ms
1&6 ms
1&7 ms
1&8 sw

-0.27 0.05

*

Zn
(p-v)

-0.08 0.01
0.55 0.06

-0.49 0.44
0.19 0.16

0.47 0.41
-0.56 0.69

0.47 0.03
0.80 0.15

0.83 0.61
0.94 0.05*

0.76 0.04
-0.99 0.01*

-0.02 0.01*
-0.94 0.07

ms

0.34 0.01*
0.99 0.12

-0.79 0.64
0.99 0.37

-0.11 0.39
0.99 0.43

-0.11 0.25
0.99 0.26

0.67 0.30
0.57 0.16

0.99 0.26
-0.76 0.04*

-0.76 0.02*
0.54 0.45

2&8 sw

-0.93 0.01*

0.99 0.05

0.99 0.37

0.94 0.10

-0.72 0.75

0.28 0.37

0.96 0.05*

3&6 ms

-0.43 0.37

-0.66 0.94

0.95 0.28

-0.96 0.23

-0.75 0.50

-0.99 0.01*

0.84 0.13

3&8 ms
4&6 sw
ms

0.73 0.48
-0.72 0.29
0.57 0.34

0.53 0.25
0.79 0.75
0.94 0.31

0.29 0.25
0.76 0.03*
-0.73 0.14

-0.30 0.96
0.76 0.05*
0.36 0.18

0.51 0.48
-0.99 0.53
0.61 0.19

-0.96 0.05*
0.94 0.54
0.76 0.01*

-0.91 0.12
0.83 0.42
-0.34 0.04*

4&7 sw

-0.38 0.45

-0.71 0.90

0.25 0.04*

0.24 0.73

-0.99 0.29

0.59 0.96

-0.95 0.38

4&8 sw

-0.45 0.01*

0.11 0.04*

0.97 0.06

0.97 0.50

0.10 0.72

-0.69 0.28

0.73 0.43

ms

2&7 sw

*

*

0.82 0.03*

*

*

*

ms

0.81 0.86
-0.91 0.08

0.01 0.74
-0.99 0.14

-0.95 0.03
-0.45 0.18

-0.94 0.03
-0.99 0.16

-0.97 0.33
-0.94 0.04*

-0.40 0.36
-0.25 0.02*

-0.75 0.19
-0.87 0.01*

5&8 sw

0.33 0.38

0.84 0.02*

5&6 sw

6&8 sw
ms

7&8 sw

-0.81 0.20

-0.81 0.57

-0.03 0.90

-0.66 0.96

-0.81 0.20

*

-0.52 0.04
0.28 0.15

*

0.59 0.18
0.03 0.22

0.59 0.22
0.04 0.19

-0.21 0.43
-0.19 0.11

-0.40 0.23
0.95 0.02*

0.22 0.34
-0.55 0.90

-0.66 0.01*

-0.77 0.12

0.02 0.61

0.02 0.92

0.03 0.41

0.17 0.27

-0.90 0.08

-0.28 0.04
0.30 0.99

*Significant t test values are at ≤0.05 level.

From Table 4.8 results indicate that there are significant differences in the Pb and Cd in
marine sediments for most of measured values at all locations, but no significant
differences were noted for Mn, Cu, Zn, Ni and cobalt at most of locations. Significant
differences in Mn, Cu, Zn, Ni and Cd of seawater measured values were found at some
locations (2&4) (1&8) (2&6) (2&7) (4&8) (6&8) (7&8); (4&8) (5&8) (6&8); (4&6) (4&7)
(5&6); (2&6) (4&6) 5&6) and (2&6) (2&7) (2&8). These significance differences justify
the performance of water quality monitoring parameters over the Gaza fishing harbour and
prove that there is a real difference between the heavy metals pollution in the harbour and
surrounding area locations. Pearson correlation found to be positive and negative (strong,
moderate and weak) in most of the 7 heavy metal elements in seawater and marine
sediments among all locations.
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Statistically, significance analysis (P values from the ANOVA-test) was performed
between sites 1,2,3,4,5,6,7 and 8 for heavy metals in seawater and marine sediments.
Though, there were differences in heavy metals concentrations between the different eight
sites, these differences in most of heavy metal concentrations were not statistically
significant among most of the locations (P>0.05). In addition significance analysis t-test
was performed between seawater and marine sediment samples and results showed highly
significance values of pv among all heavy metal elements except Zn element. Hence there
is no heavy metal adding source in any of the eight sites chosen for this study.
4.6

HEAVY METALS VERSES INTERNATIONAL STANDARDS

To our best knowledge, no Palestinian safety and protection standards are presently
available concerning heavy metals concentration in sweater, marine sediments and fish
species, therefore, the results obtained for seawater, marine sediments and fish muscle
samples were compared with limit values and guidelines found in the literature somewhere
(Table 4.9).
Table 4.9: Limit values according to EPA, WHO, TSE, Australian, Israel and found values in
seawater, sediment and fish species samples collected from Gaza fishing harbor
EPA
Present study
WHO
TSE
Australian
Israel
Metals
Manganese (Mn)
Seawater
Sediments
Fish

Copper (Cu)
Seawater
Sediments
Fish

Zinc (Zn)
Seawater
Sediments
Fish

Nickel (Ni)
Seawater
Sediments
Fish

460 mg/kg
-

-

20mg/kg

-

-

0.010-0.128
13.92-96.84
0.26-1.26

45µg/l
16 mg/kg
-

10-100mg/l
30mg/kg

20mg/kg

1µg/l
65µg/g
-

5 (2.9) µg/l
-

0.038-0.695
1.2-81.2
3.01-17.47

1180 µg/l
-

30-100mg/l
50mg/kg

50mg/kg

15µg/l
200µg/g
-

40(20) µg/l
-

0.028-0.373
3.33-101.89
13.56.40.43

120 µg/l
-

10mg/l
10µg/g

-

70µg/l
21µg/g
-

10(8.2) µg/l
-

0.199-0.296
0.6-24.51
0.05-2.51

0.050 mg/l
0.05-6 µg/g

0.050mg/l
1mg/kg

4.4µg/l
50µg/g
-

5 µg/l
-

0.159-0.588
3.29-13.39
0.73-3.24

0.010mg/l
0.1mg/kg

5.5µg/l
1.5µg/g
-

0.5 µg/l
-

0.074-0.949
0.1-1.81
0.02-0.81

Lead (Pb)
Seawater
Sediments
Fish

28µg/l (0.05mg/l)
31 mg/kg
-

Cadmium (Cd)
Seawater
Sediments
Fish

71µg/l (0.01mg/l)
0.6 mg/kg
-

0.010 mg/l
0.05-5.5µg/g

All water samples concentrations of this study are in mg/l.
All marine sediments concentrations of this study are in mg/kg wet weight.
All fish tissue concentrations of this study are in µg/g wet weight.
-, data were not available in publication or metals element were not studied.
References: EPA (EPA, 1986); FAO/WHO (FAO/WHO, 1989); TSE (Dural et al., 2007 and Turkmen et al., 2009);
Australian (ANZECC, 2000) and Israeli (Herut & Halicz, 2004).
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It can be seen from Table 4.9 that the levels of Cu, Mn, Ni, Zn, Pb and Cd investigated in
the majority of seawater and marine sediments samples taken from Gaza fishing harbour
and surrounding area are higher than the limit values as compared with EPA, WHO,
Australian, Turkish and Israeli guidelines and standards for heavy metals level. The heavy
metals determined in the muscles of the studied fish species were lower than the maximum
levels and guidelines values described in the literature (Table 4.9). On the other hand, the
maximum levels of Pb and Cd in this study were 3.24 and 0.81 µg/g wet wt., respectively.
These levels were higher than the limit values for fish proposed by the Turkish guidelines
(Dural et al., 2007). Although, such high levels were detected in some samples, it cannot
be said that this species is not fit for human consumption, because (as demonstrated in
table 4.10) large quantities (ca. 250–270 g) of this fish species have to be eaten daily by a
person to be harmful to human health.

4.7

HEALTH RISK EVALUATION FOR FISH CONSUMPTION

As intake of fish is a possible source of metal accumulation in humans, there is an
important interest in calculation of the daily and weekly consumptions of heavy metals
through fish eating. The estimated daily and weekly intakes (EDI; EWI) of heavy metals
(1&7g/day, week/person) through eating of caught fish species from Gaza fishing harbour
by Palestinian individuals in the Gaza strip are demonstrated in Table 4.10. daily and
weekly consumption of heavy metals is estimated on the basis of the concentrations
measured in fish muscle and weekly fish consumption rate (126 g). Average Palestinian
body weight is assumed to be 70 kg. Existing metal intakes are compared with the relevant
permissible tolerable weekly intake for a 70 kg person (PTWI70) (1-7g/day-week).
It can be seen in Table 4.10 that the values of estimated weekly intakes (EWI) of Mn, Cu,
Zn, Ni, Pb and Cd in muscles of fish in the present study are healthy below their consistent
permissible tolerable weekly intake for 70 kg individual (PTWI70) values. The amount of
a toxic metal that one gets from fish though, not only depends on the concentration of
specific metal in fish, but also on the quantity of fish consumed. As extraordinary eating of
fish are traditional components of the diet of some Palestinian individuals, the weekly
amount of fish species also calculated that should be eaten in order to reach the permissible
tolerable weekly intake of metal for 70 kg individual, PTWI70. Therefore, Palestinian
individual will be at risk of the deleterious effects of a metal only if his/her weekly eating
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of the fish species included in this study exceeded their particular PTWI70.
Seeing normal eating traditions, it can be confidently state that the calculated weekly
intake of fish is far from the actual weekly amount of fish consumed by most Palestinian
individuals in general (Table 4.10) and then, no risk of normal fish consumption
originating from the fishing harbour on Palestinian people’s health. Although levels of
heavy metals are not high, care must be taken considering some people regularly consume
large quantities of fish according to Turkmen et al., (2009) and FAO/WHO (2004).
Table 4.10: Estimated daily and weekly intake of metals in a mature man on fish
consumption
Fish muscles PTWIa
Metals
PTWIb
PTDIc
EWId
EDIe
0.90
980
68,600
9,800
113.4
16.2
Manganese (Mn)
13.15
3,500
245,000
35,000
1656.9
236.7
Copper (Cu)
25.87
7,000
490,000
70,000
3259.6
465.6
Zink (Zn)
1.10
35
2450
350
138.6
19.8
Nickle (Ni)
1.82
25
1750
250
229.3
32.7
Lead (Pb)
0.27
7
490
70
34.04
4.86
Cadmium (Cd)
a: Permissible Tolerable weekly intake in μg/week/kg body weight
b: PTWI for 70 kg adult person (μg/week/70 kg body weight)
c: PTDI, permissible tolerable daily intake (μg/week/70 kg body weight)
d: EWI = average concentration (μg/g) × consumption [126 g/w/bw (70 kg)]
e: calculated from EWI
The permissible tolerable daily and weekly intake of metals was calculated from (FAO/WHO, 2006) and
(Türkmen et al., 2009).
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Since the main source of pollution in the coastal waters along Gaza shoreline is the
discharge of untreated wastewater. This makes the beaches in front of Gaza city highly
polluted by sewage discharges and individual sewage drains, ending either on the beach or
at a short distance away in the surf zone. More than 80% of the wastewater that is
generated in Gaza currently discharged without treatment into the sea (90,000-110,000
cubic meters per day).
The previous studies reported that the high level of pollution along Gaza coast associated
with sewage input and runoff (Hilles et al., 2014); (Abudaya and Hararah, 2013); (Bahr,
2007); (El Jarousha, 2006); (Elmanama et al., 2005); (Abdullah et al., 2005); (Ministry of
Environmental Affairs, 2001); Ministry of Health, 1999). Hence, to reduce the load of
pollution in the coastal waters of Gaza fishing harbor and the surrounding areas there is a
need for a proper management strategy. The following recommended management strategy
may be helpful in determining the actions necessary to minimize pollution sources, as well
as the risks associated with pollution.
5.1

CONSIDERED VALUES

This section sets out the recommended management strategy vision, mission, management
principles and overall objectives, together with an outline of the key approaches.
5.1.1 Vision and mission
The vision for the management strategy is a coastal environment with a healthy and diverse
ecosystem that supports a wide range of recreational and commercial uses and is a source
of community enjoyment. The mission of this management strategy is that all the
stakeholders in Gaza are to work together to understand the Gaza coastal and marine
environment system, to take action to enhance and protect the coastal values, and to notify
and implicate the public in this practice.
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5.1.2 Management strategy goals and approaches
The main goals of the recommended management strategy are listed below:


To manage and reduce pollution, resulting in better water and sediment quality and
an overall improvement in ecosystem health.



To protect and enhance the coastal ecosystem.



To improve scientific understanding and monitor conditions and trends.



To inform and engage the public.

The key strategies to be used in implementing this management suggestion are grouped
according to the overall management goals. The Summary for these strategies is given in
Table.5.1.
Table 5.1: Summary of the management plan goals and their strategies
 Strategy 1.1 Improve recreational water quality
Goal: 1 Reduce pollution
 Strategy 1.2 Manage sewage discharges
 Strategy 1.3 Prevent eutrophication
 Strategy 1.4 Manage industrial discharges
 Strategy 1.5 Manage rainwater runoff
 Strategy 2.1 Maintain and enhance collaborative
Goal: 2 Seawater and sediments
monitoring and research programs.
quality monitoring
 Strategy 2.2 Maintain and enhance science-based
management tools.

Strategy 3.1 Protecting habitats and biodiversity
Goal: 3 Marine ecology conservation
 Strategy 3.2 Enhancing fisheries
 Strategy 4.1 Regular reports, bulletins, report
Goal: 4 Public information
cards.
 Strategy 4.2 Maintain and enhance information
and interpretive stations.

5.2

MANAGING AND REDUCING OF POLLUTION

The Gaza coastline has been a center for urban and small scale industrial development for
over 20 years, and for much of this time, sewage, industrial effluents, and rainwater wastes
were discharged to the coast directly without treatment. In addition to these wastes the
rubbles were also duped near to the shore. The environmental consequences of these
combined actions have included pollution of water, sediments and biota. The majority of
contaminants entering the Gaza coastal water are associated with nearby urban and
industrial sources, rather than the effluents from Wadi Gaza. However, as land uses within
the catchment and the nearby Wadi Gaza change over time, it is important that potential
impacts of these changes on the coast to be considered and managed. This section of this
recommended management strategy focuses on three major environmental problems that
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affect human health and ecosystem balance in the Gaza coastal environment, specifically:


Maintaining and improving recreational water quality.



Reducing and managing wastewater discharge.



Minimizing eutrophication.

5.2.1 Coastal water quality improvement
Water contaminated by sewage may contain pathogenic microorganisms (bacteria, viruses,
protozoa) that pose a health hazard when the water is used for recreational activities.
Indicator bacteria are used to assess the health risks associated with pathogens in
recreational waters. The Gaza beaches are widely used for recreation. The untreated
wastewater discharges and urban runoff now predominates as the main source of fecal
bacteria to the Gaza coast contributing about 90% of the total load. The Wadi Gaza mouth
is at greatest risk of contamination during and immediately following heavy rainfalls, when
large volumes of urban run-off flow into the Gaza coastal waters and sewerage systems
may become overloaded by storm water. No guidelines and standards established for Gaza
coastal environment protection and no serious actions have been taken to address
recreational water quality in recent years, including improved management of sewage and
rainwater and urban runoff, enhanced monitoring and investigations, and better public
information. However, water quality monitoring and other works is needed to track and
address pollution sources at several key sites and to inform and educate the public about
recreation water quality. The major problems and management options proposed during
this study are presented in Table 5.2.
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Issues

Table 5.2: Issues and management options for improving coastal water quality
Management Options

1. Establishment of guidelines
Guidelines for recreational water quality in line
with international standards (World Health
Organization).
2. Monitoring and investigations
Long term recreational water quality
monitoring program should be established and
refined in accordance with the national
guidelines and international standards.
3. Public Information
It is important to provide the community with
clear and up to date information about
recreational water quality so that they can make
an informed choice about where to swim.
4. Beach
The majority of Gaza strip beaches are poor
water quality. Clean water quality beaches are
considered to be few.

Environment
Quality
Environment
recommended
to
be
working
with
Municipalities, Palestinian Water Authority
and Ministry of Health to streamline
implementation of the guidelines and support
development of the reporting systems.
-Enhancing monitoring, including event
monitoring.
-Review/test sanitary survey methodologies.
-Review methods to track pollution sources.
-Investigate use of predictive models to predict
water quality based on rainfall.
-Issue annual ‘Swimming in the Gaza beaches’
feature and technical recreational water quality
summary report.
-Establish regular ‘Beach watch’ reports in the
newspaper and websites.
-Develop & install signage at key sites and
update as needed.
-Follow-up on source investigations to improve
water quality at Gaza polluted beaches.
-Investigate/address sources of pollution at
crated beaches.

5.2.2 Management of wastewater discharges
In many urban areas, sewage is a major source of nutrients to aquatic systems, and may
also contribute pathogens (as indicated by fecal indicator bacteria) and toxicants. Nutrient
enrichment may trigger algal blooms, seagrasses die-off and other ecosystem changes,
while pathogens represent a risk to human health. Toxicants in sewage are typically related
to trade wastes and household chemical wastes. In Gaza, all sewage treatment plants are
currently managed and regulated by Municipalities.
There are currently three sewage treatment plants that discharge partially treated effluent
and raw sewage directly to the sea along Gaza coast. All of these plants operate at
secondary treatment level (removal of solids and organic matter) and two operate at
tertiary level (removal of solids, organic matter and nutrients). Other sources of sewage
discharges to the coast of Gaza include septic tanks and some other sources. Sewage
treatment plants currently discharge over 90% of the nutrients and over 10% of the fecal
bacteria load to the coast. In managing sewage discharges, it is important that a regional
approach be taken that integrates water supply and demand with sewage (and rainwater)
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treatment and disposal. There may also be opportunities to expand effluent reuse schemes,
particularly in the Wadi Gaza mouth and other valleys along Gaza coast. The major issues
and management options for wastewater discharges are presented in Table 5.3.
Table 5.3: Issues and management options for wastewater discharges

Issues

Management Options

-Develop nutrient models and decision support
tools, and use these to set targets for
A national long-term strategy is needed that sustainable loads.
sets Gaza specific nutrient targets and a process -Encourage/support national ‘integrated water
whereby these targets can be achieved or management planning (water supply/demand,
sewage treatment, rainwater management).
maintained.

1. Domestic approach and science-based
management

-Review the current monitoring program
Existing plant monitoring programs could be requirements for all sewage treatment plants
better rationalized to ensure they are consistent and propose revisions.
and appropriate (e.g. all plants monitor the
same basic parameters, with additional
parameters monitored at larger plants,
particularly those that receive industrial
wastes).
-Monitor and manage nutrient loads from
3. Preventing increase in nutrient loads
. Until national nutrient targets are set, wastewater treatment plants.
cumulative nutrient loads should not be
significantly increased.
-Continue/expand efforts to prevent leaks and
4. Sewage overflow and leaks
Sewage leaks and spills from aged or overflow, with a focus on swimming areas with
overloaded infrastructure cause periodic known water quality issues.
contamination of groundwater and beaches.
-Seek opportunities to extend national reuse
5. Maintain/enhance effluent reuse
Effluent reuse schemes can provide multiple schemes, particularly on the Gaza Middle shore
environmental
and
economic
benefits, and Wadi Gaza mouth.
including reduction of pollutant loads to the
coast.

2. Monitoring and reporting

5.2.3 Prevention of eutrophication
Eutrophication of aquatic systems occurs when inputs of nutrients and organic matter
increase over time, resulting in ‘blooms’ of nuisance and toxic algal species, nuisance
weed growth, low dissolved oxygen levels, fish kills and odors. Wadi Gaza mouth
eutrophication is a severe problem affecting Gaza coastal water and is very difficult to
manage once established. Historically, the discharges from Wadi Gaza have been the major
source of organic matter to the seawater along Gaza coast, contributing the major part of
the anthropogenic Biochemical Oxygen Demand (BOD) load, with the remainder sourced
from sewage treatment plants and urban runoff. Prevention is a key management goal for
the Gaza. The major issues and management options to prevent eutrophication are
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presented in Table 5.4.
Table 5.4: Issues and management options for eutrophication prevention

Issues

Management Options

-Enhance ambient monitoring including the
Nutrient concentrations have been monitored in role of sediments.
Gaza coastal waters for few times. However,
more work is needed to understand how
nutrients are processed within the Gaza coastal
waters and the potential effects of increasing
loads.
-Development of Gaza coastal waters-specific
2. Maintainable nutrient loads
Gaza coastal waters-specific nutrient indicators indicators and targets for nutrients and organic
and targets are needed to underpin a Decision matter
Support System, providing a basis for science- -Develop Gaza coastal waters decision-support
based
decision-making
about
major models
infrastructure projects, such as sewage -Manage nutrient loads from wastewater
treatment. Until then, as a preventive measures treatment plants and industries (maintain/ or
approach, current loads should remain steady reduce).
or be reduced.
-Establish a habitat monitoring program.
3. Concern algal blooms nuisance
Excessive nutrients have caused severe
nuisance algal blooms and loss of several
species in many areas along Gaza coast.
-Monitor Gaza beach and Wadi Gaza changes
4. Low dissolved oxygen
Dissolved oxygen (DO) levels in the shore near in response to Stage 1 reduced BOD loads from
to Wadi Gaza mouth are frequently depressed, the Wadi Gaza mouth discharges;
particularly at depth and during summer -Improve the treatment efficiency of Gaza
months. This may be due to natural conditions wastewater treatment plant.
and the result of organic loads from the Wadi -Implement the construction of all proposed
Gaza discharges. Low DO levels are stressful wastewater treatment plants.
to many aquatic species and may also cause the
release of sediment-bound metals and nutrients.

1. Monitoring and investigations

5.2.4 Management of industrial effluents
Compared to the neighboring countries, the industrial sector in Gaza strip is presently
rather underdeveloped. The majority of industries are concentrated in the city of Gaza.
Many different industries are scattered among residential areas. Most of the industrial
wastewater is discharged without treatment to the sewer system and ends up at the
wastewater treatment plants and then discharged to the Mediterranean Sea along Gaza
coast.
The recommended industrial premises may discharge their liquid wastes (some pre-treated)
to sewer, and then the industrial contaminants may enter the Gaza coastal waters via a
number of other pathways, including air emissions, storm water run-off, groundwater
seepage and spills. Industry-derived contaminants of particular concern include toxicants,
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organic matter and suspended solids. The major issues and management options for
industrial discharges are presented in Table 5.5.
Table 5.5: Issues and management options for industrial discharges

Issues

Management Options

-Establish industrial monitoring programs,
Mass emissions from industries are difficult to including reporting of mass emissions/annual
estimate from existing monitoring data, loads.
particularly
from
smaller
industries.
Monitoring requirements vary considerably
between premises, and industries do not
typically report cumulative loads discharged
via all major pathways (e.g. liquid effluents, air
emissions, underground water and storm
water).
-Reductions in heavy metals loads through
2. Reduction in pollution loads from major
ground-water management
industries
The major industries are the main source of -Reductions in BOD loads as secondary
heavy metals and arsenic to the coastal water, treatment must be fully implemented
discharged primarily by way of groundwater -Investigate opportunities to improve water
and storm water emissions.
efficiency and reuse effluents.

1. Monitoring

5.2.5 Managing rainwater (urban runoff)
Rainwater runoff is the water from rain that flows across the land, carrying with it litter,
vegetative debris, loose soil and a range of pollutants that have been deposited on the land
surface, including pathogens, nutrients, hydrocarbons, heavy metals and pesticides. These
pollutants can significantly degrade water quality and aquatic habitat, and rainwater may
also result in downstream flooding and erosion. A number of rainwater management
projects have recently been proposed by the Palestinian Water Authority (PWA) with the
support from International community grants. These projects proposed of a range of
technologies, including gross pollutant traps, constructing bio-filtration systems, rainwater
reuse, education programs and water resources management. A regional strategy is needed
to minimize rainwater run-off from new developments, using the principles of water
sensitive urban design. Management of sediment run-off from construction sites is also a
high priority. Management of existing rainwater discharges requires careful prioritization
on the basis of land use, rainfall, topography and receiving water sensitivity. In addition,
the potential for beneficial reuse of rainwater within urban catchments should to be further
explored. The major concerns and management options for rainwater (runoff) are presented
in Table 5.6.
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Table 5.6: Issues and management options for rainwater (urban runoff)

Issues

Management Options

1. Rainwater monitoring and modelling

-Develop regional rainwater monitoring,
including event monitoring and stream gauging
to better quantify loads.
-Review priority rainwater catchments based
on latest information and modelling.
-Carry out rainwater surveys in areas with
beaches and recreational use.
-Continue the implementation of the proposed
regional plan for Gaza Governorates.
-Prepare rainwater management plans for all
the catchments along Gaza coast.

In recent years, the Palestinian Ministry of
Hosing and Public works, Palestinian Ministry
of Planning and Palestinian Water Authority
has proposed rainwater run-off regional plan
for Gaza.
2. Regional planning and management
A number of management plans are being
developed through the different Palestinian
Authority institutions to support rainwater
management. These include:
• Regional plan as a basis of the Palestinian
future development including rainwater and
land use management.
• The proposed Regional plan for Gaza
Governorates 1998-2015.
• Financial instruments to fund rainwater
management.
3. Managing runoff from new developments
Integration of storm water runoff management
into both construction and finished stages of
new
subdivisions
and
other
major
developments is essential to minimize future
problems.

5.3

-Promote rainwater run-off projects in all
coastal areas along Gaza coast.
-Facilitate/implement Gaza demonstration
projects.
-Implement/extend outcomes of sediment and
erosion control projects, including enforcement
and training systems.

SEAWATER AND SEDIMENTS QUALITY MONITROING

Effective environmental management needs a clear picture and understanding of how a
system functions, how it may respond to alternative management actions, and a difficult
monitoring system to document environmental conditions and trends. Monitoring of
seawater and marine sediments quality requires information on both the coastal area
activities as well as land-based sources. The seawater quality and marine sediments
characteristics evolve as a function of natural oceanographic conditions and hydrological
environment and man-made causes. Proper understanding of the marine environment
cannot be obtained without proper information that is relevant to scientific oceanographic
studies. Despite the fact, seawater monitoring is complex, difficult and costly process.
Setting up a monitoring system is complex process, which must be modified according to
the new available data. In general, the goal of the monitoring program is to determine the
condition or health of marine resources as it is affected by water quality changes.
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Few seawater quality monitoring programs for Gaza were conducted and established since
1993. There is a need to establish a national monitoring program through a formal
agreement between Ministry of Local government, Environment Quality Authority,
Palestinian Water Authority, Municipalities, Ministry of Health, Ministry of Agriculture
and Ministry of Planning. The objective of the agreement is to coordinate and improve
existing monitoring activities to provide better information about the Gaza strip coast.
It is suggested to establish an initial three-year monitoring agreement and to initiate an part
with respect to integrate science and monitoring within the proposed management strategy,
based around a comprehensive science plan that addresses key issues and uncertainties in a
systematic way. An adaptive management framework has to be proposed, incorporating
indicators and targets, decision support models, targeted investigations (e.g. process
studies, event monitoring), feasibility studies and performance monitoring. The science
plan shall be organized around key issues– specifically recreational water quality, nutrients
and organic matter, heavy metals, habitat and species and catchment flows and inputs.

5.4

MARINE ECOLOGY CONSERVATION

The Gaza strip marine waters contain about 201 fish species, these species are classified as,
bony fishes (163 species and consisting about 81% of fish population). The recent record
of one species, the Painted sweet-lip (Diagramma pictum), may be the evidence of a
continuous newly immigrant into the Mediterranean Sea. Elimination of the seashore rocks
and marine pollution along Gaza shoreline cause a severe risk on marine ecosystem, which
generally pretentious the bony fishes inhabitants. The over fishing, using small mesh size
and using prohibited fishing methods, e.g. the use of poisons, may be another reason of the
dangers.
5.4.1 Protecting habitats and biodiversity
The shallow coastal zone is the most important marine habitat for fish and other marine
flora and fauna of the Gaza strip. The destruction of habitats and biodiversity along Gaza
shallow waters may be caused by fishing activities, rock elimination and constructions near
the coastline. The marine ecological resources of Gaza are considered to be under
excessive pressure from pollution contributions and the sound effects of the general
fishery, though; there ought to be protective measures to maintain these resources. The
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major concerns and management options to conserve habitats and biodiversity in the
marine water of Gaza presented in Table 5.7.
Table 5.7: Issues and management options for conserving habitats and biodiversity

Issues

Management Options

-Develop a regional GIS and atlas of key habitats
and species as a basis for education, awarenessThe main target of this theme is a general
raising and guiding management actions
awareness of the coastal and marine system
-Survey Gaza Shallow zone rocky reef habitats
importance. Short amount of information has
and enhance other available species surveys.
recently been collected about habitats and
-Prepare Gaza marine conservation action plan
species of Gaza Strip marine environment.
(Nature Conservancy system) to better target
management actions.
-Research
International
cooperation
&
1. Information and systematic methodology

understanding of advanced research.
2. Conservation and management of anxious
habitats
There are several habitats within the Gaza
ecosystem that play an important role in
maintaining the health of the shallow waters
such as wetlands and algae near Wadi Gaza
and the tidal flats of Gaza beach.

3. Management of keystone species
The Gaza shallow waters are home to a wide
variety of invertebrates, fish, birds and
aquatic/marine mammals. The fish of Gaza
distribute in different types of habitat for
example, the Golden grey mullet species
occurs in many habitats including, pelagic,
sandy and rocky. Due to the removal of rocks
in the shallow coastal zone several different
types of fish species under severe threats.

-Develop and implement management plans for
Wadi Gaza mouth and other wetlands and Gaza
beach tidal flats
- Issue law for the regulation of rock removal.
-Identify all critical conservation areas.
-Issue law against beach sand mining.
-Issue law against driving on the beach.
-Investigate all proposed coastal structures.
-Protection of beach vegetation.
-Develop a regional GIS and atlas of keystone
species as a basis for education, awarenessraising and guiding management actions
-Collect/compile bird survey data
-Follow-up on the Palestinian Biodiversity
Strategy and Wadi Gaza project
-Support/facilitate implementation of sea turtle
species recovery plan priorities
-Furtherer research and detailed studies with
respect to Gaza ecosystem including flora and
fauna

5.4.2 Enhancements of fisheries
The fishing efforts in Gaza strip marine waters are high. The most serious and severe threat
comes from the bottom-trawlers that are used for demersal and benthic species fishing.
These trawlers used to operate daily and their fishing methodology is detrimental to the
soft-bottom habitats, even to the hard substrate when trawlers come too close. The other
severe threat is the beach purse seine fishing for small and juvenile fish in the sallow
coastal zone. Few management efforts and research into fish and fisheries in the Gaza strip
is undertaken by Ministry of Agriculture/Department of fisheries and MEnA. The major
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issues and management options to enhance fisheries in Gaza Strip marine water are
presented in the Table 5.8.
Table 5.8: Issues and management options for enhancing fisheries in Gaza Strip

Issues

Management Options

1. Lack of information
There is little consistent and less information
about the condition and trends of Gaza fish
populations or about the recreational and
commercial pressures on these populations. It
is therefore difficult to assess sustainability
for fisheries in Gaza. Factors that may
influence the sustainability of local fisheries
include: water pollution, habitat change or
destruction, introduced marine pests, fish
passage & environmental flows, over-fishing
and using poisons for fishing.
2. Success of management techniques
The scale-fish management plan sets out a
range of regulations on fish and fisheries,
including size and bag limits, gear
restrictions, etc. Some measures and
interventions regarding fisheries in Gaza have
been initiated previously by MEnA. But the
question here is these measures effective? Are
plans needed to be modified?
3. Adequate and safe infrastructure for
fishing
While there are limited number of boat ramps,
jetties and other fishing infrastructure at sites
around the Gaza coast, the use of these
facilities is not well known, or whether there
is demand for additional facilities.
4. Fisheries tutoring and upgrade
There is a need to raise awareness and
provide information to the fishing community
about issues affecting fisheries, current rules
and regulations, seafood safety, etc.

-Use/extend fishing and habitat surveys to assess
sustainability of Gaza fisheries.
-Survey/assess migratory fish passage blockages.
-Evaluate extent of gill netting in the Gaza and
impacts on marine species.

5.5

-Implement a quota system for maximum
sustainable yield.

-Control seasonal catch
-Replace the bottom-trawlers by pelagic
trawlers.
-Prohibit the catch of undersized fish.
-Regulate the fishing gear.
-Reduction in the number of fishing vessels.
-Monitoring of fish catches.
-Prepare map showing location of existing
infrastructure in the Gaza.
-Support/facilitate development of fishing
infrastructure, including maintenance.

-Produce fishing guide/map with information
about fishing zones, access points, reserves,
regulations, fish types, seafood health
hazards.
-Education/interpretation focusing on icon
species.

PUBLIC INFORMATION

Effective communications are essential to ensure that Gaza coastal management strategy
partners and the public are regularly updated on management plan activities and outcomes
and maintain commitment to the plan. Communications are primarily can be achieved
through periodic newsletters, the website, annual report and occasional media features.
Four this purpose it is required to prepare a draft communications and marketing strategy
and to establish a communications advisory group to guide this work. As with the
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monitoring agreement, communications can be integrated within the overall management
strategy.
The objectives of the communications and promotion strategy are multiple; first, to
maintain and enhance stakeholder support for the management plan and to develop
partnerships and funding as needed to implement priority projects. Second, the
communications strategy should increase awareness of the plan as a broad-based and
effective partnership with strong scientific credibility. And finally, the communications
strategy should increase community understanding, awareness and enjoyment of the coast
and its foreshores, building greater ownership. This will ultimately underpin the day-to-day
behavioral changes and informed decision-making that will restore the Gaza coast in the
longer term. The target audiences for communications include: current Gaza coastal
management stakeholders; community leaders, politicians and funding agencies; scientists
and environmental managers; Gaza beaches user and community groups, and the wider
community.

5.6

MANAGEMENT STRATEGY IMPLEMENTATION

One of the most difficult challenges in managing natural resources is to ensure that the
proposed management plans are implemented. To achieve successful management plan for
Gaza strip coastal environment, it is important that the following elements to be
considered:


ownership and support at the political, management and community levels;



institutional arrangements to coordinate and focus stakeholder actions;



committed individuals, including political and community persons and dedicated
staff;



secure and adequate funding;



a proper information base and a comprehensive monitoring system;



regular evaluation and reporting on actions and outcomes;



commitment to sustained effort over an extended period of time (5 to 10 years);

Ministry of local government (MoLG) in collaboration with Environment Quality
Authority is suggested to have overall implementation strategy and shall be adopting this
management plan as a dynamic and evolving document, and to implement it through a
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series of annual action plans. Funding for the action plans must be secured annually and
leveraged to the degree possible through grant applications to the international community.
Other funding opportunities shall also be explored. Equally important is a structured
process of review, evaluation and reporting, as well as the development of associated
indicators and points of reference.
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CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS

The present work represents heavy metals contamination in Gaza fishing harbor and the
surrounding area for the first time. It provided baseline data regarding heavy metals
concentration in seawater, marine sediments and fish species (Grey Mullet) across Gaza
fishing harbor along Gaza strip coastline. This data can help as a guideline for future
researchers and environmental managers 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

CONCLUSIONS


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 are the major sources of observed higher levels of heavy metals
contamination.



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.



The concentration averages of the investigated metals in seawater were ranged in
the order of Pb> Ni> Cd> Co> Zn> Mn> Cu, while in marine sediments were Mn>
Zn> Cu> Ni> Pb> Co> Cd and in fish species muscles were Zn> Cu> Pb> Ni>
Mn> Co> Cd.



Comparing the concentrations found for seawater samples in this study with those
reported in the literature, it is concluded that most of the samples examined were
higher than the range observed of metals in many other areas. In marine sediments,
the concentration levels of Cu found to be higher when compared with Korean
marine sediments and lower when compared with Abu-Qir Bay in Egypt and Eilat
Port and Navy Port areas in the Mediterranean Sea. Zn was higher in values when
compared with other coastal areas in Egypt and Indonesia and it was lower when
compared with Eilat Port and Navy Port areas in the Mediterranean Sea. Ni and Co
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concentrations were almost similar in values when compared with Korean coastal
area and Mediterranean Sea coastal area in Israel. Pb and Cd concentrations were
higher when compared with some other studies.


The result obtained in this study revealed that, the highest concentrations of metals
in the muscles of studied fish (Grey mullet) were detected for zinc (13.56-40.43
µg/g) and the lowest were for cobalt (nd-2.93 µg/g) and cadmium (0.02-0.51 µg/g).
The heavy metal concentrations in most fishes were well below the limits proposed
for fish by various international standards and guidelines such as EU, WHO and
Turkish guidelines. Regarding the daily intake and safety aspects, the examined
fish were safe for human consumption at least with regard to residual levels of
cadmium, copper, manganese, nickel, lead and zinc but a continuous monitoring of
heavy metals in caught fish species from Gaza fishing harbor and surrounding
coastal area is necessary to insure the prescribed worldwide limit.



Investigations of the correlation between heavy metals recorded in this study
showed both strong (significant) and weak relationships between several pairs of
trace elements in the seawater and marine sediments of the samples collected from
Gaza fishing harbor area. Statistically, significance analysis pv was performed
between all 8 sites for heavy metals in seawater and marine sediments. It was found
that there are differences in heavy metals concentrations between the different eight
sites, these differences in most of heavy metal concentrations were not statistically
significant among most of the locations.



The majority obtained concentration values of Cu, Mn, Ni, Zn, Pb and Cd
investigated in the seawater and marine sediments samples were found to be higher
than the limit values as compared with EPA, WHO, Australian, Turkish and Israeli
guidelines and standards for heavy metals level.



The Gaza coastal area is experiencing a rapid populations growth that evidently is
resulting in a gradually escalating pressure on the aquatic system. However, the
Gaza coastal management strategy was proposed to protect the coastal environment
and marine waters from further deterioration.
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6.2

RECOMMENDATIONS


It is recommended to conduct a comprehensive assessment program along Gaza
coast to study and identify the major sources causing pollution in the marine waters
and Gaza fishing harbor along Gaza coast.



Restriction of the human, industrial and agricultural discharges to the coastal waters
of Gaza strip particularly Gaza fishing harbor is required.



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 waters, marine sediments and the ecosystem.



To preserve the unpolluted state of the Gaza fishing harbor, it remains important
that continuous monitoring of heavy metals, hydrocarbons and pesticides
concentrations is recommended to be conducted regularly. Also it is suggested to
investigate how changes in these selected pollutants may pose a real harm to the
ecological communities of Gaza avoid being overcome permissible limit.



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



Investigation on the vertical distribution of heavy metals in the sediment cores is
recommended in order to establish historical time trends in heavy metal
contamination in the local marine environment.



It is recommended to conduct continuous monitoring for commercial fish in Gaza
strip markets to ensure that the concentrations of metals remain within the
prescribed worldwide limits.



Overall, environmental management strategy proposed in this study need to be
implemented to protect Gaza fishing harbor and the coastal waters quality from
further deterioration .
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