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Assessment of pisciculture status in Gaza strip  

Abdallah Lutfi Shaheen 

 

Abstract 

The present study aimed to assess the pisciculture status in Gaza strip. Field 

surveys and questionnaire interviews (n = 160) were applied to collect data 

concerning pisciculture sector. The present study revealed that five pisciculture 

projects ranging from 1200 to 5000 m
2
 are functioning in Gaza strip. Five farmed 

fish species; Oreochromis hybrids, Oreochromis niloticus, Sparus aurata, Mugil 

cephalus and Clarias gariepinus have been cultured. Beach wells are the main 

water source for most projects. The fish fry of Sparus aurata and the fish feedstuffs 

have been imported from the Palestinian teritories occupied. Marine fishes have 

been preferred by 42.5% of respondents over farmed ones due to health and taste 

standards. Most respondents (81.9%) confirmed the lack of marketing operations 

and electronic advertising of framed fishes. The findings pointed out that 98.1% of 

respondents confirmed certain challenges facing pisciculture in Gaza strip. 

Financial, technical, scientific, political and policy-making problems are 

functioning, with the fuel and electricity shortages are main problems. Two types 

of water samples were collected and analyzed for some physicochemical 

parameters. Concentrations of Cd, Cu, and Pb were determined in pond waters as 

well as in the white muscles of 40 samples of the three local farmed fish species: 

Oreochromis niloticus, Oreochromis hybrids, and Sparus aurata, using atomic 

absorption spectroscopy. pH, conc. of nitrate, nitrite and ammonia were ranging 

from 7.01-7.69, 11 - 41 mg/l, 0.11 - 0.17 mg/l, 0.1 - 0.19 mg/l respectively in all 

water samples and this values doesn’t exceed the international maximum standard 

limits. Electrical conductivity, alkalinity, total dissolved solids, hardness and 

chloride were ranging from 1743 - 55000 µs/cm, 147 - 360 mg/l, 1115 - 34100 

mg/l, 100 - 7512 mg/l, 400 -19380 mg/l respectively and this values exceed the 

international maximum standard limits. The concentrations of both Cd and Pb in 
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the water samples were ranging from 42.1 – 92.57, 48.5 – 96.2 µg/l respectively, 

and in fish samples were ranging from 0.59 – 2.08, 4.16 – 10.36 µg/g wet weight 

respectively, this values exceed the international maximum standard limits, 

compared with the concentration of copper which ranging from 109.7 – 183.2 µg/l 

in water and 0.08 – 1.41 µg/g wet weight in fish, this values doesn’t exceed the 

international maximum standard limits. Pisciculture projects are a promising sector 

in Gaza strip. Cooperation between the different parties regarding the fisheries 

resources including the pisciculture should be raised in a sustainable fashion. 

 

Keywords: Pisciculture - farmed fish - heavy metals - challenges - Gaza strip - 

Palestine. 
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 تق  م وحقع حالستزنحع حمساكي في قطاع غزة

 عبد هللا لطفي شاهين

 

 استخلص

تم إجراء مسوحات . تقييم واقع االستزراع السمكي في قطاع غزة هدفت الدراسة الحالية إلى

أوضحت . لجمع المعلومات المتعلقة بقطاع االستزراع السمكي( 061= ن )ميدانية ومقابالت استبيانيه 

إلى  1,200الدراسة الحالية وجود خمسة مشاريع استزراع سمكي فاعلة، أنشئت على مساحات تتراوح من 

زة، حيث يتم إستزراع خمسة أنواع من األسماك وتشمل بلطي أسود في قطاع غ 2م 5,000

(Oreochromis niloticus ) وبلطي أحمر(Oreochromis hybrids ) وسمك الدنيس(Sparus 

aurata ) وسمك البوري(Mugil cephalus ) وسمك القرموط(Clarias gariepinus .) تستخدم

المشاريع، ويتم استيراد فروخ أسماك الدنيس واألعالف من اآلبار الشاطئية المصدر الرئيس للمياه لهذه 

من المشاركين األسماك البحرية على األسماك المستزرعة % 52.4يفضل . األراضي الفلسطينية المحتلة

أكدوا على عدم وجود عمليات تسويق ودعاية %( 90.8)معظم المشاركين . بسبب معايير صحية ومذاقية

من المشاركين على وجود تحديات تواجه االستزراع السمكي % 89.0أكد . عةإلكترونية لألسماك المستزر

في قطاع غزة، ووجود مشاكل مالية وتقنية وعلمية وسياسية ومشاكل في السياسات باإلضافة إلى شح الوقود 

حيث تم جمع نوعين من عينات المياه لتحليل بعض . وانقطاع الكهرباء والتي تعد من المشاكل الرئيسة

كما تم تعيين تراكيز الكادميوم والنحاس والرصاص في مياه المزارع وفي . اص الفيزيوكيميائيةالخو

عينة لثالثة أنواع من األسماك المستزرعة محليا، بلطي أسود وبلطي أحمر  51العضالت البيضاء ل 

واألمونيا  تراكيز النتريت، النترات ،درجة الحموضة. والدنيس، باستخدام جهاز مقياس االمتصاص الذري

بالترتيب وهذه  لتر\مغ 1.08-1.0 ،لتر\مغ 1.01-1.00 ،لتر\مغ 50-00 ،1.68-1.10تراوحت من 

، القلوية، المواد الصلبة الذائبة الكلية، الموصلية الكهربية. القيم ال تتجاوز أقصى حدود مسموح بها دوليا

-0004 ،لتر\مغ 161-051 ،سنتيمتر\ميكرو ثانية 44111-0151العسر والكلوريد تراوحت من 

أقصى حدود  تجاوزت بالترتيب وهذه القيم لتر\مغ 08191-511،لتر\مغ 1402-011، لتر\مغ 15011

، 82.41-52.0تراوحت من تراكيز كل من الكادميوم والرصاص في عينات المياه .مسموح بها دوليا

ميكرو  01.16-5.06، 2.19-1.48تراوحت من األسماك، وفي لتر بالترتيب\ميكرو غرام 59.4-86.2

مقارنة بتركيز  دوليا، حدود مسموح بهاأقصى  تجاوزت وهذه القيم. غرام وزن رطب بالترتيب\غرام

غرام \ميكرو غرام 1.50-1.19لتر في الماء، و\ميكرو غرام 091.2-018.1والذي تراوح من  النحاس

مشاريع االستزراع السمكي . ، وهذه القيم ال تتجاوز أقصى حدود مسموح بها دولياوزن رطب في األسماك
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ضرورة زيادة التعاون المشترك وبشكل مستدام تجاه المصادر السمكية . هي شريحة واعدة في قطاع غزة

 .والتي تشمل االستزراع السمكي

 
 

 –قطاع غزة  –تحديات  –المعادن الثقيلة  –األسماك المستزرعة  –االستزراع السمكي  :كلاات افتا  ة
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1. Introduction 

 

1.1 Overview 

Aquaculture is controlled cultivation and harvest of aquatic animals and 

plants. This includes fish and shellfish for human consumption, sport fishing, 

and release to enhance wild populations (Bruinsma, 2015). Pisciculture, the 

breeding, rearing and transplantation of fish by artificial means, is one of the 

main modes of aquaculture and the most prevalence worldwide. Pisciculture and 

all modes of aquaculture have the same goal that using capital efficiently to the 

time unit per one cubic meter of water resources through production of fast 

growing and high feed conversion fishes (El-Marsa, 2012). 

Fish and fishery products represent a very valuable source of protein and 

essential micronutrients for balanced nutrition and good health. Countries 

having overpopulation problems have an increase demand for protein production 

of fishes (El-Zokm et al., 2012). Globally, fish provides about three billion 

people with almost 20% of their intake of animal protein. Differences among 

developed and developing countries are apparent in the usage of fish to animal 

protein intake. The importance of fish in human diet also comes from the 

presence of omega-3 polyunsaturated fatty acids, which are very important for 

normal growth. They are known to reduce cholesterol levels and the incidence 

of heart disease and stroke (Muzyed, 2011). The world total demand for fish and 

fishery products was estimated to be 183 million tons, and 73% of the demand 

will come from aquaculture and 39% of global fish production (Ashley, 2007).  

Water quality of aquatic environment is considered the main factor 

controlling the state of health and disease in both cultured and wild fishes. 

Pollution of aquatic environments by inorganic and organic chemicals are major 

factor represent serious threats to the survival of aquatic organisms including 

fish. The characteristic of water that affects the survival, reproduction, growth, 

or management of fish or aquatic creatures in any way is a water quality variable 
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that leads to pollution of fishponds and may occur at any time of the year. 

Common causes of pollution or contamination of fish ponds includes summer 

and winter oxygen depletions that relate to temperature, diseases and parasites, 

thermal stress during breading seasons, chemical pollution of the ponds by 

ammonia from animal wastes and nitrogen from fertilizers, dissolved inorganic 

and organic substances, salinity, alkalinity, acidity, turbidity and harness (Saeed 

and Shaker, 2008). In ponds, large amounts of nitrogen enter ponds in fish 

feedstuffs, and substantial quantities of ammonia enter water in metabolic 

wastes of the culture species and from decomposition of uneaten fish feedstuffs 

and fish wastes. Therefore, a major concern in intensive pisciculture is the 

accumulation of excessive concentrations of ammonia in pond water. 

Contamination of aquatic environments with non-biodegradable heavy metals, 

and its subsequent effects on organisms, is more dramatic within estuaries and 

semi closed coastal zones, especially when they are located near highly 

populated or industrial areas. Heavy metals may enter the aquatic environments 

from different natural and anthropogenic sources, including industrial or 

domestic sewage, storm runoff, leaching from landfills, shipping and harbor 

activities, and atmospheric deposits (Yilmaz, 2009). 

Fish are often at the top of the aquatic food chains and may accumulate 

large amounts of some heavy metals from the water. The accumulation of heavy 

metals in the tissues of fishes is mainly dependent upon water concentrations of 

metals and exposure period; although some other environmental factors such as 

salinity, pH, hardness and temperature play significant roles in metal 

accumulation (Tabinda et al., 2010). 

 

1.2 Significance of the study 

The Mediterranean Sea is the primary local source of fishery products in 

Gaza strip. The Palestinian fisheries have faced many obstacles, especially 

during the past few decades, resulting in a steady decline in fishery catch. The 
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increased level of pollution of the coastal zone and the subsequent degradation 

of the marine environment in Gaza strip are thought to deteriorate marine fish 

quality and threaten the safety of consumers. According to Abd-Rabou (2013), 

the aquaculture sector in Gaza strip is promising in the sense that it offers more 

fish proteins to the citizens and compensates the loss of animal protein needed 

by the society. 

Introducing aquaculture to Gaza strip seems vital to sustainable 

overcome the shortage of fish supply. Aquaculture also provides increased 

production beyond the natural sustainable fishery yield for a given water 

volume, less fluctuation and shortfalls in catch due to seasonality, and better 

production efficiency of fish protein and enhancement of fish quality.  

Consequently, the present study will intend to through more light, from 

Ecological and physiological view on the Assessment of Pisciculture status in 

Gaza strip. 

 

1.3 Objectives 

The overall aim of the present work is to assess the pisciculture status in 

Gaza strip and to evaluate some physicochemical parameters and heavy metals 

in pisciculture. 

 

1.4 Specific objectives 

 To evaluate the current pisciculture status in Gaza strip through site 

visits and questionnaire-based tools. 

 To investigate some physiochemical parameters such as pH, electrical 

conductivity, total dissolved solids, total hardness, alkalinity, chloride, 

ammonia, nitrite and nitrate. 

 To assess the presence of heavy metals levels like cadmium, copper, and 

lead in pisciculture waters and fishes 
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2. Literature Review 

 

2.1 Introduction 

Aquaculture means “the culture of aquatic organisms in a closed or semi 

closed area with environmentally sustainable and socially reasonable for 

commercial purposes by deliberate manipulation”. Aquaculture is a form of 

agriculture that involves the propagation, cultivation, and marketing of aquatic 

animals and plants in a controlled environment (Mboge, 2010).  

 

2.2 Historical background of aquaculture  

World fish farming was first practiced as long ago as 2000 B.C, in 

China. The Bible refers to fishponds and sluices, and ornamental fishponds 

appear in paintings from ancient Egypt. European aquaculture began sometime 

in the middle ages and transformed the “art” of Asian aquaculture into a science 

that studied spawning, pathology, and food webs (Swann, 1992). The practice of 

aquaculture started in Asia, Ancient Egypt and in Central Europe. In Asia, it was 

around 500 B.C by a Chinese politician. In Egypt (Africa), tilapia as a native, 

was raised in ponds around 2500 B.C. The earliest species of fish cultured was 

the common carp (Cyprinus carpio), by a native of China. In addition, Indian 

carp culture existed in the 11
th

 Century A.D. Similarly, aquaculture started in 

Europe from the middle ages with the introduction of common carp culture in 

monastic ponds. Subsequently, during the 14
th

 century, the propagation of trout 

was introduced in France and the method of artificial impregnation of trout eggs 

was discovered in the same period. The development of fish culture in North 

America became possible through the propagation of trout Salmon and Black 

bass. In the Czech Republic, these fishes were cultured in large ponds which 

were built from around 1650 and are still in use. Originally, other culture 

facilities such as pens and cages were used to grow catfish in Cambodia. The 
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earliest brackish-water farming was originated in Indonesia during the 15
th

 

Century AD. Atlantic Salmon also was cultured in cages in Norwegian fjords. In 

West Africa, The Gambia started aquaculture in the 1970s‘in the form of trials 

using tilapia culture in rice fields (Mboge, 2010). Aquaculture in the United 

States can be traced back to the mid to late l9th century when pioneers began to 

supply brood fish, fingerlings, and lessons in fish husbandry to would-be 

aquaculturists. Until the early 1960s, commercial fish culture in the United 

States was mainly restricted to rainbow trout, baitfish, and a few warm water 

species, such as the buffaloes, bass, and crappies. Many of these early attempts 

at fish husbandry failed because operators were not experienced in fish culture, 

ponds were not properly built, low-value species were being raised, and selected 

species lacked adequate technical support (Swann, 1992). 

 

2.3 Types of aquaculture 

There are two major types of aquaculture production systems, which 

greatly vary in their design, requirement of water resources, and sensitivity to 

the surrounding environment. The first type of aquaculture production systems 

is the open aquaculture system; water enters the system from one place, exits 

from another place, and then discarded. Open systems such as earthen ponds, 

tanks, and raceways; require a large and continuous supply of water. In the case 

of a series of containers, water from one container carried to the next and reused 

without filtration or treatment, then discarded. Production in open systems is 

highly dependent on the physical and chemical properties of the available water 

resources and on climatic conditions. The second type of aquaculture production 

systems is the closed aquaculture system where little or no new water added to 

the system. These systems recirculate water by passing it through filters and 

aerators before pumping it back to the fish holding containers. In recirculating, 

water is reconditioned and its quality is restored (Muzyed, 2011). 
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2.4 Importance of aquaculture (pisciculture) 

Overpopulation has increased the need for food supply. The need for 

quality protein has increased the demand for fish and fish products. The global 

consumption of fish and derived fish products has generally increased during 

recent decades. Aquaculture sector has grown very rapidly during the past two 

decades and is presently undergoing rapid changes in response to pressures from 

globalization and growing demand for aquatic products in both developed and 

developing countries (Retnam and Zakaria, 2009). World aquaculture 

production continues to grow, even though at a slowing rate. Farmed food fish 

contributed a record 42.2% of the total 158 million tons of fish produced by 

capture fisheries and aquaculture in 2012. The overall growth in aquaculture 

production remains relatively strong owing to the increasing demand for food 

fish among most producing countries. World food fish aquaculture production 

more than doubled from 32.4 million tons in 2000 to 66.6 million tons in 2012 

(FAO, 2014). The importance of aquaculture worldwide could be summarized 

as follows: 

(A) Economic Aspects: 

Aquaculture considered one of the fastest growing food production 

sectors in the world. It is a fundamental element in the global solution to provide 

a sustainable seafood source (Broughton and Quagrainie, 2013). Aquaculture 

offsets the widening gap between consumers and fishing. It is required to meet 

the human demand. Aquaculture can provide large and consistent quantities of 

fish and seafood (Neiland et al., 1991). Aquaculture plays an important role in 

the economy, providing thousands of jobs in operations and ancillary services 

(Mwangi, 2007). The seafood supply, marketing, and food service industries, 

including supermarkets and restaurants, will have access to additional supplies 

of seafood, thereby reducing supply risks. The whole seafood supply chain, 

from boats to docks to processing plants to cold storage, benefits from having 
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predictable and increased throughput from aquaculture. Marine aquaculture may 

help keep working waterfronts alive (Rubino, 2008). 

 (B) Health Aspects: 

Aquaculture produced fishes and other aquatic organisms are fit the 

model for healthy sources of protein. Doctors and nutritionists are urging 

peoples to eat more seafood (at least one meal per week) to improve their health. 

That increasing amounts of imported seafood, that most of it from aquaculture, 

or grow some of it locally, aquaculture contribute the gap in seafood deficiency. 

The presence of Omega-3 fatty acids in most farmed and wild fishes helps 

reduce many forms of cancer and promotes healthy brain tissue (Nutreco, 2011). 

Eating farmed fishes regularly has been shown to reduce the risk of heart disease 

through reducing the probability of clot formation, lowering blood pressure, 

increasing the good cholesterol levels in the blood stream and have a positive 

impact on the development of Alzheimer’s disease in elderly persons or blood 

sugar levels in diabetics (Varela et al., 2008). 

(C) Environmental Aspects: 

Aquaculture relieves the strain on wild species to allow them to continue 

to be a significant source (Nutreco, 2011). Aquaculture poses a low risk to the 

environment. Impacts are typically local and temporary. In some cases, 

aquaculture can benefit the environment. Aquaculture is being pushed to 

offshore and land-based locations in the world due to competition for uses of 

coastal waters, high coastal land values, and poor water quality in many coastal 

areas due to runoff from human activities on land (Rubino, 2008). 

 

2.5 Biotechnological uses of aquaculture 

In some Asian countries, fish are integrated with rice as biological 

control against weeds, pest and diseases; which is geared towards the increment 

of grain production. In similar integration, sludge collected from settlement 
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ponds is used as fertilizer for agricultural crops. Sludge is digested in septic 

tanks for the production of biogas. In Taiwan and Yugoslavia, commercialized 

fish farms are operated in conjunction with restaurants, motels and holiday 

homes for the provision of fresh fish depending on their customers ‘choice. In 

the USA and in some European countries, ranch fish ponds serve as source of 

whole-some food and recreation. In Malawi and Cameroon, fish farming is 

considered as a prestige for the farmers which also provide gifts to their special 

visitors (Mboge, 2010). Generally, fish farming has contributed to fill the gaps 

in the supply of preferred species that capture fisheries cannot provide. In 

addition, the breeding of ornamental fish and aquarium keeping cause a lot of 

benefits to the culture, education and business of many people in the World. 

This has resulted too many benefits: income generation, employment 

opportunities, improved nutritional status and overall improvement of the living 

standard of rural people in many developing countries (Mboge, 2010). 

 

2.6 Challenges facing aquaculture  

A number of biotechnical, economical, institutional, environmental and 

social challenges facing aquaculture have been reported in many studies and 

reports around the world. They could be summarized as follows: 

(A) Economical challenges:  

Lack of national policies to guide aquaculture development. In addition, 

unfriendly investment policies and unfavorable investment climates. Shortage 

and high cost of the fish feedstuff and shortage of quality fingerlings (Shitote et. 

al., 2011). Competition within aquaculture, quality and food safety standards 

and the market access are challenges to economical sustainability of aquaculture 

(Boto et. al., 2013). 

(B) Environmental challenges: 

Scarcity and pollution in the water sources that are used for fish farming. 

The increased nutrient output (domestic sewage, agricultural and livestock 
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runoff) leading to eutrophication and possibly to algal blooms or red tides, 

heavy metals, polychlorinated biphenyls, which have negative impact on 

aquaculture (Soto, 2010). The high disease occurrence risk within fishes in 

ponds. Most aquaculture is undertaken either in freshwater or in the marine 

coastal fringe, both of which are susceptible to climate change and its negative 

effects (Cochrane et al., 2009). The effect of climate change on aquaculture 

production through changes in seasonality of weather patterns, increasing sea 

level, warming and increased extreme events leading to unpredictable 

production. Resource interactions and dependencies (land water and energy, 

productivity in relation to energy inputs, coastal zone pressures and eco system 

impacts, and wild species), and building climate-resilient aquaculture are 

challenges to environmental sustainability of aquaculture (Boto et al., 2013). 

(C) Biotechnical and institutional challenges: 

The absence of linkages between farmers, research/technology 

development and extension (Shitote et. al., 2011). Lack of suitable government 

controls concerning the development of the aquaculture sector (Soto, 2010). The 

negative effect due to accumulation of the fishes wastes in ponds and the 

increased in nutrient loss due to non-consumed feed (Cochrane et al., 2009). 

Poor security and poor management practices. The negative effect of predators 

and management of ponds on the farmed fishes and aquaculture production. The 

negative effect of the increasing levels of pollution of aquatic resources on 

aquaculture productivity, product safety and profitability (Boto et al., 2013). 

(D) Social challenges: 

Equity and access to resources, competition and bargaining power of 

small-scale producers, equity and gender perspective in aquaculture 

development, employment conditions, Social cohesion and community level 

problems are challenges to social sustainability of aquaculture (Boto et al., 

2013). 
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2.7 Ecological aspects of aquaculture 

There are several ecological criteria that affecting the aquaculture, which 

include: 

2.7.1 Site selection and location: Proper selection of a site is probably the 

most important factor in the success of pisciculture. Pond construction 

depends on some factors such as soil type, quality and quantity of the 

water available and the requirements for filling and drainage of the 

ponds (Sneyers and Ingawa, 2005). 

 

2.7.2 Water resource and quality: The water source for aquaculture should 

provide both high quality water and continuous flow over the year. 

Water is continuously needed to renewal losses due to leakage or 

evaporation from the water at ponds, and for fish management purposes. 

Water quality for aquaculture is the combination of chemical, physical, 

and biological characteristics of water which have direct or indirect 

influence on fish growth and survival (Thabet and Atallah, 2013). 

 

2.7.3 Water temperature, pH and dissolved Oxygen: Fish are ectothermic 

animal; their body temperature is determined by the temperature of the 

surrounding water. Different fish species require different water 

temperatures for their survival and growth. Unsuitable water temperature 

may slow down feeding, metabolism, reproduction, and growth rate. The 

optimum pH is between 6.5 and 9 for most species. On average, most 

fish species require dissolved oxygen concentration of at least 4-5 mg/l 

(parts per million) to sustain normal growth and survival (Thabet and 

Atallah, 2013). 
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2.7.4 Carbon dioxide, ammonia and nitrite: Safe levels of CO2 in the water 

range from 5 to 10 mg/l. High levels of carbon dioxide of about 60 mg/l 

are toxic to fish. Low levels of ammonia and nitrite in water are 

sufficient to inhibit growth and threaten the survival of the fish. Minute 

amounts of un-ionized ammonia are extremely toxic to most fish species. 

The commonly acceptable ammonia concentration in culture water is 0.1 

mg/l of ammonia nitrogen (Thabet and Atallah, 2013). 

 

2.7.5 Alkalinity, hardness and salinity: The capability of water to neutralize 

acids is called alkalinity. Dissolved metals of high toxicity such as lead, 

cadmium and copper tend to leach out from metal pipes in the system 

under conditions of low alkalinity. A minimum value of 40 mg/l as 

CaCO3 is preferred in water for aquaculture. Water hardness between 50 

and 300 mg/l are considered an optimal level, suitable water hardness is 

necessary for hatchery production. Salinity maintains a nearly constant 

level of approximately 34 ppt (34,000 mg/l) in the seawaters. Fishes are 

divided into four groups regarding water salinity: marine, freshwater, 

stenohaline, which tolerate a narrow range of salinities, and euryhyaline 

which tolerate a wide range of salinities (Sneyers and Ingawa, 2005). 

 

2.8 The major cultured species worldwide 

The number of species registered in FAO statistics was 567, including 

finfishes (354 species, with 5 hybrids), mollusks (102), crustaceans (59), 

amphibians and reptiles (6), aquatic invertebrates (9), and marine and freshwater 

algae (37). It is estimated that more than 600 aquatic species are cultured 

worldwide for production in a variety of farming systems and facilities of 

varying input intensities and technological sophistication, using freshwater, 

brackish water and marine water (FAO, 2014). According to Directorate 
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General of Fisheries-Palestine, to succeed in the fish farming process, some 

conditions should be available in the farmed fish to become an economical fish:  

1- Lower food requirements and its ability to transform the processed diets 

to meat in a short period. 

2- Quick adaptability to different types of water and live in a wide 

temperature range. 

3- Ease of reproduction and spawning, whether natural or artificial, or both. 

4- The ability of fast growth to the appropriate size that the market needs so 

not to increase the cost of the farm. 

5- The ability of fish to resist diseases where the nature of farming in a 

limited space helps the spread of diseases. 

 

According to Pond and Bell (2005), the most commonly major cultured 

species worldwide could be summarized as follows: 

 

2.8.1 Oreochromis niloticus (Nile Tilapia): It is a freshwater fish that belongs 

to the family Cichlidae and order Perciformes. The species cultured in 

extensive, intensive and semi-intensive systems in earthen ponds or 

cages in freshwater, brackish water and sea water. The species is favored 

among aquaculturists due to its ability to tolerate a wide range of 

environmental conditions, fast growth, successful reproductive 

strategies, and ability to feed at different trophic levels. The species is 

omnivorous, it eats on various food items including algae, plant material, 

organic particles and other organisms (Jacobi, 2013). 

 

2.8.2 Oreochromis hybrids (Red Hybrids Tilapia): It is a freshwater fish that 

belongs to the family Cichlidae and order Perciformes. They are gaining 

popularity among culturists due to their resemblance to premium marine 

species and their excellent growth and feed conversion rates in 
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freshwater. Their derivation is generally attributed to crossbreeding of 

mutant reddish-orange O. mossambicus with other species including O. 

aureus, O. niloticus and O. hornorum. Production of O. hybrids has been 

largely based on pond and cage culture. A number of O. hybrids 

strain/hybrids has been developed and commercially produced 

generating high market acceptance for O. hybrids, but it has showed low 

production levels in response to their lower growth in comparison with 

the wild species (Santos et al., 2013). 

 

2.8.3 Clarias gariepinus (African Sharp Tooth Catfish): It belongs to the 

family Clariidae and order Siluriformes. It has a terminal mouth with 

four pairs of barbells give it the shape of cat-like whiskers. The 

accessory air-breathing organ allows the fish to survive for many hours 

out of the water. The species is preferred by aquaculturists for cultivation 

as it is omnivorous feeding on plant materials, plankton, arthropods, 

mollusks, fish, reptiles and amphibians. It grows fast, tolerates relatively 

poor water quality, and live in a variety of fresh water environments. The 

species is cultured in earthen ponds, tanks and cages. It is relatively 

insensitive to disease and does not have high water quality requirements.  

The species considered one of the most important tropical catfish species 

for aquaculture (Gunder, 2015). 

 

2.8.4 Aristichthys nobilis (Bighead Carp): It belongs to the Cyprinidae 

family and order Cypriniformes. Bighead carp is recognized throughout 

the world, primarily because of its versatility in aquaculture operations. 

It is feed principally on zooplankton in the upper layer of water in ponds. 

The growth performance of bighead carp under various culture systems 

is expected to show considerable variations for its potential benefits and 

risks. The species are cultured in ponds and grow rapidly. The species 
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are not directly fed a diet, and they are cultured extremely with other 

carp species (Janson et al., 2015). 

2.8.5 Cyprinus carpio (Common Carp): It belongs to the Cyprinidae family 

and order Cypriniformes. It is regarded as the third most important 

produced freshwater fish in the global aquaculture. This fish has been 

acclimatized to a wide range of habitats and environmental conditions. 

The fish is omnivorous, with a high tendency towards the consumption 

of benthic organisms. The Carp consumes the stalks, leaves and seeds of 

aquatic and terrestrial plants, and decayed aquatic plants. The species are 

cultured in ponds or rice paddies. However, more intensive culture 

systems have been used including irrigation ponds, flow-through 

raceway, and net pens. Completed diets are used to fed the fish for 

maximizing growth and production yields (Hailu, 2013). 

 

2.8.6 Carassius carassius (Crusian Carp): It belongs to the Cyprinidae 

family and order Cypriniformes. Crucian Carp have the extraordinary 

ability to survive under the ice in small ponds for up to several months in 

the absence of oxygen and at high temperatures during summer. It feeds 

on plankton, benthic invertebrates, plant materials and detritus. The 

species can display different body morphologies, apart from displaying a 

wide color range from golden/green to reddish/brown. Ponds are used for 

grow-out of the fish, generally in polyculture with other carp species 

(Janson et al., 2015). 
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Fig. 2.1: The major cultured species worldwide.
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2.8.7 Lates calcarifer (Asian Sea Bass): It is a marine teleost belongs to the 

Latidae family and order Perciformes. It is  known as barramundi. It is a 

carnivorous fish. The fish can cultured in fresh water and brackish-water 

ponds, as well as in marine cages. The species has several characteristics 

that make it interesting for aquaculture and scientific research. It is able 

to adapt and survive in a range of salinities. The species is changing sex 

from male to female between the ages of 3 and 8 years (Thevasagayam 

et al., 2015). 

 

2.8.8 Mugil cephalus (Flathead Grey Mullet): It belongs to the family 

Mugilidae and order Mugiliformes. M. cephalus thrives and grows 

rapidly in a wide range of salinities. The fish is an economically 

important species for both aquaculture and commercial fisheries around 

the world. The female gonad has a widespread market because it is eaten 

internationally. M. cephalus is widely distributed in the coastal waters, 

brackish waters, lagoons and estuaries of the tropical and subtropical 

zones. Also, found in freshwater reaches of coastal rivers. M. cephalus is 

a diurnal feeder, consuming mainly zooplankton, dead plant matter, and 

detritus. Larval M. cephalus feed primarily on micro-crustaceans, 

copepods, mosquito larvae, and plant debris (Hsu et al., 2007). 

 

2.8.9 Sparus aurata (Gilthead Sea Bream): It is belong to the family 

Sparidae and order Perciformes. It has a commercial interest, economic 

importance and extensive consumption as food source, and is considered 

the only species that is farmed on large scale. S. aurata shows many 

biological aspects that are favorable for aquaculture as it is a euryhaline 

fish capable of living in environments of different salinities, has 

gregarious habits and it is tolerant to high densities (Fazio et al., 2013). 

The species is mainly carnivorous and accessorily herbivorous, it feeds 
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on microalgae, rotifers, Artemia, Oysters, mussels and fish. The species 

is found in both marine and brackish water environments. The species is 

farmed extensively in the brackish water and sea water in ponds. The 

species has considered one of the main products of European 

aquaculture. A metabolic syndrome, known as the winter disease, 

sometimes, affects the farmed species and caused by the thermal 

variations that occur during colder months and there are signs that an 

improved nutritional status can mitigate the effects of this thermal stress 

(Silva et al., 2014). 

 

2.9 Nutrition and feedstuff of cultured fishes 

Good nutrition in animal production systems is essential to economical 

produce of a healthy and high quality product. In fish farming, nutrition is 

critical because feed represents 40-50% of the production costs. Fish nutrition 

has advanced dramatically in recent years with the development of new, 

balanced commercial diets that promote optimal fish growth and health. The 

development of new species- specific diet formulations supports the aquaculture 

industry as it expands to satisfy increasing demand for affordable, safe, and 

high-quality fish and seafood products (Craig and Helfrich, 2009). Fish feed is a 

major expenditure for fish farmers. Good fish feed management can reduce 

overall culture cost, improve fish farm environment and ensure healthy growth 

of fish stock. Fish feed management includes choosing the right feed, using a 

correct feeding method, calculating the feeding cost and ensuring the cost 

effectiveness of fish farm. It is noteworthy that nutritional requirements of fish 

vary with different species, sizes, growth stages and feeding habits. Carnivorous 

fish require a higher intake of protein and fat than the omnivorous and 

herbivorous species, while marine fish require more protein and fat than 
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freshwater fish do. For this reason, fish feed should be specifically chosen to suit 

different species (Agriculture, Fisheries, and Conservation Department, 2009). 

The production of nutritionally balanced diets for fish requires efforts in 

research, quality control, and biological evaluation. Faulty nutrition obviously 

impairs fish productivity and results in a deterioration of health until 

recognizable diseases ensues. The borderlines between reduced growth and 

diminished health, on the one hand, and overt disease, on the other, are very 

difficult to define. Fish feeds include traditional vegetarian feed and trash fish 

(Bureau and Cho, 2002). Fish feedstuffs are classified into major groups in fish 

culture: 1. Energy feedstuffs: these are feedstuffs containing less than 20% 

crude protein. They are essentially of plan origin; examples are cassava, wheat 

offal, rice bran, maize, guinea corn, etc. 2. Protein supplements: these are 

feedstuffs containing 20% crude protein or more. They are made either of plant 

or animal materials, protein animal origin are of higher quality than those of 

plant origin. Examples of animal protein sources in fish culture are fishmeal, 

bone meal, blood meal, etc. Soybean meal, groundnut cake and cottonseed cake 

are some examples of plant protein materials (Bureau and Cho, 2002). 

 

2.10 Diseases of the cultured fishes 

There are several factors promoting ill health and diseases in cultured 

fishes, such factors includes: poor water quality, irregular feeding, nutrients 

deficient feeds, over fertilization, incidence of predators and wild fishes, bushy 

and unhygienic pond environment and rough handling of fishes. Diseases 

associated with cultured fish can be divided into infectious and non-infectious. 

Non-infectious disease occurs due to hereditary, nutritional deficiencies and 

poor management practices. Infectious disease may be caused by viral, bacterial, 

fungal or parasites pathogens. Infectious and non-infectious diseases pose 

serious threats to the fish in terms of their survival and growth rates (Takyi et 

al., 2012).  
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Diseases classically considered as typical of fresh water aquaculture, 

such as furunculosis (Aeromonas salmonicida), bacterial kidney disease (BKD) 

(Renibacterium salmoninarum) and some types of streptococcosis, are important 

problems also in marine culture. Clinical signs (external and internal) caused by 

each pathogen are dependent on the host species, fish age and stage of the 

disease (acute, cronic, subclinic carrier). Systemic diseases (i.e., pasteurellosis, 

piscirickettsiosis) with high mortality rates cause internal signs in the affected 

fish but they often present a healthy external appearance. On the contrary, other 

diseases with relatively lower mortality rates (i.e., flexibacteriosis, bwinter ulcer 

syndrome Q, some streptococcosis) cause significant external lesions, including 

ulcers, necrosis, exophthalmia which make fish unmarketable (Toranzo et al., 

2005). 

The increase in aquaculture operations worldwide has provided new 

opportunities for the transmission of aquatic viruses and the occurrence of viral 

diseases remains a significant limiting factor for aquaculture production and for 

the sustainability of biodiversity in the natural environment. In fish culture, 

parasites often cause serious outbreaks of diseases. Internal parasites of fish 

(such as ascarids and tapeworms) inhabit the digestive tract or other organs in 

the body while external parasites (such as lice, fleas, leeches and dragon fly 

nymphs) attached themselves to the gills, skin and fins of the fish. The most 

commonly fish parasitic diseases include: Skin Fluke Disease, Gill Fluke 

Disease, Cataracta Parasitica, Yellow Grub Disease and Sanguinicoliasis 

(General Authority for Fish Resources Development, 2013). 

 

2.11 Pollution of aquaculture by chemicals and heavy metals 

Pollution describes the introduction of foreign substances into the 

biosphere (Zeitoun and Mehana, 2014). Chemical contaminants in aquatic 

ecosystems with potential for toxicity include inorganic chemicals such as heavy 

metals, organic compounds such as polycyclic aromatic hydrocarbons, 
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polychlorinated biphenyls, dioxins, insecticides and contaminants related to 

aquaculture such as antibiotics, agrichemicals, hormones, herbicides, formulated 

fish feed stuff and feed additives (Retnam and Zakaria, 2009). The major 

constituents of fish feeds and fertilizers are chemicals in nature. Roughly, a 

quarter percent of the chemical constituents of feed are assimilated into fish 

biomass, while the reminder reaches the water as metabolic wastes. Improper 

use of fish feeds and fertilizers could have serious environmental consequences 

with serious health concerns. In addition, the increase in use of antimicrobial 

agents, veterinary drugs and vaccines in aquaculture production systems to 

combat or prevent diseases in farmed fish led to economic losses and failures of 

aquaculture industry in some parts of the world (Obasohan, 2009). 

The term “heavy metals” refers to any metallic element that has a 

relatively high density and is toxic or poisonous even at low concentration. 

“Heavy metals” is a general collective term, which applies to the group of 

metals and metalloids with atomic density greater than 4 g/cm3 , or 5 times or 

more, greater than water (Hussain et al., 2015). Heavy metals include lead (Pb), 

cadmium (Cd), zinc (Zn), mercury (Hg), arsenic (As), silver (Ag) chromium 

(Cr), copper (Cu) iron (Fe), and the platinum group elements. Some heavy 

metals have bio-importance as trace elements but the biotoxic effects of many of 

them in human biochemistry are of great concern. Poisoning and toxicity in 

animals occur frequently through exchange and coordination mechanisms. 

When ingested, they combine with the body’s biomolecules to form stable 

biotoxic compounds, thereby mutilating their structures and hindering them 

from the bioreactions of their functions. Some heavy metals are the essential 

micronutrients for plants and animals. They easily assimilated by plants and 

animals and accumulated in their structures. On the other side, heavy metals are 

critical because of their easy uptake into the food chain and bioaccumulation 

processes; toxic heavy metals cause DNA damage and their carcinogenic effects 
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in animals and humans most probably caused by their mutagenic ability 

(Rasgele et al., 2013). 

The pollution of aquatic environment with heavy metal has been a 

worldwide problem because they are indestructible and most of them have toxic 

effect on organism (Titilayo and Olufemi, 2014). Assessment of heavy metals in 

fish from contaminated areas are important from the public health point of view 

and the aquatic environment view point due to their unique characteristics such 

as their biological significance, toxic behavior, persistence, bioaccumulation and 

their tendency to be incorporated into food chains in harmful quantities (Ahmad 

and Sarah, 2015).  

The sources of heavy metals were as follows; mining effluents, industrial 

effluents, domestic effluents, urban storm-water, leaching of metals from 

garbage and solid wastes dump, metal inputs from rural areas, batteries, 

pigments, paints, glass, fertilizers, textiles, dental and cosmetics, atmospheric 

sources and petroleum industrial activities. Moreover, heavy metal pollution can 

arise from many sources as smelting of copper, preparation of nuclear fuels, 

electroplating with chromium and cadmium (Zeitoun and Mehana, 2014). 

2.12 Impact of heavy metals on cultured species 

Heavy metals are natural trace components of the aquatic environment, 

but their levels have been increased due to several factors, which affect the 

physicochemical characteristics of the water, sediments and biological 

components, thus negatively affecting the quality and quantity of fish stocks. 

Environmental pollution can cause poisoning, diseases and even death to fish 

(Zeitoun and Mehana, 2014). Heavy metals cause toxic effects in fish through 

disturbing the physiological activities, biochemical processes, reproduction and 

growth and finally lead to their mortality. Heavy metals caused 

histopathological changes in gills, liver, kidneys, gonads and other organs of 

fishes. Liver is considered the main detoxifying organ. In
 

some teleost fish 
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species, liver that exposed to some metals showing conspicuous changes in the 

centrolobular area, cord disarray and connective tissues damage, as well as focal 

necrosis. The skin of fishes adversely affected by heavy metals pollution 

showing hyper-activation of goblet cells and dermal melanosis and dermal 

granuloma. In the heavy metal polluted kidneys of fishes, there appears hyaline 

casts, interstitial nephritis and renal necrosis and mononuclear cells infiltration. 

In addition, polluted fishes brains exhibited metals showing dermal granuloma 

symptoms of meningitis and gliosis (Zeitoun and Mehana, 2014). 

2.13 Bioaccumulation of heavy metals in fishes tissue and their impact in 

aquaculture and health of consumers 

Heavy metals are potentially harmful to most organisms at some level of 

exposure and adsorption. Contamination of aquatic environments with 

potentially harmful substances, in particular heavy metals, and its subsequent 

impact on organisms, is more dramatic within estuaries and semi closed coastal 

zones, especially when they are near highly populated or industrial areas. Heavy 

metals may enter an estuary from different natural and anthropogenic sources 

(Kour and Tripathi, 2014). Bioaccumulation of heavy metals in tissues of marine 

organisms has been identified as an indirect measure of the abundance and 

availability of heavy metals in the marine environment. As heavy metals cannot 

be degraded, they deposited, assimilated or incorporated in water, sediment and 

aquatic animals and thus, causing heavy metal pollution in water bodies (Abdel-

Baki et al., 2013). 

Heavy metal bioaccumulation is defined as the process whereby an 

organism concentrates metals in its body from the surrounding medium or food, 

either by absorption or by ingestion (Titilayo and Olufemi, 2014). 

Biomonitoring of hazardous substances in tissues of aquatic organisms has been 

successfully applied for heavy metals pollution. Fish accumulate toxic 

chemicals directly from water and diet, and contaminant residues may ultimately 

reach concentrations hundreds or thousands of times above those measured in 
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the water, sediment and food. Fish can absorb heavy metals through epithelial or 

mucosal surface of their skin, gills and gastrointestinal tract. Multiple factors 

including season, physical and chemical properties of water can play a 

significant role in metal accumulation in different fish tissues. Age of fish, lipid 

content in the tissue and mode of feeding are significant factors that affect the 

accumulation of heavy metals in fishes. They are finally transferred to other 

animals including humans through the food chain (Eneji et al., 2011). 

  There are several severe health hazards that threaten fish consumers by 

the consumption of metals accumulated fish. In addition, fish are considered as 

fundamental biomarkers to monitor the heavy metals contamination in aquatic 

ecosystem for several reasons include that fish occupies at a higher trophic level 

in an aquatic ecosystem, toxicity of metals negatively affects the physical and 

physiological behavior of the fish and fish is an important constituent of human 

diet worldwide. There are several factors play a key role in controlling the 

accumulation and toxicity of metals on aquatic organisms and fish in particular. 

These factors involved physicochemical factors and biological factors. The 

physicochemical factors are temperature and dissolved oxygen, hardness and 

alkalinity, hydrogen ion concentration pH, salinity, and suspended particulate 

matter and dissolved organic carbon. The biological factors are life cycle of the 

organism, seasonal variations, specific-species, specific organs, and 

contamination by food (Ahmad and Sarah, 2015). 

Most often highest concentration of heavy metals found in fish liver, 

kidney and gills. Diet is the main route of exposure to heavy metals in the case 

of population no exposed to them. Increased concentration of metals mainly 

mercury, cadmium and lead have been observed in cultured fish. Fishes need to 

be carefully screened to ensure that unnecessary high levels of toxic heavy 

metals are not being transferred to man through fish consumption (Retnam and 

Zakaria, 2009).   
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2.14 Heavy metals and their toxicity 

The toxic effects of cadmium and lead on human health are well known, 

while the toxic effects of copper, manganese, nickel and zinc on human health 

begins when they are present in high levels. Many studies assessed 

concentration of these heavy metals in fish species all over the world. The most 

important heavy metals are summarized as follows:   

 

2.14.2 Cadmium 

Cadmium is usually found as a mineral with other elements. All soils and 

rocks, including coal and mineral fertilizer, have some cadmium in them. It is 

used in batteries production, pigments, metal coatings, plastics and alloys. 

Cadmium enters air from mining, industry, and burning coal and household 

wastes. Its particles can travel long distance in air before falling to ground or 

water. It is considered as one of the most toxic water contaminants and cause 

toxicity at each level in organisms. Cadmium has a cumulative polluting effect 

and could cause serious disturbances in fish metabolism such as abnormal 

behavior, locomotors anomalies or anorexia (Govind and Madhuri, 2014). 

Cadmium is primarily toxic to the kidney, especially to the proximal tubular 

cells, the main site of accumulation. In addition, cause bone demineralization, 

either through direct bone damage or indirectly because of renal dysfunction. 

The excessive exposures to airborne cadmium may impair lung function and 

increase the risk of lung cancer. Cadmium is a human carcinogenic heavy metal. 

In the human body, most of the cadmium bounded to low molecular weight 

proteins functioning in the essential metals such as zinc called metallothioneins. 

The cadmium - metallothioneins complex dispersed to different organs and 

tissues, and is eventually reabsorbed in kidneys, so cadmium accumulates in 

tissues because of absence of mechanism for the excretion of it from the body 

(Rahim et al., 2013). 
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2.14.3 Copper 

Copper is a reddish metal that occurs naturally in rock, soil, water, 

sediment, and, at low levels, air. At much higher levels, toxic effects can occur. 

Elemental copper does not break down in the environment. Copper found in 

plants and animals and at high concentrations in filter feeders. In its former role 

it is bound to ceruloplasmin, albumin, and other proteins, while in its latter it is 

bound to ligands of various types forming complexes that interact with 

biomolecules, mainly proteins and nucleic acids. Copper can enter the body 

during drinking of water or eating of food, soil, air breathing, and dust 

containing copper or other substances that contain copper. It is rapidly entering 

the bloodstream and distributed throughout the body. The body is very good at 

blocking high levels of copper from entering the bloodstream. Then, copper 

takes several days to leaves the body in feces and urine. The exposure to higher 

doses of copper can be harmful and the long-term exposure to copper dust can 

irritate nose, mouth, and eyes, and cause headaches, dizziness, nausea, and 

diarrhea. Intentionally high intakes of copper can cause liver and kidney damage 

and even death. The toxic effects of copper include the increase in the rate of 

free radical formation, teratogenicity and chromosomal aberrations. Copper can 

be present at relatively high concentrations in the environment, which can be 

toxic to the aquatic organisms (Quainoo et al., 2015). 

 

2.14.4 Lead 

Lead is found in all parts of the environment. Most of it came from 

human activities, like mining, manufacturing and the burning of fossil fuels. The 

principal source of lead in the marine environment appears to be the exhaust of 

vehicles run with leaded fuels that reaches the seawater by a way of rain and 

wind blown dust. Lead is found at high concentration in muscles and organs of 

fish. When accumulates in the human body, it replaces calcium in bones (Gurav 
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et al., 2013). Lead is found to be acute toxic to human beings when present in 

high amounts. Lead pollution has a harmful effect on biological systems and 

does not undergo biodegradation. Lead contamination in the environment exists 

as an insoluble form, and the toxic metals pose serious human health problem, 

namely, brain damage and retardation. Lead alter the hematological system by 

inhibiting the activities of several enzymes involved in heme biosynthesis. Once 

absorbed, it distributed particularly to the liver, kidney, heart and male gonads 

as well as it affects the immune system. Exposure to lead have effects like 

neurotoxicity, nephrotoxicity, carcinogenicity and endocrine and reproductive 

failures in adults. Moderate exposure to lead and cadmium can significantly 

reduce human semen quality and related to many diseases in adults and children 

(e.g., damage to DNA or impairment of the reproductive function) (Ngumbu, 

2014). 

 

2.15 Fisheries in Palestine 

Prior to 1948, Palestinians enjoyed relatively free access to the 

Mediterranean Sea along the length of Palestine's western border. Coastal cities 

such as Gaza, Haifa, Acre, and Jaffa were the main centers of fishing activities 

in Palestine with an annual catch that satisfied the local demand. However, in 

1948, the geopolitical map of the area drastically changed and access to the sea 

for Palestinians became limited to the coastline of Gaza strip, a stretch of only 

40 km in length. The Israeli occupation of the West Bank and Gaza strip in 1967 

brought with it further limitations on the Palestinian fishing areas and practices. 

Palestinian fishers were not allowing to sail into areas further than 20 km away 

from shore (Palestine Environment Protection National Authority-PEPNA, 

1994). 

Fishing hours were restricted to less than ten hours a day. The size of 

Palestinian fishing boats and their motors were strictly limited. In addition, 

Palestinian fishers denied access to the fishing areas adjacent to the Israeli 
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settlements on Gaza strip coast. In 1979, and after the signing of the Camp 

David Peace Treaty between Egypt and Israel, Egypt regained the Sinai 

Peninsula from Israel. Palestinian fishers, previously allowed entering the Sinai 

zone, lost access to fishing areas along the Sinai coast after Camp David. The 

fishing areas specified for the Palestinian fishers reduced again to a length less 

than 30 km along Gaza strip coast. These political factors, combined with 

environmental, economic and infrastructure barriers resulted in a sharp decline 

in the fishery catch and a deficit in fish supply. After the May 1994 Gaza-

Jericho agreement between Israel and the Palestinians, Palestinians granted 

semi-autonomous territory in parts of Gaza strip and Jericho area. Consequently, 

the fishing zone expanded and several political restrictions imposed earlier on 

the fishery sector were lifted (Palestine Environment Protection National 

Authority-PEPNA, 1994). 
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3. Material and Methods 

 

3.1 Material 

3.1.1 Study area 

            Gaza strip is located on the southeastern shore of the Mediterranean Sea, 

bordered by the Palestinian teritories occupied to the east and north, and Egypt 

to south. The total area estimated at 365 km
2
. Its length along the coast is about 

40 km and its width ranges from 5 to 12 Km. Gaza strip has a semi-arid 

Mediterranean climate, mild rainy winter, dry warm to hot summers, with mean 

temperature varying from 12-14 ºC in January, to 26-28 ºC in August. Gaza strip 

is one of the most density-populated areas of the world. According to The 

Palestinian Central Bureau of Statistics (PCBS), the number of residents Gaza 

strip in 2014 was about 1,760,037 inhabitants. The population in Gaza expected 

to reach 1,819,982 in the current year (2015) and 1,881,135 in 2016. This dense 

population leads to an increase in demand for basic food items including fish 

(PCBS, 2015).  

 

There are five pisciculture projects extending in Gaza strip governorates 

(Fig. 3.1). All the data concerning these fish farms are illustrated in Table 3.1. A 

summary of each fish farm is given below: 

The farm 1 is a private licensed project. The farm area was 3500 m
2
 and 

established in 2014 in the Gaza Governorate. The fish farm, (31° 29' 22.02" N, 

34° 24' 6.8394" E) was located near the beach of the sea and receive marine 

salty water from beach wells. The farm workers have not any academic 

qualification deals with fish farming. The farm 2 is a private licensed project. 

The farm area was 2000 m
2
 and established in 2008 in the Gaza Governorate. 

The fish farm, (31° 29' 7.836" N, 34° 23' 52.476" E) was located near the beach 

of the sea and receive marine salty water from beach wells. Many of the farm 

workers have academic qualification deals with fish farming. The farm produces 
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about 18 tons of fish per year. The farm 3 is a private licensed project. The 

farm area was 3580 m
2
 and established in 2013 in Khan Younis Governorate. 

The fish farm, (31° 23' 43.296" N, 34° 18' 15.12" E) was located near the beach 

of the sea and receive marine salty water from beach wells. Many of the farm 

workers have academic qualification deals with fish farming. The farm 4 

(Hatchery) is a governmental hatchery project, supervised by Ministry of 

Agriculture. The hatchery area was 1200 m
2
 and established in 2009 in the Khan 

Younis Governorate on a governmental land. The fish farm (Hatchery), (31° 22' 

45.2994" N, 34° 19' 27.0474" E) was located near Salah-Eldeen Street and 

receive fresh water from ground water wells. Many of the hatchery workers 

have academic qualification deals with fish farming. The farm 5 is a private 

licensed project. The farm area was 5000 m
2
 and established in 2009 in the 

Rafah Governorate, which lies in the southern Gaza strip. The fish farm, (31° 20' 

37.6074" N, 34° 14' 44.1954" E) was located near the beach of the sea and 

receive marine salty water from beach wells. Many of the farm workers have 

academic qualification deals with fish farming. 
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Table 3.1: Summary of the fish farms profile in Gaza strip. 

Variables Farm 1 Farm 2 Farm 3 Farm 4 (Hatchery) Farm 5 

Governorate Gaza Gaza Khan Younis Khan Younis Rafah 

Location 31.48945” N, 34.4019” E 31.48551”N, 34.39791”E 31.39536” N, 34.3042” E 31.37925”N, 34.32418”E 31.34378”N, 34.24561”E 

Ownership Private Private Private Governmental Private 

Land area 3500 m
2
 2000 m

2
 3580 m

2
 1200 m

2
 5000 m

2
 

Authorization Licensed Licensed Licensed Licensed Licensed 

Establishment 

date 

2014 2008 2013 2009 2009 

Establishment 

capital 

(Dollars) 

1,500,000 250,000 300,000  1,500,000 

Nature of the 

farm land 

Leased Leased Private Governmental Private 

No. of 

workers 

5 8 4 3 15 
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Fig. 3.1: Shows the locations of fish farms in Gaza strip. 
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3.1.2 Collection of samples 

3.1.2.1 Water samples 

             Two types of water samples were collected, the first is fresh ground 

water and the second is salt marine water, from the five fish farms along the 

coast of Gaza strip at the same time, using 500 ml sampling bottle. The samples 

for each site were used for all analytical procedures conduct in the laboratory. 

3.1.2.2 Fish samples 

A total number of 40 fishes, 10; O. niloticus, 10; O. hybrids and 20; S. 

aurata fishes were collected from five fish farms along the coast of Gaza strip in 

the same time with the help of officials and workers of the fish farms. After 

collection, the fish taken to laboratory using an icebox at 4
o
C and 40 fish were 

selected for examination. The selected fish weigh were from 180±6.54g, 

150±9.11g and 120±21.4g for O. niloticus, O. hybrids and S.aurata respectively.  

 

3.2     Methods 

3.2.1    Field visits 

        Many pisciculture projects scattered along the coast of Gaza strip have 

been visited during the course of the present study. The Directorate General of 

Fisheries, Ministry of Agriculture was also visited in order to gather data 

regarding the pisciculture status in Gaza strip, to identify the species of fish that 

are suitable for the cultivation, and to identify the important factors promoting 

or discouraging fish farming in Gaza strip. 

 

3.2.2 Interviews: 

                    Discussion and meetings with different parties including the 

employees in the Directorate General of fisheries, Ministry of Agriculture and 

the managers and workers of pisciculture projects were carried out in the course 

of this study. All notes were written, and the problems and difficulties that face 

fish farmers were identified.  
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 3.2.3 Questionnaire     

       The researcher used questionnaire tools to collect data from the managers 

and workers of the  pisciculture projects in Gaza strip (Appendix 1). Another 

questionnaire was used to collect data from customers and people (Appendix 2).  

The questionnaires were judged by specialists in the fields of agriculture, 

fisheries and environmental sciences (Appendix 3).  A questionnaire was piloted 

with 10 people not included in the real sample of the study, and modified as 

necessary. All interviews with the various respondents were carried out face to 

face by the researcher. Most questions were one of two types: the yes/no 

question, which offers a dichotomous choice; and the multiple choice question, 

which offers several fixed alternatives. 

 

3.2.4 Imaging 

           A digital camera was used for photography in order to document the 

succeeding stages of the current study.   

 

3.2.5 Water samples and physicochemical parameters 

           The pH was measured at the sampling site using microprocessor based 

pocket pH meter (water proof pH scan WPI). pH values were checked again in 

the laboratory using  pH meter (microprocessor-based bench pH/mv/
o
C/ meter, 

Hanna instrument). Conductivity and total dissolved solid values were registered 

immediately after arrival to the laboratory using digital conductivity meter 

(Auto-ranging microprocessor EC/ TDS/ NaCl/ 
o
C bench meter, Hanna 

instrument). Titrimetric method used for the determination of alkalinity, whereas 

EDTA titrimetric method used for total hardness analysis. The level of chloride, 

ammonia, nitrite and nitrate of the water were determined using UV-Vis double 

beam pc scanning Spectrophotometer UVD 2950 following standard method of 

American Public Health Association (APHA, 1999). 
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3.2.6 Preparation of water samples 

The water samples were prepared by added 5 ml of concentrated HCl (10 

M) to 250 ml of each water sample placed in 600 ml beaker, and evaporated to 

25 ml. The concentrate was transferred to volumetric flask and was diluted with 

deionized water to reach the final volume 50 ml. The solutions were filtered 

through Whatman number 42 filter paper (Olowu et al, 2010) using thermos 

element solaar S4 Atomic Absorption Spectroscopy (International Equipment 

Trading Ltd, USA) (Fig. 3.2). 

 

Fig. 3.2: Thermos element solaar S4 Atomic Absorption Spectroscopy, which used for 

samples analysis (Sabha laboratory in Gaza strip). 

 

3.2.7 Digestion of fish samples 

         The fish digestion procedure was modified from Manutsewee et al., 

(2007), who used the same mixture for digestion but they followed ultrasound-

assisted acid leaching procedure after fish drying for twenty hours. The present 

study was followed wet digestion process with different concentrations and 

volumes of acids. Kjldahl digestion plate was used for heating. The muscular 
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tissues on the dorsal surface of each fish was take out and homogenized. About4 

grams of the homogenized muscles of each specimen was take and placed in a 

300 ml digestion tube. A digestion mixture containing 6.0 ml of high purity 

HNO3 (Merck) plus 2 ml of HCl (10 M) and 4 ml of H2O2 (35%) were added to 

each tube. The samples were heated at 130°C by kjldahl heating digester with 

air condenser until a clear solution obtained. After cooling, the samples filtered 

through Whatman filter paper. The digested portion diluted to a final volume of 

50 ml using de-ionized water. Blank reagents without fish samples was also 

digested using the same method (Manutsewee et al., 2007) (Fig. 3.3). 

 

Fig. 3.3: Fish digestion method (Al-Azhar University laboratories in Gaza strip). 

 

3.2.8 Statistical analysis 

Data were statistically analyzed according to Saunders and Trapp (2004) 

using SPSS computer program version 22.0 for windows (Statistical Package for 

Social Sciences Inc, Chicago, Illinois). 

            

3.2.9 Graphs and images  

Graph Pad Prism 5 software was used for plotting graphs. Corel Draw 

X6 software were used for drawing some images.  
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4. Results 

 

4.1 Current status of fish farms 

4.1.1 Nature and design of fish farms 

There are five pisciculture projects extending in Gaza strip governorates. 

Table 4.1 shows the the nature and design of fish farms. The farm 1 is a semi-

intensive farm consisting of 15 cylindrical ponds used for overfeed purposes. 

Beach wells is the water source of the farm. The ultimate water discharge is 

taken place via manholes direct to the sea. The farm workers used to examine 

the ammonia level and salinity in the pipes to make sure that the water is 

suitable for fish farming, and used copper sulfate to combat fish diseases in the 

ponds. The farm 2 is a semi-intensive farm consisting of 6 cylindrical ponds 

used for overfeed purposes and depending on beach wells as water source for 

fish farming. The farm workers used to examine the ammonia and oxygen levels 

in the pipes to make sure that the water is suitable for fish farming, and used 

formalin and antibiotics as a treatment for external and internal diseases 

infecting the farmed fishes. The farm 3 is a semi-intensive farm consisting of 

22 cylindrical and square ponds used for overfeed. Beach wells is the water 

source of the farm. The farm workers used to examine temperature, salinity and 

oxygen levels in the pipes of pond waters, and used chlorine to sterilize the 

ponds after transferring fishes from pond to another. The farm 4 (Hatchery) is a 

semi-intensive hatchery. It consists of 27 square ponds that are used for fry and 

adult fish farming as well as for overfeed purposes (Appendix 4). It is far from 

the sea and as a result, it depends on groundwater for rearing of fishes. The 

ultimate discharge of used waters is the agricultural fields and trees surrounding 

the hatchery. The farm workers used to measure salinity and temperature levels 

in the pipes of pond waters. Formalin and copper sulfate are used for sterilizing 

purposes. The farm 5 is a semi-intensive farm consisting of 20
 
cylindrical 
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ponds used for overfeed purposes (Appendix 4). The water supply comes 

through beach wells. Qualified workers used to measure ammonia, oxygen, 

temperature and salinity levels in the pipes. No sterilization methods are used 

inside the farm to control fish diseases.  
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Table 4.1: Nature and design of fish farms. 

Variable Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 

Number of ponds 15 6 22 27 20 

Design and purpose of 

ponds 

Cylindrical for 

fattening 

Cylindrical for 

fattening 

 

 

Cylindrical and 

square for 

fattening, 

incubation and 

hatchery  

square for fry 

and adult fish 

farming and 

fattening 

cylindrical for 

fattening and 

selling 

Density of fish per 

cubic meter of ponds 

65 70 60 70 60 

Water source Beach wells Beach wells Beach wells Groundwater Beach wells 

Water change daily 100% 200% 50% 20% - 300%  continuous 

Ultimate water 

discharge 

Manholes direct 

to the sea 

Manholes direct 

to the sea 

Manholes direct 

to the sea 

Drains direct to 

agricultural 

fields around the 

hatchery 

Manholes 

directly to the 

sea 
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4.1.2 Types of the farmed fish  

Sparus aurata is farmed in farms 1, 2 and 5 (Table 4.2 and Appendix 5). 

No sign of symptoms or diseases were mentioned to infect the fish in question in 

farms 1 and 5. By contrast, officials of farm 2 complained from certain bacterial 

diseases infecting the fishes where the fishes were seen rubbing their skin in the 

wall of the pond. This problem was mentioned to be solved by antibiotics. 

Expired and unsuitable feedstuffs were also mentioned to affect the liver of the 

fish and to diminish fish growth. Moreover, knowledge on the presence of 

specialists in fish diseases in Gaza strip was lacked in farm 1. In farms 2 and 5, 

there were visits carried out by specialists in fish diseases at least twice a month. 

This fish species is highly appreciated by the citizens’ taste, and as a result, it is 

somewhat highly demanded in the Gaza local markets. 

Oreochromis niloticus and Oreochromis hybrids (Appendix 5) were 

found to be farmed in farms 3 and 4. These species seem to be famous to most 

Palestinians in Gaza strip due to their prevalence and low prices. By contrast, it 

was mentioned that the Tilapia species are omnivorous and voracious fishes. In 

spite of the fact that no diseases or incorrect symptoms threatening the fish 

farmed in farm 3, some skin wounds were mentioned to prevail in farm 4. The 

official of farms 3 and 4 ensured their knowledge on specialists in fish diseases 

in Gaza strip. The officials claimed that the Tilapis fish species takes about 9 

months to reach the desire size, which amounts to 250 – 350 grams. With regard 

to the Tilapis species fry, the officials of farm 4 were mentioned that it takes 3 

weeks to reach 1-2 gm.  

Clarias gariepinus was farmed in farm 4 only (Appendix 5). This 

species is omnivorous. According to the officials of the farm, the fish is known 

to reach more than 100 cm in length and 40 kg in weight. The fish is also so 

aggressive that there is a difficulty to be caught. Locally, it is not a commercial 

species as it has a very limited farming. 
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Mugil cephalus was farmed in farm 3 and it is a well known fish for the 

citizens (Appendix 5). The species is euryhaline. It occupies fresh, brackish 

and marine habitats. Locally, it is a very commercial marine species, having a 

limited farming. 

 

Table 4.2: Types of farmed fishes. 

 Farm 1 

 

Farm 2 

 

Farm 3 

 

Farm 4 

 

Farm 5 

 

Farmed 

Fish 

Types 

Sparus 

aurata  

 

Sparus 

aurata  

 

Oreochromis 

niloticus, 

Oreochromis 

hybrids and 

Mugil 

cephalus  

Oreochromis 

niloticus, 

Oreochromis 

hybrids and 

 Clarias 

gariepinus  

 

Sparus 

aurata  

Fish 

Fry 

Source 

Palestinian 

territories 

occupied  

Palestinian 

territories 

occupied 

From Hiteen 

Hatchery 

Produced 

locally in the 

hatchery  

Palestinian 

territories 

occupied 

 

  

http://en.wikipedia.org/wiki/Seawater
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4.1.3 Farmed fish feeding and marketing 

The different species of farmed fishes in Gaza strip indicated in Table 

4.2 use different varieties of feedstuffs. The most common feedstuff used in the 

Gaza strip is the peleted fish feedstuff. The peleted fish feedstuff contain high 

proteins levels (45%) and (35%) which are suitable for the growth of S. aurata 

and Tilapia species respectively. A manual feeding method is used in fish 

feeding. It is worth mentioning that the S. aurata depend mostly on submersible 

fish feedstuff because they feed through the water column. By contrast, the 

Tilapis species depend mostly on floating fish feedstuff. The frequency of 

introducing the fish feedstuff to the farmed fishes differs from farm to another 

depending on the size, density and type of fishes, and the experience of the 

owner himself. In general, it ranges from three to ten times in the day. The ton 

of the feedstuff costs from 1,000 – 2,000 U.S. $ depending on its type and 

quality. No fish feedstuff is produced locally in Gaza strip. 

Marketing is considered as good tools for the success of pisciculture 

projects worldwide. There is no marketing processes or electronic advertising 

for the farmed fishes were applied in Gaza strip. Only, specific customers and 

traders are known to exploit the produced farmed fishes. The transport of fish 

products is taken place via cars refrigerated with ice to the local markets or for 

exporting. 

 

4.1.4 Problems facing pisciculture sector 

The problems facing the pisciculture sector in Gaza strip were gathered 

through the meetings and discussions with the different parties in Gaza strip. 

They are summarized as follows: 

(A) Economical problems: this was represented by the weakness in the financial 

investment and donors support in pisciculture projects. All pisciculture projects 

in Gaza strip are of small-scale that indeed need extension and quality insurance. 
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(B) Environmental problems: this was represented by site selection problem 

where most pisciculture projects have been established close to the 

Mediterranean Coast. They are mostly dependent on beach wells. Water 

shortage problems where water resources suffer from shortage, pollution, over-

pumping and seawater intrusion into the coastal aquifer. Sanitation and waste 

disposal problems regarding fish ponds. 

(C) Technical and scientific problems: this may in part depend on the financial 

support. However, the local communications with regional and international 

parties and experiences will improve the technical status of pisciculture sector in 

Gaza strip. Lack of local fish feedstuff factories and constrains on import issues. 

This may cause fluctuations on the availability of fish feedstuff and, in turn, the 

general health of farmed fishes. The scientific problems could be promoted 

through opening of scientific departments in the local universities and the 

availability of well-trained stuff.  

(D) Political and policies problems: this was represented by weakness of 

appropriate maintenance of the pisciculture ponds and equipment. Electricity 

outages and shortage of fuel required by generators. Lack of promotion policies 

and strategies concerning the establishment of pisciculture projects. Weakness 

of policies regarding marketing of the produced farmed fishes.  

 

4.2 The socioeconomic questionnaires 

4.2.1 Personal profile of the sampled population in Gaza governorates 

Table 4.3 illustrates the personal profile of the sampled population 

(N=160) distributed equally in the five governorates (25%) from north to south 

of Gaza strip. The sex frequency showed that 55.6% of the respondents were 

males and 44.4% were females. The age frequency showed that 77.5% of the 

respondents were 21-40 years old, and the majority of the respondents (56.9%) 

were single while 43.1% were married. Analysis of the educational status of the 
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respondents showed that 87.5% had university or diploma degree and the rest 

(12.5%) had finished the secondary school. 

 

Table 4.3: Personal profile of the study population (N=160). 

 

 

Variable No. % 

People location 

  North 

  Gaza City 

  Middle 

  South (Khan Younis and 

Rafah) 

 

40 

40 

40 

40 

 

25.0 

25.0 

25.0 

25.0 

Sex 

  Male 

  Female 

 

89 

71 

 

55.6 

44.4 

Age distribution (year) 

 ≤20 

  21-30 

  31-40 

  41-50 

  >50 

 

16 

81 

43 

17 

3 

 

10.0 

50.6 

26.9 

10.6 

1.9 

Marital status 

  Single 

  Married 

 

91 

69 

 

56.9 

43.1 

Educational status 

  Secondary school 

  University or diploma 

degree 

 

20 

140 

 

12.5 

87.5 
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4.2.2 Challenges facing the marine fishing sector  

Challenges facing the marine fishing sector in Gaza strip are usually 

associated with the Israeli occupation. Table 4.4 shows that the majority of the 

respondents (98.1%) confirmed the presence of challenges facing the marine 

fishing sector. On the other hand, 93.8% confirmed the decrease in the marine 

fish catch in Gaza strip.  

 

Table 4.4: Challenges facing the marine fishing sector and the decrease in marine fish 

catch in Gaza strip (N=160). 

 

With regard to the reasons standing behind the decrease in marine catch, the 

respondents mentioned the followings: 

The limited fishing area allowed by the Israeli occupation for fishermen to 

practice fishing. The marked increase in the number of fishermen. Overfishing 

and the increased demand for fish by citizens. The previous of rock removal 

from the shores of the middle Gaza strip which are known to encourage fish 

proliferation worldwide. The Lack or weakness of legislations and laws that 

regulate fishing practices. Pollution of the sea coast by sewage and other 

pollutants. The weakness of environmental awareness among fishermen and the 

Variable No. % 

Challenges facing the 

marine fishing sector in 

Gaza strip 

  Yes 

  No 

 

 

 

157 

3 

 

 

 

98.1 

1.9 

The decrease in marine 

fish catch in Gaza strip  

  Yes 

  No 

 

 

150 

10 

 

 

93.8 

6.3 
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related marine parties in Gaza strip. The lack of economic and technical support 

regarding the marine environment and its fishery resources. 

4.2.3 Annual consumption of fish per person and the nature of the 

consumed fish  

The consumption of fish is regarded, the citizens prefer to gain fish 

meals despite their natures per unit times. Table 4.5 shows that 36.3% of the 

respondents achieve less than or equal 10 Kg of fish per person per year, 29.4% 

gain 11 – 20 kg of fish per person per year and 34.3% gain more than 20 Kg of 

fish per person per year. 42.5% of respondents prefer fresh marine fish, 40.0% 

prefer the imported frozen fish and 17.5% prefer local famed fish. 

 

Table 4.5: Annual consumption of fish per person and the nature of the consumed fish 

(N=160). 

 

 

 

 

 

 

Variable No. % 

Annual consumption of  fish per 

person (Kg fish /Person/Year) 

  ≤ 10 kg 

  11 - 20 kg 

  > 20 kg 

 

 

58 

47 

55 

 

 

36.3 

29.4 

34.3 

The nature of the consumed fish  

  Fresh marine fish 

  Imported frozen fish 

  Local farmed fish 

 

68 

64 

28 

 

42.5 

40.0 

17.5 
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4.2.4 Inhabitants' knowledge on the existing pisciculture projects  

Pisciculture projects are a promising growing sector in Gaza strip. About 

two-thirds of respondents (68.8%) acknowledged the presence of pisciculture 

projects in Gaza strip while 31.3% did not (Fig. 4.1). However, the most of 

respondents claimed that these pisciculture projects are not so enough to meet 

the market demands. Others claimed that it is difficult for citizens to accept and 

trust in the locally produced farmed fishes. 

 

Fig. 4.1: Inhabitant’s knowledge on the existing of pisciculture projects in Gaza 

strip. 

 

4.2.5 Publicity and announcement for pisciculture projects  

    Publicity and announcement are considered as the most important 

foundations for the success of aquaculture projects and the fastest marketing 

method for it. Table 4.6 shows that the most of the respondents (88.1%) 

confirmed the lack of publicity and announcement for the pisciculture projects 
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in Gaza strip, while (11.9%) of respondents confirmed its existence through the 

media and some scientific activities. On the other hand, the major of 

respondents (81.9%) claimed that there is a weakness in the marketing of farmed 

fishes and they displayed many reasons for that: 

1- Fish farming is mostly allocated for certain species that are not favorable 

by the citizens. 

2- Artificial feedstuff is usually used to feed farmed fishes. 

3- Farmed fishes have low quality and high prices. 

4- Produced fishes have a limited marketing where they are usually sold to 

certain customers. 

 

Table 4.6: Publicity and announcement for pisciculture projects and marketing operations 

of farmed fish in Gaza strip (N=160). 

 

 

 

 

Variable No. % 

Publicity and 

announcement for 

pisciculture projects in 

Gaza strip  

  Yes 

  No 

 

 

 

19 

141 

 

 

 

11.9 

88.1 

Weakness in the marketing 

operations of farmed fish in 

Gaza strip 

  Yes 

  No 

 

 

 

131 

29 

 

 

 

81.9 

18.1 
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4.2.6 Problems facing pisciculture projects  

Fig. (4.2) shows that the majority of respondents (80.6%) claimed that they 

knew the problems facing the pisciculture sector in Gaza strip. These problems 

included: 

1- The high costs involved in establishing pisciculture projects.  

2- The lack of scientific and technological foundations and specialists for 

local fish farming projects and fish diseases. 

3- The chronic electricity and fuel outages hamper the development of fish 

farms and their sustainability. 

4- The continuous closure of checkpoints connecting Gaza strip from the 

neighboring communities, and this in turn limits the import of fish fry 

and fish types and their appropriate feedstuff. 

5- The scarcity of coastal areas that could be allocated pisciculture projects. 

6- The weakness of people's awareness regarding the importance of local 

pisciculture projects. 
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Fig. 4.2: Problems facing the pisciculture projects in Gaza strip 

 

4.2.7 The effects of electricity shortage on pisciculture projects 

         The electicity shortage are considered the main problem affecting the life 

of citizens and their developmental projects. The findings of the current study 

show that 80.6% of the respondents claimed that power outages hinder the 

progress in pisciculture projects in Gaza strip (Fig. 4.3). The respondents 

displayed the impacts such power outages to include: 

1- Cessation of the pumps needed to ventilate and re-oxygenate the waters 

within fish ponds.  

2- Cessation of turbines used for pulling water of beach wells and pumping it 

to the fish ponds. Such actions could lead to the accumulation of fish liquid 

and solid wastes in the pond, and as a result harming the farmed fishes. 

3- The use of electric generators usually elevates the inputs needed to sustain 

the work of pisciculture projects in Gaza strip in times the fuel is suffering 

shortage. 
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Fig. 4.3: The effects of electricity shortage on pisciculture projects 

 

4.2.8 The benefits of pisciculture projects 

    When asked about the benefits of pisciculture projects, 84.4% of 

respondents ensured the importance of such projects in Gaza strip (Fig. 4.4). 

They summarized the benefits as follows: 

1- They improve the fishery resources in Gaza strip and at the same time 

minimize the dependence of fish imports from outside. 

2- They increase the occurrence of fish protein in local markets with low 

prices. 

3- They provide job opportunities and improve the economic and living 

standards of citizens. 

4- They provide new types of fish to the taste of customers. 
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Fig. 4.4: The importance of pisciculture projects in Gaza strip 

 

4.2.9 Inhabitant’s knowledge toward the farmed fish species  

    There are certain factors controlling the success of pisciculture projects 

and the fish species farmed. Many fish species have been cultured in Gaza strip. 

Only 38.8% of respondents knew many of the fish species farmed locally (Fig. 

4.5). They mentioned the following species: 

1. Sparus aurata (Gilthead Sea Bream). 

2. Oreochromis niloticus (Nile Tilapia). 

3. Oreochromis hybrids (Red Hybrids Tilapia).   
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Fig. 4.5: Inhabitant’s knowledge toward the farmed fish species in Gaza strip 

 

 

4.2.10 Type of fishes preferred by local citizens  

When asked about the marine fish that they prefer to buy from the local 

markets, 88.1% of respondents indicated that they usually purchase some sort of 

marine fishes, while 8.1% prefer to buy both of marine (Appendix 5) and local 

farmed fishes. 3.8% depend on local farmed fishes (Table 4.7). According to the 

majority of respondents, the preference on marine fishes comes from the fact 

that those fishes are more naturally, more nutritional, taste delicious and 

acceptable to people's mood, more resistant to diseases compared with farmed 

fishes and live in constantly renewed and naturally ventilated waters. 
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Table 4.7: The fishes which the citizens prefer to buy in Gaza strip (N=160). 

 

With regard to those who purchase locally farmed fishes, the majority 

indicated that they prefer to get them directly from the local fish farms due to 

the following reasons: 

1- They satisfy their desire in getting fresh fishes. 

2- These fishes are more guaranteed from a health point of view. 

3- These fishes have more advantages over the frozen fishes. 

4- These fishes have an acceptable price. 

 

 

4.2.11 Opinion of respondents regarding the health of farmed fishes 

Only 34.4% of respondents confirmed that the locally farmed fishes are 

healthy and they attributed this to the continuous supervision and monitoring of 

responsible ministry to fish farms. In contrast, 65.6% believed that the locally 

framed fishes are not healthy and most of them attributed this belief to the 

weakness of experience in the local pisciculture sector, and to the artificial 

feedstuff that most farmed fishes depend on (Fig. 4.6). 

 

Variable No. % 

The type of fishes 

preferred by respondents 

in Gaza strip  

  Marine fish 

  Local farmed fish 

  Marine and local farmed 

fishes 

 

 

 

141 

6 

13 

 

 

 

88.1 

3.8 

8.1 
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Fig. 4.6: Are the farmed fish in Gaza strip healthy 

 

 

4.3 Physicochemical and heavy metal analysis 

4.3.1 Physicochemical analysis of water samples 

The pH, electrical conductivity (EC), total dissolved solids (TDS), total 

hardness and alkalinity levels of water at various sampling sites in comparison 

with their respective international standards are presented in Table (4.8), Figures 

(4.7 - 4.11). The pH values were 7.15 ± 0.1, 7.01 ± 0.1, 7.50 ± 0.1, 7.69 ± 0.1 

and 7.03 ± 0.1 in the sites 1, 2, 3, 4 and 5.  These values ranged from 7.01 to 

7.69 in water in the different sampling sites. The highest pH value observed was 

7.69 in water in farm 4 when compared with the other fish farms. The pH values 

arranged from the lowest value to the highest value according the fish farms as 

2, 5, 1, 3 and 4 (Fig. 4.7). 
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The EC values were 53300 ± 71, 36780 ± 63, 22350 ± 66, 1743 ± 54 and 

55000 ± 76 in the sampling sites 1, 2, 3, 4 and 5.  These values ranged from 

1743 to 55000 μs/cm water in the different sampling sites. The highest EC value 

observed was 55000 μs/cm in water in farm 5, while the lowest EC value 

observed was 1743 μs/cm in water in farm 4 when compared with the other fish 

farms. The EC values arranged from the lowest value to the highest value 

according the fish farms as 4, 3, 2, 1 and 5 (Fig. 4.8). 

Total dissolved solids values was 33046 ± 66, 23539 ± 54, 14304 ± 41, 

1115 ± 41 and 34100 ± 70 in the sampling sites 1, 2, 3, 4 and 5.  TDS values 

ranged from 1115 - 34100 mg/l water in the different sampling sites. The 

highest TDS value observed was 34100 mg/l in water in farm 5, while the 

lowest E.C. value observed was 1115 mg/l in water in farm 4 when compared 

with the other fish farms. The TDS values arranged from the lowest value to the 

highest value according the fish farms as 4, 3, 2, 1 and 5 (Fig. 4.9). 

Total hardness values were 7015 ± 513, 4800 ± 311, 4300 ± 310, 100 ± 

18 and 7512 ± 513 in the sampling sites 1, 2, 3, 4 and 5. These values ranged 

from 100 to 7512 mg/l water in the different sampling sites. The highest total 

hardness value observed was 7512 mg/l in water in farm 5, while the lowest 

total hardness value observed was 100 mg/l in water in farm 4 when compared 

with the other fish farms. These values arranged from the lowest value to the 

highest value according the fish farms as 4, 3, 2, 1 and 5 (Fig. 4.10). 

Alkalinity values were 147 ± 19, 350 ± 17, 300 ± 15, 360 ± 9 and 149 ± 

21 in the sampling sites 1, 2, 3, 4 and 5. These values ranged from 147 - 360 

mg/l water in the different sampling sites.  The highest alkalinity value observed 

was 360 mg/l in water in farm 4, while the lowest alkalinity value observed was 

147 mg/l in water in farm 1 when compared with the other fish farms. The 

alkalinity values arranged from the lowest value to the highest value according 

the fish farms as 1, 5, 3, 2 and 4 (Fig. 4.11). 
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Table 4.8: pH values, electrical conductivity in µs/cm, TDS in mg/l, hardness in mg/l and alkalinity in mg/l levels in water at various sampling 

sites. 

Variable Fish farm 1 Fish farm 2 Fish farm 3 Fish farm 4 Fish farm 5 Range 
*International 

Standard 

pH 7.15 ± 0.1 7.01 ± 0.1 7.50 ± 0.1 7.69 ± 0.1 7.03 ± 0.1 7.01 - 7.69 5.5 – 9.2 

E.C. 

(µs/cm) 

53300 ± 471 36780 ± 363 22350 ± 166 1743 ± 154 55000 ± 376 1743 -55000 1000 

TDS (mg/l) 33046 ± 66 23539 ± 54 14304 ± 41 1115 ± 41 34100 ± 70 1115 - 34100 1000 

Hardness 

(mg/l as 

CaCO3) 

7015 ± 513 4800 ± 311 4300 ± 310 100 ± 18 7512 ± 513 100 - 7512 500 

Alkalinity 

(mg/l as 

CaCO3) 

147 ± 19 350 ± 17 300 ± 15 360 ± 9 149 ± 21 147 - 360 120 

 

 All values presented as means ± S.D. (n = 5). 

 *Standard maximum permissible limit of WHO (2008), EPA (2001) and WHO2000/ICMR1975 (Etim et al., 2013). 
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Fig. 4.7: pH values of water samples at different sampling sites. Each reading represents 

Mean±SD of 5 samples.  

 

Fig. 4.8: Electrical conductivity in µs/cm of water at different sampling sites. Each reading 

represents Mean±SD of 5 samples.  
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Fig. 4.9: TDS in mg/l of water at different sampling sites. Each reading represents 

Mean±SD of 5 samples.  

 

 

Fig. 4.10: Hardness in mg/l of water at different sampling sites. Each reading represents 

Mean±SD of 5 samples.  
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Fig. 4.11: Alkalinity in mg/l of water at different sampling sites. Each reading represents 

Mean±SD of 5 samples.  

 

Chloride, nitrate, nitrite and ammonia levels of water at various sampling 

sites in comparison with their respective international standards are presented in 

Table (4.9), Figures (4.12-4.15). Chloride concentrations significantly increased 

(P≤0.05) at different localities and was 18837 ± 26, 17750 ±35, 9570 ± 32, 400 

± 47 and 19380 ± 54 in the sampling sites 1, 2, 3, 4 and 5. Chloride 

concentrations ranged from 400 - 19380 mg/l water in the different sampling 

sites.  Chloride concentrations are significant (P≤0.05) when compared with the 

international standards (250 mg/l). The increase was 75.348 fold, 71 fold, 38.28 

fold, 1.6 fold and 77.52 fold in waters in the sampling sites 1, 2, 3, 4 and 5 

respectively. The highest chloride concentration observed was 19380 mg/l in 

water in farm 5, while the lowest chloride concentration observed was 400 mg/l 

in water in farm 4 when compared with the other fish farms. The chloride 
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concentration arranged from the lowest value to the highest value according to 

the fish farms as 4, 3, 2, 1 and 5 (Fig. 4.12). 

Nitrate concentrations significantly decreased (P≤0.05) at different 

localities and was 16 ± 1.4, 24 ± 1.2, 37 ± 1.8, 41 ± 1.2 and 11 ± 1.7 in the sites 

1, 2, 3, 4 and 5. Nitrate concentrations ranged from 11 - 41 mg/l water in the 

different sampling sites.  Nitrate concentrations are significant (P≤0.05) when 

compared with the international standards (50 mg/l). The decrease was - 68%, - 

52.8%, - 25.4%, - 18.8% and - 99.78% in waters in the sampling sites 1, 2, 3, 4 

and 5 respectively.  The highest nitrate concentration observed was 41 mg/l in 

water in farm 4, while the lowest nitrate concentration observed was 11 mg/l in 

water in farm 1 when compared with the other fish farms. The nitrate 

concentrations arranged from the lowest value to the highest value according to 

the fish farms as 5, 1, 2, 3 and 4 (Fig. 4.13). 

Nitrite concentrations significantly decreased (P≤0.05) at different 

localities and was 0.17 ± 0.03, 0.12 ± 0.03, 0.15 ± 0.02, 0.11 ± 0.01 and 0.14 ± 

0.1 in the sites 1, 2, 3, 4 and 5. Nitrite concentrations ranged from 0.11 - 0.17 

mg/l water in the different sampling sites.  Nitrite concentrations are significant 

(P≤0.05) when compared with the international standards (3 mg/l). The decrease 

was - 94.3%, - 96%, - 95%, - 96.3% and –95.3% in waters in the sampling sites 

1, 2, 3, 4 and 5 respectively. The highest nitrite concentration observed was 0.17 

mg/l in water in farm 1, while the lowest nitrite concentration observed was 0.11 

mg/l in water in farm 4 when compared with the other fish farms. The nitrite 

concentrations arranged from the lowest value to the highest value according to 

the fish farms as 4, 2, 5, 3 and 1(Fig. 4.14). 

Ammonia concentrations significantly decreased (P≤0.05) at different 

localities and was 0.19 ± 0.02, 0.1 ± 0.01, 0.1 ± 0.01, 0.1 ± 0.01 and 0.15 ± 0.04 

in the sites 1, 2, 3, 4 and 5. Ammonia concentrations ranged from 0.1 - 0.19 

mg/l water in the different sampling sites.  Ammonia concentrations are 

significant (P≤0.05) when compared with the international standards (0.2 mg/l). 
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The decrease was – 5%, - 55%, - 50%, - 60% and - 25% in waters in the 

sampling sites 1, 2, 3, 4 and 5 respectively. The highest ammonia concentration 

observed was 0.19 mg/l in water in farm 1, while the lowest ammonia 

concentration observed was 0.1 mg/l in water in farm 4 when compared with the 

other fish farms. The ammonia concentrations arranged from the lowest value to 

the highest value according to the fish farms as 4, 2, 3, 5 and 1 (Fig. 4.15). 
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Table 4.9: Chloride, Nitrate, Nitrite and Ammonia in mg/l levels in water at various sampling sites. 

Variable Fish farm 1 Fish farm 2 Fish farm 3 Fish farm 4 Fish farm 5 Range 
**International 

Standard 

Chloride (mg/l) 18837 ± 226 * 17750 ± 235* 9570 ± 432* 400 ± 47* 19380 ± 254* 400 - 19380 250 

Nitrate (mg/l) 16 ± 1.4* 24 ± 1.2* 37 ± 1.8* 41 ± 1.2* 11 ± 1.7* 11.0 - 40.6 50 

Nitrite (mg/l) 0.17 ± 0.03* 0.12 ± 0.03* 0.15 ± 0.02* 0.11 ± 0.003* 0.14 ± 0.1* 0.11 - 0.17 3 

Ammonia (mg/l) 0.19 ± 0.02* 0.1 ± 0.01* 0.1 ± 0.01* 0.1 ± 0.01* 0.15 ± 0.04* 0.1 - 0.19 0.2 

 

 All values presented as means ± S.D. (n = 5). 

 *P≤0.05: significant. 

 **Standard maximum permissible limit of WHO (2008), EPA (2001) and WHO2000/ICMR1975 (Etim et al., 2013). 

 Appendix 7 showed more international standard for physicochemical parameters in water.
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Fig. 4.12: Chloride in mg/l of water at different sampling sites. Each reading represents 

Mean±SD of 5 samples.  

 

Fig. 4.13: Nitrate conc. in mg/l of water at different sampling sites. Each reading 

represents Mean±SD of 5 samples.  
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Fig. 4.14: Nitrite in mg/l of water at different sampling sites. Each reading represents 

Mean±SD of 5 samples.  

 

Fig. 4.15: Ammonia in mg/l of water at different sampling sites. Each reading represents 

Mean±SD of 5 samples.  
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4.3.2 Heavy metals concentrations in water of different sampling sites 

Cd, Cu and Pb concentrations in the water of the different sampling sites 

are presented in Table (4.10) by range values, mean ± SD. The average values of 

the same heavy metals are compared in Fig. (4.16). All results expressed on a 

wet weight in µg/l water. Cd concentration significantly increased (P≤0.05) at 

different localities and was 90 ± 2.6, 75 ± 2.4, 55 ± 3.3, 45 ± 2.9 and 65 ± 3.5 in 

the sites 1, 2, 3, 4 and 5. Cd concentrations ranged from 42.1 - 92.57 µg/l water 

in the different sampling sites. Cd values are significant (P≤0.05) when 

compared with the international standards (5 µg/l) (Table 4.11). The increase 

was 18 fold, 15 fold, 11 fold, 9 fold and 13 fold in waters in the sampling sites 

1, 2, 3, 4 and 5 respectively. The highest Cd concentration observed was 90 µg/l 

in water in farm 1 when compared with the other fish farms. The Cd 

concentrations arranged from the lowest value to the highest value according the 

fish farms as 4, 3, 5, 2 and 1 (Fig. 4.16). 

Cu concentration significantly decreased (P≤0.05) at different localities 

and was 140 ± 12.4, 125 ± 11.6, 120 ± 10.3, 128 ± 9.2 and 170 ± 13.2 in the 

sites 1, 2, 3, 4 and 5. Cu concentrations ranged from 109.7–183.2 µg/l water in 

the different sampling sites. Cu values are significant (P≤0.05) when compared 

with the international standards (2000 µg/l) (Table 4.11). The decrease was - 

93%, - 93.75%, - 94%, - 93.6% and - 91.5% in waters in the sampling sites 1, 2, 

3, 4 and 5 respectively. The highest Cu concentration observed was 170 µg/l in 

water in farm 5 when compared with the other fish farms. The Cu 

concentrations arranged from the lowest value to the highest value according the 

fish farms as 3, 2, 4, 1 and 5 (Fig. 4.16). 

Pb concentration significantly increased (P≤0.05) at different localities 

and was 90 ± 6.2, 80 ± 4.0, 52 ± 3.5, 62 ± 2.3 and 62 ± 5.4 in the sites 1, 2, 3, 4 

and 5. Pb concentrations ranged from 48.5 – 96.2 µg/l water in the different 

sampling sites. Pb values are significant (P≤0.05) when compared with the 

international standards (10 µg/l) (Table 4.11). The increase was 9 fold, 8 fold, 
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5.2 fold, 6.2 fold and 6.2 fold in waters in the sampling sites 1, 2, 3, 4 and 5 

respectively. The highest Pb concentration observed was 90 µg/l in water in 

farm 1 when compared with the other fish farms. The Pb concentrations 

arranged from the lowest value to the highest value according the fish farms as 

3, 4=5, 2 and 1 (Fig. 4.16).  
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Table 4.10: Heavy metals concentrations in µg/l water in various sampling sites.  

Variable Fish farm 1 Fish farm 2 Fish farm 3 Fish farm 4 Fish farm 5 
Range in the 

present study** 

Cadmium (µg/l) 90 ± 2.6* 75 ± 2.3* 55 ± 3.3* 45 ± 2.9* 65 ± 3.5* 42.1 – 92.57 

Copper (µg/l) 140 ± 12* 125 ± 11.6* 120 ± 10.3* 128 ± 9.2* 170 ± 13.2* 109.7–183.2 

Lead (µg/l) 90 ± 6.2* 80 ± 4.0* 52 ± 3.5* 62 ± 2.3* 62 ± 5.4* 48.5 – 96.2 

 All values presented as means ± S.D. (n = 5). 

 *P≤0.05: significant.  

 **Standard maximum permissible limit as showed in Table 4.11. 

Table 4.11: Standard maximum permissible limit of water quality. 

Organization/Country 
Heavy Metal (µg/l) 

Reference 
Cd Cu Pb 

USA 5 1000 15 Deborah, 1996 

Russia 3 2000 10 Deborah, 1996 

WHO, 2008 3 2000 10 Mebrahtu and Zerabruk, 2011 

Australian, 1996  2 2000 10 Mebrahtu and Zerabruk, 2011 

EPA, 2002 10 1300 50 Ozturk et al., 2009 

EC, 1998 5 2000 10 Ozturk et al., 2009 
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Fig. 4.16: The concentrations of cadmium, copper and lead in (µg/l) of water at different 

sampling sites. Each reading represents Mean±SD of 5 samples. 

4.3.3 Heavy metals concentrations in white muscles of different fish 

species 

Cadmium (Cd), cupper (Cu) and lead (Pb) concentrations in the white 

muscles of the farmed fish species O. niloticus, O. hybrids and S. aurata were 

presented by range values, mean ± SD in Table (4.12) and Figures (4.17-4.19).  

All results expressed on a wet weight basis as µg/g wet weight. Cd 

concentration, significantly increased (P≤0.05) at different localities, was 0.97 ± 

0.2, 1.02 ± 0.2, 1.0 ± 0.2 in S. aurata, and 1.11 ± 0.2, 1.49 ± 0.3 in O. hybrids, 

while in O. niloticus it was 0.89 ± 0.2, 1.43 ± 0.3 in the sampling sites 1, 2, 5, 3 

and 4 respectively. Cd concentrations ranged from 0.59 - 2.08 µg/g wet weight 

of fish in the different sampling sites. Cd values are highly significant (P≤0.05) 

when compared with the international standards (0.5 µg/g). The increase was 94, 
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104.4 and 100.4% in white muscle of S. aurata in the sampling sites 1, 2 and 5 

and 2.2, 1.8, 3.0 and 2.7-fold in white muscle of O. hybrids and O. niloticus in 

the sampling sites 3 and 4 respectively. The highest Cd concentration observed 

was 1.49 µg/g wet weight in O. hybrids and 1.43 µg/g wet weight in O. niloticus 

in farm 4 when compared with the other fish farms (Fig. 4.17).   

Cu concentration, significantly decreased (P≤0.05) at different localities, 

was 0.33 ± 0.1, 0.42 ± 0.3, 0.68 ± 0.4 in S. aurata, and was 0.55 ± 0.2, 0.87 ± 

0.4 in O. hybrids, while in O. niloticus it was 0.28 ± 0.2, and 0.32 ± 0.2 in the 

sampling sites 1, 2, 5, 3 and 4 respectively. Cu concentrations ranged from 0.08 

- 1.41 µg/g wet weight of fish in the different sampling sites. Cu values are 

significantly decreased (P≤0.05) when compared with the international 

standards (2.0 µg/g). The decrease was - 83.7, - 79.0 and - 65.9% in white 

muscle of S. aurata in the sampling sites 1, 2 and 5 and 0.275, 0.138, 0.435 and 

0.158-fold in white muscle of O. hybrids, O. niloticus in the sampling sites 3 

and 4 respectively. The highest Cu concentration observed was 0.87 µg/g wet 

weight in O. hybrids in farm 4 when compared with the other fish farms (Fig. 

4.18).  

Pb concentration, significantly increased (P≤0.05) at different localities, 

was 8.98 ± 0.4, 8.84 ± 0.4, 8.92 ± 0.5 in S. aurata, and was 8.76 ± 0.4, 8.66 ± 

1.7 in O. hybrids, while in O. niloticus it was 8.04 ± 2.2, 9.10 ± 1.0 in the sites 

1, 2, 5, 3 and 4 respectively. Pb concentrations ranged from 4.16 - 10.36 µg/g 

wet weight of fish in the different sampling sites. Pb values are significantly 

increased (P≤0.05) when compared with the international standards (2.0 µg/g). 

The increase was 4.492, 4.419 and 4.458-fold in white muscle of S. aurata in the 

sampling sites 1, 2 and 5 and 337.8, 301.7, 333.2 and 355.1% in white muscle of 

O. hybrids, O. niloticus in the sampling sites 3 and 4 respectively. The highest 

Pb concentration observed was 9.10 µg/g wet weight in O. niloticus in farm 4 

when compared with the other fish farms (Fig. 4.19).  
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Table 4.12: Heavy metals concentrations in µg/g wet weight in white muscles of O. niloticus, O. hybrids and S. aurata in various sampling sites.  

Variables Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 
Range in the 

present study 

International 

Standards** 

Fish Type and 

International 

Standards 

S. aurata S. aurata O. hybrids O. niloticus O. hybrids O. niloticus S. aurata  Codex 

Sds. 

FAO / 

WHO 

1989 

Cd (µg/g wet 

weight) 

(Mean±SD) 

0.97 ± 0.2* 1.02 ± 0.2* 1.11 ± 0.2* 0.89 ± 0.2* 1.49 ± 0.3* 1.43 ± 0.3* 1.0 ± 0.2* 0.59 – 2.08 0.5 0.5 

Cu (µg/g wet 

weight) 

(Mean±SD) 

0.33 ± 0.1* 0.42 ± 0.3* 0.55 ± 0.2* 0.28 ± 0.1* 0.87 ± 0.4* 0.32 ± 0.2* 0.68 ± 0.4* 0.08  – 1.41 2.0 30 

Pb (µg/g wet 

weight) 

(Mean±SD) 

8.98 ± 0.4* 8.84 ± 0.4* 8.76 ± 0.4* 8.04 ± 2.2* 8.66 ± 1.7* 9.10 ± 1.0* 8.92 ± 0.5* 4.16 – 10.36 2.0 0.5 

 

 All values presented as means ± S.D. (n = 10). 

 * P≤0.05: significant. 

 ** Standard maximum permissible limit of Codex Standards (Heshmati et. al., 2014), FAO/WHO, 1989. 

 Appendix 6 showed more international standards for heavy metals in white muscles of fishes. 
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Fig. 4.17: Cadmium in µg/g wet weight of fish white muscles at different sampling sites. 

Each reading represents Mean±SD of 10 samples.  

 

Fig. 4.18: Copper in µg/g wet weight of fish white muscles at different sampling sites. Each 

reading represents Mean±SD of 10 samples.  
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Fig. 4.19: Lead in µg/g wet weight of fish white muscles at different sampling sites. Each 

reading represents Mean±SD of 10 samples.  

 

4.3.4 Health-risk assessment for fish consumption (consumption safety) 

According to the Directorate General of Fisheries in the Ministry of 

Agriculture - Palestine, the average quantity of fish consumed per person 

(assuming a 70-kg person) per day in Gaza strip is 11.66g. Multiplying this 

value by the average concentration of each metal (Cd, Cu and Pb) in the 

analyzed fishes, the average daily intake (consumption) of metals from fish can 

be estimated. The daily consumption of Ca, Cu, and Pb in the fishes of this 

study was ranged from 11.4 - 15.13 µg/day, 3.45 - 8.28 µg/day and 99.9 - 103.9 

µg/day, respectively (Table 4.13). The average daily intake of metals through 

fish consumption can be ordered as following: Pb >Cd >Cu. 

 



  

73 
 

Table 4.13: The estimated daily intake (µg/day) of metals by humans in Gaza strip from 

fish Muscles. 

Metal 
Fish species 

PTDI PTDI
d

70 
S. aurata O. niloticus O. hybrids 

Cd 

(µg/day) 

11.4 13.55 15.13 1.0
a
 70.0 

Cu 

(µg/day) 

5.55 3.45 8.28 500
b
 35000 

Pb 

(µg/day) 

103.9 99.9 101.56 3.57
c
 249.9 

 

a
 PTDI: provisional permissible tolerable daily intake (µg/kg body weight/day), calculated from 

provisional permissible tolerable weekly intake (PTWI) of cadmium that cited FAO/WHO 

(2013). 

b
 PTDI: provisional permissible tolerable daily intake (µg/kg body weight/day), calculated from 

provisional permissible tolerable weekly intake (PTWI) of copper that cited FAO/WHO (1982). 

c
 PTDI: provisional permissible tolerable daily intake (µg/kg body weight/day), calculated from 

provisional permissible tolerable weekly intake (PTWI) of lead that cited FAO/WHO (2000). 

d
 PTDI70: permissible tolerable daily intake for 70 kg person (µg/day)=PTDI × 70 kg. 
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5. Discussion 

 

The wild fish resources in the world are overexploited while the world 

population is increasing. An alternative seafood source could be farming of 

species in aquaculture. Pisciculture is one of the main modes of aquaculture and 

the most prevalence worldwide. Pisciculture and all modes of aquaculture have 

the same goal that using capital efficiently to the time unit per one cubic meter 

of water resources through production of fast growing and high feed conversion 

fishes. 

 

5.1 The current status of fish farms 

Aquaculture practice has become a promising and gainful methodology 

to attain self-sufficiency in food sector and to alleviate poverty in the developing 

countries. These reasons were similar to the reasons that stimulated some 

citizens in Gaza strip to begin in construction of their own pisciculture (Pravakar 

et al., 2013). 

 

5.1.1 Current profile of Gaza fish farms 

The current study showed that there are five fish farms in Gaza strip 

extending from the north to the south in most of its governorates. The economic 

problems of fish farms in Gaza strip (compared to the other countries in the 

world) may be attributed to several reasons including the shortness of supply 

(includes fish feedstuff and fingerlings) and technical costs for fish farms 

construction. Moreover, citizens are suffering from high unemployment level, 

which was found to be stood at 43% on average in 2014. Youth unemployment 

exceeded 60% as was stated by Office for Coordination of Humanitarian Affairs 

(2015). Establishment of such aquaculture projects in Gaza strip may partially 

solve a fraction of the unemployment crisis, where the average number of 
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workers in fish farms in Gaza strip was found to be at least seven workers per 

farm. Moreover, the reluctance of some citizens to establish such aquaculture 

projects could be attributed to the lack of their experience in fish farming and 

the accompanied processes (Jacobi, 2013). 

Most of fish farms in Gaza strip were under single ownership and newly 

built between the years 2008 and 2014 on small land areas ranged from 1200 to 

5000 square meters. This could be attributed to the fact that the owners of fish 

farms make their fish farms as a sole source of livelihood for them. This in turn 

coincides with the findings of Saha (2014). Moreover, Pravakar et al., (2013) 

revealed that the multiple pond ownership was a major constrain for pond 

aquaculture development in Bangladesh. This seems to be fear for citizens who 

sometimes reject the idea of multiple ownerships in projects.  

Land is a scarce resource in Gaza strip and this is due to the small areas 

allocated for such fish farming project. The Israeli blockade imposed on Gaza 

strip since 2006 has led to rising poverty and unemployment rate among 

citizens, which has contributed in some way in reducing the number of fish 

farms in Gaza strip, and pushed some citizens to look for alternative works. 

 

5.1.2 Nature and design of fish farms 

Farm ponds can be designed and built to serve multiple purposes with 

advanced planning (Helfrich and Pardue, 1999). In the current study, most of 

ponds take the cylindrical shape, this may be attributed to the fact that the 

cylindrical design of ponds facilitates the rotational motion of the water in the 

pond through the air pumps that move water and integrate it with air needed for 

fish breathing. In addition, it is easier in cleaning and catches operations. These 

types of ponds are recommended and easily constructed, particularly in areas of 

flat topography (Helfrich and Pardue, 1999) and this particularly mimics the 

situation of Gaza strip which lies in a flat coastal plain. The ease with which 

they can be constructed, their compactness, and their low maintenance 
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requirements make them popular in many sections of the world (Deal et al., 

1997). Moreover, Ele et al., (2013) revealed that these cylindrical constructions 

have the advantages of lasting over ten years and they have lower dependence 

on climatic conditions.  Ansah (2010) added that they allow for portions of the 

life cycles of cultured species to be altered with the aim of maximizing biomass. 

 The square shape of small ponds (2m
3
 in size) of farm 4 have been used 

for both fry and adult fish farming because these life stages need a slightly high 

temperature for growth and mating, and this condition can be attained by 

allocating high fish density in small size of pond. Similar results were presented 

by Carballo et al., (2008) who confirmed that small ponds are normally used for 

spawning and fry fish production, while larger ponds are used for the grow-out 

period. Deal et al., (1997) pointed out that the small sizes of ponds are popular 

because they are less difficult to be managed than larger ones.  

Intensive fish farming system was used in most of fish farms where the 

stocking densities were found to be ranged between 60 and 70 fish/m
3
 of water 

in pisciculture ponds in Gaza strip. This may be attributed to that the major 

promotion of farmers is to make maximum profit and to meet the nutritional 

needs of people who have little chances to gain animal protein from the sea (Ele 

et al., 2013). The intensive aquaculture system should be characterized by 

exclusion of predators, control of competitors, enhancement of food supply, and 

the provision of all nutritional requirements as was stated by Ansah (2010). As a 

disadvantage, high fish stocking densities may increase the susceptibility of 

famed fishes to diseases and dissolved oxygen shortage (Carballo et al., 2008). 

The quantity and quality of water needed for commercial aquaculture 

vary with the production method employed, type of aquaculture chosen, scale of 

operation, and species cultured. Although springs, beach wells, and groundwater 

provide the best sources of pond water worldwide, salty beach wells are used in 

most fish farms in Gaza strip because these farms are mostly located near the 

seacoast. Farm 4 was found to use ground water for fish farming because the 
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Clarias gariepinus cannot tolerate the salt water and the farm is located far from 

the seacoast. In spite of that, Helfrich and Pardue (1999) pointed out that some 

ground water sources may contain excess minerals that could be harmful to 

famed fishes. 

The water supply must be sufficient to rapidly fill the pond and maintain 

a relatively constant water level (Helfrich and Pardue, 1999). Although water 

discharge in farm 4, occurs directly to the agricultural fields surrounding the 

ponds, most of the other fish farms in Gaza strip are located near the seacoast 

and as a result, they discharge their water through manholes directly to the sea. 

The changing and drainage of pond waters is vital for different reasons 

including the cleaning wastes, fish harvesting, reducing the concentration of 

potential pollutants in such waters and preventing the spread of diseases or 

pathogens among the cultured fishes.  

 

5.1.3 Types of the farmed fish  

Based on the prevailing climatic regimes in Gaza strip, a range of fish 

species are suitable for aquaculture in Gaza strip. Each type was selected for 

farming due to several reasons. 

Oreochromis niloticus and Oreochromis hybrids were selected for 

farming in the fish farms 3 and 4 mainly due to the low price of Tilapia fry that 

produced locally in farm 4 (Hatchery). In addition, they have good abilities to 

survive under stress conditions and a wide range of salinities, they are easy to 

reproduce, they can be cultured in a wide range of production systems and they 

are well known to consumers. These reasons seem to match with the findings of 

Companhia (2011) and Hargreaves (2012) who worked on the assessment of 

aquaculture in Palestine and in Mozambique. Being an omnivore fish, Grammer 

et al., (2012) pointed out that Tilapia species are favored among aquaculturists 

due to its fast growth and its ability to feed at different trophic levels.  
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Sparus aurata was selected for farming in the fish farms 1, 2 and 5 due 

to its highly appreciation by the citizens’ taste, highly demanded in the Gaza 

local markets, fast growth and the availability of its fry that is commonly 

imported from the Palestinian teritories occupied. The fish is locally sold with 

high prices. These comments seem to somewhat coincide with the results of 

Fazio et al., (2013) who pointed out that this species is favorable for aquaculture 

due to its commercial interest, its economic importance, its extensive 

consumption as food source, its ability to live in environments of different 

salinities, and its tolerance to high densities. They mentioned that the species is 

unique to be farmed on a large scale. 

Mugil cephalus was selected for farming in fish farm 3 only, though this 

marine species is highly demanded by the local people of Gaza strip due to its 

good taste and appropriate prices. It also constitutes a vital part of local 

fisheries. Similarly, Hsu et al., (2007) found out that M. cephalus is an 

economically important species for both aquaculture and commercial fisheries 

around the world, and the female gonads have a widespread market because it is 

eaten internationally. Moreover, the species thrives and grows rapidly in a wide 

range of salinities, and as a result the species is fished locally from the sea and 

cultured in ponds having waters with lesser salinities compared to seawaters.  

Clarias gariepinus was selected for farming in very little amounts in fish 

farm 4. Although the species has no trade preference, Gunder (2015) pointed out 

that the species is usually cultivated due to its omnivore-feeding habits, fast 

growth, tolerance to relatively poor water quality and appreciation by consumers 

for its meat quality. In other countries, the species can be raised in high densities 

resulting in high yields and good prices. 

 

5.1.4 Feedstuffs and marketing of farmed fishes  

The fish feedstuff used by farmed fishes reared in the closed pond 

system in Gaza strip is the pelleted fish feedstuff, which is imported from the 

http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=19549
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Palestinian teritories occupied. In the absence of any locally produced feedstuff, 

the pelleted fish feedstuff is considered as a complete fish feedstuff by having 

all of the nutritional requirements needed by farmed fishes for their healthy 

growth and fattening. These results coincide with the findings of Riche and 

Garling (2003) who confirmed that the fishes reared in intensive pond systems 

requires all nutrients in a complete pelleted diet since natural food is limited. 

This seems to have the advantages of high quality and consistency of diet.  

The owners of fish farms usually import huge quantities of fish feedstuff 

and store it in their own farms as an adaptation to the Israeli blockade and the 

critical political situation in Gaza strip. These quantities were said to be 

sometimes stored inefficiently inside the farms for prolonged times. This may 

affect the quality of such feedstuffs. The improper storage may prolong survival 

of the microorganism in fish feedstuffs by enhancing their multiplication and 

production of toxic substances that may be injurious to fish.  

There is no marketing processes or electronic advertising for the 

pisciculture products in the Gaza strip. This may be attributed to the limited 

number of fish farms and the poor acceptance of local people to cultured fishes, 

and accordingly, the most exploitation of products is taken place by specific 

customers and traders. In Nigeria as an African country, Adedeji and Okocha 

(2011) pointed out other reasons contributing to the low marketing processes of 

cultured fishes. These include seasonality, scarcity and the poor means of 

preservation. Transportation is considered as a major problem regarding fish 

marketing and distribution in different countries as well. 

 

5.1.5 Problems facing pisciculture sector in Gaza strip 

Much commitment in terms of finance and experience is needed to cope 

with fish farming, and this does not preclude from the presence of many 

obstacles and challenges facing farmers in pisciculture projects.  
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(A) Economic and financial problems: the principal problem facing the 

pisciculture sector in Gaza strip is the financial issue and this was obvious in 

other developing countries worldwide, e.g. Mozambique (Jacobi, 2013). This 

local situation could be attributed to the current critical political situation. Most 

of citizens cannot contribute much to the success of these promising projects. 

The high cost of production manifested itself by importing most of aquaculture 

supplies from abroad with high prices. The lack of local fish feedstuff factories 

is a critical problem. The higher production cost of fish is due to the increase of 

the price of fingerlings, fish feedstuffs, drugs, chemicals, equipment and labor 

(Pravakar et al., 2013). The Arab Organization for Agriculture Development 

(2008) and Cochrane et al., (2009) were proved similar findings. The probable 

lack of funding agencies and valuable investments on such pisciculture projects 

in Gaza strip represents a real challenge. In this regard, Osondu and Ijioma 

(2014) pointed out that the lack of loans or investments and unavailability of 

extension workers are main obstacles standing behind the inability of farmers to 

adopt profit-enhancing innovations of fish production. In Egypt, El-Naggar et 

al., (2008) examines the economics of fish farming in Behera Governorate of 

Egypt. They found out that, high prices of fish feed; declining fish prices and 

lack of finance were the top ranking serious constraints facing fish farmers in 

that area 

(B) Water problems: Gaza strip is actually suffering from different water issues 

including shortage in water resources, water pollution, water over-pumping and 

seawater intrusion into the coastal aquifer. This escalating water crisis plays a 

significant role in restricting such progresses in pisciculture sector.  Shitote et 

al., (2011) confirmed that the poor quality water negatively affects the growth of 

fish farming. They added that pesticides and other harmful toxicants coming 

from agricultural practices affect water quality for fish farming. In this context, 

Boto et al., (2013) confirmed that the shortage in the inventory available 

groundwater due to over-pumping and poor renewal capacities threaten the 
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continuity of pisciculture projects in Belgium. To cope with the water crisis, 

most pisciculture projects have been established close to the Mediterranean 

beach and they use beach wells as a water source for farming in ponds. In 

Kenya, Shitote et al., (2011) found that the difficulties in pond management 

were a serious problem facing fish farmers. Pollution, environmental 

degradation, and shortage of land and fresh water are also associated with water 

and environmental constraints. 

(C) Technical problems: there is a clear weakness of the appropriate 

maintenance of the pisciculture ponds and equipment in Gaza strip. As in other 

vital projects, e.g. wastewater and solid waste, this weakness is mainly due to 

the Israeli occupation, which prevents the entrance of the needed supplies that 

ensure the sustainability of these projects. The absence of local hatcheries and 

feedstuff factories could be attributed to the fact that most fish farmers lack 

adequate knowledge in fish breeding and feedstuff production as result of 

inadequate extension services and insufficient training for extension workers. 

El-Naggar et al., (2008) mentioned that the lack of development in hatchery 

techniques lead to shortfall in the provision of the required fish seeds in the 

quantity, quality and time for activities and projects of aquaculture. Riche and 

Garling (2003) pointed out that fishes require a complete pelleted diet in times 

the natural food is limited as the case of Gaza strip. The modest level of running 

and management operations of fish farms by non-specialized labor of 

technicians and administrators is manifested itself locally by the uprooting of 

many pisciculture projects that were common in the past years in Gaza strip. 

This is due to the unavailability of technical and constructional expertise for fish 

farms, which precludes the establishment of harmonious farms with spatial and 

water conditions. More or less findings were pointed out by AOAD (2008), 

which mentioned that the most important technical constrains facing aquaculture 

in the Arab countries include the lack of scientific expertise, weakness of 

services and guidance models and the advisory offices for the preparation of the 
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technical and economic feasibility studies of aquaculture projects. Human 

capacities regarding pisciculture or fish diseases are very poor. This could be 

attributed to the absence of marine or aquaculture departments in the local 

universities, and the lack of well-trained academics in the fields of aquaculture. 

Farming experience has been known to lead to perfection in production 

activities and enables the farmers to face the production constraints (Osondu and 

Ijioma, 2014). Nowadays, there is a promising sign of improvement in such 

marine and aquaculture fields in Gaza strip after establishing a marine sciences 

department in the Islamic University of Gaza since 2013. 

(D) Political problems: the electric power supply is unattainable in Gaza strip 

due to incessant electricity shortage. The use of generators (operated by fuel) is 

common in Gaza particularly in aquaculture projects in order to pump water and 

to replenish pond water. Worldwide, electricity is necessary for aquaculture in 

order to aerate and circulate pond water to ensure good dissolved oxygen levels 

entering the system. This may encourage good feed conversion in fish, improve 

the degradation of organic matter in pond bottoms and reduce the amount of 

organic matter in effluents. Hargreaves (2012) mentioned that the political 

situation in Palestine creates considerable uncertainty that limits investment and 

the ability of potential fish producers to compete with those in other countries, 

and affects access to inputs live fish fingerlings, and to markets. 

(E) Legislative, legal, and policies problems: the lack of promotion policies and 

strategies concerning the establishment of pisciculture projects in Gaza strip is a 

crucial point. The absence of specialized personnel could be a principal factor as 

stated by Ugwumba and Chukwuji (2010) and the poor preparation of feasibility 

studies concerning local aquaculture projects may stand behind the closure of 

many similar projects in the last few years in Gaza strip. Moreover, the complete 

lack in governmental and non-governmental organizations that may promote the 

marketing processes of the products is an actual problem locally in other 
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countries such as Egypt (AOAD, 2008). Laws and legislations are indeed 

needed for both marine environment and fisheries resources in Gaza strip (Abd-

Rabou, 2013) and they should extend to include the new promising sectors of 

pisciculture. 

  

5.2 The socioeconomic questionnaires 

5.2.1 Personal profile of the sampled population  

The sampled population consists of 160 respondents (n = 160) covering 

the governorates of Gaza strip. The study showed that 77.5% of the respondents 

were 21-40 years old. This means that the young category is the largest group in 

the community. Analysis of the educational status showed that 87.5% of the 

respondents had a university or diploma degree. Such result is normally 

expected in the Palestinian society as a whole, since the majority of the 

Palestinians in Gaza are educated due to the political, social and economic 

pressure prevailed during the last 5-6 decades. According to PCBS (2015), the 

percentage of youth represents 30.0% of the total population in Palestine, 37.4% 

of them are adolescents aged 15-19 years and 62.6% are youth aged 20-29 years. 

In addition, 39.8% of youth aged 15-29 years were enrolled in education in 

Palestine. The level of education is a factor affecting the production level of 

farmed fishes in the pisciculture projects. These findings were similar to the 

results of the current study. 

 

5.2.2 Challenges facing the marine fishing sector 

Challenges facing the marine fishing sector in Gaza strip are usually 

associated with the Israeli occupation. It was found that most of respondents 

(98.1%) confirmed the presence of challenges facing the marine fishing sector 

and 93.8% confirmed the decrease in the marine fish catch in Gaza strip. Such 

decreases could be attributed to several reasons including the limited fishing 
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area allowed by the Israeli Marine Force Army for fishermen to practice fishing, 

the marked increase in the number of fishermen, overfishing and the increased 

demand for fish by citizens, the continuous Israeli practices against fishermen 

inside the Palestinian marine waters, pollution of the sea coast by sewage and 

other pollutants, and the weakness of environmental awareness among 

fishermen and the related marine parties in Gaza strip. Most of these reasons 

seem to match such findings in different studies and reports carried out in Gaza 

strip (Abd Rabou, 2013). 

 

5.2.3 Annual consumption of fish per person and the nature of the 

consumed fish  

As far as the consumption of fish is regarded, the study showed that 

36.3% of respondents achieve less than or equal to 10 kg of fish per person 

annually.  This quantity of fish proteins is not enough and under the 

international limits. Proteins can represent a crucial nutritional component in 

some densely populated countries where total protein intake levels may be low 

by means about 54 kg annually (FAO, 2014). The low quantity of fish protein 

intake among citizens could be attributed to the high level of unemployment and 

poverty. Moreover, the annual fish production in Gaza strip is low when 

compared to other similar localities in the world. The study showed that about 

half of respondents (48.1%) prefer the fresh marine fishes, 43.1% prefer the 

imported frozen fishes and 6.3% prefer the both. The preference towards fresh 

marine fishes was attributed by most respondents to its delicious taste, more 

naturally, and more nutritional. These results were found to match the findings 

of Claret et al., (2014) who showed an increased desire in consuming marine 

fishes in Spain. In addition, the preference towards the frozen fishes mainly due 

to their low prices fitting the income rate of most of citizens. The very low 

percent of respondents preferring local farmed fishes could be attributed to the 
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scarcity of fish farms in Gaza strip, and the absence of publicity, announcement 

and marketing for the farmed fish products and the fish farms itself. 

 

5.2.4 Inhabitants' knowledge on pisciculture projects and their publicity 

and announcement  

Two-thirds of respondents (68.8%) know about the presence of 

pisciculture projects in Gaza strip. This could be interpreted with the fact that 

most of people interviewed within the study were youth (21 – 40 years) who are 

well educated and usually have the chance to roam the whole Gaza strip and 

acknowledge such fisheries and fish farming projects. The probable 

justifications for respondents who did not know about the presence of 

pisciculture projects may come from the inadequate information that reaching 

the consumers from farm owners or the related responsible parties in Gaza strip. 

The limited fish farming projects may be regarded as a factor standing behind an 

absence of such knowledge (Abd-Rabou, 2013). It is well known that consumer 

knowledge represents a good ground for operators to develop appropriate 

marketing strategies for their farmed fish products. Most of respondents 

confirmed the lack or weakness of publicity, announcement and marketing for 

such pisciculture projects and products. These findings could be attributed to the 

limited farmed fish species where some of these species may be not favorable by 

citizens. Most produced fishes are usually sold to certain customers and traders 

or exported abroad. Most farm owners seem to lack the awareness skills in 

marketing operations. In this context, Conte et al., (2014) pointed out that if 

consumers were able to completely understand food characteristics, the 

introduction of new products in the market would be improved. 
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5.2.5 Problems facing pisciculture projects  

The problems facing the pisciculture sector in Gaza strip seem to be best 

known by the majority of respondents. Many of the problems stated locally have 

been denoted to in other studies (Hiheglo, 2008 and Conte et al., 2014). As an 

example, Hiheglo (2008) stated the problems facing aquaculture in Ghana. 

These included the lack of fry/fingerling production facilities, lack of knowledge 

in fish processing techniques, high stocking, lack of coordination between the 

fisheries department and other bodies involved in water resource management, 

and the lack of information on reproduction technology regarding fish farming. 

In this context, Companhia (2011) reported the problems facing fish farmers in 

Mozambique to include poor water quality, difficulty in the acquiring 

fingerlings, materials and tools for ponds construction and low technical 

assistance. Electricity shortage is a local chronic problem that is mainly caused 

by the Israeli siege on Gaza strip. With regard to pisciculture, electricity is very 

essential to allow intensification of pisciculture production, which often includes 

operation of electric paddlewheel aerators, air blowers, and water pumps. 

Cessation of these vital processes in fish farming will contribute in the 

accumulation of fish liquid and solid wastes in the pond, and as a result harming 

the farmed fishes. The alternative use of electric generators usually elevates the 

inputs needed to sustain the work of pisciculture projects in Gaza strip in times 

that the fuel is suffering from shortage.  

 

5.2.6 The benefits of pisciculture projects 

Aquaculture can help to meet that growing demand and provide much 

needed protein and income in many localities of the world. The current study 

shows that 84.4% of respondents ensured the importance of pisciculture projects 

in Gaza strip. The reasons outlined by respondents seem to coincide with other 

studies such as that of Carballo et al., (2008) and Varela et al., (2008). 



  

87 
 

Aquaculture improves the fishery resources, minimizes the dependency on 

fishes importing from outside, and increases the occurrence of fish protein in 

local markets with low prices. What is promising in Gaza strip, such projects are 

thought to provide job opportunities and improve the economic and living 

standards of citizens in times the whole Gaza strip falls under political and 

military siege imposed by the Israeli occupation and other allied countries. The 

unemployment crisis is very serious in Gaza strip, and as a result, intensive 

aquaculture projects may partially alleviate this growing issue.  In this context, 

the government of Mozambique defined a long-term development goal to 

increase the production of aquatic products progressively and at the same time 

to reduce poverty, hunger and unemployment by using aquaculture because the 

area suitable for inland aquaculture is underexploited. These findings were 

matched well to the results of the current study (Salia, 2008). Fishes produced 

by pisciculture projects are crucial from a health point of view. They are known 

to be excellent source of long chain Omega-3 fatty acids and are high in 

vitamins A and D, and carotenoids, which, in addition to being essential for 

human nutrition, are thought to help prevent cancer (Broughton and Quagrainie, 

2013). From a political point of view, the pisciculture projects in Gaza strip 

represent a form of resistant economy as was stated by 59.4% of respondents. 

They promote some sort of self-dependency and self-sufficiency.  

 

5.2.7 Inhabitant’s knowledge and preference of farmed fishes 

A limited number of fish species has been cultured in Gaza strip, and 

only 38.8% of respondents knew the exact farmed species to include Sparus 

aurata, Oreochromis niloticus and Oreochromis hybrids. The current study 

showed that the majority of respondents (88.1%) preferred to consume marine 

fishes compared to cultured ones. In this regard, Nutreco (2011) and Conte et 

al., (2014) pointed out that the absence of information about fish origin has a 

certain influence on consumers’ preference or avoidance for wild and farmed 
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fishes. In accordance with these scientific facts, Claret et al., (2014) added that 

marine fishes are more resistant to diseases and they live in constantly renewed 

and naturally ventilated waters. Respondents, who intended to purchase the 

locally farmed fishes, usually prefer to get the fishes directly from the farms. 

This could be attributed to their desire in getting fresh fishes, as these fishes 

have more advantages over the frozen fishes that are common in the public 

markets. The preference of marine fishes upon cultured fishes was interpreted 

by Verbeke et al., (2007) to be mainly based on emotion and image transfer 

from intensive terrestrial livestock production rather than on awareness and 

factual knowledge of aquaculture.The study showed that about two-thirds of 

respondents believed that the locally framed fishes seem to not healthy. This 

could be attributed to their acquired knowledge that artificial feedstuffs involved 

in nourishing farmed fishes are not healthy. Claret et al., (2014) pointed out 

such similar reasons may discourage people to consume farmed fishes, though 

other studies strongly encourage to consume such farmed products, and there are 

no valuable differences between the farmed and wild fishes. The health risk 

from the farmed fishes are mainly dependent on the type of farmed fish, system 

of pond, level of pollutants in the different regions, type and source of pond 

water, and the quality of fish feed stuffs. Finally, the obvious factors influencing 

consumers’ behavior toward farmed fishes in Gaza strip seem to be related to 

health involvement, which are considered as a strong predictor of the attitudes 

towards fish consumption in different countries. 

 

5.3 Physicochemical and heavy metals analysis 

Groundwater is the main source of water in Gaza strip, used for drinking, 

agriculture, and industry (PWA, 2013). According to UNEP (2009), water 

supply source in Gaza strip is extremely susceptible to surface-derived 

contamination (UNEP, 2009) due to sewage disposal, including the discharge of 

partially or entirely untreated sewage into the Mediterranean Sea. Raw sewage 
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flows into the sea as an open drain, the most prominent example being Wadi 

Gaza (UNEP, 2009). In addition, Ramahi (2013) pointed out other related-water 

issues in Gaza strip that include chemical fertilizers and pesticides, which 

dissolved in irrigation water, cause water contamination by leaking into the 

groundwater reserves.  

 

5.3.1 Physicochemical analysis of water samples  

Water pollution is any physical, biological or chemical change in water 

quality that adversely affects living organism thereby rendering water unfit for 

desired purpose. Pollution from sewage origin is a major source of water 

pollution. Water borne pathogens from this source are mostly enteric and lead to 

the spread of disease in plants, animals and man (Edet et al., 2012). Etim et al., 

(2013) demonstrated that the increase in human population, industrialization, 

use of fertilizers in agriculture, urbanization, tourism, and man-made activities 

contribute to these negative effects in the environment and aquatic ecosystems. 

Hegazi et al., (2015) stated that the physicochemical parameters considered as 

the most important principles in the identification of the nature, quality and type 

of the water for any aquatic ecosystem. Among all the physicochemical 

parameters, pH is an important parameter, which determines the suitability of 

water for various purposes. The pH of a solution is the negative common 

logarithm of the hydrogen ion activity. The pH of water is a measure of the 

acid–base equilibrium and, in most natural waters, is controlled by the carbon 

dioxide–bicarbonate–carbonate equilibrium system. An increased carbon 

dioxide concentration will therefore lower pH, whereas a decrease will cause it 

to rise. Temperature will also affect the equilibrium of the pH. The pH scale, 

derived from the ionization constant of water, ranges from 0 (very acid) to 14 

(very alkaline). The pH of most natural water bodies range from 6.5 to 8.5, 

while the deviation from neutral pH is due to the free carbon dioxide or 

bicarbonate in the water body (Edet et al., 2012). 
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The pH values of water samples ranged from 7.01 to 7.69 in the fish 

farm ponds. The pH levels were within the maximum permissible standards 

limits between 5.5 and 9.2, which appears to provide protection for the life of 

water fish (WHO, 2008; EPA, 2001 and Etim et al., 2013). The pH value is 

considering an important factor in the chemical and biological system of aquatic 

environment. In addition, the high pH levels are undesirable since they may 

impart a bitter taste to the water and will have a more and more marked effect 

on fish, leading ultimately to mortality. 

Electrical conductivity (EC) is the measure of the ability of an aqueous 

solution to convey an electric current. This ability depends upon the presence of 

ions, their total concentration, mobility, valence and temperature (Saranraj and 

Stella, 2012). The electrical conductivity is consider a rapid and good measure 

of dissolved solids, higher values of conductivity shows higher concentration of 

dissolved ions (Chandra et al., 2012). EC values of water samples ranged from 

1743 to 55000 μS/cm. The maximum permissible standards limits of EC are less 

than 1000 μS/cm (WHO, 2008; EPA, 2001 and Etim et al., 2013). The 

maximum value was 55000±376.2μS/cm that found at farm 5. The high value of 

EC was due to the high presence of dissolved salts in the water of ponds. These 

results were similar to the findings of Hegazi et al., (2015). In addition, Kurup 

and Biswas (2014) pointed out that the electrical current is transported by the 

ions in solution, the conductivity increases as the concentration of ions 

increases. Thus, conductivity increases as water dissolved ionic species. 

Total dissolved solids (TDS) is used to describe the inorganic salts and 

small amounts of organic matter present in solution in water. The principal 

constituents are usually calcium, magnesium, sodium, and potassium cations 

and carbonate, hydrogencarbonate, chloride, sulfate, and nitrate anions (Fawell 

et al., 2003). According to EPA (2002), TDS in water supplies originate from 

natural sources, sewage, industrial wastewater, urban and agricultural run-off 

and chemical used in water treatment process. Salts used for road de-icing can 
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also contribute to the TDS loading of water supplies. The presence of dissolved 

solids in water may affect its taste.  

TDS values of water samples of the farms ponds ranged from 1115 to 

34100 mg/l. The values are very high as compared with the permissible 

standards limits 1000 mg/l (WHO, 2008; EPA, 2001 and Etim et al., 2013). The 

palatability of water with TDS can be considered to be unacceptable (greater 

than 1200 mg/l) (Fawell et al., 2003). The increase levels of TDS may be due to 

the ground water pollution when waste waters from both residential and 

commercial areas are discharged into pits, ponds, sea, enabling the waste 

migrate down to the ground water (as ground water wells and beach wells used 

for fish farming in ponds). These findings were matched well to the results of 

the study. Weber-Scannell and Duffy (2007) confirmed that the high TDS 

concentrations in waters often result from industrial effluent, changes to the 

water balance (by limiting inflow, by increased water use or increased 

precipitation), or by salt-water intrusion. 

Carr and Neary (2008) stated that the hardness is a measure of the ability 

of water to cause precipitation of insoluble calcium and magnesium salts of 

higher fatty acids from soap solutions. The total hardness values of water sample 

ranged from 100 to 7512 mg/l. The maximum value was 7512.0±512.7 mg/l that 

found at farm 5. It was found that the hardness values at most of the fish farms 

are higher than the maximum permissible standards limit, which is less than 500 

mg/l (WHO, 2008; EPA, 2001 and Etim et al., 2013). This is due to that the fish 

farms owners using the beach wells and ground wells waters (that have high 

hardness levels) for fish farming in their ponds. In addition, the total hardness is 

mainly due to presence calcium and magnesium ions in the water (Nascimento 

et al., 2012). 

Alkalinity is a measure of the capacity of natural water to neutralize acid. 

It is caused by the present of carbonate, bicarbonate and hydroxide (Addy et al., 

2004). Asuquo and Etim (2012) pointed out that the alkalinity acts as a stabilizer 
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for pH, moreover, alkalinity, pH and hardness affect the toxicity of many 

substances in the water. The alkalinity values of water samples ranged from 

147.0 to 360 mg/l. The maximum value was 360±8.9 mg/l that found at farm 4 

which using freshwater for fish farming in ponds. These values are higher than 

the maximum permissible standards limits, which is 120 mg/l (WHO, 2008; 

EPA, 2001 and Etim et al., 2013). The high alkalinity may be due to carbonate, 

bicarbonate and hydroxide contents. The increase of alkalinity may also be due 

to increase in free carbon dioxide in the sea that ultimately result in the increase 

in alkalinity. These results were similar to the findings of Summerfelt et al., 

(2015).  

Chloride levels of water sample ranged from 400 to 19380 mg/l. These 

values are higher than the maximum permissible standards limits, which is 250 

mg/l (WHO, 2008; EPA, 2001 and Etim et al., 2013). Excess of chloride in 

water is usually taken as index of pollution. The salts of sodium, potassium and 

calcium contribute chlorides in water. Large contents of chloride in freshwater is 

an indicator of pollution. The sewage water and industrial effluent are rich in 

high chloride and hence the discharge of these wastes result in high chloride 

level in fresh water, this in agreement with the findings of Chandra et al., 

(2012). In addition, chlorination was used for ponds disinfection and cleaning, 

which increases the levels of chlorides in the water of the ponds, this is 

confirmed by Bhatnagar and Devi (2013). According to PWA (2013), the high 

sewage discharge into the coastal zone of the sea along Gaza strip rises the 

levels of chloride in the water as the fish farms owners used it in their ponds for 

fish farming. 

Nitrate and Nitrite are naturally occurring ions that are part of nitrogen 

cycle. Nitrite levels of water sample found in ranged from 11.0 to 40.6 and from 

0.11 to 0.17 mg/l respectively. These values are lower than the maximum 

permissible standards limits, which is 50 and 3 mg/l respectively (WHO, 2008; 

EPA, 2001 and Etim et al., 2013). According to EPA (2007), nitrate and nitrite 



  

93 
 

are a metabolic product of microbial digestion of wastes containing nitrogen, for 

example, animal feces or nitrogen-based fertilizers. Nearly all nitrate and nitrite 

salts are soluble in water, and occur as a whitish powder when not dissolved in 

water. Fertilizers (include potassium nitrate/nitrite and ammonium 

nitrate/nitrite) comprise the majority of environmental releases of inorganic 

sources of nitrate and nitrite. Primary sources of organic nitrates in the 

environment include human sewage and livestock manure. Nitrate and nitrite are 

very mobile in soil and have a high potential to migrate to ground water due to 

high solubility in water and weak retention by soil. They do not volatilize and 

therefore are likely to remains in water until consumed by plants or other 

organisms. Nitrite is easily oxidized to nitrate, and nitrate is the more 

predominant compound of the two detected in groundwater. 

Ammonia levels of water sample found in ranged from 0.08 to 0.19 mg/l. 

These values are lower than the maximum permissible standards limits, which is 

0.2 mg/l (WHO, 2008; EPA, 2001 and Etim et al., 2013). According to WHO 

(2008), the term ammonia includes the non-ionized (NH
3
) and ionized (NH4

+
) 

species. Ammonia in the environment originates from metabolic, agricultural 

and industrial processes and from disinfection with chloramine. Intensive 

rearing of farm animals can give rise to much higher levels in surface water. 

Ammonia contamination can also arise from cement mortar pipe linings. 

Ammonia in water is an indicator of possible bacterial, sewage and animal waste 

pollution. 

 

5.3.2 Heavy Metals accumulation in water of different sampling sites 

The levels of heavy metal in water vary in various species and different 

aquatic environments. Moreover, the affiance of metal uptake from 

contaminated water and food may differ in relation to ecological needs, 

metabolism, and the contamination gradients of water, food and sediment, as 

well as other factors such as salinity, temperature and interacting agents 
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(Yilmaz, 2005). Fish have been used for many years to determine the pollution 

status of water, and are thus regarded as an excellent biological marker of metals 

in aquatic ecosystems. Yunus et al., (2010) pointed out that the presence of 

heavy metals in high concentrations in water does not involved a direct 

toxicological risk to fish, especially in the absence of significant 

bioaccumulation of heavy metals by fish tissues. 

Copper concentration in water was the highest in all of the studied fish 

farms and ranged from 109.7 to 183.2 µg/l. This may be due to the misusage of 

fish farmer to copper sulfate substance for treatment of the fish external diseases 

in the ponds. This results in agreement with Boone et al., (2012). In addition, the 

water of ponds which renewed in average one time weekly may be given more 

time for fish to accumulate Cu in their bodies.  

The average concentrations of Cd and Pb in water were ranged between 

42.1 - 92.57 and 48.5 - 96.2 respectively. This may be due to that the occurrence 

of fish farms next to the main transport lines, and the dust that contain high 

levels of Cd and Pb lead to elevation of its levels in water, this result in 

agreement with Ayrault et al., (2013). In addition, UNEP (2009) and Ramahi 

(2013) illustrated that the sewage flowing into the sea from all areas also lead to 

elevation the levels of Cd and Pb in water.  

Since water quality is the major factor in aquaculture sustainability, 

concentrations of the three heavy metals compared with the international 

standards and guidelines for water quality. The levels of Cu in water was in the 

permissible levels set by international standards, while the levels of Cd and Pb 

were exceeded the permissible levels that set by international standards Table 

5.1. 
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Table 5.1: Standard maximum permissible limit of water quality. 

Organization / 

Country 

Heavy Metal (µg/l) 
Reference 

Cd Cu Pb 

USA 5 1000 15 Deborah, 1996 

Russia 3 2000 10 Deborah, 1996 

WHO, 2008 3 2000 10 Mebrahtu and Zerabruk, 2011 

Australian, 1996  2 2000 10 Mebrahtu and Zerabruk, 2011 

EPA, 2002 10 1300 50 Ozturk et al., 2009 

EC, 1998 5 2000 10 Ozturk et al., 2009 

 

5.3.3 Heavy metals accumulation in white muscles of different fish species 

The aquatic environment considered the major factor controlling the 

state of health and disease in both cultured and wild fishes. Pollution of the 

aquatic environment by inorganic chemicals has considered a major threat to the 

aquatic organisms including fishes. The agricultural drainage water containing 

pesticides, fertilizers, and effluents of industrial activities and runoffs in addition 

to sewage effluents supply the water bodies and sediment with huge quantities 

of inorganic anions and heavy metals (Osman et al., 2010). 

In many bio-monitoring studies, the liver is the main target organ for 

investigation because of its essential function in the organism, high metabolic 

activity, and fast answer to environmental influences. On the other hand, white 

muscles has a lower metabolic rate, but its importance for investigation is of 

great significance to humans because of its nutritional importance, especially in 

the case of commercially important fish species such as O. niloticus, O. hybrids 

and S. aurata. The white muscles of the farmed fish species that collected from 

the five fish farms in Gaza strip used for heavy metal analysis due to its 

nutritional importance for citizens. 
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Lead are non-essential element for biota, its concentration was increased 

significantly in the white muscles of O. niloticus, O. hybrids and S. aurata in the 

five fish farms and ranged between 4.16 – 10.36 µg/g wet weight. The 

maximum average concentration of Pb was 9.102 ± 0.984 µg/g in O. niloticus 

(Farm 4). This value exceeded the maximum acceptable limit of all 

organizations as WHO, and Codex Standards, which limited the maximum 

concentrations of Pb in fish muscles by 2.0 µg/g (Heshmati et al., 2014). FAO 

limited it by 0.5 (FAO/WHO, 1989). EU, EC and Iranian Food Standards 

Limited it as 0.1, 0.2 and 1.0 respectively (Commission, 2005 and Heshmati et 

al., 2014). 

Similar results were found by Yacoub and Gad (2012) who were found 

that the concentrations of two heavy metals in the white muscle of O. niloticus 

from Nile river, Upper Egypt decreasing as: Pb (9.0 µg/g) > Cu (5.4 µg/g). In 

addition, Yilmaz (2005) found that the order of concentrations of two heavy 

metals in the white muscle of S. aurata from Iskenderun Bay, Turkey decreasing 

as: Pb (7.33 µg/g) > Cu (0.51 µg/g). Hilal and Ismail (2008) found that the range 

of Pb in muscles of some fish species from the Gulf of Aqaba, Red Sea, Jordan, 

between 2.5 to 8.3 μg/g wet weight, these data indicate that the fish in the Gulf 

contain higher levels of Pb compared to other fish at other marine environments 

worldwide.  

The increase of Pb concentrations in the white muscles of the farmed 

fishes may be due to several reasons: 1- The position of fish farms near the main 

transport lines (main western coastal line, farms 1, 2, 3 and 5, and main Salah 

El-Deen line, farm 4) Ayrault et al., (2013). 2- Sewage flowing into the sea from 

all areas in Gaza strip UNEP (2009) and Ramahi (2013). 3- Overpopulation in 

Gaza strip, which led to the increase in the number of transport vehicles, 

especially the spread of old vehicles, which burned fuel partially, and launches 

contaminated exhaust to the air and led to the increase in the level of Pb in the 

environment Ayrault et al., (2013). 4- Fish farm owners used engines operated 
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on fuel and fuel oil to ventilate the ponds water, which may be released Pb and 

other heavy metals into the ponds and increasing the level of it in the water and 

fishes Winther and Slento (2010). 

Yilmaz, (2005) pointed out that the level of heavy metals in the white 

muscles of fish are at acceptable levels for all of the studied samples in 

Iskenderun Bay, Turkey. Only the Pb levels in muscle were higher than the 

acceptable values for human consumption designated by various health 

organizations. That is can be explained as the absorbed lead can be distributed 

quickly to the other tissues and organs (e.g. bones, kidneys, muscle), rather than 

accumulating in the liver. 

Cadmium are non-essential element for biota, their average 

concentrations in fish white muscles ranged between 0.59 - 2.08µg/g. These 

results were matched with the findings of Hilal and Ismail (2008). The 

maximum average concentration of Cd was 1.49 ± 0.340 µg/g in O. hybrids 

(Farm 4). This value exceeded the maximum acceptable limit of all 

organizations as FAO/WHO (1989) and Codex Standards (Heshmati et al., 

2014). This is may be due to previously mentioned reasons that lead to increase 

the concentration levels of lead. In addition, farm 4 located beside agricultural 

fields at which pesticides, herbicides and agricultural chemicals that may 

contain high levels of cadmium and other heavy metals are used (Chiroma et al., 

2007).  

Copper are essential element for biota, their average concentration in fish 

white muscles ranged from 0.08 - 1.41 µg/g.  This result in agreement with the 

findings of Yilmaz (2005); Naigaga et al., (2007); Hilal and Ismail (2008); 

Muzyed (2011) and Rozic et al., (2014). The maximum average concentration 

of Cu was 0.8700 ± 0.3591 µg/g in O. hybrids (Farm 4). This value was far 

away from the maximum acceptable limit of FAO/WHO (1989); Iranian Food 

Standards (Heshmati et al., 2014) and Codex Standards (Heshmati et al., 2014). 
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This increase may be due to the fish farmer misusage to copper sulfate substance 

for treatment of the fish external diseases in the ponds (Chiroma et al., 2007). 

It is found that the bioaccumulation of the three heavy metals have 

higher levels in the two benthic species (O. niloticus and O. hybrids) than the 

pelagic species (S. aurata). This could be attributed to that cadmium, copper and 

lead concentrations in the edible muscles of pelagic fish species are lower than 

for the benthic fish species (Romeo et al., 1999). 

 

5.3.4 Health-risk assessment for fish consumption (daily consumption 

safety) 

 In polluted aquatic habitats, the concentration of metals in fish muscles 

may exceed the permissible limits for human consumption and imply severe 

health threats. Fish consumption is a possible source of heavy metal 

accumulation in humans and there is great attention in the daily intakes 

estimation of heavy metals through fish consumption. The estimated daily 

intakes (EDI) of heavy metals (l g/day/person) through consumption of 

economically important fish species by citizens showed in Table 4.13. Heavy 

metals intakes were compared with the respective permissible tolerable daily 

intake for a 70 kg person (PTDI
70

) (l g/day). The values of estimated daily 

intakes (EDI) of Cd, Cu and Pb in the white muscles of fish in the current study 

are below their corresponding permissible tolerable daily intake for 70 kg person 

(PTDI
70

) values.  

The daily consumption of Cd, Cu, and Pb in the fishes of the study were 

ranged between 11.4-15.13, 3.45-8.28 and 99.9-103.9, respectively (Table 4.13). 

The average daily intake of the heavy metals through fish consumption can be 

ordered as following: Pb >Cd >Cu. The estimated maximum total dietary 

intakes of the three heavy metals were 15.13, 8.28 and 103.9 µg per day for Cd, 

Cu and Pb, respectively (Table 4.13). For Cd, the maximum value of 

consumption from fish per day obtained from the present study was 0.01513 mg. 
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This value was far below the maximum TDI values set by FAO/WHO (1993) 

which identified it by 0.06 mg per day. For Cu, the maximum value of 

consumption from fish per day obtained from the present study was 0.00828 mg, 

which was far below the maximum acceptable daily intake value proposed by 

Recommended Dietary Allowances-RDA (1989) which limited it by 2 - 3 mg 

per day. For Pb, the maximum value of consumption from fish per day obtained 

from the present study was 0.1039 mg. This value was far below the maximum 

TDI values set by FAO/WHO, (1993) which identified it by 0.21 mg per day. 

The dose of a toxic metal obtained from fish depends on the concentration of 

specific heavy metal in fish and the quantity of fish (intake) consumed. 

Accordingly, citizens’ person will be at risk of the deleterious effects of a heavy 

metal only if his/her daily intake of any fish species included in the study 

exceeded their respective PTDI
70

. As showed in Table 4.13, there is no risk of 

normal fish consumption originating from the pisciculture projects 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. Moreover, daily intake values of heavy metals from fish were determined 

in many previous studies in different countries. Govind and Madhuri (2014) 

found that the maximum daily intake of Cd, Cu and Pb from fishes consumption 

in India were 5, 2500 and 10 µg per day, respectively. Al-Bader (2008) 

performed a study in Saudi Arabia to investigate the maximum daily intake of 

Cd and Pb in fish muscles and found that the values as 0.01334 and 

0.0515µg/day, respectively. In Egypt, Khaled (2004) examined the maximum 

daily intake of Cd, Cu and Pb in muscles of fish from El-Mex Bay and eastern 

harbor, Alexandria, and found that the values as 4.73, 38.66 and 18.77 µg per 

day, respectively. In addition, Shreadah et al., (2015) examined the maximum 

daily intake of Cd, Cu and Pb in muscles of fish from Mediterranean coast, and 

found that the values as 4.92, 1053.4 and 41.42 µg per day, respectively. 
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5.3.5 Comparison of heavy metals concentrations in white muscles of O. 

niloticus, O. hybrids and S. aurata fishes with studies in different countries 

To obtain a real and clear judgment about the level of pollution in the 

white muscles of fish species and consumed by the citizens, the obtained data 

compared with some different studies in our country. Due to the absence of 

pisciculture studies among the farmed fish in Gaza strip, we compared our 

finding with world studies. In Table 5.2, O. niloticus, O. hybrids and S. aurata 

contained different concentrations of heavy metals in their white muscles. Many 

studies indicated that heavy metal bioaccumulation depends on species, habitats 

and feeding habits of fish (Yilmaz, 2005). In addition, variations of heavy metal 

concentrations in the different fish species attributed to variety of reasons 

including; size, gender, age, growing rates, types of tissues analyzed and 

physiological conditions of the of fish species. Other factors includes; the 

differences in the aquatic environments concerning the type and level of water 

pollution, chemical form of metal in the water, water temperature, pH value, 

dissolved oxygen concentration, water transparency, geographical locations and 

season of catch (Yilmaz, 2005 and Dural et al., 2007). The concentrations of Pb 

in the white muscles of all fish species were higher than other studies in all 

countries except a study in Egypt, which conducted by Yacoub and Gad (2012) 

who found that the Pb concentration in Tilapia species is 9.0 µg/g. This is 

showed clearly in Table 4.12 for all fish species. Tilapia species, concentrations 

of Cu were close to values obtained in Palestine (Muzyed, 2011) and Uganda 

(Naigaga et al., 2007). Higher than values obtained in Brazil (Tajiri et al., 2011) 

and lower than values obtained in Egypt, Jordan, Turkey, Bangladesh, Malaysia, 

Australia, India and Saudi Arabia. For S. aurata, concentrations of Cu were 

close to values obtained in several studies in Turkey (Yilmaz, 2005 and 

Turkmen et al., 2008) and the cultured type of S. aurata in Slovenia (Rozic et 

al., 2014). Higher than a study of S. aurata (wild type) in Slovenia (Rozic et al., 

2014) and lower than values obtained in Marmara Sea and northeast 
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Mediterranean Sea /Turkey and in Spain. However, there is no value for Cd in 

Palestine (Muzyed, 2011). Cadmium concentrations in Tilapia species were 

close to values obtained by Kaoud and El-Dahshan (2010) in Egypt. For S. 

aurata, all values of Cd are higher than all studies in other countries except a 

study conducted by Turkmen et al., (2008) in Marmara Sea, Turkey. 

 

Table 5.2: Heavy metal concentration (Mean in µg/g wet wt.) in the white muscles of 

different farmed fishes from various countries. 

Variable Cd(µg/g) Cu(µg/g) Pb(µg/g) Ref. 

O. niloticus and O. hybrids 

Egypt - Fish farms 1.21 2.54 1.52 Kaoud and El-

Dahshan, 2010 

Upper Egypt - River 

Nile 

- 5.4 9.0 Yacoub and Gad, 

2012 

Uganda - George 

Lake 

- 0.51  - Naigaga et al., 

2007 

Brazil - Fish farms in 

Parana 

0.014 0.149 N.D.* Tajiri et al., 2011 

Turkey - Koycegiz 

Lake 

0.12 3.91 1.12 Yilmaz, 2009 

Saudia Arabia - Wadi 

Hanifah 

0.0075 1.08 0.0397 Abdel-Baki et al., 

2013 

Palestine - Gaza strip 

markets 

Not 

Detected 

0.638 0.115 Muzyed, 2011 

Gaza strip-Palestine 1.23 0.503 8.639 Present Study 

S. aurata 

Turkey - Iskenderun 

Bay 

- 0.51  7.33 Yilmaz, 2005 

Turkey - 0.37 0.32 0.51 Turkmen et al., 
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Variable Cd(µg/g) Cu(µg/g) Pb(µg/g) Ref. 

O. niloticus and O. hybrids 

Mediterranean sea 2008 

Slovenia - 

Adriatic Sea – 

Cultured type 

0.004 0.99 0.02 Rozic et al., 2014 

Palestine - Gaza strip 

markets 

0.399 Not 

Detected 

Not 

Detected 

Muzyed, 2011 

Gaza strip-Palestine 0.998 0.476 8.913 Present Study 

Conclusion and Recommendations 

 

Conclusion 

The present work is composed of three parts: field surveys, questionnaire 

application and physicochemical analysis and heavy metal concentrations in 

pond water and fishes. During the first part of the study, five pisciculture 

stations were visited and surveyed for their current status and their associated 

challenges. The second part concerned the application of 160 questionnaires on 

randomly selected respondents. The final part indicated the physicochemical 

analysis and heavy metal concentrations in pond water and fishes were 40 fish 

samples were analyzed to detect the concentrations of cadmium (Cd), cupper 

(Cu) and lead (Pb) in farmed fishes. The following conclusions were reached at 

the end of the present study: 

1. There are five semi-intensive pisciculture stations in Gaza strip, most of 

which are private and have been established between the years 2008 and 2014. 

Beach wells are the main water source for the four coastal stations while the 

fifth, which is far from the sea, is nourished with groundwater. 

2. Five fish species have been farmed in Gaza strip. They are Oreochromis 

hybrids, Oreochromis niloticus, Sparus aurata, Mugil cephalus and Clarias 
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gariepinus. All these farmed species have been found to be nourished by peleted 

fish feedstuff, which is imported from the Palestinian teritories occupied. 

3. The majority of respondents (81.9%) confirmed the lack of marketing 

operations and electronic advertising of framed fishes. 

4. The majority of respondents (42.5%) were found to prefer marine fishes over 

farmed ones due to causes mostly related to health and taste. 

5. Most of respondents (98.1%) confirmed certain problems facing pisciculture 

in Gaza strip. They include financial, technical, environmental, political and 

policy-making problems. Electricity shortage is a chronic problem and it poses 

serious impacts on the sustainability of pisciculture projects. 

6. The physicochemical analysis of pond water sample showed that the values of 

EC (1743 - 55000 µs/cm), alkalinity (147 - 360 mg/l), TDS (1115 - 34100 mg/l), 

hardness (100 - 7512 mg/l) and chlorides (400 -19380 mg/l) were higher than 

the international maximum limits (1000 µs/cm, 120 mg/l, 1000 mg/l, 500 mg/l, 

250 mg/l respectively). 

7. The concentrations of both Cd and Pb in the water samples (42.1 – 92.57 and 

48.5 – 96.2 µg/l respectively) and fish samples (0.59 – 2.08, and 4.16 – 10.36 

µg/g wet weight respectively) exceeded the limits drawn by the WHO, 

compared with the concentration of copper (109.7 – 183.2 µg/l in water, and 

0.08 – 1.41 µg/g wet weight in fish), which was below the limits. 

8. The daily intake of all metals seems to have no harmful effect on the general 

public health due to the consumption of the studied farmed fish species.  
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Recommendations 

In the light of the above conclusions, the following could be 

recommended:  

1. The governmental, non-governmental and scientific supervisions on 

pisciculture projects are of utmost priority for the success of the promising 

pisciculture sector in Gaza strip. 

2. The need for establishing modern fishery hatcheries and feedstuff factories is 

essential. This will, in turn, reduce cost of production and increase the output 

level. 

3. The challenges facing the pisciculture projects should be minimized via well-

organized policy-making and management processes.  

4. The publicity, announcement, and marketing operations of framed fishes 

should be enhanced and promoted in a good fashion to ensure a marked 

sustainability of such local pisciculture projects. 

5. Periodical monitoring for physicochemical parameters and heavy metals level 

in water and farmed fishes is very essential to ensure a good environmental basis 

for pisciculture success in Gaza strip. 

6. Establishing of suitable Palestinian standards regarding fish quality. 

7. The conservation of the marine environment from pollution and overfishing 

will assure a sustainable exploitation of such marine resources in Gaza strip.   
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Appendix 1: The fish farms questionnaire
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Appendix 2: The socioeconomic questionnaire 
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Appendix 3: The questionnaires judgment reports 
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Appendix 4: Nature and design of fish farms 

 

Farm 4 in the Khan Younis Governorate showing the square fishponds. 

 

 

Farm 5 in the Rafah Governorate showing the cylindrical fishponds. 
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Appendix 5: The marine fishes in Gaza strip 

 

No. 

Scientific Name 

Common Name 

Local Name 

Gallery 

1 *Epinephelus aeneus 

White grouper 

 لوقس

 

2 *Epinephelus  

marginatus 

Dusky grouper 

 لوقس داقور

 

3 Saloptia powelli 

Golden grouper 

 لوقس ياسينة

 

4 *Mycteroperca rubra 

Mottled grouper 

 لوقس ياسمينة
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No. 

Scientific Name 

Common Name 

Local Name 

Gallery 

5 *Umbrina cirrosa 

Shi drum 

 لبط جرع

 

6 *Argyrosomus regius 

Meagre/ Shade-fish/ 

Salmon-Basse/ 

Stone Basse/ corvine 

  جرع مسقار

7 *Sciaena umbra 

Brown meagre 

 جرع جروشة

 

8 *Auxis rochei rochei 

Bullet tuna 

 بلميدة
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No. 

Scientific Name 

Common Name 

Local Name 

Gallery 

9 Euthynnus alletteratus 

Little tunny 

 بلميدة

 

10 Thunnus alalunga 

Albacore 

 تونة

 

11 *Scomberomorus 

commerson 

Narrow barred 

Spanish mackerel 

 غزالن

 (كنعن)

 

12 *Scomber japonicas 

Chub mackerel 

 سكومبال
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No. 

Scientific Name 

Common Name 

Local Name 

Gallery 

13 Siganus luridus 

Dusky spine foot 

 قراص سيجان

 

14 Siganus rivulatus 

Marbled spine foot 

 قراص سيجان

 

15 *Dentex gibbosus 

Pink dentex 

 أحمر فريدن
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No. 

Scientific Name 

Common Name 

Local Name 

Gallery 

16 Pagrus Auriga 

Red-banded sea 

bream 

 فريدن عروسة

 

71 *Dentex 

macrophthalmus 

Large-eye dentex 

 فريدن أبو عين

 

71 Pagrus caeruleostictus 

Blue-spotted seabream 

 فريدن ذكر
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No. 

Scientific Name 

Common Name 

Local Name 

Gallery 

19 Pagellus erythrinus 

Common Pandora 

 جربيدن

 

02 *Lithognathus 

mormyrus 

Striped sea bream 

 مرمير

 

 

07 *Sparus aurata 

Gilt-head sea bream 

 دنيس

 

00 *Spicara smaris 

Picarel 

 غبس
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No. 

Scientific Name 

Common Name 

Local Name 

Gallery 

23 *Boops boops 

Boga 

 غبس عريض

 

24 *Diplodus sargus 

White sea bream 

 صروص

 

25 Diplodus vulgaris 

Common two-banded 

sea bream 

 صروص

 

26 Diplodus puntazzo 

Sharp snout sea bream 

 صروص

 



  

151 
 

No. 

Scientific Name 

Common Name 

Local Name 

Gallery 

21 *Diplodus cervinus 

Zebra sea bream 

 صروص حداد

 

01 *Oblada melanura 

Saddled seabream 

 صروص عصفور

 

09 *Sarpa salpa 

Salema 

 صالبي

 

32 *Trachurus trachurus 

Atlantic horse 

mackerel 

 طرخونة
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No. 

Scientific Name 

Common Name 

Local Name 

Gallery 

37 *Caranx rhonchus 

False scad 

 طرخونة

 

30 Trachurus 

mediterraneus 

Mediterranean horse 

mackerel 

 طرخونة صغيرة

 

33 *Caranx crysos 

Blue runner 

 طرخونة

 

34 *Pseudocaranx dentex 

White trevally 

 طرخونة

 

http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?genid=467
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?genid=467
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=15375
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No. 

Scientific Name 

Common Name 

Local Name 

Gallery 

35 *Alepes djedaba 

Shrimp scad 

 طرخونة باغة

 

36 *Seriola dumerili 

Greater amberjack 

 انتياس

 

31 *Trachinotus ovatus 

Pompano 

 عريان

 

31 *Sphyraena 

chrysotaenia 

Yellow stripe 

barracuda 

 مليطة
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No. 

Scientific Name 

Common Name 

Local Name 

Gallery 

39 *Sphyraena sphyraena 

European barracuda 

 سفرنة

 

42 Pomatomus saltatrix 

Bluefish 

 مياس

 

47 *Spicara maena 

Blotched picarel 

(أنديرا غاندي)غبس   

 

40 *Centracanthus cirrus 

Curled picarel 

 غبس مبروم

 



  

155 
 

No. 

Scientific Name 

Common Name 

Local Name 

Gallery 

43 Mullus barbatus 

Red mullets 

(حمرة)سلطان إبراهيم   

 

44 Mullus surmuletus 

Striped red mullet or 

surmuletus 

(بريوني)سلطان إبراهيم   

 

45 *Upeneus moluccensis 

Gold band goat fish 

(صفرة)سلطان إبراهيم   

 

46 Upeneus pori 

Por's goatfish 

 سلطان إبراهيم
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No. 

Scientific Name 

Common Name 

Local Name 

Gallery 

41 *Equulites 

klunzingeri 

Pony fish 

 جمل

 

41 Pelates quadrilineatus 

Four lined terapon 

 جاسوس

 

49 *Trichiurus lepturus 

Large-head hair-tail 

  سيف

52 *Dicentrarchus labrax 

European seabass 

(كرفوش)قاروص   

 

57 Dicentrarchus 

punctatus 

Spotted seabass 

(كرفوش)قاروص   
 

http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?genid=5179
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=15516
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=36157
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?genid=114
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=12354
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No. 

Scientific Name 

Common Name 

Local Name 

Gallery 

50 *Mugil cephalus 

Flathead mullet 

 بوري

 

53 *Liza aurata 

Golden grey mullet 

 ذهباني

 

54 *Liza ramada 

Thin-lip grey mullet 

 طوبارة

 

55 Sardinella maderensis 

White sardinella 

 سردينه

 

56 Sardinella aurita 

Round sardinella 

 سردينه
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No. 

Scientific Name 

Common Name 

Local Name 

Gallery 

51 Sardina pilchardus 

European pilchard 

 سردينه

 

51 *Dussumieria acuta 

Rainbow sardine 

 سردينه

 

59 *Species: 

Cheilopogon 

pinnatibarbatus 

Band wing flying fish 

 عصفور
 

62 *Hemiramphus far 

Black-barred halfbeak 

 سفرنة

 

http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?genid=9289
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=13471
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No. 

Scientific Name 

Common Name 

Local Name 

Gallery 

67 *Saurida undosquamis 

Brush tooth lizardfish 

 سويسي

 

60 *Synodus saurus 

Atlantic lizardfish 

 سويسي

 

63 *Lagocephalus 

Spadiceus 

Half-smooth golden 

pufferfish 

 منفاخ

 

64 *Balistes capriscus 

Gray triggerfish 

 خنزير
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No. 

Scientific Name 

Common Name 

Local Name 

Gallery 

65 Solea solea 

Common sole 

 موسى سمك

 

66 *Citharus linguatula 

Spotted flounder 

 سكلتا

 

61 Merluccius merluccius 

European hake 

 بكاله

 

61 Atherinomorus 

lacunosus 

Wide-banded hardy 

head silverside 

 رأس أبو
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No. 

Scientific Name 

Common Name 

Local Name 

Gallery 

69 Trigla lyra 

Piper gurnard 

 عصفور أحمر

 

12 *Sargocentron rubrum 

Redcoat 

 الجندي البريطاني

 

* Photography by the researcher. 
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Appendix 6: International standard limits of heavy metals in µg/g wet wt. in the white 

muscles of fish 

 

Organization/Country 
Heavy Metal (µg/g wet wt.) 

Ref. 
Cd Cu Pb 

European Community 0.05 - 0.2 Commission, 2005 

FAO/WHO limits 0.5 30 0.5 FAO/WHO, 1989 

Iranian Food 

Standard 

0.2 2.0 1.0 Heshmati et. al., 2014 

Codex Standards 0.5 2.0 2.0 Heshmati et. al., 2014 
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Appendix 7: International standard limits of physicochemical parameters in water 

Organization / 

Country 

Physicochemical Parameter in mg/l (except pH and electrical conductivity) 

Ref. 
pH 

E.C. 

(µs/cm) 
TDS Chloride Nitrate Nitrite Ammonia Hardness Alkalinity 

EU Standards - 250 - 250 50 0.5 0.2 - - Carr and Neary, 2008 

WHO Guidelines  - 250 - 250 - - - - - Carr and Neary, 2008 

Canada Guidelines - 250 - 250 50 0.5 0.5 - - Carr and Neary, 2008 

Australia Guidelines 6.5 – 

8.5 

- - 250 - - 0.5 - - Carr and Neary, 2008 

Japan Standards 5.8 – 

8.6 

- - 200 - - - 300 - Carr and Neary, 2008 

Unites States 

Standards 

6.5 – 

8.5 

- 500 250 - 1 - - - Carr and Neary, 2008 

*WHO 2008 6.5–9.2 - 1000 250 50 3 0.2 500 - WHO, 2008 

*EPA 2001 5.5 – 

8.5 

1000 - 250 50 3 0.2 350 - EPA, 2001 

WHO 2003 - - 1200 - - - - - - Fawell et. al., 2003 

EPA 2006 - - - - 10 1 - - - EPA, 2007 

*WHO2000 and 

ICMR1975  

6.5-8.5  

 

300  

 

500  

 

250 45  

 

- - 300  

 

120  

 

Etim et. al., 2013 

 


