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Abstract 

The extraordinary growth of population in Gaza, had led to the depletion of the 

limited natural resources and tampering food security as a result.  Since 2006, 

alternative techniques to produce fish such as: “aquaculture” has been adopted 

Palestine, to cover the shortage fish supplies in market. An effort was made to 

introduce a sustainable aquaponics system medium. The combination consists of 

soilless Eggplants (Solanum melongena) and Chilli pepper (Capsicum spp.) as 

growing hydroponic and Nile Tilapia (Oreochromis niloticus) fish farming 

“aquaculture” within a closed recirculating system.  

The goal of this study was to assess Nitrogen waste reduction in the aquaponics and 

its effects on growth rate of used fish and plants. Experiment used (40) Nile Tilapia 

fish in 1000 L tank, (30) Eggplants and (30) Chilies Pepper saplings. They were 

planted in two growing beds. 

 Fish were nourished “ad libitum”, three times a day for five days a week. Also, the 

results of the Specific Growth Ratio (SGR (%)  ( and Feed Conversion Ratio (FCR) at 

the end of experiment gave better results. The mean growth of Tilapia had 

significantly improved during (56) days of experiment at (α≤0.05). Comparing the 

average initial weight (72.95±23.21 g) and average initial overall length (16.07±1.92 

cm), to the final experiment results, the average final weight scored was 

(120.07±19.21 g), and average final total length was (19.61±2.07 cm). Moreover, the 

mean growth of both Eggplants and Chilies Pepper varied significantly during the 

experiment at (α≤0.05). The height of each Chili sapling increased by almost (3.69 

cm). Whist each Eggplant sapling total height had increase by almost (5.57 cm).  

Dissolved Oxygen, water temperature and pH, were measured once a week during 

the experimental period and found within the vital ranges for aquaponics system. 

Nitrate “NO3
-”, Ammonia “NH3” and Nitrite “NO2

-” varied significantly in all 

measurements during the study period at (α≤0.05). Therefore, the study showed that 

the application of the aquaponic system has significant influence at Nitrogen 

reduction, the best percentage reduction was achieved at the beginning of the 

experiment by showing (25.6%), (16.3%) and (12.00%) for NH3, NO2
- and NO3

-, 

respectively.  
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 الملخص

التزايد المضطرد في عدد السكان بقطاع غزة، رفع مستوى الطلب على الموارد الغذائية بشكل خاص ومن  أدى

ترتب على ما تعانيه فيه.  ضمنها األغذية البحرية كاألسماك وغيرها مما أدى الى استنزاف الموارد الطبيعية

ومحدودية مسطح الصيد وساعات الحظر؛ لبروز العديد من غزة من حصار بحري على طول سواحلها، 

 .2006التجارب المحلية إلنتاج األسماك من خالل انشاء المزارع السمكية التي ازدهرت منذ عام 

وتدوير السمكية )األكوابونيك(  /لتطبيق نظام الزراعة المائيةت جادة بذلت محاوالللحفاظ على مصادر البيئة،  

عبر تبني تربية سمك البلطي النيلي  ي تعزز مفهوم االستدامةلتمن األنظمة ا كية، وهومياه المزارع السم

حيث تستفيد هذه النباتات من المخلفات العضوية في مياه  بالتكامل مع زراعة نباتات الباذنجان والفلفل الحار

خلفات النيتروجينية الناتجة ن الهدف من هذه الدراسة هو تقييم قدرة النظام على إزالة المإ السمك كسماد عضوي.

  االستزراع السمكي وتأثيرها على نمو األسماك والنباتات المستخدمة. عن

في حوض حجمه  )(Oreochromis niloticusالنيلي البلطي  سمكة من (40)استملت التجربة على استخدام 

من نبات  ( شتلة30)و  )Solanum melongena(الباذنجان  ( شتلة من نبات30لتر، وزراعة ) (1000)

اإلشباع ثالث  حتى تغذية األسماكفي حوضين مخصصين للزراعة، تم  (.Capsicum spp) الفلفل الحار

، يوم( 56) خالل فترة الدراسة تزايدت معدل أوزان األسماكن أن يلقد تب. مرات يومياً لمدة خمسة أيام أسبوعياً 

لها ، وبلغ متوسط األطوال الكلية (جم (23.21±72.95 األسماككان متوسط وزن  ففي اليوم االول للتجربة

ومتوسط األطوال  جم( (19.21±120.07وفي آخر التجربة بلغ متوسط وزن األسماك ( سم (16.07±1.92

وهذه الزيادة في متوسط وزن األسماك واألطوال الكلية كانت ذات داللة  .(سم (2.07±19.61الكلية لألسماك 

و معدل النمو  (FCR)كفاءة تحويل غذائي للسمك  كالً من ، كما كانت قيم(α≤0.05)عند معنوية إحصائية 

 الباذنجان بلغ معدل نمو نباتات وإضافة على ذلك فإن ، أفضل ما يمكن في آخر التجربة  (SGR)النسبي للسمك 

يوم وهذه الزيادة أعطت  (56) لكل شتلة خاللسم(  3.69)لكل شتلة، أما الفلفل الحار فقد بلغ نموه سم(   5.5)

داللة معنوية على نمو النباتات خالل التجربة مقارنة بأطوال النباتات في بداية التجربة في ظل وجود متغيرين 

عند  أحدهما اختالف أنواع النباتات المزروعة واآلخر الفترة الزمنية التي قيست خاللها أطوال النباتات

(α≤0.05) . 

درجة حرارة و، (pH)درجة الحموضة و، (DO)اس كالً من األكسجين الذائب وإضافة على ما سبق، تم قي

الماء بشكل أسبوعي خالل فترة الدراسة وكانت قيم هذه القياسات تتراوح ضمن المدى المقبول في أنظمة 

 األكوابونيك. 

وجود داللة إحصائية في  وأظهرت النتائجكما تم قياس كالً من تركيز األمونيا والنيتريت والنترات في الماء 

عند  بعد عملية معالجة المياه مقارنة بالتراكيز قبل المعالجةتراكيز كالً من األمونيا والنترات والنيتريت 

(α≤0.05) . حيث أن ،النيتروجينية الحد من المخلفاتله دور كبير في  األكوابونيكان نظام  أثبتتهذه الدراسة 

بلغت إزالة كالً من  إذ ،أعلى ما يمكنكانت كفاءة النظام في إزالة المركبات النيتروجينية في بداية التجربة 

)3(NH :25.6( ،%-
2(NO :16.3 ،%)-3(NO :12.00%  . 
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1 Introduction 

This chapter gives a general overview of the research concept and problem. In 

addition, it presents the main objectives to be achieved. 

1.1 Background and Context 

Aquaculture (raising fish in synthetic tanks) is very recent endeavour in the Territory, 

after the formation of the Palestinian Authority and the Directorate General of 

Fisheries. It was originated, in the mid-term, to explore opportunities to assist 

farmers to raise income, additional employment opportunities, add economic protein 

sources to bridge gaps in sea food shortages. Adopting aquaculture in Palestinian 

Territory is vital to sustainably and overcome the shortage of fish supplies (Hosh, 

1995).  

In light of limited water resources in the Gaza Strip, conservation and sustainability 

plays a key element in agricultural interventions. Reuse of water, hydroponics 

(cultivating plants in a nutrient solution without soil medium), and aquaponics 

systems are smart innovative solutions to challenge the shortage of hydrological 

resources (FAO, 2013). 

Aquaponic is an environmentally friendly system, natural-food growing method that 

harnesses the best attributes of aquaculture, and hydroponics without the need to 

discard any water or add chemical fertilizer (Bernstein, 2011). The nutrient rich 

effluents from the aquaculture component are circulated through the hydroponic 

component, where plants have the potential to grow when they use the dissolved 

nutrients from fish excretions, and from the nutrients generated from the microbial 

breakdown of fish wastes (Bishop, Bourke, Connolly, & Trebic, 2009).    

Under Belgian-supported project executed by Food & Agriculture organization of the 

United Nations (FAO), aquaponics units were locally designed and manufactured in 

Gaza Strip. They have been distributed to 15 beneficiaries in Gaza City. 

In 2013, for the purpose of conducting researches and studies, Islamic University of 

Gaza (IUG), was among beneficiaries who received the aquaponics system units 

from FAO.  
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1.2 Objectives  

The objectives of this study are:  

1.2.1 General Objective 

1. To asses aquaculture nitrogen waste reduction in an aquaponic system and its 

effect on the growth rate of used plants and fish.  

1.2.2 Specific Objectives 

1. To evaluate the NH3, NO2
- and NO3

- removal through water recirculation in 

aquaponic system.  

2. To assess the growth rate of both fish and plants used in the system.  

1.3 Significance  

The present study focus on application of the aquaponic system in Gaza Strip as a 

source of food production and optimal use of water, where this research will:  

1. Establish environmental database that allows better awareness for agricultural 

developments and aquaponics techniques. 

2. Support sustainability and zero-waste efforts by recycling water in fish 

farming. 

1.4 Scope and Limitation  

At a rate of 3.3%, Gaza’s population have been dramatically increased in 2016 to 

more than 2 million people (PCBS, 2016). Since food production in Gaza is 

constrained by arid environment and limited access to steady sources of water. 

Naturally huge demand will rapidly deplete natural resources in Gaza.  

Aquaponics would be a successful technique in Gaza due to the following 

conditions:   

• Increasing and longer incidents of drought periods. 

• Growing population and higher demand for land and water use. 

• Sea water pollution by several wastes type.  

• Soil degradation caused by intensive farming.  

• Imposed fishing restrictions off the coast due to the military instability in the 

region.   
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Aquaponics promotes environmental, economic and socially sustainable practices. 

Environmentally, it prevents aquaculture waste to pollute nearby watersheds and 

enables at the time to preserves water levels and control production, without using 

chemical fertilizers, pest or weed control (FAO, 2016). 

For the small-scale aquaponics unit set-up in IUG, the environmental performance of 

the pilot, will be conducted during research, by researcher comprehensive field and 

laboratory analysis programs of fish effluent, and treated water collected samples 

from the sump tank. Based on the results, possibilities to enhance processing of 

treatment will be drawn and recommendations will be presented for the potential 

implementation of this technique that may help to reduce wastes in fish hatcheries in 

Gaza Strip. A group of physical and chemical parameters were used as 

environmental performance indicator to determine the removal efficiency of the 

system.  

The main limitations of the study were:  

• The growth of algae in the fish tank. 

• Continuous power outages.  

• Low water temperature during the night. 

• Insect’s uncontrolled that infect plants.  

• Death of fish and/or plants  

The aforementioned limitations had influenced the study outcomes, water quality 

results and the treatment process.  

1.5 Thesis Outline  

Chapter One is a general introduction on Aquaculture in Palestine and special 

reference to Aquaponics in Gaza Strip. Scope of the study, targets, objectives and 

limitation were surveyed as well. 

Chapter Two reviews the evolvement of Aquacultures, Hydroponics and 

Aquaponics systems and treatment processes in this study.  

Chapter Three had focused on materials utilized and methods followed to set-up the 

Unit, components, and monitoring program over the experiment period. Proposed 
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design of the aquaponics system and general description of materials are presented in 

Section One, whereas Section Two explains the overall operation of the proposed 

system, experimental conditions, fish, plants and diets used. Section Three extends to 

physical and chemical water quality measurements and the standard methods used. 

The last section contained the statistical analysis.   

Chapter Four recaps the results contained in the Three Sections. The First presented 

detailed water measurements results, the Second offers details of fish growth results, 

Section Three outlines plants growth results and finally. 

Chapter Five discusses the results. Analysis of technical performance aspects and 

factors leading to treatment inadequate performance were presented in this chapter.  

Chapter Six focusses on conclusions and recommendations of the study as being 

narrated in the Last Chapter of the Thesis.  
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2 Literature Review 

This chapter highlighted the general information, main concepts related to the study, 

and the principles of nitrogen removal in Aquaponic system.  

2.1 Global Aquaculture and Fisheries  

Fisheries and Aquaculture constitute main source of food, nutrition, income and 

livelihoods for hundreds of millions of people in the world.  

Capture fisheries were defined as: “The harvest of wild fish and other aquatic 

organisms in coastal and inland water”, and Aquaculture was defined as “the 

farming of aquatic animals and plants” (Crissman, Abernethy, Delaporate, & 

Timmers, 2013). 

Globally, capture fisheries productions are relatively static since late 1980s, whilst 

aquacultures have contributed to remarkable growth in the fish supply for human 

consumption. In 2009, the total aquacultures production had produced 55.7 million 

tonnes, compared to 90.2 million tonnes obtained from fisheries. In 2014, the total 

aquaculture production was 73.8 million tonnes and 93.4 million tonnes for fisheries 

as shown in Figure (2.1). This portrays aquaculture production increase by 32.4 % 

for years 2009-2014, while, capture fisheries increase was limited to 3.2 % only 

(FAO, 2016). 

 

Figure ( 2.1 ): World capture fisheries and aquaculture production, (FAO, 2016). 
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According to Food and Agriculture Organization of the United Nations (FAO, 2016), 

the portion of the world fish production in 2014, by both aquaculture and fisheries 

utilized for direct human consumption has been escalted cosntantly up to 87%  (i.e. 

more than 146 million tonnes), as shown in Figure (2.2). The remaining 21 million 

tonnes were directed to non-food products such as: fishmeal, fish oil,  row material 

for direct feeding in aquaculture and other uses.  

 

Figure ( 2.2 ): The utilization of fish produced by fisheries and aquaculture, (FAO, 

2016). 

Furthermore, the annual per capita average fish consumption in the world, had 

increased from of 9.9 kg in 1960s to 19.7 kg in 2013, with preliminary estimates for 

2014 and 2015 pointing to further growth beyond 20 kg (FAO, 2016). Figure (2.3) 

shows annual per capita consumption of fish in developed countries, developing 

countries and low income food- deficit countries (LIFDCs) in 2013.  

Per capita fish apparent consumption in developed countries was 26.8 kg, which was 

the highest annual per capita of fish consumption between the three regions in Figure 

(2.3), this is increase of imports, owning to steady demand and static or declining 

domestic fishery production. In the developing countries, the annual per capita fish 

consumption was 18.8 kg, as fish consumption tends to be based on locally available 

products (FAO, 2016).  
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Figure ( 2.3 ): Annual per capita apparent fish consumption in 2013 in three 

different regions, (FAO, 2016). 

The main species which have been produced by aquacultures such as: Finfish, 

Molluscs, Crustaceans and other species are intended for human consumption as 

shown in Figure (2.4), (FAO, 2016). 

 

Figure ( 2.4 ): The main species which have been produced by aquacultures, (FAO, 

2016). 
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2.1.1 Aquaculture in Palestine  

By the end of 2016, The Palestinian Ministry of Interior estimated population in the 

State of Palestine as 4.88 million, 2.97 million in the West Bank and more than 2 

million in Gaza Strip. Population growth in the same year had reached 2.8% ~ 2.5% 

in the West Bank and 3.3% in Gaza Strip (PCBS, 2016).  

West Bank with an overall 5842 km2 area, is located at the western side of the River 

Jordan, whilst Gaza Strip is a stretched along the eastern coast of the Mediterranean 

Sea.  Gaza Strip shoreline extends about 40 km long, whilst the inland width varying 

east to west from 6 ~ 12 km. The width of sea belt, composed of calcareous sand 

dunes ranges is between 1~4 km. The total geographical area is 365 km2 (Al Mezan 

Center for Human Rights, 2016; Kennelly , 2005; AlAgha & El-Nakhal , 2004). 

Due political and logistics restrictions, fish supplies from Gaza to West Bank are 

insignificant.  Fish supply as “animal protein”, is very vital to Gaza society.  In 2012, 

per capita consumption was 3.3 kg/year. The whole quantity comes solely from Gaza 

own production and resources (Somervilla, Lovatelli, & Brown, 2012; Wijmenga, et 

al., 2006). 

In Gaza, following the 2009 Israeli military offensive, accessible fishing range was 

reduced to 3 nautical miles. This represents 15% approximately of the original 

agreed fishing areas under the Oslo Accords (20 nautical miles) as shown in Figure 

(2.5), (OCHA, 2013). 

 

Figure ( 2.5 ): Sea areas permissible to fishermen in NM from Gaza's coast, (OCHA, 

2013). 
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In 2012, the fishing area was expanded from 3 ~ 6 nautical miles adding about 30% 

than originally defined by Oslo Accords (OCHA, 2013). 

The Israeli Occupation Forces (IOF) continued, In the first quarter of 2016, to 

impose up to six nautical miles’ blockade of fishing activities in general and 1~ 1½ 

nautical mile ban alongside the northern and southern borders (Al Mezan Center for 

Human Rights, 2016).  

Consequent to the action, more than 3000 Gaza fishermen were denied access to 

85% of the fishing areas originally agreed under 1995 Oslo Accords. As a result, fish 

catches had diminished severely through the closure periods. (UN Country Team in 

the Occupied Palestinian Territory , 2012). 

Between late 1990s and late 2005, quantities of catches varied from max. 3788 

tonnes in 1997 to min. 1507 tonnes in 2003. As a result of more military measures 

later, within the three nautical miles’ zone, annual catches had sharply dropped in 

Gaza, (Somervilla, Lovatelli, & Brown, 2012). 

According to Directorate General of Fisheries in Gaza Strip (DoFG, 2016), 

Remarkable production increase had been recorded between 2010~2016. Due to the 

development of fishing techniques and over-fishing in Gaza. The amount of fish 

produced by fisheries in 2016 was 3306 tonnes, and 3101 tonnes in 2015 as in Figure 

(2.6).  

 

Figure ( 2.6 ): Gaza fish production by Fisheries, (DoFG, 2016). 
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Fishing industry and the fishermen business in Gaza is ruined by longer blockades 

and the continued security occurrences, thus forcing many to abandon their sole 

mean of livelihood (Al Mezan Center for Human Rights, 2016).  

Adopting aquaculture in Palestinian Territory is vital to sustainably and overcome 

the shortage of fish supplies (Hosh, 1995). 

Aquaculture is very recent endeavour in the Territory, after the formation of the 

Palestinian Authority and the Directorate General of Fisheries. It was originated, in 

the mid-term, to explore opportunities to assist farmers to raise income, additional 

employment opportunities, add economic protein sources to bridge gaps in sea food 

shortages (UN Country Team in the Occupied Palestinian Territory , 2012; Kennelly 

, 2005).  

The climate and topography features in Gaza Strip and West Bank are key 

components to develop aquaculture in the both. Gaza is very highly polluted narrow 

coastal plain at the east shore of the Mediterranean Sea (Al-Agha , 1995), while West 

Bank is surrounded by mountains, deserts and spring fed water resources. Despite 

Gaza’s underground water is very low and seawater intrudes into the subterranean 

freshwater aquifer, seawater aquaculture was an option to produce fish in Gaza. In 

2010, about 5 tonnes of fish were produced (Figure (2.7)), whereas in 2015, the 

aquaculture production in Gaza Strip had soared to 220 tones (Somervilla, Lovatelli, 

& Brown, 2012; DoFG, 2016). 

 

Figure ( 2.7 ): Gaza Aquaculture Fish Production, (DoFG, 2016). 
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In the West Bank aquacultures relies basically on stable springs, natural ponds and 

ground water (Hosh, 1995). 

There are several aquaculture projects in Gaza Strip and West Bank, sponsored by 

Non-Governmental Organizations (NGOs), such as FAO and United States Agency 

for International Development (USIAD). The Palestinian Authorities needs to create 

proficient dedicated institutions to handle the changeover process and develops 

stable political, economic and environmental criteria in aquaculture and fisheries 

industry (Al-Agha , 1997).  

2.1.2 Aquaculture Definitions 

Aquaculture is defined as: “the production of living organisms in water which 

encompasses both plants and animals in fresh, marine or brackish water” (Jasper & 

Newman, 1992). 

Also, defined as: “the cultivation of aquatic animals and plants, especially fish, 

shellfish and seaweed, in natural or controlled marine or fresh water environments” 

(Bernstein, 2011). 

And as “the captive rearing and production of fish and other aquatic animal and 

plants species under controlled conditions” (Somervilla , Cohen, Pantanella, 

Stankus, & Lovatelli, 2014). 

2.1.3 The Aquaculture History  

It is assumed that Fish Farming had begun 3500 years ago in China, Before the 

Common Era (BCE) by cultivation of crabs using freshwater ponds. The studies of 

Hieroglyphics backdate Tilapia fish farming in Egypt to 2500 BCE., and Oyster 

farming to 2000 BCE. (Swann, 1992). 

Years 500 BCE ~ 500 CE during the Common Era, are considered as; “Golden Age” 

of common carb cultivation that had continued to develop in China, and the 

neighbouring countries. Chinese people transfer history and foreign relations scripts 

in Chinese literature backdate the method to 746 CE (Rabanal , 1988). 

European aquaculture had been initiated in Medieval Ages by transferring the 

knowledge of Asian aquaculture as “Science”, to help the studying of spawning, 

pathology and food webs (Swann, 1992). 
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Marine Finfish aquaculture has begun in Indonesia in 1400 CE., whilst Seaweeds 

Farming began in Japan in 1600 CE. (Swann, 1992). 

Remarkable surges and enhancements in seed production were recorded between 

1700~1900 CE. where the magnitude of aquaculture worldwide was at uppermost 

level.  No doubt, that the advancement of communications and widespread exchange 

of information through national and international agencies had stimulated the 

acceleration of the aquaculture expansion (Rabanal , 1988). 

In 1950s, aquaculture got much more attention as potential large-scale industry 

(Swann, 1992). 

1970s, the method reached a new era by focusing on the selection of high value and 

exportable types and massive production by bringing in more species. The industry 

continued to develop simultaneously, in areas and production as well. Now, for 

economic and marketing motives, industry operators incline to focus on selective 

more profitable species of fish. In the 20th Century, aquaculture becomes more 

popular due to the enhancement of means of transportation and communication that 

made fish available with reasonable prices everywhere. (Rabanal , 1988; Swann, 

1992). 

2.1.4 The Aquaculture Systems  

Aquaculture production systems have been developed in various regions of the 

world. The Major Four categories of aquaculture include: Open Water Systems (e.g. 

cages, longlines), Pond Culture, Flow through Raceways and Recirculating 

Aquaculture Systems (RAS) (Somervilla , Cohen, Pantanella, Stankus, & Lovatelli, 

2014). 

In order to make industry more sustainable, some solutions and concepts were 

presented. Many suggest that using nutrient recycling, i.e. the conversion of nitrogen 

back to protein, or other harvestable products, can be efficient practical means to 

control and treat effluents associated with aquaculture. Integration of aquaculture 

with other animal and plant systems, such as aquaponics, has become viable option 

that benefits from extra nutrients contents of the production facility, to reduce 

nutrient discharge (Wurts, 2000). The possible use of by-products, and the use of 

higher water nutrient concentrations, to grow vegetable production makes the 
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Recirculation Aquaculture System (RAS), is the most appropriate method to develop 

an integrated aquaculture-agriculture systems (aquaponics), (Somervilla , Cohen, 

Pantanella, Stankus, & Lovatelli, 2014). 

In the recirculation systems, treatment of water is essential. RAS generally recycles 

continuously 90~99 % daily of the culture water to eliminate fish waste, and add 

oxygen to maintain fish alive and well (Bregnballe, 2015). 

According to (Bernstein, 2011), the main advantages and disadvantages of RAS are 

the following:  

A. Advantages: 

1. No requirement of specialized water facilities, and can be set up 

anywhere even urban centres.  

2. Dense arisen of fish. 

B. Disadvantages:  

1. Capital intensive, energy consuming and risky. The risk stems due to 

high packing densities of oxygen rich water powered by electricity.  

2. The high amount of fish wastes which is mostly in the form of 

ammonia. 

Aquaponics system defined as: “the combination and integration of fish culture and 

soilless plant culture”, is the most appealing forms of integrated aquaculture systems. 

The integrated plant-fish systems tend to be most convenient for application due to 

the plant’s requirement of nutrient rich water (AbdulRahman , 2010). 

2.2 Hydroponic System  

Hydroponic is the most common method of soil-less culture, which includes growing 

plants either on a substrate or in an aqueous medium with bare roots (Roberto, 2003). 

Moreover, Hydroponic methods have been the subject of much research during the 

last century (Connolly & Trebic, 2010).  

2.2.1 Definition of Hydroponic  

Hydroponics is: “the method of growing plants using a mineral nutrient solution in 

water, without soil” (Connolly & Trebic, 2010). Or, “a method for cultivating plants 

without soil, using only water and chemical nutrients” (Bernstein, 2011). 
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Hydroponics comes from the Greek words hydro (water) and ponos (work). It is 

defined as “the growing plants within a liquid or solid media (organic or inorganic) 

uses a wide range of dissolved macro and micronutrients, which are supplied in 

aqueous solution” (Hambrey Consulting, 2013), Or : “Soilless culture is the method 

of growing agricultural crops without the use of soil” (Somervilla , Cohen, 

Pantanella, Stankus, & Lovatelli, 2014). 

2.2.2 The Hydroponic History  

Hydroponic processes have been subjected to several investigations during the 20th 

Century. Many advances have been accomplished and existing hydroponic structures 

take different arrangements (Connolly & Trebic, 2010). 

Hydroponic has a long history. In China, widespread “Frame Fields” to growing 

water spinach were documented in the ancient times. The Raft Gardens were made 

with a frame of bamboo backfilled with soil to produce leaf vegetables for home 

consumption (Hambrey Consulting, 2013). 

In addition, historical archives reveal that plants have been cultivated in soil free 

mixtures of sand and gravel. The Hanging Gardens of Babylon and the Floating 

Gardens of the Mexican Aztecs both are examples of early hydroponic gardening. 

Historians have found some Egyptian Hieroglyphics depicting the cultivation of 

plants in water (Roberto, 2003). Hydroponics appears at first in the scientific 

literature during 17th Century and had been adjusted for commercial operations in the 

first half of the 20th Century. In Western Countries, interest in soilless cultivation of 

vegetable production came to light in 1925, when greenhouse vegetable production 

encountered chronic problems with soil-borne diseases. During world war ӀӀ 

hydroponic production was increased to supply the U.S army with fresh vegetables. 

In 50’s and 60’s, the system was exported further to other countries (Hambrey 

Consulting, 2013). 

The four main explanations why soilless culture is an expanding agricultural practice 

are: Firstly, decreased presence of soil-borne diseases and pathogens; Secondly, 

improved growing conditions, that can be manipulated to meet optimal plant 

requirements leading to higher yields; Thirdly, Increased efficiency of water and 

fertilizer use and Fourthly, the prospective development of agriculture where suitable 

land is absent (Somervilla , Cohen, Pantanella, Stankus, & Lovatelli, 2014). 
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2.2.3 The Hydroponic Systems 

According to (Hambrey Consulting, 2013), there are Three main types of hydroponic 

plant growing system that suit plant growing component in aquaponics system:  

1. Nutrient Film Technique (NFT): a thin layer of nutrient rich water, flows 

along a tube or closed gutter, into which holes are cut and plants are placed. 

Usually small media filled plastic mesh pots. The upper part of the roots 

remains in the air while the lower part grows vigorously in the well aerated 

(Figure (2.8)). 

 

Figure ( 2.8 ): Nutrient Film technique. 

 

2. Deep Water Culture (DWC) or Floating Raft method, where nutrient rich 

water introduced to grow tanks of 20~30 cm depth. Plants are grown on 

surface in holes in polystyrene rafts. The water is vigorously aerated to 

maximize nutrient uptake (Figure (2.9)). 
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Figure ( 2.9 ): Floating Raft method 

 

3. Media Based Systems: plants grow in a medium like gravel, clay, balls 

vermiculite, cinders etc. These beds maybe “trickle fed” nutrient solution, or 

subject to periodic flooding and draining (“ebb and flow”), to maximize 

exposure to both air and nutrients (Figure (2.10)). The media beds function as 

bio filters well as. 

 

Figure ( 2.10 ): Media Based systems. 
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2.3 Aquaponics System 

Aquaponics is the integration of aquaculture and hydroponics. Recirculating systems 

are designed to raise large quantities of fish in relatively small volumes of water by 

treating the water to remove toxic waste products and then reusing it. 

2.3.1 The Aquaponics Definitions  

Aquaponics is defined as “the cultivation of fish and plants together in a constructed, 

recirculating ecosystem utilizing natural bacterial cycles to convert fish waste to 

plant nutrients” (Bernstein, 2011), or as: “aquaponics, is a system in which an 

aquaculture system is integrated with a hydroponic system” (Hambrey Consulting, 

2013), and  as: “aquaponics is the integration of recirculating aquaculture and 

hydroponics in one production system” (Somervilla , Cohen, Pantanella, Stankus, & 

Lovatelli, 2014). 

2.3.2 The Aquaponic History  

The term, “Aquaponics,” appeared as titles in the academic literatures late 1990’s. It 

was referred to in the 1970’s and 1980’s as “hydroponic aquaculture pond,” 

“hydroponic solar pond,” “integrated agriculture,” “integrated aquaculture,” 

“integrated fish culture hydroponic vegetable production system”, and “integrated 

Aqua-Vegiculture system”. One of the first systems to utilize fish effluent to irrigate 

and fertilize land plants, was called “Chinampas”, also known as “Floating Gardens”, 

and consisted of artificial islands created in shallow lakebeds. These islands were 

planted with crops, watered from lake water and fertilized with lake sediments. An 

integrated system of aquaculture and agriculture of fish grown in rice paddies has 

been in use in Malaysia since the 1930’s. The FAO publication also reports the rice-

fish systems as existed in China for over 1700 years (Goodman , 2011). 

Prior technological progresses in 1980s, most attempts to integrate hydroponics and 

aquaculture had made slight success. Thanks to the pioneering efforts of the New 

Alchemy Institute and other North American and European academic institutions in 

the late 1970’s, that had introduced food production systems of today. The 1980s and 

1990s had observed developments in system designs, bio filtration, the identification 

of the optimal fish-to-plant ratios, initiated the start-up of closed systems and allowed 

the recycling of water and the nutrient build up for plant growth. Although in use 

since the 1980s, Aquaponics is still a relatively fresh technique of food production, 
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with few experienced researcher and specialists worldwide  (Somervilla , Cohen, 

Pantanella, Stankus, & Lovatelli, 2014). 

The maximum enthusiasm in aquaponics business is reflected by issuing a dedicated 

Aquaponics Journal in 1997 (Hambrey Consulting, 2013). 

2.3.3 Recycling of Nutrient Effluent  

The most appealing integration form of aquaculture systems is the consolidation of 

plant- fish systems. This constitutes the most suitable practice due to the plant’s 

requirement of nutrient rich water for proper growth (AbdulRahman , 2010). 

Closed-loop System is substantial idea for the aquaponics system. It is used to 

produce two types of crops (fish and vegetables), within one infrastructure (Connolly 

& Trebic, 2010). Also, aquaponics provides a solution to the major problems; the 

need for sustainable filtering or disposing of nutrient-rich fish waste in aquaculture, 

and nutrient-rich water to act as a fertilizer, with all of the nutrients and minerals 

needed for plants grown through hydroponics (Nelson, 2008). 

Albeit, that the principals of aquaponics are immature yet, the biochemical engine 

that drives the aquaponics system is nitrogen cycle. This cycle occurs as water flows 

through fish tanks to biological filters containing bacteria and back again. During the 

water cycle, there are two processes contribute with a vital role in water treatment 

Bio-filtration process, that is the conversion of ammonia and nitrite by living 

autotrophic bacteria and the mineralization process. It refers to the way that solid 

wastes are processed and metabolized by a bacterium namely: “heterotrophic 

bacteria” to nutrients for plants. The bacteria consume organic carbon as food source 

mainly decomposes solid fish and plants wastes. Generally, nitrogen originally enters 

the aquaponics system from the fish feed, some of this feed is used by the fish for 

growth and the remainder is released by the fish as waste (Graber & Junge, 2009). 

This waste is mostly in form of ammonia, which is a gas primarily released from the 

fish gills as a metabolic waste from protein breakdown. Also, NH3 excretes to water, 

by the heterotrophic bacteria, throughout the decomposition of the fish solid wastes 

(Somervilla , Cohen, Pantanella, Stankus, & Lovatelli, 2014; Ogbonna & Chinomso, 

2010). 
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Depending on pH and temperature, Ammonia is dissolved in water, and partially 

ionized. Unionized ammonia (NH3), is highly toxic to fish and aquatic life, while the 

ammonium ion (NH4
+) is with much less toxicity (DeLong , Losordo, & Rakocy , 

2009).  

As pH, turn to be more acidic and the temperature decreases, the ionization and 

Ammonium (NH4
+) increase and toxicity decreases (Ogbonna & Chinomso, 2010). 

Formula (2.1) and Figure (2.11) show high pH values (basic) increasing the 

proportion of Ammonia that is in toxic unionized Ammonia.  

                                             𝑁𝐻4
+    ⇌    𝑁𝐻3 +    𝐻+                                            (2.1)    

     

 

Figure ( 2.11 ): Relationship between pH and proportion of Ammonia in total 

Ammonia, (Bishop, Bourke, Connolly, & Trebic, 2009). 

 

Nitrosomonas Bacteria, is the most common Ammonia-Oxidizing Bacteria (AOB), 

creates nitrite as by-product of their consumption of ammonia according to the 

Formula (2.2) as documented in scientific literature (Bernstein, 2011).  

                         N𝐻4
+  +  1.5 𝑂2 𝑁𝑖𝑡𝑟𝑜𝑠𝑜𝑚𝑜𝑛𝑎𝑠⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   𝑁𝑂2

− + 2𝐻+ + 𝐻2𝑂                         (2.2) 
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Then nitrate, is formed as a product of the microbial degradation and the oxidation of 

nitrite by Nitrobacter bacteria, the most common Nitrite-Oxidizing Bacteria (NOB), 

from a family of autotrophic bacteria called “Nitrifying Bacteria”. Formula (2.3) 

simply explains the chemical process as documented in scientific literature 

(Bernstein, 2011). 

𝐍𝑯𝟒
+  +  𝟏. 𝟓 𝑶𝟐 𝑵𝒊𝒕𝒓𝒐𝒔𝒐𝒎𝒐𝒏𝒂𝒔⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   𝑵𝑶𝟐

− + 𝟐𝑯+ + 𝑯𝟐𝑶 + 𝟖𝟒 𝑲𝒄𝒂𝒍 𝒎𝒐𝒍𝒆 𝒐𝒇 𝒂𝒎𝒎𝒐𝒏𝒊𝒂⁄  (1) 

𝑵𝑶𝟐
− + 𝟎. 𝟓 𝑶𝟐 𝐍𝐢𝐭𝐫𝐨𝐛𝐚𝐜𝐭𝐞𝐫 ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   𝑵𝑶𝟑

− + 𝟏𝟕. 𝟖 𝑲𝒄𝒂𝒍 𝒎𝒐𝒍𝒆 𝒐𝒇 𝒏𝒊𝒕𝒓𝒊𝒕𝒆 ⁄                                     (2) 

𝐍𝑯𝟒
+ + 𝟐𝑶𝟐 → 𝑵𝑶𝟑

− + 𝟐𝑯+ + 𝑯𝟐𝑶 + 𝒆𝒏𝒆𝒓𝒈𝒚                                                            (3) 

                                                                                                                                 (2.3) 

 

This process purifies water, that circulates back to the fish tanks and provides clean 

environment (Goodman , 2011). 

Figure (2.12) shows nitrogen cycle through the aquaponics system. Figure (2.13) 

shows the conceptual diagram of the nutrient in aquaponics system. 

 

Figure ( 2.12 ): Nitrogen flow chart in an aquaponic system, (Ogbonna & Chinomso, 

2010). 
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Figure ( 2.13 ): Conceptual diagram of nutrient recycling in aquaponics system, 

(Suits, 2009). 

 

2.3.4 Aquaponics in Palestine 

In light of the extraordinary circumstances, outlined in Section 2.1.1 about Gaza. 

Gaza farmers have been forced to adjust to their chronic food insecurity outcoming 

from applying buffering zones policies onshore and fishing bans offshore. The 

situation has further apprehended agricultural activities to produce sufficient food 

locally and fulfil the needs of Gaza population. The socioeconomic and food security 

surveys in Gaza during 2011, indicated that the insecure food level and vulnerable 

households were extremely high in all the five governorates of Gaza. Despite 

recording of some improvement in the food insecurity status in Gaza Strip reached 

up to 44% in 2011, compared to 52% in 2010 (Somervilla, Lovatelli, & Brown, 

2012). 

The fact that 97% of the Gaza Strip population are urban or camp dwellers, with 

limited access to land and Aquaponics technique, the method enables more families 
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to produce affordable fresh products in house or urban gardens. This is highly 

appropriate and effective answer to the current conditions in Gaza (FAO, 2012). 

In light of limited water resources in the Gaza Strip, conservation and sustainability 

plays a key element in agricultural interventions. Reuse of water, aquaponics and 

hydroponic systems are smart innovative solutions to challenge the shortage of 

hydrological resources (FAO, 2013). 

Since 2010, via donor funded projects, to protect and strengthen food and livelihoods 

security, FAO has been helping to enhance the resilience of at-risk populations in the 

West Bank and Gaza Strip. Aquaponics and integrated fish and production of plants 

are among the methods used by FAO (FAO, 2016). 

Rooftop patches consist of inputs for gardening, fish tanks and integrated small scale 

irrigation systems. As a result of these inputs, beneficiaries enhanced their 

household’s access to food as well as their income by selling excess products and 

fish  (FAO, 2013). 

Under Belgian-supported project executed by FAO, aquaponics units were locally 

designed and manufactured in Gaza Strip. They have been distributed to 15 

beneficiaries in Gaza City. 

The unit design is tailored to adapt with the unique environmental and logistical 

realities in Gaza as shown in Figure (2.14).  

 

Figure ( 2.14 ): Aquaponics unit in one of the beneficiary’s houses, (FAO, 2012). 
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2.3.5 Aquaponic Systems 

Aquaponics is a hydroponic growing method without soil. There are five components 

of the aquaponics systems including: Media Based Unit, the Nutrient Film Technique 

(NFT), Deep-Water Culture (DWC), Vertical System and Wicking Bed System ( 

Datta , 2016). For being the most commercially used, only NFT, DWC and Media 

Based systems are described and reviewed in Section (2.2.3). Figure (2.15) illustrates 

three-common aquaponics unit. 
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Figure ( 2.15 ):  A- Illustration of NFT unit, B- Illustration of DWC unit, C- 

Illustration of media based unit, (Somervilla, Cohen, Pantanella, Stankus, & 

Lovatelli, 2014). 

2.3.5.1 Aquaponics Large-Scale System Studies  

Between 1970s and 1980s, North Carolina State University developed the Integrated 

Aqua-Vegiculture System (IAVS), which was a model of aquaponics systems. IAVS 

was conducted to understand the effects of various elements on the productivity 

levels of fish and vegetable cultivation in an aquaponics systems. In 1999, an 
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aquaponics system based on tilapia fish tanks and sand-cultured vegetables crops, 

were interfaced in a closed recirculating water system. Tilapias were stacked at 1.68 

kg.m-3 density. Effluent from the fish tanks was trickle irrigated for 30 minutes every 

three hours during the daylight hours on to sand cultured bush bean, cucumber and 

tomato beds located at ground level. Feeding 1 kg of fish food, give extra 0.76 kg of 

fish and 1.66 kg of vegetables. At the end of 86-day feeding, total fish biomass 

increased from the initial stocking weight of 37 kg to 144 kg. The nutrients in the 

irrigation water used to feed tomato and cucumber crops. Both water quality and 

nutrient content were adequate for tilapia and plant growth in sand culture, where 

NO2
- was 0.1 ppm and Total Ammonia Nitrogen (TAN), was 0.9 ppm and never 

reached toxic levels. Additionally, It was found that the component ratios, i.e. the 

ratio of water to growing media, could be altered to either optimize fish production 

or plant production (McMurty, Nelson, Sanders, & Hodges, 1999). 

In the early 1990s, S & S Aqua Farm near West Plains, Missouri, modified the North 

Carolina State Method by raising fish in above ground tanks within a solar 

greenhouse. The have used a pea-grade river gravel in lieu of sand beds of the North 

Carolina’s hydroponic growing media and tilapia species that tolerated colder water 

temperatures than used in North Carolina State University aquaponics system. 

Tilapia was stocked in 1890 Litre tank, and fish effluent is diverted to gravel-

cultured hydroponic vegetable beds inside an attached solar greenhouse. The 

Speraneo system was practical, productive, and wildly successful. The commercial-

scale solar greenhouse at S & S Aqua Farm contained six 4500 L fish tanks. Each is 

linked to six one foot deep hydroponic beds filled with river gravel. Each tank plus 

hydroponic bed setup is referred to as a “node.”. Each node can operate 

independently. S & S Aqua Farm has grown fresh basil, tomatoes, cucumbers, mixed 

salad greens, and an assortment of vegetable, herb, and ornamental bedding plants in 

the aquaponics greenhouse. The farm yielded 20.4 ~ 31.7 kg of produce for every 

0.45 kg of tilapia, an impressive and cumulative harvests of multiple vegetable crops 

had raised during 7 ~12 month required to raise fish. This is significant improvement 

compared to North Carolina system (Diver, 2006; Goodman , 2011). 

In addition, The University of the Virgin Islands, had in 1980s, developed a deep-

water aquaponics system on commercial, scale, where plants grow hydroponically 



 

 28  

 

while placed in rafts and float in deep water. This system relies on rain water 

catchment, rotating mechanical bio filters and floating polystyrene panels that hold 

the plants. The hydroponic beds and the fish tanks are two separate sets of vessels, 

connected via pipes used to recirculate the water. North Carolina and Virgin Islands 

Systems utilizing an integrated water circulation system constitute a viable solution 

to self-sufficient food production in developing countries and location where fresh 

water is uncommon.   

The Virgin Islands system raises tomatoes, leafy vegetables and produced Nile and 

Red tilapia for 4 years continuously. This was differed between Speraneo and North 

Carolina State University models which use the vegetable beds themselves as a bio 

filter for cleaning effluent water.  In this aquaponics system involves the use of 

equipment and components such as clarifiers, filters, degassing tanks for bio 

filtration.  

Two more trials have been conducted in 2004, to assess the production of basil and 

okra and compare productivity levels and gross income of basil and okra grown 

normally and the ones grown in aquaponics environment. Nile and Red tilapia were 

stocked at 77 and 154 fish/m3. The last 20 harvests, production of Nile and Red 

tilapia averaged 61.5 and 70.7 kg/m3.  Mean weight was 813.8 g for Nile tilapia and 

512.5 g for Red tilapia. Nile tilapia achieved higher survival rate (98.3%), and better 

feed conversion ratio (1.7) than Red tilapia (89.9% and 1.8, respectively).  Projected 

annual production is about 4160 kg for Nile tilapia, and 4780 kg for Red tilapia.  

Batch and staggered production of basil in the aquaponics system was compared to 

field production of basil using a staggered production technique. The study found 

productivity levels of basil and okra in the aquaponics system to be 18 times and 3 

times higher than field system. Gross income levels from basil and okra sales, based 

on market prices in the Virgin Islands, were projected to be $ 515 per cubic 

meter/year form the aquaponics system vs. $ 172 per cubic meter/ year for the field 

system. When adding in fish revenues to the aquaponics system, the projected gross 

for the same growing area reached $134,245 vs $36,808 per year ( Rakocy, Bailey, 

Shultz , & Thoman, 2004). 

The productivity numbers in this study were based on the assumption of outdoor 

tropical growing system, with warm weather and extended hours of sunlight which 
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have been translated in to productivity levels for tilapia and vegetables. Moreover, in 

cold climates, outdoor fields system cannot be used as a feasible year-round solution 

(Goodman , 2011). 

2.3.5.2 Aquaponics Small-Scale System Studies  

The Baird’s Village Aquaponic Association (BVAA), a specialized firm in 

developing aquaponics systems in Barbados, had successfully built a proven test 

model for tropical climate of Barbados. BVAA system has four growing beds of 

coconut husk as medium and one fish tank. The design was simple and easily 

implemented. In 2009, Bellaires Research Institute in Holetown, Barbados, has 

adopted BVAA System by using one grow bed and one rectangular fish tank. Twelve 

seedlings of basil and twelve seedlings of okra were planted in four rows in the grow 

bed and fish tank was filled with 0.26 m3 of tap water and 26 young tilapia fish. The 

wet and dry weights of seedlings of the plants were logged at the beginning and the 

end of the growing period. Carried out twice weekly up to three weeks, lab analysis 

included the measurements of temperature, pH, Salinity, PO4
3-, NO3

-, TAN and DO. 

Water quality pertinent to fish health were monitored and found to be appropriate 

except for DO that ranged between (2.31~2.94) ppm and phosphate concentration 

between (9.15~9.17) ppm. Both Readings were below optimal ranges. Fish growth 

was monitored by several weightings, at the beginning of the experiment the 

recorded initial average weight was 46.188g, and the final average weight was 

53.168g at the conclusion of the experimental period (after six weeks). Okra plant 

weight increased by 784% in average, similarly, basil plant average weight increase 

was 1031% over same period (Bishop, Bourke, Connolly, & Trebic, 2009). 

A prototype of aquaponic system was built in 2009, at the Freshwater Hatchery Unit 

on the University Malaysia Terengganu campus. It had copied the Speraneo System 

through using media bed system with different fish species, plant and water flow 

rate. The system is comprised of fish culture tank, hydroponic trough, sump, sand 

filter and water holding tank. Hydroponic troughs were planted with water spinach 

(Ipomoea aquatica), to treat wastewater from an aquaculture system stocked with 

African catfish. The unplanted hydroponic trough was concurrently run as a control 

unit. The effect of five different water flow rates was tested in order to assess 

nutrients removal, water quality with plant growth. Results indicated that the 
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aquaponic recirculating system removed 5-day biochemical oxygen demand 

(47~65%), total suspended solids (67~83%), total ammonia nitrogen (64~78%), and 

nitrite-nitrogen (68~89%) and had demonstrated positive reflect correlated with flow 

rates. Total phosphorus and nitrate-nitrogen removal rates varied from 43%~53% 

and 42% to 65%, respectively, and they were negatively correlated with flow rates. It 

was found that all flow rates were efficient in nutrient removal and maintaining the 

water quality parameters within the acceptable safe limits for growth and survival of 

fish (Endut A. , Jusoh, Nora'aini, & Hassan, 2009). 

More else in 2009, an aquaponic RAS system was used in Waedenswil, Zurich, 

Switzerland. The potential of three crop plants was assessed, to recycle nutrients 

from fish wastewater. A special design of trickling filters was used to provide 

nitrification of fish wastewater: Light-expanded clay aggregate (LECA), was filled in 

a layer of 30 cm in vegetable boxes, providing both surface for biofilm growth and 

cultivation area for crop plants. Eggplant, tomato and cucumber cultures were 

established in the LECA. Filter and nutrient removal rates were calculated during 

42~105 days. The structure was similar to the Speraneo system but with different 

media. Nutrient input and removal rates were calculated through mass balance over a 

specified time, by the addition of nutrient input in the form of fish fodder, nutrient 

removal in the form of fruit and plant biomass, change in nutrient reservoir in the 

water, and nutrient losses by water exchange. Input was calculated using fertilizer 

coefficients determined through a separate experiment were fish was fed tilapia feed 

and nutrients build-up was measured after 14 days. All water quality parameters 

measured (NH4, NO2, NO3, pH, electrical conductivity, DO), were within the 

tolerable limits except some cases of nitrite. Results were compared to controls of a 

traditional hydroponics systems and crop grown in soil. The highest nutrient removal 

rates by fruit harvest over a period of more than three months, were achieve during 

tomato culture, fruit production removed 0.52, 0.11, 0.8 g/ m2-d for N, P, and K in 

hydroponic and 0.43, 0.07, and 0.4 g/m2-d for N, P, and K in aquaponic (Graber & 

Junge, 2009). 

Whereas, The results of study which was conducted to evaluate Aquaponics 

Recirculation System (ARS) performance in removing inorganic nitrogen and 

phosphate, from aquaculture wastewater using water spinach (Ipomoea aquatica), 
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and mustard green (Brassica juncea), showed that water spinach was able to reduce 

the Total Ammonia Nitrogen, Nitrite-N, Nitrate-N and Orthophosphate significantly, 

with efficiencies of 78.32~85.48%, 82.93~92.22%, 79.17~87.10%, and 

75.36~84.94%, respectively, compared to mustard green that removed the nutrients 

in the range of 69.0–75.85% for total ammonia nitrogen, 72.49~79.34% for Nitrite-

N, 66.67~80.65% for Nitrate-N, and 66.79~77.87% for orthophosphate. Overall 

results suggest that water spinach is better than mustard green in removal of nutrient 

in the aquaponics system because the root structures provided more microbial 

attachment sites, sufficient wastewater residence time, trapping and settlement of 

suspended particles, surface area for pollutant adsorption, uptake, and assimilation in 

plant tissues (Endut A. , Jusoh, Ali, & Nik, 2009). 

In order to determine which media maximized plant growth in both systems, an 

experiment was arranged in 2012 to examine two food crops (lettuce and radish), 

grown in three different medias (soil, coconut fibre, gravel), within two separate 

aquaponics systems (Nutrient Film Technique (NFT), and Floating Raft (FR). Each 

plant was planted and replicated in each pot and differing media as seed and grown 

for 8 weeks (NFT) and 5 weeks (FR). Growth rates were measured by recording 

heights weekly and biomass (mg) and at the end of the experiment. Both lettuce and 

radishes had the greatest growth in soil in both systems (Mader, 2012). 

Another study was conducted in 2014, to assess the effectiveness of nutrient trapping 

and vegetable grown in lab and field conditions, of a media bed system, for taro and 

tomato and the nutrient film technique for water spinach. Tilapia was common 

experimental fish and were fed pellet feed twice at 10% gradually and decreased at 

5% of their body weight. Fish tank water irrigated with a mini pump to the systems, 

then return to the fish tank. All the experiments gave better performance than the 

control.  The tomato production cycle in aquaponics system was longer and less 

diseases prone than the control. Moreover, the nutrient concentrations in the influent 

ascended along culture time and the highest mean reductions of Ammonium-N, 

Nitrite-N, Nitrate-N and phosphate were found in water spinach RAS, followed by 

taro and tomato RAS, The experiments showed as well, that nutrient recycling is not 

a luxury reserved for rural areas with space limitations. Furthermore, Tilapia length-
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weight statistics has been obtained for each experiment (Salam , Hashem, 

Asadujjaman, & Li, 2014). 

In 2015, a study was carried out to evaluate aquaculture nitrogen waste reduction in 

aquaponic system. The result showed that the nutrient concentration has fluctuated 

during the observation periods, and the highest nutrients accumulation scored were 

6.489, 3.601, and 0.933 mg L-1 for TAN, nitrate, and nitrite in the control, 

respectively. Integration of tilapia fish farming, romaine lettuce, and bacteria can 

reduce inorganic nitrogen with the best removal efficiency. There was 91.50, 34.41, 

22.86, and 49.74% for TAN, nitrate, and nitrite, respectively. All results showed that 

treatment with the bacteria addition, was the best treatment, to reduce nitrogen waste 

and maximize the fish and romaine lettuce plants production. This study proved that 

the application of the aquaponic system has significant influence at nitrogen 

transformation. Nutrient concentration during the experiment was fluctuated, while 

treatment with the addition of romaine lettuce and bacteria listed better results than 

the control, and treatment of romaine lettuce without the addition of bacteria 

(Wahyuningsih , Effendi , & Wardiatno, 2015).  

A new study was arranged in 2015, to treat freshwater crayfish Red Claw (Cherax 

quadricarinatus) effluent, containing organic material of residual feed and wastes by 

bioremediation, though aquaponic recirculating system with lettuce (Lactuca sativa). 

During three weeks’ observation, ammonia and nitrate reduction percentage soared 

up to 90.1% and 23.3%, respectively.  At the end of experiment, the average length 

of crayfish was 6.27cm (control), and 7.12cm (treatment). Crayfish weight of control 

was 6.12g, and crayfish weight of treatment was 8.12g. Crayfish growth rate ranged 

0.95~1.01 g/day. The length of lettuce during observation ranged 8.9~12.0 cm. 

(Effendi H. , Utomo, Darmawangsa, & Hanafiah, 2015). 

 Another 2015 study was introduced to compare the ability of nutrient reduction of 

freshwater crayfish (Cherax quadricarinatus, family Parastacidae), wastewater 

cultured in aquaponic system using vegetable plant, water spinach (Ipomoea 

aquatica). Aquarium A, accommodated rearing freshwater crayfish without plant, 

and Aquarium B, has rearing freshwater crayfish with water spinach. Both were 

experimented for three weeks. Survival rate of crayfish in Aquarium A was 85%, and 

90% in Aquarium B. Meanwhile mortality of crayfish was 15% and 10% at aquarium 
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A & B, respectively. Aquaponic system using water spinach can reduce freshwater 

crayfish culture wastewater particularly ammonia (NH3) up to 84.6%, and nitrate 

(NO3) up to 34.8%. Orthophosphate experienced reduction of 44.4% under spinach 

treatment. Relatively high ammonia concentration in control without plant treatment 

(Aquarium A), affected the growth of freshwater crayfish. Hence, the survival rates 

of freshwater crayfish grown with plant were higher than the ones without plant 

(Effendi, Utomo, & Darmawangsa, 2015). 

To evaluate the effects of three water recirculating duration daytime (07.00 to18.00); 

night-time (18.00 to 07.00); and 24 hours’ control with shading (30%, 60% and 

shading control), respectively, two experiments were made in 2016, to evaluate 

growth and sap’s nitrate content of lettuce in a commercial aquaponic system 

integrated with red tilapia culture. First experiment showed that water recirculating 

time did not affect the lettuce growth and ammonia (NH3) in the inlet water remained 

stable, during the first and second weeks and slightly decreased in the third week. 

Nitrite (NO2
-) showed decreasing trend throughout the culture period. In contrast, 

nitrate (NO3
-) showed increasing trend. Orthophosphate (PO4

3-) increased during the 

first week and then slightly decreased throughout the culture period. Nitrite (NO2
-) 

increased during the third week then decreased, thus offering the possibility to 

increase aquaponics profitability by reducing the operational cost. In this study, 

water recirculation during night-time showed an increasing trend of (NO3
-) as (NO3

-) 

uptake by plants is at the highest at night. The second experiment revealed that 

shading affected nitrate content in the sap of the leaf midribs, but continued in range 

specified by EU regulations in all treatments. In this study, 60% shading showed an 

inhibitory effect lettuce growth. Lettuce increased its height to seek the sun light, 

which increased height to circumference ratio of the plant, so shading with 60% and 

30% increased the nitrate concentrations in the sap of the lettuce leaf midribs 

significantly. The highest lettuce growth was observed at the rate of 30% shading 

whereas 60% shading gave the lowest growth (P<0.05) (Sreejariya, Raynaud, 

Dabbadie, & Yakupitiyage, 2016). 

A 2016 study based on RAS examined the growth of romaine lettuce (Lactuca 

sativa L. var. Longifolia) in aquaponic system without the addition of artificial 

nutrient. The nutrient relies solely on wastewater of Nile Tilapia (Oreochromis 
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niloticus) cultivation circulated continuously on the aquaponic system. The results 

showed that tilapia weight reached 48.49 ± 3.92 g of T3 (tilapia, romaine lettuce, 

and included bacteria), followed by T2 (ilapia and romaine lettuce) and T1 (tilapia) 

of 47.80 ± 1.97 and 45.89 ± 1.10 g after 35 days of experiment. Tilapia best 

performance in terms of growth and production occurred at T3 of 3.96 ± 0.44 g.day-

1, 12.10 ± 0.63 %.day-1, 96.11 ± 1.44 % and 1.60 ± 0.07 for Growth Rate (GR), 

SGR, Survival Rate (SR), and FCR. It is also indicated by better water quality 

characteristic in this treatment. Lettuce harvests of T2 and T3 showed no significant 

difference, with the final weight of 61.87 ± 5.59 and 57.74 ± 4.35 g. Consequently, 

the integration of tilapia fish farming and romaine lettuce is a potentially promising 

aquaponic system for sustainable fish and horticulture plant production. 

Temperature and pH values fluctuated during the experiment and showed significant 

difference (p<0.05), DO levels were above 5 mg/L at the beginning of the 

experiment in all treatments, and ranged 4.82~4.98 mg/L at the end of the 

experiment. Dissolved inorganic nutrients ammonia (NH3), ammonium (NH4
+), 

nitrite (NO2
-), and nitrate (NO3

-) were not significantly different for each treatment 

(p>0.05), but T3 provided better results compared to T1 (control) ( Effendi, 

Wahyuningsih, & Wardiatno, 2016). 
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3 Materials and Methods 

Through a comprehensive field and laboratory analysis of samples collected before 

and after treatment process, the purpose of this study is the evaluation of nitrogen 

removal efficiency in Aquaponic system, and its effect on the growth rate of fish and 

plants. All methods, techniques, and materials used to generate data are reviewed in 

the following sections: 

3.1  General description of proposed aquaponic system 

The media based aquaponic system (proposed aquaponic system), had been designed 

by FAO since 2012 and considered as one of the most common aquaponic methods. 

Aquaponic system has common and essential components, including: fish tank, 

mechanical filter, bio filter and hydroponic containers.  

 Proposed aquaponic system components used:  

1. Fish tank:  white polyethylene, 

round shaped with flat bottom 

tank, 1000 (litre) volume as 

shown in Figure (3.1). 

   

 

Figure ( 3.1 ): Fish tank. 

2. Media beds: two strong blue 

rectangle fiberglass, with flat 

bottom beds, 2.07 (m) length, 

1.06 (m) width and 0.3 (m) 

height, to hold the medium and 

plants seedlings, as shown in 

Figure (3.2) 

 

Figure ( 3.2 ): Media beds. 
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3. Sump tank: is a collecting or 

storage tank from which water 

is pumped to the fish tank, and 

to which water from the plant 

bed drains. It’s square shaped 

blue fiberglass container with 

flat bottom, 1.30 (m) length, 

1.30 (m) width and 0.5 (m) 

height, as shown in Figure (3.3) 

  

 

Figure ( 3.3 ): Sump tank which is in black 

circle. 

4. Submersible water pump: (AT-

105, Atman, China) used to 

boost the water from the sump 

tank back to fish tank. Flow 

rate: 1500 L/h at a head height 

1.5 meters’ (0.24 horsepower), 

as shown in Figure (3.4).    

  

 

 

Figure ( 3.4 ): Submersible water pump. 

 
 

5. Air pumps: Four air pumps 

were used with 2.28 L/min flow 

rate capacity per each. 

  

 

Figure ( 3.5 ):  Air Pump. 
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6. Water heaters: heaters generally 

are controlled by thermostats. It 

is automatic device to turn on if 

the water temperature reaches 

below 20℃, Figure (3.6) shows 

one of the water heater used, 

there were three heaters used, 

two in fish tank and one in the 

sump tank, each heater wattage 

200 (W) to maintain the 

temperature between 20-23 ºC. 

 

Figure ( 3.6 ): Aquarium heater. 

7. The medium: volcanic gravels 

(tuff) is one of the most popular 

medium used in media bed 

units for both bio filtration and 

mineralization process. It 

provides ample space for 

bacteria to colonize and 

chemically inert. The specific 

surface area is 300~400 m2/m3 

nearly (Somervilla , Cohen, 

Pantanella, Stankus, & 

Lovatelli, 2014), they occupy 

about 25 (cm) height of the 

media beds, as shown in Figure 

(3.7) 

  

 

 

Figure ( 3.7 ): Volcanic gravels (tuff). 
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Figure ( 3.8 ): Bell-Siphon components, (Bernstein, 2011). 

 

3.2 General Operation of Proposed Aquaponic System 

Each separate component of the aquaponic system will be connected and oriented to 

each other in a way to ensure achieving the desired water flow rates, Figures (3.9) 

and (3.10) show a connected unit and water flow through the aquaponic system. 

 

 

Figure ( 3.9 ): Illustration of a small media bed unit (Side View). 

 

8. Bell-Siphon: Is a type of auto siphon that allows the media bed to fills gradually 

and drains automatically. Figure (3.8) shows the components of the bell-siphon.  
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Figure ( 3.10 ): Illustration of a small media based unit (Front View). 

 

Water Flow Dynamics Through the Aquaponic System: 

Water cycling process, is closed cycle starts from the fish tank and looped back to 

the same tank. Figure (3.11) shows water flow dynamics in the unit through steps A 

to C:  

A. Water from the fish tank flows to the media beds by gravity. 

B. As the water fills the media bed, it started to drain down to the sump tank 

through the bell-siphon.  

C. Finally, water from the sump tank pumped back to the fish tank.  
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Figure ( 3.11 ): Water flow through the aquaponic media based unit. 

 

Water Flow Through the Bell-Siphon: 

There are 4 phases in the process of the Bell-Siphon, as shown in Figure (3.12): 

1. Filling Phase: The grow bed is continuously filled with water via the water 

inlet. Water also raises in the bell via holes at the bottom of the bell. 

2. Water lock phase: the water starts to drain from the stand pipe, forming a 

water lock and all the air in the bell is sucked out.  

3. Draining phase: water in media bed drains to the sump tank. When the water 

drops below a certain level, a little air is sucked via the transparent pipe. 

4. Breaking Siphon phase: Air is sucked in to break siphon, while the air in the 

transparent little pipe helps the water column, between the stand pipe and the 

bell, to drop.   
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Figure ( 3.12 ): Bell-Siphon's process through 4 different phases. 

 

3.3 Experimental condition 

Prior to start of the experiment, water temperature was recorded three times a day at 

5:00, 12:00 and 20:00 hrs for one week on 24th~31st March 2016 which. It was 14 ± 2 

℃. 

To overcome low temperature, water heaters were installed in fish tank. Water 

temperature was recorded at 5:00, 12:00 and 20:00, three times a day, for three days 

recording 21 ± 1℃, which was suitable for fish. 

On April 4, 2016, fish was taken to the system for adaptation period between 4~14 

April 2016.  
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Due to the climate conditions, water temperature through the experimental period 

started to rise naturally, and heaters were removed from the fish tank on 3rd of May 

2016.  

3.4 Experimental Fish & Growth Rate Measurements   

Nile Tilapia (Oreochromis niloticus) fish were delivered from Al-Salmi Hatchery at 

City of Deir Al-Balah – Palestine, 50 Nile Tilapia fish were delivered for Aquaponic 

system. They were dispatched via plastic bags to the experimental location, where 

fish was adapted to the new conditions, in fish tank for ten days. Then 40 weighted 

Nile Tilapia fish were stocked in fish tank on 15th of April. The initial mean weight 

was (72.95 ± 23.21) g and initial total length was (16.07 ± 1.92) cm. Every 14 days, 

fish were starved for 24 hours before the weighting process.  

Fish was fed three times daily ad libtum at 7:00, 14:00 and 19:00 for five days a 

week with a complete diet using Raanan Fish Feed produced by West Africa Ltd, 

Ghana. The mix contained 33 % protein and 6.0 % fat.   

Growth was determined by measuring body weight and total length (Atalah , et al., 

2007). Also, for each sampling, Feed Conversion Ratio (FCR) and Specific Growth 

Rate (SGR (%)) were calculated by the following equations (Alyshbaev, 2013):  

𝐹𝐶𝑅 =
𝑑𝑟𝑦 𝑓𝑒𝑒𝑑 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 

𝐿𝑖𝑣𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 𝑔𝑎𝑖𝑛 
 

𝑆𝐺𝑅 (%) =  
[ln(𝑓𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡) − ln(𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡)]

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑓𝑒𝑒𝑑𝑖𝑛𝑔 𝑑𝑎𝑦𝑠 
 ×100  

𝑤𝑒𝑖𝑔ℎ𝑡 𝑔𝑎𝑖𝑛 (𝑔) = 𝑀𝑒𝑎𝑛 𝑓𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 − 𝑀𝑒𝑎𝑛 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡   

  

Feed Conversion Ratio (FCR) was defined as a feed efficiency calculation which 

provides the amount of feed taken to grow one kilo of fish (Anderson & Silva, 2012), 

and Specific Growth Rate (SGR (%)) is the daily growth rate of fish body weight in 

percentage (Alyshbaev, 2013). 
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3.5 Experimental Plants & Growth Rate Measurements  

Plants were delivered from Al-Shami Nursery, City of Khan Younis-Palestine. 60 

vegetables seedlings were delivered for Aquaponic system.  They were planted in 

two fiberglass media beds on 4 (m2) area. 

Each species was planting in 2 (m2), and their height was measured every 14 days 

from the beginning on 16th of April 2016.  

Two summer fruiting vegetables plants including, 30 Eggplants (Solanum 

melongena) aged between 30~40 days, with average height (6.54 ± 1.52) cm, and 30 

Chili Peppers (Capsicum spp.) aged between 30~40 days with average height (6.12 ± 

1.11) cm, were used.  

Organic plant fertilizers were used during the study. “Aptek” is a local liquid organic 

fertilizer used in Gaza, and was sprayed on the plant leaves in the media bed to solve 

nutrients deficiency and help plants to grow (Bernstein, 2011; Somervilla , Cohen, 

Pantanella, Stankus, & Lovatelli, 2014). 

The spry is composed of 0.5 (ml) from the organic fertilizer mixed with 500 (ml) of 

water. The mixture was sprayed on the leaves of plants every two weeks because 

some plant’s nutrients are not found in fish wastes. 

Pests are problematic for plant production because they carry diseases that plant can 

contract. Garlic makes an excellent economical, nontoxic pesticide for Aquaponic 

system.  

The garlic pesticide composed of crashed 5 medium- sized garlic bulbs mixed with 

500 (ml) of water. The mixture was allowed to soak for 24 hours, then it was sprayed 

on the leaves of plants once a week.  

As documented in scientific literature (Cornelissen, et al., 2003), the growth of plants 

was measured by height, i.e. shortest distance between the upper boundary of the 

main photosynthetic tissues on a plant and the ground level. Figure (3.13) shows the 

way how to measure the plant’s height in (cm).  
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Figure ( 3.13 ): Total plant’s height in centimeters, (Brouwer, Coffeau, & Heibloem, 

1985). 

3.6 Water Quality Measurements  

Water samples were collected from inlet and outlet, at 7:00 am, once a week from 

23rd of April to 9th of July 2016. The selected sampling locations are presented and 

shown in Figure (3.14). Related parameters from inlet and outlet were measured and 

analysed {Dissolved Oxygen (DO), water temp., pH, Ammonia (NH3), Nitrite (NO2
-) 

and Nitrate (NO3
-)}. 

Furthermore, field and laboratory parameters, as applicable, were performed using 

the facility of Environmental and Earth Science Department, Faculty of Science, 

IUG.  



 

 46  

 

 

Figure ( 3.14 ): Sampling locations (inlet and outlet). 

3.6.1 Physical Field Parameters 

Dissolved Oxygen (DO), water temperature and pH were the main field 

measurements being considered in this study. Simultaneously, related samples were 

collected in sterile containers and stored in an ice box, and transferred to laboratory.  

Table (3.1) and Figure (3.15) describe the physical field parameters that conducted 

during the experimental period, and their instruments.  

Table ( 3.1 ): Physical field parameters that conducted during the experimental 

period.  
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Figure ( 3.15 ): Portable devices used: 1- EC meter, 2- Thermometer, 3- pH meter. 

 

 

 

Parameters Instruments Unit 

DO (Dissolved Oxygen) Sens ion 6 Portable Dissolved 

Oxygen Meter, HACH, U.S.A   

ppm 

pH Checker Portable pH Tester - 
HI 98103, HANNA 

instruments, Romania   

- 

Water temperature Thermometer HI98501-1, 

HANNA instruments, 

Romania 

ºC 
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By default, aquaponic water naturally acidifies as a result of nitrification and 

respiration processes, and pH levels often are between 6~7.  

In some cases, adding phosphoric acid (H3PO4) may be necessary, if high pH 

(alkaline) > 7.0 is present. It is necessary on the other hand, to add a seashell as a 

source of carbonates if the pH level drops below 6.0. This is achieved by packing 

material in a suspended porous bag in the sump tank (Somervilla , Cohen, Pantanella, 

Stankus, & Lovatelli, 2014). 

3.6.2 Chemical Measurements 

The other parameters were analysed at the laboratory Standard Methods for the 

Examination of Water and Wastewater.  

3.6.2.1 Ammonia (NH3 (ppm)) 

Ammonia is a colourless gaseous compound with a sharp distinctive odour. It is 

highly soluble in water where it exists in a molecular form associated with water and 

in an ionized form of NH4
+. The extent of ionization depends on temperature and pH 

that may be toxic to aquatic life (Bernstein, 2011). 

A Direct Nesslerization Method is a standard technique to determine Ammonia in 

water and wastewater. (ASTM , 2015) was used for Ammonia determination, which 

depends on that the graduated yellow to brown colour produced by the Nessler-

Ammonia reaction.  

Reagents:  

o Ammonia free water.  

o Standard NH3-N solution  

o Potassium – Sodium Tartarate (Rochelle salt solution)  

o Nessler Reagent  

Procedure:  

1. NH3-N standard solution (1000 ppm) was prepared (stock solution) of 1, 2, 3, 

4, 5 ppm (50 ml volume).  

2. 50 ml of (free ammonia water as a blank).  

3. 50 ml of each sample.  

4. 1 ml of K-Na Tartarate was added to samples and standards.  
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5. 1 ml of Nessler reagent was added to samples and standards; 5-minutes 

reaction time was started. 

6. The sample was placed in the spectrophotometer at λ= 425 nm and NH3-N 

concentration reading was taken in ppm. 

 

3.6.2.2 Nitrite (NO2
- (ppm)) 

The photometric determination of nitrite is based on the reaction of nitrite with an 

aromatic amine (sulphanilamide), it results the formation of a diazonium compound. 

This is then coupled with a second aromatic amine (NEDA) to yield a red azo dye, 

according to (Tarafder & Rathore, 1988).  

Reagents:  

o Sulphanilamide 

o N-Naphthyl ethylene-diamine dihydrochloride (NEDA) 

o  85% Concentrated Phosphoric acid 

o Deionized-distilled water  

o A stock standard nitrite solution (1000 µg mL-1)    

Procedures: 

1. NO2
--N standard solution was prepared (stock solution) of 3, 5, 10, 15, 20 µg 

mL-1 (50 ml volume).  

2. 50 ml of (free Nitrite water as a blank).  

3. 50 ml of each sample. 

4. Colour reagent was prepared. 

5. 2 ml of colour reagent was added to samples and standards; 5-minutes 

reaction time was started. 

6. The sample was placed in the spectrophotometer at λ= 543 nm and NO2
--N 

concentration reading was taken in ppm. 

Spectrophotometer that used to determine these parameters model: CT-2200, E-

Chrom Tech Co., Ltd, Taiwan.  
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3.6.2.3 Nitrate (NO3
- (ppm)) 

Nitrate (NO3
-), is a form of nitrogen found in water and is a source of nutrients for 

plant uptake. It’s formed as a product of the microbial degradation and oxidation of 

ammonia nitrogen (NH3-N and NH4
+-N), and organic nitrogen. Ultraviolet 

Spectrophotometric Screening Method was used for Nitrate determination based on 

(Armstrong , 1963). 

Reagents:  

o Nitrate free water.  

o Stock Nitrate Solution. 

Procedure:  

1. NO3
- calibration standards of 2, 4, 6, 8, 10, 15, 20 ppm were prepared on 50 

ml volume. 

2. Samples were diluted and prepared on 50 ml volume. 

3. The sample was placed in the spectrophotometer at λ= 220 nm and NO3-NO3 

concentration reading was taken in ppm. 

 

3.6.2.4 The Reduction Percentage 

Percentage reduction is the percentage of NO3
-, NO2

- and NH3 removal and using 

formula proposed by (Effendi H. , Utomo, Darmawangsa, & Hanafiah, 2015):  

%𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 =  
𝑎 − 𝑏

𝑎
 ×100 

Where:    

a- Water NO2
- or NO3

- or NH3 concentration in (inlet).  

b- Water NO2
- or NO3

- or NH3 concentration in (outlet). 
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3.7 Statistical Analysis  

All statistical analysis was performed using the SPSS program V.24., U.S.A.  NH3, 

NO3
- and NO2

- data were analyzed by using “Paired-samples T test” at 0.05 

confidence level.  

Also, the relationship between fish weight and fish total length was analyzed by 

used “One-way MAONVA” at 0.05 confidence level. Moreover. 

Moreover, “two-way ANOVA” was used to determine the significance in the 

measurements of plant lengths for each of the variables: plant type (chili Pepper- 

eggplant) and days at 0.05 confidence level. 
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4 Results   

The results of this research focus on the analysis the Environmental performance 

aspects and nitrogen transformation in Aquaponic System. Assessment results of 

water treatment, fish growth and plant growth rates through the duration of study are 

presented. 

4.1 Water parameters measurements  

The main parameters included in the analysis were: Dissolved Oxygen (DO), water 

temperature, pH, Ammonia (NH3), Nitrite (NO2
-) and Nitrate (NO3

-). Table (4.1) lists 

different parameters followed through the study period. 

            Table ( 4.1 ): Different parameters considered through the study period. 

Parameter Unit 

DO ppm 

pH - 

Water temp. ºC 

NH3
 ppm 

NO2
- ppm 

NO3
-
 ppm 

 

Table (4.2) Summarizes the mean values of different parameters at different 

sampling places (Inlet and outlet).  

Table ( 4.2 ): Mean values of the conducted parameters at inlet and outlet of the 

system. 

Parameter Unit Inlet Outlet 

DO ppm 6.98 ± 0.07 6.97 ± 0.09 

pH - 7.21 7.17 

Water temp. ˚C 24.93 24.8 

NH3 ppm 0.99 ± 0.13 0.80 ± 0.12 

NO2
- ppm 0.06 ± 0.02 0.05 ± 0.02 

NO3
- ppm 72.06 ± 20.85 65.67 ± 20.20 

Notwithstanding, that Ammonia (NH3), Nitrate (NO3
-) and Nitrite (NO2

-) showed 

significant difference among the experiment period at (α≤ 0.05). However, Dissolved 
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Oxygen, pH and were within the vital level for fish, plants and microbial activities 

throughout the study period.  

4.1.1 Water Temperature (˚C)   

The values of water temperatures in the system, ranged from 22 to 29 ˚C during the 

experiment. The lowest value recorded degree in both inlet and outlet was 22.3 ˚C at 

startup of the experiment, while the highest was 27.3 ˚C at the conclusion of the 

study. The measurement of temperature was originally intended to diagnose and 

interpret variations using many parameters such as DO and Ammonia, and their 

effect on fish and microbial activities in the system. Table (4.3) Summarizes water 

temperature values at the inlet and outlet during the study period.  

Table ( 4.3 ): Water temp. values in inlet and outlet during the study period. 

Experimental Days Inlet Outlet 

0 22.6 22.6 

7 22.3 22.3 

14 23.1 23.0 

21 27.1 27.0 

28 23.5 23.5 

35 25.9 25.6 

42 26.1 25.9 

49 26.3 26.2 

56 27.3 27.2 

 

4.1.2 pH Value  

Variations of values of pH within Inlet and Outlet during the whole sampling periods 

was optimal. The values fluctuated in the system between 6.8 to 7.8.  Table (4.4) 

summarizes the pH values between inlet and outlet during the study period.  
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Table ( 4.4 ): pH values in inlet and outlet during the experimental period. 

Experimental Days Inlet Outlet 

0 7.05 7.04 

7 7.2 7.1 

14 7.4 7.3 

21 7.8 7.8 

28 7.1 7.1 

35 6.85 6.8 

42 6.9 6.85 

49 7.2 7.2 

56 7.4 7.35 

 

4.1.3 Dissolved Oxygen (DO)  

The value of Dissolved Oxygen (DO) in the current study, fluctuated from 6.8 to 7.2 

ppm in both inlet and outlet. Table (4.5) summarizes the values of DO in inlet and 

outlet during the study period.  

Table ( 4.5 ): DO values in inlet and outlet during the experimental period. 

Experimental Days Inlet Outlet 

0 7.07 7.01 

7 6.87 6.90 

14 7.00 6.85 

21 6.85 6.81 

28 7.06 6.95 

35 7.00 6.87 

42 6.97 7.01 

49 7.00 7.00 

56 7.01 7.09 
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4.1.4 Ammonia (NH3)  

The mean value of Ammonia in the current study oscillated in inlet from 0.8 to 1.2 

ppm, while it oscillated in outlet from 0.6 to 1.0 ppm. The lowest value of Ammonia 

recorded in outlet at the beginning of the study was 0.62 ppm, while the highest was 

1.19 ppm in inlet at the end of the study. Table (4.6) summarizes the mean ± SD 

values of Ammonia in inlet and outlet during the experiment period.  

Table ( 4.6 ): The mean ± SD values of Ammonia in inlet and outlet during the study 

period. 

Experimental Days Inlet Outlet 

0 0.81 ± 0.08 0.63 ± 0.03 

7 0.83 ± 0.07 0.62 ± 0.01 

14 1.01 ± 0.11 0.86 ± 0.03 

21 1.18 ± 0.11 0.94 ± 0.01 

28 0.94 ± 0.04 0.77 ± 0.03 

35 0.93 ± 0.06 0.75 ± 0.06 

42 1.01 ± 0.05 0.86 ± 0.04 

49 1.07 ± 0.07 0.82 ± 0.05 

56 1.17 ± 0.07 0.96 ± 0.11 

 

4.1.5 Nitrite (NO2
-) 

The mean value of Nitrite in the current study oscillated in both inlet and outlet from 

0.020 to 0.092 ppm. The lowest value of Nitrite recorded in outlet at the beginning of 

the study was 0.022 ppm, while the highest was 0.091 ppm recorded in inlet at the 

end of the study. Table (4.7) summarizes the mean ± SD values of Nitrite in inlet and 

outlet during the experiment period.  
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Table ( 4.7 ): The mean ± SD values of Nitrite in inlet and outlet during the study 

period. 

Experimental Days Inlet Outlet 

0 0.029 ± 0.002 0.022 ± 0.004 

7 0.049 ± 0.001 0.040 ± 0.001 

14 0.062 ± 0.002 0.051 ± 0.003 

21 0.061 ± 0.002 0.053 ± 0.002 

28 0.069 ± 0.001 0.061 ± 0.001 

35 0.066 ± 0.004 0.055 ± 0.002 

42 0.068 ± 0.001 0.061 ± 0.001 

49 0.066 ± 0.001 0.061 ± 0.002 

56 0.091 ± 0.003 0.080 ± 0.001 

 

4.1.6 Nitrate (NO3
-) 

The mean values of Nitrates in the tested samples varied from 36.90 to 101.50 ppm. 

The lowest Nitrates resulted in outlet with 36.90 ppm at the beginning of the 

experiment, while the highest Nitrates resulted in inlet with 101.2 ppm at the end of 

the experiment. Table (4.8) summarizes the mean ± SD values of Nitrates in in inlet 

and outlet during the experiment period.  

Table ( 4.8 ):The mean ± SD values of Nitrates in in inlet and outlet during the study 

period. 

Experimental Days Inlet Outlet 

0 41.93 ± 0.26 36.90 ± 0.07 

7 48.89 ± 0.28 42.95 ± 0.01 

14 55.99 ± 0.29 50.06 ± 0.07 

21 61.35 ± 0.07 54.65 ± 0.19 

28 76.70 ± 0.22 70.89 ± 0.06 

35 80.85 ± 0.35 74.72 ± 0.17 

42 88.99 ± 0.43 81.55 ± 0.32 

49 92.71 ± 0.54 85.04 ± 0.12 

56 101.20 ± 1.27 94.33 ± 0.30 
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4.1.7 Percentage of Nitrogen Reduction  

The percentage of nitrogen reduction of the Aquaponic system, is determined by 

observing concentrations during the study period of three major nitrogen components 

namely: NH3, NO2
- and NO3

-. Table (4.3) shows the reduction percentage (%) of 

nitrogen during the study period in the system.  

Table ( 4.9 ): The reduction percentage (%) of nitrogen transformation during the 

study period. 

 

4.2 Tilapia Fish (Oreochromis niloticus) Growth Results 

Fish weights and fish total length had been measured throughout the study period.  

Moreover, Feed Conversion Ratio (FCR) and Specific Growth Rate (SGR) were 

calculated for the determination of fish growth performance.    

4.2.1 Fish Weights  

The average values of fish weights varied from 72 to 120 g during the experiment. 

Figure (4.1) presents the average individual fish weights during the experiment 

period. The average individual initial weight was 72.95 g, at the beginning of the 

experiment, while the average individual final weight was 120.07 g, at the end of the 

study.   

Percentage reduction (%) 

Experimental Days NH3 NO3
- NO2

- 

0 
21.95 12.00 22.41 

7 
25.67 12.16 18.72 

14 
15.56 10.58 17.60 

21 
20.34 10.92 13.10 

28 
17.18 7.58 11.54 

35 
19.41 7.57 15.91 

42 
14.85 8.37 10.22 

49 
22.89 8.28 8.27 

56 
18.29 6.79 12.57 
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Figure ( 4.1 ): The average individual fish weights during the experimental period. 

  

4.2.2 Fish Total Length  

 The average values of the fish individual total length fluctuated between 16.0 to 19.7 

cm, during the experiment period. Figure (4.2) shows the average total length of 

individual fish during the experiment period. The average individual initial total 

length was 16.07 cm at the beginning of the experiment, while the average individual 

final total length was 19.62 cm at the end of the study.   

 

Figure ( 4.2 ): The average individual fish total length during the experimental 

period 
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4.2.3 Growth Performance (SGR (%) & FCR)  

Feed Conversion Ratio (FCR), and Specific Growth Ratio (SGR), are the most 

important factors indicating the effectiveness of feed management in the system, and 

successful commercialization of fish culture practices. Table (4.10) present FCR and 

SGR (%) values throughout the experiment to determine the growth responses of the 

fish to diets.  

Table ( 4.10 ): FCR and SGR (%) values throughout the experimental days. 

Note: Fish Survival Rate (SR)= 100% during the experiment.            

         

4.3 Plant Growth Results 

The total height of Eggplants and Chili peppers was measured during the experiment 

days, to provide growth performance of each species during the study.  

4.3.1 Chili Peppers (Capsicum spp.) Growth Results.  

The average values of planted Chili peppers heights ranged between 6.1 to 10.5 cm 

during the experiment. Figure (4.3) presents the average heights of planted Chili 

peppers during the experimental days. The average initial height was 6.12 cm at the 

beginning of the experiment, while the average final height was 10.46 cm at the end 

of the study.  

Experimental Days Feed Conversion 

Ratio (FCR) 

Specific Growth Ratio (SGR) 

(%) 

0 - 14 2.78 0.33 

14 - 28 2.35 1.68 

28 - 42 1.96 1.80 

42 - 56 1.74 1.18 
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Figure ( 4.3 ): The average heights of planted Chili peppers during the experimental 

days. 

 

4.3.2 Eggplant (Solanum melongena) Growth Results 

 The average values of planted Eggplant heights ranged between 6.5 to 12.1cm 

during the experiment period. Figure (4.4) shows the average heights of planted 

Eggplants during the experiment days. The average initial height was 6.54 cm, at the 

beginning of the experiment, while the average final height was 12.03 cm, at the end 

of the study. 

 

Figure ( 4.4 ): The average heights of planted Eggplants during the experimental 

days. 
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Figure (4.5) shows the growing beds with planted vegetables, and fish tank on the 

first day of the experiment. 

 

Figure ( 4.5 ): Growing beds, planted seedlings and fish tank on the first day (day 

(0)). 

 

Figure (4.6) Shows the planted Eggplants on day “42”, nearly six weeks later.  

 

Figure ( 4.6 ): Planted Eggplants after six weeks. 
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Figure (4.7) shows the planted Chili peppers after six weeks (day “42”).  

 

Figure ( 4.7 ): Planted Chili peppers after six weeks. 
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5 Discussion 

This chapter discusses the findings of different performance parameters of 

Aquaponic system with respect to the nitrogen removal efficiency, and its effect on 

the growth rate of fish and vegetables used in the system.  

5.1 Nitrogen Removal 

In this study, the percentage of nitrogen reduction of the system is determined by 

observing concentrations of the three major nitrogen components which are: NH3, 

NO2
- and NO3

-.  

5.1.1 Ammonia (NH3)  

Ammonia (NH3), was within the optimum level of Aquaponic system during the 

experiment period, and was less than 1 ppm, based on (Somervilla , Cohen, 

Pantanella, Stankus, & Lovatelli, 2014). Ammonia slightly recorded a high level in 

outlet during day “21” as 1.18 ppm. This can be related to the stoppage of the water 

cycle in the aquaponic system during the third week resulted from battery failure and 

keeps the water pump on during the electricity outages, causing limited nitrification 

process and raise accumulation of unionized ammonia on the fish tank. Moreover, 

the toxicity of Ammonia increases as the alkaline pH rises. Ammonia/Ammonium 

fraction are strongly affected by pH of water as shown in the following equation:  

                                       𝑁𝐻3 + 𝐻2𝑂 ⇌ 𝑁𝐻4
+ + 𝑂𝐻−                                          (5.1)                                           

The results showed that by due higher pH, the NH3 concentration increased, and the 

Ammonia toxicity to fish is potential. Most fish are expected to tolerate an Ammonia 

level of 1 ppm if the pH was 7.0, or even as high as 10.0 if the pH was 6.0. As pH of 

8., just 0.1 ppm could be dangerous (Ogbonna & Chinomso, 2010). Figure (5.1) 

shows the NH3 - pH relationship during the experimental days. The highest pH value 

was 7.8 in day “21”, which followed with high concentration of Ammonia. 

Moreover, it is commonly understood, that as the pH nears the acid range, the rate of 

nitrification declines, but ammonia can be used as an antibacterial agent, which 

inhabit and reduce the effectiveness of the nitrifying bacteria (Bernstein, 2011).  
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Figure ( 5.1 ): NH3 - pH relationship during the experimental days. 

Besides that, ammonia toxicity is actually dependent on water temp., where higher 

water temp. makes ammonia more toxic, based on (Somervilla , Cohen, Pantanella, 

Stankus, & Lovatelli, 2014).  Figure (5.2) presents the NH3-water temp relationship 

during the experiment days.    

 

Figure ( 5.2 ): NH3-water temp. relationship during the experimental days. 

Furthermore, the average concentrations of NH3, between inlet and outlet showed 

significant differences at (α ≤ 0.05), amongst the treatment process during the 

experiment period. 
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5.1.2 Nitrite (NO2
-) 

Nitrite is toxic to fish. High levels of Nitrite can immediately lead to prompt fish 

fatality. Toxic levels prevent the spread of O2 within the bloodstream of fish 

(Bernstein, 2011). Figure (5.3) shows NO2
- fluctuations during the experiment 

period. NO2
- concentration varied between 0.02-0.09 ppm, and was less than the 

Nitrite standard settled within (Somervilla , Cohen, Pantanella, Stankus, & Lovatelli, 

2014), where it must be less than 1 ppm. Also, nitrite concentrations during the 

experiment were less than the NO2
- standard within (Graber & Junge, 2009), which 

documents tolerance limits for Tilapia as less than 0.2 ppm.  

  

Figure ( 5.3 ): NO2
- fluctuations during the experimental period. 

Generally, the average concentrations of NO2
- between inlet and outlet showed 

significant differences (α ≤ 0.05) amongst the treatment. 

5.1.3 Nitrate (NO3
-) 

Nitrate is far less toxic than the other forms of nitrogen. Moreover, NO3
- is the most 

accessible form of nitrogen for plants, and the production on nitrate is the goal of the 

biofilter. NO3
- increased gradually during the experiment, and this finding is in 

accordance with the result of (Sreejariya, Raynaud, Dabbadie, & Yakupitiyage, 

2016), on culturing red Tilapia with Lettuce in evaluation the effects of three water 

recirculating durations. However, NO3
- contents increased that possibly due to its 

continued production from nitrogenous waste excreted by fish and non-utilization by 
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process and considered as the key process for biological nitrogen removal in 

biological treatment. The “nitrifies,” bacteria are strict “aerobes”, and needs free DO 

level to perform their work. Nitrification process occurs only under aerobic 

conditions at DO levels ≥ 1 ppm (Wahyuningsih , Effendi , & Wardiatno, 2015). 

Figure (5.4) presents NO3
-- DO values relationship during the experiment period. DO 

concentrations varied between 6.8 to 7 ppm as presented in Table (4.5), which 

indicate that nitrification rates are greatly permitted. 

 

Figure ( 5.4 ): NO3
- - DO values relationship during the experimental period. 

On other aspect, the weekly average concentrations of NO3
- in the inlet and outlet 

showed significant differences (α ≤ 0.05) amongst the Biofiltration process. This 

shows that some nitrate contents in the water in the media bed were absorbed and 

utilized by the Eggplants and Chili Peppers, so resulting in lower concentrations 

compared to the inlet water.  

Moreover, Nitrate concentration fluctuated within the tolerance limit which is 

between 5-150 ppm (Graber & Junge, 2009; Somervilla , Cohen, Pantanella, 

Stankus, & Lovatelli, 2014). 
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5.1.4 Percentage of Nitrogen Reduction  

Figure (5.5), (5.6) and (5.7) present the reduction percentage for NH3, NO2
- and NO3

- 

during the study period. The best percentage at the beginning of the experiment was 

26%, 22% and 12% for NH3, NO2
- and NO3

-, respectively.  

The reduction percentage of ammonia (NH3), was greater than nitrite (NO2
-) and 

nitrate (NO3
-), which associated with the growth rate of Ammonia Oxidizing 

Bacteria (AOB), predicted much faster than the Nitrite Oxidizing Bacteria (NOB). 

AOB population will increase faster than NOB when the temperature is above 25   ֯ C 

(Yamamoto, Takaki, Koyama, & Furukawa, 2008). 

The aforementioned result compares favourably with previous study conducted by 

(Wahyuningsih , Effendi , & Wardiatno, 2015) while using lettuce in aquaponic 

system. These results show that leafy vegetables can significantly decrease the 

nitrogen waste in aquaponic amounted 92%, 14% and 50% for NH3, NO2
- and NO3

-, 

respectively. However, leafy vegetables favour high nitrogen compared to fruit 

vegetables that like higher levels of potassium (Hambrey Consulting, 2013).  

Determination of NO3
-  removal rate can be used to evaluate nitrate uptake by plant. 

According to (Sreejariya, Raynaud, Dabbadie, & Yakupitiyage, 2016) nitrate uptake 

by plants is at peak during night times, while nitrate uptake is lower during the day 

time. Th fact is that plant efficiently utilizing nitrate stored during the night, and the 

photosynthesis process as well. In contrast, a decreasing trend of nitrate removal was 

observed, because of system water was recirculated continuously for 24 hours 

throughout the study period.  
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Figure ( 5.5 ) Ammonia percentage reduction (%) during the study period. 

 

Figure ( 5.6 ): Nitrite percentage reduction during the study period. 

 

Figure ( 5.7 ): Nitrate percentage reduction (%) during the study period. 

0

5

10

15

20

25

30

0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2

P
er

ce
n

ta
ge

 R
em

o
va

l (
%

) 

NH3 Concentration in Inlet (ppm)

NH3 Percentage Reduction (%)   

0

5

10

15

20

25

0.025 0.035 0.045 0.055 0.065 0.075 0.085 0.095

P
er

ce
n

ta
ge

 R
em

o
va

l (
%

) 

NO2
- Concentration in Inlet (ppm)

NO2
- Percentage Reduction (%)   

0

2

4

6

8

10

12

14

40 50 60 70 80 90 100 110

P
er

ce
n

ta
ge

 R
em

o
va

l (
%

) 

NO3
- Concentration in Inlet (ppm)

NO3
- Percentage Reduction (%)   



 

 71  

 

0

20

40

60

80

100

120

140

0 14 28 42 56

0

5

10

15

20

25

W
ei

gh
t 

(g
)

Days

To
ta

l l
en

gt
h

 (
cm

)

Fish total length (cm) Fish wieght (g)

Figure ( 5.8 ): Fish (weights - total length) relationship during the study. 

5.2 Fish Growth Performance 

Water measurements in the fish tank were relatively within the optimum levels for 

the Tilapia. Table (5.1) presents the general water quality tolerances for both warm 

fish a Nile Tilapia fish.   

Table ( 5.1 ): General water quality tolerances for Tilapia fish. 

Source: (Somervilla , Cohen, Pantanella, Stankus, & Lovatelli, 2014).                              

 

Fish growth had been increased during the experimental days. As shown in Figure 

(4.1) and (4.2), each Tilapia increased its biomass by almost 47 (g), and each fish 

increased its total length by 3 (cm). Figure (5.8) presents fish growth measurements 

(weights-total lengths) relationship during the experimental period.  

Parameters Warm Water Fish Nile Tilapia fish 

Temp   ֯ C 22 - 32 vital 14 - 36 

Optimal 27 - 30 

pH 6 - 8.5 6 - 8.5 

NH3 (ppm) < 3 < 2 

NO2
-(ppm) < 1 < 1 

NO3
- (ppm)     < 400     < 400 

DO (ppm) 4 - 6 > 4 
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This experiment indicated that there high correlation between total length and body 

weight as it’s close to 1 and its positive appearance reflected the positive slope.  

 

Figure ( 5.9 ): Regression analysis of fish total length and weight.  

Moreover, fish total length and fish weight increments was statistically significant at 

95% confidence level (α ≤ 0.05) during the experiment period.  

Lower FCR means that fish utilized the feed better. As shown in Table (4.10), FCR 

became better at the end of the experiment, which was equal to 1.74. Figure (5.10) 

shows the FCR – Fish weight g relationship during the experiment.  
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Figure ( 5.10 ): FCR – Fish weight (g) relationship during the experiment. 
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Based on (Somervilla , Cohen, Pantanella, Stankus, & Lovatelli, 2014), FCR is 

related to the feed and the fish water quality, and furthermore Tilapia would have an 

FCR of 1.4 -1.8, if there were better conditions for fish.  

The rate at which Tilapia can grow is dependent on many factors including genetic 

history, environmental conditions, health, quantity and quality of food consumed and 

life stage. Figure (5.11) presents fish body weight (g) - SGR (%) relationship during 

the study.  

 

Figure ( 5.11 ): Fish body weight (g) - SGR (%) relationship during the study. 

SGR (%) decreased during the last two weeks of the experiment, this result is 

consistent with (Liu, et al., 2015; Jianga, et al., 2015), which have been documented 

that as size increasing, fish growth rate and feed efficiency gradually decrease. Fish 

growth is relying on protein and fat deposition, which is closely related to the 

digestion and absorption of nutrients (Zhao, et al., 2012). Furthermore, activities of 

trypsin, chymotrypsin, lipase, and amylase in intestine showed negative allometry 

against body mass, digestive abilities of protein, fat, and starch gradually decreased 

with increasing unit weight in carp ( Jianga, et al., 2015). 

5.3 Plant Growth Performance   

Results that related to plant growth showed statistically significant differences at the 

level (α ≤ 0.05) in the measurements of plants total height for each of the variables: 

plant species (Eggplant and Chili Pepper) and days. 
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Although, there were a significant plant growth during the experiment period, plants 

suffered from some kinds of insects, which had been controlled with a natural way 

free from the chemical pesticides by using garlics as per (Somervilla , Cohen, 

Pantanella, Stankus, & Lovatelli, 2014; Bernstein, 2011). 

It was noticeable, that vegetable’s leaves were not a deep green colour, that’s may 

due to nutrient deficiency and bacteria hadn’t developed enough yet, to convert 

enough fish waste in to plant nutrients, so liquid organic fertilizer was sprayed on the 

vegetable’s leaves. This finding is consistent with (Bernstein, 2011), which 

recommended the use of organic fertilizers once every two weeks.    

Figure (5.12) shows the total average heights of both Eggplant and Chili pepper 

during the experiment period.  

 

Figure ( 5.12 ): Total average heights of both Eggplant and Chili pepper during the 

experimental period. 
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6 Conclusions and Recommendations 

This chapter represents the final conclusion of findings and results which were 

clarified previously from data analysis of laboratory’s tests, fish and plants growth 

measurements. Also, this chapter includes recommendations that could contribute to 

improve the efficiency of Ammonia removal in Aquaponic system.  

6.1 Conclusions 

This research is considered to be one of the main studies which evaluate the 

efficiency of Ammonia removal in Aquaponic system and its effect on the growth of 

fish and plants used in the system. This study showed that the application of the 

aquaponic system has significant influence at nitrogen transformation. The research 

mainly studies the biological nitrogen removal in Aquaponic system reading 

parameters: {DO, water temp., pH, NH3, NO2
- and NO3

-}, and its effect on the 

growth rate of both Tilapia fish and vegetables used by measuring and calculating 

{Individual fish weight, individual fish total length, FCR, SGR and plants total 

height}.  

The researcher collected 18 presentative samples from both inlet and outlet in an 

Aquaponic system throughout the study period. Thus, the nitrogen removal was 

comprehensively examined through the selected different parameters and their 

effects over nitrification process.  

Fish and plants growth measurements conducted every 14 days, thus they had been 

measured 5 times during the study period.   

Results indicated that the selected water samples, fish and plants growth 

measurements gave significant data during the study period. The main research 

findings can be summarized in the following points:  

• Results showed that the system maintained favorable water quality 

throughout the experiment for DO, water temp., pH, NH3, NO2
- and NO3

-. 

• Results indicated that NH3, NO2
- and NO3

 were statistically significant 

differences at the level (α ≤ 0.05) in all measurements of water pre-treatment 

(inlet) and after water treatment (outlet) during the study.  
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• The average concentration of NH3 from inlet (after treatment) has fluctuated 

during the experiment period between (0.62±0.01) ppm and (1.06±0.11) ppm, 

however, the average concentration of NO3
-
 from inlet had fluctuated between 

(36.90±0.07) ppm, and (96.31±0.30) ppm, and the average concentration of 

NO2
-
 from inlet had fluctuated between (0.02±0.004) ppm and (0.08±0.001) 

ppm. These concentrations still within the acceptable range of aquaponics 

system.   

• The research showed that DO is one of the most important factor affecting 

nitrification process, it was found that high DO concentrations in treatment 

units positively affect the overall biological removal of nitrogen in 

Aquaponic system.  

• Results showed that the reduction percentages of NH3, NO2
- and NO3

-
  were 

fluctuated during the experiment period, where the highest reduction % of 

NH3, NO2
- and NO3

- were during the beginning of the experiment at 25.67 %, 

16.13% and 12.00% for NH3, NO2
- and NO3

- , respectively.  

• Results showed that higher pH, the NH3 concentration increased, and the 

Ammonia toxicity to fish is potential.  

• Results related to the fish growth attributes showed statistically significant at 

the level (α ≤ 0.05) on increasing the fish total length and fish weight within 

the experiment period. Where, the average individual initial fish weight was 

(72.95± 23.21) g in day (0), whereas, the average individual fish final weight 

was (120.075±19.21) g in day (56). Consequently, growth each Tilapia fish 

increased by almost 47.12 g. Also, the total initial fish biomass was 

calculated to be 2918 g, while the final total biomass was 4803 g, which 

means that the total biomass gained was 1885 during the experiment period.  

• As a result of calculating the SGR (%), and FCR, they showed that fish had 

grown in a good manner and not affected by the treatment process. FCR was 

1.7 at the end of the experiment which was consistent with the FCR of Tilapia 

fish that range between 1.4 -1.8, while SGR (%), noticed that it became lower 

with time.  

• Results related to vegetables growth attributes, showed statistically 

significant at the level (α ≤ 0.05) in measurements of plants height within two 

variables: plant species (Chilies Pepper and Eggplant) and days.  
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• The average initial Eggplants height was (6.54±1.52) cm and the average 

initial Chilies Pepper height was (6.12±1.11) cm, however, at the end of the 

experiment, the average final Eggplants height was (12.03±1.73) cm and the 

average final Chilies Pepper height was (10.46±1.42) cm, therefor, each 

Eggplant seedling increased its height by 5.49 cm, also, each Chilies Pepper 

seedling height increased by 4.43 cm. 

 

6.2 Recommendations  

The study shows that aquaponic technology produced vegetables as safe, in term of 

nitrate content without using any kind of chemical pesticides and fertilizers. So, 

aquaponic system constitute potential hope to compensate the absence of the land in 

Gaza Strip, and successfully produce and promote healthy living. 

Researcher recommended that:  

1. On strategic and formal level, regulation need to be set to force Aquacultures 

Owners to migrate to water recycling systems that achieve Zero-Waste 

concept.  

2. Further research is required to analyse Initial start-up and maintenance costs 

of a small-scale aquaponic system and determine potential economic 

feasibility for an average household. 

3. Extend research to using long-term productivity plants in a small scale 

aquaponic system and their economic profitability 

4. Explore the use of different aquaponic systems to determine their 

efficiencies in removal of NH3, NO3
-and NO2

-.  

5. It is suggested to test variant types of vegetables with Tilapia fish at small-

scale aquaponic system and define which plants have more the ability of 

NO3
- reduction.  

6. Further researching, to adjust ammonia level by controlling the fish biomass 

in the fish tank and to monitor if the amount of ammonia waste by the fish, 

has a direct relationship to the level of nitrates produced and growth of 

plants.   
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