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Deliverables 4.1  
The review of existing and in-progress technologies of the different 

subsystems required for the structural and functional elements of the model of 
multi-purpose aquaponics production system 

 

Task 4.1 Technical coordination 

4.1.1. A comparative analysis between RAS (recirculating aquaculture production systems) and 

RAS-A (recirculating integrated aquaponic production systems), regarding their production 

capacities 

 Recirculating aquaculture production systems (RAS): 

Recirculating cultivation systems (RAS) area unit some way of growing fish that incorporates 

likelihood to supplement wild-caught fish with completely different food created in associate 

ecologically and economically property manner. RAS area unit closed-loop facilities that retain 

treat and use the water among the system. The water in RAS flows from a tank through a 

treatment technique and is then came to the tank, so the term recirculating cultivation systems. 

RAS area unit environmentally property, using 90-99 roughly water than completely different 

cultivation systems. Varied ways in which are going to be accustomed treat and clean the water 

from the fish tanks and make it reusable. Many RAS use parts to treat the water by removing 

waste mechanically and breaking the remainder of the waste down biologically. Once the waste is 

removed variety of the water is in addition far from the system. Ideally, RAS alone replace very 

very little percentages of the full water volume, because of some loss throughout waste removal 

and/or evaporation (less than at some point daily water exchange). 

Traditional cultivation production in ponds needs giant quantities of water. or so one 

million gallons of water per acre ar needed to fill a pool and the same volume is needed to make 

amends for evaporation and oozing throughout the year. Recirculating cultivation production 

systems might supply another to pool cultivation technology. 

Through water treatment and recycle, recirculating systems use a fraction of the water 

needed by ponds to supply similar yields. as a result of recirculating systems sometimes use tanks 

for cultivation production, considerably less land is needed. Aquatic crop production in tanks and 

raceways wherever the surroundings is controlled through water treatment and recirculation has 

been studied for many years. though these technologies are expensive, claims of spectacular 

yields with year-round  production in locations near major markets and with very very little water 

usage have attracted the interest of prospective aquaculturists. In recent years, a range of 

production facilities that use recirculating technology are designed. All cultivation production 

systems should give an acceptable surroundings to push the expansion of the aquatic crop. 

important environmental parameters embody the concentrations of dissolved element, un-ionized 

ammonia- N, nitrite-nitrogen, and greenhouse emission within the water of the culture system. 

Nitrate concentration, pH, and pH scale levels at intervals the system also are vital. 
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To produce fish during a price effective manner, cultivation production systems should 

maintain sensible water quality during times of fast fish growth. In cultivation ponds, correct 

environmental conditions area unit maintained by equalisation the inputs of feed with the 

absorbent  capability of the lake. The lake as natural biological productivity (algae, higher plants, 

animal and bacteria) is a biological filter that processes the wastes. In cultivation owing to the 

upper initial capital prices of tanks compared to material ponds, the assembly depend upon the 

flow of water through the tanks to scrub out the waste by-products. in addition, the chemical 

element concentration at intervals the tank should be maintained through continuous aeration, 

either with atmospherical chemical element (air) or pure gassy chemical element. 

A key to successful recirculating production systems is the use of cost-effective water 

treatment system components. All recirculating production systems remove waste solids, oxidize 

ammonia and nitrite-nitrogen, remove carbon dioxide and aerate or oxygenate the water before 

returning it to the fish tank (see Fig. 1). More intensive systems or systems culturing sensitive 

species may require additional treatment processes such as fine solids removal, dissolved organics 

removal, or some form of disinfection (Xu, et al., 2014). 

 

 
Fig. 1: Simplified process flow diagram for RAS 

 

All recirculating production systems take away waste solids, oxidize ammonia and nitrite-

nitrogen, take away dioxide, and aerate or oxygenise the water before returning it to the 

aquarium. a lot of intensive systems or systems culturing sensitive species might need further 

treatment processes like fine solids removal, dissolved organics removal, or some style of medical 

care. 

Recirculating cultivation systems may be divided into 2 main categories: fresh and H2O 

operations. every of those may be paired with specific technologies designed to maximise potency 
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at intervals the system, minimize effluent discharge and infrequently to figure during a dependent 

relationship with alternative technologies. 

A major concern of most aquaculture systems is the buildup of ammonia (NH3 ) and its 

derivatives from fish waste, which can be fatal to fish even at very small concentrations as little as 

.08 mg/L (Rakocy, et al., 1992). 

In fully recirculating systems, nitrate and phosphate levels accumulate at a rate that is 

proportional to fish density; thus, the larger the production scale, the more effluents will appear in 

the system and need treatment in order to ensure the continued growth of the fish. Macro algae 

can accomplish this because they absorb the nutrients that are in fish waste for their own growth, 

the same way that aquaponics produce plant growth from these nutrients.  

 Recirculating integrated aquaponic production systems (RAS-A): 

In aquaculture, the release of a waste stream of water from a RAS is probably the number 

one environmental impact of the system. In addition, in countries where water is becoming a 

commodity that is in short supply and water prices are rising all the time. The obvious way to 

contacts these two disadvantages, wastewater release and a requirement for new water, is to find 

a way to utilize the waste nutrients that are accumulating within the RAS. So, the new technology 

was raised up which is Aquaponic system (Rakocy, 2012). 

Aquaponics is the integration of two, separate, established farming technologies - 

recirculating fish farming and hydroponic plant farming. 

So, it is the combination of aquaculture (fish) and hydroponic cultivation of plants. Also, 

aquaponics is a bio-integrated system that links recirculating aquaculture with hydroponic 

vegetable, flower, and/or herb production. Recent advances by researchers and growers alike 

have turned aquaponics into a working model of sustainable food production (Martins, et al., 

2010).  

Aquaponics, conjointly referred to as the mixing of tank farming with cultivation, is gaining 

augmented attention as a bio-integrated food production system.  

Aquaponic systems work by introducing nitrifying bacterium, that kill the ammonia in fish 

waste to convert it into nitrate that is non-toxic to the fish and useful for the plants. Another 

innovation in fresh RAS involves the utilization of microalgae to scale back the prevalence of CO2 

inside these systems and supply a food supply to developing fish. 

Aquaponics is a model of property food production by following bound principles:  

 The waste merchandise of 1 biological system function nutrients for a second biological 

system. 

 The mixing of fish and plants leads to a polyculture that will increase diversity and yields 

multiple merchandise.  

 Water is re-used through biological filtration and recirculation. 

 Native food production provides access to healthy foods and enhances the native 

economy. 

In aquaponics, nutrient-rich effluent from fish tanks is employed to fertigate farming 

production beds. this is often smart for the fish as a result of plant roots and rhizobacteria take 
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away nutrients from the water. These nutrients – generated from fish manure, algae, and rotten 

fish feed – ar contaminants that might otherwise build up to harmful levels within the fish tanks, 

however instead function liquid fertiliser to hydroponically full-grown plants. In turn, the farming 

beds perform as a biofilter – uncovering off ammonia, nitrates, nitrites, and phosphorus – 

therefore the freshly clean water will then be recirculated into the fish tanks. The nitrifying 

bacterium living within the gravel and in association with the plant roots play a essential role in 

nutrient cycling; while not these microorganisms the full system would stop functioning.  

Greenhouse growers and farmers ar paying attention of aquaponics for many reasons: 

 Hydroponic growers read fish manured irrigation water as a supply of fertilizer that permits 

plants to grow well.  

 Fish farmers read tank farming as a biofiltration technique to facilitate intensive 

recirculating cultivation.  

 Greenhouse growers read aquaponics as the simplest way to introduce organic farming 

manufacture into the marketplace, since the sole fertility input is fish feed and every one of 

the nutrients taste an organic process.  

 Food-producing inexperiencedhouses – yielding 2 merchandise from one production unit – 

ar naturally appealing for niche promoting and green labeling. 

 Aquaponics will modify the assembly of recent vegetables and fish macromolecule in arid 

regions and on water restricted farms, since it's a water recycle system. 

 Aquaponics could be an operating model of property food production whereby plant and 

animal agriculture ar integrated and utilisation of nutrients and water filtration ar coupled. 

 In addition to industrial application, aquaponics has become a preferred coaching aid on 

integrated bio-systems with line agriculture programs and highschool biology categories. 

 Aquaponic systems ar even a lot of water-efficient than ancient farming systems (growing 

plants in water during which chemical nutrients ar added).  

 Aquaponic systems don't need complete water exchanges for a year or for much longer 

compared to farming systems that require to possess full water changes each 3 months. 

The technology associated with aquaponics is complex. It requires the ability to 

simultaneously manage the production and marketing of two different agricultural products. 

Modern aquaponic systems can be highly successful, but they require intensive management and 

they have special considerations. This publication provides an introduction to aquaponics, it 

profiles successful aquaponic greenhouses, and it provides extensive resources. It does not 

attempt to describe production methods in comprehensive technical detail, but it does provide a 

summary of key elements and considerations. 

The obvious way to counteract these two disadvantages, wastewater release and a 

requirement for new water, is to find a way to utilize the waste nutrients that are accumulating 

within the RAS. Historically, many RAS farmers have looked to bacterially mediated methods to 

counteract salt accumulations. This methodology basically consists of creating a chamber in-line to 

the RAS water flow in which anaerobic bacteria are grown. These anaerobic bacteria utilize nitrate 

as a food source and metabolize it to release nitrogen gas as an end product. Then the nitrogen 



645691 - ECOFISH Project 
MSCA-RISE-2014: Marie Sklodowska-Curie 

 

5 
 

gas is bled out of the system, thus counteracting waste nutrient buildup from nitrogenous 

compounds. However, the metabolism of feed by the fish also produces other waste nutrients, 

which sometimes cannot be converted to a gaseous form by the anaerobic digester and, 

therefore, remain within the system. A better approach to removing waste nutrients is to expose 

them to something that will utilize the entire suite of nutrients produced with the RAS. This is 

where plants and hydroponics come into the picture. 

Aquaponics simply makes the connection between the fact that RAS fish farming produces 

waste nutrients and hydroponics utilizes nutrients for plant production. Because both systems are 

water-based, integration is a logical step. 

The approach that has been adopted until recently was that nutrients should still be 

allowed to accumulate in aquaponic systems because this gives the plants access to the limiting 

nutrients. 

So, in summary, advantages of integrating aquaponics into RAS (Lennard, 2009) are: 

 We produce two crops; fish and plants, which gives us two income streams from one input 

(fish feed), 

 Little water use, 

 Zero environmental impact, no wastewater discharge, 

 The production of two income-producing crops,  

 Very small environmental footprint, high density farming and,  

 Ability to be located close to end users, lowering transportation costs. 

 

4.1.2. Fish Metabolism as a Key Factor in a Integrated Aquaponic Production System 

Fish ar a various cluster of vertebrate animals that have gills and board water. A typical fish 

uses gills to get element from the water, whereas at a similar time emotional dioxide and 

metabolic wastes. the everyday fish is poikilothermic, or cold-blooded, that means that its blood 

heat fluctuates consistent with the water temperature. Fish have virtually a similar organs as 

terrestrial animals; but, they additionally possess a sac. In their natural home ground, element is 

provided either by aquatic plants that turn out element through hotosynthesis or from water 

movements like waves and wind that dissolve atmospherical element into the water. while not 

adequate DO, most fish suffocate and die. that's why adequate aeration is thus crucial to 

fortunate cultivation. However, some fish ar equipped with an air respiration organ, kind of like 

lungs, that enables them to expire of water.  

Clariidae catfish ar one such cluster of fish that ar vital in cultivation. Fish need the right 

balance of proteins, carbohydrates, fats, vitamins and minerals to grow and be healthy. this kind 

of feed is taken into account an entire feed. 

Metabolism is that the word wont to cowl the system of chemical processes that keep one 

thing alive or that offer live. For a fish, which means providing energy to power crucial body 

processes or building and maintaining the body components required to perform. 
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Metabolism itself depends on 3 main things: 

1. Respiration and nutrition to produce metabolites (the product it uses, engineered out 

of each inorganic and organic matter). 

2. Osmoregulation for a stable operating atmosphere. 

3. Excretion to induce obviate all the poisons and alternative waste product created as 

side-effects. 

Metabolism uses product referred to as metabolites that embody organic food and 

inorganic matter like element. Metabolism is coupled to any or all of the opposite body processes 

by providing energy, or by building and maintaining the structures necessary for them to perform.  

In fishes, the metabolism covers 2 processes: destructive metabolism and organic process. 

dissimilation|biological process} is that the process of breaking down metabolites (breaking down 

complicated molecules into less complicated one) to provide active energy. destructive 

metabolism is additionally referred to as biological process. whereas organic process uses those 

self same product to make new body tissue for growth, maintenance, and copy. organic process is 

additionally referred to as organic process. 

The metabolism will work totally different speeds, betting on environmental conditions, 

and is controlled by hormones created within the fish’s body. The rate will modification with a 

spread of factors: 

 Size – larger fish have comparatively slower metabolic rates 

 Age – young grow additional however don’t would like the generative facet nevertheless 

 Activity – busy fish would like a quicker rate 

 Condition – fish in poor condition would like additional tissue maintenance 

 Environment – temperature, element levels and salinity all have an effect on the speed 

If everything is traditional during a fish’s atmosphere, it produces energy by chemical 

reaction. this needs a continuing offer of enough element. If there isn’t enough, the fish can turn 

out energy in white muscle tissue mistreatment “glycolysis” -- catecholamine stimulates the tissue 

and causes polysaccharide to be reborn to aldohexose and energy while not the requirement for 

element. sadly, this additionally produces toxic give suck, thus metabolic process will solely be 

sustained for brief periods. element and energy also will be required to interrupt down the give 

suck, thus it’s a kind of “oxygen debt” in times of emergency. 

If the fish’s atmosphere is low-stress, stable, freed from illness and provided with 

everything needed, excess energy are often used for growth and copy. In general, solely the 

surplus is employed for these functions, thus sensible growth and active generative behavior ar 

positive signs that favorable living conditions ar being maintained. 

At the opposite finish of the method, waste product generated by mistreatment 

metabolites ar excreted from the fish’s body. All waste is harmful, whether or not created in 

energy creation or tissue growth and maintenance. Most of this waste consists of dioxide and 

ammonia (both of that ar ejected through the gills by diffusion), water and a few larger molecules 

like purine, that eventually becomes organic compound and is removed with water by the 

excretory organ. 
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However, energy is required for the upkeep of all living organisms. Most plants get their 

energy directly from the sun and use that energy to synthesize the complicated molecules that 

structure the structural and storage components of the plant. Animals cannot utilize/radiant 

energy from the sun. They get their required energy from chemical reaction of the complicated 

molecules that ar eaten up by the animal. The energy in feed isn't accessible till the complicated 

molecules ar counteracted to less complicated molecules by digestion. The product of digestion ar 

then absorbed into the body of the animal wherever chemical reaction processes occur that 

unleash the energy.  

Energy metabolism in fish is comparable to it in mammals and birds with 2 notable 

exceptions. These exceptions are: 

 fish don't expend energy to keep up a blood heat totally different from that of their 

environment; 

 the excretion of waste element needs less energy in fish than it will in warm-blooded land 

animals. 

There ar massive variations within the ability of various species of fish to digest feed 

materials. Fish species vary all the means from strict herbivores through omnivores to carnivores. 

The food necessities of various species of fish vary greatly. 

There ar several similarities in fish metabolism and energy usage to it of alternative 

animals. Some aspects ar distinctive to animals that pay their lives "under the sea". After all, 

they're relied on water for locomotion, respiration, maintaining blood heat and blood chemistry 

among alternative things.  

Energy metabolism that uses element is termed aerobic metabolism. Aerobic metabolism 

is very economical and property. Anaerobic metabolism doesn't need element and it quickly 

depletes energy reserves within the cell. Anaerobic metabolism happens in things that need sharp 

bursts of energy like escaping a predator. Anaerobic metabolism isn't property. Fish would like a 

continuing, decent offer of element to balance energy offer with demand. 

Energy intake from food falls into three categories. Gross Energy or GE is the total energy 

released by food , food can contain a high level of GE and still not have nutritional value to an 

animal if that food is not in a form that the animal can digest and utilize. The Digestible Energy or 

the DE of food is the amount that is utilized and digested, minus the portion that ends up in the 

feces. In fish, some DE is lost through the urine and across the gill membranes. The remaining 

energy actually used by the animal is the Metabolizable Energy or ME. 

Removing and/or reducing all sources of stress is essential to how fish utilize their energy. 

Stress can disturb the normal physiological equilibrium or homeostasis of the animal by forcing a 

reallocation of energy within its system. Any response or adaptation to stress requires energy that 

could otherwise be utilized for maintaining normal body functions such as growth, digestion, 

disease resistance, healing and reproduction (Barton B.A.  et al., 1991). 

What does metabolism in fish depend upon? 

 Nutrition and respiration for metabolites 

 Osmoregulation to provide a stable working environment 
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 Excretion to remove useless or poisonous waste products 

Osmoregulation typically consumes 25 to 50% of the total metabolic energy output in fish 

(Morgan J.D. et al., 1999, Laiz-Carrion R. et al.,1999). Osmoregulatory dysfunction is an inherent 

part of stress in fish (Harell R.M. et al., 1992, Weirich C.R., et al., 1992). Epinephrine released 

during the stress response increases blood flow to the gills to provide for the increased oxygen 

demands of stress. The elevated blood flow to the gills causes dilation of gill blood vessels and 

increased use of vessels that are normally not used at rest. This increases the surface area of the 

gills that is available for gas exchange, but in saltwater fish this also leads to accelerated ion 

influxes and water losses. In freshwater fish the reverse occurs, i.e. water influx and ion losses are 

increased. This is the phenomenon known as the osmorespiratory compromise Folmar L.C. et al., 

1980). 

Four important body functions are closely associated with processes in the gills: 

 Gas exchange 

 Hydromineral control (osmoregulation) 

 Acid-base balance 

 Removal of nitrogenous waste 

Two important byproducts of metabolism are carbon dioxide and ammonia. Along with 

excreting wastes via digestive processes, the gills play an essential role in the removal of useless or 

poisonous waste products. The gills excrete eighty to ninety percent of nitrogenous waste. Healthy 

gills are essential to metabolism for normal gas exchange, osmoregulatory balance, acid-base 

balance and the removal of nitrogenous wastes. 

What affects the rate of metabolism in fish? 

 Hormones such as cortisol 

 Environmental conditions: temperature, salinity, oxygen level 

 Level of the animals activities 

 Size of the animal: larger fish have a lower metabolism rate per unit of weight 

 Age because of growth and reproduction energy costs 

 Health or condition: repair consumes energy 

A high level of cortisol (a stress hormone) in the bloodstream increases metabolism as it 

accelerates the energy demand for osmoregulation. It can also disrupt digestive processes and 

feeding behaviors of fish. 

The amount of oxygen available affects the rate of metabolism. Osmoregulation requires 

energy provided primarily by oxygen in aerobic metabolism. Metabolism and oxygen demand 

increases as the water temperature rises. At the same time, the oxygen carrying capacity of water 

declines as the temperature increases. Large temperature changes slow metabolic recovery and 

lactic acid removal (Kiefer J.D. et al., 1980) 

Age is a factor in metabolism, as young fish require a large portion of energy for growth. 

Reproduction consumes a considerable amount of energy as well. Larger specimens will have a slower 

metabolism than their smaller counterparts will. Marine fish do require a saline environment. However, the 

more saline the environment is the more energy is required in osmoregulation, thereby increasing the 

metabolism rate. 
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Species that are active swimmers consume more energy in locomotion than inactive or sedentary 

fish. Keeping the lighting low and providing a sufficient amount of hiding places can reduce activity. Avoid 

increasing the metabolism rate when keeping fish in an aquarium without a fully matured biological filter. 

This will help control the amount of ammonia produced. 

Fish that are ill or injured consume a portion of their energy for healing and immune function that 

is not necessary for animals in good condition and health. Compromises in the mucus/scale/skin barrier are 

also believed to increase the amount of energy required in osmoregulation. 

Sources of Energy 

Energy is stored in the chemical structure of the complex molecules of feed materials. 

When oxidation occurs, energy is released and is available to do work. This released energy is 

trapped by biochemical reactions and is used to drive the energy requiring reactions necessary to 

sustain life.  

The energy needs of fish are supplied by proteins, fats and carbohydrates. 

Protein  

In nature, carnivorous fish consume diets which are about 50 percent protein. Fish have a 

very efficient system for excretion of waste nitrogen from protein which is catabolized for energy 

and therefore high protein diets are not harmful. Protein is often the most expensive source of 

energy in manufactured diets and should be kept to a minimum, consistent with good growth and 

feed conversion. Protein has a ME value of about 4.5 kcal/g for fish, which is higher than that for 

mammals and birds. The low energy cost of excreting waste nitrogen in fish is primarily 

responsible for this. 

In general, proteins from animal sources are more digestible than those from plant 

sources. Processing methods can also influence protein quality. Heating increases the digestibility 

of some proteins and reduces that of others. Protein is used very efficiently by fish as a source of 

energy but for economic reasons should be kept to a minimum, consistent with good growth and 

cheaper carbohydrate and fat should be used to supply most of the energy. Nitrogen wastes are 

created as fish digest and metabolize their feed. These wastes come from the breaking down of 

proteins and the reuse of the resulting amino acids. These nitrogenous wastes are toxic to the 

body and need to be excreted. Fish release these wastes in three ways. First, ammonia diffuses 

into the water from the gills. Second, fish produce large quantities of very dilute urine that is 

expelled through their vents. Some nitrogen (proteins, amino acids, ammonia) is also present in 

the solid wastes that are expelled through the vent. Fish use kidneys to filter their blood and 

concentrate the waste for disposal. The excretion of urine is an osmotic regulation process, 

helping fish to maintain their salt content. Freshwater fish do not need to drink, and in fact need 

to actively expel water to maintain physiologic balance.  

Protein is the most important component for building fish mass. In their grow-out stage, 

omnivorous fish such as tilapia and common carp need 25–35 percent protein in their diet, while 

carnivorous fish need up to 45 percent protein in order to grow at optimal levels. In general, 

younger fish (fry and fingerlings) require a diet richer in protein than during the grow-out stage. 

Proteins are the basis of structure and enzymes in all living organisms. Proteins consist of amino 

acids, some of which are synthesized by the fishes’ bodies, but others which have to be obtained 
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from the food. These are called essential amino acids. Of the ten essential amino acids, 

methionine and lysine are often limiting factors, and these need to be supplemented in some 

vegetable-based feeds. 

Fats  

Fats are the principal form of energy storage in plants and in animals. Fat contains more 

energy per unit weight than any other biological product. The inclusion of fat usually increases the 

palatability of a feed. Generally fats are well digested and utilized by fish. There is little hard data 

on the ability of fish to digest fats of different melting points. It is usually estimated that fat 

provides 8.5 kcal metabolizable energy (ME) per gramme. The fatty acid products of digestion are 

well utilized by most fish. There is some evidence that high levels of short chain fatty acids can 

depress growth. This is seldom a problem in practical diets.  

Natural diets may contain as much as 50 percent fat. High levels of fat can also be used in 

manufactured feeds if other nutrients are adequate. Full fat oilseed meals may be the most 

practical way to add fats. Fish oil is a common component of fish feeds. Fish oil is high in two 

special types of fats,omega-3 and omega-6, that have health benefits for humans. The amount of 

these healthy lipids in farmed fish depends on the feed used. 

Carbohydrates  

Carbohydrates are the cheapest and most abundant source of energy for animals. Most of 

plant material is carbohydrate. Carbohydrates in feed material range from easily digested sugars 

to complex cellulose molecules which cannot be digested by animals, this component is an 

inexpensive It is only through their symbiotic relationship with bacteria that ruminant animals can 

utilize large amounts of cellulose. There is controversy as to the value of carbohydrate in fish 

feeds. It appears, however, that digestible carbohydrate can be well utilized as an energy source if 

it is kept in proper balance with other nutrients. However, fish do not digest and metabolize 

carbohydrates very well, and much of this energy can be lost. The ME values of carbohydrates for 

fish range from near zero for cellulose to about 3.8 kcal/g for easily digested sugars. Raw starch 

ranges from 1.2 to 2.0 kcal ME/g. Cooking of starch can increase the ME to about 3.2 kcal/g. Heat 

and moisture associated with the pelleting process improves the digestibility of starchy feed 

materials. The value of carbohydrate in fish diets depends on the source and type of carbohydrate 

and the processing to which it has been subjected. 

Energy Requirements of Fish 

The energy needs for maintenance and activity must be satisfied before any growth can 

occur. Feeding levels must be high enough to supply maintenance needs and still have energy 

remaining for growth. Digestion efficiency in fish decreases as feeding level is increased. The 

problem becomes one of finding the feeding level at which the increased efficiency of energy 

utilization at a high feeding rate is balanced by the lower efficiency of digestion at the higher 

feeding rate. 

1. Energy in relation to feeding level 

2. Maintenance energy 

3. Energy cost for growth 

4. Factors affecting energy needs 
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1. Energy in relation to feeding level 

In fig.2 it is illustrated the distribution of dietary energy intake in relation to feeding level in 

fish. Basal or standard metabolism in fish is relatively constant under constant environmental 

conditions. It can change with changes in temperature and fish size among other factors. The 

energy expended on voluntary activity usually increases somewhat with increasing feeding level. 

Starved fish are less active than well-fed fish but there is always some expenditure of energy for 

activity. The heat of nutrient metabolism is proportional to the level of feeding. The energy 

excreted in urine and gill excretions is also a function of feeding level. The reduced efficiency at 

high levels of feeding is shown in Fig. 2 by the proportionally large area representing faces at high 

levels of feeding. The amount remaining for growth is zero at maintenance feeding and becomes 

proportionately greater as feeding level is increased, until it is balanced by the decreased 

efficiency, of digestion. Fig. 2 is not intended to show the relative magnitude of the fractions but 

only their relationship. 

 

 
Fig 2. Distribution of dietary energy intake in a growing fish at various levels of feeding. (DE - 

digestible energy, ME - metabolizable energy, NEp - net energy for production, NEm - 

net energy for maintenance, Hp - heat production), (Smith R.R. 2014) 

2. Maintenance Energy 

 All of the energy lost due to standard metabolism, heat of nutrient metabolism and 

physical activity appears as heat. The maintenance requirement can be determined by measuring 

the heat produced. The heat production can be measured directly in a calorimeter or it can be 

estimated by measuring oxygen and applying the appropriate heat equivalent. The factor most 

commonly used is 3.42 kcal/mg O2.  

  This factor is largely an extrapolation of data for mammals and has not been directly 

measured in fish. The heat equivalent of oxygen also varies with the type of substrate being 

oxidized. Maintenance energy can also be estimated by measuring energy loss during starvation. 
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3. Energy Cost of Growth 

It has been shown in mammals that the cost of growth is fairly constant after maintenance 

energy is subtracted from ME fed. This probably holds true for fish, but it has not been 

experimentally determined. More research is needed in this area. 

Factors affecting Energy Needs 

There are several factors which can alter the energy requirements of fish. Feeding rates 

should be adjusted to compensate for these factors to avoid overfeeding, but still providing 

sufficient energy for optimum growth.  

(a) Temperature. As environmental temperature declines homeotherms must increase their 

metabolic rate to compensate for the additional heat loss if they are to maintain a 

constant body temperature. Most freshwater fish do not attempt to maintain a body 

temperature which is different from the environment. As water temperature declines, 

body temperature of the fish declines and metabolic rate is reduced. The low metabolic 

rate at low temperatures enables fish to survive for long periods under ice where little 

food is available. There is considerable species difference in metabolic adaptation to 

environmental temperature changes. Each species seems to have a preferred 

temperature at which it functions most efficiently. If temperature gradients exist, the 

fish will seek the most favorable temperature. Usually this is the temperature at which 

the difference between maintenance requirement and voluntary food intake is greatest 

and at which optimum efficiency of growth occurs.  

(b) Water Flow. Energy which is used for physical activity is not available for growth. Fish 

which are forced to swim against a strong current are expending energy which would 

otherwise be used for growth. However, still water allows stratification and the 

accumulation of waste products. Fish rearing facilities should be designed to obtain 

maximum use of water without undue stress on the fish.  

(c) Body Size. Small animals produce more heat per unit weight than do large animals. Small 

fish should be fed a higher percentage of body weight than large fish. In mammals the 

metabolic rate is proportional to the three-fourths power of body weight (W0.75). The 

exponent applicable to fish has been reported from 0.34 to 1.0. The factor W0.8 usually 

used. Obviously more work is needed in this area. Work at the Tunison Laboratory of 

Fish Nutrition (Idaho, U.S.A.) has indicated that rainbow trout from 1.0 to 4.0 g in weight 

have a metabolic rate proportional to W1.0. Fish from 4.0 to 50.0 g in weight have 

metabolic rates proportional to W0.63.  

(d) Level of Feeding. The level of feeding also has an effect on the energy expenditure of fish. 

This becomes important in design of fish rearing facilities. Dissolved oxygen is usually 

the first limiting factor in fish rearing. The oxygen consumption increases shortly after 

feeding due to the physical activity of feeding and the heat of nutrient metabolism. 

Facilities must be designed with adequate safety margins. The oxygen required per unit 

weight of feed also varies with feeding level, being higher at maintenance level when all 

the food is oxidized than at higher feeding levels when much of the energy is stored as 

growth.  
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(e) Other Factors. Several other factors can contribute to high energy requirements. 

Anything which makes the fish uncomfortable increases physical activity and reduces 

growth. Crowding, low oxygen and waste accumulation are some of these factors. 

 

3.1.3. The characterization of microbiological communities in an integrated aquaponic 

production system 

Since microorganisms are present ubiquitously, they also play an important part in all 

stages of aquaponic production. They can be unwanted contaminants (e.g. pathogens or 

opportunists for plants), or promoted to perform specific tasks (e.g. nitrification, sludge 

mineralization, plant growth promotors, biocontrol of plant pathogens etc.) The effects of 

microbes in aquaponics need to be evaluated to optimize systems performance. However, 

microbial communities are very complex and depend on many different aspects, which make them 

difficult to predict, characterize and control. 

Recirculation aquaculture systems (RAS) have been developed due to environmental 

restrictions in many countries with land and water limitations. RAS allows a reduction of water 

consumption due to waste management and nutrient recycling (Martins M. et al., 2010. 

Historically, the concept of practical and efficient food production systems is not new. Cultures of 

China, Peru, and Mexico had integrative systems which produce aquatic species and vegetables 

near to region of consumption (Jones S., 2002). These systems are known with the 

term“aquaponics.” 

Aquaponics are a type of RAS in which water filtration technologies allow reuse of water 

for fish aquatic species production with integration of hydroponics (Tyson R. et al.,2011). The final 

byproduct of fish protein metabolism is ammonia (NH3) (Durborow R. et al., 1997). Ammonia 

accumulates in aquaculture ponds and it can be dangerous to fish at specific temperature and pH 

levels (above 30∘, pH > 8.5) (Alatorre J`acome et al., 2011). Wastes of ammoniacal nitrogenare 

transformed into less harmful compounds like nitrate by biological filtration (Durborow R et 

al.,1997,Tyson R. et al., 2004). Accumulation of nitrate in water is less toxic for fish, but in RAS it is 

common to add make-up water in order to dissolve this compound (10%of total volumeper day 

are make-up water) (Timmons M et al., 2002). In contrast, aquaponics do not require water 

replacement; addition of make-up water is for losses because evaporation or replacement volume 

is less than 2% per day [Schreier H et al.,2002, Rakocy M. et al., 2006) 

The water is the common media that contain enough nitrogen compounds like ammonia, 

nitrate, nitrite, and other dissolved nutrients like phosphorus, potassium, and some other 

elements ( Losordo T et al.,1998, Diver S., 2006). These nutrients are enough for vegetable 

consumption  (Yeo S. et al., 2004). Then, dissolved nutrients in the media are absorbed by root 

plants, optimizing theuse of nutrients and water, and reduce wastes for fish and environmental 

impact (Diver S., 2006). On this way, the system allows sminimizing resources as land, water, and 

energy (Timmons M. et al., 2002) 

In RAS environment, aquaponic system is very important microbial community in the same 

order of magnitude as fish because they are directly involved into fish activities and their effect on 

water quality. The system provides differen tmicroniches for the microbial populations according 
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to a differential gradient of oxygen and nutrients. Every microniche supports development of 

specific microbial populations (Leonoard J. et al., 2000). 

 Additionally fresh water, brackish, or marine RAS presenteddifferences on microbial diversity 

(Sugita H. et al., 2005). Biofilter component presents the most abundant content of microbes 

(Rurangwa E. et al., 2015) 

Microbial populations contribute to the processing of particulate and dissolved wastes of 

aquatic species (ammonia excreted by fish, and carbon and nitrogen accumulated from uneaten 

food and fecal matter). One of the most important conversions is carried out by nitrifying bacteria; 

they areinvolved in nitrification, ammonification, nitrate reduction, and denitrification processes 

(Sugita H. et al., 2005). Other microbial metabolisms are involved in proteolysis and sulfate 

reduction (Sugita H. et al., 2005). The populations are distributed according to respiratory 

metabolism determined in strict aerobic or microaerophilic and facultative anaerobes/aerobes, 

according to type of growth in fixed film bacteria or suspended bacterial, and according to the 

component of the system (Rurangwa E et al., 2015) In general the most common approach for 

nitrogen removal fromwateris based on the processes of aerobic autotrophic nitrification and 

anaerobic heterotrophic nitrification (Joo H.S. et al., 2005). Autotrophic and heterotrophic 

microorganisms' arepresent in RAS.  

Autotrophic organisms use CO2 as carbon source and inorganic nitrogen, sulphur, or iron 

compounds asenergy source. Plants, algae, and some bacteria in aquaponic systems present this 

metabolism. Heterotrophic organisms use carbohydrates, amino acids, peptides, and lipids as 

carbon and energy source. In the system, organic matterfrom uneaten feeds, excreta of aquatic 

species, and detritusare mineralized by this type of microorganisms  (Rurangwa E. et al.,2015,  Del 

Giorgio P. et al., 1998). 

Microbial Diversity Characterization: 

In 2000 decade,some species have been characterized in diverse components of RAS and 

mainly on biofilters [Sugita H. et al.,2005, Schneider O. et al., 2007, Itoi S. et al., 2007). Considering 

studies of microbial populations that can be cultured, mostof fixed bacteria were found in 

biofilter. Average CFU in biological filter was 7.3 × 106± 7.25 × 106g−1of media.Bacterial density in 

the inlet of biofilter was in lower level than in the outlet. Concentration of bacteria on the biofilter 

media was 5.1 ± 3.43 × 106to 1.1 × 108± 3.41 × 107. Thus, bacterial concentration does not depend 

of fish stocking density (Leonard N. et al., 2000) 

Several studies have been done in order to characterize microbial communities in RAS with 

fresh water. These studies revealed that the main bacterial groups presented in fresh water RAS 

biofilter were Actinobacteria, 𝛼-proteobacteria, 𝛽-proteobacteria, 𝛾-proteobacteria, Bacilli, 

Bacteroidetes, Nitrospirae, Planctomycetes, and Sphingobacteria and the genus Nitrosomonas 

(Table 1). From these bacterial groups only Hyphomicrobiumfacilis, Rhizobium sp., 

Flavobacteriumsp. Sphingobacteriumsp. Comamonas sp., Rhodobactersp.,Acinetobactersp., 

Aeromonassp., Pseudomonas sp., Flexibactersp., Pirellulastaleyi, Nitrospiramoscoviensis, and 

Nitrosomonasoligotropha are common genera in systems with high richness and diversity. 
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Table 1: Microorganisms identified in RAS biofilter component related with fresh water. 

Group Microorganism Process    Reference 

Actinobacteria Microbacteriumimperiale  [A] 

 Mycobacterium chitae  [A] 

 Corynebacteriumtuberculostearicum 

Pathogen in humans  

Propionibacterium 

acnes 

[C] 

 Microbacteriumimperiale  [C] 

Acidobacteria Acidobacteria bacterium  [C] 

Bacteroidetes Chryseobacterium sp. Some strains pathogen 

in humans 

[B] 

 Flavobacteriales bacterium  Sulfate reduction [B] 

 Flavobacteriumcolumnare Pathogen in fish  [C] 

 Flavobacteriumsp. Heterotrophic  denitrification [C] 

 Bacteroidesplebeius Sulfate reduction  [C] 

 Myroides sp.  Pathogen in humans  [B] 

 Sphingobacterium sp.  Pathogen in fish [A, C] 

 Flectobacillus Heterotrophic bacteria  [C] 

 Flavobacteriales bacterium  Sulfate reduction  [B] 

𝛼-

Proteobacteria 

Agrobacterium tumefaciens Pathogen in superior 

plants/nitrogen fixation  

[A] 

 Filomicrobiumfusiforme  [A] 

 Hyphomicrobiumfacilis  [A,C] 

 Hyphomicrobiumdenitrificans sp.  Heterotrophic 

denitrification 

[A] 

 Nitrobacterwinogradskyi Nitrite oxidation  [A] 

 Nordellaoligomobilis  [A] 

 Ochrobactrumanthropi  [A] 

 Rhizobium sp.  Nitrogen fixation  [A,C] 

 Rhodopseudomonas acidophila  [A] 

 Rhodovulumeuryhalinum Denitrification [A] 

 Bradyrhizobiumjaponicum  [C] 

 Woodsholeamaritima  [C] 

 Rhodobacter sp.  Autotrophic 

denitrification/nitrogen 

fixation  

[A] 

𝛽-

Proteobacteria 

Aquaspirillum sp. Pathogen in fish  [B] 

 Comamonas Heterotrophic 

denitrification/pathogen 

in fish  

[C] 
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 Azovibriorestrictus  [A] 

 Thiobacillusthioparus Ammonia oxidation  [A] 

 Herbaspirillum sp.   [C] 

 Ideonelladechloratans Heterotrophic bacteria  [C] 

 Rhodoferaxfermentans Autotrophic 

denitrification 

[A] 

 Nitrosomonasaestuarii Anammox [B] 

 Nitrosomonas marina  Anammox [D] 

 Nitrosomonasoligotropha Anammox  [B] 

𝛾-

Proteobacteria 

Gemmatimonasaurantiaca  [C] 

 Acinetobacter sp.  Heterotrophic bacteria  [C] 

 Aeromonas sp.  Heterotrophic 

denitrification/pathogen 

in fish and humans  

[C] 

 Pseudomonas sp.  Heterotrophic 

denitrification/pathogen 

in fish and humans  

[C] 

 Marinobacter sp.   [C] 

 Vibrio sp.   [C] 

 Edwardsiellasp. Pathogen in fish   [B] 

𝜖-

Proteobacteria 

Arcobacternitrofigilis Nitrogen fixation  [C] 

Firmicutes Bacillus sp.  Pathogen in fish  [B] 

 Lactobacillus paraplantarum  [A] 

 Lactococcu slactis  [C] 

 Macrococcus brunensis  [A] 

 Macrococcus lamae  [A] 

 Sarcinasp. Dissimilatory Nitrate reduction to 

ammonium (DNRA)  

[B] 

 Lactobacillus paraplantarum  [A] 

Sphingobacteria Flexibacter sp.  [A, C] 

 Runellaslithyformis  [C] 

Verrucomicrobia Verruco microbiaspinosum  [C] 

Planctomycetes Pirellulastaleyi Anammox  [A] 

 Planctomycetales sp.  Anammox [B] 

 Planctomycesmaris Anammox [B] 

 Planctomicetes sp.  Nitrite oxidation  [B] 

Nitrospirae Nitrospiramoscoviensis Nitrite oxidation  [A, C] 
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All microorganisms of this table were analysed with 16S rRNA clone library method, 

denaturing gradient gel electrophoresis (DGGE), and few cases with biochemical procedures. ([A]: 

Sugita, H. et al., 2005, , [B]: Schneider O. et al., 2007, [C] Itoi S., et al., 2007 [D] Schreier H. et al., 

2010). 

 

3.1.4. The nitrification capacity of different types of biological filters 

Biological filtration is a crucial determinant of the efficiency of a recirculating aquaculture 

system (RAS), and is vital to water treatment processes including live organisms. Ammonia is 

formed as the major end product of protein catabolism and is excreted by fish as unionized 

ammonia. Ammonia, nitrite, and nitrate are highly soluble in water. Ammonia occurs in two forms: 

ionized NH4+ and un-ionized NH3. Though unionized ammonia is highly toxic to fish, the ionized 

portion is relatively harmless. The proportion of each is determined primarily by the pH of the 

water. The higher the pH, a measure of hydrogen ion concentration, the higher is the proportion 

of unionized ammonia. In recirculating aquaculture systems, ammonia must be removed by a two-

step process called nitrification (Jug-Dujaković et al. 2011) .The nitrification process is described as 

a two-step process, by which toxic ammonia is first oxidized into nitrite (NO2
-) by Nitrosomonas sp. 

and nitrite is then oxidized to the less toxic nitrate (NO3
-) by Nitrobacter sp. The two steps in the 

reaction are normally carried out sequentially. Equations 1 and 2 illustrate the chemical 

conversions occurring in the process of nitrification (USEPA 1975; WPCF 1983) 

NH4
+ + 1.5 O2 → NO2

- + 2 H+ + H2O + 58~84 kcal/mole ammonia   (1) 

Nitrosomonas is the most commonly identified genus associated with this step, even 

though other genera, including Nitrosococcus, and Nitrosospira. Some subgenera, Nitrosovibrio 

and Nitrosolobus, can as well autotrophically oxidize ammonia (Watson et al. 1981).  

NO2
- + 0.5 O2 → NO3

- + 15.4~20.9 kcal/mole nitrite                          (2) 

Nitrobacter is the most commonly identified genus associated with the second step, 

though other genera, including Nitrococcus, Nitrospina, and Nitrospira can as well autotrophically 

oxidize nitrite (Watson et al. 1981). 

Biological filters consist of some solid media which serves as a surface on which bacteria 

can attach and live. Water containing ammonia and/or nitrite flow over this media and the 

bacteria attached to it. The bacteria remove the ammonia from the water and use it as an energy 

source to drive their life processes (Hochheimer and Wheaton 1998).  

Nitrification is carried out in a wide variety of biofiltration systems, which can be divided 

into two general types: submerged (e.g. fluidized bed filters, bead filters) fixed film filters and 

emerged (rotating biological contactors, trickling filters) (Van Rijn 1996; Ling and Chen 2005; Crab 

et al. 2007). Unfortunately, an ideal biofilter for all purposes does not exist but each biofilter type 

has their own advantages and limitations(Summerfelt 2006). Numerous efforts have been made to 

put guidelines for reporting biofilter performance (Colt et al. 2006; Drennan Ii et al. 2006; Guerdat 

et al. 2011; Malone and Pfeiffer 2006). 
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A. Emergent Filters  

The emergent filters are designed to increase oxygen transfer as water cascades directly over 

the biofilter media. In the case of the tricking filter the cascade is achieved by water falling over 

the biofilter media while, rotating biological contactors produce the same effect by rotating the 

biofilter media in and out of the water (delos Reyes Jr and Lawson 1996; Malone and Pfeiffer 

2006; Twarowska et al. 1997; Greiner and Timmons 1998; Lekang and Kleppe 2000). 

Rotating Biological Contactor (RBC) 

The rotating biological contactor (RBC) is a robust fixed-film bioreactor representing excellent 

operational attributes in recirculating aquaculture systems. The efficiency of the RBC as biofilter is 

defined according to its mechanical and biological performance characteristics. In addition to 

highly efficient nitrification of ammonia under heavy feeding conditions (1.21 g/m2/day), the RBC 

has significant influence on control of secondary water quality and hydraulic considerations 

affecting the overall design and performance of the system (Van Gorder and Jug-Dujakovic 2005). 

Trickling Filter 

A common biofilter type is the trickling filter due to its simplicity and non-mechanical nature. 

The main advantages of trickling filters compared to other filter types applied in aquaculture are: 

high process stability due to constant high oxygen levels; CO2 removal by degassing; water cooling 

in summertime; and simplicity of design, construction, operation and management (Eding et al. 

2006). While, the main disadvantages of trickling filters are: the relatively low volumetric removal 

rates (with consequently large sized biofilters); biofilm shedding; and risk of clogging when not 

properly designed and operated. (Greiner and Timmons 1998). Lyssenko and Wheaton (2006) 

mentioned the nitrification performance of trickling filter. The study showed that the aerial 

ammonia removal was (0.64 g/m2/day).  

B. Submerged Filters 

Submerged filters assume that sufficient oxygen can be transported with the water circulated 

through the filter. This assumption is normally assured by use of high recirculation rates, internal 

recycling, or through oxygen enrichment of influent waters. These filters are distinguished by the 

strategies used to manage their biofilm accumulations. There are three fundamental types of 

submerged filters(Malone and Pfeiffer 2006). 

Moving bed biofilm reactor (MBBR) 

The moving bed biofilm reactor is an attached growth biological treatment process of drinking 

water as well as for water treatment in fish farms. Depending on a continuously operating, non-

clogging biofilm reactor with a high specific biofilm surface area, low head loss, and no 

requirement for backwashing. The reactor can be operated under either aerobic conditions for 

nitrification or anaerobic conditions for denitrification. For nitrification, the media is maintained in 

constant circulation via a course air bubble aeration system creating aerobic conditions and for 

denitrification via a submerged mixer for anoxic conditions. Media usually occupies up to 70% of 

the reactor volume, in that at is higher percentage fill reduces mixing efficiency. The media is kept 

within the reactor volume by an outlet sieve or screen, which may be vertically mounted, 

rectangular mesh sieves, or cylindrical bar sieves, vertically or horizontally mounded. The media 

most often used is made of high density polyethylene (density 0.95 g/cm3) and shaped as a small 
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cylinder with a cross on the inside of the cylinder and ‘fins’ on the outside(ødegaard et al. 2004; 

Rusten et al. 2006). 

  Suhr and Pedersen (2010) compared nitrification performance in submerged fixed bed 

biofilters (FBB) and moving bed biofilters (MBB). The study showed that the fixed bed biofilters 

with high porosity and moderate specific surface area (200 m2/m3) were more robust to changes 

and had a superior surface specific TAN removal (0.46 g/m2/d) compared to moving bed biofilters 

(0.27 g/m2/d). However, calculated as a volumetric TAN removal, FBBs removed 92 g/m3/d 

compared to 231 g/m3/d in the moving bed biofilters (filling rate: 70%). Pedersen et al. (2015) 

compared moving bed (MB) and fixed bed (FB) biofilter performance. The study revealed that TAN 

removal in the FB biofilters was significantly higher than the MB biofilters (0.20 vs. 0.14; g N/m2/d) 

at steady state. 

Fluidized bed reactors 

Fluidized-sand beds are an efficient, relatively compact, and of lower cost technology for 

removing dissolved wastes from RAS , especially in relatively cold water applications that require 

maintaining consistently low levels of ammonia and nitrite (Summerfelt 2006).Fluidized bed 

reactors have the advantage of being capable of using smaller media and provide higher specific 

surface areas. The high surface area media can result in lower cost nitrification systems. 

 Fluidized bed reactors are currently being used with both floating and sinking media; fluidized 

sand beds have become increasingly popular in the industry today, especially for larger scale 

operations (Summerfelt and Cleasby, 1996). Westerman et al. (1996) used an upflow sand filter in 

combination with an RBC on a full scale tilapia culture systems. They found that TAN (Total 

Ammonia Nitrogen) removal rates by the RBC ranged from 5.5 to 18.5 g/hr and nitrite removal 

rates varied from 9.4 to 22.6 g/hr. The RBC they used had a surface area of 470 m2 and a hydraulic 

loading rate of 0.28 L/m2/min. 

Floating bead filters 

Floating bead filters (FBFs) are expandable granular filters that have a bioclarification function 

similar to sand filters. They act as a mechanical  filtration device (clarifier) by removing waste 

solids, while concurrently encouraging the growth of bacteria that remove ammonia and nitrite 

from the water through biofiltration processes (Malone and Beecher 2000). Bead filters 

advantages include their compact and modular design, ease of operation, and installation. 

Furthermore, they can be used as a hybrid filter for both solids removal and nitrification. FBFs are 

resistant to biofouling and require little water for backwash. The bead filter is typically either 

propeller-washed or bubble-washed during its backwashing process, which expands the bed and 

separates trapped solids from the beads. The beads used are food-grade polyethylene with a 

diameter of 3–5 mm with a specific gravity of 0.91, and have a moderate specific surface area of 

1150–1475 m2/m3 (Ebeling J. et al., 2007). 
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3.1.5. The specific role of the main macro and micro-nutrients, in an   integrated aquaponic 

production system 

The study of mineral elements present in living organisms has a biological importance; 

since many of such elements take part in some metabolic processes and are known to be 

indispensable to all living things. The body usually contains small amount of minerals, some of 

which are essential nutrients and components of many enzymatic systems and metabolic 

mechanisms, and they contribute to the growth of the fish. The most important mineral salts are 

that of calcium, sodium, potassium, phosphorous, iron, chlorine while many others are also 

needed in trace amounts. The deficiency in these mineral elements reduces productivity and 

causes diseases, such as inability of blood to clot, osteoporosis, anemia etc. 

Macro and Micro Minerals 

Macro and micro minerals content Minerals present in food can be essential, non-essential 

or toxic to human consumption. Minerals such as iron, copper, zinc and manganese are essential 

and play important roles in biological systems. Meanwhile, mercury, lead and cadmium are toxic, 

even in trace amounts (Chojnacka K. et al., 2005) Marine foods are very rich sources of various 

mineral components. The total content of minerals in raw flesh of marine fish and invertebrates is 

in the range of 0.6– 1.5% of wet weight (FAO, 2010, 2011) However, variation in mineral 

composition of marine foods can occur due to seasonal and biological differences (species, size, 

dark/white muscle, age, sex and sexual maturity), area of catch, processing method, food source 

and environmental conditions (water chemistry, salinity, temperature and contaminant). 

With the exception of the organically bound elements hydrogen, carbon, nitrogen and 

oxygen, there are about 20 or so inorganic mineral elements which are considered to be essential 

to animal life, including fish and shrimp. The essential mineral elements are usually classified into 

two main groups according to their concentration in the animal body; the microelements' and the 

microelements (Table 2) 

Table 2. The essential mineral elements   (Lall, 1979) 

Microelements' 
Trace or microelements 

Principal cations Principal anions 

Calcium (Ca) Phosphorus (P) Iron (Fe) Fluorine (F) 

Magnesium (Mg) Chlorine (Cl) Zinc (Zn) Vanadium (V) 

Sodium (Na) Sulphur (S) Manganese (Mn) Chromium (Cr) 

Potassium (K)   Copper (Cu) Molybdenum (Mo) 

  

Iodine (I) Selenium (Se) 

Cobalt (Co) Tin (Sn) 

Nickel (Ni) Silicon (Si) 

 

The general function of minerals and trace elements can be summarized as follows: 

 Minerals are essential constituents of skeletal structures such as bones and teeth. 
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 Minerals play a key role in the maintenance of osmotic pressure, and thus regulate the 

exchange of water and solutes within the animal body. 

 Minerals serve as structural constituents of soft tissues. 

 Minerals are essential for the transmission of nerve impulses and muscle contraction. 

 Minerals play a vital role in the acid-base equilibrium of the body, and thus regulate the pH 

of the blood and other body fluids. 

 Minerals serve as essential components of many enzymes, vitamins, hormones, and 

respiratory pigments, or as cofactors in metabolism, catalysts and enzyme activators. 

Phosphorous (P) is essential for the plants‘DNA, phospholipids' membranes, nucleic acids, 

phosphoproteins, several key enzymes and as high energy phosphate esters (ATP). The latter can 

also be found in human muscles and is a component to store energy in cells, and plays a central 

role in energy and cell metabolism. It is particularly required in young tissues. Phosphorus is 

essential for both photosynthesis and the formation of sugars and oils. Inorganic phosphates serve 

as important buffers to regulate the normal acid base balance (ie, pH) of animal and fish boy 

fluids.  

Although soluble phosphorus salts can be absorbed through the skin, fins and gills of fish 

and shrimp, the concentration of phosphorus in fresh and sea water is low, and consequently body 

phosphorus requirements are usually met from dietary sources. Within plant foods, including 

cereals and oilseeds, 50–80% of the phosphorus occurs in the form of the calcium or magnesium 

salt of phytic acid; phytic acid being the hexaphosphate ester of inositol. This organic form of 

phosphorus must first be hydrolyzed within the gastro-intestinal tract by the enzyme phytase to 

inositol and phosphoric acid before it can be utilized and absorbed by the animal. As with calcium, 

the absorption of inorganic phosphorus salts is facilitated by high gastric acidity; the more soluble 

the salt the higher the availability and absorption of phosphorus.  

Deficiencies can lead to poor root growth as energy cannot be transported through the 

plant in a proper way. Its insufficient supply causes also reddening of leaves due to anticianins or 

stunted growth with dark green leaves and delayed maturity. Tips of leaves might also appear 

burnt. 

Calcium (Ca)  

 Calcium is an essential component of bone, cartilage and the crustacean exoskeleton. 

 Calcium is essential for the normal clotting of blood, by stimulating the release of 

thromboplastin from the blood platelets. 

 Calcium is an activator for several key enzymes, including pancreatic lipase, acid 

phosphatase, cholinesterase, ATPases, and succinic dehydrogenase. 

 Through its role in enzyme activation, calcium stimulates muscle contraction (ie. promotes 

muscle tone and normal heart beat) and regulates the transmission of nerve impulses from 

one cell to another through its control over acetylcholine production. 

 Calcium, in conjunction with phospholipids, plays a key role in the regulation of the 

permeability of cell membranes and consequently over the uptake of nutrients by the cell. 

 Calcium is believed to be essential for the absorption of vitamin B12 from the gastro-

intestinal tract. 
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 Calcium is readily absorbed through the gastro-intestinal tract (through vitamin D3 action), 

gills, skin and fins of fish and crustacea. In general, dietary calcium absorption is facilitated 

by dietary lactose (by forming a soluble sugar-calcium complex) and by high gastric 

acidities (by aiding solubilization of the calcium salt). 

Calcium deficiencies are very common or limiting elements in aquaponics. Tip burn of lettuces 

and blossom end rot of fruity plants can indicate that there is a deficiency of Ca in the system. The 

issue is that Ca only can be transported through active xylem transpiration, which occurs when the 

plants are transpiring. A proper ventilation to avoid a high humidity can mostly solve the problem. 

Calcium carbonate or calcium hydroxide supplements can be added to the system to increase the 

pH buffer capacity.  

Potassium (K)  

Potassium is the major cation of intracellular fluid, and regulates intracellular osmotic 

pressure and acid-base balance. Like sodium, potassium has a stimulating effect on muscle 

irritability. Potassium is also required for glycogen and protein synthesis, and the metabolic 

breakdown of glucose. 

It is an enzymatic activator and supports the synthesis of proteins, carbohydrates and 

starch. It is also responsible for the transportation of glucose, water uptake and disease resistance. 

Indicators for a deficiency of potassium can be burned spots on older leaves or bad plant vigor. 

Also, flowers and fruits might abort or not develop properly. Being one of the limiting elements of 

aquaponic systems it is important to constantly supply potassium into the system, especially if 

fruiting plants are grown.  

Sodium (Na) 

Sodium is the main monovalent ion of extracellular fluids; sodium ions constituting 93% of 

the ions (bases) found in the blood stream. Although the principal role of sodium in the animal is 

connected with the regulation of osmotic pressure and the maintenance of acid-base balance, 

sodium also has an effect on muscle irritability, and plays a specific role in the absorption of 

carbohydrate. 

Chlorine (Cl) 

Chlorine is the main monovalent anion of extracellular fluids; chlorine ions constituting 

about 65% of the total anions of blood plasma and other extracellular fluids within the body (ie. 

gastric juice). Chlorine is therefore essential for the regulation of osmotic pressure and acid-base 

balance. Chlorine also plays a specific role in the transport of oxygen and carbon dioxide in the 

blood, and the maintenance of digestive juice pH. 

However, potassium, sodium and chloride are serving as a vital function in controlling 

osmotic pressures and acid-base equilibrium. They are readily absorbed from the gastrointestinal 

tract, skin, fins and gills of fish. 

 Magnesium (Mg) is a key element in photosynthesis and plant metabolism and is at the core 

of every chlorophyll molecule, and an essential component of bone, cartilage. 

 Magnesium is an activator of several key enzyme systems, including kinases, (ie. enzymes 

that catalyze the transfer of the terminal phosphate of ATP to sugar or other acceptors), 

mutases (transphosphorylation reactions), muscle ATPases, and the enzymes 
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cholinesterase, alkaline phosphatase, enolase, isocitric dehydrogenase, arginase 

(magnesium is a component of the arginase molecule), deoxyribonuclease, and 

glutaminase. 

 Through its role in enzyme activation, magnesium (like calcium) stimulates muscle and 

nerve irritability (contraction), is involved in the regulation of intracellular acid-base 

balance, and plays an important role in carbohydrate, protein and lipid metabolism. 

Deficiencies are hardly found in aquaponic systems, but could be spotted if the area between the 

veins of old leaves turns yellow.  

Magnesium is readily absorbed through the gastro-intestinal tract, gills, skin and fins of fish 

and crustacean. As with calcium and phosphorus, a proportion of the magnesium contained in 

plant foodstuffs may be present in the form of phytin (Ca or Mg salt of phytic acid). 

Sulphur (S)  

 Sulphur is an essential component of several key amino acids (methionine and cystine), 

vitamins (thiamine and biotin), the hormone insulin, and the crustacean exoskeleton. 

 As the sulphate, sulphur is an essential component of heparin, chondroitin, fibrinogen and 

taurine. 

 Several key enzyme systems such as coenzyme A and glutathione depend for their activity 

on free sulphydryl (SH) groups. 

Sulphur is believed to be involved in the detoxification of aromatic compounds Sulphur 

containing amino acids and to a lesser extent inorganic sulphates are readily absorbed from the 

gastrointestinal tract of fish and shrimp. 

Deficiencies are rare, but can be spotted in young leaves that turn yellow, stiff and brittle, 

and finally fall off. 

Micronutrients  

Most micronutrient deficiencies involve yellowing of the leaves (such as iron, manganese, 

molybdenum and zinc). However, copper deficiencies cause leaves to darken their green color. 

Iron (Fe); 

 Iron is an essential component of the respiratory pigments haemoglobin and myoglobin. 

 Iron is an essential component of various enzyme systems including the cytochromes, 

catalases, peroxidases, and the enzymes xanthine and aldehyde oxidase, and succinic 

dehydrogenase. 

 As a component of the respiratory pigments and enzymes concerned in tissue oxidation, 

iron is essential for oxygen and electron transport within the body. 

 

It is critical for photosynthesis and deficiencies are often found in aquaponic systems since 

it is a limiting element. As iron (just like calcium) is a non-movable element. Iron is normally added 

in its chelated form, which makes this element easily available to plants. Given the susceptibility to 

pH it is important to keep the pH below 8 to avoid iron from precipitating and becoming insoluble. 

The rule of thumb is to add 5 ml of iron per 1 m² of plant cultivation area. Too high concentrations 

of iron do not harm the system but might give a reddish color to the water. Iron is readily 

absorbed through the gastro-intestinal tract, gills, fins and skin of fish and crustacea. Dietary iron 
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availability and absorption is usually depressed by high dietary intakes of phosphate, calcium, 

phytates, copper and zinc. In general, inorganic sources of iron are more readily absorbed than 

organic sources; the ferrous iron (Fe2+) being more available for absorption than ferric iron (Fe3+). 

Reducing substances such as vitamin C enhance the absorption of non-haem iron. 

Zinc (Zn) 

 Zinc is an essential component of more than 80 metalloenzymes, including carbonic 

anhydrase (required for the transport of carbon dioxide by the blood and for the secretion 

of HCI in the stomach), glutamic dehydrogenase, alkaline phosphatase, pyridine nucleotide 

dehydrogenase, alcohol dehydrogenase, superoxide dismutase, pancreatic 

carboxypeptidase, and tryptophan desmolase. 

 Zinc serves as a cofactor in many enzyme systems, including arginase, enolase, several 

peptidases, and oxalacetic decarboxylase. 

 As an active component or cofactor for many important enzyme systems zinc plays a vital 

role in lipid, protein, and carbohydrate metabolism; being particularly active in the 

synthesis and metabolism of nucleic acids (RNA) and proteins. 

 Although not proven, it has been suggested that zinc plays a role in the action of hormones 

such as insulin, glucagon, corticotrophin, FSH and LH. 

 Zinc is believed to play a positive role in wound healing. 

 Zinc is readily absorbed from the gastro-intestinal tract, gills, fins and skin of fish and 

crustacea. Dietary zinc availability and absorption is reduced in the presence of phytates, 

and high dietary intakes of calcium, phosphorus and copper. 

Manganese (Mg) 

 Manganese functions in the body as an enzyme activator for those enzymes that mediate 

phosphate group transfer (ie. phosphate transferases and phosphate dehydrogenases), 

particularly those concerned with the citric acid cycle including arginase, alkaline 

phosphatase and hexokinase. 

 Manganese is an essential component of the enzyme pyruvate carboxylase. 

 As a cofactor or component of several key enzyme systems, manganese is essential for 

bone formation (re. mucopolysaccharide synthesis), the regeneration of red blood cells, 

carbohydrate metabolism, and the Manganese is readily absorbed from the gastro-

intestinal tract, gills, fins and skin of fish and crustacea. Dietary manganese availability and 

absorption is reduced in the presence of phytates, and high dietary intakes of calcium 

reproductive cycle. 

 As a cofactor or component of several key enzyme systems, manganese is essential for 

bone formation (re. mucopolysaccharide synthesis), the regeneration of red blood cells, 

carbohydrate metabolism, and the Manganese is readily absorbed from the gastro-

intestinal tract, gills, fins and skin of fish and crustacea. Dietary manganese availability and 

absorption is reduced in the presence of phytates, and high dietary intakes of calcium. 

Manganese uptake is very poor at pH greater than 8. 
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Copper (Cu)  

 Copper is an essential component of numerous oxidation-reduction enzyme systems. For 

example, copper is a component of the enzymes cytochrome oxidase, uricase, tyrosinase, 

superoxide dismutase, amine oxidase, lysyl oxidase, and caeruloplasmin. 

 As a component of the enzyme caeruloplasmin (ferroxidase), copper is intimately involved 

with iron metabolism, and therefore haemoglobin synthesis and red blood cell production 

and maintenance. 

 Copper is also believed to be necessary for the formation of the pigment melanin and 

consequently skin pigmentation, for the formation of bone and connective tissue, and for 

maintaining the integrity of the myelin sheath of nerve fibers. 

Copper is readily absorbed from the gastro-intestinal tract, gills, fins and skin of fish and 

crustacea. Dietary copper availability and absorption is reduced in the presence of phytates, and 

high dietary intakes of zinc, iron, molybdenum, cadmium, inorganic sulphates and calcium 

carbonate. 

Cobalt (Co) 

 Cobalt is an integral component of cyanocobalamin (vitamin B12), and as such is essential 

for red blood cell formation and the maintenance of nerve tissue. 

 Although not confirmed, cobalt may also function as an activating agent for various 

enzyme systems. 

 Cobalt is readily absorbed from the gastro-intestinal tract and the surrounding water by 

fish and crustacea. Dietary cobalt availability and absorption is reduced in the presence of 

high dietary intakes of iodine. 

Iodine (I) 

Iodine is an integral component of the thyroid hormones, thyroxine and tri-iodo-thyronine, 

and as such is essential for regulating the metabolic rate of all body processes. 

Rich dietary sources of iodine include all food stuffs of marine origin, and in particular 

seaweed meals (which may contain up to 0.6% I) and marine fish and crustacean meals. Iodine is 

readily absorbed from the gastro-intestinal tract and the surrounding water by fish and crustacea. 

Dietary availability and absorption is reduced in the presence of high dietary intakes of cobalt. 

Boron (B) 

Boron is used as a sort of molecular catalyst, especially involved in structural polysaccharides 

and glycoproteins, carbohydrate transport, and regulation of some metabolic pathways in plants. 

It is also involved in reproduction and water uptake by cells. Deficiencies may be seen as 

incomplete bud development and flower set, growth interruption and tip necrosis, and stem and 

root necrosis. 

Molybdenum (Mo) 

Molybdenum is used by plants to catalyze redox reactions with different forms of nitrogen. 

Without sufficient molybdenum, plants can show symptoms of nitrogen deficiency although 

nitrogen is present. Molybdenum is biologically unavailable at pH less than 5. 
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Selenium (Se) 

Selenium is an essential component of the enzyme glutathione peroxidase, and as such 

(together with the tocopherols - vitamin E) serves to protect cellular tissues and membranes 

against oxidative damage. It has also been suggested that selenium participates in the biosynthesis 

of ubiquinone (coenzyme Q; involved in cellular electron transport) and influences the absorption 

and retention of vitamin E. 

Rich dietary sources of selenium include dehydrated fish solubles, fish meal, dried brewer's 

yeast, corn gluten meal, rapeseed meal, cottonseed meal and dried brewers grains, wheat bran, 

linseed meal, hydrolyzed feather meal, poultry by-product meal, meat meal and alfalfa .Selenium 

is readily absorbed from the gastro-intestinal tract and the surrounding water by fish. 

Chromium (Cr) 

Trivalent chromium is an integral component of the glucose tolerance factor (GTF; a low 

molecular weight compound with trivalent chromium coordinated to two nicotinic acid molecules 

with the remaining coordinates protected by amino acids) and acts as a cofactor for the hormone 

insulin. Apart from its vital role in carbohydrate metabolism (ie. glucose tolerance and glycogen 

synthesis), trivalent chromium is also believed to play an important role in cholesterol and amino 

acid metabolism. 

Trivalent chromium is readily absorbed from the gastrointestinal tract and the surrounding 

water by fish. 

Dietary Mineral Requirements 

There is scant information on the dietary mineral requirements of fish and shrimp. This is 

mainly due to complexities which arise because of the ability of aquatic animals to absorb minerals 

from the surrounding water in addition to the food ingested, and because of their variation in 

response to salt regulation or osmotic pressure. For example, because marine fish and shrimp live 

in a hypertonic environment (ie. in a medium containing an excess of salt) they tend to suffer from 

desiccation through water loss across the gills.  

To compensate for this loss marine fish therefore have to continually drink small amounts 

of water; the excess salt contained within the intestinal seawater being pumped out of the gill to 

the exterior (Cowey C. et al., 1979). Consequently, since marine fish are reported to drink up to 50 

percent of their total body weight per day, drinking may satisfy a substantial part of their mineral 

requirements (NRC, 1993) . Coupled with the direct absorption of minerals through the gills, fins 

and skin, it is perhaps not surprising that marine fish such as the red sea bream (C. major) have 

only been found to have a positive dietary requirement for phosphorus, potassium and iron when 

fed a purified diet; the nutritional requirement for the remaining physiologically essential minerals 

being apparently satisfied through direct absorption and/or drinking (Lali S. 1979). The situation in 

freshwater fish and prawns is the reverse; here the animals suffer from hydration across the gills 

due to the steady loss of salt to the hypotonic environment. These animals therefore drink little or 

no water, and have to compensate for their urinary salt losses by actively pumping salt from the 

external medium across the gills into the plasma. Freshwater fish and prawns are therefore more 

demanding on an adequate dietary mineral supply than marine fish and shrimp [New M., 1987). 
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From the above it follows therefore that the dietary requirement of a fish or shrimp species 

for a particular element will depend to a large extent upon the concentration of that element in 

the water body. At present there is little information concerning the contribution of waterborne 

elements to the total mineral balance of fish or shrimp (New M., 1996). 

Dietary mineral requirements are usually determined by feeding graded levels of each 

element within a purified or semi-purified test diet; dietary requirement being taken at ‘break-

point’ on the basis of the observed growth response, feed efficiency, or tissue enzyme indicator 

level ( NRC 1983, NRC, 1993, Lall S., 1979).  As with the vitamins, the majority of studies have been 

conducted under controlled laboratory conditions and so little information exists on the dietary 

mineral requirements of fish or shrimp under practical semi-intensive or intensive farming 

conditions using practical diets. 

Despite the adequate presence of macro and trace elements in virtually all raw ingredients 

commonly used for fish feeding (Sargent J., 1992), and the ability of fish and shrimp to absorb 

certain trace elements from the surrounding water, mineral deficiencies may arise under intensive 

culture conditions through: 

 The absence of a specific macro or trace mineral premix within the diet (for details of 

specific mineral premix formulations (NRC, 1993). 

 Reduced mineral bioavailability through dietary imbalances. The availability and utilization 

of dietary trace elements in fish or shrimp is dependent upon the dietary source and form 

of the element ingested, the adequacy of stores within the body, interactions with other 

mineral elements present in the gastro-intestinal tract and within the body tissues 

(antagonisms), and finally by element interactions with other dietary ingredients or their 

metabolites (ie. vitamins, fiber and phytic acid). 

 For certain fish species the availability and absorption of phosphorus and other major 

elements (ie. calcium) from fish meal and meat and bone meal is further complicated by 

the absence of an acid-secreting stomach, which is essential for normal bone solubilization. 

For stomachless fish species soluble monobasic inorganic salts or bioavailable organic salts 

must therefore be provided in the diet. Conversely, within plant proteins a large proportion 

of phosphorus is present as organically bound phytates. Not only is phytic acid phosphorus 

believed to be largely biologically unavailable, but phytic acid also has the capacity to 

chelate other trace elements (iron, copper, zinc, cobalt, and molybdenum) and by so doing 

may render them biologically unavailable to the fish during digestion (Steffense W., 1989). 

 Under practical farming conditions mineral deficiency signs often arise from a dietary 

imbalance of calcium; due to the antagonistic effect of excess dietary calcium on the 

absorption of phosphorus (Tacon A. et al., 1997) and the trace elements zinc, iron and 

manganese (Lall S., 1979). For example, the bioavailability of zinc, and to a lesser extent 

manganese within white fish meal has been found to be much lower than that contained in 

brown fish meal (which has a much lower ash and calcium content; (Nakamura Y., 1982, 

Arai S. et al., 1974). Thus in experimental feeding trials with rainbow trout, chum salmon 

and common carp fed on diets in which white fish meal was used without a trace element 

supplement, overt trace element deficiency signs arise such as depressed growth, short 
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body dwarfism and cataracts (Arai S. et al., 1974, Sakamoto S., et al., 1973  Dabrowski K. et 

al., 1979). 

However, currently, very little is known about specific fish diets for aquaponic culture; thus, 

current diets for aquaculture, mainly those for RAS culture conditions, are widely used for both 

purposes. Apart from an adequate nitrogen/energy balance and a correct combination of feed 

ingredients and particle size, the diet formulation for aquaponics should contain adequate 

immuno-ingredients or additives that promote the best welfare conditions to the fish during the 

growing cycle, thus avoiding any extra treatments into the system. Moreover, the effects of 

specific feeds on water quality through diet digestibility, feces particle size and settling ratio are 

also important aspects. Water quality odifications from specific diets and selected feeding 

strategies have been related to fish behavioral changes, which are essential for fish nutritionists to 

interpret dietary effects on the system. 

An important factor to study under aquaponic culture conditions would be the relationship 

between the whole fish excreta and the plant nutrient requirements. Aquaponic studies may 

implicate interdisciplinary research areas to achieve more adequate fish feed formulations and 

feeding strategies, not only focusing on fish growth and well-being, but also promoting the best 

plant growth and quality for the consumers. Although the running of an aquaponic system could 

be improved through optimal fish and plant species selection (Palm H., et al., 2014), and the 

correct fish feed regime (Knaus U., et al., 2016) most of the reported research shows extra 

nutrient inputs needed for the plants, which should be added to the growing medium or as a foliar 

spray to improve plant growth (Rakocy J. et al., 2006, Roosta H. et al., 2013). Although from 

literature N, Mg and some other plant nutrients appear to be adequate from fish excreta, this is 

not the case for P, K, Cu, Fe, Mn, Zn and S (Fageria N. et al., 2009, Graber A. et al., 2009), which are 

normally included in the growing bed to be absorbed for the plants. In this sense it is important to 

note that no information has been reported regarding the possible impact of the surrounding 

water nutrients on fish wellbeing or welfare. It is well known that fish expend energy to respond 

to the changes in surrounding medium osmolality by regulating their body fluid volume and solute 

concentration through endocrine control, with marine and freshwater animals exhibiting different 

strategies to maintain their homeostasis (ionic and osmotic gradients between the body fluids and 

surrounding seawater) (Whittamor J., 2012). 

Nutrition and feeding influence fish growth, welfare and health and their response to 

physiological and environmental stressors and pathogens. The micronutrients P, K, Cu, Fe, Mn, Zn 

and S represent a very small percentage in fish feed, and information related to the requirements 

and effects of these micronutrients on fish aquaculture is relatively scarce. From published papers, 

micronutrient deficiencies are more extensively reported compared with studies where excess 

amounts have been tested, i.e., possible toxicity effects. During last years, the effects of dietary 

Cu, Mn, Fe and Zn, important micronutrients in fish metabolism, have attracted interest due to 

their limited availability in plant protein formulated feeds respect to the higher fish meal diets. 

Copper (Cu) is an essential metal involved in several Cu-dependent enzymes, which mostly 

intervene in the defence against oxidation reactions and include the Cu/Zn superoxide dismutase 

(CuZnSOD), but Cu also participates in the production of energy at the cellular level, in 
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neurotransmission, collagen synthesis and melanin production (Halver J. et al., 2002). Low Cu 

levels may generate a reduction in feed efficiency and growth (Tang Q. et al., 2013) while Cu 

toxicity produces gill damage and liver and kidney necrosis (Halver J. et al., 2002, Watanabe T. et 

al., 1997). Iron (Fe) is involved in electron transport, oxygen transfer and cellular respiration, with 

a special importance in haemoglobin (Watanabe T. et al., 1997, Bury N. et al., 2003). Fe can be 

partially absorbed via the gills; however, the majority is absorbed in the intestine. Fe deficiency 

causes anemia, low haematocrit and reduced Fe in plasma, whereas excess uptake of Fe causes 

reduced growth, poor feed utilization, mortality and diarrhea (Halver J. et al., 2002, Watanabe T. 

et al., 1997). Manganese (Mn) is a transition metal essential for life, acting as a cofactor for 

essential metalloenzymes involved in the development of the organic matrix of bone (McDowell  

L., 1992) 

The Mn superoxide dismutase (MnSOD) intervenes in preventing the initiation of the 

radical chain reaction when an oxidation reaction occurs. Mn deficiency reduces MnSOD activity in 

fish tissues and the level of Mn, Ca and Na in the vertebrae (Knox D. et al., 1981). Excess Mn may 

affect the integrity of intestinal immunity (Jiang W. et al., 2015), which is essential mostly in 

marine fish to maintain correct ion regulation. Zinc (Zn) is an essential cofactor for several 

metabolic processes in fish and forms part of up to 20 metallo enzymes implicated in lipid, 

carbohydrate and protein metabolism. Zn is essential for structural components such as bone, skin 

and scales; plays an important role in regulating oxidative stress and immunity; and intervenes in 

reproductive processes. Zn is involved in bone formation and mineralization by activating 

osteoblastic cells and inhibiting osteoclastic bone resorption (Yamaguchi M., 1998). Thus, Zn 

deficiency in fish causes slower growth rates, cataracts, skin and fin erosion, and dwarfism 

(Watanabe T. et al., 1997). Zinc can be absorbed via the gills and gut (Bury N. et al., 2003, Zhang L. 

et al., 2007). However, the presence of chelators or competitive substances may interact with zinc 

absorption. Calcium, phosphates, high water salinity and acidic pH are some of the factors that can 

alter zinc availability. Zinc deficiency may thus reduce production over the whole life cycle (Halver 

J. et al., 2002, Watanabe T. et al., 1997,  Prabhu P. et al., 2014). 

However, zinc toxicity has scarcely been studied, and most trials only reflect data 

concerning the survival in freshwater species exposed to high levels of waterborne zinc. Probably 

the most important toxic effect of zinc is related to the inhibition of calcium absorption. Calcium 

and zinc share transport channels, and at high levels of zinc, calcium uptake is severely reduced 

(Prabhu P. et al., 2014, Hogstrand C. et al., 1996, Alsop D., et al., 1999). 

As a summary, it is important to note that in aquaculture, fish mineral requirements are 

still poorly reported, with a very low amount of information with respect to dietary mineral 

unbalance and excess on fish welfare. As fish may obtain minerals both from surrounding water 

and diets , research efforts should be made to understand the shared waterborne micronutrient 

compatibility and mutual benefits between plants and fish, and also to study the effects of higher 

dietary levels of the target plant minerals in the whole aquaponic production cycle, fish, and plant. 
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3.1.6. The influence of different physicochemical and atmospherical conditions on the 

production performance of integrated aquaponic systems 

The physiochemical parameters and atmospherically conditions play an important role in 

aquaponics. The methods are not emphasized, but the influence the different parameters have on 

the water chemistry. The parameters control several factors such as nitrogen, pH, dissolved 

oxygen (DO), temperature and others. 

Physiochemical conditions 

Nitrogen 

Ammonia and nitrite are extremely toxic to fish, and sometimes referred to as “invisible 

assassins”. Ammonia and nitrite are both considered toxic above levels of 1 mg/liter, although any 

level of these compounds contributes to fish stress and adverse health effects. There should be 

close to zero detectable levels of both of these in a seasoned aquaponic system. The biofilter is 

entirely responsible for transforming these toxic chemicals into a less toxic form. Any detectable 

levels indicate that the system is unbalanced with an undersized biofilter or that the biofilter is not 

functioning properly. Ammonia is more toxic in warm basic conditions; if the pH is high, any 

detectable amount of ammonia is especially dangerous. Water tests for ammonia are called total 

ammonia nitrogen (TAN), and test for both types of ammonia (ionized and un-ionized). Symptoms 

of ammonia and nitrite poisoning are often seen as red streaking on the fish body, gills and eyes, 

scraping on the sides of the tank, gasping at the surface for air, lethargy and death. Nitrate on the 

other hand is much less toxic to most fish. Most species are able to tolerate levels of more than 

400 mg/liter. 

pH 

A general knowledge of pH is useful for managing aquaponic systems. The pH of a 

solution is a measure of how acidic or basic the solution is on a scale ranging from 1 to14. A pH of 

7 is neutral; anything below 7 is acidic, while anything above 7 is basic. The term pH is defined as 

the amount of hydrogen ions (H+) in a solution; the more hydrogen ions, the more acidic. Plants 

can retrieve nutrients from water, soil or other substrates, and the chemical composition of the 

medium will therefore influence growth (opez-Arreono, D. et al., 2013).  A crucial point in 

aquaponic systems is the pH stabilization, as it is critical to all living organisms within a cycling 

system that includes fish, plants and bacteria. The optimal pH for each living component is 

different. 

Most plants need a pH value between 6 and 6.5 in order to enhance the uptake of micro- 

and macronutrients, but outside of this range the nutrients become difficult for plants to access.   

The pH affects the nutrient availability, and both wither too basic and too acidic water pH is 

undesirable. In fact, a pH of 7.5 can lead to nutrient deficiencies of iron, phosphorus and 

manganese. Fish have specific tolerance ranges for pH as well. However, the pH affects the toxicity 

of ammonia to fish, with higher pH leading to higher toxicity. 

Aquaponics require a balanced pH for plants, fish and nitrifying bacteria (Tyson R., et al., 

2008)). A pH value below 6 and above 8 is critical endpoints in aquaculture (Zhu S. et al., 2002). 

This is because pH drives chemical speciation, and thus controls toxicity of elements in water. To 

ensure that the nutrients are available to the hydroponic lettuce the pH range should optimally be 
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within the pH range of 5.0 – 6.0 (Villaverde S., 1997), but pH levels up to 7 are also adequate for 

growth (Roosta H. et al., 2011). 

In conclusion, the ideal aquaponic water is slightly acidic, with an optimum pH range of 6–

7. This range will keep the bacteria functioning at a high capacity, while allowing the plants full 

access to all the essential micro- and macronutrients. 

Nitrification is optimal within a pH range of 7.5 – 9.0 (Rakocy E., 1997). An aquaponic 

system should maintain a pH near 7 because nitrification efficiency decreases at lower pH values 

while nutrient solubility decreases at higher pH values (Rakocy E., 1997). The pH is expected to 

decrease because of the CO2 produced by nitrification. There are three major bacteria, for which 

optimal pH conditions are as follows: (1) Nitrobacter: 7.5 (Keen G. et al., 1987); (2) Nitrosomonas: 

7.0–7.5 (Hatayama R. et al., 2000), and (3) Nitrospira: 8.0–8.3 (Blackburne R. et al., 2007). 

Substantial changes in pH in short periods (changes of 0.3 within a period of 12–24 hours) can be 

problematic or even lethal for fish. Therefore, it is important to keep the pH as stable as possible. 

Buffering with carbonate is recommended to prevent large pH swings. 

Dissolved oxygen (DO) 

Oxygen is essential for all three organisms involved in aquaponics; plants, fish and nitrifying 

bacteria all need oxygen to live. The DO level describes the amount of molecular oxygen within the 

water, and it is measured in milligrams per liter. It is the water quality parameter that has the 

most immediate and drastic effect on aquaponics. Indeed, fish may die within hours when 

exposed to low DO within the fish tanks. 

Thus, ensuring adequate DO levels is crucial to aquaponics. Although monitoring DO levels 

is very important, it can be challenging because accurate DO measuring devices can be very 

expensive or difficult to find. It is often sufficient for small-scale units to instead rely on frequent 

monitoring of fish behaviour and plant growth, and ensuring water and air pumps are constantly 

circulating and aerating the water. 

Oxygen dissolves directly into the water surface from the atmosphere. In natural 

conditions, fish can survive in such water, but in intensive production systems with higher fish 

densities, this amount of DO diffusion is insufficient to meet the demands of fish, plants and 

bacteria. Oxygen in the rooting medium is also required for the metabolic processes involved in 

root formation and subsequent growth (Thomas M. et al., 1998). Low concentration of dissolved 

oxygen can decrease water uptake by the roots and thereby decrease leaf growth of lettuce (Colt 

J., 1986). Thus, the DO needs to be supplemented through management strategies. The two 

strategies for small-scale aquaponics are to use water pumps to create dynamic water flow, and to 

use aerators that produce air bubbles in the water. 

Irrigation of plants will naturally aerate the water, and in addition aeration devices should 

be readily available in case of oxygen depletion. Usually conditions are considered hypoxic (low 

oxygen) when dissolved oxygen is under 65 %. With respect to fish the water should optimally be 

100 % saturated with dissolved oxygen (DO) because water is their source of oxygen (Verhagen F. 

et al., 1994). In addition nitrifying bacteria are aerobic and need oxygen to produce nitrate (NO3
-) 

(Antoniou P. et al., 1990). 
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 Water movement and aeration are critical aspects of every aquaponic unit, and their 

importance cannot be overstressed. The optimum DO levels for each organism to thrive are 5–8 

mg/liter. Some species of fish, including carp and tilapia, can tolerate DO levels as low as 2–3 

mg/liter, but it is much safer to have the levels higher for aquaponics, as all three organisms 

demand the use of the DO in the water. Water temperature and DO have a unique relationship 

that can affect aquaponic food production. As water temperature rises, the solubility of oxygen 

decreases. Put another way, the capacity of water to hold DO decreases as temperature increases; 

warm water holds less oxygen than does cold water.  As such, it is recommended that aeration be 

increased using air pumps in warm locations or during the hottest times of the year, especially if 

raising delicate fish. However, a clear sign for lack of oxygen is when fish are gasping for air at the 

surface. This behavior, called piping, is when fish swim close to the surface of the water and take 

air into their mouths. This is an emergency situation that needs immediate attention. Anyhow, do 

not overstock the fish, and refrain from adding more than 20 kg of fish per 1 000 liters of total 

water. 

Maintaining high DO levels in the culture water is extremely important for optimal plant 

growth, especially in aquaponic systems with their high organic loads. Hydroponic plants are 

subject to intense root respiration and draw large amounts of oxygen from the surrounding water. 

If DO is deficient, root respiration decreases. This reduces water absorption, decreases nutrient 

uptake, and causes the loss of cell tissue from roots. The result is reduced plant growth. Low DO 

levels correspond with high concentrations of carbon dioxide, a condition that promotes the 

development of plant root pathogens. Root respiration, root growth and transpiration are greatest 

at saturated DO levels.  

 Temperature 

Water temperature affects all aspects of aquaponic systems. Fish are cold-blooded and, 

therefore, their ability to adjust to a large range of water temperatures is low. A steady 

temperature within their correct tolerance range keeps fish in their optimal conditions and aids 

fast growth and efficient FCR. In addition, optimal temperatures (and thus less stress) reduce the 

risk of diseases. Thermal isolation, water heaters and coolers help to achieve a steady 

temperature level, although these may be costly in areas where energy is expensive. It is often 

better to grow fish adapted to local environmental conditions. Each fish has an optimum 

temperature range that should be researched by the farmer. Generally, tropical fish thrive at 22–

32 °C while cold-water fish prefer 10–18 °C. Meanwhile some temperate water fish have wide 

ranges, for example, common carp and largemouth bass can tolerate 5–30 °C.  

Temperature has an effect on DO as well as on the toxicity (ionization) of ammonia; high 

temperatures have less DO and more unionized (toxic) ammonia. Also, high temperatures can 

restrict the absorption of calcium in plants. The combination of fish and plants should be chosen 

to match the ambient temperature for the systems’ location, and changing the temperature of the 

water can be very energy-intensive and expensive. 

            In RAS the temperature is easy to control. Atlantic salmon have a high temperature 

tolerance (Kaiser D., et al., 2011). The upper temperature limit for salmon in Norway is 23 – 26 
oC, but optimum temperature for growth is 16 - 20 oC. To ensure maximum growth and minimize 
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stress, the temperature needs to be maintained in the species optimal range. Optimal growth of 

lettuce is obtained with day temperatures of 15 – 25 oC, and night temperatures of 10 – 15 oC 

(Rakocy J., 2007).  

Warm-water fish (e.g. tilapia, common carp, catfish) and nitrifying bacteria thrive in higher 

water temperatures of 22–29 °C, as do some popular vegetables such as okra, Asian cabbages, and 

basil. Contrarily, some common vegetables such as lettuce, Swiss chard and cucumbers grow 

better in cooler temperatures of 18–26 °C, and cold-water fish such as trout will not tolerate 

temperatures higher than 18 °C. Although it is best to choose plants and fish already adapted to 

the local climate, there are management techniques that can minimize temperature fluctuations 

and extend the growing season. Systems are also more productive if the daily, day to night, 

temperature fluctuations are minimal. 

Based on these data, the highest possible pH value should be consistent with the 

prevention of ammonia accumulation in the system. Then, the ideal pH value for the system is 

between 6.8 and 7.0. Although root uptake of nitrate raises pH as bicarbonate ions are released in 

exchange (Sverdrup H. et al., 1981), the acidity producing nitrification process has a higher impact 

on the overall system pH, leading to a constant and slight decrease in the pH-value. 

 There are two approaches to counteract that trend: 

(1) Nutritional supplementation is the most applied method in use. By adding carbonate, bi-

carbonate or hydroxide to the system, the pH value can temporarily be adjusted in line with the 

requirements. Also, they increase the alkalinity parameter that prevents large fluctuations in pH 

and thus keeps the system stable. The buffers should preferably be based on calcium, potassium, 

and magnesium compounds, since they compensate for a possible nutritional deficiency of those 

essential nutrients for plants (Gelfand I. et al., 2003). Regarding the composition of the 

supplementation, it is important to seek a balance between those three elements. 

(2) A proposed alternative approach is the implementation of the fluidized lime-bed reactor 

concept (Neori A. et al., 2007)  into the field of aquaponics. This water neutralization concept 

consists of the controlled addition of dissolved limestone (CaCO3) to the acid water that leads to a 

continuous pH-elevating effect due to carbonate solubilization that releases hydroxide anions 

(OH−). 

CaCO3(s) ⇌Ca2++ CO3
2− 

Depending on pH, when CaCO3 dissolves, some carbonate hydrolyses produce HCO3
− 

CO3
2− + H2O ⇌HCO3

− + OH− 

The degree to which the pH is raised is dependent on the adjustable flow rate. However, this 

concept requires preliminary empirical measurements with respect to the system’s steady pH-

drop in order to determine the size of the lime-bed reactor taking the specific flow-rate into 

consideration. 

Nutrient Balance 

As an innovative sustainable food production system, the challenge in aquaponics is to use 

the nutrient input efficiently, minimizing its discard and tending to a zero-discharge recirculating 

system (Neto R. et al., 2013, Chen S. et al., 2006) Fish feed, the main nutrient input; can be divided 

into assimilated feed, uneaten feed, and soluble and solid fish excreta (Lekang O. et al., 2000). 
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Soluble excreta are mainly ammonia and are the most available mineral until it is successively 

transformed into nitrite and nitrate by nitrifying bacteria (Damon E. et al., 1998, Rakocy J. et al., 

1993). Both uneaten feed and solid feces need to be solubilized from organic material to ionic 

mineral forms that are easily assimilated by plants. Minerals have different solubilization rates and 

do not accumulate equally (Van Rijn J., 2013, Krom M. et al., 2014), which influences their 

concentrations in the water. All involved microorganisms and chemical and physical mechanisms 

of solubilization are not well understood (Cripps S. et al., 2000, Jung I. et al., 2011). Under current 

practices in RAS, the solid wastes are only partially solubilized as they are mechanically filtered out 

on a daily basis (Qi Y., 2012). These filtered wastes can be externally fully mineralized and 

reinserted into the hydroponic beds. 

Given the objective of obtaining a low environmental footprint, a zero-discharge 

recirculating system concept should be achievable according to Neori et al. , but more research 

needs to be carried out on fish waste solubilization with the objective to transform all added 

nutrients into plant biomass. There are two methods for mineralizing organic material that could 

be implemented: (1) anoxic digestion in special mineralization or settling units using bioleaching 

abilities of heterotrophic bacteria (e.g., Lactobacillus plantarum) [39]; and/or (2) using earthworm 

species such as Lumbricus rubellus capable of converting organic wastes to water enriching 

compounds in wet composting or grow beds (Torri S. et al., 2010). Vermi culture can facilitate a 

high degree of mineralization as worm casts contain micro- and macronutrients broken down from 

organic compounds (Jorgensen B. et al., 2009). Addition of external sources (e.g., food waste) of 

feed for the worms to provide the aquaponic system with additional organic fertilizers has also 

been suggested (Pantanella E. et al., 2012). 

There is a lack of knowledge about the nature of organic molecules and the biochemical 

processes occurring for their assimilation by plants. Some can be taken up directly or need 

complex biodegradation to make them available. Another difference is the microflora inherent to 

aquaponics while sterilization occurs in hydroponics. This microflora can have significant beneficial 

effects on plant growth and organic molecules’ assimilation. Hence, some aquaponics 

investigators report similar or even better yield than hydroponics for some crops, despite lower 

concentrations of mineral nutrients (Rakocy E., 1997, Lennard W. et al., 2005, Nichols M. et al., 

2010, Savidov N., 2014, Savidow N. et al., 2007) 

Voogt (2002) identifies three aspects of the hydroponic nutrient solution composition that 

should be taken into account in aquaponics: (1) elemental uptake ratio compared to nutrient 

composition; (2) ease of uptake of specific elements; (3) the type of growing system that also 

require a specific nutrient composition. The composition of a nutrient solution must reflect the 

uptake ratios of individual elements by the crop; otherwise it will lead to either accumulation or 

depletion of certain elements. As the demands between crops differ, the basic compositions of 

nutrients solutions are crop specific (De Kreij C. et al., 1999). The uptake of elements differs 

widely; the absorption of some can be more difficult and necessitates relatively higher ratios than 

the straight forward uptake ratio of the crop. 
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Atmospheric conditions 

Today, global atmospheric problems such as global warming and ozone depletion arise 

from changes in the delicate balance of the Earth's atmosphere that alter the amount of the sun's 

radiation reaching humans and other living creatures. 

Exposure to wind, rain and snow 

Extreme environmental conditions can stress plants and destroy structures. Strong 

prevailing winds can have a considerable negative impact on plant production and can cause 

damage to stems and reproductive parts. In addition, strong rain can harm the plants and damage 

unprotected electrical sockets. Large amounts of rain can dilute the nutrient-rich water, and can 

flood a system if no overflow mechanism is integrated into the unit. Snow causes the same 

problems as heavy rain, with the added threat of cold damage. It is recommended that the system 

be located in a wind-protected zone. If heavy rains are common, it may be worth protecting the 

system with a plastic-lined hoop house, although this may not be necessary in all locations. 

Light and darkness 

The light level in the fish tank should be reduced to prevent algae growth. However, it 

should not be completely dark, as fish experience fear and stress when a completely dark tank is 

exposed to sudden light when uncovered. The ideal condition is with indirect natural light through 

shading, which would both prevent algal growth and avoid stress to fish. It is also recommended 

to handle, harvest or grade fish in darkness to reduce fish stress to a minimum. Climatic factors 

also are important for hydroponic plant production. Production is generally best in regions with 

maximum intensity and daily duration of light. 

Hence, finding the right balance necessitates fundamental knowledge and experiences 

with regard to the following criteria: (1) types of fish and their food use rate; (2) composition of 

the fish food, for example, the quantity of pure proteins converted to Total Ammonia Nitrogen 

(TAN); (3) frequency of feeding; (4) hydroponic system type and design; (5) types and physiological 

stages of cultivated plants (leafy greens vs. fruity vegetables); (6) plant sowing density, and (7) 

chemical composition of the water influenced by the mineralization rate of fish waste. 

Additionally, since fish, microorganisms and plants are in the same water loop, environmental 

parameters such as temperature, pH and mineral concentrations need to be set at a compromise 

point as close as possible to their respective optimal growth conditions. 

Exposure to sunlight and shade 

Sunlight is critical for plants, and as such, the plants need to receive the optimum amount 

of sunlight during the day. Most of the common plants for aquaponics grow well in full sun 

conditions; however, if the sunlight is too intense, a simple shade structure can be installed over 

the grow beds. Some light sensitive plants, including lettuce, salad greens and some cabbages, will 

bolt in too much sun, go to seed and become bitter and unpalatable. Other tropical plants adapted 

to the jungle floor such as turmeric and certain ornamentals can exhibit leaf burn when exposed 

to excessive sun, and they do better with some shade. On the other hand, with insufficient 

sunlight, some plants can have slow growth rates. This situation can be avoided by placing the 

aquaponic unit in a sunny location (Chan H. et al., 2010). If a shady area is the only location 

available, it is recommended that shade-tolerant species be planted. 
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             Systems should be designed to take advantage of the sun travelling from east to west 

through the sky. It's well known, that the chlorophyll molecule in green plants absorbs mostly 

ultraviolet (and also some blue violet, and red light) and uses this energy for photosynthesis. Most 

of the green light in sunlight is reflected by leaves, making them appear green to our eyes.  

Generally, the grow beds should be spatially arranged such that the longest side is on a north–

south axis. This makes the most efficient use of the sun during the day. Alternatively, if less light is 

preferable, orient the beds, pipes and canals following the east–west axis. Also consider where 

and when there are shadows that cross the chosen site. Be careful in the arrangement of plants 

such that they do not inadvertently shade one another.    

            However, it is possible to use tall, sun-loving plants to shade low, light-sensitive plants from 

intense afternoon sun by placing the tall plants to the west or by alternating the two in a scattered 

distribution. Unlike the plants, the fish do not need direct sunlight. In fact, it is important for the 

fish tanks to be in the shade. Normally, the fish tanks are covered with a removable shading 

material that is placed on top of the tank. However, where possible, it is better to isolate the fish 

tanks using a separate shading structure. This will prevent algae growth and will help to maintain a 

stable water temperature during the day. It is also worth preventing leaves and organic debris 

from entering the fish tanks, as the decaying leaf matter can stain the water, affect water 

chemistry and clog pipes. Either locate the system away from overhanging vegetation or keep the 

tank covered with a screen. Moreover, fish tanks are vulnerable to predators. Using shade netting, 

tarps or other screening over the fish tanks will prevent all of these threats. 

Conclusion 

Given the fact that aquaponics follows nutrient and water reusing principles, it seems to be 

a promising solution for sustainable aquaculture and hydroponic practices. Thus far, aquaponics 

has been built on a trade-off between the needs of fish and plants, respectively. Development is 

now needed to achieve optimal conditions for both fish and plants with either: (1) emphasis on 

interdependent parameters of both system components (e.g., combining fish and plant species 

that preferably require similar environmental conditions within the same range of temperatures 

and pH that ensure bacterial nitrification); or (2) the physical separation in two recirculating 

loops, i.e., an aquaculture and hydroponic loop, described as decoupled systems, where optimal 

condition for each system is applied with periodic water exchange between them. These are 

different types of solutions that may contribute to the breakthrough of commercial aquaponics. 

     However, further research and developments are needed as demonstrated by the challenges 

described in this overview. These challenges need to be resolved with the aim to establish fully 

controlled and standardized aquaponic systems that will be easy to handle and economically 

viable. The competitiveness of the production method depends on technological developments, 

local markets, and climatic and geographic conditions that need to be assessed and cannot be 

generalized. Only addressing those factors thoroughly will eventually validate aquaponics as a 

sustainable food production alternative. 
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Deliverables 4.1  
The review of existing and in-progress technologies of the different 

subsystems required for the structural and functional elements of the model of 
multi-purpose aquaponics production system 

 

Task 4.2 Aquaponics production system technology 

The growth of the world’s population is expected to nearly stabilize at just above 10 billion 

people after 2062 and poses challenges concerning security of water, food, and energy for humans 

in the21st century (Kloas et al., 2015). Due to those events, intensive researches are necessary to 

be made in order to raise the productivity and to meet the nutritional requirements of the world’s 

population. 

The solution can be found by practicing intensive agriculture. However, the change in 

agricultural production in turn leads to consequences that affect other aspects of the world, for 

instance the use of chemical fertilizers that build up in water systems and ultimately pollute the 

water (Newell, 2016; Ongley, 1996; Mangmang, 2016).  

Resource limitations including the decrease of arable surfaces, constrained freshwater 

supplies, soil degradation and soil nutrient depletion also add to these challenges (Bindraban et al., 

2012; Klinger et al., 2012). Also, suitable crop lands have been gradually encroached by urbanization, 

which, in turn, reduces the potential land for food production (Mangmang, 2016). Urban population 

growth will require an increasing demand for animal protein (Alexandratos and Bruinsma, 2012). 

Intensive animal protein production can be a solution to this problem, but this will have to face high 

and fluctuating energy and oil costs, climate change and pollution (Goddek et al., 2015). This alerts 

researchers to the necessity to compensate existing sustainability deficits in agricultural food 

systems (Goddek et al., 2015). 

Agriculture production systems such as hydroponics and aquaculture are just two of the 

solutions for the rising population being put into practice (Newell, 2016). The objective of 

aquaponics is to exploit the benefits of both hydroponics and aquaculture to produce a system that 

grows plants faster, allows year around production, creates a smaller environmental footprint, and 

consumes less water and energy (Newell, 2016). 

Growing plants in the soil demands substantial amounts of nutrients and expensive 

biosecurity measures and when cultivation involves high density of plants, the competition for 

nutrients constraints growth (Saufie et al. 2015). The waste water from fish tanks is not just that it 

is cost-free, but also supplies nutrients in which contains all the essential elements. If not used in 

production module, the same wastewater will cause environmental degradation (Saufie et al. 2015). 

However, aquaponics has so far no clear legal status and no regulation in Europe (Joly et al, 

2015). According to the EU Commission “The practice of aquaponics combines the farming of fish 

(aquaculture) and the cultivation of plants (Joly et al, 2015). Support for aquaponics is available for 

each of its component activities” (Joly et al, 2015), meaning both its aquaculture part, as well as its 

hidroponic part. 
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No specific rules apply for produces issued from aquaponic production (Joly et al, 2015). 

Therefore, one could assume that separate regulations apply for on one hand vegetable and on the 

other hand fish (Joly et al, 2015). However, food safety departments in some countries have doubts 

regarding the distribution of vegetables cultivated with roots in fish waste (Joly et al, 2015). On the 

global level, it is believed there is no concern from the food safety provided by the aquaponics 

facilities, as long as microbiological quality requirements are met. 

Kloas et al. (2015) defines a conventional aquaponic system as a production system which 

interconnects the aquaculture and hydroponic parts, providing value-added chains with regard to 

the double use of water by fish and plants (Kloas et al., 2015). While the use of agrochemicals and 

the massive agriculture intensification undoubtedly augments crop productivity, their continuous 

application and land conversion have resulted to unexpected environmental consequences and 

altered biogeochemical cycles (Mangmang, 2016). However, hydroponics is highly dependent on 

dissolved nutrients from processed chemical fertilizers to sustain production (Mangmang, 2016).  

A very important step in the production activity within integrated recirculating aquaculture 

systems, is represented by choosing the right combination of fish and plant species, fact that can 

bring remarkable results, or by making the wrong choice can compromise the total production.  

Although it was proven that integrated aquaponic systems greatly improved the 

sustainability of aquaculture, there are some disadvantages which may be seen as a barrier on the 

way of ensuring the optimum production for both fish and plants, in this type of systems. In SRAPS 

(single recirculating aquaponic system), nutrients cannot acumulate, as in the case of integrated 

recirculating aquaculture systems, because of the continuos removal rates, at the aquaponic 

module level. Kloas et al. (2015) emphasized the nutritional restrictions that can occurs at a SRAPS 

level, as is the need to produce plants with lower nutrient requirements, such as lettuces and herbs. 

In order to have a high productivity of both fish and plants by using aquaponics technologies, 

a continuos attention must be paid to several key processes related to anaerobic mineralization, or 

uniformly distribution of solids across the growing bed surface area. Lennard W. (2012) stated that 

solids mineralisation will occur in deeper parts of media beds, however, often this is because as the 

bed gets filled with more solid fish waste, the deeper parts of the bed can actually turn anaerobic 

and anaerobic mineralisation can occur. He also emphasized the possible process of releasing gases 

and chemicals by the anaerobic zones entering aquaponic, process which may be toxic to the 

organisms living in the system, whether fish, plant or aerobic bacteria (Lennard, 2012).   

Fish species like trout or tilapia are listed as suited to be reared within integrated systems, a 

fact established by the capacity of maintaining the optimum medial conditions, related to the 

species.  

Tilapia is considered as an important fish species in aquaculture, its success being attributed 

to the easiness of applying the rearing technology (Antache, 2014 and Suresh, 2003). According to 

FAO, tilapia is the second important fish species in the world, therefore having all the marketing 

advantages [FAO]. 

Even though it requires more exigent technological conditions, because of its susceptibility 

to disease in the first stages of life (Mirea et al., 2013), the trout occupies a leading position in the 
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consumer preferences, and fact that recommends it to be reared in intensive systems, even 

integrated ones. 

Within an integrated recirculating aquaculture system, the management of food 

administration is a very complex process, the concurrent satisfaction and the interdependency of 

the nutritional exigency of both cultured biomasses (fish and vegetables) limits their technological 

flexibility.  

Therefore, the technology of compensatory growth or the nutritional recovery of the fish 

biomass are impossible to practice within an aquaponic system. The biochemical composition of the 

administrated feed must ensure obtaining quality fish and vegetable products. 

The growing area is the starting point for a system design because other parameters are 

based on the area over which plants can be grown. In efficient aquaponic systems, both fish and 

vegetables are stocked and cropped on a regular basis to meet both market needs and to maintain 

balance between plants and fish (Hambrey Consulting, 2013). For the fish this implies the need for 

several tanks, so that if the production cycle is 1 year, one of (say) 4 tanks could be harvested and 

restocked every 3 months (Hambrey Consulting, 2013). The more regular or continuous the market 

demand, the more tanks will be needed (Hambrey Consulting, 2013). 

In the report prepared by Hambrey Consulting, for New Zea Aid Programme Ministry of 

Foreign Affairs And Trade, it is mentioned that the management response to disease or pests is 

constrained by (Hambrey Consulting, 2013): 

 the combination of fish, plants and bacteria, since fish may be sensitive to plant 

treatments and vice-versa; and bacteria may be sensitive to both fish and plant 

treatments;  

 the desire to maintain chemical free or organic status;  

 the inability to sterilize the system, or remove a significant proportion of the stock, 

without disruption to microbiology and water chemistry. 

The same report (Hambrey Consulting, 2013) mentioned that the operating ratio of fish:plants 

in aquaponic systems required to maintain desirable water quality for both fish and plants will 

depend on many factors, including:  

 the scale and sophistication of settling and biofiltration;  

 the use or not of anaerobic bio-filtration;  

 the volume and surface area of the whole system;  

 the quality (nutrient composition) of feed;  

 the feeding rate;  

 the species of fish and species of plant;  

 the temperature and oxygen saturation of the water;  

 the accumulation of organic matter and the extent of anaerobic zones;  

 the system potential for root development. 

Growing medicinal plants within integrated aquaculture systems, is gaining more and more 

popularity in the last years, because of their use in fitobiotics, which can be later administrated with 
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the feed, in order to strengthen the immunity of fish and contribute to a better evolution of fish 

growth (Antache et al., 2013, 2014). 

Except for trout and tilapia, in the specialized literature, other fish species are mentioned as 

suitable for the integrated systems as follows: African catfish (Clarias gariepinus) and the common 

carp (Cyprinus carpio) (Hambrey Consulting, 2013).  As well, ornamental fish species can be 

considered as rearing species for integrated systems, even though they require higher demands of 

water quality, compared to the before mentioned fish species. 

Other experimental researches have been conducted on other species like European perch, 

zander, koy carp, the grass carp, bream, freshwater shrimp, crayfish and even sturgeon species, but 

the use of these species within integrated aquacultured production systems has not been reported. 

In order to be considered efficient, an aquaponic system must be continuously exploited, 

Rakocy et al. (2006) proposing three production methods as follows: the sequential growth of plant 

biomass, the sequential growth of fish biomass and sequential growth of both plant and fish 

biomass. The most popular of these methods is attributed to the sequential growtg of both plant 

and fish biomass, in aquaponic regim of plant species in different development stages. 

Choosing the plants for the aquaponic system is made by their capacity to generate profit, 

reporting it to time unit. Therefore, plants with edible green leaves, such as basil, coriander, chives, 

parsley and mint are much more cultured than other vegetables such as tomatoes, eggplants, 

cucumber and okra.  

The most popular plant growing in the aquaponic system is lettuce, because it has a growing 

cycle of 3-4 weeks and it has high tolerance to medial factors (Rakocy et al., 2006). Chinese cabbage, 

watercress and other types of flowers such as marigold are suitable for aquaponics systems (Rakocy 

et al., 2006). 

The culture of tomatoes, eggplants, lettuce, basil, parsley, cucumber, chives and spinach are 

mentioned as industrial products of aquaponic technology, in regions like Alberta and Canada 

(Savidov, 2005). 

In New Zeeland, plants such as beetroot, cranberries and spring onions are grown in 

aquaponic systems with notable results (Hambrey Consulting, 2013). Trang et al. (2010) observe the 

preponderance of water spinach culture (Ipomoea aquatica), pak choi (Brassica rapa chinensis) si 

choy sum (Brassica rapa parachinensis) in aquaponic systems, in tropical countries. Al-Hafedh et al. 

(2008) identify over 30 types of plant which were grown in aquaponic systems. Chughtai (1995) 

cultured morning-glory (Ipomonea aquatica) with cat fish species, with a growing rate of 1,3 

g/m2/day. 

A special category of plants grown in aquaponic systems is represented by floating plants. 

These are mainly grown in integrated aquaculture systems and have as representative species the 

following: common water hyacinth (Eichhoria crassipes), water lettuce (Pistia sp.), lemna (Spirodela 

și Lemna sp.) and azolla (Azolla sp.) (Rakocy et al., 1992). These can be sold as ornamental plants 

(water hyancinth, water lettuce) or can be utilized as feed for some fish species. 

Rackocy et al. (1992) mentioned the utility of floating plants within open aquaponic systems 

by contributing to inhibit phytoplankton development, through the impediment of light passage in 
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the water table, and as well by the nitrogen removal rate from the system [26]. Water hyacinth can 

record a nitrogen removal rate of 1g/m2/day on the optimum growing period (Rakocy et al., 1992). 

Immersed plants need a growing substrate sufficient stable for root fixing. Submersed plants 

grow entirely under water, the most representative being Vallisneria sp. and Elodea sp. The yield 

growth of vegetables within integrated aquaculture systems are superiors compared to the ones 

obtained in the classic systems on soil. As well, within plant species, such as lettuce, the productivity 

of aquaponic systems is similar tu hydroponic systems (Rakocy et al., 1992). 

 Savidov et al., (2007) test growing tomatoes, basil, eggplants, Mexican coriander and lettuce 

in aquaponics conditions. As conclusions: in the case of tomatoes it was recorded a strong quality 

correlation related to the characteristics of the light source; the basil was listed as the most 

successful of all experimented plants; meaningful productivity was recorded in the case of eggplants 

and the Mexican coriander had the lowest growing rate (Savidov et al., 2007).  

In the last mentioned study, there were reported problems related to the appearance of 

Pythium aphanidermatum, in the radicular area of the plants (Savidov et al., 2007), a possible cause 

being the accumulation of organic matter in the biofilter. In the case of growth performance of the 

vegetable biomass in aquaponic conditions, data from several scientific researches were centralized, 

in order to obtain a clear view of the influence of different technical and technological conditions 

on productivity of aquaponic systems (Table 1). 

 

Table 1: Summary table of the most suggestive scientific papers on plant production 

performance, based on the application aquaponics techniques 

Experimental 

design 

Production 

cycle 

duration 

Species Growth performance 
Sourse 

Plant Fish Plant FIsh 

Combined 

MFS (media 

filter system) 

gravel) and 

DWRS 60 days 

Tomato 

(Solanum 

lycopersicum) 

Tilapia 

Survival rate 

95% 

Weight 

gain (kg) 

1.19 
Syafigah et 

al. 2015 
DWRS (deep  

single water 

raft) 

Styrofoam 

Survival rate 

57% 

Weight 

gain (kg) 

1.04 

Hydroponic 

(nutrient 

generated fish 

waste) 

112 days 

(basil 

production) 

Basil 

Nile 

tilapia 

 

Red 

tilapia 

Average 

weight/plant 

167.1 g 

Total 

harvest 

(Nile 

tilapia) 

weight 

per tank 

480 kg 

Rakocy et 

al 2004 
798 day 

(Nile tilapia 

and red 

tilapia) 

Average 

weight/plant 
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94 days 

(basil 

production) 

327.1 g  

 

 

 

Total 

harvest  

(Red 

tilapia) 

weight 

per tank 

551 kg 

Aquaponic 

Low culture 

density (LD) 

(2.7plants/m2) 

Hight culture 

density (HD) 

(4 plants/m2) 

11.7 weeks  

(okra) 

Okra -

clemson 

LD  

2.67 kg/m2 

HD 

2.87 kg/m2 

Okra Annie 

Oakley 

LD  

2.37 kg/m2 

HD 

2.76 kg/m2 

North South 

LD  

2.58 kg/m2 

HD 

3.04 kg/m2 

 

Aquaponic 

coupled ebb-

and-flood 

substrate 

 

 

70 days  

Basil  

Unit I 

Tilapia  

Unit II 

African 

catfish 

Unit I 

0.30 g 

Unit II 

0.12 g 

Tilapia  

Weight 

gain 24.28 

g 

 

African 

catfish 

42.37 g  

 

Knaus et 

al, 2016 

Parsley  Unit I  

0.55 g 

Unit II 

0.27 g 

Marjoram  Unit I 

0.01 g 

Unit II 

0.00 g 

Aquaponic 

(RAS system- 

growing bed 

technique- 

different flow 

rates) 

 

35 days 
Water 

Spinach  
African catfish 

Q1=0.8 L/min 

Endut, et 

al, 2009 

Spinach 

growth 1.70 

cm/d 

Weight 

gain 30 g 

Q2=1.6 L/min 

Spinach 

growth 

2.11 cm/d 

Weight 

gain 60 g 

Q3=2.4 L/min 

Spinach  

growth 

1.75 cm/d 

Weight 

gain 98.3 

g 

Q4=3.2 L/min 
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Spinach 

growth 

1.59 cm/d 

Weight 

gain 28.3 

g 

Aquaponic 

(food grain 

plastic 

containers for 

vegetable 

beds) 

116 days Tomato  Nile Tilapia 

Tomato 

weight 

59.66 – 

109.59 g 

 

Mean 

weight 

gain  

86.26 g 

Salam et. 

al, 2014 

Aquaponic 

system 

(dynamic root 

floating 

technique 

DRF) 

 treatment 

PAK, COR and 

RAS control  

34 days 

Pak choy  

(PAK) 

 

Nile Tilapia 

PAK edible 

fresh weight  

0.117 

kg/plant 

PAK weigt 

gain 103 g 

Silva et. al, 

2015 

COR  edible 

fresh weight 

2*10-4 

kg/plant 

COR weigt 

gain 113 g 

Coriander  

(COR) 
- 

RAS weigt 

gain 108 g 

Aquaponic 

system 

(Different 

water 

circulation 

time periods 

Control, T1:4 

hrs/day,T2: 8 

hrs/ day, T3: 

12 hrs/day 

and T4: 24 

hrs/day) 

60 days Spinach  Goldfish  

Mean lenght 

gain 

Control: 

13.96 cm 

Mean 

weight 

gain 

Control: 

1.96 g 

Shete et al, 

2013 

Mean lenght 

gain 

T1: 12.13 

cm 

Mean 

weight 

gain 

T1: 1.85 g 

Mean lenght 

gain 

T2: 13.47 

cm 

Mean 

weight 

gain 

T2: 1.98 g 

Mean lenght 

gain 

T3: 16.72 

cm 

Mean 

weight 

gain 

T3: 2.02 g 
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Mean lenght 

gain 

T4: 17.26 

cm 

Mean 

weight 

gain 

T4: 2.06 g 

T1 = 

aquaponics 

system for 

soilless 

vegetable 

culture in 

gravel bed 

with fish tank 

waste water, 

T2= 

hydroponics 

for soilless 

vegetable 

culture in 

gravel bed 

with tap 

water and T3= 

vegetable 

culture in soil 

media with 

tap water as 

control 

115 days  Taro plant Nile Tilapia 

T1:Total 

weigt  

4650 g 

Mean 

weight 

gain 

T1: 115.86 

g 

 

Salam et 

al, 2014 

T2: Total 

weigt  

350 g 

T2:  - 

T3: Total 

weigt  

1500 g 

    T3: -  

Aquaponic  

Fish stocking 

densities 

(T1:2 kg m-3, 

T2:5 kg m-3, 

and T3: 8 kg 

m-3) 

35 days Lettuce Nile Tilapia 

Head wet 

weight 4.32 

kg 

T1: 0.65 g 

Licamele, 

2009 

Head wet 

weight 4.65 

kg 

T2: 1.58 g 

Head wet 

weight 3.09 

kg 

T3: 1.82 g 

Aquaponic 

and 

hydroponic  

105 days 

 
Aubergine  Tilapia 

H: Crops 

production 

 40.2 kgFW 

-- 
Graber and 

Junge 2009 
A: Crops 

production 

Fish 

production  
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 38.6  kgFW 88 kg FW 

43 days 

Tomato  

Eurasian perch  

H: Crops 

production 

 73.6 kgFW 

- 

67 days 

A: Fruit 

production 

 116.1  

kgFW 

Fish 

production  

27 kg FW 

42 days Cucumber 

H: Fruit 

production 

 25.6 kgFW 

- 

A: Fruit 

production 

 48.2  kgFW 

Fish 

production  

4 kg FW 

Aquaponic 

(T1- 

treatment 

without 

zeolite, T2- 

treatment 

with zeolite 

7 weeks Lettuce  Red tilapia 

T1: 6.54 

g/plant 

T1: Mean 

individual 

weights 

32.5g Rafiee and 

Saad, 2006 

T2: 35.88 

g/plant 

T2: Mean 

individual 

weight  

37.5 g 

Aquaponic 

Different flow 

rates  

8 L/min (LFR) 

and 

16 l/min (HFR) 

21 days Lettuce sativa 
Bester 

sturgeon 

LFR weight 

gain  

9.5 g 

dry/plant 

LFR 

Individual 

weight 

gain 32.5 g Dediu et al 

2012 HFR weight 

gain 

8.46 g 

dry/plant 

HFR 

Individual 

weight 

gain 39.2 g 

Aquaponics 

raceways 

Letuuce 

production 

31.5 days  

Tilapia 

production 

395 days 

Letuce Tilapia 

Weight of 

head when 

harvested  

0.18 g 

Individual 

fish weight  

567.0 g 

 

Tokunaga  

et al 2013 

Aquaponics 

nutrient film 

technique-

type 

7 weeks 
lettuce and 

cucumber 
Tilapia  

Lettuce 

Wet weight 

(g plant-1) 

18.8 

Mean 

weight  

78.1 g 

Castellanos 

et al., 2015 
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aquaponic 

system 

 

Cucumber 

Fruit weight 

(g) 127.6 

Aquaponic 

system 
16 weeks 

Yucca 

Tilapia 

 Total 

production 

Yucca 40 

plant/8 

pound 

Total fish 

production 

was 

averagd 

35.6 

kg/m3/16 

weeks 

Essa et al, 

2008 

Bell pepper 

Total 

production 

Bell pepper  

25 kg 

Cayenne 

pepper 

Total 

production 

Cayenne 

pepper 

37 kg 

Squash 

Total 

production 

Squash 50 

kg 

Cabbage 

Total 

production 

Cabbage 

180 plant 

Eggplant 

brijal 

Total 

production 

Eggplant 

brijal 90 kg 

Tomato 

Total 

production 

Tomato 180 

kg 

Aquaponic 

system 

T1: One 

Treatment 

received 5% 

vermicompost 

5 weeks 
Romaine 

lettuce 
Goldfish 

Control 

Weight gain  (g) 

Newell, 

2016 
12.94  

Tank1: 

80.25 

Tank3: 

74.22 
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tea, T2: 10% 

vermicompost 

tea, T3 20% 

vermicompost 

tea. 

Tank5: 

70.14 

Test  

Weight gain  (g) 

13.22  

Tank2: 

92.13 

Tank4: 

88.15 

Tank6: 

81.94 

Aquaponic  

(technological 

water transfer 

from RAS to 

the 

greenhouse) 

266 days Tomato Tilapia 

Production 

crops 

1005 kg 

average 

yield of 

8.89 kg 

tomatoes 

plant−1 

RAS 1: 

weight 

gain  

149.2 kg 

Kloas et al 

2015 

RAS 2: 

weight 

gain  

243.3 kg 

RAS 1: 

weight 

gain  

234.1 kg 

 

Savidov et al. (2007) conduct a study case, which had as objective the quantification of 

different vegetable biomass productivity, obtain within integrated recirculating aquaculture 

systems by using aquaponic technics, in Alberta and Canada region. The study concluded that water 

spinach, spinach beet and amaranth recorded the highest values of annual growing rate, in relation 

with cultivated surface. At the opposite pol we find Mexican coriander, dill, fenugreek and cosmin 

basil Savidov et al., 2007. 

The multitude of research that had as aim the improvment of integrated aquaculture 

systems, and a large variaty of combination of species plant-fish were tested, in specifical technical 

and technological conditions. This fact generated the apparence of studies based od mathemathical 

modellation, which helps eluciadate problems related to the function of integrated aquaculture 

systems in different conditions, such as the research of Buonomoa et al. (2005). The increased 

interest of specialized researchers, confirms the efficiency of integrated aquaculture sysrems, from 

the point of productivity, compared with other integrated production systems.  
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Deliverables 4.1  

The review of existing and in-progress technologies of the different 

subsystems required for the structural and functional elements of the model of 

multi-purpose aquaponics production system 

 

Task 4.3 Integration of social services in a multi-purpose aquaponics production system 

4.3.1. Opportunity model analysis for the development of an integrated aquaponics with social 

services activities 

Global aquaculture production reflecting increased production by over 50 % since the 

beginning of the millennium and an average annual growth of 5% in last decade. Aquaculture will 

continue to play an important role in world production over to meet the growing global demand for 

products based on fish. 

The conversion of conventional aquaculture farms in sustainable and ecologically 

aquaculture farms help aquaculture businesses to achieve economic viability and competitiveness. 

Green aquaculture is undoubtedly the management technique that has most contributed to 

support aquaculture businesses to adopt aqua-environmental measures for protection of the 

environment, natural resources and landscape. 

The success of land-based aquaculture in improving fishery production and the quality of 

product has caused this practice to rapidly grow. There are good tendencies shown by aquaculture 

practices in many countries. Integrated Multi-Trophic Aquaculture (IMTA) is one solution that 

encourages greater environmental stewardship while increasing economic benefits for growers and 

communities. IMTA is a different way of thinking about aquatic food production that is based on the 

concept of recycling. Integrated aquaculture with social services has tho principle objectives: to 

reduce pollution and to increase productivity, to increase value of the aquaculture products. 

This approach is based on Ecosystem-Based Management (EBM) that expects people to 

maintain environment quality while utilizing the resources on it. IMTA uses bio filters, specific 

species such as seaweed and oyster that have the ability to recycle nutrient or load produced by the 

main species grown (Lander et al., 2009). 

Studies on integrated systems have primarily focused on inland freshwater systems, and only 

a few have investigated the possibilities of integrated farming in marine systems. In the past two 

decades, integration of seaweeds with marine fish culture has been examined and studied in 

Canada, Japan, Chile, New Zealand, and USA (Buschmann, A., et al., 2008, Troell M et al., 2003, 

Chopin, T. et al., 2004, Chopin, T. et al., 2001, Chopin, T. et al., 2008, Abreu M., et al., 2009). The 

FAO Technical Paper “Integrated mariculture: a global review” (Soto D., et al., 2007, Soto D., et al., 

2010, Soto D., et al., 2008) reviewed integrated systems in the latter areas, but there almost no 

information on Chinese systems was probably due to limited availability of accurate information 

(Troell M., et al., 2006). In China, integration of cultures is a common practice for inland production 

systems, while integrated mariculture is a recent development expanding at a fast rate. 
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Parallel to aquaculture industry development, knowledge of its effects on the surrounding 

environment is increasing. Several studies have been conducted to assess the environmental impact 

(Holmer M., et al., 2008, Vizzini et al., 2004) due to aquaculture. Organic enrichment is recognized 

as the most important problem associated to aquaculture (Mirto S., et al., 2010, Troell M., et al., 

2003) as a direct result of the release of dissolved and particulate nutrient loads, especially organic 

phosphorous and nitrogen in the form of ammonia that might easily induce eutrophication 

(Karakassis I., et al., 2000). Uneaten pellet and fresh food supplied at fish cages, together with the 

excretion products from cultured fishes are the source of the nutrient loads released (Cheshuk B.W. 

et al., 2003). 

The growing concern on aquaculture’s environmental impact has led to an increasing 

research into feed formulations and digestibility, better conversion efficiency and improved 

management (Skalli A., et al., 2004, Troell M., et al., 2003). Since the last decade, the emphasis has 

been placed on the practice of integrated multi-trophic aquaculture (IMTA), with a potential to 

mitigate some of the environmental problems associated with mono-specific aquaculture (Soto D., 

et al., 2008). Originally used in freshwater practices, it involves the culture of two or more species 

from different trophic level; generally finfish being simultaneously cultured with both organic and 

inorganic extractive species, such as shellfish and seaweeds, respectively; in which by-products from 

one species are recycled to become inputs for another. Thus, the organic matter released in 

aquaculture systems might represent a source of available food for filter-feeding organisms, such 

as bivalves, reducing its impact on the environment (Shpigel M., et al., 1991) and can represent a 

potential economic income. 

Filter feeders bivalves are essentially generalist consumers, and it has been demonstrated 

that they can exploit organic matter from several sources, as a function of its availability (Stirling H., 

et al., 1995). In a conceptual open water integrated aquaculture, filter feeder bivalves are cultured 

adjacent to fish floating cages, reducing nutrient loadings by filtering and assimilating particulate 

wastes (uneaten food and faeces) as well as phytoplankton. In this way, bivalves would perform as 

biological filters. Previous studies have determined that bivalves can be successfully incorporated 

into integrated multitrophic aquaculture systems, based on the increased growth displayed and the 

feeding efficiency on pellet feed and fecal products (Mazzola A., et al.,2001, Reid G.K., et al., 2010). 

IMTA has been proposed for mitigating aquaculture waste release, and has advantages that 

may include a reduced ecological footprint, economic diversification and increased social 

acceptability of culturing systems. IMTA has the promise to contribute to the sustainability of 

aquaculture. However, most studies have focused on land-based systems, and only a few have to-

date investigated the possibilities of IMTA farming in open water. In the past fifteen years, the 

integration of seaweeds with marine fish culturing has been examined and studied in Canada, Japan, 

Chile, New Zealand, and USA (Buschmann, A., et al., 2008, Troell M et al., 2003, Chopin, T. et al., 

2004, Chopin, T. et al., 2001, Chopin, T. et al., 2008, Abreu M., et al., 2009). IMTA have been 

commercially successful at industrial scales in China for many years.  

The integration of social services with aquaponics includes all agricultural and aquaculture 

activities using resources both from plants and fish, in order to promote tourism or generate 

therapy, rehabilitation, social inclusion, education and social services in rural areas. However, 
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strictly linked to agriculture where groups of people can stand to work together for social family 

farms. 

Social farming can also be regarded as a service provided by subsistence agriculture. This 

does not mean a reduction in quality of services in poorer areas, but rather serve as a way to 

improve their effectiveness by linking formal and informal professional services with more than one 

non-professional (Armstrong J.S., et al., 2000). 

Social farming is an emerging concept in Europe that includes various participants interested 

in its development: farmers, farmer organizations, users of services provided by farms social welfare 

service providers and other health stakeholders in social and health and local, regional and national.  

This is an innovative approach located within two concepts based multifunctional agriculture 

and social community. Social agriculture includes all agricultural activities using resources both from 

plants and animals, in order to promote (or generate) social services in rural areas. Examples of 

services are tourism, rehabilitation, therapy, job protected, lifelong education and other activities 

that contribute to social inclusion. 

Social farming is a new concept and also traditional. It comes from traditional rural systems 

before modernizing agriculture and increasing civil service system. In today's concept was 

substantially reformed in an innovative way in evolution. 

The main products of social agriculture, in addition to marketable products are health and 

employment, education or therapy. Agriculture provides opportunities for people to participate in 

various rhythms of day and year, either in aquaculture. Social agriculture includes agricultural 

enterprises which integrate people with physical, mental or emotional, firm, providing openings for 

the socially disadvantaged, for young offenders or those with learning difficulties, people with drug 

addictions, senior long-term unemployed and actively citizens, strong schools and kindergartens, 

and more. Disease prevention, inclusion and a better quality of life are features of social farming. 

The added value of social farming enables disadvantaged people to be integrated in a living 

context. The presence of farmers, contact and relationship with people, animals and vegetable 

crops, specific responsibilities of the person using the service are some of the key features of the 

social practices of agriculture (Di Iacovo F., 2003). 

The methodology for assessment of the opportunity analysis model for development of 

multi-use aquaponics production platforms entails the following general steps: 

 The socio-economic characterization of the model of multi-use aquaponics production 

platforms in terms of agriculture, aquaculture and social services. 

 The production and demand structures of the proposed model of multi-use aquaponics 

production platforms are investigated. This is done by the identification and quantification 

of costs and benefits of suggested multi-use aquaponics production platforms by using 

market and non-market methods in order to capture private, social and ecological effects. 

 Policy recommendations are based on economic tools such as Cost-Effectiveness Analysis, 

Cost-Benefit Analysis and other approaches to socioeconomic analysis such as Multi-Criteria 

Decision Analysis. 
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The suggested methodology for socio-economic analysis consists of a baseline profiling of 

case and socio-economic characterization with regard to future economic activities (agriculture 

production, aquaculture and social services). Then, production and demand functions of the model 

of multi-use aquaponics production platforms are identified. A decision on whether full or limited 

data should be collected for an impact assessment is taken. Thereafter data on the site is collected 

and costs and benefits are quantified. The assessment of impacts and evaluation of the assessment 

based on limited data approach, integrating results on Impact Assessment Analysis are conducted. 

Finally, policy recommendations based on impact assessment results and sensitivity analysis are 

provided. 

This part of the framework focuses on gathering information about the socio-economic 

environment and context of the proposed development with regard to aquaponic production, 

aquaculture and social services. Hence, before achieving the evaluation of the socioeconomic 

impact it is necessary to start with the baseline profiling of the case study areas in order to identify 

who is going to be impacted. Thus, this approach is expected to enable the identification of the 

production and demand functions of the model of multi-use aquaponics production platforms. 

In order to assess indirect and induced impacts a regional profiling is necessary. The 

information typically gathered as part of a regional profile includes the natural resources, the 

population characteristics, the political and social resources, a description of historical factors, 

identification of the relationships with the biophysical environment, culture, attitudes and social-

psychological conditions, the current status of operations (aquaculture, aquaponic production, 

social services) and the identification of the people who will be impacted by the project (Australian 

Government Department of the Environment and Heritage, 2005). The initial assessment must 

include economic and social analysis of the use of waste waters under current use and future 

autonomous developments. This assessment should include both market and non-market costs and 

benefits. The scope is the profiling of all current uses and identifying businesses, households and 

individuals that may be impacted by the future installation of the model of multi-use aquaponics 

production platforms. Furthermore, broader social and environmental issues related to current and 

future operations should be highlighted. 

The following subsections identify economic issues, environmental issues and social issues 

concerning level of employment, regional development and overall attitude of the population 

towards the technologies and specific options proposed. The production and demand analysis is 

based on economic data, environmental valuation surveys and Benefit Transfer techniques.  

This analysis is based on proposed financial costs of the model of multi-use aquaponics 

production platforms structures as well as social and environmental costs. The identification of the 

private costs of the suggested model of multi-use aquaponics production platforms structures with 

regard to aquaculture and social services is the first step of the production-side analysis. Training 

costs are expected to cover the training of people who will run the platforms with regard to the 

safety, financial and environmental implications. 

Since the scope of the developed methodology is to integrate private, social environmental 

costs of the suggested model of multi-use aquaponics production platforms it is equally important 

to consider the latter in the suggested framework of analysis.  
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The analysis here is focused on proposed financial, social and environment benefits of the 

platform structures. 

In order to fulfill EU strategies for Sustainable Development of Smart and Green Aquaculture, 

this analysis model aims to address the following key-questions: 

 What are the best practices to develop an aquaponics project on multi-use platforms? 

 What are the accumulated social, economic and environmental effects of aquaponics 

production system? 

 What are the best strategies for installation, maintenance and operation of a multi-purpose 

aquaponics production system? 

 What is the economic and environmental feasibility of multi-use aquaponics production 

platforms? 

It is essential that all work under this project contributes directly towards real design 

concepts for multi-purpose aquaponics production system in terms of the new emerging sectors in 

aquaculture areas: 

 Tourism (including pesca tourism); 

 “Green” products and services (including environmental protection, waste management, 

energy saving and alternative energy) 

 “White” or social services and jobs (including child care and old peoples care, working with 

schools, health) 

 “Smart” products and services (including uses of IT, creative and cultural industries, design 

and research). 

For this reason test sites will be studied to develop innovative plans and designs for 

harvesting agricultural, aquaculture and logistic support. 

The questionnaire survey gained a total of 16 valid samples and 8 with intention to develop 

social farming activities.  

The education level is correlated positively to the image of social farming. The higher the 

education level increases, the farmer sees the social farming. 

The absence of image of the social farming sector is still seen as a risk by some managers. 

Indeed, the image can then still be developed and hence be hijacked. To fill this gap in terms of 

image should therefore be considered as a strategic priority for the social farming sector. Farmers 

have a confused and slightly negative image of the social services sector. The image of social farming 

sector derives from the image of the social services sector.  

If a specific promotion of social farming were to be preferred, it should base itself on the 

positive but often unknown attributes of these types of activities. Indeed, improving the image of 

social farming sector should be a priority of the public service sector, as it will contribute to 

improving acceptance of this type of services, on the long term. 

IMTA involves cultivating organisms in a way that allows the uneaten feed, wastes, nutrients 

and by-products of one species to be recaptured and converted into fertilizer, feed and energy for 

the growth of the other species. IMTA farmers combine species that need supplemental feed such 

as fish, with “extractive” species. 
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Essentially, extractive species act as living filters. The natural ability of these species to 

recycle the nutrients (or wastes) that are present in and around fish farms can help growers improve 

the environmental performance of their aquaculture sites. In addition to their recycling abilities, the 

extractive species chosen for an IMTA site are also selected for their value as marketable products, 

providing extra economic benefits to farmers. 

Sustainability of aquaculture not only requires that it has a neutral effect on the environment 

but also that it be economically feasible. A further condition is that of social acceptability; that 

attitudes towards the sector are at least neutral. 

Economic analyses will have to recognize and account for the values of the 

environmental/societal services of extractive crops to estimate the true value of these IMTA 

components. They will have to include the impacts of organic and other ecolabelings, the value of 

biomitigating services for enhanced ecosystem resilience, the savings due to multi-trophic 

conversion of feed and energy that would otherwise be lost, and the reduction of risks through crop 

diversification and increased societal acceptability. This would create economic incentives to 

encourage aquaculturists to further develop and implement sustainable marine agronomy practices 

such as IMTA. 

The future development of Integrated Multi Trophic Aquaculture (IMTA) will depend on both 

how financially profitable it is for farmers and how it is regulated. From the perspective of farmers, 

IMTA offers a number of potential economic advantages in comparison with non IMTA, including 

increased physical production from a given site, greater diversity of production, and more intensive 

use of facilities, labor and sites. These must be balanced against potential economics disadvantages 

such as greater complexity, more risks, and greater challenges in site selection. From a public 

perspective, IMTA offers significant potential public benefits in comparison with non IMTA, 

including reduced negative environmental impacts and positive ecosystem services. Although 

methodologies exist to estimate the economic value of these benefits, they can be expensive and 

imprecise. 

The synergistic cultivation and rearing of plants and animals is an ancient practice and 

continues to be used for extensive food production in many parts of the world. However, the 

intensification of terrestrial and aquatic food production—the so-called green and blue revolution, 

respectively—has been characterized by a monocultural approach along with the partitioning of 

feed, fertilizer, and food production components. The recognition of significant and deleterious 

environmental effects of this intensive and industrialized food production approach has led to a 

more recent reexamination and application of traditional practices of integrating multiple trophic 

levels in terrestrial and aquatic systems. 

There was strong concurrence on five factors listed under this topic (that is, factors with 

value sums of mid-range or higher). In the area of strengths, the respondents agreed strongly on 

the importance of a benefit or service to the environment that could be provided by IMTA (nutrient 

recycling especially in closed systems). Strong concurrence on one weakness qualified the 

enthusiasm for the environmental service that had been seen as a strength, by pointing to the lack 

of thorough understanding of environmental impacts of IMTA. The threats upon which the 

respondent group agreed most strongly were not directly in the area of ecology, but rather 
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expressed concern about the economic feasibility of IMTA, and the impact that environmental 

issues could have on the necessary social license to operate (potentially lower profitability 

compared to existing aquaculture systems; not enough public funding for developing a network of 

demonstration and research sites to examine the feasibility of IMTA; and larger scale applications 

may have greater environmental impact and thus less social license). 

The weaknesses have to do most importantly with the complexity of IMTA (complexity: 

marketing, operations, juveniles, business planning; and regulatory complexity), and that the 

economic threats would be lack of social acceptance/public perception; susceptibility to natural 

hazards (disease, parasites, storms), and greater regulatory requirements for IMTA. 

Strengths of IMTA that could help move aquaculture forward appear to be that it is a new 

approach that could be more acceptable to the general public and to local communities because it 

can supply environmental services to clean up environmental contaminants where it is practiced in 

open systems, and can in closed, recirculation systems isolate cultured species and potential 

contaminants, diseases, etc., from the natural environment. There is a positive perception of the 

sustainability of IMTA systems, and of its ability to use alternative feeds rather than those made 

entirely from fish. Further, there would be economic advantages from the multiple products that 

can be sold in new market areas, including niche markets, and IMTA would open many opportunities 

for research, innovation, partnerships, and education. 

Strengths and opportunities are manifold. Concerns seem to center on IMTA’s complexity at 

various levels—for example, conceptual, including the difficulty of explaining it to the public and to 

regulators; and operational, including extra costs for setup, construction, and maintenance; and 

regulatory, such as in policy, funding, and licensing issues. There is a concern that there is not 

adequate funding to expand current demonstration efforts, or to expand to new demonstration 

sites to carry research results forward into practical, commercial-scale application. 

Even if aquaculture in the form of IMTA is technically, environmentally, and economically 

viable, it will not be successful unless it is accepted by society in general, and by the local community 

and other stakeholders in particular, based on their beliefs, perceptions, and opinions. They must 

be convinced that IMTA has value and a positive role to play, and that the business is a part of the 

community, rather than an intruder or burden to it. 

Ecosystem approach to aquaculture is a strategy for the integration of the farming activity 

within the wider ecosystem in such a way that it promotes sustainable development, equity and 

resilience of interlinked social and ecological systems (Soto D., et al., 2008). Integrated farming is 

one of the best paradigms of ecosystem approach to aquaculture with advantages of increment of 

carrying capacity, bioremediation, diversified products, and prevention of diseases. 

Aquaculture developments raise issues of concern in terms of environmental impacts and 

ecosystem health. For aquaculture systems to be sustainable, they should not cause damage to 

natural systems by critically increasing (e.g. nutrients) or decreasing the concentrations of natural 

substances (e.g. chlorophyll). Other potential impacts relate to increasing concentration of man-

made substances, such as persistent chemicals and through physical disturbance leading to habitat 

changes. 
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Aquaponics is a food production system that combines soil-less vegetable growing 

(hydroponics) and fish farming (aquaculture) within a closed re-circulating system. This combination 

of food production methods (hydroponics and aquaculture) removes the problems associated with 

the individual production methods. 

For aquaculture, the main problem with Recirculating Aquaculture Systems is the production 

of Nitrate rich waste water that must be treated or dumped, creating major environmental 

problems. For hydroponics, the main problem is the complete reliance on chemical fertilizers to 

grow the vegetables. 

When both methods are combined in an aquaponic unit, the nutrient-rich wastewater from 

the fish tanks, which would normally need to be treated or dumped, is used as an organic fertilizer 

for plant production. In turn, this removes the need for chemical fertilizers for plant growth using 

hydroponics. 

The main benefices of aquaponics: 

1. Two agricultural products can be produced from only one input (fish food) 

2. High density crop production is possible as no real competition for nutrients among the 

plants 

3. Aquaponic food production is very water-efficient (units use less than 20% of the water 

needed for normal soil farming) and units can be installed in urban or peri-urban 

environments 

4. Aquaponic food production creates zero waste and no chemical fertilizers or pesticides are 

used making it a very environmentally friendly method of producing food 

Advantages for aquaponic food production: 

 Uses organic waste as the plant fertilizer 

 Uses natural pest controls 

 Tends to produce better tasting and at times more nutritional crops 

 Potential for year-round production if growing environment can be controlled (i.e.    

greenhouse) 

 Imitates a natural eco-system thus making it a highly sustainable food production method 

 Increasing population & Urbanization 

 Declining land agricultural productivity 

 Increasing demand for healthy, pesticide free produce 

It is considered that the model multi-use aquaponics production platforms have socio-

economic and environmental impacts on aquaculture, recreational fishing, yachting and boating and 

other water-based activities. They also have an impact on land-based activities, agricultural tourism, 

water waste management, regional employment (direct and indirect) and training opportunities. 

The ecosystem services approach can be employed in order to perform the socioeconomic 

analysis and integrate environmental impacts. Ecosystem services are defined as services provided 

by ecosystem services approach the natural environment that benefits human welfare.  

The ecosystem services approach establishes an environmental baseline, identifies and 

provides a qualitative assessment of the potential impacts of policy options on ecosystem services 
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and quantifies the impacts of policy options on specific ecosystem services. Finally, the ecosystem 

services approach assesses the effects on human welfare and values the changes in ecosystem 

services. When assessing the impact of ecosystem services on human welfare, it is critical to focus 

on the benefits generated by these services, as this is what affects human welfare directly. It is, 

therefore, the benefits rather than the services per se that are valued. 

Due to the multidimensional character of the impacts leading to welfare gains and 

sometimes losses, a range of different information is needed in order to assess them. Thus, market 

data, secondary data for the performance of simulations, survey based primary data, data provided 

from literature review, consultation with experts and stakeholders and information coming from 

environmental impact assessments is all deemed as very important in the framework of integrated 

environmental and socio-economic assessment. 

The tremendous impact of aquaponic in aquaculture has been particularly obvious in recent 

years. However, aquaponic needs to overcome a lack in standardization of methodologies and 

procedures. 

Conclusions  

The conversion of conventional aquaculture farms in sustainable and ecologically 

aquaculture farms help aquaculture businesses to achieve economic viability and competitiveness. 

Green aquaculture is undoubtedly the management technique that has most contributed to support 

aquaculture businesses to adopt aqua-environmental measures for protection of the environment, 

natural resources and landscape. Private and financial benefits of suggested model of multi-use 

aquaponics production platforms could result from the sale of vegetable, aquaculture products and 

services. Additional benefits could be derived from saving of fuel consumption and reduction of 

energy expenditure or by product sales (or displaced costs), greater productivity (macro scale) and 

higher real disposable income (macro scale). Environmental benefits include: mitigated global 

warming, avoided emissions compared, improved water quality. 

Social farming adopts a multifunctional view of agriculture. The main products, in addition 

to marketable products are health care, education or therapy. Agriculture provides opportunities 

for people to participate in the activities of the plant or animal. Social agriculture includes 

agricultural enterprises that integrate people with physical, mental or emotional, firm, providing 

openings for the socially disadvantaged, for young offenders or those with learning difficulties, 

people with drug addictions, long-term unemployed, people the old active engagement with schools 

and kindergartens, and more. Disease prevention, inclusion and a better quality of life are features 

of social farming. 
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Deliverables 4.1  

The review of existing and in-progress technologies of the different 

subsystems required for the structural and functional elements of the model of 

multi-purpose aquaponics production system 

 

Task 4.4 Conceptual environmental impact assessment for multi-use aquaponics 

production system platforms 

In the present days, assuring food security within sustainable planetary boundaries is a main 

challenge, which requires a multi-faceted agro-ecological intensification of food production and the 

removal from unsustainable resource use (Konig et al., 2016). According to the Environmental 

Protection Agency, sustainability is defined by as, “the conditions under which humans and nature 

can exist in productive harmony, that permit fulfilling the social, economic and other requirements 

of present and future generations” (Cunningham, 2015). The definition of an environment can be 

stated as, “surroundings in which an organization operates, including air, water, land, natural 

resources, flora, fauna, humans, and their interrelations” (Cunningham, 2015). Sustainability 

includes as well food production methods effect on the environment, methods that can negatively 

affect the environment, compromise access to resources in the future, such as clean water and air 

(Cunningham, 2015). Food production within a sustainability framework requires ideas that exceed 

traditional innovation paradigms, acknowledging the complexity arising from sustainability (Konig 

et al., 2016). This new concept requires increasingly complex but still sustainable agricultural 

technologies that can produce crop yields on limited farmland and with limited water resources, 

and with little impact on the environment (Konig et al., 2016). Environmental factors are key 

elements in order to assess the sustainability of a new technology, and need to be integrated in a 

complex and data-intensive exercise (Konig et al., 2016). 

Aquaculture is by far the fastest-growing sector of agriculture to supply humans with fish, 

but is considered to be a highly polluting system. “Hence, aquaculture is said to be a highly polluting 

system due to the discharge of polluted water into the surrounding environment in order to improve 

water quality” (Blidariu and Grozea, 2011). Not all aquaculture production technologies for fish 

farming are environmentally sustainable and meet bio-economical demands (Kloas et al., 2015). 

There is no doubt of the continuously need and urgency of sustainable aquaculture development, 

and it represents the future approach of food production (Blidariu and Grozea, 2011). Aquaculture 

development faces new challenges because of the continuous rising of environmental concerns and 

growing demand for different uses of production inputs.  

The aquaculture sector is a key industry providing a valuable food source to our increasing 

global population. “Aquaculture, however, may also be a sector of activity which has significantly 

negative impacts on the environment” (Drillet et al., 2014). 

Sustainability of the aquaculture industry is an environmental, economic and social concern 

(Hixson, 2014). Sustainable fish production needs to follow the next leading principles: increased 
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productivity with reduced ecological impact, integration between production systems and reduced 

use of chemicals (Blidariu and Grozea, 2011). 

The methodology for assessment of the environmental risk analysis for the development of 

multi-use aquaponics production platforms entails the following general are assessed by quantifying 

three main variables: hazard, vulnerability, and exposure. 

Although being aware of a risk is clearly important, before one can consider managing it, one 

must actually assess the risk being considered. A decision on whether full or limited data should be 

collected for an impact assessment is taken. Thereafter data on the site is collected and costs and 

benefits are quantified. The assessment of impacts and evaluation of the assessment based on 

limited data approach, integrating results on Impact Assessment Analysis are conducted. Finally, 

policy recommendations based on impact assessment results and sensitivity analysis are provided. 

This part of the framework focuses on gathering information about the environment and 

context of the proposed development with regard to aquaponic production, aquaculture and social 

services. Hence, before achieving the evaluation of the socioeconomic impact it is necessary to start 

with the baseline profiling of the case study areas in order to identify who is going to be impacted. 

Thus, this approach is expected to enable the identification of the production and demand functions 

of the model of multi-use aquaponics production platforms. 

In order to assess indirect and induced impacts a regional profiling is necessary. The 

information typically gathered as part of a regional profile includes the natural resources, the 

population characteristics, the political and social resources, a description of historical factors, 

identification of the relationships with the biophysical environment, culture, attitudes and social-

psychological conditions, the current status of operations (aquaculture, aquaponic production, 

social services). The initial assessment must include economic and social analysis of the use of waste 

waters under current use and future autonomous developments. This assessment should include 

both market and non-market costs and benefits. The scope is the profiling of all current uses and 

identifying businesses, households and individuals that may be impacted by the future installation 

of the model of multi-use aquaponics production platforms. Furthermore, broader social and 

environmental issues related to current and future operations should be highlighted. 

The following subsections identify economic issues, environmental issues and social issues 

concerning level of employment, regional development and overall attitude of the population 

towards the technologies and specific options proposed. The production and demand analysis is 

based on economic data, environmental valuation surveys and Benefit Transfer techniques.  

This analysis is based on proposed financial costs of the model of multi-use aquaponics 

production platforms structures as well as social and environmental costs. The identification of the 

private costs of the suggested model of multi-use aquaponics production platforms structures with 

regard to aquaculture and social services is the first step of the production-side analysis. Training 

costs are expected to cover the training of people who will run the platforms with regard to the 

safety, financial and environmental implications. 

Since the scope of the developed methodology is to integrate private, social environmental 

costs of the suggested model of multi-use aquaponics production platforms it is equally important 

to consider the latter in the suggested framework of analysis.  
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The analysis here is focused environment benefits of the platform structures.  

„Aquaculture shares some of the environmental concerns that accompany other traditional 

terrestrial farming practices. In general, small farms have potential to be highly sustainable, while 

larger farms are more likely to create adverse impacts such as high use of fossil fuels, additives and 

medicaments; degraded water quality and habitat destruction; and fish disease (Grigorakis, K., & 

Rigos, G. 2011)”. The trend of the new millennium is within environmental regulation and it limits 

the amount of water which may be consumed or discharged, reducing the ability to use large 

influxes of water to remediate excess nitrate, this issue can be remediate by introducing vegetable 

crops as a biofilter for the aquaculture wastewater (Blidariu and Grozea, 2011). In order to assess 

and to monitor aquaculture sustainability certain tools are used, such as life cycle assessment (LCA) 

and ecological footprint analysis (EF). These are two efficient tools, which allow the measurement 

of materials and energy flows in and out of the “life” of a good or service. In aquaculture, LCA 

examines the incoming processes, such as fish feed, and the out-going flow, such as pollution 

emissions and fish fillets.  Properly performing an LCA requires the selection of appropriate “impact 

categories” and a descriptive link between those categories and aquaculture impacts. The 

recommended impact categories are as follows: global warming, acidification, eutrophication, 

aquatic and/or terrestrial human eco-toxicity, energy use, abiotic and/or biotic resource use and 

ozone depletion (Bondie & Wolf, 2013). Sustainable aquaculture has a dual objective: to produce 

food by sustaining natural resources, therefore production systems with a minimum ecological 

impact must be used (Blidariu and Grozea, 2011). 

Intensive fish culture systems can include both the flow-through and the recirculating 

system. In the former, clean water is usually directed in a single pass through the production unit 

and discharged or dispersed after. Freshwater flow-through or open systems are found in regions 

with an ample supply of clean water and one of the biggest disadvantages for this system is that 

they may contaminate recipient water bodies, therefore becoming limited by the environmental 

constraints. These systems have the potential to be more environmentally sound as water input is 

minimized, little water is discharged and this can itself be treated (Blidariu and Grozea, 2011). Closed 

loop systems such as recirculating aquaculture systems and aquaponics circumvent many 

environmental problems by eliminating farm pollution discharges (Bondie & Wolf, 2013). 

Aquaculture often generates some level of environmental degradation, although both the 

technologically advanced closed-loop systems and the traditional extensive systems have lesser 

environmental impacts (Bondie & Wolf, 2013). Fish feed is the main source of waste and is 

responsible for most of the environmental impact of aquaculture, therefore excess feed in the 

surrounding environment may result in immediate eutrophication (Hixson, 2014).  The particulate 

organic matter sinks and disperses, which results in environmental toxicity and anoxia (Hixson, 

2014). Eutrophication and other environmental problems could occur from untreated water 

containing ammonia discharged into the ecosystem (Eissa et al., 2015). Therefore, aquaponic system 

can be an alternative to reduce the effect of the inorganic nitrogen accumulation that can be a 

detrimental factor to the fish growth, whereas, ammonia in aquaponic system is converted into 

nitrite and nitrate by nitrification bacteria (Nitrosomonas and Nitrobacter) and nitrate are absorbed 

by plants as nutrients (Eissa et al., 2015). In a recirculating aquaculture system, the removal 
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efficiencies for organic matter and suspended solids is between 85% and 98%, and for phosphorous 

between 65% and 96%. The RAS is a small scale ecosystem, therefore no wastes is expulsed into the 

environment (Blidariu and Grozea, 2011). 

Integrated multitrophic aquaculture of fish in combination with plants can help reduce 

environmental impacts and maximize the usage of food input (Hixson, 2014). Integration of 

aquaculture with agriculture can reduce the water requirement for the production of quality protein 

and fresh vegetables products relative to both culture systems operated independently (Blidariu 

and Grozea, 2011). Fish feed is the biggest cost factor in intense aquaculture and the main waste 

producer. Both environmental and economic sustainability could be improved significantly by either 

formulating alternative fish feeds, and/or by reducing the fish meal and fish oil in the feeds (Konig 

et al., 2016). Many techniques have been invented to reduce the pollution, one of them is the 

aquaponic system (Blidariu and Grozea, 2011). 

The present status of the world environment and the world population generates an urgent 

need to integrate aquaculture within the water−food−energy nexus into agricultural production 

systems by using value-added chains concomitant with lowering adverse environmental impacts 

(Kloas et al., 2015). Therefore, a new concept for aquaponic systems has been implemented and 

validated to improve sustainability, increase productivity, and reduce environmental impacts (Kloas 

et al., 2015). Aquaponics is the combination of aquaculture and hydroponic systems whereby 

nutrient rich waste water from the aquaculture system is directed into the hydroponic system 

(Blidariu and Grozea, 2011). The use of aquaponic agriculture could be greatly beneficial to public 

good, environmental quality, and economic stability (Alderman, 2015). Plant cultivation on soil in a 

field crop uses only 10% of the water, which is absorbed by the plant, while 90% of the water is 

wasted, making aquaponic systems more efficient than traditional methods (Blidariu and Grozea, 

2011). As well, increasingly stringent environmental regulations make aquaponics a major answer 

to most critical problems (Chalmers, 2004). Important sustainability problems are sometimes 

neglected, such as resource scarcity, climate change and social aspects, and in combination with the 

lack of reliable data and documented practice, makes sustainability of aquaponics hard to assess 

(Konig et al., 2016). 

According to the current nutritional science, the healthiest human diet is based on fish and 

plants, the main food products of aquaponic systems (Konig et al., 2016). Aquaponic food 

production is highly efficient, because it re-uses the nutrients contained in fish feed and fish feces 

to grow the crop plants in an ecological cycle (Konig et al., 2016). Nutrients from fish waste are 

recycled for plant growth in the hydroponic system, which reduces the negative environmental 

impact (Kloas et al., 2015). Aquaponic systems manifest a high potential to improve sustainability in 

terms of food security and as an alternative to intensive fisheries or aquaculture, by effectively 

managing the food-water-energy-nexus (Konig et al., 2016). Aquaponic systems have the ability to 

solve the environmental impact of current agricultural methods (Cunningham, 2015). The essential 

technical components of aquaponic systems are the fish tanks and plant grow beds, while dedicated 

biofilters and settlers are optional and depend on the configuration of the system. The microbial 

community is central for the catabolism of the organic matter contained in the feces and feed 

residues and for the conversion of the fish-generated ammonia to nitrate (Konig et al., 2016). The 
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hydroponic beds function as a biofilter so the water can then be recirculated back into the fish tanks 

(Blidariu and Grozea, 2011). Aquaponic systems can potentially operate under water conserving and 

contaminant-free conditions. At its highest level, aquaponics is a technology-intensive, capital-

intensive and knowledge-intensive method of food production (Konig et al., 2016). Aquaponics can 

potentially reduce the unintended side effects that conventional agriculture has in the environment 

such as the effects that fertilizers have on ground and surface water quality (Cunningham, 2015). 

Aquaponics fits closely into the definition of sustainable agriculture (Blidariu and Grozea, 2011). 

Aquaponic systems can replace a segment of traditional agriculture, which could be a 

positive turning point, enabling significant increases in food production, as well as reducing 

environmental impact on an already stressed planet (Alderman, 2015). From the environmental 

point of view, aquaponic technology is considered to be ecologically friendly, because it uses 

nonrenewable resources with very high efficacy as indicated by near zero-waste discharge (Konig et 

al., 2016). Besides its value as a food production system, smaller aquaponic units can be great assets 

as teaching tools for a wide range of subjects, demonstrating ecological cycles and may serve as 

decorative elements at home or in public places. Moreover, the principle of combining fish and plant 

production can be implemented from low-tech level to a high-tech state-of-art system (Konig et al., 

2016). Aquaponics may be the solution for food production in over-populated urban areas and for 

other places with reduced access to water and green spaces (Blidariu and Grozea, 2011). Using 

aquaponics as a rooftop production can be a solution for families with no land from urban areas. 

“Aquaponics system design and application can be considered a highly multidisciplinary 

approach drawing from environmental, mechanical and civil engineering design concepts as well as 

aquatic and plant related biology, biochemistry, and biotechnology (Goddek et al., 2015)”. The 

aquaponic system integrates three kinds of living organisms: fish, beneficial bacteria and plants, and 

even though it might seem apparently simple, the interrelations between these are highly complex 

and interdependent (Konig et al., 2016).  

Nowadays, plant production and fish farming have a strong negative impact on the 

environment by inducing soil erosion, polluting the soil and groundwater with pesticides, fertilizers, 

and animal waste, production of greenhouse gases (Konig et al., 2016). Plant production and fish 

farming in closed aquaponic systems may be the answer to these problems, by reducing the 

environmental impact in a significant way. Aquaponic systems have no measurable effects on the 

soil and it can be operated in an almost waste-free manner, and the small amount of waste (sludge) 

can be converted into valuable products, by composting it (Konig et al., 2016). One of the benefits 

of aquaponics is the reduction of pesticides, due to isolation from the natural environment, which 

allow plants to grow without the large-scale use of harmful pesticides (Alderman, 2015). 

As a labor-intensive technology, aquaponic systems pose as main critical factors in European 

industrial greenhouse vegetable production the cost of labor and energy (Konig et al., 2016). The 

claims of nutrient and water efficient food production depend upon the extent of 

recycling/recirculation of the nutrients and water in the system (Konig et al., 2016).    

Water availability and water quality are two limiting factors for growing food around the 

world. Aquaponics requires significantly less water by recirculating it through the fish stock and 

plant system and it can be the solution for growing food in places that have low or no water 
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resources. Locations with significant water pollution or contamination should have adequate 

filtration in place before installing an aquaponic system. The water used in aquaponic systems is less 

than 10% of the water used in traditional agriculture, therefore ensuring a higher production in 

aquaponics than in soil (Tawnya, 2016). In order to grow plants, the soil must have a diverse 

microbiology, plus an optim combination of loam, sand, clay and organic matter. Adjusting the soil 

properties usually requires human (or animal) involvement like composting, tilling, and adding 

organic material or fertilizer, applying the optimum amount of water, in adequate frequency. 

Aquaponics is the solution of growing plants, without soil involvement, by providing the plant 

nutrients, oxygen and water in the sustainable manner (Tawnya, 2016). Plants will absorb the 

nutrient from the waste water and improve or purify the water quality for the aquaculture system. 

This provides an ecofriendly as well as sustainable system for the agriculture sector (Blidariu and 

Grozea, 2011). Aquaponics is a food production system and the infrastructure can be setup inside 

greenhouse, warehouse or outdoors where climate conditions permits (Tawnya, 2016). Traditional 

agriculture often uses mined or manufactured chemical and synthetic fertilizers, pesticides and 

herbicides. Since aquaponics mimics a natural ecosystem, it produces many nutrients that plants 

need (Tawnya, 2016). The closed loop system mimics a natural system: the fish consume food and 

their waste is naturally converted to nitrate and other nutrients, the nutrients in the water are then 

taken up by the plants (Blidariu and Grozea, 2011). Any solids collected from the fish system can be 

added to compost or applied to tree lines. Any unharvested plant material from the system can be 

fed to animals or composted and very little if any water needs to be discharged (Tawnya, 2016). 

Long distance transportation of the food consumes high amounts of oil and gas in addition to the 

pollution and carbon foot print. The majority of the fish and vegetable products on the market are 

imported, therefore consuming a large amount of fuel in order to deliver them (Tawnya, 2016). 

Introducing aquaponic products on the market will help reduce pollution and promote local 

economy. Compared to the aquaculture system, aquaponics minimizes water wastage, because in 

the first system there is a frequently water exchange in the fish rearing units, in order to ensure 

water quality (Blidariu and Grozea, 2011). Besides saving water, the fertilizer needed for plants can 

be further reduced, because the food for plants is represented by the nutrients from the wastewater 

(Blidariu and Grozea, 2011). The fish supply necessary plant supplements and the plant act as a 

natural water filter (Blidariu and Grozea, 2011). 

 

Conclusions 

Wastewater treatment and crop production are two disciplines used in aquaponics and in 

order to merge them, it requires moving the focus from optimizing the degradation, nitrification, 

denitrification and absorption rates to maximizing the recycling rates of phosphorus and nitrogen 

and to fulfilling the quality requirements of the resulting products such as plant biomass and effluent 

water. Nitrification activity runs optimal at pH levels nearby 7, combining hydroponics and 

aquaculture into aquaponic systems requires reconciling water quality parameters for the survival 

and growth of plants, fish, and nitrifying bacteria. Because aquaponics is a soiless culture, many 

occurring diseases of conventional soil based farming, do not pose a threat. For pest control natural 

methods are used, such as aphid. Aquaponic is an integrated system of plant and animal production, 
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using vegetables with aquaculture species, having a site specific application, in greenhouse 

production units. Moreover, in order to make the most use of nonrenewable resources, conserving 

nitrogen fertilizer, produced from non-renewable fuels, and water, can make aquaponics the most 

efficient food production system. Integrating natural biological cycles by using nitrifying bacteria in 

the process of nitrification to convert harmful ammonia from fish waste to usable, safe, nitrate 

nitrogen for plants, can sustain the economic viability of farm operations, and enhance the quality 

of life for farmers. Producing food in a sustainable agricultural and in an environmentally bio-

rational manner, without wasteful discharge to the environment, is mandatory. One of the 

advantages of aquaculture, and by extension, aquaponics, is that the producer can exert control 

over the intrinsic quality, including safety, of the product (fish and vegetables). From the perspective 

of food safety, in aquaponic systems, there seems to be less chance of contamination of vegetables 

or other aquaponic crops and fish, with pathogenic bacteria of domestic animal origin. Polyculture 

of fishes (and invertebrates) in aquaponics and recirculating aquaculture is a promising way of 

transforming advanced modern agriculture to sustainable agriculture, using biological controls. 
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