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Abstract
The implementation of aquaponics integrated systems has two main targets as follows: profit
maximization, by producing crops as a second economic activity and technological water quality
optimization, by using crops phytoremediation potential. Therefore, this research is addressed
especially to present and potential investors in aquaculture economic activity, that want to optimize
their economic performances by integrating aquaponics to their fish production systems. The aim of
this present study is to compare the bioremediation and phytoremediation potential of various
aquaponics integrated systems, where different combinations of fish to plants species and different
feeding regimes were tested. Therefore, an exhaustive online search was conducted in various
databases, in order to find the reviewed scientific articles, relevant for this area of research.
Discussions about the advantages of applying different aquaponics techniques like deep water culture
(DWC), nutrient film technique (NFT) or substrate technique were made, having the purpose of
estimating the performance, limitations and challenges in terms of water treatment, for each one of
those techniques. Thus, this scientific overview is meant to improve knowledge about aquaponics
systems and their bioremediation and phytoremediation capacity. Substrate aquaponics technique
registered, in most cases, the highest performances in terms of water treatment, followed by NFT and
DWC, but certain technological conditions have also a determinant influence on present evaluation.
Keywords: aquaponics, water quality, integrated systems, DWC, NFT, substrate aquaponics
technique, bioremediation and phytoremediation

Introduction
Ensuring the necessary resources and later on, improving the quality of life by introducing new
products and production methods or improving the existing ones, are characterized as major goals
that maintain a continuous upward trend of scientific innovations. Therefore, the need for technical
and technological development of several productive sectors in order to increase their productivity
and also limit the negative effect manifested on the environment is imperative.
Aquaculture gained popularity among investors, especially in the last decade, mostly due to the
possibility of practicing high stocking densities. The technological backgrounds of this intensive
aquaculture production are directly related to recirculating aquaculture systems (RAS). Another
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advantage of RAS implies low water-use rates, fact that characterizes those intensive production
systems in terms of technical and technological performance. According to Masser et al. (1999), the
majority of recirculating systems have a daily technological water exchange rate between 5-10%,
with the purpose of preventing ammonia nitrogen, as well as the other nitrogen compounds (nitrites
and nitrates), to reach alarming concentrations, but also to re-establish the quantity of technological
water lost due to the processes of evaporation and mechanical filter self-cleaning (Petrea, 2014A).
Both the implementation of new water treatment methods and improving the existing ones are
essential requirements in the development of aquaculture sector (Petrea, 2014A). The uses of highend equipment for mechanical, chemical and biological filtration and also the increase of
recirculation flow, are generally the proposed technical solutions in order to achieve a more efficient
technological water treatment process in RAS (Petrea, 2014A) From applicative point of view, all
these solutions have been proved to give positive results, but the profitability of recirculating systems
has manifested a downward trend due to the increase of capital costs and especially due to the swift
rise of variable costs, especially those related to electricity (Petrea, 2014A).
Therefore, the use of bio and phytoremediation techniques by integrating hydroponics with RAS and
synchronizing these two production technologies has the potential to solve the above mentioned
deficiencies.
The aim of this present study is to compare the information reported by different authors in their
scientific studies regarding the bio and phytoremediation potential of various aquaponics integrated
systems, where different combinations of fish to plants species, feeding regimes, fish to plants ratio
and aquaponics growing techniques were tested.

Results and Discussions
The reduction of water exchange rates in RAS, generates a decrease of operational costs. Thus, it can
be stated that a secondary production, consisting of plants, assured by using the nutrients from the
technological water, without involving additional costs, improves the profitability potential of a RAS
(Timmons, 2002).
Technical and technological factors that influence water treatment capacity of aquaponic integrated
systems
The plants biomass has its contribution on water quality optimization process and under a judicious
sizing between fish biomass: plants biomass: production of metabolic wastes, they have the potential
to replace the biological filtration units.
Also, it is recommended to apply a production management which consists in growing plants in
various grow stages during a production cycle, also known as CPS (conveyor production system), in
order to ensure the maintenance of a constant nutrients concentration in the RAS (Adler et al., 2003).
The water treatment capacity of an aquaponic system depends mostly by its construction design,
aquaponic technique applied and phytoremediation capacity of cultured plant species (Figure 1.).
Several studies (Petrea, 2014A; Petrea, 2014B, Lennard and Leonard, 2004; Lennard et al., 2006)
have demonstrated that substrate aquaponic technique has the most significant performance in terms
of water treatment, compared with deep water culture (DWC) and nutrient film technique (NFT)
techniques.
Grabber et al. (2009) mentioned that plants can be grown in aquaponic conditions, on different types
of media, used as biological trickling filter, thus combining the ammonia nitrogen oxidation process
(ANOP) with the absorption of the final products, nitrates. Therefore, the use of substrate aquaponic
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technique is recommended especially in case of RAS that have an oversized production capacity,
compared with the size of their biological filtration units.
In contrast to bacterial degradation, nutrient uptake by plants is conditioned by the surface, fact
similar to the relationship between photosynthesis and solar radiation (Grabber et al., 2009).
Therefore, in order to obtain a high nutrients recirculation rate, trickling biofilters must provide
sufficient contact area for plant growth and photosynthesis processes related to them, in relation to
their volume (Grabber et al., 2009).

Figure 1. Technical and technological factors that can influence water treatment capacity of
aquaponic integrated systems
Water quality in recirculating aquaponics systems
In a recirculating integrated aquaponic system (RAIS), both fish stocking density and plant culture
density must be increased gradually in order to prevent high concentrations of ammonia and nitrite in
the water (Ministry of Foreign Affairs, New Zealand, 2013).
The use of low growing and culture densities, for both fish and plants biomass, generates a certain
fish productivity but, in the end, the production costs proves, to be higher than the total value of
obtained production (Ministry of Foreign Affairs, New Zealand, 2013). Thus, the need of having high
production capacities requires a high managerial input, related to water chemistry monitoring
technology and both fish and plants production planning (Ministry of Foreign Affairs, New Zealand,
2013).
Rakocy et al. (2006) noted that in a aquaponic system, the concentration of nitrates, phosphates and
sulphates are usually at levels considered more than optimal, compared with the concentration of
potassium and calcium, which are mostly insufficient and must be supplemented by adding potassium
hydroxide and calcium hydroxide. These bases are added in varying amounts and have as secondary
aim, to maintain the optimum pH value.
One of the negative aspects of RAIS is the major deficiencies in various nutrients concentration, like
iron, although in terms of nitrogen concentration, the system is in equilibrium (Ministry of Foreign
Affairs, New Zealand, 2013; Racoky et al., 2006). It should be pointed out that, compared to
hydroponic systems, nutrient balance in RAIS is very different in terms of the concentration of added
compounds [67, 76].
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Endut et al. (2009) points out that the process of removing nutrients such as inorganic nitrogen and
phosphate is essential for both industrial water and aquaculture effluents treatment and also, against
eutrophication processes, in order for it to be reused. It is noted that, depending on the species of
plants and fish and also, the growth technology and aquaponic techniques used, integrated
recirculating systems record the following removal rates: BOD5 (47-65%), total suspended solids
(67-83%), total nitrogen ammonia (64-78%) and nitrite (68-89%) (Endut et al, 2009).
It should be noted that, in a RAIS, the removal rates values are proportional with the recirculating
flow value. Total phosphorus and nitrate removal rates are negatively correlated with the aquaponic
units, inlet flow value and can reach, according to Endut et al. (2009), the following performances:
43-53% for total phosphorus and 42-65% for nitrate. Fish appetite, its metabolism and also, the
feeding regimes applied, are important variables that influence both water quality and phytobioremediation capacity of a certain recirculating aquaponic integrated system. Cripps and Kumar
(2003) states that depending on the technological conditions, approximately 85% of total phosphorus
inputs and 52-95% of the nitrogen inputs may be lost through faeces and uneaten food.
Biochemical Oxygen Demand (BOD5)
BOD5 concentration within an RAIS has a tendency to increase during the germination of plant
biomass due to increased concentration of dissolved and suspended solids, generated by this
development stage of the seeds (Nelson, 2004). Also, both uneaten food and fish wastes generated by
the metabolic activity are a major source of organic matter that directly affects the concentration of
BOD5 in the embedded systems (Viadero et al., 2005)
In RAIS, the surface area and plant roots density are major factors that influence BOD5 (Bonzoun et
al, 1982). The ratio between plants roots surface and aquaponic unit volume is directly proportional
with BOD5 removal rate. This can be supported by the fact that a greater root surface offers better
opportunities for microorganism development. Graber and Junge (2009) reported higher removal
rates for COD, BOD5, ammonia nitrogen and total phosphorus in aquaponic units designed with a
water column height of 0.27m, compared with those having 0.5 m (Graber and Junge, 2009).
Total suspended solids (TSS)
The values reported by various authors for total solids concentration in water, within a RAIS, have a
wide variation range Endut et al., 2009; Sikawa et al., 2010; Ghaly, et al., 2005). Endut et al. (2009)
reported a significant influence of the inlet flow value on total suspended solids (TSS) dynamics.
Ghaly and Snow (2008) found as notable the phytoremediation capacity of barley, grown under
aquaponic conditions, in term of TSS removal rate from a recirculating trout production system
effluent.
Different studies have reported a downward tendency of TSS concentration, during the growth period
of plants biomass, in integrated recirculating aquaponic system conditions (Ghaly et al, 2005). This
fact is explained by Ghaly et. al (2005) with the supporting argument that plants increase their
capacity of filtration, at the level of their root area, during their growth cycle. Dissolved solids within
the integrated production system are absorbed by plants as nutrients, process which is influenced by
both plant species, type and culture density (Ghaly et al., 2005). Jiang and Xinyuan (1999) reported a
TSS removal rate of 75%, by using layers of floating submerged and emerged plants. Lin et. al
(2002) reported a higher TSS removal rate, of 90%, by using Paspalum vaginatum.
Nitrogen
An RAIS can be evaluated in terms of its water treatment capacity by phyto and bioremediation
processes, through a precise nitrogen cycle assessment.
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In their research, Ghaly and Snow (2008) revealed a decrease of total ammonia nitrogen
concentration by 75%, within an RAIS, by using biomass trout and barley. Bouzoun et al. (1982)
reported a 34% decrease in the total ammonia nitrogen concentration, after five months, by using reed
hydroponic culture.
Ammonium is a major source of inorganic nitrogen, absorbed especially by the roots of tall stemmed
plants (Vaillant et al., 2004.). It can be assimilated by microorganisms and turned into organic matter,
or it can be removed via nitrification processes (Ghaly et al., 2005).
In case of RAIS, where zeolite is used for water treatment process, the concentrations of ammoniacal
nitrogen, manganese, zinc and copper records high removal rates, in opposite with sodium, calcium
and potassium (Rafiee et al., 2006). Thus, it should be pointed out that the use of zeolite in case of
applying the substrate aquaponic technique, improves the environmental conditions for growth and
development of plant biomass by facilitating its access to nutrients, assuring therefore better water
treatment performances (Rafiee et al., 2006). Gloger et al. (1995) assign the ammonium reduction to
both plant biomass absorption process and nitrification process manifested at the level of plant roots
surface and culture media. They reported a percentage value of 9% nitrogen retention, from total
amount of nitrogen introduced in the lettuce RAIS, by administrating the daily feed ratio (Gloger et
al., 1995). Mant et al. (2003) obtained a nitrogen removal rate of 57.7% by using gravel substrate
aquaponic technique for growing Salix viminalis.
Ghaly et al. (2005) obtained a 98.1% nitrite removal rate after 21 experimental days by using barley
phytoremediation capacity, in an aquaponic system. Although nitrites have a lower toxicity rate,
compared to ammonia, in RAIS they tend to accumulate on a long term, due to the incomplete
oxidation of bacteria (Poxton et al., 1982; Jo et al., 2000).
Nitrates are essential source of nutrients for plant biomass. Authors have reported values of nitrate
removal rates ranging from 68.8 to 76.7% when using barley plant biomass, growth in aquaponic
conditions (Clarkson and Lane, 1991). Clarkson and Lane (1991) reported an approximately 10 times
reduction of nitrate concentration by using the NFT aquaponic technique for growing barley in a carp
and trout aquaculture production system.
The hydraulic characteristics of an RAIS significantly affect its water treatment performances.
Therefore, an important parameter in this direction is represented by the hydraulic loading rate
(HLR). This statement is supported by several research on this area, as follows: Lin et al. (2002), Lin
et al. (2003) achieving notable results, reporting a nitrate removal rate of 68-99%, while Lin et al.
(2010) and Schulz et al. (2003) reported an increase of water nitrate levels due to improper values of
applied HLR.
An increase of the aquaponic modules inlet flow generates the occurrence of aerobic conditions,
preventing therefore the denitrification processes from both root surface and growing media levels
(Endut et al., 2009). Also, Dediu et al. (2012) obtained low values of nitrate removal rates by
applying a flow rates value of 16L / min, compared with those obtained for 8L / min, which were
higher.
In case of RAIS, the nitrification process presented at aquaponic units level, lead to a reduced
concentrations of ammonia and also, to higher nitrogen fluctuations (Dediu et al., 2012).
Lennard and Leonard (2006) obtained the best percentage for nitrate retention rate at DWC (93.2%),
comparing with NFT (71.8%) and substrate aquaponic technique (90.9%). It appears that the NFT
technique is the least effective regarding nitrates retention rate, fact confirmed also by other authors
(Wren, 1984). Wren (1984) record a retention rate of 31% for nitrates in variants where gravel
substrate, was used compared to NFT, where the percentage was 20%.
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Phosphorus
Except nitrogen, phosphorus is the second important limitative macronutrient, in aquaponic systems.
Phosphorous level records an upward tendency during the plants germination stage, due to the
accumulation of organic matter induced by the presence of both dissolved and suspended solids
(Nelson, 2004). Also, Endut et al. (2009) observed a significant correlation between phosphorus
retention rate and aquaponic modules inlet flow value (Endut et al., 2009). Both uneaten food and
fish faeces represent major sources of phosphorus in RAIS (Endut et al., 2009). Ghaly et al. (2005)
reported a retention rate of phosphorus between 91.8 - 93.6% days by using barley phytoremediation
capacity, in an aquaponic system (Ghaly et al., 2005). A reduction in phosphorus concentration from
0.3 to 4.4 mg/L was reported by Clarkson and Lane (1991) in an integrated system, using NFT
aquaponic techniques. In general, most authors report a phosphorus removal rate in RAIS between 10
- 30% (Monneta et al., 2002; Koottatep et al., 1997).
Lennard and Leonard (2006) conducted a comparative study involving the test of all three main
aquaponic techniques (substrate, DWC and NFT), obtaining the best percentage for phosphorus
retention rate in case of using substrate aquaponic technique (52.5%).
It should be noted that high concentrations of calcium in water may cause precipitation of
phosphorus, as dicalcium phosphate (Rakocy et al. 2006).
Dissolved Oxygen (DO)
The values of water dissolved oxygen (DO) directly and indirectly affect the growth performance of
plants biomass and therefore, their phytoremediation capacity, in a RAIS. Goto et al. (1996) observed
a normal development of plant roots at a 2.5 mg/L concentration of DO in water. A 1,6 mg/L
concentration of DO in water has negative effects on growth and development of lettuce leaves and
roots (Yoshida et al., 1997), fact which conducts to lower phytoremediation performances.
Potassium
Potassium is the third macronutrient, after nitrogen and phosphorus, required in order for a RAIS to
function properly. Seawright et al. (1998) report potassium retention rates between 70-75% in case
of RAIS.
Mant et al. (2003) reported a potassium retention rate of 24.9% when using gravel substrate
aquaponic technique for growing Salix viminalis. They noted that for determining the retention rate of
potassium, its ability to precipitate in the form of K2S must be taken into consideration (Mant et al.,
2003). Marschner (1998) indicated that high values of potassium concentration generates high
retention rates of this nutrient, fact which can also influence the retention rates of other nutrients, like
magnesium and calcium.
Rakocy et al. (1993) performed a comparative analysis of accumulation rates corresponding to main
nutrients present in a RAIS, obtaining the following relationship: K> N> P> Ca> S>Mg. Quill et al.
(1995) performed a comparative study regarding the need of nutrients supplementation in both a
hydroponic and aquaponic tomatoes systems (Douglas et al., 1985). They found an almost double
phosphorus addition rate for the aquaponic production system, fact that indicates its possible
precipitation (Douglas et al., 1985).
Sodium and Iron
Related to sodium concentration in RAIS water, it should be noted that it must not exceed 50mg/L, a
greater value can adversely affect plants potassium and calcium absorption (Douglas et al., 1985;
Rakocy et al., 2006).
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Regarding the presence of iron, it must be stated that the hydrated ferric oxide tends to deposit on
RAIS components, fact which explains the low concentration of iron presented in water, at a certain
moment (Seawright et al., 1998). The stability of dissolved iron in water can be increased by
chelating with organic acids such as EDTA, DTPA or EDDHA (Seawright et al., 1998). The iron
derived from the chemical composition of fish food is insufficient for satisfying the growth needs of
plants (Rakocy et al., 2006). Therefore, this situations requires the supplementation of iron
concentration in water by adding chelated iron, which demands the maintaining of pH below the
value of 7 upH, limit which generates the instability of this compound (Rakocy et al., 2006)
Copper and Manganese
The copper concentration in RAIS water has a downward tendency during the production cycle, fact
which indicates its possible precipitation (Seawright et al., 1998). Seawright et al. (1998) reported a
higher net copper concentration in the dissolved solids, compared to its total input in RAIS, through
administrated food.
Manganese concentration in RAIS water indicates a strong downward tendency, associated also with
pH increase (Seawright et al., 1998). Thus, it is recommended that manganese to be used in its
chelate forms, under the conditions of high pH values (Gerber et al., 1985). Seawright et al. (1998)
note a random, but high consumption of manganese, under a lettuce RAIS
Chemical oxygen demand (COD)
In a RAIS, chemical oxygen demand (COD) has an upward tendency during the seeds germination
period, due to the release of enzymes and is in direct correlation with seeds quality indexes (Ghaly et.
al., 2005). During plant growth period, COD concentration of RAIS water register a significant
decrease due to the development of roots filtration capacity and therefore, of the capacity to absorb
the available nutrients (Ghaly et al., 2005). Ghaly et al. (2005) reports COD decreasing rates
between 56-91%, depending on the type of both fish and plants species. Jiang Xinyuan (1999)
recorded a COD percentage value of 44%, while Gloger et al. (1995) obtained a 54% in conditions of
using lettuce as culture biomass.
Literature review of water chemistry data
The multitude of researches that were made in order to study the performances of aquaponic systems
with different technical and technological characteristics, from both water treatment and crops
productivity aspects, have contributed to the need of centralizing the reported data, in order to obtain
useful correlations (Table 1).
Al-Hafedh et. al (2008) make a comparative study between three different ratios of fish feed: plant
growing area. Therefore, the highest concentration of phosphorus in water (10.3 mg/L) was recorded
in case of applying the highest ratio (169 g/m2/day), while for the ratio of 113 g/m2/day and 56
g/m2/day, the phosphorus concentration was 4.9 mg/L, respectively 3.6 mg/L (Al-Hafedh et. al,
2008).
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In the same study, similar results were recorded for potassium concentration in water, which varied
from 47.5 mg/L to 31.4 mg/L and 19 mg/L, by applying the feeding regimes of 169 g/m2/day, 113
g/m2/day and 56 g/m2/day (Al-Hafedh et. al, 2008).
By analyzing the obtained results, Al-Hafedh et. al, (2008) concluded that there is a direct correlation
between phosphorus and potassium concentration in water and the ratio of fish feed: plant growing
area.
Endut et. al (2010) tested the use of different hydraulic loading rates (HLR) for an water spinach
african catfish aquaponic system.
The concentration of nitrogen nitrite varied from 0.19 mg/L to 0.14 mg/L, 0.11 mg/L, 0.09 mg/L,
0.06 mg/L for HLR of 0.64 m/day, 1.28 m/day, 1.92 m/day, 2.56 m/day and 3.2 m/day (Endut et. al,
2010). In case of nitrogen nitrate, the highest concentration (9.7 mg/L) was recorded for a HLR of 3.2
m/day, while the lowest value (5.4 mg/L) was registered for a HLR of 1.28 m/day (Endut et. al,
2010). Phosphorus had the same evolution like nitrogen nitrate by registering the highest value (7.9
mg/L) in case of HLR – 3.2 m/day and the lowest value (6.3 mg/L), for a HLR of 1.28 m/day (Endut
et. al, 2010). Therefore, Endut et. al (2010) proved that the changes in concentration of different
nutrients in aquaponic systems, differ because of the disparity between the relative proportions of
available nutrients generated by fish and nutrients uptake by plants. Also, he mentioned that, the HLR
is an important parameter for determining the phytoremediation capacity of an RAIS (Endut et. al,
2010).
In another study Endut et. al. (2009) evaluated the effect of flow rate on plants phytoremediation
capacity in a RAIS. Therefore he recorded the highest phosphorus removal rate (50%) for a 0.8 L/min
flow rate (Endut et. al, 2009). A flow rate of 1.6 L/min generated the highest nitrogen nitrate removal
rate (64.9%), while at 4 L/min is recorded the highest nitrogen nitrite removal rate (89.5%) and TAN
removal rate – 78.3% (Endut et. al, 2009).
Silva et. al (2015) demonstrated that an RAIS of Nile tilapia – pak choy had better water treatment
performance, compared with a similar system of Nile tilapia – coriander. Therefore, the study
concluded that pak choy phytoremediation capacity by using dynamic root floating technique could
allow the reduction of investment costs in an RAIS (Silva et. al, 2015).
Shete et. al (2013) experimented various water circulation periods (4, 8, 12 and 24 hrs/day) in an
goldfish – spinach aquaponic system, by using nutrient film technique (NFT). The highest nitrogen
nitrate concentration in water (0.28 mg/L) was recorded for the experimental variants with 12 and 24
hrs/day water circulation (Shete et. al, 2013). In case of nitrogen nitrite and ammonia concentration in
water, the highest concentration (0.3 mg/L for ammonia and 0.04 mg/L N-NO2) were recorded for the
experimental variants where a 4 hrs/day water circulation period was applied (Shete et. al, 2013). The
study showed that the water circulation period has a direct effect on water quality parameters in a
RAIS (Shete et. al, 2013).
Lennard and Leonard (2004) make a comparative study between two hydraulic regimes, as follows:
constant flow and reciprocating flow (ebb and flow). The nitrate and phosphate concentrations in
water, in case of constant flow (11.8 mg/L – nitrate and 3.87 mg/L – phosphate), are lower than in
reciprocating flow (13.3 mg/L – nitrate and 4.04 mg/L – phosphate), fact that shows a better plant
phytoremediation capacity at constant flow hydraulic regime (Lennard and Leonard, 2004).
In a bester sturgeon hybrid – lettuce RAIS, Dediu et. al (2012) registered higher values for retained
nitrogen (1.13 g/m2/day), in case of using a low flow rate, corresponding to a hydraulic retention time
(HRT) of 5.4 min, compared with a high flow rate (HRT=2.7 min), where retained nitrogen value
was 1.05 g/m2/day.
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Petrea et. al (2013B) tested three plants densities a (59, 48, 39 plants/m2) in a rainbow trout – spinach
RAIS. He registered TAN removal rate of 1.24 mg/L/day for the highest plants culture density,
followed by 1.09 mg/L/day and 0.71 mg/L/day for the variant with 48 plants/m2, respectively 39
plants/m2 (Petrea et. al, 2013B). The nitrate removal rate, registered a value of 16.4 mg/L/day, 12.5
mg/L/day and 8.23 mg/L/day for the variants with 59, 48, 39 plants/m2 (Petrea et. al, 2013-B). As a
conclusion, Petrea et. al (2013-B) mentioned that the phytoremediation capacity on a aquaponic
module is in a direct correlation with plants culture density. In the same experiment, Petrea et. al
(2014-D) registered the highest phosphorus and calcium removal rates (3.83 mg/day – phosphorus
and 3.9 mg/day – calcium) in the experimental variant with 59 plants/m2, while for the other two
variants (48 and 39 plants/m2), the phosphorus and calcium removal rates were lower (3.04 mg/day –
phosphorus and 2.69 mg/day – calcium, respectively 2.18 mg/day – phosphorus and 1.95 mg/day –
calcium).
Petrea et. al (2014C) tested three plants density (59, 48, 39 plants/m2) in a stellate sturgeon – spinach
RAIS, by using light expanded clay aggregate (LECA) aquaponic technique (Petrea et. al, 2014C).
He registered TAN removal rate of 0.3 g/m2/day for the highest plants culture density, followed by
0.37 g/m2/day and 0.31 g/m2/day for the variant with 48 plants/m2, respectively 39 plants/m2 (Petrea
et. al, 2014C). The nitrogen nitrate removal rate, registered a value of 13.4 g/m2/day, 11.97 g/m2/day
and 11.49 g/m2/day for the variants with 59, 48, 39 plants/m2 (Petrea et. al, 2014C).

Conclusions
This revision of literature helped to identify several limiting factors regarding water treatment
capacity of various aquaponics systems. Therefore, there were identified both technical and
technological factors, that directly influence the phyto and bioremediation capacity of a certain
aquaponic integrated system.
Among the technological factors, the most commonly encountered were the ratios between fish
stocking density: plants culture density and fish feed: plant growing area. Also, the biochemical
composition of administrated fish diets and therefore, the water nutrient load level are important
factors that directly influence the phyto and bioremediation capacity of aquaponic integrated systems.
The technical factors are firstly represented by the type of aquaponic technique that is applied (DWC,
NFT or culture substrate). In case of culture substrate technique, significant water treatment
differences were registered when using different types of substrates (gravel, LECA, sand or zeolite),
or by using different hydraulic regimes (continuous flow or flood and drain). The aquaponic module
inlet flow, characterized by both hydraulic retention time (HRT) and hydraulic loading rate (HLR)
was demonstrated as having a significant effect on phyto and bioremediation capacity of aquaponic
integrated systems.
Beside both technical and technological factors mentioned above, the management of production has
a key role on assuring a constant water nutrient load throughout the entire production cycle. Thus, the
literature recommends a conveyor production system management in order to obtain a higher
percentage of nutrient recovery at plants biomass level and also, better water treatment performances.
The present literature overview had demonstrated that in order to use a RAIS phyto and
bioremediation capacity at its maximum potential, different technical, technological and production
management factors must be taken into consideration.
In the future, it is recommended that research should be made in order to study the correlation
between microbiological activity at aquaponic modules level and phyto and bioremediation capacity
of RAIS.
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