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Deliverables 5.2.
Establishing biological data model for aquaponics production system
Biological data modeling: General considerations regarding biological models for
aquaponics production systems.
1. Biological model
1.2. General considerations
A major global trend nowadays is urbanization and its degree reached 70% in various
European countries (dos Santos 2016). The challenges brought by this trend include population
rise, food insecurity and climate change (dos Santos 2016). According to FAO (2014) aquaculture is
one of the fastest-growing food production sector, which provides approximately 50% of fish and
fish products for human consumption. However, traditional aquaculture production in natural
ponds have a negative impact on the environment, due to the use of high amount of fresh water
and the load with nutrients of waste water (Suhl et al., 2016). Aquaculture integrated systems
(such as aquaponics) have many advantages like enhanced productivity, environmental
sustainability and water use efficiency (Cerozi and Fitzsimmons, 2017). In developing countries
aquaponics may resolve issues such as water scarcity, soil degradation and climate-related
challenges (Wongkiew et al. 2017; Shete et al. 2016). Aquaponics is the fusion of recirculating
aquaculture and soilless vegetable production, within a complex closed-loop system (Cerozi and
Fitzsimmons, 2017). Being a strictly controlled system, it combines a high level of biosecurity with
a low risk of disease and external contamination (FAO 2016). Aquaponics integrates aquaculture
and hydroponic techniques in a one merged system. It is a soilless agriculture system that
synergistically combines aquaculture and hydroponics (Wongkiew et al., 2017). The aquaponics
system has the capability to raise fish in high densities, produce profitable vegetables, reduce the
use of pesticides and chemical fertilizers, minimize water exchange and sustain an adequate water
quality (Cerozi and Fitzsimmons, 2017). According to dos Santos (2016) aquaponics could
represent a new integrated agricultural system from producers to consumers in an integrated
manner, due to the short supply chains and organic fresh food. As well, aquaponics could relieve
environmental pressure by the double use of water and nutrients and increased profit by
producing two crops (Suhl et al., 2016). This technological method has the potential for higher
yields of produce and protein with less labor, less land, fewer chemicals and a fraction of the
water usage (FAO 2016). The integration of the aquaculture and hydroponic systems reduces
water discharge into the environment (Bailey and Ferrarezi, 2017). Therefore, aquaponics is
environmental friendly, suitable for agriculture practice and it is expected to become widely used
for sustainable food production in the future (Forchino et al., 2017).
Water is one of the most important medium to understand in an aquaponic system and the
main water quality parameters are dissolved oxygen, pH, water temperature, nitrogen compounds
and electrical conductivity (Thorarinsdottir 2015).
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Temperature
Plants have different temperature requirement, such as 15-19°C for salads and higher
temperature and humidity need for tropical plants. In terms of optimum temperature for the
nitrifying bacteria, the acceptable temperature range is 17-34°C. Nitrobacter group is less tolerant
to lower temperature, compared to the Nitrosomonas group, therefore during colder periods
nitrite should be monitored more carefully to avoid harmful accumulations (Thorarinsdottir 2015).
Dissolved oxygen
To obtain good fish growth, dissolved oxygen levels should be maintained at saturation and
at least above 5 mg/L. Low dissolved oxygen can cause potentially irreversible damage to fish gills
and reduce the efficiency of the nitrifying bacteria (Thorarinsdottir 2015).
pH
Plants prefer a pH< 6.5 and nitrifying bacteria perform optimally at pH> 7.5 The ideal pH
value for the aquaponic system ranges between 6.8-7.0 (Thorarinsdottir 2015).
Nitrogen compounds
All four forms of nitrogen (NH3, NH4+, NO2-, NO3-) can be used by plants and stimulate
growth, however the form quickly absorbed by plants is nitrate (Thorarinsdottir 2015).
Macro- and micronutrients
Plants cultivated in an aquaponic system need several nutrients that are required for the
enzymes that facilitate photosynthesis for both growth and reproduction (Thorarinsdottir 2015).
The nutrients are categorized as macro- and micronutrients. The 6 macronutrients are: nitrogen
(N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg) and sulphur (S). The range of
micronutrients is much bigger and it includes iron (Fe), copper (Cu), boron (B), manganese (Mn),
molybdenum (Mo) and zinc (Zn) (Thorarinsdottir 2015).
In the young stages of plants, particularly during the plant’s vegetative growth and before
fructification, nitrogen need is high. During maturity, the nitrogen need decreases in order to
avoid difficulties to blooming and fall of young fruits (Thorarinsdottir 2015). Excess of nitrogen
fertilization makes also plants more prone to pests and diseases, due to the tenderness of the
vegetable tissues (Thorarinsdottir 2015). The yellowing of older leaves is a main indicator that the
system lacks N. In plants, nitrogen can be reallocated within plant tissues because it is a mobile
element. In case of N deficiency, N gets transferred from older leaves to new growth areas, which
is the reason why N deficiency can be mainly observed in old leaves (Thorarinsdottir 2015). The
limit of N in the aquaponic system ranges between 150-1000 PPM and the average is 250 ppm.
In the aquaponic system, plants require optimum conditions in comparison to light,
oxygen, carbon dioxide, pH, temperature and nutrients (Thorarinsdottir 2015). The aquaponic
technology can produce different vegetable crops but in general, leafy vegetables grow well with
the abundant nitrogen in the system, have a short production period, and are in high
demand. Even though fruiting crops have longer production periods and produce less marketable
yield, their value is often higher than the value of leafy produce ((Bailey and Ferrarezi, 2017). The
main plant species grown so far in aquaponic systems is lettuce, which has been grown under
different densities (16 to 44 plants/m2) and crop lengths (21-28 days) (Thorarinsdottir 2015).
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Phosphorus deficiency causes stunted plant growth, whereas phosphorus excess may lead
to antagonistic interactions with micronutrients, especially zinc (Cerozi and Fitzsimmons, 2017).
Cerozi and Fitzsimmons (2017) observed in their study that plants are negatively affected
by the high concentration of nitrite in the water. When plant based diets were fed to fish in
aquaponics systems, low amounts of dissolved orthophosphate were produced in the nutrient
solution, which constrained growth and quality of lettuce (Cerozi and Fitzsimmons, 2017).
In order for plants to fulfill their metabolic requirements, usually aquaponics nutrient
solutions are added in the technological water as dissolution. Cerozi and Fitzsimmons, 2017
applied the necessary nutrients as foliar spraying in order to avoid the unwanted interaction
between these supplements and dissolved phosphorus, such as the formation of insoluble salts
(magnesium and iron phosphates).
A percent of 50% of the phosphorus input is retained by the fish, while 20% occurs in the
particulate form and 30% is dissolved as orthophosphates (d'Orbcastel et al., 2008).
According to Cerozi and Fitzsimmons (2017) lettuce growth has a direct effect on the
phosphorus dynamics in aquaponics systems and in the timeline between first day of transplanting
and ten days after the lettuce experienced a growth lag, which allowed a linear increase of
dissolved phosphate in the aquaponics solution. At day 21 after transplanting the lettuce reached
exponential phase, therefore a dramatic decrease in dissolved phosphate was noted due to high
phosphorus extraction rate.
Aquaponics can maximize phosphorus utilization 71.7% of total P input, with fish and
plants assimilating 42.3% and 29.4% of the phosphorus input in the feed, respectively. 13.1% of
the phosphorus input occurred in the unavailable form to fish and plants (Cerozi and Fitzsimmons,
2017).
In aquaponic systems emissions are mainly constituted by nitrogen and phosphorous
released in the environment, due to suspended solids and dead lettuces removal and disposal
(Forchino et al., 2017). However, these wastes can be easily recycled within the farm. Low
potassium (K), sulfur (S), iron (Fe), and manganese (Mn) have been reported in aquaponic plants
that received nutrition only from fish waste (Saha et al., 2016).
Fish in an integrated recirculating aqua-hydroponic system can be reared with 8 times
higher density than the recommended fish stocking density (Diem et al., 2017). As a follow up of
the experiment, Diem et al. (2017) proposed an optimal fish density in an aquaponic system as
follows: 114-125 fish/m3 or 6-7 kg/m3, a feeding rate of 176-282 g/m3/day, a 4.2 m2 surface of
hydroponic trenches per m3 (with canna and water spinach plants) and a water recirculation of
200-400% per day.
Canna is a very suitable plant for the aquaponic system, mostly for the use in wastewater
purification. Besides the potential for nutrient removal canna has aesthetical values providing
nice-looking treatment systems (Diem et al 2017). Diem et al (2017) demonstrated in their study
that canna (C. glauca L) had the highest growth rate compared to water spinach and lettuce. Even
though water spinach (Ipomoea aquatica Forssk.) produced less biomass than canna, it has more
economic value as a leafy vegetable (Diem et al 2017).
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Basil (Ocimum basilicum L.) is an annual herb with high commercial importance, both for its
fresh and dried leaves. It has culinary and medicinal purpose (Saha et al., 2016). According to Saha
et al. (2016) basil produces higher yield in aquaponics compared with conventional systems.
Lettuce (Lactuca sativa) is higly recommended as an aquaponics crop due to its fast growth
and low nutritional requirement (Pinho et al., 2017). Lettuce growth can be limited (inhibited) by
the use of sponge material to hold the plants in position. Diem et al. (2017) demonstrated that the
sponge material has a high water holding capacity and thus, creating a too moist environment
around the plant stems.
Aquaponics may be more efficient in the presence of a diverse microbial community (Pinho
et al., 2017) fact confirmed by Cerozi and Fitzsimmons (2017). In their study, the authors
concluded that the addition of a commercial mixture of Bacillus spp. enhanced plant growth,
increased the P accumulation in plant tissues, and increased the chlorophyll content in the leaves.
As well, systems that received the Bacillus mixture demonstrated higher concentrations of
dissolved orthophosphate in the water than untreated systems.
In aquaponic systems the alkalinity should be above 100 mg/L for a proper ammonia
assimilation and nitrification process by heterotrophic bacteria (Pinho et al., 2017). Pinho et al.
(2016) measured in their aquaponic system a concentration of 20.6 ± 1.6 mg/L orthophosphates
and noted to be within the recommend values for leafy vegetables. The pH is a parameter which is
difficult to adjust in an aquaponic system due to the different optimal requirements of fish and
plants. In aquaponics the ideal pH ranges between 6.5 and 7.0, providing the best nutrient
absorption by the plants (ideal pH 5.5–6.5) and reduction the levels of un-ionized ammonia for fish
(Pinho et al., 2017). Plant production would be higher if pH levels were lower.
In traditional agriculture lettuce has an optimum temperature range between 4 and 27°C.
In aquaponic systems the temperature variate from 22°C in the winter season and 30°C in the
summer season and from the growth performance point of view, lettuce had higher productivity in
the hot season compared to the cold one. Lettuce tolerance to higher temperatures may be due to
the direct contact with water and thus reducing the negative effects (Pinho et al., 2017).
1.3. The concept of aquaponics modeling for a recirculating aquaculture system
Aquaponic systems are characterized as being complex systems, that involves the presence
of two different growing technologies, for fish and respectively, for plants, with the purpose of
increasing the sustainability and to limit the environmental impact. Thus, as it is a complex system,
there are many variables that must be taken into consideration in order to make a prediction
model that will estimate the productivity of an aquaponics system.
Integrated aquaponics systems have two major components, fish and plant biomass.
Therefore, it is important to analyze both those components apart, in order to observe their
connection to other factors that interfere in the multi-trophic system production cycle. At the end
of this activity, the results obtained must be correlated, finding the links that ensures the direct
relation of dependency between fish and vegetal biomass.
Various studies regarding aquaponics integrated systems were conducted in the past
decade (Cristea et. al 2013, Petrea et. al, 2013a, Petrea et. al, 2013b, Blidariu, 2013, Roosta, 2011,
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Savidov et al. 2007, Licamele, 2009), having different objectives, from analyzing the growth
performance of fish biomass, till identifying the nutrients balance inside a multi-trophic integrated
aquaponics system. However, a lot of researches that take into study the growth of different fish
species under various technical and technological conditions were made (Adler et al, 2003,
Timmons et al, 2013, Leoni, 2003, Meade, 2002, Lacheta, 2010, Wahome et al, 2011, Graber et al,
2009, Wilson et al 2006, Leannard et al 2004, Aquaponic Research Project, 2013). On the other
part, studies that imply the growth of plants under hydroponic conditions are conducted in order
to evaluate the nutritional requirements of different plant species, growth by using various
technologies.
Thus, two approach methods can be distinguished in order to collect the data present in
the scientific literature till nowadays, in order to elaborate a correlation model for aquaponics
integrated systems.
The first way of approach is to consider an aquaponics system as an own identity and to
study the direct and indirect correlations between the main elements presented in the system,
meaning plants and fish. In this case, only the aquaponics research studies must be taken into
consideration for the incipient data processing.
The second way of approach is to consider aquaponics systems as complex systems,
composed of two major parts (plants and fish biomass), each corresponding to a production
technology. Thus, in this case, the research studies that must be taken into consideration are
divided in fish biomass researches and plant biomass researches. The scientific studies regarding
fish biomass, that will be analyzed, must have as a goal the test of different technological aspects
as fish stocking density, feeding ration, as well as various nutritional aspects. On the other hand,
the plant biomass studies that will be considered as useful are the ones that target the nutritional
requirements of different species of plants, grow in hydroponic systems, emphasizing especially
the nutrients retention rates kinetics and dynamics.
The integrated recirculating aquaculture systems can be analyzed by using a mathematical
model, also by dividing the concept into three parts, as follows: biological part, microbiological and
chemical part and in the end, technical part.
Therefore, by taking into consideration the biological part, the main characteristics that
must be followed are the ones leading to both fish and plants biomass. Both fish and plants
growth rate is depended on atmospheric and technologic factors. Thus, among the atmospheric
factor that can influence the plants growth, air temperature, humidity, light intensity and
wavelength are determinant variables that must be taken into account in order to establish the
prediction growth model for plant biomass. Each plant has its own requirements when it comes to
the above mentioned factors. However, plants requirements may vary, depending on its growth
stage. In order to determine the proper growth prediction model, a large series of variants,
corresponding to the same variable, must be tested.
The microbiological and chemical model creates a rather close bond between fish biomass
and plant biomass, comparing with atmospheric model, but it correlates perfect with the
technological factors from the previous biological model.
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The microbiological issues are popular nowadays, when it comes to integrated multitrophic aquaculture systems and namely integrated recirculating aquaculture systems, where
aquaponics techniques were used. There is a strong debate related to product security and safety
for consumers, since in aquaponics systems, both fish and plants are safety from the chemical
point of view, but the lack of pesticides can involve microbiological problems. It is obvious that the
accumulation of organic matter inside the production system can cause microbiological issues as
well. This accumulation is related with applying a proper operative management inside the
system, but also with using a proper technique and production technology.
It is known that the nutrients requirements of plants different significantly, both in terms
of dynamics and quantity. As fish are feed mostly with a fix feeding ration, the dynamic of their
digestive process is relatively constant in time, fact which implies a constant dynamics of the main
nutrients in the technological water, on a long term production cycle. Plants have many upward
tendencies, followed by suddenly downward tendencies, such dynamics being the cause of lack of
nutrients required by them, at a certain moment. This fact makes very difficult the attempts of
finding a perfect microbiological and chemical prediction model in integrated recirculating
aquaculture systems, based on using aquaponics techniques.
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The correlation between water chemistry parameters in different research studies made in recirculating aquaculture systems are
presented in table 12.
Table 12. The interdependence between fish weight gain and technological water nutrients concentration in different studies made in
recirculating aquaculture systems
No./
Sourse*

Experimental design

1

Goldfish
Initial stocking
density 18.75kg/m3
Testing different
flow regimes:
4, 8, 12, and
24 h/day

2

3

Tilapia
Initial stocking
density 0.4 kg/m3
Testing the
aquaponics of tilapia
with different
lettuce varieties,
together with
bacteria inoculation
Stellate sturgeon
Initial stocking
density
0,015 kg/m3
Testing different
feeding intensities:

ammonia
(NH3)
(mg/L)

nitrite
(NO2)
(mg/L)

nitrate
(NO3)
(mg/L)

60.7

0.47

0.04

0.23

43.7%

4.9%

-36.2%

0.0%

44.1%

5.4%

1.4%

0.0%

46.6%

2.7%

1.4%

0.0%

36.2%

45.9

29.2

7.3

5.3

20.1

4.2%

1.5%

-2.3%

-2.4%

5.7%

-0.1%

-4.7%

-3.1%

23.7

21.5

N.A.

N.A.

-5.8%

-5.1%

N.A.

136.8%

2.3%

163.6%

2.3%

Weight
gain (g)

Temperature
(0C)

pH
(upH)

DO
(mg/l)

Alkalinity

1.96

27.05

7.4

5.4

55.8

-5.6%

2.5%

2.7%

-3.7%

1.0%

2.6%

1.4%

3.1%

1.4%

5.1%

Hardness

NH4

PO4
Ca

(mg/L)

(mg/L)

N.A.

N.A.

N.A.

0.0%

13.043% N.A.

N.A.

N.A.

-46.8%

0.0%

8.696%

N.A.

N.A.

N.A.

11.5%

-51.1%

-25.0%

21.739% N.A.

N.A.

N.A.

18.9%

-53.2%

-50.0%

21.739% N.A.

N.A.

N.A.

N.A.

0.14

0.49

2.240

3.97

N.A.

N.A.

-6.3%

N.A.

-7.1%

-14.3%

-6.250%

-15.11%

N.A.

N.A.

-7.6%

N.A.

-14.3%

-24.5%

-2.679%

-15.87%

N.A.

N.A.

N.A.

N.A.

N.A

0.005

21.600

0.07

N.A.

N.A.

N.A.

N.A.

N.A.

N.A

0.0

-0.926%

-17.65%

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A

0.0%

0.0 %

-17.65%

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A

-60.0%

44.4 %

-97.06%

N.A.

N.A.
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4

5

6

7

1.1% and 2.2%
Hybrid tilapia
Testing different
stocking densities
1kg/m3
5kg/m3
10kg/m3
15kg/m3
European catfish
Testing different
stocking densities
28 kg/m3
64kg/m3
Rainbow trout
Testing different
stocking densities
2.64kg/m3
5.16kg/m3
7,12kg/m3
9,42kg/m3
Rainbow trout
Initial stocking
density 12 kg/m3
Testing different
concentrations of
probiotic
administrated in
feed
Control
V1:22.4x109 CFU g-1
V2:38.4x109 CFU g-1

12.2

N.A.

8.2

5.5

N.A.

0.021

0.13

3.800

10.6%
9.9%
7.8%

N.A.
N.A.
N.A.

-2.4%
-3.7%
-3.7%

-16.4%
-32.7%
-40.0%

N.A.
N.A.
N.A.

N.A.
N.A.
N.A.

257.1%
685.7%
1095.2%

84.6%
138.5%
169.2%

2.632%
2.632%
2.632%

195.0

18.3

7.54

4.29

N.A.

N.A.

N.A.

0.54

2.7

4.78

1.27

156.55

-67.7%

0.11%

0.13%

-37.1%

N.A.

N.A.

N.A.

-35.2%

68.5%

-8.2%

24.4%

-1.0%

1230

16.1

7.33

6.52

N.A.

N.A.

N.A.

0.1

4

0.226

1.59

N.A.

148.9%
225.5%
315.2%

-0.6%
0.2%
0.3%

-3.1%
-3.3%
-2.9%

4.6%
-8.9%
-15.3%

N.A.
N.A.
N.A.

N.A.
N.A.
N.A.

N.A.
N.A.
N.A.

10.0%
0.0%
10.0%

-5.0%
0.0%
105.0%

25.7%
-47.8%
-60.2%

-17.9%
-27.0%
-25.8%

N.A.
N.A.
N.A.

87.19

13.63

7.1

6.84

N.A.

N.A.

N.A.

0.034

1.86

0.07

N.A.

N.A.

5.0%

-0.7%

-1.1%

1.2%

N.A.

N.A.

N.A.

-29.4%

-5.9%

-55.7%

-17.9

N.A.

-5.5%

-0.4%

-1.3%

-3.8%

N.A.

N.A.

N.A.

26.5%

-10.2%

-32.9%

8

N.A.

N.A.
N.A.
N.A.
N.A.

N.A.
N.A.
N.A.
N.A.

N.A.

N.A.
N.A.
N.A.
N.A.

N.A.
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V3:70.4x10 9 CFU g-1

8

9

Rainbow trout
Initial stocking
density
1.2 kg/m3
Testing different
feeding frequencies:
two meals/day for at
F1 and four
meals/day at F2 in
duplicate

Hybrid bester
Testing different
stocking densities
14.95kg/m3
10.74 kg/m3
4.56 kg/m3
3.19 kg/m3

-3.9%

-1.0%

-1.7%

2.0%

N.A.

N.A.

N.A.

26.5%

-9.7%

-33.6%

N.A.

N.A.

7.52

19.62

6.9

6.24

N.A.

N.A.

N.A.

0.0015

0.84

0.0097

N.A.

N.A.

10.2%

0.0%

0.0%

0.2%

N.A.

N.A.

N.A.

0.0%

0.0%

0.0%

N.A.

N.A.

3.5%

0.1%

0.6%

0.0%

N.A.

N.A.

N.A.

82.7%

-50.3%

0.1%

N.A.

N.A.

8.6%

0.1%

0.6%

0.0%

N.A.

N.A.

N.A.

82.7%

-50.3%

0.1%

N.A.

N.A.

42.97

20.33

7.91

7.4

N.A.

N.A.

N.A.

0.0122

0.903

0.1009

N.A.

N.A.

8.8%

0.0%

-0.9%

4.3%

N.A.

N.A.

N.A.

0.0%

-1.6%

-15.4%

N.A.

N.A.

-20.9%

0.0%

0.4%

7.3%

N.A.

N.A.

N.A.

-50.8%

-1.6%

-30.8%

N.A.

N.A.

-5.9%

0.0%

-1.5%

5.3%

N.A.

N.A.

N.A.

-75.4%

-1.8%

-46.5%

N.A.

N.A.

1. Shete et al 2013, 2. Sri Wahyuningsih et al 2015, 3. Cristea V. et al 2012, 4. A.H. Al-Harbi et al, 2002. 5. Dediu L et al 2010, 6. Cretu M., et al 2014, 7. Mirela
Cretu et al 2013, 8. Dediu L. et al 2011, 9. Andrei R. et al 2016
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The technical model perspective is the most important data model and implies the
engineering part of the integrated production system. As a start-up data, the configuration of the
production system and also, the type of equipment used and the operational management applied
are required. The start-up data will generate a certain hydraulic inside the production system,
characterized by indicators as hydraulic loading rate and hydraulic retention time. Those indicators
will influence most of the parameters taken into account in the previous two models that were
described.
Generally, most of the integrated recirculating aquaculture systems, based on aquaponics
techniques, follow certain water treatment processes, as follows: mechanical filtration, biological
filtration (nitrification), denitrification, phytoremediation, oxygenation, pH buffering, sterilization.
Each integrated production system must be projected starting from the amount of maximum
biological material that can be produced, at a certain moment.
Considering that this requirement has been proper accomplished, the prevision model will
therefore analyze the efficiency of the equipment during a long term use. This action is generating
an operational management model that must be used in order to keep the performances of the
production system at an optimal level.
The biological filtration module performance, on a long term, can be influence by the
hydraulic regime of the production system. Therefore, the fluctuation of hydraulic loading rates
and hydraulic retention time values will influence the nitrification capacity of the technological
water bio-filtration unit. Also, the specific surface of the bio-balls inside the bio-filter and also their
design, not to mention the bio-filter dimensions, are important variable since they influence the
oxidation process and therefore, the removal rates of ammonia and nitrites.
The technical type of the bio-filter has a very high impact on the production performances
and the dynamics of the biological and chemical model. The performances of different bio-filters
are presented in the second part of this report.
Barbu et al. 2016 described a mathematical modeling and analysis of trickling bio-filter and
experimentally noticed that the bio-filter aeration in countercurrent with respect to the flow of
the processed water has a practical negligible effect, so that the trickling bio-filter does not offer
control means of the nitrification process. In these conditions, the main possibility to control the
nitrification process is the control of recirculated flow.
Regarding the mechanical filtration units, Barbu et al. 2016 mentioned that disturbances
are produced by the washing processes of mechanical, sand and active carbon filters of
recirculating aquaculture systems. Their presence makes difficult to discern the effects of control
applied to the recirculating flow by the variations induced through internal disturbances.
Mechanical filtration still remains the main problem inside a recirculating aquaculture system.
When elaborating a prediction model for aquaponics integrated recirculating systems, it
must be start from the assumption that we are dealing with close systems, with minimal to none
relation with the environment. Therefore, all the inlets and outlets of the system must be
quantified with a high precision. Also, the second step in elaborating a model, after analyzing the
production capacity of the projected system, is to take into account the possible mortalities
manifested on both fish and plants biomasses, during a single production cycle.
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When referring to the chemical model mentioned above, it must be accepted the
assumption that all the main nutrients presented in the technological water, especially the
ammonia are due to fish waste discompose. On the other hand, the ammonia reduction is
exclusively generated by the oxidation processes that convert it into nitrite.
The oxidation process of ammonia to nitrite and then nitrate will normally generate a
nitrate accumulation in technological water, on the long term. Therefore, it must be considered
that plant biomass is the only source of nitrate uptake from the analyzed closed system.
It is quite important that the system to have a high mixing capacity of the technological
water even from the projection and design phase, fact mentioned also by Bobak and Kunze (2017).
This will ensure an almost equal concentration of each nutrient, in the technological water volume
and will offer equal possibility for the plants to absorb the required elements, corresponding to
their nutritional demands.
Loria (2017) mentioned that an aquaponics model presents a way to combine several
components (bacteria, plant and fish) and relate them to environmental factors such as radiation,
temperature, feed given, nitrate and ammonium concentrations, in order to assess the
performance within the system and achieve optimal plant and fish growth. The function in the fish
component relating water temperature to feeding ratio as a percentage of the fish mass had a
subroutine adapted to lower temperature factors which was used to fit with the measured water
temperature (Loria, 2017).
Each model should be based also on the characterization of final products. Therefore, the
quality of both fish and plants biomass must be determinants factors for establishing new growing
conditions or maintaining the current ones from a certain model. For example, for an atmospheric
model, light intensity and wavelength is considered a main factor that influence the growth
performances and nitrate and nitrogen concentrations in the plant, while for a chemical model,
the same parameters must by influence by considering the water nutrients concentration as a
main dependent factor. However, for a technological model, fish to plants ratio is the must
determinant factor for influence growth performances and nitrate and nitrogen concentrations in
the plant.
Therefore, as a conclusion, it must be mentioned that aquaponics modeling is used as a
tool for a better understanding of the relations between plants – bacteria – fish. Also, the models
give predictions and information that will clarify the way in which different parameters can
positively or negatively affect the nutrients balance in the technological water and the productivity
of the integrated system.
2. Processes in recirculating integrated aquaculture systems, based on aquaponics techniques
Biological Filtration
Like all living organisms, fish require a clean environment for optimal growth and survival. As
fish respire and metabolize feed, toxic metabolites are released into the water column. Metabolite
accumulation increasingly degrades system water quality. If inorganic or organic toxins within the
water surpass biologically critical levels, fish growth may become inhibited and mortality
increased.
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To maintain a clean environment in recirculating systems, a combination of mechanical and
biological filtration techniques must be employed. Although nitrification can occur throughout the
culture system (e.g., in biofilms on pipe and tank walls) (Losordo, 1991), the majority of
biochemical reactions pertaining to heterotrophic and autotrophic bacteria occur within biofilters.
Biofilters are specifically designed for concentrated bacterial attachment and nitrification via fixedfilm processes.
Biofiltration and nitrification
Autotrophic bacteria are credited for performing nitrification (Wedemeyer, 1996).
Nitrification is a two-step process, where Nitrosomonas sp. oxidize ammonia to nitrite, and
Nitrobacter sp. oxidize nitrite to nitrate. Although less toxic than ammonia, nitrites also are
considered toxic to fish, while nitrates (NO3- -N), the final oxidized form in nitrification, are
considered relatively nontoxic to fish unless high concentrations are sustained for an extended
period of time (Spotte, 1979), (fig. 29). Since biofiltration is the principal unit process used for
treating fish metabolites, biofilters can be considered major components in intensive recirculating
aquaculture systems (Libey and Miller, 1985).
To ensure prolonged fish survival, high levels of sustained nitrification must be achieved.
Therefore, ecological requirements of the bacteria (Malone et al., 1993) must be met within
biofilters for effective nitrification to occur. System water quality and filter design characteristics
affect filter environmental conditions. Although a larger number of water quality parameters
affect nitrification kinetics, Kaiser and Wheaton (1983) stated that dissolved oxygen, pH, water
temperature, ammonia-N concentrations, and filter flow rate are the dominant factors affecting a
filter’s nitrification efficacy.

Figure 29. Nitrogen cycle
Nitrification
Denitrification
1. Heterotrophic bacteria; 2. Nitrosomonas sp.; 3. Nitrobacter sp.; 4. Plants
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Configuration of the nitrification filter
There is a variety of nitrification filters in aquaculture. Depending on the construction
solution and the operating mode, the following types of nitrifying filters are distinguished:
submersible, drum, disk, fluidized bed and sand.
Submersed (submerged) filters
The sketch of a submerged filter is shown in fig. 30. Its operating principle consists in the
passage of water through a filtering layer made up of different materials, the usual mineral
aggregates (sand, gravel, broken stone) or granular plastic structures. A distinctive feature of these
filters is that the filtering agent is permanently immersed.
Water flow through the filter can be upward or downward. Since the population of nitrifying
and heterotrophic bacteria is permanently below the water level, the oxygen required for
metabolic activities is represented by oxygen in the water, the atmospheric being inaccessible. The
possibility of exclusive use of dissolved oxygen in water is one of the main limits of submerged
nitrification filters. Operation of the submerged filter involves making a column of waste water
over the filter layer. Filtration speed and filtered water flow, respectively filter yield, are
determined by the height of the water column that causes water to flow through the filter at a
certain speed. When determining the height of the water column, account shall be taken of the
pressure losses occurring in the filter bed which, in the case of this type of filter, are relatively
small (5÷60 cm/m).

Figure 30. Submerged filter (Timmons and Losordo, 1994)
Trickling filters
The operating principle of these filters consists in passing water through the filter medium in
the form of drops. Water circulation in the trickling filter is descending, similar to that of the
submerged filter. In contrast, however, the submerged filter where the water flows into forced
mode, the trickling filter circulates gravitationally under the action of its own weight. As a result of
this specific flow of water, the filter agent is not flooded, being permanently kept wet. Under
these conditions, the filter medium is well aerated, providing enough oxygen for the bacterial
population. Airflow through the filter provides most of the oxygen required for the filter (as
opposed to saturated water containing up to 15 ppm O2, the air contains 210000 ppm O2). The
energy required for the operation of these filters is mainly represented by the energy needed to
pump the water at the heights and the required technological flows. There are situations when
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energy is also consumed and for the introduction of pressurized air into the filter medium by
means of compressors.
The thickness of the filter layer on a trickling filter varies between 0.15÷5 m, depending on
the nature of the agent used, the design solution, the flow rate and the degree of waste water
loading.
Periodically, the trickling filters are counter-current washed to eliminate the solids deposited
and restore the physical structure of the filtering agent. The washing frequency is as low as
possible, as with submerged filters, as long as the restoration time of the bacterial population
(biological film) is appreciable (20÷30 days).
Figure 31 presents the constructional drawing of a trickling filter in which water is uniformly
distributed over the filter media.

Figure 31. Trickling filter (Losordo et al., 1999)
Drum filters (Biodrums)
They consist of a perforated cylindrical drum disposed in a vat through which waste water
passes (fig. 32). The drum is filled with a certain type of granular agent having high porosity and/or
active surface values. The rotation of the drum is made with an axial shaft. The water level in the
drum ensures immersion of half the diameter of the drum. As a result of the rotating motion of
the drum, the biological film formed on the granular agent passes alternately, at a certain
frequency, both through air and water.
14
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The rotation speed of the drum is such that the duration of the biological film, represented
by the heterotrophic and autotrophic bacteria populations, does not affect its development due to
lack of oxygen. It is also important that the drum speed does not lead to the maintenance of the
biological film longer than necessary to avoid dehydration (drying) of the biological film. In the
drum filter due to the specific mode of operation, the oxygen content of the water is no longer as
important as in the case of the submerged filter, the concentration in ammonia and nitrite being
the one that determines the spin speed of the drum (a lower content in ammonia and nitrite
assumes a lower speed, a stronger load of water in nitrogen compounds requires a higher
rotational speed).
The dynamics of oxygen consumption in the water is different, depending on the speed of
the drum. Thus, in the case of lower rotation speeds, the oxygen in the water is consumed by
bacteria before they are exposed to air. At too high a rate of erosion of the biological film occurs
through the entrainment of bacteria due to the hydrodynamic action of the water stream
subjected to filtration. The rotating motion of the drum causes a turbulent water regime inside the
filter, which is why the filtrating agent's clogging rate is quite low. With regard to the energy
consumption required for operation, the drum filters have a specific energy consumption higher
than the disk filters because of the higher turbulence of the water. In a drum filter the load losses
along it are usually 1-5 cm.

Figure 32. Drum filter (Timmons and Losordo, 1994)
Rotating Biological Contactor (RBC)
The operating principle of RBC nitrifying filters is similar to that of drum filters, namely
periodically bringing into contact with air the biologically active film. The active surface, on which
the nitrifying biological film develops, is represented by the lateral surface of disks disposed
spaced on a rotating shaft at a certain speed, in a continuous rotation motion (Figure 33). The
optimum distance between discs is, as a rule, approx. 20-30 mm. This distance results in spaces
between discs that are small enough to provide an active filter surface as large as possible. The
aforesaid distance also provides the vital space necessary for the formation and stabilization of the
biologic film on both sides of each disc and optimum hydraulic conditions for the circulation of
water between the discs covered with bacteria.
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Figure 33. Rotating Biological Contactor (RBC) (Losordo et al., 1999)
The rotational speed of the RBC filters depends, as with the drum filters, primarily on the
water loading in ammonia and nitrogen and, to a lesser extent, on the oxygen content of the
water.
The turbulence created by the binoculars in the filtering mode of the wastewater is lower than in
the case of the drum filter, and consequently the power required to drive the shaft, or the specific
power consumption that ensures the operation of this type of filter, are lower than in the case of
the rotary drum filter.
For RBC filters, the load losses registered in the water flow direction are almost inexistent, so
RBCs are also more effective from this point of view.
When the design of these filters is judicious, especially with regard to the distance between
the disks and the speed of rotation, the clogging rate is very low and the washing frequency is low.
Fluidized beds filter
From a constructive point of view, these filters consist of a cylindrical basin whose
dimensions (height and diameter) are determined by the waste water flow and its loading into
toxic nitrogen compounds (ammonium and nitrates). In both the lower and the upper part, the
basin is provided with specific reinforcements that provide access to the wastewater and the
effluent. On a perforated septum placed at the bottom of the unit, the filtering agent is placed, on
which the biological film will be formed and developed (fig. 34).
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Figure 34. Fluidized beds filter (Timmons and Losordo, 1994)
Medium specific gravity filtering agents are used to easily bring in the float and with the
finest granularity so that the active surface is as large as possible. The filter agent that corresponds
to the highest requirements is fine sand. Waste water is pumped into the bottom of the filter by
pumping pressure. In its ascending motion, due to the hydrodynamic drive force, the waste water
brings and maintains the floating agent in the form of a fluidized bed. The fluidized bed thickness
depends on the physical-mechanical characteristics of the filter agent and the water velocity. As a
rule, the fluidized bed occupies a smaller or larger part of the filter height. The water velocity in
the filter is set so that the filter agent is kept permanently suspended in the water mass; at low
water velocities, there is a danger that the filter agent deposits on the perforated septum and at
higher speeds it can be removed from the filter. On the active surface of the fluidized bed a certain
biomass is developed which performs the nitrification process. In the case of fluidized bed filters,
the oxygen required for the biological film is supplied exclusively by the water stream. Under these
conditions, it is important to ensure a certain water velocity depending on its oxygen content. A
fluidized bed filter operates efficiently when the dissolved oxygen concentration corresponds to
the saturation limit for a particular temperature.
The fluidized bed filters generally require large flow rates on the surface unit and are small in
size, being compact. It balances hard and once balanced they have good efficiency. Most of the
energy required to ensure their functioning is used for the fluidization of the filtering agent and
depends on the flow rate and the amount of load losses.
Bead filter
From a constructive and functional point of view, plastic ball filters are similar to those
previously described (fig. 35). The difference between them lies in the nature of the filtering
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agent, which in this case is represented by plastic balls having a specific subunit weight, thus
lighter than water. For the filter layer to have a specific surface area as large as possible, the size
of the plastic balls is as small as millimeters (usually 2-4 mm).

Figure 35. Bead filter (Timmons and Losordo, 1994)
The water flow in the filter is upward. The speed of the ascending stream of water to a
plastic ball filter may be lower than that of the fluid bed filter since its floating condition is given
by the specific subunit weight of the beads, and a certain hydrodynamic drive force or a certain
speed is not required minimum limit. The water flow speed in a plastic ball filter is mainly
conditioned by the wastewater flow.
Both at the bottom and the top, the filter tank has two perforated plate screens, disposed at
different heights. The top perforated plate screen holds the filter balls while running, while the
perforated bottom plate screen forms support for the filter agent when the filter does not work or
when the water flow is discontinuous.
Periodically, plastic ball filters are washed to restore granularity, or the specific active
surface of the filter medium. There are several washing methods. One of these is to periodically
discontinue the filter operation and drain it; after restarting, for a short period of time, the
effluent is discharged out of the system due to its high suspension content. A second method,
which does not require the interruption of the filter function, consists in periodically shaking the
ball bed with a mechanical device to displace the excessively developed biological film as well as
the retained solid particles; as with the previous method, for some time the effluent is eliminated
outward, the filter being connected to the growing system when the water is clean.
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It results that plastic ball filters provide mainly biological filtration (control of nitrogen
compounds), but also perform a mechanical filtration of solid particles due to the granular
structure of the filtering agent.
The plastic ball bed filters are relatively small in size, so they are more economical under
certain conditions than other biological filters because the small diameter of the filter agent
provides a large active surface.
3. Factors influencing the biofiltering process
Chemical factors
Water Reaction (pH). The optimal pH value for the nitrification process is 6÷9. Under certain
conditions, for a particular type of filter, the optimal range may be narrower, depending on the
degree of adaptation of the bacteria from the filters to the water reaction. Nitrification may also
occur at pH values that do not fall within that range, as adaptation of bacterial colonies is slow.
Experimentally, it has been found that at a pH=6, the intensity of the nitrification process is
considerably reduced and at pH=5.5, the nitrifying activity of the biological film usually ceases; for
practical reasons it is recommended to maintain the pH of the water to values higher than 6.
Increasing the pH value to the maximum limit of the optimal range (pH=9) is also contraindicated
since the concentration in non-ionized ammonia (NH3), an extremely toxic product for fish,
increases directly in proportion to the degree of alkalinity. For these reasons, the efficient
operation of a biological filter requires maintaining the pH of the water to the lower limit of the
optimum range for nitrifying bacteria.
Alkalinity. The process of transformation of ammonium into nitrates leads to the decrease of
alkalinity. Carbonates and bicarbonates, compounds that make alkaline water, are the nutrient
support for nitrifying bacteria. Experimentally, it has been shown that lowering the alkalinity of
the carbonate and bicarbonate water can become critical for the development of nitrifying
bacteria and biological filter functions, respectively.
Also, it is recommended to maintain a certain minimum alkalinity threshold taking into
account that due to acid production in the nitrification process, the pH of the water in the filter
tends to decrease.
Oxygen. The rate of nitrification in the filters decreases when the available oxygen for
nitrifying bacteria is insufficient. The oxygen concentration limit is dependent on a plurality of
variables that refer to temperature, concentration in the organic substance of the influent
(wastewater) and the amount of bacteria present in the filter at a given time. The filters contain
both heterotrophic bacteria and nitrifying bacteria. The first phase of the nitrogen circuit consists
in the decomposition of the organic compounds into ammonia, and in the subsequent steps it is
oxidized successively into nitrites and nitrates respectively. This succession of microbiological
processes determines that in the first stage of nitrification, heterotrophic bacteria are found to be
higher. Subsequently, the Nitrosomonas population participating in the ammonium oxidation will
become dominant in the filter. In the last phase the population of Nitrobacter tends to increase, in
proportion to nitrite concentration. The dynamics of the above mentioned reactions determine
that the oxygen is initially used by the heterotroph and then, successively, by Nitrosomonas and
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Nitrobacter. Under these conditions, in the case of filters in which oxygen originates only from the
supply water, it is quite common that Nitrosomonas and Nitrobacter bacteria no longer have the
necessary oxygen, reducing the rate of nitrification. Scientific information on the minimum limit of
oxygen concentration in nitrifying filters used in aquaculture recirculating systems is insufficient;
the literature indicates that values higher than 2 mg O2/L provide an acceptable level of safety for
the operation of nitrifying filters.
In connection with the influence of oxygen on the intensity of the nitrification process, it was
found experimentally that it is significantly lower than the influence of the concentration in
ammonia and nitrites. So, in the filter activity, the limiting factor will not be the amount of oxygen,
but the concentration in ammonium and nitrites, which is the nutrient support of nitrifying
microorganisms.
Concentrations in ammonium/nitrites. Experimentally, it has been demonstrated that
certain concentrations of ammonium and/or nitrite, considered excessively high, are toxic to the
activity of the microorganisms involved in the nitrification process. Thus, non-ionized ammonia
(NH3) inhibits the activity of the bacteria of the Nitrosomonas genus at concentrations of 10÷150
mg/l and that of the bacteria of the Nitrobacter genus at much lower concentrations of 0.1÷1
mg/l. As regards nitric acid (HNO2), it is considered as inhibitor at concentrations of 0.22÷218 mg/l.
Low concentrations of ammonia and nitrite, specific to the culture water in the growth units
of a recirculating system, are limiting factors of the nitrification rate in the filter since the
biological film has insufficient nutrient support.
Organic macroparticles. Organic macroparticles influence the operation of nitrifying filters in
two aspects, namely, clogging and providing the specific surface for the support of the biological
film.
Particles larger than the pore size of the filter agent will clog the filter over time.
Consequently, there will be pressure losses and flow cuts that may lead to the formation of less
oxygenated, even anaerobic areas, in the filter, which are unsuitable for the nitrification process.
In the case of submersed or "trickling" filters, it is recommended, in order to avoid clogging them
with organic particles, that the average size of the pellets of the filtering agent is at least 2 cm. The
porosity of the filter agent in this case ensures a specific active surface, available to form the
biological film, sufficiently large. This recommendation on the granulometric characteristics of the
filter agent does not apply to fluid bed or plastic ball filters, which are not vulnerable to clogging
by their specific mode of operation.
Organic macroparticles are a growth substrate for heterotrophic bacteria that compete with
nitrifying bacteria for growth. For this reason, it is necessary to keep the organic charge within the
filter at an optimum level.
Dissolved organic substances. It has been noted in the waste water treatment process that
the removal of ammonia is influenced by organic matter loading in the sense that the rate of
ammonia removal decreases with the increase in organic water load. In this regard, it was
emphasized that the nitrification rate was maximum at a BOD5/TAN ratio of 0.25; at higher values
of this ratio, the rate of nitrification is reduced. It is appreciated that the population of nitrifying
organisms becomes stable when the organic load of water expressed by BOD5 is less than 30 mg/l;
20

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

at higher BOD 5 index values, nitrifying organisms cannot compete with heterotrophic organisms
whose growth rate is faster.
Salinity. The filters can operate at almost any salinity regime, from freshwater to salty waters
of 40 ppt, provided that the population of nitrifying bacteria is adapted to the specific salinity
operating conditions. It is known that nitrifying organisms in freshwater are strongly inhibited by
salty waters and vice versa; to a rapid change in water salinity (more than 5 ppt in a few minutes)
the nitrification rate decreases. On the contrary, a constant salinity maintains a high rate of
nitrification. Experimentally, it was established that the maximum specific rate of growth of
ammonium oxide oxidation decreases when the water salinity gradient is higher than 0.04 ppt/h in
the case of freshwater, respectively, 0.0028 ppt/hr in the case of salt water.
Rate of gas diffusion. The filter medium of an operational nitrification filter is coated with a
biofilm (biological film) as a result of bacterial growth. Bacterial cells develop within this biofilm.
Under these conditions, oxygen, ammonia and nitrites must diffuse inside the film and nitrites,
nitrates and carbon dioxide must diffuse outward through this film. Adjacent to the biofilm there
is a stagnant water layer through which the substances must diffuse to penetrate or exit the cells.
Thus, the diffusion process may, under certain circumstances, control the rate of nitrification. The
rate of diffusion increases or decreases in proportion to the temperature.
Other chemicals. The literature offers a variety of information on the influence of other
minerals and chemicals on the nitrification process. Thus, it is considered that a high level of
calcium is necessary for an optimal activity of the bacteria of the genus Nitrosomonas and a high
magnesium concentration is essential for the bacteria of the Nitrobacter genus. Phosphates,
magnesium, molybdenum, iron, calcium, copper and sodium are considered as stimulants in the
nitrification process. On the contrary, copper (over 0.56 mg/l), chromium, nickel, zinc, mercury,
silver and some organic compounds (vitamins, amino acids, alcohols, etc.) are known for their
inhibitory effect in the nitrification process. Treatment of fish growth systems for therapeutic
purposes and in judicious concentrations established with formalin, copper sulphate, potassium
permanganate and sodium chloride does not affect nitrification. However, other therapeutic
agents may diminish or even interrupt the nitrification process.
Physical factors
Temperature. Regarding the influence of temperature on the nitrification process, there is a
wealth of information in the literature, some of them contradictory. There is a consensus about
the possibility of gradual adaptation of bacteria to a wide range of temperatures. Thus, there are
data demonstrating that bacteria that oxidize ammonium have been isolated, able to withstand -5
°C; optimal growth for these bacteria occurs at 22 °C, while temperatures above 29 °C are fatal. In
other cases, the bacteria adapted to 25 °C develop optimally at 30 °C and their lethal temperature
is 38 °C. The data suggested suggests that nitrifying bacteria can adapt to a wide variety of
temperatures over appropriate periods of time. To deepen these aspects, the effect of
temperature in the range 7÷35 °C on nitrification in a drum filter was studied (Timmons and
Losordo, 1994).
Reynolds number and RBC rotation speed. It is difficult to characterize and quantitatively
describe the flow regime in any type of nitrification filter. The Reynolds number, which expresses
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the ratio of inertial forces to viscosity forces, is frequently used for hydraulic characterization of
flow. The Reynolds numbering relationship contains a characteristic length term that is currently
difficult to quantify for the specific flow pattern of a nitrifying filter. Modeling the operation of a
nitrification filter implies a good understanding of the Reynolds number for filter flow.
The rotational speed of RBC filters determines the magnitude of the tangential force acting
on the biofilm, and in this way the contact between the biofilm and the substrate is influenced.
Elimination of ammonia increases as the filter speed increases to a certain point when the relative
peripheral speed (relative to water) of the discs is 0.305 m/s; increasing the speed above this level
does not improve the efficiency of the RBC type nitrifying filters.
Porosity of the filter. The porosity of a filter is the ratio of the air volume to the volume of
the filter medium. A high porosity of the filter agent reduces clogging; filter media with a high
porosity coefficient have large, open spaces where solids can easily pass. Also, a large porosity
causes low water pressure losses when passing through the filter. It is concluded that a good
hydraulic operation of the filter, in terms of clogging dynamics and that of load losses,
recommends filtering media with a higher porosity. From the point of view of the specific active
surface available, the surface constituting the support of the biological film, fine-grained filler
agents are indicated, hence the ones with low porosity. In determining the optimal diameter of
the granules of the filter medium, in addition to the above mentioned considerations, it will also
be intended to provide the best aeration of the filter, which is particularly important in the case of
submersed filters.
Nature and granularity of the filter medium. The filtering agent is a solid material added to
the filter to provide growth support for nitrifying bacteria.
In terms of their nature, there are several types of filtering agents used in the nitrification
process. Typical filtering agents are various mineral aggregates (sand, gravel, crushed stone,
limestone rocks, etc.) as well as various plastic media. The type of filter agent is chosen according
to certain criteria, the most important being granularity, specific surface area, specific cost and
weight. The mineral aggregate is not recommended as a filter media for drum biofilters, as well as
those that require frequent handling due to washing operations. The use of the mineral aggregate
as a filter medium is advisable primarily because of the generally low cost. An important argument
in the use of carbonate rocks as a filter medium is their buffering capacity, which is appreciable
until full coverage by the biological film. Compared with mineral filtering agents, the plastics
provide some technological advantages, namely reduced specific weight and porosity,
respectively, the specific surface area. Plastic structures are more expensive and have no water
buffering capacity, but the advantages mentioned are important, justifying their widespread use in
aquaculture. In order to ensure proper use during filter operation, plastic filter media should not
be exposed to sunlight.
The size of the granules of the filter media (granularity) determines the clogging rate and the
amount of pressure loss. This requires a minimum limit below which the particle diameter should
not decrease so that the clogging rate is as low as possible and the pressure losses are not
excessive.
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The nature of the filter medium and its granularity are chosen, differentiated for each type
of filter, according to their mode of operation. Thus, in the fluidized bed filters, sand is commonly
used as a filtering agent; the small size of the granules provides a high specific surface area of the
filter medium and its high specific weight prevents sand from filter removal. With regard to drum
and disc filters (RBC), they can theoretically be used with any type of filtering agent. In their case,
the main practical problem to consider when choosing the filtering agent is to have a specific
weight as small as possible to limit the mechanical stresses that occur during operation. This
condition is met in the case of drum filters with plastic shapes of various shapes (balls, plastic rings
and so on); For RBC filters, for the same reason, the biodisks will be made of lightweight materials
(fiberglass, wood, plastic, etc.).
Active specific area. The specific surface area represents the surface area of the filter agent
relative to the volume unit. From a constructive and functional point of view, for a nitrifying filter,
the specific surface is an essential parameter as it determines the degree of development of the
biological film. The specific surface area of a filter agent depends on its granularity characteristics,
the most important being the porosity and the diameter of the constituent particles. Filtering
media of low porosity filtering agents, i.e. small granule diameters, provide higher specific
surfaces; under these conditions, more bacteria can be developed per volume unit of the filter
medium and, implicitly, increases the rate of ammonia removal. However, the diameter of the
filter media granules cannot be reduced below a certain amount to limit load losses and clogging
rate.
Hydraulic Loading. In the case of submersed, "trickling" or fluidized bed filters, hydraulic
loading has the meaning of unit flow being a measure of the amount of water added to the filter
per surface unit and time; is usually expressed as a m3/(m2 x day) ratio. For drum or disk filters, the
hydraulic load most frequently expresses the volume of water passed through the filter relative to
the area of the filter active surface area.
There are two limit values for the hydraulic charge rate of the nitrifying filters, namely a
minimum value and a maximum value.
Minimum hydraulic load is determined by the lowest flow rate that maintains the entire
filter wet. The lower value of the leakage hydraulic load is more restrictive for submersed filters
and "trickling" filters than for drum or biodisks filters. In "trickling" filters, the filter medium must
always be wet for bacteria to survive. For submersed filters, the minimum hydraulic charge is
imposed by the smallest water flow that ensures the oxygen demand of the filter. For drum or
biodisks filters, the minimum hydraulic load is given by the water flow that provides sufficient
nutrient intake for the nitrifying microorganisms.
The maximum hydraulic loading of a nitrifying filter is determined by the condition that the
flow rate of the water through the filter does not cause the biodegradation of the film or cause
excessive loss of pressure (loss of pressure). When determining the maximum hydraulic load, a
number of additional restrictive conditions imposed by the specific filter mode may occur. Thus, in
fluid bed filters the speed of the ascending stream of water in the filter must not exceed a certain
value in order to maintain the filter agent within the filter; drum, or bio-distribute, the hydraulic
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charge will be set according to the rotational speed so that the biofilm is not dislodged by the
centrifugal force.
Depth and submergence. Depth is a constructive feature specific to submersed and
"trickling" filters, and submersion is a feature that refers to drum filters and discs that express the
depth of immersion in the vat.
For functional reasons, the submergence is considerably less than half the diameter of the
drum or discs; this allows an optimal exposure of the drum or discs to the air and at the same time
ensures the operation of the shaft of the plant under unsupervised conditions. The literature
indicates that a submergence of 35÷50% of the diameter of the drum or discs ensures efficient
nitrification; for the mentioned interval there are relations of direct proportionality between the
yield of nitrification and the value of the submergence, relations used in the design and
exploitation of biological filters.
The depth of the submersed and "trickling" filters depends on a multitude of variables.
Following the specific mode of operation or water circulation, the submersed filters require a
sufficient depth so as to have the necessary time for oxidation of the organic compounds by the
heterotrophic bacteria, a precursor to the nitrification, respectively for the oxidation of ammonia
to the nitrate phase by Nitrosomonas and Nitrobacter respectively. Of the plurality of variables
contemplated for determining the depth of a submerged filter so as to provide the necessary
conditions for carrying out said conversions, the most important are: the nature and granularity of
the filtering agent, the hydraulic loading rate, the ammonia loading rate and the Reynolds number.
Depending on the variables presented, the depth of the submersed filters and the "trickling" filters
is variable, for the same load in organic matter and ammonia, from a few centimeters when the
filter medium is sand to 4÷5 m when the filter medium is made of plastic rings of 8 cm. As a
general recommendation, it is estimated that the minimum depth for submersed and "trickling"
filters cannot be less than 1 m, except for filters where the fine sand filter medium is used. Filters
whose filter medium has a particle diameter of 7÷10 cm and a high hydraulic charge can have a
depth of 4÷5 m.
Area of cross section. This constructive parameter expresses the cross-sectional area of the
upper part of the filter in which no filter medium is found. Its value is important to ensure
designed hydraulic load. For drum and disc filters, the cross-sectional area is of lesser importance;
for these, the diameter of the drum and discs is important.
Thickness of film. At the level of the biological film there is a thin (thin) film of stagnant
water. The optimal metabolic activity of bacteria requires this layer of water to have a certain
thickness. Film thickness depends on water speed, viscosity and water temperature. By modeling
the water drainage phenomenon through different filtering media, it has been determined that
the thickness of the film may vary between 1÷100 µm, most frequently 50÷60 µm.
Light. The results of the application of various nitrification equipment in the aquaculture of
the recirculating systems show that bacterial activity is more intense in dark conditions; an
intensity of light of even 1% of sunlight inhibits nitrifying bacteria. The negative effect of light on
the metabolism of nitrifying bacteria is related to the cytochrome C oxidation phenomenon in
both Nitrosomonas and Nitrobacter genes. Nitrobacter bacteria are more sensitive to light than
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those of the Nitrosomonas because they contain less cytochrome C. Regarding the influence of
light on the activity of the decaying bacteria, accumulated experience indicates that complete
darkness is preferable to diurnal cyclical light.
Biological factors
Density of biomass. This parameter is a measure of the mass of bacterial cells per unit
volume of biofilm. Biomass density depends on availability in nutrients, water speed over
biological film, cell characteristics, and so on. The density of the biomass varies considerably from
one area to another within the same filter. Also, this parameter is very different from one filter to
another. For the different types of nitrifying filters used in aquaculture, an average biomass
density of 886 g cells/m3 was determined by appropriate modeling.
Cell production. This biological factor expresses the amount of nitrifying bacterial cells
produced by the ammonia-converted nitrate unit. A biomass of 0.17 g of nitrifying bacterial cells is
formed per gram of nitrate oxide ammonia. The said rate of growth of nitrifying bacteria, relative
to the substrate unit, is lower than the rate of growth of heterotrophic bacteria; this is a major
advantage in the biofilters' operation due to the lower rhythm of clogging. A lower value of cell
production than indicated indicates a decrease in the efficiency of the nitrification process.
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4. Ratings of different biological filtration
System
technological
Technology /
Sub-technology /
process /
Equipment
Sub-equipment
component
Submerged filter
Trickling filter
Drum filter (Biodrum)
Biological filtration
Rotating biological contactor (RBC)
Fluidized beds filter
Bead filter

Space
requirements

Operational
management
(Ease of use)

Operational
performance

Acquisition and
implementation
cost

Maintenance
and operation
costs

NOTE: Regarding the scoring system: Space requirements (where  is large and  is small); Operational management (Ease of use – where  is hard and
 is easy); Operational performance (where  is low and  is high); Acquisition and implementation cost (where  is expensive and  is
cheap); Maintenance and operation costs (where  is expensive and  is cheap). All scoring was done by comparing a technology/equipment with another (within
the same category).

26

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

5. Water Disinfection Methods
The main criteria for the technological management of aquaculture rearing systems is to
ensure adequate hygiene and sanitation conditions for the reared biomass. The requirement for
monitoring the health status of the fish stock is determined by the degree of intensity of the crop
and the extent to which it can be satisfied depends on the technical complexity of the system and
the value of the initial capital for its realization.
More and more severe restrictions on discharging wastewater from open systems in
aquaculture and capitalizing on the natural water ecosystems for their recreational purposes are
key arguments for promoting and developing farming systems with closed or semi-closed cycle.
These systems usually involve high population densities and the recirculation of as much as
possible of the technological water, which are the main risk factors for the occurrence of illnesses.
Since closed systems involve high capital and operational costs, much more rigorous disease
control is needed than open systems.
The most serious diseases that can affect crop biomass in a closed system are caused by
microorganisms (viruses, bacteria, fungi, unicellular organisms). In the culture water of a
recirculating system there may be a multitude of pathogenic organisms at different stages of their
life cycle. Generally, spores are more difficult to destroy than organisms found in their
unsupportive stages.
Controlling diseases caused by microorganisms involves, first of all, the application of
effective methods of disinfection or sterilization of culture water. Sterilization consists in
destroying all living organisms in a culture medium while disinfecting only some of these, namely
pathogenic microorganisms, which are destroyed. Sterilization is rarely applied in the treatment of
water in recirculating systems because this process can destroy some useful microorganisms, such
as crop feed crops or nitrifying bacteria in the biofilter.
In principle, disinfection can be achieved by various methods based on the lethal action
under certain conditions of heat, ultraviolet (UV) radiation or chemical substances on pathogenic
microorganisms. Chlorine and ozone are the main chemicals used to disinfect the culture medium
in the recirculating systems. Other chemicals, such as certain metal ions (silver ions), various bases
and acids, some surfactants and a wide range of oxidizing chemicals (iodine, bromine) can also be
used with good results in certain situations, potassium permanganate and hydrogen peroxide).
Chlorination
Chlorine, in various forms, has been extensively used for a long time to disinfect water,
especially the waste water. The most common and good results for disinfection of culture water in
the recirculating systems were gaseous chlorine (Cl2) and hypochlorite (OCl) in the form of calcium
or sodium hypochlorite.
Gaseous chlorine is very soluble in water. Thus, at a temperature of 20 °C and a pressure of
1013x105 Pa (Rich, 1963 quoted by Wheaton, 1985), the chlorine solubility is 7160 mg/L. Chlorine
rapidly hydrolyzes into water to form hypochlorous acid (HOCl) as follows:
Cl2  H 2O  HOCl  H   Cl 
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At low concentrations of chlorine (<1000 mg/L) and at pH<3, the entire amount of chlorine is
virtually converted to HOCl.
Hypochlorous acid dissociates in aqueous solutions with the formation of hypochlorite (OCl -)
and hydrogen ion as follows:
HOCl  OCl   H 
The dissociation reaction of hypochlorous acid is highly dependent on the reaction of water.
The hypochlorites, such as, for example, calcium hypochlorite, ionize when dissolved in
water, according to the reaction:

CaOCl 2  Ca 2  2OCl 
The hypochlorite ions are in balance with hypochlorous acid.
Chlorine, hypochlorous acid (HOCl) and hypochlorite ions (OCl-) are strongly oxidizing agents.
One of the most important compounds that react quickly with hypochlorous acid is ammonia.
Reactions between NH3 and HOCl may give rise to monocloramines, dichloramines or
trichloramines (also called nitrogen trichlorides), according to these equations:

NH 3  HOCl  NH 2Cl  H 2O
NH 3  2HOCl  NHCl2  2H 2O
NH 3  3HOCl  NCl3  3H 2O
Chloramines can also result from reactions of hypochlorous acid with organic amines present
in the solution. The equilibrium constants, depend on the pH, the temperature of the solution and
the relative concentrations of ammonia and hypochlorous acid. The balance of ammonia (NH 3)
and ammonium (NH4+) is also highly dependent on pH.
Hypochlorous acid (HOCl) and hypochlorite ions (OCl-) are known in the literature as free
chlorine and chloramines as combined chlorine. The toxicity of the two forms, both for
microorganisms and for evolved aquatic organisms, is different. Thus, it is known that, in its free
form, chlorine is more toxic. The combined form is not eliminated as easily as free form, which is
why it is intentionally produced, in many situations, in water to generate residual chlorine,
recognized for its high residual capacity.
Water in aquaculture systems contains a multitude of compounds of organic or inorganic
nature. The introduction of chlorine into such water leads to the formation of residual chlorine.
The use of chlorine to control the development of micro-organisms in aquatic organisms'
systems presents high risks for crop biomass. Thus, most fish species are susceptible even at low
concentrations of total residual chlorine (0.1÷0.3 mg/L, Kelly, 1974 quoted by Wheaton, 1985).
Chloramines, having a degree of toxicity equal to that of chlorine, also require appropriate
precautions when used for water disinfection in aquaculture.
Effective use of chlorine as a disinfectant in aquaculture systems requires sufficient longterm contact with the culture water, followed by the rapid elimination of chlorine and chloramines
from the growing basin.
The literature (Liu et al., 1971, quoted by Wheaton, 1985) indicates that the contact time
required to obtain a 99.99% destruction of viruses at a temperature of 2 °C and a concentration of
0.5 mg/L residual free chlorine, ranges from 2.7 to 120 minutes.
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Chlorine and chloramines can be removed from the water by adsorption techniques or
chemical processes. Adsorption on activated carbon seems to be effective. Various reducing
agents, such as sodium thiosulphate or iron salts, may also be used to remove chlorine and
chloramines from water (Wheaton, 1985). In this case, the potential toxic effects of the chemical
substances used and / or the resulting reaction products on the culture biomass should be
checked. Chlorine can also be eliminated by aerating the water. A vigorous and complete aeration
ensures efficient chlorine removal, but there are reservations about the effectiveness of applying
this procedure to eliminate all chloramines, especially from water with significant organic matter
content.
Due to the recognized toxic effects of chlorine and chloramines on aquatic organisms, their
use as disinfectants in aquaculture requires a great deal of caution. Even if the disinfectant is
subsequently removed, typically by adsorption onto activated carbon, before the water enters the
culture basin, the risk of crop biomass damage is very high in closed or semi-closed systems,
especially when the disinfectant is chlorine.
Thermal treatment
The water can be sterilized or disinfected by heating to a sufficiently high temperature and
maintaining this temperature for a period of time. Thus, the process of bacterial destruction is a
temperature-dependent function and the time to maintain that temperature, parameters which in
turn are conditioned by the species of microorganisms (bacteria, viruses, etc.) to be removed. Milk
pasteurization and thermal processing of preserved foods are such processes. For example, milk
can be pasteurized by maintaining it at 60 °C for 30 min or 71.1 °C for 13 seconds. Heat is an
efficient and convenient means of disinfection, since the rate of elimination of microorganisms can
be adjusted according to the technological requirement by changing the temperature and / or the
time to maintain it.
The main disadvantage of using heat as a water disinfection process is the specific energy
consumption that is quite high due to its high specific heat. An important aspect taken into
consideration when applying the thermal treatment for water disinfection is that the crop biomass
cannot survive the temperature range required for the disinfection process. Therefore, before
being introduced into the growing tank, the disinfected water has to be cooled. Water cooling can
be done in a number of ways, depending on the technical characteristics of the technological
facilities; in general, water cooling is carried out in regenerative heat exchangers that allow the
recovery of a significant part of the energy consumed during heating.
The energy expenditure required for disinfection of heating water is a major criteria for the
management of a recirculating system, which is why it needs to be assessed as accurately as
possible. Energy consumption for water heating depends on the amount of recirculation flow, the
proposed thermal gradient and the heat recovery efficiency for preheating.
Obviously, the cost of energy for water heating is quite high, including the initial capital,
repair and maintenance costs, and other heating costs. Therefore, except in exceptional
circumstances, the heating process has proven to be extremely costly to use for water disinfection
in aquatic recirculating systems.
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Ultraviolet Radiation Treatment
Downs and Blunt (1878, quoted by Wheaton, F., 1985) have found that certain bacteria can
be destroyed by sunlight. In the last decade of the nineteenth century, Ward (1893) confirmed
that the ultraviolet portion of the solar radiation spectrum is responsible for the bactericidal
action of light. Ultraviolet (UV) radiation includes wavelengths in the range 150 Å÷4000 Å (150Å
represents the upper limit of the X-ray wavelength range, while 4000 Å is the lower limit of the
visible wavelength range). The energy of bright (visible, infrared or ultraviolet) radiation exists in
discrete or quantum units. The energy of a quantum depends on the wavelength of the radiation
and is defined by the equation:
E  hp

c


where:
- E = the energy of a single quantum (erg);
- hp = Plank's constant (6.62 x 10-27 erg);
- c = light velocity 3 x 1010 cm/s;
- λ = the wavelength of the radiation (cm).
The equation expresses the inverse relationship between the quantum energy and the
wavelength of the light radiation. Thus, the energy of a quantum of UV radiation is greater than
the energy of a quantum of visible radiation since the wavelength of the UV light is less than the
visible light wavelength.
The destructive or lethal effect of UV radiation on bacteria, fungi, viruses or other small
organisms depends on the wavelength of the radiation. The correlation between the relative
bactericidal efficiency of UV radiation and its wavelength is illustrated in the curve of fig. 36. The
most effective wavelength is 2600 Å, for which the bactericidal effect is 100%. On both sides of
this value, the bactericidal effect of UV radiation drops rapidly. Thus, UV light with a wavelength of
3200 Å was found to be only effective at 0.4% against UV light with a wavelength of 2600 Å, and
the bactericidal radiation effect of 7200Å (the visible field ) is only 0.002% of the bactericidal effect
of UV radiation of 2600 Å (Koller, 1965 quoted by Wheaton, F., 1985).
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Figure 36. Relative bactericidal efficacy of UV light versus wavelength
(Wheaton, F., 1985)
The actual mechanism by which UV light determines the destruction of microorganisms is
not yet fully elucidated. There is, however, sufficient evidence to indicate that the bactericidal
effect of UV radiation is the result of certain photochemical interactions of UV light with nucleic
acids (Phillips and Hanel, 1960 cited by Wheaton, F., 1985).
The destruction of microorganisms, is interpreted as an indication that a single radiation
quantum is sufficient to produce a lethal effect (Koller, 1965 quoted by Wheaton, F., 1985).
Sometimes, the destruction of microorganisms by treatment with UV radiation can be described
by a sigmoidal curve. In these situations, the sigmoid curve explains the need for multiple strokes
(more than a single light quantum) on a single organism or a single hit on several organisms
(targets). Both curves, exponential and sigmoidal, are analyzed according to the target species, the
irradiation technique, the irradiation characteristics and the stage of development of the
organism. Since the volume and accuracy of bacterial physiology data is insufficient, it is often
difficult to assess the suitability of applying one of the two curves to a particular system.
The degree of survival of irradiated microorganisms depends on the multiplication between
the UV intensity and the exposure time (I x t). Thus, the same survival ratio can be achieved with
low exposure times and high radiation intensities or high exposure times and reduced radiation
intensity.
Phillips and Hanel (1960, quoted by Wheaton, F., 1985), summarizing information on the
influence of temperature on the bactericidal action of UV radiation with the wavelength of 2540 Å,
concluded for the thermal range 5÷36 °C that once with increasing temperature increases, to a
certain extent, the efficiency of microorganisms destruction. Although the literature reports
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different opinions on the influence of the heat factor on the bactericidal action of UV radiation, it
seems that the temperature has a reduced influence on the rate of destruction within the
tolerance limits of the target species.
Tables 13÷15 show a series of UV radiation data required to kill 90% or 100% of different
microorganisms. Some of the values mentioned in the tables are contradictory. There are several
arguments justifying these discrepancies, namely: the diversity of sources of bibliographic
information; pigmentation, concentration and / or different age of microorganisms; other
variables that characterize media conditions. Therefore, when designing UV light water
disinfection systems, the highest amount (indicated in Tables 13 to 15) of the energy required to
achieve a certain percentage of microorganisms destruction is adopted.
In order to achieve the same percentage of microorganisms’ destruction, water disinfection
requires a 5 to 10-fold higher UV radiation dose than the required dosage for the destruction of
suspended organisms in the air (Phillips and Hanel, 1960 quoted by Wheaton F., 1985).
Also, other researchers have determined that the exposure required to destroy a
microorganism is 40÷50 times higher in water than in dry air (General Electric Company, 1953).
The requirements for the energy requirement of UV radiation to achieve different percentages of
destruction of the Serratia marcescens bacteria are listed in Table 16 and in Table 17 similar data
for different species of microorganisms are presented.
Table 13. The UV radiation energy (E) required to destroy 90%
of the microorganisms colonies sown on agar (Wheaton, F., 1985)
Species
E (μW x s/cm2)
Bacilus anthracis
4.520
B. megaterium
1.130
B. subtilis
7.100
Escherichia coli
3.000
Micrococcus candidus
6.050
Proteus vulgaris
2.640
Pseudomonas aeruginosa
5.500
Pseudomonas fluorescens
3.500
Salmonella enteritidis
4.000
Sarcina lutea
19.700
Serratia marcescens
2.420
Streptococcus hemolyticus
2.160
Streptococcus lactis
6.150
It is known that water absorbs the energy of most wavelengths of light radiation. The degree
of absorption is dependent on the wavelength of the radiation, first of all, and on the turbidity of
the water. The water is relatively transparent for UV radiation with a wavelength of approx. 2600
Å, recognized for their bactericidal action. Percentages of water transmission of UV radiation with
a wavelength of 2537 Å calculated for different values of water absorption coefficients.
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Table 14. The UV radiation energy (E) with a wavelength of 2537 Å required to
inhibit 90% and 100% colony formation (Wheaton, F., 1985)
E (μW x s/cm2)
Species
90%
100%
BACTERIA
Bacilus anthracis
4250
8700
B. megaterium
1300
2500
B. subtilis
5800
11000
Escherichia coli
3000
6600
Micrococcus candidus
6050
12300
Proteus vulgaris
3000
6600
Pseudomonas aeroginosa
5500
10500
Pseudomonas fluorescens
3500
6600
Sarcina lutea
19700
26400
Serratia marcescens
2420
6160
Streptococcus hemolyticus
2160
5500
Streptococcus lactis
6150
8800
FUNGI
Saccharomyces ellipsoideus
6000
13200
Saccharomyces cerevisiae
6000
13200
MOLD SPORES
Penicillium roqueforti
13000
26400
Aspergillus niger
132000
333000
Rhizopus nigricans
111000
220000
Mucor racemosus
17000
35200

Table 15. The UV radiation energy (E) required to destroy 100% of the microorganisms
(Wheaton, F., 1985)
Species
E (μW x s/cm2)
MOLD SPORES
Penicillium roqueforti
26400
Aspergillus niger
330000
BACTERIA
B. subtilis
11000
Escherichia coli
7000
Proteus vulgaris
7500
Streptococcus hemolyticus
5500
Staphylococcus aureus
6600
VIRUS
Escherichia coli (Bacteriophage)
6600
The absorption coefficient of a water can only be determined experimentally. Distilled water
allows good transmission of UV radiation with a wavelength of 2537 Å or greater. UV radiation
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with wavelengths less than 2537 Å are absorbed to a greater extent by water. Impurities in water
(mineral salts and organic matter) significantly reduce the transmission of radiation. In the case of
similar concentrations, iron and organic matter reduces to a greater extent the transmission of UV
radiation through water than alkaline salts (Phillips and Hanel, 1960 quoted by Wheaton, F., 1985).
Thus, seawater absorbs a higher amount of ultraviolet radiation than most freshwaters because of
its higher ionic content.
Increased turbidity due to plankton, alluviums or other materials also reduces the
transmission of UV radiation.
Table 16. The effectiveness of destroying the Serratia marcescens bacterium
with an UV Wave Cathode 30W lamp (Wheaton, F., 1985)
E (μW x s/cm2)
Destruction efficiency (%)
420
0
540
40
900
50
1 080
68,2
1 500
72,3
2 700
77,7
3 720
94,75
4 500
98,59
10 000
99,989
51 000
99,9999
Table 17. The UV energy required to achieve different levels of destruction efficiency of
some microorganisms (Wheaton, F., 1985)
Species
Destruction efficiency (%)
E (μW x s/cm2)
99,99
192 000
FUNGI
99,00
96 000
90,00
48,000
99,99
24 000
Spores and Escherichia coli
99,00
12 000
in water
90,00
6 000
99,99
3 000
Escherichia coli (dry form)
99,00
1 500
and viruses
90,00
750
UV lamps
Devices used for water disinfection in the aquaculture of recirculating systems include a
variety of lamps capable of emitting significant ultraviolet radiation, most of which contain
mercury vapors. The electric current flowing through the vapor excites the mercury atoms it brings
in various energetic states. As atoms return to lower energy states, they emit very accurate
wavelengths of radiation. Because all atoms have multiple states of excitation, the wavelength of
the radiation emitted is variable depending on the energy state at which the transition occurs. The
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probability of occurrence of any energy state transition can be increased by varying the mercury
vapor pressure, the amount and the chemical form of mercury contained in the lamp as well as
the electrical emission conditions (Phillips and Hanel, 1960 quoted by Wheaton, F., 1985).
There are three general types of low pressure mercury vapor lamps, namely: cathode lamps,
cold cathode lamps and germicidal high intensity lamps.
Warm cathode lamps operate at a low voltage, similar to standard fluorescent lamps. The
commissioning of a hot cathode lamp is facilitated by the addition of a gas (argon) and the use of
an electrodes preheating device. Electrodes, usually located at the ends of the tube, are tungsten
filaments coated with a layer of calcium oxide, barium or strontium. The lifetime of a hot cathode
lamp depends on the electrode's reliability and the degree of solar radiation of the lamp glass.
Repeated starts and stops shorten the life of hot cathode lamps. Solarization is the process of slow
glass darkening, a consequence of prolonged exposure to high-intensity UV radiation. Hot cathode
lamps diminish relatively quickly, have a very low efficiency, and have difficulty starting when
temperatures are low. The yield of hot cathode lamps is greatly influenced by the temperature of
the water into which they are introduced; the effect of the temperature on the yield of a
wavelength of 2537 Å emitted by a UV lamp when it is in direct contact with water is shown in fig.
36 (Wheaton, F., 1985).

Figure 36. The correlation between 2537 Ǻ UV radiation and water temperature
(Wheaton, F., 1985)
Cold cathode lamps produce UV radiation whose yield may be the same magnitude as those
emitted by hot cathode lamps. Compared to hot cathode lamps, cold cathode lamps have some
functional features, which may, on a case-by-case basis, constitute advantages or disadvantages.
Thus, starting at low temperatures is not a problem for cold cathode lamps because, for this type
of lamps, both start-up and operation require high voltages. As the name suggests, their nickel
electrode does not require preheating. Since the electrode is "cold", the lifetime of the lamp is
mainly determined by the solar radiation speed (reduction of UV transmission) of the lamp. Cold
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cathode lamps also contain mercury vapors used in hot, argon and neon cathode lamps (Phillips
and Hanel, 1960 cited by Wheaton, 1985).
High-intensity germicidal lamps, also called “Slimline” germicidal lamps, represent a
combination of cathode and cold cathode lamps as a constructive and functional solution. Highintensity germicidal lamps use high voltages that allow cold cathode starting, and then start
operating with the hot cathode after start-up. Under these conditions, the lifetime of a high
intensity germicidal lamp depends, first of all, on the life of the electrode that is inversely
proportional to the starting frequency. The main advantage of high intensity germicidal lamps is
their high efficiency, superior to hot or cold cathode lamps. Germicidal lamps produce ozone in
negligible quantities. To limit, however, the production of ozone, these lamps are made of a
special glass.
There are, along with the lamps described above, several types of high pressure mercury
vapor lamps. Generally, these lamps are not widely used to disinfect water, being considered
inferior to low pressure lamps for the following reasons: the efficiency of the conversion of electric
energy into radiant energy is low; the radiation emitted is distributed over a wider band of
wavelengths, thus less used for germicidal purposes; have a relatively reduced life expectancy and
are more expensive; produce considerable amounts of ozone.
UV radiation disinfection systems
Disinfection systems based on water treatment with UV radiation, widely used in the
practice of recirculating systems, can be made in two constructive versions, namely suspended
systems (with or without reflectors) and submersed systems (with or without direct contact of the
water tube).
Suspended systems
Suspended systems are schematically shown in fig. 37. In this constructive design, UV lamps
are installed above a pool through which water flows. Typically, the height at which the lamps are
suspended above the water level is 10 ÷ 20 cm. In the absence of a reflector, the intensity of UV
radiation is inversely proportional to the distance between the lamp and the free surface of the
water. It would be necessary, from this point of view, for lower suspension heights. Practical and
functional considerations, however, limit the height at which the radiation source is installed.
Thus, if the UV lamps are too close to the surface of the water, there are large variations in the
radiation intensity along the pool, and the water that sprays the lamps creates problems, which
are difficult to solve, for their maintenance.
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Figure 37. Suspended UV disinfection unit for water using reflectors (Wheaton, 1985)
The main advantage of this constructive design is that the lamps work in air and therefore
the water temperature does not significantly affect the emission of the lamp, especially when the
area around the lamp is strongly ventilated with air at room temperature. This also presents an
important opportunity, namely simple and easy access to UV lamps for maintenance, by reclining
the roof of the installation.
The main calculation parameters of a suspension system are water depth, water quality,
lamp height, lamp spacing, and flow rate of water flowing through the gutter. Most of these
parameters are conditioned, first of all, by the degree of disinfection proposed.
The absorption coefficient of UV radiation is mainly influenced by the turbidity of the water.
This parameter determines two main features of the flow, namely water depth and water flow
rate. Thus, a water with a high load of suspended solids requires a lower thickness of the water
layer so that the UV radiation reaches the bottom of the basin. Also, a high germicidal efficiency of
UV radiation requires lower flows in case of high water turbidity. Thus, the literature suggests that
for the same suspended system of UV radiation at a water turbidity of 240 ppm the optimal water
flow is 5 L/min, while at a lower turbidity of 70 ppm the water flow can reach up to at 15 L/min.
(Hill et al., 1967 quoted by Wheaton, F., 1985).
The location of the lamps, both with regard to the suspension height and their spacing, is a
major criteria considered when designing a suspension system. The distance between the lamp
and the free surface of the water must, as far as possible, be compatible with the lamp
maintenance requirements. The distance between the lamps shall be such that the intensity of the
radiation is constant, within reasonable limits, throughout the length of the treatment unit. With
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regard to the two dimensional elements defining the optimal location of the lamps in a Kelly-Purdy
UV radiation disinfection system that does not use reflectors over the lamps, the literature
(Furfari, 1966 quoted by Wheaton, F., 1985) signals, in the case of a recirculating lamellibranchiate
growth system, a suspension height of 15 cm above the water level and a lamp size range of 15
cm. The germicidal yield of UV radiation can be increased by focusing it with a reflector arranged
above the lamp. Thus, a 30 W reflective lamp, installed 25 cm above a pool, develops at the free
water surface a radiation intensity of 610 μW/cm2, sufficient to provide the germicidal effect. The
actual radiation intensity at the free water surface in the case of a suspended structure of UV
lamps is dependent on the reflector construction. Therefore, adopting a reflector, irrespective of
its constructive solution, requires experimental or mathematical determinations of the intensity of
UV radiation, corresponding to the desired distance from the lamp. In the case of a cold cathode
UV lamp equipped with a reflector, the radiation distribution or radiation intensity depends on a
multitude of variables, such as: reflector construction material, orientation and physical location of
the lamp relative to the reflector and not last row, type of lamp used.
With regard to the depth of water in the treatment basin, it shall be so arranged as to ensure
that at least 90% of the incident radiation energy is absorbed. A lower absorption rate of UV
radiation in the water mass implies a higher degree of absorption at the level of the walls of the
enclosure. Since the energy absorbed by the enclosure walls is not available for bacterial
destruction, the yield of treatment decreases rapidly when the water depth is too low. As UV
penetration enters the water column in the disinfection chamber, its intensity decreases, which is
why the water layer near the bottom is exposed to lower intensity radiation. Therefore, when
determining the depth and drainage of the water in the disinfection chamber, it will be intended
that the entire water mass is exposed to the same UV intensity during the same exposure period.
Satisfaction of the two requirements, equal exposure time and constant intensity of UV radiation,
requires the creation of a turbulent drainage regime of the deep water layer by placing baffles
(thresholds) on the bottom of the basin, perpendicular to the flow direction of the water.
The flow of water flowing through the treatment basin is determined by several factors, the
most important being the pathogenic microorganisms, the intensity of UV radiation, the linear
dimensions of the treatment unit and the turbidity of the water. Aspects about the influence of UV
radiation intensity and water turbidity on the germicidal effect of UV lamps have been discussed
previously. Irradiation parameters, namely radiation intensity and exposure time, shown in Tables
2÷6 for different species of microorganisms, should be adjusted according to the turbidity of the
water. The maximum permissible flow rate of a suspended disinfection system is usually
determined experimentally. Under conditions of radiation irradiation required by the species of
microorganisms (radiation intensity and time of exposure) and maximum expected turbidity, the
experiment consists in changing the system flow and monitoring the presence of pathogenic
microorganisms in the effluent of the treatment unit.
Submerged systems
Submerged UV radiation systems use a sunken or water-surrounded lamp. The constructive
solution and operating principle of a submersible system are shown in fig. 38.
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Figure 38. Submerged UV treatment system (Wheaton, 1985)
A tube made of quartz or glass protects the lamp from direct contact with water. The
material from which the tube is made allows the transmission of UV radiation and its absorption
into the water loaded with pathogenic microorganisms. Although the glass tube could be
removed, its presence provides several advantages. In the case of a protective tube, the water is
kept at a considerable distance from the lamp. Therefore, the water temperature has a limited
influence on the emission of the lamp. Changing the lamp is also greatly facilitated in this case,
keeping the lamp tight. Due to the high resistance of the material from which the tube is made,
this system can be placed directly into a high pressure water stream.
The manual tube cleaning device (fig. 38) is an indispensable component of the system. Its
role is to effectively remove the solids deposited on the outer surface of the protective tube in
order not to block the emission of the UV lamp radiation. In case of large disinfection units, lamp
cleaning is done automatically by a device that slides along the tube in both directions, driven by
the water flow.
The main functional feature of submerged systems is that they use all the radiation
produced by the lamp, with the exception of transmission and reflection losses. Also, the removal
of the reflector and the possibility of direct installation in the water stream are important
arguments for water disinfection with a submerged system. Particularly, suspended systems
cannot be easily adapted to pressurized water flow, require special construction reflectors, and do
not allow automatic lamp cleaning. Therefore, submerged UV radiation treatment plants are used
on an industrial scale, while suspended systems have a more limited use in experimental research.
Ozone
The qualities of ozone, as a disinfectant, have been recognized for a long time. The first
information on water sterilization with ozone dates back to 1893, and the first commercial use of
ozone for water disinfection in an urban power system was reported in 1906 in France.
Ozone, the triatomic oxygen molecule, is formed when the oxygen molecules are sufficiently
excited to break down into atomic oxygen. Collisions of these atomic oxygen atoms cause ozone
formation. Achieving the degree of excitation of oxygen molecules required for ozone formation is
achieved by passing oxygen through a high voltage corona discharge or exposing oxygen to
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ultraviolet radiation with wavelengths between 1000 and 2000 Ǻ (Klein et al., 1975; Koller, 1965
quoted by Wheaton, F., 1985). Most commercial ozone generators use the high voltage corona
discharge system.
Several types of ozone generators are available for aquaculture recirculating systems. As a
constructive solution, all types of generators consist of two parallel plates spaced at a certain
distance between them. The operating principle consists in connecting the plate system to a high
voltage source, resulting in the formation of an electric current between the two surfaces. Various
dielectric materials can be used to provide uniform electrical current across the entire surface of
the plates. Gas, ordinary air or pure oxygen, is passed through the two surfaces where the oxygen
molecules are sufficiently excited to form ozone. Ozone production in these units is dependent on
several variables. The distance between the plates must be large enough to allow relatively free
flow of gas and ensure a uniform current. The upper limit of the plate spacing must not exceed a
certain value so that the required tension is excessively high. The gas pressure must be high
enough to ensure the desired flow, taking into account the recorded pressure losses. As the gas
pressure increases, the electrical resistance of the gas changes, a phenomenon that affects the
optimum operating voltage of the ozonator. The rate of ozone decomposition (the return to
molecular oxygen) increases with the increase in temperature. Because approx. 90% of the energy
with which the ozonator is fed is lost in the form of heat, ensuring an optimal operation of the
ozonator requires its cooling (Klein et al., 1975 cited by Wheaton, F., 1985). Depending on the
design of the ozone generator, cooling can be done with water or air. The dielectric material
placed between the surfaces of the electrodes should have the highest electrical resistance and
also a high thermal conductivity, two properties that rarely meet together. Therefore, the
compromise solution is usually the use of a high resistivity dielectric material disposed in a thin
layer which solves the problem of thermal conductivity.
The installed power of an ozone generator depends on its requirements regarding the
electrical characteristics of the current formed between the electrodes (voltage, frequency,
intensity). It is known that the efficiency of an ozonator is directly proportional to the frequency of
the electric current. The increase in frequency is accompanied, however, by electrical losses
which, in certain situations, can become economically prohibitive, which is why the choice of
dielectric material for the design of an ozonator is an important problem.
The gas used in the ozonator is air or oxygen. The energy yield of oxygen generators is very
different for the two gases. Thus, the same ozonator will consume less than half of the amount of
energy consumed when operating with air when using oxygen. Therefore, even if oxygen is
expensive, it is recommended to use it for large units. It is known that ozone is a good oxidant and
has a strong corrosive effect that is potentiated in a wet environment. Therefore, regardless of the
nature of the gas, it must be dried before use.
Gas flow is also an important parameter that determines the concentration of ozone
measured at the generator output. Thus, in the case of lower flows, ozone generation is higher.
The concentrations of ozone produced by most ozonators vary between 0.5÷10 percent,
expressed massic.
Effectiveness of ozone disinfecting action
40

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

The use of ozone as a disinfectant is dependent on contact time and dosage. Ozone reacts
very quickly compared to other compounds, such as chlorine, for several reasons. Thus, chlorine
has to dissociate in water before it reaches the toxicity stage, while ozone is toxic by simple
contact. Ozone efficiency is less determined by pH and temperature than chlorine. However, it
seems that ozone is more efficient at a pH equal to 6 than at a pH equal to 8. Ozone does not react
significantly with ammonia, as is the case with chlorine (Nebel et al., 1975). This phenomenon
makes it possible for ozone to react much faster than chlorine. Also, as an oxidizing action, ozone
is twice as powerful as chlorine.
In the secondary ozone treatment of urban effluent, Nebel et al. (1975) found that between
the number of microorganisms in water and the ozone concentration there is a correlation which,
graphically expressed in a logarithmic coordinate system, it is in the form of a straight line; the
dependence is linear for concentrations of ozone of 0.5÷10 mg/L. The same study indicates that
BOD, ammonia, nitrites, suspended solids, turbidity and color decrease as ozone concentration
increases and nitrate concentration increases with increasing ozone levels.
Pavoni et al., 1975, monitored the effect of ozone in a concentration of 15 ppm on viruses
and bacteria in distilled water. The results show that the survival of microorganisms over time is
described by a sigmoid curve. The disinfection was complete after about 15 seconds under the
initial bacterial count of about 2 x 106 bacteria/mL and that of viruses of 109 units/mL.
Pavoni (1975), Nebel (1975) have shown that both bacteria and viruses are destroyed very
quickly in the case of ozone treatment, a phenomenon confirmed in time by several researchers.
The results of some experiments on the effect of ozone on microorganisms (E. coli, other
coliforms, polioviruses, T-2 and F-2 bacteriophages, Entamoeba histolytica, Schistosoma manioni)
were synthesized by Kelly (1974, quoted by Wheaton, F., 1985) showing that, in conditions of
residual ozone concentrations of 0.05÷1.8 mg/L and contact times of 1÷22 minutes, almost 99%
inactivation was achieved and the minimum percentage of 95% was quite rare.
Organic matter also exhibits a certain affinity for ozone. This phenomenon is the basis for
treating wastewater in order to eliminate its color, odor and turbidity. Therefore, purifying a highloading organic material requires higher ozone concentrations to achieve a degree of disinfection
similar to that obtained in a water with a lower organic matter content. Ozone reacts most rapidly
with organic compounds by ozonolysis of carbon-carbon double bonds (Bailey, 1975). Ozone has
an oxidizing effect on the following chemical structures: multiple carbon-carbon linkages of
olefinic and acetylene type; aromatic, carbocyclic and heterocyclic molecules; carbon-nitrogen
bonds and other similar unsaturated groups; nucleophilic molecules such as amines, sulfides,
sulfoxides, phosphites and phosphorus hydrogen; carbon-hydrogen bonds from alcohols, ethers,
aldehydes, amines and hydrocarbons; silicon-carbon, silicon-silicon and silicon-hydrogen bonds;
other types of carbon-metal bonds (Bailey, 1975.) Inorganic substances in water can also exhibit
ozone affinity. It is well known, for example, that iron and manganese can be oxidized by ozone to
forms of insoluble oxides. By treating a freshwater with ozone, the iron concentration was
reduced from 9.54 mg/L to 0.07 mg/L and manganese from 1.21 mg/L to 0.05 mg/L (Kjos and
others, 1975 cited by Wheaton, F., 1985). By using oxygen, instead of ozone, for the treatment of
the same water, the iron concentration dropped to only 3.99 mg/L while the manganese
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concentration was reduced to only 0.71 mg/L, much higher than the ozone value. Knowing the
ozone oxidation effect on inorganic compounds, its use in water disinfection in closed-loop marine
culture systems implies rigorous monitoring because some salts, whose presence in water is
indispensable, can be oxidized to insoluble forms, which, in fact, are thus removed from the
system.
Ozone toxicity
Ozone has a pronounced toxic effect for both humans and most aquatic organisms. The
measure of the effect of ozone toxicity on living organisms is given by the volume of the
administered dose, expressed in volume, and the duration of exposure.
For humans, the ozone is lethal in the case of an exposure of 0.1 minutes at a dose of 11000
ppm or, for a longer exposure of 1oo minutes, at a much lower dose of about 20 ppm. The ozone
toxicity in humans is felt starting at a dose of 3000 ppm associated with an exposure time of 0.1
min, a dose of 4 ppm and a duration of exposure of 1000 min (Nebel et al., 1975).
Data from the literature on ozone toxicity on aquatic organisms are insufficient and less
precise except for punctual and dispersed information that cannot be linked to conclude on this
issue. However, it seems that any amount of ozone, whether small, present in a culture system is
harmful and should be avoided. For example, Arthur and Mount (1975 cited by Wheaton, F., 1985)
found that an ozone concentration of 0.2÷0.3 ppm is fatal for certain species of fish. Fortunately,
ozone is very unstable, decomposing rapidly into oxygen. Under these circumstances, the few
minutes elapsed between water treatment and ozone introduction into the culture system are
sufficient to avoid toxicity problems. With regard to other aquatic organisms, for example oyster
larvae, the literature (De Manche et al., 1975 cited by Wheaton, F., 1985) signals that they are
extremely sensitive even at very low ozone concentrations. In this situation, it is necessary that,
before being introduced into the crop system, the ozone water, especially the marine, is passed
through an activated carbon filter at which the water quality parameters are rebalanced.
Ozone water disinfection systems
Regardless of the constructive solution adopted, an ozone water treatment system must
ensure intimate contact between target organisms and ozone. Therefore, ensuring an effective
mixing of water with the gas is a primary requirement for the application of this disinfection
system. Depending on how this is achieved, ozone-water contactors can be grouped into four
groups, namely: spraying columns; columns with filling; columns with trays or screens; gas bubble
dispersing systems (fig. 39).
The operating principle of spraying columns consists of injecting water as fine drops into the
ozone atmosphere of the column. In this way, an appropriate contact is made between the two
phases, liquid and gaseous, resulting in the transfer of ozone into water. The ozone transfer
efficiency is directly proportional to the ratio of the gas phase to the liquid phase (G/L) flow rate.
Therefore, the need to achieve higher G/L ratios, to the extent of the proposed efficiency, plus
ozone instability, is two main arguments explaining the limited use of spray columns for water
ozone.
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Figure 39. Ozone treatment system schematic for disinfecting
400–2400 L/min ofsurface water (Timmons et al., 2002)
Filled columns consist of a compact bed of granular material through which water and ozone
pass. The granular medium provides a sufficiently large contact surface at which the gas transfer
occurs. "Trickling" filters, currently used for wastewater treatment, are a good example of a waterozone contactor that falls into the category of filler columns. On the height of the column, gas and
liquid can move in the same direction or counter-current. Styrofoam-type contactors have many
advantages that justify their use in ozonizing water, namely: small size, which means costs or
reduced technological spaces; appreciable capability of operation over a wide range in terms of
the ratio between the gas and liquid phase flow (G/L); low pressure losses on the passage of gas
and water through the granular medium; proper operation also for liquids producing a large
amount of foam; possibility of realization in constructive variants that allow operation in pressure
lines. The use of filling columns for ozonizing water for disinfection involves the knowledge of
functional disadvantages, among which: unequal distribution of liquid and gas inside the column;
the possibility of clogging the filter medium with suspended solids transported by water.
Water-ozone contactors such as tile or screen columns are widely used in large systems.
Ozonators of this type are made up of one or more ozone screens/plates. The water flows
over/through these trays/screens and contacts the gas, thereby making the gas transfer. The
functional characteristics of the columns of screens or trays are similar to those of the columns
with filler. The difference between the two types consists in the fact that for columns with screens
or plates, both phases, liquid and gaseous, are evenly distributed over the height of the column.
Also, trays/screens columns can be operated in a larger scale of G/L ratios than in columns with
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fillings. The possibility of easier removal of sedimentary solids is also another major advantage of
tile/screen columns compared to those with filler (Stahl, 1975, cited by Wheaton, F., 1985).
The dispersion systems are most commonly used for the transfer of ozone into water. The
dispersion of a gas consists, in its simplest form, in the introduction of the gas in the form of
bubbles into a column of liquid. It is known that mass transfer is potentiated by the increase of the
gas-liquid interface area, which is why small bubbles are preferred. Hence, gas is usually
introduced at the bottom of the column or basin using specific distribution elements capable of
producing bubbles as fine as possible. The distribution elements are usually represented by
microporous structures made of different materials, such as: stone, ceramic products, silicon
carbide, plastics, etc. Making a contact surface requires, in some situations, vigorous mixing of
water with special devices, most often using the Venturi vacuum cleaner.
The choice of one of the four types of contactors depends on several factors, among which
the most important are: the target micro-organisms, the water quality, the required technological
flow and the technical and functional characteristics of the contactors. However, the main
objective to be satisfied by the chosen system is to ensure as much as possible the best possible
contact between ozone and the target micro-organisms. This implicitly implies a larger transfer
area between the two gaseous and liquid phases. Ensuring the necessary contact time,
appropriate to the factors presented above, is an important criteria for assessing the performance
of the chosen contactor. The possibility of recycling oxygen produced by the contactor is also an
important objective, especially when the ozonator operates with pure oxygen.
The residual ozone concentration along with time and contact surface are the main
parameters determining the effectiveness of disinfection. The value of these parameters varies
with target organisms and water quality. Thus, it appears that a concentration of 0.5 mg/ozone in
the effluent of a contactor and a contact time of 5÷10 minutes ensures, in the case of urban
sewerage, a degree of destruction of the microorganisms in water higher than 95%. In most
aquaculture systems, a similar percentage of disinfection of wastewater is usually obtained at
lower values of residual ozone concentration and contact time due to lower water loading in
microorganisms, organic compounds and inorganic compounds. In the literature it is estimated
that contact times of 1÷5 minutes and concentrations of ozone in the contactor of 0.56÷1 mg/L
represent reasonable parameters for water treatment in the aquaculture of the recirculating
systems (Sproul and Majumdar, 1955 quoted by Wheaton, F., 1985).
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NOTE: Regarding the scoring system: Space requirements (where  is large and  is small); Operational management (Ease of use – where  is hard and
 is easy); Operational performance (where  is low and  is high); Acquisition and implementation cost (where  is expensive and  is
cheap); Maintenance and operation costs (where  is expensive and  is cheap). All scoring was done by comparing a technology/equipment with another
(within the same category).
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7. Aquaponics
An aquaponic system integrates hydroponic techniques within a recirculating aquaculture system
(RAS). Integrated aquaponic systems have become more and more popular in the last years, presenting
sustainable new ways to produce food. The main advantage that an aquaponic integrated system brings
to the RAS is the extra biofiltration provided by the plants. As a consequence, the make-up water daily
exchange rate in reduced.
The main components of an integrated aquaponic system are: the rearing tank, the solid removal
units (sump and mechanical filter), the biofiltration unit, the aeration unit, the degassing unit, the
pumps and the hydroponic culture module (fig. 40).

Figure 40. Schematic overview of an integrated aquaponic system (Thorarinsdottir et al., 2015)
Rakocy et al., 2006, considers that there is an optimum arrangement of these components, as can
be seen in figure 41, thus the solid removal unit and the bio filtration unit must precede the hydroponic
culture module.

Figure 41. Optimum arrangement of aquaponic system components (not to scale) (Rakocy et al., 2006)
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In this way, the effluent from the rearing unit is treated first by removing its suspended and
settable solids, then it is biofiltered by removing as much ammonia and nitrite as possible, finally
reaching the hydroponic culture module, where nutrients (nitrate and other micro and macro elements)
are absorbed by the plants and additional ammonia and nitrite are removed by the bacteria growing on
the surfaces of the hydroponic module and/or the grow media. After passing through the hydroponic
culture module, the water is collected into a sump from where it is returned to the rearing unit.
There are different types of aquaponic techniques, such as: media grow beds, deep water culture
(DWC), and nutrient film technique (NFT), each presenting advantages and disadvantages over each
other. The design and choosing of the best aquaponic system might seem challenging, but in fact it can
be simple when practicing a proper fish stocking density so as to provide a good nutrient level for plant
production.
Media grow beds
A media grow beds uses a tank or container that is filled with a solid medium suitable for plant
cultivation such as: light expanded clay aggregate (LECA) (fig. 42A), pumice (fig.42B), Growstone
(fig.42C), gravel (fig.42D), perlite (fig.42E), expanded shale (fig.42F), peat, coconut, sand, mineral wool,
slag, ceramic balls, bricks and polystyrene or marble.

Figure 42. Different types of growing media
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This cultivation method uses a hydroponic substrate and includes a drain hole that is 1.5 cm above
the bottom surface. This allows the existence of a thin water mass at the bottom of the substrate, which
serves as a permanent water store (Bradley and Tabares, 2000).
In order to choose the best material for plant cultivation by this method, must have the following
characteristics (Abou Hadid and El-Behairy, 1999):

provide solid to support plants;

be inert "do not contain any chemical elements";

retain enough water;

retain enough oxygen at the same time as water retention;

contain no chemical that could be toxic to plants;

be free of diseases.
These media provide the plants with a good root fixation substrate, also because of the porosity
(high specific surface area) and a good water and air retention rate, the media provides extra
biofiltration/nitrification and mineralization.
In small scale aquaponic systems that practice a low fish stocking density, the biofilter can be
completely excluded, the nitrification process being realized by the grow bed media. Also red
earthworms (Eisenia fetida) can be added in the grow bed.
These annelids help break down solid waste and excess roots, they suppress plant diseases and
provide extra nutrients to the plants through their excrements – vermicompost. Vermicompost has been
shown to enhance plant growth, crop yield, and improve root structure and development (Pant et al.,
2009).
The media grow bed system can be implemented by choosing one of the two flood regimes:
constant (continuous) flow or reciprocating flow (“ebb and flow”) (fig, 43).

Figure 43. Bell siphon schematic (A) and examples of bell siphon (B) (Fox et al., 2010)
Water flows into the grow bed and it fills it up to a specific level, then it drains out almost
completely only to start the process once more. This effect is achieved by narrowing the outlet pipe,
thus creating a suction effect once the water reaches a certain (desired) level.
48

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

In the reciprocating flow variant the media and the plant roots get better aeration (Rakocy et al.,
2006), unlike the constant flow variant in which the same media and the roots are always under the
water level. When cultivating a plant with high nutritional requirements, a constant flow system is
recommended, but the reciprocating flow system has a better biofiltration and solid removal.
This hydroponic module is quite easy to build and depending on the media type that is used, the
cost vary, making it not the cheapest, but also not the most expensive solution.
Maintenance can be difficult if large amounts of solids get through the mechanical filtration unit
and end up in the media, over time clogging the media, the roots and even the piping.
The media grow bed is better suited for plants that bear fruit since the media provides better
fixation for the roots and support for the plant.
The crop yield of the media grow bed system is better than that of the DWC system, which in turn
is better than the NFT system (Lennard and Leonard, 2006).
Deep water culture (DWC)
Also known as the floating raft system, the deep water culture system is optimal for both small
and large scale production systems.
The design is simple, the hydroponic tanks are large, not too deep, and usually a minimum of
30cm water depth level is maintained.
The plants grow on polystyrene or plastic sheets that float on the surface of the water, usually
fixed in small plastic net pots (fig. 44).

Figure 44. UVI deep water culture aquaponic production system (Rakocy, J.E.)
Just like the media grow bed troughs, the deep water culture tanks, in this case, have a simple
design; rectangular shape, made of plastic, metal, wood or concrete covered with impermeable lining,
etc. Water flows in the hydroponic module through an inlet at one end and it flows out through an
overflow outlet at the other end of the unit. This way a constant water level is always maintained and in
case of a pump malfunction or power failure, the plants do not die.
The rectangular basins have two distinct advantages: the nutrient basins are in the form of
conveyor belts for the rafts in which they are planted and for those on which they are harvested, and
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the plants are disposed in a single horizontal plane so that the interception of the sunlight on each plant
is (Jensen, 1991).
This is a highly productive method, but requires intensive biological and mechanical filtration to
maintain clean water.
The roots of the plant grow directly into the oxygenated water flowing from the fish tanks with a
volumetric exchange rate of approximately 30% per hour. (Thorarinsdottir et al., 2015). If the solids
filtration and removal is not done properly, sludge accumulating at the bottom of the hydroponic tank
and on the roots of the plant blocking oxygen and nutrients uptake.
In aquaponics it is often encountered the use of these systems as decanting basins. Due to the fact
that these channels on which the plants are grown are long and narrow and contain a large amount of
water, they act as decanters (sumps). This is a good thing as long as solids are removed periodically and
do not accumulate. However, once covered with floating plates is difficult, it is consumed for a long time
and it is laborious to remove solids from the bottom of the channels. It is much better for the solids to
settle in a different place from the plant cultivation for a mild and regular removal (Lennard, 2012).
Floating bed hydroponics also provides sufficient nitrification space if the solids are removed from
the effluent before they reach the hydroponic component (Rakocy et al., 2006).
Crop management involves transplanting the seedlings into the system and harvesting the plants
once they achieve marketable size. This process can be improved by applying a conveyor movement of
the rafts similar to the conveyor production system (CPS) used in the NFT systems. The seedlings are
introduced on floating trays into the system at inlet end of the hydroponic module and moved along the
length of the tank as it grows, reaching the outlet end of the tank when it’s ready to be harvested.
A great improvement to the DWS is the implementing a conveyor production system (CPS) (fig. 45)
within the hydroponic modules.

Figure 45. Schematic of a conveyor production system (CPS) (Adler et al., 2003)
The DWC system is easiest to build and the least expensive of the three types of aquaponic
systems.
Nutrient film technique (NFT)
The nutrient film technique system uses long and narrow plastic tubes with a thin layer (film) of
water continuously flowing through them.
An absolute requirement in the case of the NFT systems is a good preliminary mechanical filtering
(Thorarinsdottir et al., 2015). Solids accumulating on the roots must be avoided, not only because it can
inhibit plant growth, but also because it can lead to clogging of the system.
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The design of the NFT systems might be more complex than the other two aquaponic systems, but
it certainly is the easiest to manage as long as clogging is avoided. The system uses long tubes with
rectangular or circular section, 10-15 cm in width or diameter. These tubes have holes cut into the top
part where plants (optionally in plastic pots) are set (fig. 46).
The NFT tubes are placed at a 1% angle, the water entering at the raised end, flowing through the
tube and being gravitationally evacuated at the lowered end. Water is introduced into the NFT
hydroponic modules with a low flow pump, aiming for a 1-2 L/min flow regime (Thorarinsdottir et al.,
2015). Also these pumps require less energy to recirculate the water into the hydroponic units, reducing
the operational cost.

Figure 46. Nutrient film technique aquaponic system with rectangle troughs (A) and tubes (B)
An absolute advantage of the NFT system over the other two systems is the possibility to design
and build the system even vertically, making excellent use of the available growing area.
In order to avoid the oxygen depletion be the plant roots due to the small volume of water flowing
through, the tube must not be longer than 10 m.
NFT systems also have some drawbacks, like the risk of root clogging and the decrease of the
water’s nutrients towards the end of the channel.
Lighting
One important component of the aquaponic system, that must not be overlooked, is the lighting
equipment needed for assuring a fast and proper plant development. In most cases natural lighting just
won’t be sufficient enough for an optimum system yield.
There are several options to choose from, such as: fluorescent bulbs, metal halide bulbs, and LED
lamps. The lights come in various wave lengths, they cover a certain area and need to be mounted at a
certain height above the plants, depending on plant species. When choosing the lighting solution for an
aquaponic system, a very important aspect also needs to be the acquisition to operating cost ratio.
Basically the more expensive the lighting system acquisition is the less expensive the operation cost over
a longer period of time is.
The lighting operation period during a day can vary depending on the crop that is grown and the
time of year, but usually around 10 hours of light : 14 hours of dark (Lennard and Leonard, 2004).
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NOTE: Regarding the scoring system: Space requirements (where  is large and  is small); Operational management (Ease of use – where  is hard and
 is easy); Operational performance (where  is low and  is high); Acquisition and implementation cost (where  is expensive and  is
cheap); Maintenance and operation costs (where  is expensive and  is cheap). All scoring was done by comparing a technology/equipment with another
(within the same category).
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