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ABSTRACT 

Laboratory experiment aimed to comparison between treatment of fish 

wastewater using biofloc technology (BFT) and biofilter system to re-use 

water and reduce its change periods. Ammonium concentration 

increased from 0.51 mg/l at beginning of experiment to 0.54 mg/l and 

decreased to 0.25 mg/l and is fixed at 0.49 mg/l for biofilter samples. 

While, these concentrations ware 0.62- 0.87-0.12-0.27 mg/l for biofloc 

treatment samples. Ammonium reduction ratio of biofilter was 32% 

versus 17.33% for biofloc technique at beginning of experiment then it 

still increasing and reached to 42 % for biofilter against 7.45% of 

biofloc technique. Unexpected decrease in the ammonium reduction ratio 

for biofilter system by 21.87 and 15.52% versus 62.50 and 53.45% 

correspondingly for biofloc. These results were referred to biofiltration 

process adaptation and lack of uniformity of bioflocs throughout whole 

water tank. Results of measured ammonium concentrations show 

superiority of the use of biofloc technique over biofilter system.  The 

decline in nitrite reduction ratio for biofilter of 63.16% at the second 

week of the start of experiment happened and then there was a slight 

increase in nitrite reduction ratio 63.49% to be settled on the 65% 

reduction ratio value. This was referred to biofilter clogging and 

biomass accumulation. Biofloc technique demonstrated an excessive 

superiority (93.02%) in nitrite reduction ratio at beginning of the 

experiment over biofilter system (70.54%). Two systems had similar 

behavior of nitrite reduction ratio throughout the rest of experiment. 

Finally, use of BFT systems to freshwater tilapia aquaculture benefits 

both the reduction in ammonium and nitrite concentrations and can be 

effective in improvement fish production. 

Keywords: Nitrogen, bioremoval, aquaculture, wastewater, biological, 

bioflocs technique, BFT biofiltration system.  
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INTRODUCTION 

gypt occupies 6
th

 place among the Top-10 producers (finfish-

inland aquaculture) by 1,091,688 T; live weight (2.6%), 7
th

 place 

in (crustaceans-inland aquaculture) by 5, 856 T; live weight 

(0.2%), 7
th

  place in farmed food fish by 1,097,544 T; live weight 

(1.6%) and 9
th

 place in (food fish and aquatic plants) by 1, 097, 544 T; 

live weight (1.1%) (FAO,2015). 

Water quality and quantity limitations, cost of land, water discharges 

limitations, environmental impacts and diseases, are driving aquaculture 

industry toward more intensive practices and will force producers to 

adopt environmentally friendlier technologies (Gutierrez-wing and 

Malone, 2006). To produce large quantities of fish or shrimp in a high 

rate, intensive aquaculture systems is an efficient way (Avnimelech, 

2007). Avnimelech et al., 1992 concluded that it is possible to grow a 

dense fish biomass in a closed system if a method to control the inorganic 

nitrogen accumulation is practiced. Long-term growth of the aquaculture 

industry requires both ecologically sound practices and sustainable 

resource management (Naylor et al., 2000). 

Biofloc technology (BFT) is one method with filtration directly from 

water. It is a technique of enhancing water quality in aquaculture through 

balancing carbon and nitrogen in the system (Crab et al., 2012). BFT 

has recently achieved attention as a sustainable method to control water 

quality, with the added value of producing proteinaceous feed in situ. 

BFT has beneficial effects in aquaculture management, including water 

quality, feeding and disease control (Choo and Christopher 2015).  

Unlike the conventional techniques such as biofilters, biofloc technology 

supports nitrogen removal even when organic matter and biological 

oxygen demand of the system water is high (Avnimelech, 1999). 

Moreover, Hargreaves, 2006 reported that this promoted nitrogen uptake 

by bacterial growth decreases the ammonium concentration more rapidly 

than nitrification. Ammonia accumulation in the water is considered as 

one of the problems associated with the intensification of pond 

aquaculture (Avnimelech, 2009). This accumulation places the fish at 

E 



BIOLOGICAL ENGINEERING 

Misr J. Ag. Eng., April 2017  - 1085 - 

risk from elevated levels of the toxic ammonia (NH3) and nitrite (NO2
-
) 

species.  

In the study by Körner et al., (2001), both NH3 and NH4
+
 proved to be 

toxic to fish. Un-ionized ammonia proved to be more detrimental because 

it is lipid soluble and is uncharged which makes it easy to move across 

the biological membranes than the charged NH4
+
. Ammonia is toxic in 

above 1.5 mg N/l to most cultured fish (Neori et al., 2004). To the 

species Gilthead seabream (Sparus aurata) the value should not exceed 

higher than 1.2 mg/l TAN (0.064 mg/l NH3-N). Theoretically the fish will 

not suffer any deleterious effects from the presence of ammonia up to this 

level (Wajsbrot et al., 1991). 

Addition of carbonaceous materials leads to the conversion of inorganic 

deleterious nitrogen to microbial proteins. Roughly, 20-25 g of 

carbonaceous material was needed to convert 1 g of ammonia nitrogen 

into microbial protein (Avnimelech, 1999). This process is relatively fast 

and it is possible to reduce an elevated level of ammonia to any desired 

level within a period of 1-3 days. One feature of this mechanism is the 

possibility of using the microbial protein as a source of protein for fish. 

Biofloc technique can be implemented in aquaculture systems by two 

methods: (a) Integration of bioflocs within the culture unit by using feed 

with a relatively low N content and/or the addition of a carbon source and 

(b) Use of a separate bioflocs reactor (Crab et al., 2012). Although most 

water treatment methods used in intensive or recirculating aquaculture 

systems result in a relocation of nutrients and organic matter and not in 

an overall reduction in discharges, this relocation makes it possible to 

reduce potential environmental impacts by facilitating effluent treatment 

(Piedrahita, 2003).  

BFT applied in aquaculture to avoid environmental impact of high 

nutrient discharges and reduce artificial feed usage. In BFT, excess of 

nutrients in aquaculture systems are converted into microbial biomass, 

which can be consumed by the fish as a food source. Review of previous 

studies demonstrated that BFT benefits were also evident in the 
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freshwater tilapia culture to include improved production through lower 

feed conversion rate, better nutrition, optimum water quality and health 

(Choo and Christopher, 2015). 

The excretion of nitrogenous metabolic wastes and their assimilation by 

heterotrophic bacteria maintain a balance by manipulating the C/N ratio 

by addition of carbon sources in the water. The production of 

heterotrophic bacterial biomass further results in macroaggregates 

formation known as biofloc (Hargreaves, 2013). In BFT, locally 

available cheap carbon sources are added into the system to manipulate 

the C/N ratio in order to stimulate heterotrophic bacteria growth and 

control inorganic nitrogen concentration through assimilating of 

ammonia into bacteria as single-cell microbial protein. Biofloc will then 

be eaten by the fish, thereby recycling protein that are excreted from the 

fish as only 20-25% of fed protein is retained in the fishes raised in 

intensive system, with the remainder being excreted into the system as 

ammonia and organic nitrogen in feces and feed residues (Avnimelech, 

1999). 

Nile tilapia is used in many studies with BFT with positive results. A big 

constraint that is of importance is the fact that tilapia is cold sensitive 

(Charo-Karisa et al., 2005). Nile tilapia reduces feeding and activity at 

20°C and at 16°C growth stops. If it becomes 10°C the fish won’t survive 

for many days (Dan and Little, 2000). Avnimelech (1999) evaluated 

feed uptake and response to additional carbohydrates with tilapia hybrids 

(O. niloticus x O. aureus), fish growth in BFT ponds enriched with 

carbohydrate fed with 20% protein, feed yielded superior fish growth 

compared to conventional non-BFT ponds fed with 30% protein. Daily 

gain and final weight of tilapia were higher in the BFT ponds compared 

to the conventional ponds and mortality rate was lower in the BFT ponds.  

Azim et al., (2008) found that the concentrations of BOD level and TSS 

in BFT tanks were higher than the control tanks because the readings for 

BOD level corresponded to the TSS level, where TSS levels of control 

tanks (16 mg/l) were 36 times lower than BFT tanks (597 mg/l). Azim 

and Little., (2008) observed that individual fish weight at harvest was 
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higher in BFT treatment compared to the control using a recirculating 

system. BFT treatments also contributed 44-46% greater individual 

weight gain and net fish production than those in controls. Food 

conversion ratio was also significantly higher in the control compared to 

the BFT treatment tanks.  

Rotating biological contactors, trickling filters, bead filters and fluidized 

sand biofilters were conventionally used in intensive aquaculture systems 

to remove nitrogen from culture water. Nitrifying microorganisms in 

fixed bed biofilm reactors fed with different nitrite and ammonia 

concentrations were reported by (ter Haseborg et al., 2010). Trickling 

filter design procedures were presented and one of them, a model 

describing the nitrification performance of trickling filters by plug-flow 

characteristics. Breisha, (2010) reported that factors affecting the 

nitrogen removal efficiency included temperature, dissolved oxygen, 

nitrate concentration, salinity, pH or the free ammonia concentration.  

Research work scope is to perform a comparative study for nitrogen 

bioremoval from aquaculture wastewater using bioflocs technique versus 

biofiltration system and study the effect of use of these two methods on 

each of the conversion rates of ammonia and nitrite transformation and 

fish performance rates. 

MATERIAL AND METHODS 

Present research work was performed at Bio-Engineering Lab, Agric. 

Eng. Dept., Fac. of Agric., Cairo Univ., through March to April, 2015. 

The purpose of the laboratory experiment was to treat wastewater from 

fish farms using biofloc technology to re-use water and reduce its change 

periods. Where another treatment process was performed through 

biofilteration technique that was working on water purification and 

filtration of organic and inorganic materials present in the water, whether 

stuck or dissolved using dynamic filtering technology. In addition to use 

of the biofloc system, biofloc is a bacterial communities to use non-self-

feeding, which is active when there is a high percentage of organic 

carbon, then were collected and hold together with other microorganisms, 

such as rotifers and nematodes and become gatherings consuming 
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nitrogen compounds in the farming environment, a high source of 

protein. Comparison between a biofilter and biofloc technique can be 

performed and realized. Fig.(1) illustrates a schematic diagram of whole 

experimental aquarium with both biofilter and bio-flock units.  

 

Fig.(1).  Schematic diagram of whole experimental aquarium 

with both biofilter and biofloc units.  

Experimental Design  

Four aquarium fish tanks with high pressure resistance Spanish glass 

thickness of 8 mm were designed and examined. Aquariums had 

dimensions of (50 x 50 x 50 cm as length, width and height respectively, 

with water height of 30 cm and total water volume of 0.075 m
3
 (75 

liters)). Most aquaculture biofilters are designed for the purpose of 

converting and removing ammonia and nitrites from the system. The type 

of biofilter under investigation is a filter that employs a non-moving 

surface area to provide a substrate for various bacteria to attach and grow. 

The substrate remains in place while the water flows through the system. 

The heart of these biofilters is the packing or media used to provide the 

surface area.  

A trickling filter consisted of a fixed bed of mixture of [gravel, 5-10 mm 

diameter, and Basalt Black, sand] was used as a biofilter medium. Gravel 

have relatively high specific surface areas "packing density" (820 m
2
/m

3
), 

high void fraction and resistance to plugging, are typically very inert and 

durable with excellent mechanical strength and are 

usually wetable immediately. Basalt Black, sand is a natural stone 
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containing olivine, 0.5-1 mm, fire-dried, (silicates and quartz), grains 

form, black color, odorless, pH value of 7 (20°C) and insoluble in water. 

Table (1) illustrates technical data for biofilter mixture medium. 

Aquarium wastewater flows downward and causes a layer of microbial 

slime (biofilm). 

Table (1). Technical data for Basalt Black, sand 0.5 - 1 mm, fire-dried 

biofilter medium (Basalt Black, sand belongs to the group of magnetic 

pigments). 

Item Description 

Chemical description Natural stone containing olivine, silicates and 

quartz 

Suitability Acrylics, Lime / Fresco, Cement / Tadelakt  

Color Black 

Form grains 

Light fastness medium 8 (1 is poor, 8 is best)   

Light fastness thinned 8 (1 is poor, 8 is best)   

Light fastness concentrated 8 (1 is poor, 8 is best)   

Solubility in water insoluble 

The filter with a black basalt medium (basalt No. 11) with calculated 

detention time of 50 s and total volume of 6 l (70% medium) is placed 

(20 cm above aquarium. Figure (2), also illustrates gravel, mixed basalt 

and gravel and mixed sand and gravel medium testing, porosity ratio 

testing and whole biofilter system. Porosity ratio and bulk density were 

calculated and it was found as approximately equal to (50%) for gravels 

with diameters ranging between (0.5-1.0 mm) with average diameter of 

(0.75 mm). 

Submersible air pump, (AP-1350L), (220-240V,50/60Hz,18W,200 l 

Aquarium size and Q. Max of 1000 l/h, total dynamic left of 120 cm, and 

temperature range of 0-35 °C was used to recycle tank water to biofilter. 

Two plastic air pump, (SILVER LAKE, SP-780), (220/240V,50Hz, 

220V~240V/50Hz, 5W and double air vents with air flow rate of 3.5 

l/min (air outlet)) and cord length of 63 cm were used to supply 

aquariums with fresh air through air publishers.  
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(a) 

 

 

(b) 

 

(c) 

 

(d) 

Fig.(2).  Alternatives tests for available biofiltration media used in 

the final operation of the basins, (a) gravel testing, (b) basalt medium 

(basalt No. 11) testing, (c) mixed sand and gravel medium testing, (d) 

Imhoff suppression method. 

10 ml of water sample was taken and placed in a beaker for NH3 analysis. 

Add 0.5 ml of chlorine solution and was shaken, addition of 0.6 ml of 

phenol solution and was shaken, wait for 15 minutes to get a stronger 

color blue. Chlorine solution consisted of (20 ml chlorine with 80 ml of 

distilled water and dilute Hydrochloric acid (HCL acid) (3:1) was added 

gradually to decrease pH from 11 to (6.5-7) (this solution was valid for 

five days). Phenol solution consisted by addition of 100 ml of distilled 

water to the graduated cylinder, then addition 2.5 g of sodium hydroxide 

to distilled water after weighing, and then melted 10 g of phenol in the 

same tester.  Phenol solution was valid for 5 days usage and was kept in a 

dark bottle away from direct light so as not to oxidize. 50 mm sample 

water was pulled and filtered for NO2 analysis, then was placed in a 100 

milliliter beaker. Add 1 ml of Salicylic-acid solution with well mixing for 

(2-3 minutes, no more than 4 minutes) after that 1 ml of Naphthyl 

solution was added and mixed well. Imhoff cones, Fig. (2), were used to 

measure biofloc as the concentration of solids that settle after 10 to 20 

minutes. The desired range for operation of biofloc systems is a settleable 
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solids concentration of 25 to 50 ml/l for tilapia (Adapted from 

Hargreaves, 2013). 

Nile Tilapia (Oreochromis niloticus) fingerlings with a ranged weight of 

(5 to 10 g) average (7.5 g) were used (30 fingerlings/aquarium). Anti-

chlorine (2- 5 g) has been added to the water before placing the fish with 

a period of time not less than 60 minutes.Tilapia fish fingerlings were fed 

a certain diet depends on nutrition rate of 3 % of the fish weight (about 9 

g/aquarium) and manufactured fishmeal containing 25% protein, 2.4 g 

starch as carbon source (0.5 g C per g) in addition to the 3 g protein, were 

added to formulate C/N ratio of 10:1 in Biofloc treatment (Adapted to 

Crab et al., 2012). 

Water temperature, ambient air temperature and relative humidity have 

been recording, on a daily basis throughout the duration of the test. Water 

samples were taken every week to measure the proportion of ammonia 

NH3, NO2 nitrite and then to compare the three treatments (Biofilter- 

Biofloc - Blank). Chemical analysis of water sample, for Ammonia-N, 

NH3
-
 and Nitrite-N, NO2

-
 N, of water samples was performed at Animal 

Prod. Dept., Fac. of Agric., Cairo Univ., Detention time and  porosity 

ratio can be calculated for biofilter medium using the following 

equations, (Eq 1, 2) : 

Q

V
DT

f
                                                                 (1) 

 
100%, 







 


VolumeTotal
VoidsofVolumeVolumeTotal

Porosity       (2) 

The control of organic nitrogen accumulation is based upon carbon 

metabolism and nitrogen-immobilizing microbial processes, and can be 

expressed by the following equation (Eq 3): 

    
324

NO
rNitrobacte

NO
aceNitrosomon

NH
hicHeterotrop

nitrogenOrganic  (3) 

Microorganisms use carbohydrates (sugars, starch and cellulose) as a 

food, to generate energy and to grow (produce proteins and new cells); as 
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illustrated in the following equation (Eq 4); (According to Avnimelech, 

1999): 

cellsmicrobialindassimilateCEnergyCOCarbonOrganic 
2

(4) 

The percentage of the assimilated carbon with respect to the metabolized 

feed carbon is defined as the microbial conversion efficiency (Em). 

Nitrogen is also required since the major component of the new cell 

material is protein. Thus, microbial utilization of carbohydrate or any 

other low nitrogen feed is accompanied by the immobilization of 

inorganic nitrogen. This process is a basic microbial process and 

practically every microbial assemblage performs it. The addition of 

carbohydrates is a potential means to reduce the concentration of 

inorganic nitrogen in intensive aquaculture systems. The amount of 

carbohydrate addition sdC needed to reduce the ammonium can easily be 

evaluated using Eq (5): 

mSsm ECdCdC                                            (5) 

The amount of nitrogen needed for the production of new cell material 

depends on the C/N ratio in the microbial biomass, it can be expressed by 

the following equation (Eq 6): 

   mmsS
m

m NCECdC
NC

dC
dN //

/
                           (6) 

Fish assimilate only about 25% of the nitrogen added in the feed (Crab 

et al., 2012), the rest is excreted as NH4 or as organic N in feces or feed 

residue. Ammonium flux into the water, 4dNH , directly by excretion or 

indirectly by microbial degradation (of the organic N residues, is roughly 

50% of the feed nitrogen flux (Avnimelech, 1999), that can be calculated 

by the following equation (Eq 7): 

efd NNFdN                                              (7) 

RESULTS AND DISCUSSION 

One of the biggest operational challenges in increasing global aquaculture 

production is the strict limitations on discharge of effluent from 

aquaculture farms. Effluents from aquaculture farms discharged into local 

water bodies can result in low levels of oxygen and increased sediment 
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and nutrient loading, potentially harming local fauna and flora. 

Management of ammonia concentration below toxic levels is considered 

as one major aim of water quality management in aquaculture.  

Nile tilapia reduces feeding and activity at 20°C and at 16°C growth 

stops. If it becomes 10°C the fish won’t survive for many days as 

illustrated in advance. Water temperature was ranged between (19-21°C) 

throughout experiment period, ambient air temperature did not exceed 

more than 21°C and air relative humidity was 45%. Trickling filters 

typically consist of a packing or media contained in a vessel.  The 

wastewater to be treated is sprayed over the top of the media and 

collected in a sump underneath the media.  The surface of the media or 

packing provides the substrate for the growth of a biofilm. One of the big 

advantages of a trickling filter is that the water can leave with more 

oxygen than it entered. The first step in the design of a trickling filter is to 

pick the right packing or media. Table (2) illustrates calculated porosity 

ratio and detention time for different biofiltration media.  

Table (2). Porosity ratio and detention time for different biofiltration  

media.  

Detention Time 

(s) 

Porosity Ratio 

 (%) 

Biofilter media  

10 75 Gravel medium 

30 60 Mixed sand and gravel medium 

50 50 
Mixed basalt and gravel medium 

(black basalt No. 11) 

Porosity ratio is 75%, 60 % and 50% for gravel, mixed sand and gravel and 

mixed basalt and gravel media respectively, whereas, calculated detention time 

was increased gradually from gravel to mixed sand and gravel reaching to 

mixed basalt and gravel medium correspondingly. From porosity ratio and 

detention time calculated results, mixed basalt and gravel medium (black 

basalt No. 11) was chosen as biofiltration medium to its standard porosity 

ratio of (50%) and also it achieved an appropriate detention time of (50 

s). Biofilter medium should be non- corrodible, UV resistant, resistant to 

rot or decay and generally impervious to chemical attack.    
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Ammonia concentration can also be controlled by a biofiltration system, 

which is through the use of the nitrification process. This process is a 

two-step oxidation of toxic ammonia to nitrate, a form of inorganic 

nitrogen that is only toxic at high concentration. Nitrification process can 

be found in intensive aquaculture system and is responsible for the long 

term ammonia control because ultimately, 25-50% of the nitrogen from 

feed added to the intensive system are controlled through this pathway. 

Table (3) demonstrates the results of chemical analysis of water samples 

for available nitrogen in ammonium form for both of blank water sample, 

biofiltration and biofloc treatment samples. 

Table (3). Chemical analysis results of water samples, available nitrogen, 

Ammonium-N, NH4
-
, mg/l. 

Ammonium reduction 

ratio (%) 

Ammonium-N, NH4
-
, mg/l 

Sample 

No. 
Biofloc Biofilter Biofloc Biofilter Blank 

17.33 32.00 0.62 0.51 0.75 1 

7.45 42.55 0.87 0.54 0.94 2 

62.50 21.87 0.12 0.25 0.32 3 

53.45 15.52 0.27 0.49 0.58 4 

Biofloc technology also, was applied by adding available cheap carbon 

sources (starch) into the system to manipulate the C/N ratio in order to 

stimulate heterotrophic bacteria growth as well as control inorganic 

nitrogen concentration in the system through assimilating of ammonia 

into bacteria as single-cell microbial protein. Ammonium concentration 

increased from 0.51 mg/l at the beginning of the laboratory experiment to 

0.54 mg/l and decreased to 0.25 mg/l and is fixed at 0.49 mg/l for 

biofilter samples. While, these concentrations ware 0.62 - 0.87 - 0.12 - 

0.27 mg/l for biofloc treatment samples respectively. To compare between 

the two systems, ammonium reduction ratio (%) was calculated. 

Ammonium reduction ratio of biofilter was 32% versus 17.33% for 

biofloc technique at the beginning of the experiment then it still 

increasing and reaching to 42 % for biofilter against 7.45 % of biofloc 

technique. This situation may be referring to biofiltration process 

adaptation and lack of uniformity of bioflocs throughout whole water 

tank.       
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In BFT system, C/N ratio is increased through supplementation of an 

organic carbon source or reduced protein levels in feed. By this 

manipulation, the heterotrophic bacteria create a demand for nitrogen in 

the form of ammonia in the water. This could explain the reason behind 

the increase of ammonium reduction ratio for biofloc technique at third 

and fourth week of the experiment by 62.50 and 53.45 % respectively. In 

opposition to unexpected decrease in the ammonium reduction ratio for 

biofilter system by 21.87 and 15.52 % correspondingly.  Figure (3) shows 

the available nitrogen, Ammonium-N, NH4
-
, mg/l, of water samples for 

blank, biofilter and biofloc technique. As organic carbon and inorganic 

nitrogen are generally taken up in a fixed ratio by the bacteria, therefore, 

ammonia concentration can be controlled through the addition of a 

carbon source. Ammonium is assimilated into microbial protein in the 

water when adding some source of organic carbon which is increasing the 

ratio between carbon and nitrogen (C/N).  

Results of measured ammonium concentrations inside water basins show 

superiority of the usage of biofloc technique over treatment of water by 

biofilter system. That, also emphasizes the efficient usage of biofilter 

system in the treatment process, although, the high rate of ammonium 

concentrations mean more fixed ammonia in the water.  

 

Fig. (3). The available nitrogen, Ammonium-N, NH4
-
, mg/l, of water samples. 
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Low efficiency of biofilter may be due to blockage of the biofilter 

medium that can occur by increasing the growth rate of aerobic bacteria 

inside the medium. As well as, increasing in the efficiency of biofloc 

technique was due to the significant increase in air temperature and the 

growth rate and activity of bacteria more vital communities. Table (4) 

illustrates chemical analysis of water samples of nitrite concentrations for 

both experimental treatments (blank, biofilter and biofloc). 

In order to assess the state properly, a comparison between nitrite 

reduction ratio of biofilter system and biofloc technique should be 

performed and discussed. Nitrite reduction ratio calculated for biofilter 

system as 70.54 %, 63.16 %, 63.49% and 65% for treatments 

respectively. Whereas, the decline in nitrite reduction ratio (63.16%) at 

the second week of the start of the experiment happened and then there 

was a slight increase in nitrite reduction ratio (63.49%) to be settled on 

the (65%) reduction ratio value. This may be the consequence of 

plugging problems of biofilter that were resulted from biomass 

accumulation in biofilter medium and caused the clogging of biofilter. 

Table (4) presents also, the concentrations of resulted nitrite analysis for 

water samples of biofloc technique. These were 93.02 %, 60.52 %, 

61.90% and 65 % for treatments respectively. Where biofloc technique 

demonstrated an excessive superiority (93.02%) in nitrite reduction ratio 

at the beginning of the experiment over biofilter system (70.54 %). Two 

systems had similar behavior of nitrite reduction ratio throughout the rest 

three weeks of experiment.  

Table (4). Chemical analysis results of water samples, available 

nitrogen, Nitrite-N, NO2
-
 N, mg/l. 

Nitrite reduction  

ratio (%) 

Nitrite-N, NH4
-
, mg/l 

Sample 

No. 
Biofloc Biofilter Biofloc Biofilter Blank 

93.02 70.54 0.09 0.38 1.29 1 

60.52 63.16 0.45 0.42 1.14 2 

61.90 63.49 0.48 0.46 1.26 3 

65.00 65.00 0.42 0.42 1.20 4 
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Figure (4) illustrates the available nitrogen, (in nitrite form) for both 

water samples of two techniques. Nitrite concentrations for water 

samples of biofilter system were 0.38, 0.42, 0.46 and 0.42 mg/l for four 

weeks of experiment. Resulted of nitrite concentrations showed that 

consecutive increase which points to an increased rate of nitrification 

process. Indeed, partial nitrification, that procedure which will be taken 

into consideration, and resulted from nitrite analysis data. The same 

behavior can be noticed when analysis of nitrite concentration data for 

biofloc technique, which were 0.09, 0.45, 0.48 and 0.42 mg/l 

respectively. Increasing of the nitrite concentration for biofloc technique 

was due to a well mixing of water that was happened gradually by the 

stability of the experiment. 

 

Fig.(4) . The available nitrogen, Nitrite-N, NO2
-
 N, mg/l, of water samples. 

CONCLUSION 

Biofloc technology (BFT) is an applicable alternative for removing 

effluent discharge, and increasing feed efficiency by lowering protein 

feed requirements for aquaculture. However, BFT needs to be well 

managed due to probable sedimentation creating toxic sludge and 

increases in dissolved oxygen requirements due to respiration of 

heterotrophic bacteria associated with biofloc. Smaller usage of water 
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helps reduce the cost of water exchange in aquaculture that could become 

a limiting factor in intensive aquaculture operations. Beneficial effects of 

BFT usage for freshwater tilapia aquaculture include improvement fish 

production, reduce feeding costs, low feed conversion, better nutrition 

and health (help to control bacterial infections in the pond).  

LIST OF SYMBOLS 

BFT Is biofloc technology. 

BOD - biochemical oxygen demand. 

TSS - total suspended solids. 

DT  - detention time, s. 

fV  - biofilter media volume (m
3
). 

Q  - air flow rate (m
3
/s). 

mdC  - amount of carbon assimilated by microorganisms, g. 

sdC  - amount of carbohydrate addition to reduce ammonium, g. 

SC  - carbon content of the added carbohydrate, %.  

mE  - microbial conversion efficiency, % - (40-60 % (Avnimelech, 1999). 

dN  - amount of nitrogen needed for the production of new cell, g. 

 
mNC /  - C/N ratio in the microbial biomass, dimensionless.  

dF  - amount of daily feed, g (2-3 % of fish weight, (Crab et al., 2012) - 1.5 

%, (Azim & Little 2008). 

fN  - nitrogen content of feed, %.  

eN  - nitrogen excretion, %. 
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 الولخص العربي

 الوسارع السوكيت صرف هياه هن حيىيا النيتروجين لإزالت هقارنت دراست

 الحيىي الترشيح نظام هقابل البيىلىجيت تقنيت النذف باستخذام

خالذ هحوذ عبذ الباري
1

    

اىرعشتح اىَؼَييح إىٚ إظشاء دساسح ىَقاسّح ٍؼاٍيح ٍيآ اىَضساع اىسَنيح تْظاٍيِ ٕزٓ ٕذفد 

 حرٚ يَنِٗرىل ( BFT)اىثي٘ى٘ظيح  اىْذفاىحي٘يح َٕٗا ّظاً اىرششيح اىحي٘ٙ ٗذقْيح  ىيَؼاٍيح

صاد ذشميض الأٍّ٘يً٘ فٚ حيس يش اىَيآ. يإػادج اسرخذاً ذيل اىَيآ ٍشج أخشٙ أٗ ذقييص فرشاخ ذغ

 15,0ٍعٌ/ىرش فٚ تذايح اىرعشتح اىٚ  15,0َيآ اىَؼاىعح تْظاً اىرششيح اىحي٘ٙ ٍِ اىػيْاخ 

ٍعٌ/ىرش تيَْا ماّد  1500ٍعٌ/ىرش ٗاسرقش فٚ ّٖايح اىرعشتح ػْذ  ,,15/ىرش شٌ اّخفط اىٚ ٍعٌ

ترقْيح ٍعٌ/ىرش تاىْسثح ىؼيْاخ اىَيآ اىَؼاٍيح 15,0  -,150  -15,0  - ,,15ٕزٓ اىرشميضاخ 

اىثي٘ى٘ظيح. ذٌ حساب ّسثح اىرخفيط فٚ ذشميض الأٍّ٘يً٘ تَقاسّح مو ٍؼاٍيح ٍغ ػيْح  اىْذف

يآ اىغيش ٍؼاٍيح ٗماّد اىْريعح أّ فٚ تذايح اىرعشتح ماّد ّسثح ذخفيط الأٍّ٘يً٘ امثش ىؼيْح اىَ

%( تاىَقاسّح تاىؼيْح اىَؼاٍيح  ترقْيح اىْذف اىثي٘ى٘ظيح ,2اىَيآ اىَؼاٍيح تْظاً اىرششيح اىحي٘ٙ )

ؼاٍيح ترقْيح % ىيَ ,050 ـ% ىيرششيح اىحي٘ٙ ٍقاسّح ت ,0%( شٌ صادخ ذيل اىْسثح تَقذاس 00)

لأٍّ٘يً٘ ىغيش ٍر٘قغ في ّسثح اىرخفيط اىْذف اىثي٘ى٘ظيح. ٗػْذ ّٖايح اىرعشتح حذز اّخفاض 

ىيَؼاٍيح ترقْيح % ,250,٪ ٗ 5,1,,ٍقاتو فٚ ٪ ,,0,5ٗ  05,0,ٍِ  اىرششيح اىحي٘ٙ ىْظاً 

ٍشحيح إىٚ ّسة الاّخفاظاخ ٕزٓ قذ ذنُ٘ ساظؼح ٕزٓ اىْرائط ذشيش إىٚ  اىْذف اىثي٘ى٘ظيح.

ح٘ض غ٘اه ذ٘صيغ اىْذف اىثي٘ى٘ظيح ػيٚ  ػذً اّرظاً حي٘ٙ ٗاىٚ ػَييح اىرششيح اىفٚ اىرنيف 

ػيٚ ّظاً  ذقْيح اىْذف اىثي٘ى٘ظيحذف٘ق إىٚ  ًّ٘رائط ذشميضاخ الأٍّ٘يمزىل . ٗذشيش يآاىَ

  .اىرششيح اىحي٘ٙ فٚ ّسثح ذخفيط الأٍّ٘يً٘

-ٍيآ اىصشف اىصحي  -ذشتيح الأحياء اىَائيح  –إصاىح حي٘يح  –ّيرشٗظيِ الكلواث الذالت: 

 حي٘ٙ.ّظاً اىرششيح اى - BFT ذقْيح اىْذف اىثي٘ى٘ظيح  -تي٘ى٘ظي

1
  جاهعت القاهرة.  -هذرش ، قسن الهنذست السراعيت ، قسن الهنذست السراعيت ، كليت السراعت   
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ع اىصاّي ٍِ ٪ في الأسث٘,250,ٍِ ىيَششح اىحي٘ٙ ذشاظغ في ّسثح اّخفاض اىْرشيد حذز 

 خ٪ إىٚ أُ اسرقش2500,حذز تؼذ رىل صيادج غفيفح في ّسثح ذخفيط اىْرشيد ٗتذايح اىرعشتح 

اىْاظٌ  اىَششح اىحي٘ٙ ٍشامو اّسذادٗ يؼضٙ ٕزا اىسي٘ك إىٚ ٪ قيَح ّسثح اىرخفيط. ,,ػيٚ 

 ذشامٌ اىنريح اىحي٘يح.ػِ 

٪( في ,0251) فيط ّسثح اىْرشيدفي ذخ ذف٘ق ٗاظحاىَؼاٍيح ترقْيح اىْذف اىثي٘ى٘ظيح أظٖشخ 

يحذ ٍِ ىْظاٍيِ سي٘ك ٍَاشو ىيماُ  مَا ٪(015,0) اىرششيح اىحي٘ٙ تذايح اىرعشتح ػيٚ ّظاً 

ذقْيح اىْذف سرخذاً ماُ لا أخيشااسذفاع ّسثح اىْرشيد خلاه اىفرشج اىَرثقيح ٍِ اىرعشتح. 

طي ٍِ اّخفاض في ذشميضاخ اىثي اىسَلذشتيح ػذيذج فٚ اىَيآ اىؼزتح ف٘ائذ اىثي٘ى٘ظيح فٚ 

 إّراض الأسَاك. فؼاىح في ذحسيِٕزٓ اىرقْيح أُ ذنُ٘ أيعا ٗاىْيرشيد ٗيَنِ  ً٘الأٍّ٘ي


