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Wastewater emerging from poultry technical slaughterhouses is 
characterized by its high degree of pollution in terms of organic content. 
This causes a rise in organic load disposed to wastewater treatment plants 
and thereby drooping efficiency. Effective and economical ways to treat such 
wastewater, based on reducing concentration of organic loads to 
appropriate level, preserves environs and reduces treatment costs for 
owners of industrial plants without augmenting investment costs. Aerobic 
Moving Bed Biofilm Reactor (MBBR) technology based on biofilm 
phenomenon is advocated in this research work. An active biofilm 
developing on plastic carriers (composed of polyethylene granular particles, 
PE) is placed in a reactor. The suspended carriers are kept in constant 
motion, their sizeable active surface fostering swift weight gain of 
microorganisms. This technology proved successful in removing pollution 
generated by poultry wastewater in treatment plants as measured by 
different indicators.This research work encouraged the use of aerobic 
moving bed biofilm reactor for treatment of poultry slaughterhouses 
wastewater. The increase in thickness of biological membrane formed 
around the plastic bed granules led to emergence of an oxygen deficient area 
around the bed particles that helped removing nitrates. Both TDS and COD 
values decreased, with increasing age of reactor. Continuous improvement 
in removal efficiencies of COD and TDS is noted with increasing reactor 
detention time. The increase in organic load has reduced removal efficiency 
of COD, TDS, NO3

- and PO4
3-. 
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INTRODUCTION 
 
 
Poultry slaughterhouse wastewater is generally treated 
with conventional biological processes (Coskun et al., 
2016). Treatment options for poultry slaughterhouse 
wastewater included: electrocoagulation (Kobya et al., 
2006), a hybrid co-digestion system (Morales-Polo and 
Cledera-Castrom 2016) an advanced wastewater treatment 
system that consists of sequencing batch reactor, chemical-
dissolved-air flotation system and ultraviolet disinfection 
(de Nardi et al 2011) and reverse osmosis for effluent reuse 

(Vourch et al 2008). High-intensity pulsed electric fields, 
high-pressure systems, ultrasounds, and irradiation were 
effectively used to eliminate microorganisms without 
deteriorating the properties of the product (Poyatos, 2011). 

The purpose of poultry biological treatment work is to 
convert fine suspended organic material that have not 
settled in primary sedimentation basins as well as some 
biodegradable materials to fixed materials that are difficult 
to decompose. This is to be achieved by stimulating aerobic  



Int. Res. J. Public Environ. Health          97 
 
 
 
bacteria and other micro-organisms that rely on oxygen in 
their metabolic activity leading to fixation of these organic 
materials. Therefore, this treatment is termed biological 
treatment due to its dependence on activity of living 
organisms to reach its goal (Hajjar 1987; Liu and Haynes 
2011). Biologists have benefited from properties and 
features of microorganisms and they prepared bacterial 
farms customized to purify specific types of water 
pollutants such as industrial water. 

Out of chemical elements it has been found that there are 
ten key elements necessary for all forms of life. They are: 
carbon, hydrogen, nitrogen, oxygen, phosphorus, calcium, 
potassium, magnesium, sulfur and  iron. In addition to the 
aforementioned key elements there are essential trace 
amounts of other elements such as manganese, copper, 
molybdenum, zinc, iodine and silicon (Gonzalez 2014; 
Metcalf et al., 2013). 

The required wastewater for treatment  in the moving 
bed biofilm reactor with attached membrane flows 
horizontally across a bed of particles at a high speed 
enough to dilute these molecules. This medium or bed 
works as a layer carrying bacterial growth for formation of 
the biological membrane and is of great importance for 
process operation (West, 2008). It is also featured by a 
suspended biological growth that increases the processing 
efficiency and reduces the necessary volume of the reactor, 
for it offers greater efficiency and smaller volume of 
reactor. This situation leads to reduction in economic cost 
of the reactor (Sidek et al 2015). 

The presence of two types of suspended and attached 
growth does not require recycling of sludge as in an 
activated sludge treatment facility. This is because attached 
biological growth  forms many multiples of suspended 
growth. Such a state in turn reduces the amount of sludge 
need to be disposed of (Shohreh et al., 2013).  

The application of Moving Bio-film Reactor (MBBR) for 
biological wastewater treatment is a breakaway from 
traditional technology in offering a fixed film and a large 
surface area. More importantly, treatment is accomplished 
in significantly less space and time, which can be translated 
into less cost than conventional treatment. The basic 
concept of the process consists of passing wastewater 
through a bed of particles at a velocity sufficient to impart 
motion to move the particles. This process depends on 
density and size of particle, density and viscosity of 
wastewater, and volume fraction of particles in the bed. 
 
Research importance and objectives 
 
Pollution caused by disposal of poultry slaughterhouses 
wastewater causes severely large organic pollution loads in 
receiving treatment plants. This is in terms of amounts of 
dissolved and suspended materials and values of COD and 
BOD. Thus, treatment of this wastewater is a  necessity in 
order to protect environment on the one hand and for 
saving in water consumption on the other. The main 
research objective addresses selection of a suitable aerobic 
moving  bed biofilm reactor for treating poultry wastewater 

 
  
 
 
flows. 
 
 
METHODOLOGY 
 
Despite the proliferation of technical poultry 
slaughterhouses in all governorates of the Arabian Syrian 
country, industrial waste water treatment was not globally 
practiced for these establishments and stations. The 
wastewater of these technical slaughterhouses is 
characterized by its high degree of contamination in terms 
of organic content, causing a rise in strength of organic load 
disposed to wastewater treatment plants. A condition that 
reduces wastewater treatment returns. Therefore,  it is of 
paramount importance to foster effective and economical 
ways to treat technical wastewater of slaughterhouses 
based on reducing concentration of organic loads to an 
appropriate and acceptable level. This is for preservation of 
environment, and reducing treatment costs for owners of 
industrial plants, without augmenting investment costs. 

The research methodology took two tracks: the first is a 
laboratory study for tracking effect of detention time on 
treatment efficiency towards choosing an optimal detention 
time. The second track concerns studying effect of high 
biological load on treatment efficiency in moving bed 
biofilm reactor with attached biological membrane. 

Raw wastewater samples were drawn, as per standard 
sampling methods and procedures (APHA and AWWA, 
2012), from different poultry slaughterhouses at 
AlHamdania, AlFaid and AlRamosa in the city of Aleppo. 
Samples were also collected from neighboring villages, 
places and city outer skirts where many slaughterhouses 
exist following concerned districts’ slaughtering 
restrictions and regulations. 
 
Description of experimental setup and device (moving 
bed biofilm reactor with attached membrane) 
 
Experiments were conducted on an experimental reactor 
that consists of a glass basin of dimensions (60*30*70 cm) 
containing air ducts at its bottom in addition to the 
granules of the plastic bed (composed of polyethylene 
granules, PE, of average grain diameter of 5 mm). 
Wastewater has been supplied to the reactor through a 
water pump. Air supply to reactor is performed using an air 
pump with an appropriate valve to control both water and 
air flow until they reach the desired design value, and to 
recycle water when necessary. The reactor also has a 
thermal heater to maintain the right temperature.  

Experimental device was manufactured at the 
Environmental Engineering Technologies Department 
laboratories of Aleppo University. PE granules were not 
fixed in bed media but were left freely moving to augment 
treatment process. Initially the device was prepared for 
treatment by developing a biological membrane slime layer 
over the bed granules. This is achieved by introducing 
poultry wastewater from broilers and monitoring 
membrane development   by    measuring    COD  index until  
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Figure 1: Laboratory device scheme 

 
 

 
 

Figure 2: Laboratory device used in experiments 

 
 
 
attaining a stabilized value. This preparation triggers 
initiation of the treatment process. Thence, poultry 
slaughterhouse wastewater is pumped into the device for 
operational action. Treated effluent egress from the other 
end of the reactor device. The reactor is installed on a 
wooden base, as shown in Figures 1 and 2. 

Laboratory experiments in biological treatment of 
poultry slaughterhouse wastewaters in moving bed 
biofilm reactor with attached biological membrane 
 
Laboratory experiments were carried out in order to study 
reactor simulation process, influence of detention time on  
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Table 1. Specifications of raw water used in the first series of experiments (for reactor simulation 
process on quality) 

 
PO43- 

(mg/L) 
NO3- 

(mg/L) 

TSS 
(mg/L) 

TDS 
(mg/L) 

TS 
(mg/L) 

BOD 
(mg/L) 

COD 
(mg/L) 

Parameter 

14.03 128 1493 1402 2895 815 2400 Value 

 
 

Table 2. Specifications of raw water used in the second series of experiments (for detention time-
quality correlation) 

 

PO43- 
 (mg/L) 

NO3- 
(mg/L) 

TSS 
(mg/L) 

TDS 
(mg/L) 

TS 
(mg/L) 

BOD 
(mg/L) 

COD 
(mg/L) 

Parameter 

12.7 112.6 2176.7 2040 4216.66 910 2810 Value 

 
 

Table 3. Specifications of raw water used in the third series of experiments (for organic load and 
treatment efficiency relationship) 

 
Sample # COD 

(mg/L) 
BOD 

(mg/L) 

TS 
(mg/L) 

TDS 
(mg/L) 

TSS  
(mg/L) 

NO3-  
(mg/L) 

PO43- 
(mg/L) 

1 1950 625 2735.33 1286.66 1454.6 89.53 10.3 
2 2810 910 4216.66 2040 2176.7 112.64 12.7 
3 4050 1250 4993.33 2413.33 2580 185 19 
4 5200 1580 6093.33 2843.33 3250 206 35 

 
 
 
quality and effect of organic load in treatment efficiency. 
Therefore, a series of laboratory experiments were 
conducted using different qualities of waste water as 
follows: 

(a) Effluent from poultry slaughterhouses whereby a 
series of experiments were conducted to study the process 
of stimulation on the quality of this waste water, the 
specifications of which are depicted in Table 1. All 
experiments were conducted in accord with standard 
methods for examination of water and wastewater (APHA 
and AWWA, 2012). 

(b) Effluent from poultry slaughterhouses whereby 
five series of experiments were conducted to study the 
effect of detention time on the quality of this waste water, 
the specifications of which are indicated in Table 2. 

(c) Effluent from poultry slaughterhouses whereby 
four series of experiments were organized to study the 
effect of increasing organic load on treatment efficiency of 
this type of wastewater, the specifications of which were 
set out in Table 3 by fixing optimum detention time which 
is found from the previous phase. 
 
Series of experiments conducted 
 
All series of tests were conducted to study stimulation, 
establishment or the development of bacterial membrane 
on surfaces of plastic granules. This is in addition to 
studying the efficiency of biological treatment at the facility 
after launching stimulation process. In each of the 
stimulation phase and treatment phase studies were 
conducted on the development of each of COD and TDS. 

From these measurements percentage removal of COD and 
rate of removal of TDS were calculated. 
  
 
RESULTS AND DISCUSSIONS 
 
Table 4 clearly shows the results of the stimulation process 
in the reactor indicateing the variation of COD, TDS, NO3

- 
and PO4

-3 with detention time. The decrease in pollution 
indicator parameters is significant after elapse of 38 days 
for bacterial growth within reactor. Figures 3, 4. 5 and 6 
depict the removal efficiency of COD, TDS, NO3

-, PO4
3-, 

respectively during the period of cessation of the reactor in 
order to increase height of granules of plastic bed by 30% 
of bed size; at a temperature of 30°C. Stimulation process is 
carried out through recycling effluent from the reactor 
while monitoring indicators of COD and TDS until almost 
stability of these indicators is reached. This shows the 
growth of the bacterial membrane slime within 38 days.  

From Table 4 the increase in value of NO3
- in the ninth 

day of stimulation goes back to the process of nitrification 
(converting NH4 into NO3

-). It is to be noted the decrease in 
values of NO3

- in the 24th day from stimulation (see Figure 
5). This is due to an increase in thickness of biological 
membrane formed around the plastic bed granules. This led 
to the direct emergence of an oxygen deficient area around 
the bed particles that helped to remove nitrates. Both TDS 
and COD values decreased, with increasing age of reactor 
during the stimulation process. Then, reactor stimulated 
after a period of 36 days from the beginning of operation 
and   this  was   after  an  approximate  stability of values of 
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Table 4. Results of wastewater specifications during reactor stimulation 
 

COD (mg/L) TDS (mg/L) NO3- (mg/L) PO43- (mg/L) Detention time (days) 
2400 1402 128 14.03 0 
1960 1296 117 13.3 3 
1705 1249 103 13.1 6 
1654 1132 108 12.8 9 
1560 1125 114 12.1 12 
1196 1086 118 11.9 15 
1008 1054 121 11.6 18 
885 998 125 11 21 
672 933 126 10.3 24 
504 901 109 10.1 27 
408 865 96 10.1 29 
312 823 82 9.8 31 
262 756 73 9.6 33 
165 698 66 9.5 35 
141 664 64 9.3 37 
141 663 63 9.3 38 
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Figure 3: COD removal efficiency of the water studied during reactor stimulation 

 
 
 
COD and TDS. 

Figure 3 shows that the significant increase of removal 
efficiency in terms of COD is distinct reaching more than 
94%. Figures 4 and Figure 6 portray TDS removal attained 
values of more than 50% while phosphate removals 
reached 38 % for the microbial growth time of 38 days. 

Table 5 shows the results of the effect of varying 
detention time on treatment indicators (PO4

3-, NO3
-, TSS, 

TDS, TS, BOD and COD). Figures 7 and 8 demonstrate 
removal efficiencies of both COD and TDS for detention 
times of 3, 4, 5, 6, 7, 8 and 9 hours, respectively. Removal 
efficiency was significant in case of COD as compared to 
other tested parameters. 

The continuous improvement  in removal efficiencies of 

COD and TDS is noted with increasing retention time in the 
reactor, till reaching a COD efficiency removal of 94.77%, 
TDS efficiency removal of 61.43%,  NO3

- efficiency of 
removal of 71.7% and PO4

3- efficiency of removal of 62.91% 
for a detention time of 7 hours (see Figures 7, 8, 9 and 10) 

The increase in organic load has reduced the removal 
efficiency of COD, TDS, NO3

- and PO4
3- with different scales 

and levels. Figures 11 and 12 display the progressive 
lessening in removability for both COD and TDS with 
growing organic load strength. Figure 13 exhibits a rather 
milder reduction pattern in removal efficiency of NO3

- with 
a rise in organic load. Figure 14 demonstrates an initial  

drop in removability of PO4
3- and then it stabilizes with 

increases in organic load. 
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Figure 4: Removal efficiency of TDS during the reactor stimulation process 
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Figure 5: Removal efficiency of NO3- during the reactor stimulation process.  
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Figure 6: Removal efficiency of PO4-3 during the reactor stimulation process. 

 
 

Table 5: Results of the effect of detention time on treatment 
 

PO43- 
(mg/L) 

NO3- 
(mg/L) 

TSS 
(mg/L) 

TDS 
(mg/L) 

TS 
(mg/L) 

BOD 
(mg/L) 

COD 
(mg/L) 

Detention time 
(hour) 

12.7 112.6 2176.7 2040 4216.66 910 2810 Raw water 
7.2 44.7 450 1460 1910 165 520 3 
5.4 39.4 359.3 1086.7 1446 93 310 4 
5.1 35.4 236.3 956.7 1193 61 230 5 
4.9 33.9 130 846.7 976.7 49.6 180 6 

4.73 32.1 111.7 790 901.7 41 150 7 
4.7 32 110 783 893 40.5 148 8 
4.7 31.9 109 781 890 40.5 147 9 

 
 
 

 
 

Figure 7: Effect of detention time on removal efficiency of COD. 



Int. Res. J. Public Environ. Health          103 
 
 
 

 
 

Figure 8: Effect of detention time on removal efficiency of TDS 

 
 

 
 

Figure 9: Effect of retention time on removal efficiency of NO3-  
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Figure 10: Effect of detention time on the removal efficiency of PO43-  

 
 

Table 6. Results of organic load change for raw water samples with different concentrations on 
treatment 

 

PO43- 
(mg/L) 

NO3-  
(mg/L) 

TSS  
(mg/L) 

TDS 
(mg/L) 

TS 
(mg/L) 

BOD 
(mg/L) 

COD 
(mg/L) 

Sample # 

10.3 89.53 1454.6 1286.66 2735.33 625 1950 1 raw 
3.16 23.2 49.3 486 565.7 29 95 1 treated 

12.7 112.64 2176.7 2040 4216.66 910 2810 2 raw 
4.73 32.1 111.7 790 901.7 41 150 2 treated 

19 185 2580 2413.33 4993.33 1250 4050 3  raw 
9.5 69 233 1035.3 1268.7 73 265 3 treated 

35 206 3250 2843.33 6093.33 1580 5200 4 raw 
18.3 87 323 1360 1683.3 117 390 4 treated 

 
 

 
 

Figure 11: Effect of organic load on removal efficiency of COD.  

 
 
 
Table 6 shows the results of organic load change for raw 
wastewater   samples   with   different    concentrations  on 

 
 
 
treatment and detention time of 7 hours. Figures 11, 12, 13 
and    14    show    the   impact of organic load  on treatment 
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Figure 12: Effect of organic load on removal efficiency of TDS 

 
 

 
 

Figure 13: Impact of change on of organic load on removal efficiency of NO3 
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Figure 14: Effect of change of organic load on efficiency of removal of PO43- 



 
 
 
 
efficiency for a detention time of 7 hours. 
 
 
Conclusions 
 
From the research work carried herein the following 
conclusions emerged: 

Biological treatment of poultry slaughterhouses 
wastewater proved to be attainable through use of aerobic 
moving bed biofilm reactor. 

The increase in thickness of biological membrane formed 
around the plastic bed granules led to the direct emergence 
of an oxygen deficient area around the bed particles that 
helped to remove nitrates. 

Both TDS and COD values decreased, with increasing age 
of reactor during the stimulation process. 

The continuous improvement in removal efficiencies of 
COD and TDS is noted with increasing detention time in the 
reactor. 

The increase in organic load has reduced the removal 
efficiency of COD, TDS, NO3

- and PO4
3-. 
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