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PPs for cellular growth [3]. Oxygen acts as an electron acceptor [10]. 
Since phosphorus release in the anaerobic phase is less than its uptake 
under aerobic/anoxic conditions, net phosphorus removal from mixed 
liquor is achieved. Phosphorus is removed from the bioreactor by 
wasting excess phosphorus-rich sludge [15]. BPR is affected by pH, 
sludge retention time, excessive aeration, nitrate, nitrite, temperature 
and carbon source [13].

In combined denitrification and BPR systems, carbon availability 
is the limiting factor. Denitrifiers and PAOs are in competition for 
the available carbon. Both processes are disturbed by this competition 
hence a fine balance should be struck on the length of the aerobic and 
anoxic phase [10].

The configuration and operation of SBR depends on the type of 
the wastewater and the treatment objectives [3]. SBR can be anaerobic, 
aerobic or anoxic [8]. Most of the SBRs have one or two of these phases 
with only a few three-phase combination [3,16]. Besides, the bio-system 
performance efficiency depends on the sequential arrangement of these 
phases, the duration of each phase, hydraulic retention time, sludge 
retention time, organic loading and environmental factors [8,17,18]. 
The objective of this study was to investigate biological treatment of 
City Abattoir meat processing wastewater using anaerobic–aerobic/
anoxic SBRs operated in series. To evaluate the treatment performance 
of the system, removal performances for carbon, nitrogen and 
phosphorus were analyzed.

Materials and Methods
Model reactors

Two reactors made of plastic, each with a total volume of 250 L and 
a working liquid volume of 200 L were set up at Makerere University 
and operated at room temperature. The anaerobic and aerobic SBR 
were seeded with anaerobic and aerobic sludge obtained from a 
brewery wastewater treatment Plant at Port bell, Luzira, Uganda. 
The initial concentration of mixed liquor volatile suspended solids 
(MLVSS) was approximately 10,000 mg/L. The reactors were batch-fed 
periodically with raw wastewater collected from City Abattoir, and the 
organic loading rate progressively increased by augmenting the volume 
of wastewater fed to the systems. After steady-state conditions were 
obtained (3 months), the reactors were operated sequentially (Figure 
1), with each reactor operational cycle consisting of the feed, reaction, 
settling and, draw phases. The 24 hr operating cycle consisted of the 
following periods: (a) filling, 0.30 hours; (b) reaction, 41 hours; and 
(c) decanting, 0.30 hours for the anaerobic reactor, and (a) filling, 0.25 
hours; (b) reaction, 17 hr; (c) settling, 6.5 hours and (d) decanting, 0.25 
hours for the aerobic reactor. At the end of each cycle, 100 litres of 
the supernatant was decanted, followed by feeding of an equal amount 
of wastewater. The system operated at a nominal Sludge Retention 
Time (SRT) of 5 days and a total Hydraulic Retention Time 
(HRT) of 2 days and 1 day for the anaerobic and aerobic/anoxic 
SBR, respectively. The organic loading was 12.8 kg COD/m3/day, 
during the study period. The properties of wastewater used during 
experimental studies are shown in Table 1.

Analytical procedure 

Physical water quality variables (pH, electrical conductivity and 
temperature) were measured in situ
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influent concentrations of TCOD, SCOD, BOD5, TKN, NH4-N, TP, 
o-PO4

3-, turbidity, TS, pH, EC and temperature were 15812 ± 241 mg/L, 
3176 ± 100 mg/L, 13659 ± 67 mg/L, 1022 ± 139 mg/L, 58 ± 9 mg/L, 61 ± 
8 mg/L, 16 ± 1 mg/L, 9335 ± 130 FAU, 10760 ± 300 mg/L, 6.57 ± 0.12, 
1.86 ± 0.2 ms/cm3 and 23.53 ± 0.1°C, respectively.

The removal efficiencies for TCOD, SCOD, BOD5, TKN, turbidity 
and TSS were 79, 76, 86, 61, 70 and 79% respectively, with effluent mean 
concentrations of 3554 ± 58 mg/L, 762 ± 3 mg/L, 1869 ± 27 mg/L, 400 ± 
30 mg/L, 2800 ± 9 FAU and 2307 ± 21 mg/L, respectively. Comparably, 
NH4-N, TP, o-PO4

3-, pH, EC and temperature increased by 80, 71, 81, 
0.2, and 38% registering an effluent concentration of 288 ± 7 mg/L, 129 
± 1 mg/L, 82 ± 1 mg/L, 6.56 ± 0.03, 3.02 ± 0.01 ms/cm and 25.7 ± 0.2°C, 
respectively.

Treatment of abattoir effluent in aerobic/anoxic sequencing 
batch reactor

Figures 5-7 and Table 2 show the inflow and outflow parameters 
of wastewater, together with pollutant removal efficiencies attained 
during aerobic/anoxic sequencing batch reactor treatment. The 

influent concentrations of TCOD, SCOD, BOD5, TKN, NH4-N, NO2-N, 
NO3-N, TP, o-PO4

3-, turbidity, TSS, pH, EC and temperature were 321 
± 75 mg/L, 923 ± 12 mg/L, 1210 ± 32 mg/L, 383 ± 20 mg/L, 233 ± 7 
mg/L, 0 mg/L, 0 mg/L, 81 ± 1 mg/L, 67 ± 5 mg/L, 2762 ± 50 FAU, 1350 
± 47 mg/L, 0.91 ± 0.1 mg/L 6.98 ± 0.04, 2.91 ± 0.17 mS/cm and 23.84 ± 
0.11°C, respectively.

In the aerobic-anoxic phase, TCOD, SCOD, BOD5, TKN, NH4-N, 
TP, o-PO4

3-, turbidity, TSS and temperature removal efficiencies were 
98, 96, 97, 91, 97, 86, 90, 74, 89 and 14% respectively, with effluent 
mean concentrations of 80 ± 5 mg/L, 31 ± 10 mg/L, 54 ± 12 mg/L, 35 
± 4 mg/L, 8 ± 1 mg/L, 18 ± 1 mg/L, 8 ± 1 mg/L, 738 ± 9 FAU, 254 ± 12 
mg/L and 22.04 ± 0.02 ± 0.1°C, respectively. Comparably, NO2

-, NO3
- 

and DO which had increased in aerobic phase by 115, 184 and 94% 
decreased in anoxic phase by 100, 98 and 93% to register an effluent 
concentration of 0.00 ± 0, 16 ± 8 and 1 ± 3 mg/L, respectively. During 
this phase pH, EC and temperature varied from 6.71, 1.64 ms/cm3, 
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Figure 2: Removal of carbon compounds (TCOD, SCOD and BOD5) in anaerobic SBR.0i
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and 22.04°C to 7.64, 7.71 ms/cm3 and 25.32°C to register an effluent 
concentration of 7.00 ± 0.0, 1.64 ± 0.01 ms/cm3 and 22.04 ± 0.02°C, 
respectively.

Discussion
This study has shown that meat processing effluent can be 

treated biologically using anaerobic–aerobic/anoxic SBRs operated 
in sequence. The high Carbon (TCOD, SCOD and BOD5) levels in 
the influent (Table 1, Figure 2) were mainly due to the fact that the 
abattoir effluent employed in this study was of high organic strength 
[2]. Cellulose, which mainly originates from animal feed residues, 
is a major component of abattoir effluents which contributes 
significantly to COD and suspended solids [19]. Slaughterhouse 
wastewater is also rich in proteins originating from blood which has 
a TCOD of 375, 000 mg/L-1 [1].

A reduction in SCOD in Figure 2 was due to microbial activity 
while total COD, TSS and turbidity reductions were due to microbial 
activity, solids settlement and floatation [10,14]. Anaerobic fill phase 
was marked by high TKN reduction (Figure 3) due to settling of the 
blood [20]. Heterotrophic ammonification further decreased organic 
nitrogen in a process that also produces CO2 and HCO3

- [14]. The 

HCO3
- production increased the system alkalinity, and thus pH, while 

ammonification raised the pH and EC [21].

Lipids in the wastewater were anaerobically hydrolysed to long 
chain fatty acids (LCFA) and glycerol which are subsequently acidified 
to volatile fatty acids (VFAs) [14]. Phosphate accumulating organisms 
(PAOs; mainly Candidatus Accumulibacter phosphatis) preferentially 
assimilate VFA across their cell membranes for the synthesis of 
intracellular carbon/energy reserves of poly-β-hydroxyalkanoate 
(PHA) [3]. The energy required for VFA assimilation is provided by the 
hydrolysis of high-energy intracellular polyphosphate bonds [10]. This 
resulted in the release of orthophosphorus (Figure 4) and increased 
temperature. The early stages of anaerobic phase were characterised 
by low phosphorus release because only VFA in the influent was 
available. However, as more VFA was made available by bacterial 
fermentation, more polyphosphate bonds were cleaved to supply 
the additional energy demands for the VFA uptake hence more 
phosphorus was released.

Total phosphorus content was found to be higher than that of 
orthophosphate in the study carried out. This was mainly due to the 
fact that orthophosphate represents the reactive fraction of phosphorus 
which is biologically available, while dissolved organic and inorganic 
phosphorus are generally not biologically available [15].

Compared to the influent raw wastewater, the treatment efficiencies 
obtained for this reactor were high but still do not meet national 
discharge standards (COD, 100 mg/L; TSS, 100 mg/L; Turbidity, 300 
NTU/FAU; NH4–N, 10 mg/L, TN, 10 mg/L; ortho-P, 5 mg/L and 
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ions to the more volatile ammonia form [25,26]. Heterotrophic 
assimilation and volatilization can thus account for the high carbon and 
nitrogen treatment efficiency observed in Figures 5 and 6, respectively.

Nitrification started once the DO and pH were in the applicable 
range of 6.9. Ammonia is oxidized to NO2

- which is subsequently 
oxidized to NO3

- concentration [3]. This explains the higher 
concentrations of NO3

- than NO2
- at the end of aerobic phase 

(Figure 6).

In the aerobic phase, the organic matter serves as the electron donor 
while the oxygen serves as the electron acceptor [8]. Heterotrophs have 
a higher affinity for NH 4–N and oxygen than autrotrophs [12]. PAOs, 
being heterotrophs, preferentially take up oxygen and hydrolyse the 
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