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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 a ected by pH,
sludge retention time, excessive aeration, nitrate, nitrite, temperature
and carbon source [13].

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

e con guration 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 e ciency 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].

e 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. e anaerobic and aerobic SBR
were seeded with anaerobic and aerobic sludge obtained from a
brewery wastewater treatment Plant at Port bell, Luzira, Uganda.
e initial concentration of mixed liquor volatile suspended solids
(MLVSS) was approximately 10,000 mg/L. e 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. A er 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. e 24 hr operating cycle consisted of the
following periods: (a) Iling, 0.30 hours; (b) reaction, 41 hours; and
(c) decanting, 0.30 hours for the anaerobic reactor, and (a) Iling, 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. e system operated at a hominal 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/m?/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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n uent concentrations of TCOD, SCOD, BOD,, TKN, NH,-N, TP,
0-PO,*, 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/cm® and 23.53 + 0.1°C, respectively.

e removal e ciencies for TCOD, SCOD, BOD,, TKN, turbidity
and TSS were 79, 76, 86, 61, 70 and 79% respectively, withe uent 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,
NH,-N, TP, 0-PO %, pH, EC and temperature increased by 80, 71, 81,
0.2, and 38% registeringan e uent concentration of 288 £ 7 mg/L, 129
+1mg/L, 82+ 1mg/L,6.56+0.03,3.02+0.01 ms/cm and 25.7 £ 0.2°C,
respectively.

Treatment of abattoir e uent in aerobic/anoxic sequencing
batch reactor

Figures 5-7 and Table 2 show the in ow and out ow
of wastewater, together with pollutant remov. iencies attained
during aerobic/anoxic sequencin reactor treatment. e
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and 22.04°C to 7.64, 7.71 ms/cm?® and 25.32°C to register an e uent
concentration of 7.00 + 0.0, 1.64 + 0.01 ms/cm?® and 22.04 + 0.02°C,
respectively.

Discussion

is study has shown that meat processing e uent can be
treated biologically using anaerobic—aerobic/anoxic SBRs operated
in sequence. e high Carbon (TCOD, SCOD and BOD,) levels in
the in uent (Table 1, Figure 2) were mainly due to the fact that the
abattoir e uent 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].

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 oatation [10,14]. Anaerobic Il phase
was marked by high TKN reduction (Figure 3) due to settling of the
blood [20]. Heterotrophic ammoni cation further decreased organic
nitrogen in a process that also produces CO, and HCO, [14]. e
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HCO, production increased the system alkalinity, and thus pH, while
ammoni cation raised the pH and EC [21].

Lipids in the wastewater were anaerobically hydrolysed to long
chain fatty acids (LCFA) and glycerol which are subsequently acidi ed
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-B-hydroxyalkanoate
(PHA) [3]. eenergy required for VFA assimilation is provided by the
hydrolysis of high-energy intracellular polyphosphate bonds [10].  is
resulted in the release of orthophosphorus (Figure 4) and increased
temperature. e 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.  is 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].

Comparedtothe in uent raw wastewater, the treatmente ciencies
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; NH-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 e ciency 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 NO, which is subsequently
oxidized to NO, concentration [3]. This explains the higher
concentrations of NO,” than NO, 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 a nity for NH,~N and oxygen than autrotrophs [12]. PAOs,
being heterotrophs, preferentially take up oxygen and hydrolyse the

J Bioremediat Biodegrad, an open access journal
ISSN: 2155-6199


https://www.researchgate.net/file.PostFileLoader.html?id=574c6b3d5b49528c01307e89&assetKey=AS%3A367482155094016%401464625981066
https://www.researchgate.net/file.PostFileLoader.html?id=574c6b3d5b49528c01307e89&assetKey=AS%3A367482155094016%401464625981066
https://www.researchgate.net/file.PostFileLoader.html?id=574c6b3d5b49528c01307e89&assetKey=AS%3A367482155094016%401464625981066
http://www.hindawi.com/journals/bmri/2013/134872/abs/
http://www.hindawi.com/journals/bmri/2013/134872/abs/
http://www.hindawi.com/journals/bmri/2013/134872/abs/
http://link.springer.com/article/10.1007/s13762-015-0871-5
http://link.springer.com/article/10.1007/s13762-015-0871-5
http://link.springer.com/article/10.1007/s13762-015-0871-5
http://link.springer.com/article/10.1007/s13762-015-0871-5
http://www.diva-portal.org/smash/get/diva2:7176/FULLTEXT01.pdf
http://www.diva-portal.org/smash/get/diva2:7176/FULLTEXT01.pdf
http://www.diva-portal.org/smash/get/diva2:7176/FULLTEXT01.pdf
http://www.ajer.org/papers/v5(05)/D0505023031.pdf
http://www.ajer.org/papers/v5(05)/D0505023031.pdf
http://www.ajer.org/papers/v5(05)/D0505023031.pdf
http://www.ijarset.com/upload/2016/january/9_IJARSET_maleeka.pdf
http://www.ijarset.com/upload/2016/january/9_IJARSET_maleeka.pdf
http://www.ijarset.com/upload/2016/january/9_IJARSET_maleeka.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2266883/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2266883/
http://journal.frontiersin.org/article/10.3389/fenvs.2016.00036/full
http://journal.frontiersin.org/article/10.3389/fenvs.2016.00036/full
http://journal.frontiersin.org/article/10.3389/fenvs.2016.00036/full
http://www.globalsciencejournals.com/article/10.7603%2Fs40872-015-0005-4
http://www.globalsciencejournals.com/article/10.7603%2Fs40872-015-0005-4
http://www.globalsciencejournals.com/article/10.7603%2Fs40872-015-0005-4
http://www.mdpi.com/1660-4601/11/7/6955
http://www.mdpi.com/1660-4601/11/7/6955
http://www.mdpi.com/1660-4601/11/7/6955
http://www.mdpi.com/1660-4601/11/7/6955
http://jjhsci.com/47336.pdf
http://jjhsci.com/47336.pdf
http://jjhsci.com/47336.pdf
http://jjhsci.com/47336.pdf
http://www.sciencedirect.com/science/article/pii/S0960852413000503
http://www.sciencedirect.com/science/article/pii/S0960852413000503
http://www.sciencedirect.com/science/article/pii/S0960852413000503
http://www.ncbi.nlm.nih.gov/pubmed/17506430
http://www.ncbi.nlm.nih.gov/pubmed/17506430
http://www.ncbi.nlm.nih.gov/pubmed/17506430
http://online.liebertpub.com/doi/abs/10.1089/ees.2015.0577
http://online.liebertpub.com/doi/abs/10.1089/ees.2015.0577
http://online.liebertpub.com/doi/abs/10.1089/ees.2015.0577
http://online.liebertpub.com/doi/abs/10.1089/ees.2015.0577
http://www.ingentaconnect.com/content/wef/wer/2011/00000083/00000003/art00001
http://www.ingentaconnect.com/content/wef/wer/2011/00000083/00000003/art00001
http://www.ingentaconnect.com/content/wef/wer/2011/00000083/00000003/art00001
http://www.ejpau.media.pl/articles/volume15/issue1/art-06.pdf
http://www.ejpau.media.pl/articles/volume15/issue1/art-06.pdf
http://www.ejpau.media.pl/articles/volume15/issue1/art-06.pdf
http://www.ukm.my/mjas/v20_n1/pdf/Omar_20_1_15.pdf
http://www.ukm.my/mjas/v20_n1/pdf/Omar_20_1_15.pdf
http://www.ukm.my/mjas/v20_n1/pdf/Omar_20_1_15.pdf
http://www.tandfonline.com/doi/full/10.1080/19443994.2016.1191778?ai=10ubn&mi=47tg1r&af=R
http://www.tandfonline.com/doi/full/10.1080/19443994.2016.1191778?ai=10ubn&mi=47tg1r&af=R
http://www.tandfonline.com/doi/full/10.1080/19443994.2016.1191778?ai=10ubn&mi=47tg1r&af=R
https://ecommons.cornell.edu/bitstream/handle/1813/10675/Invited Overview Mittal final 24July2007.pdf?sequence=1&isAllowed=y
https://ecommons.cornell.edu/bitstream/handle/1813/10675/Invited Overview Mittal final 24July2007.pdf?sequence=1&isAllowed=y
https://ecommons.cornell.edu/bitstream/handle/1813/10675/Invited Overview Mittal final 24July2007.pdf?sequence=1&isAllowed=y

Citation: Mutua DN, Njagi ENM, Orinda G, Obondi G, Kansiime F, et al.

Page 6 of 6

20. Mane SS, Munavalli GR (2012) Sequential Batch Reactor- Application to 25. Paredes D, Kuschk P, Mbwette T, Stange F, Miller R, et al. (2007) New

Wastewater —A Review Proceeding of International Conference SWRDM-2012, Aspects of Microbial Nitrogen Transformations in the Context of Wastewater
Maharastra, India, pp: 1-8. Treatment — A Review. Engineering in Life Sciences 7: 13-25.

26. Kim J, Zuo Y, Regan J, Logan B (2008) Analysis of Ammonia Loss Mechanisms
in Microbial Fuel Cells Treating Animal Wastewater. Biotechnology and
Bioengineering 99: 112-1127.

21. Merzouki M, Bernet N, Delgenes J, Benlemlih M (2005) Effect of pre-
fermentation on denitrifying phosphorus removal in slaughterhouse wastewater.
Bio-resource Technology 96: 1317-1322.

. . . 27.Obaja D, Macé S, Mata-Alvarez J (2005) Biological nutrient removal by a

22. http://www.gov.ug/content/national-environment-management-authority-nema sequencing batch reactor (SBR) using an internal organic carbon source in

23. Hayatsu M, Tago K, Saito M (2008) Various players in the nitrogen cycle: digested piggery wastewater. Bioresource Technology 96: 7-14.

Diversity and functions of the microorganisms involved in nitrifcation and 28. Pedros PB, Onnis-Hayden A, Tyler C (2008) Investigation of nitrifcation and
denitrifcation. Soil Science and Plant Nutrition 54: 33-45. nitrogen removal from centrate in a submerged attached growth bioreactor.
Water Environment Research 80: 222-228.
24. Szatkowska B (2007) Performance and control of bioflm systems with partial
nitritation and anammox for supernatant treatment. PhD Thesis, p: 1035. ISBN
978-91-7178-729-3.

29. Haiming Z, Xiwu L, Abualhail S, Jing S, Qian G (2014) Enrichment of PAO and
dPAO responsible for phosphorus removal at low temperature. Environment
Protection Engineering 40: 67-80.

J Bioremediat Biodegrad, an open access journal
ISSN: 2155-6199


http://www.unishivaji.ac.in/uploads/journal/Journal_42/29.pdf
http://www.unishivaji.ac.in/uploads/journal/Journal_42/29.pdf
http://www.unishivaji.ac.in/uploads/journal/Journal_42/29.pdf
https://www.researchgate.net/publication/7942494_Effect_of_prefermentation_on_denitrifying_phosphorus_removal_in_slaughterhouse_wastewater
https://www.researchgate.net/publication/7942494_Effect_of_prefermentation_on_denitrifying_phosphorus_removal_in_slaughterhouse_wastewater
https://www.researchgate.net/publication/7942494_Effect_of_prefermentation_on_denitrifying_phosphorus_removal_in_slaughterhouse_wastewater
http://www.gov.ug/content/national-environment-management-authority-nema
http://onlinelibrary.wiley.com/doi/10.1111/j.1747-0765.2007.00195.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1747-0765.2007.00195.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1747-0765.2007.00195.x/abstract
http://swepub.kb.se/bib/swepub:oai:DiVA.org:kth-4462?vw=full&tab2=abs
http://swepub.kb.se/bib/swepub:oai:DiVA.org:kth-4462?vw=full&tab2=abs
http://swepub.kb.se/bib/swepub:oai:DiVA.org:kth-4462?vw=full&tab2=abs
http://onlinelibrary.wiley.com/doi/10.1002/elsc.200620170/abstract
http://onlinelibrary.wiley.com/doi/10.1002/elsc.200620170/abstract
http://onlinelibrary.wiley.com/doi/10.1002/elsc.200620170/abstract
http://www.ncbi.nlm.nih.gov/pubmed/17972328
http://www.ncbi.nlm.nih.gov/pubmed/17972328
http://www.ncbi.nlm.nih.gov/pubmed/17972328
https://www.researchgate.net/publication/8350746_Biological_nutrient_removal_by_a_sequencing_batch_reactor_SBR_using_an_internal_organic_carbon_source_in_digested_piggery_wastewater
https://www.researchgate.net/publication/8350746_Biological_nutrient_removal_by_a_sequencing_batch_reactor_SBR_using_an_internal_organic_carbon_source_in_digested_piggery_wastewater
https://www.researchgate.net/publication/8350746_Biological_nutrient_removal_by_a_sequencing_batch_reactor_SBR_using_an_internal_organic_carbon_source_in_digested_piggery_wastewater
http://www.ingentaconnect.com/content/wef/wer/2008/00000080/00000003/art00005
http://www.ingentaconnect.com/content/wef/wer/2008/00000080/00000003/art00005
http://www.ingentaconnect.com/content/wef/wer/2008/00000080/00000003/art00005
http://epe.pwr.wroc.pl/2014/1-2014/Haiming_1-2014.pdf
http://epe.pwr.wroc.pl/2014/1-2014/Haiming_1-2014.pdf
http://epe.pwr.wroc.pl/2014/1-2014/Haiming_1-2014.pdf

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Model reactors 
	Analytical procedure  
	Statistical analysis 

	Results
	Treatment of abattoir effluent in anaerobic sequencing batch reactor 
	Treatment of abattoir effluent in aerobic/anoxic sequencing batch reactor 

	Discussion
	Conclusions
	Acknowledgements
	Conflict of Interest 
	Table 1
	Table 2
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	References

