
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Treatability Assessment Of Abattoir Wastewater Using 
 Stalks As Filter 

Media: A Pilot Study
Pennisetum purpureiumJournal of Experimental Research

Email: editorinchief.erjournal@gmail.com   
editorialsecretary.erjournal@gmail.com

Received: 
Accepted for Publication:

   
  

Abstract 

Keywords:

A pilot study was performed using three integrated column bioreactors with elephant grass
( ) stalks as filter media in treating abattoir effluent. The reactors (50 cm 
height, 10 cm diameter and a supportive gravel of 5 cm depth at the bottom) with individual 
volume of 3.5 L and a working volume of 3.1 L were constructed using 15 cm polyvinyl chloride 
(PVC) pipes. Freshly harvested elephant grass stalks were pre-treated, characterized and chopped 
to an average length of 20 mm - 40 mm. Wastewater was fed into the bioreactors at a constant flow 
rate of 0.00024 m /hr. using a variable speed peristaltic pump with hydraulic retention times 
(HRT) of 15, 30, 40 and 60 hours. The results obtained indicated a maximum removal efficiency 
of 43.03% for BOD, 35.93% for COD, 62.42% for Protein, 39.84% for Alkalinity (CaCO ) and 
63.33% for Ammonia nitrogen (NH ) after a retention time of 60 hours. Increase in removal 
efficiencies with HRT time was observed for all the investigated parameters except pH, which 
slightly increased from a near neutral value of 5.6 to a slightly acidic value of 6.2. The Total 
Coliform Count also increased from 3.2 x 10 to 6.9 x 10  CFUs. The column reactor was adjudged 
to achieve an increasingly stable performance with time; however, further work is required to 
optimize the system and determine its long-term use. The authors further recommended the use of 
the treated effluent for irrigation of agricultural crops.

 Elephant grass, Abattoir, Effluent, Bioreactors, Irrigation.
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INTRODUCTION
The Effluent generated and discharged 

by abattoirs is categorized as high strength with 
key pollutants mostly exceeding permissible 
limits. Researchers have consistently reported 
the inherent environmental and health risk of 
disposing poorly managed effluent (Benka-
Coker et al. 1995; Aniebo et al. 2009; Zabbey et 
al. 2011). The impact of this practice is mostly 
felt by communities living near abattoirs as 
disposed effluent destroys biotic life and distorts 
natural ecosystems (Adelegan, 2002). Published 
reports have also traced river and groundwater 
pollution to the activities of nearby commercial 
abattoirs (Coker et al. 2001; Adelegan, 2002;
Adegbola et al. 2012; Tekenal et al. 2014; 
Hassan et al. 2014; and Ekanem et al. 2016).  To 
avoid this menace, the effluent requires some 
form of treatment prior to discharge to 

  
 

watercourse as commonly practiced. Ezeoha et 
al. (2012) emphasized the need to strategize 
abattoir wastes management practices in Nigeria 
to reduce the inherent consequences of poor 
waste management and environmental impact. 
Sangodoyin and Agbawe (1992) recommended 
proper legislation and stern punishment for poor 
abattoir waste management. Other researchers 
emphasized the need for proper monitoring and 
installation of pre-treatment facilities (Desalegn, 
2014; Abdurahman et al. 2015; Ekanem et al. 
2016)  Treatment facilities are often lacking in 
most abattoirs largely due to government 
negligence, lack of adequate information and 
low level of mechanization by operators. This 
contrasts with developed countries where
abattoir activities are well regulated with the 
provision of adequate treatment facilities 
(Zabbey and Etela, 2011; Nafarnda et al. 2012)  
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Several technologies have been used to treat 
slaughterhouse effluent in bench and pilot-scale 
experiments. Some of these includes: bench and 
pilot scale studies on anaerobic filters, anaerobic 
fluidized bed in a continuously stirred reactor,
bench scale up-flow anaerobic sludge blanket 
reactor with flocculent sludge (UASB ) and 
granular sludge (UASB ) (Stephenson and 
Lester, 1986; Sayed et al. 1987; Sayed and de 
Zeeuw 1988 and Harrison et al. 1991). 
Researchers have also advanced the use of plant 
materials for low-cost wastewater treatment. 
Daifullah et al. (2003) reported the use of rice 
husk activated carbon for the removal of heavy 
metals from industrial wastewater. Similarly, 
documented evidence shows the use of low-cost 
agricultural by-products in wastewater treatment 
especially in developing countries where 
adequate drainage facilities and regular power 
supply are not readily available. Some of these 
materials include: cotton stalks, sugarcane waste 
stalks, rice straw, ficus tree trimming stalks, 
wood chips, orange trees, date palm fiber, conifer 
wood chips and conifer bark (Bulena and 
Belanger, 1990; Lens et al. 1994; Daifullah et al. 
2003; Hashem et al. 2009; El Sergany, 2009; El 
Sergany, 2012 and El Nadi et al. 2014;). Elephant 
grass is a local perennial fast-growing grass that 
is abundantly available in the study area at no 
cost. Local farmers often consider it as forage 
and often discarded as a weed. It has a good 
potential to absorb excess nutrients from 
processing wastewater used for irrigation (Dave 
et al, 2005). This prompted its selection for the 
present study  This study, therefore, seeks to 
evaluate the performance of an integrated pilot-
scale bioreactor with elephant grass stalks as 
filter media  
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MATERIALS AND METHODS 
Wastewater sample  co l lec t ion and  
characterization

Experimental Design

The abattoir wastewater was collected 
from an ultra-modern abattoir located at 
Akinyele Local Government Area of Oyo State, 
Nigeria. The abattoir slaughters an average of 76 
animals per day, which includes goats, sheep and 
cattle. Samples were collected after a wire mesh 
that traps solids and fats constituents in a well-
defined channel and transported in plastic 
coolers maintained at 4-5ºC. They were analyzed 
for pH, BOD, COD, Alkalinity, Ammonia 
nitrogen (NH ), Protein and Total Coliform 
Count. Sample analysis was done using 
procedures detailed in Standard Methods 
(APHA, 1991). 

Three pilot-scale integrated reactors were 
constructed using clear polyvinyl chloride 
(PVC) pipes with plastic screens placed at the 
bottom of each reactor to hold the media and a 
baffle placed near the inlet of each reactor to 
disperse the wastewater as shown in Figure 2B. 
To prevent leakages, all the joints were sealed 
with clear silicon sealant. Each reactor has an 
internal diameter of 10 cm and total height of 50 
cm resulting in a total volume 3.5 L and a 
working volume of 3.1 L. Each reactor was 
packed with treated elephant grass stalks 
chopped to a length of 20 mm as reported by El 
Nadi et al. (2013) to a volume of 2.7 L as shown 
in Figure 2B. The integrated reactors were fed 
with wastewater from a 50 litres plastic tank 
using a Ray-601S series variable speed 
peristaltic pump as shown in the schematic 
diagram shown in Figure 1. 

4
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Figure 1.  sThe chematic diagram of the fixed bed anaerobic experimental set-up.
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RESULTS AND DISCUSSION
Biophysicochemical characterization of raw 
abattoir wastewater 

The loaded reactors were seeded 
anaerobically with fresh rumen content 
collected from the abattoir and allowed to stand 
for a period of 14 days allowing for biomass 
growth. The reactor was operated on a batch 
mode for sixty hours achieved by constantly 
feeding the raw abattoir wastewater into the set-
up at a constant flow rate of 0.00024 m /hr. The 
influence of HRT on the removal efficiency of 
pollutant was investigated by gradually 
adjusting the hydraulic retention times (HRT) 
from 15 to 60 hours (15, 30, 45 and 60 hours). 
Feeding was initially done with dilute effluent to 
acclimatize the immobilized bacteria on the 
biofilter media after which raw abattoir 
wastewater was fed into the set-up with 
intermittent mixing of the supply tank to ensure 
a consistent concentration. Gradual growth and 
attachment of the bacterial mass were visually 
observed through the clear glass as the treatment 
progresses. Effluent samples were collected 
through the outlet ports shown in Figure 1 at 
regular interval for the different HRT rates. The 
performance of the set-up was monitored by 
analyzing treated samples for pH, BOD, COD, 
Alkalinity, Ammonia nitrogen (NH ), Protein 
and Total Coliform Count. 

T h e  B i o p h y s i c o c h e m i c a l  
characterization of raw abattoir wastewater is 
presented in Table 1. The wastewater was 
mainly generated from carcass washing, 
slaughtering slab clean-up and domestic uses. 
The tested biophysicochemical parameters were 
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mostly beyond the permissible limits set by 
NESREA (National Environmental Standards 
and Regulations Enforcement Agency) except 
for pH and ammonia nitrogen (NH ) which were 
below the permissible limits. Bioreactor 
performance was assessed based on the pollutant 
removal efficiency {R  (%)}of the various 
pollutant at different HRT using Equation 1. 

Where:
 and  are the final and initial values of 

the tested parameter.  

An appreciable change in the colour of 
the treated wastewater was observed after the 
treatment cycle. Total Coliform Count increased 
from 3.2 x 10  CFU/ml to 6.9 x 10  CFU/ml. This 
was probably due to the favourable condition 
created by the degrading effluent and filter 
media. The effect of varying the HRT in terms of 
removal efficiency is shown in Table 2. A 
consistent performance in the bioreactor removal 
capacity with increasing HRT was observed for 
the selected parameters. Maximum removal 
efficiencies of 63.33%, 62.42%, 43.03%, 
39.84% and 35.93% were recorded for Ammonia 
nitrogen (NH ), Protein, BOD, Alkalinity and 
COD after 60 hours of operation. The bioreactor 
performance was not affected by variations in pH 
as effluent pH remained between 5.7 and 7.7 for 
all the HRTs. The wastewater pH was reduced 
from an acidic value of 5.6 to 6.2. The low 
removal efficiency for BOD, COD and 
Alkalinity observed after 60 hours shows the 
limitations of the reactor capacity and may result 
from the hydrodynamics of the reactor.
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Figure 2. A: Freshly chopped elephant grass stalks; B: Schematic diagram of a single bioreactor.                 
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The concentration of the bacterial isolates from 
the raw and treated wastewater are presented in 
Table 3. Bacillus spp. is the most dominant 
microorganisms while Pseudomonas and 
Escherichia coli are moderate in the raw 
wastewater. The overall removal efficiency of 
the system was substantially low compared to 
other similar studies probably due to the low 
hydraulic retention time and the change from an 
alkaline to an acidic medium. This observation 
was collaborated by Bitton, 2005. The inhibitory 
effect of slightly acidic medium on the 

 

 

Parameter Range Mean value 
NESREA 
Maximum 

Permissible Limits
pH 5.6 5.6 9 

BOD* (mg/l) 2085 - 2105 2093.3±10.41 30 

COD* (mg/l)  3879 - 3940 3917.0±33.15 60 

Alkalinity CaCO3 (mg/l) 5.5 - 5.8 5.6±0.15 ns 

Ammonia nitrogen (NH4 ) (mg/l) 15
 - 20

 
16.7±2.89 44 

Protein (%) 6.1 - 6.4 6.3±0.15 ns 

Total Coliform Count (CFUs) 3.2 x 105 3.2 x 105 400 

*COD: Chemical Oxygen Demand; BOD: Biochemical Oxygen Demand; ns: not stated.
methanogenic bacteria can also have a 
substantial effect on the bioreactor performance. 
Physical degradation of the chopped filter media 
was observed after the experiment. This was 
evaluated based on changes in some chemical 
composition before and after the experiment as 
presented in Table 4. The pH decreased slightly 
from 6.8 to 6.0 while total nitrogen, organic 
carbon, organic phosphate (PO ) and potassium 
(K ) increased after the treatment cycle. Some 
absorbed nutrients from the wastewater might be 
responsible for this increase.

4
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Table 2: Bioreactor performance at various hydraulic retention times.

HRTs (h)
Removal Efficiency (%)

BOD COD Alkalinity (CaCO3) NH4
+ Protein 

15 30.50 22.65 15.19 20.00 51.24 
30 34.70 27.86 21.89 33.33 57.62 

45 38.90 32.02 28.99 46.67 60.68 

60
 

43.03
 

35.93
 

39.84
 

63.33
 

62.42
 

Table 3: Bacterial isolates from the raw and treated abattoir wastewater.

  Bacterial Isolates Microscopic Grading 
Raw Wastewater Treated Wastewater

Bacillus                   +++ ++ 
Pseudomonas     ++ + 
Enterobacter     + ++ 
Aeromonas     + ++ 
Staphylococcus     + + 
Escherichia coli      ++ +++

+ = low; ++ = moderate; +++ = high (grading adapted from Balogu et al. 2014)
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Physical observation revealed a slight 
degradation of the elephant grass stalk. This 
might have reduced the system porosity and 
ultimately lowered the system performance 
capacity. During operation, an appreciable 
amount of carbon dioxide is produced in the 
system which accounts for the slightly acidic pH; 
this is responsible for the production of ammonia 
gases that enhance the production of ammonium 
ion during bio-degeneration (Middlebrooks et al. 
1999).    

Table 4: Some characteristics of fresh 
elephant grass stalk

Parameter Before Use After Use

Total Nitrogen (%) 1.26±0.02 2.04±0.03

pH (10% Slurry) 6.8±0.01 6.0±0.02 

Organic Carbon (mg/l) 61.3±0.30 69.2±0.15 

P as PO4 (mg/l) 260.0±0.03 313.0±2.89

K+ (mg/l) 33.3±2.89 43.3±2.90

REFERENCES

Abdurahman NH, Rosli YM, Azhari NH. (2015). 
Ultrasonic membrane anaerobic system (UMAS) 
applicat ions int reat ing slaughterhouse  
wastewater. Australian Journal Basic & Applied 
Science. 9; (31):79-89.

Adegbola AA, Adewoye AO. (2012). On investigating 
pollution of groundwater from Atenda abattoir 
wastes, Ogbomoso, Nigeria. International 
Journal of Engineering and Technology. 2; 
(9):1569-1585.

Adelegan JA. (2002). Environmental policy and slaughter-
house waste in Nigeria. In the Proceedings of the 
28th WEDC Conference. Kolkata (Calcutta) 
India. pp 3-6.

Aniebo A, Wekhe S, Okoli I. (2009).  Abattoir blood waste 
generation in Rivers State and its environmental 
implications in the Niger Delta. Toxicological & 
Environmental Chemistry. 91; (4): 619-625.

APHA (1991). Standard Methods for Examination of 
Water and Wastewater. APHA, Washington D.C., 
20005, U.S.A.

Balogu1 TV, Nwaugo VO, Onyeagba RA. (2014). 
Persistence and biofilm assessment of 
campylobacter jujeni in poultry abattoir. Nigerian 
Food Journal (NIFOJ). 32; (1):54-61.

Benka-Coker M, Ojior O. (1995). Effect of slaughterhouse 
wastes on the water quality of Ikpoba River, 
Nigeria. Bioresource Technology. 52; (1):5-12.

Bitton G. (2005). Wastewater Microbiology. John Wiley 
and Sons, Inc., Third Edition. Hoboken, New 
Jersey.

Buelna G, Bélanger G. (1990). Biofiltration á base de 
tourbe pour le traitement des eaux usées des 
petites municipalités. Sciences et Techniques de 
l'eau. 23:259-264.

Coker AO, Olugosa BO, Adeyemi AO. (2001). Abattoir 
effluent quality in South Western Nigeria. In the 
Proceedings of the 27th UNEDC Conference. 
Lusaka Zambia. pp 329-332.

Daifullah AAM, Girgis BS,  Gad HMH. (2003). 
Utilization of agro-residues (rice husk) in small 
wastewater treatment plants. Materials Letters. 
pp 1723-1731.

Dave G, Florence CS, Diganta A, Morton R. (2005). 
Update on elephant grass research and its 
potential as a forage crop. In: Proceedings, 
California Alfalfa and Forage Symposium, 

CONCLUSION
Elephant grass ( ) stalk, 
as an agricultural material, is a promising 
biofilter media for abattoir wastewater 
treatment, especially in areas lacking sanitation 
and treatment facilities. It can offer substantial 
economic gains with appreciable environmental 
benefits. The result indicated an increase in 
system performance with increase in the HRT 
for all the selected parameters. The system 
removal efficiency ranged from 15.19% to 
63.33%. The results compare well with other 
studies but with lower reduction efficiencies 
which may be due to operating conditions. 
Therefore, an in-depth study is recommended to 
optimize the system and attain higher removal 
efficiencies. Further study is also needed to 
investigate the long-term application of elephant 
grass ( ) stalk and its 
potential application to treat other industrial 
wastewater. Since the treated wastewater 
contains essential plant nutrients, its safe use for 
agricultural purposes should also be 
investigated.

Pennisetum purpureum

Pennisetum purpureum

Lawal et al: Treatability of abattoir waste water using P. purpureuim stalks

An Official Publication of Enugu State University of Science & Technology    ISSN: (Print) 2315-9650   ISSN: (Online) 2502-0524
This work is licenced to the publisher under the Creative Commons Attribution 4.0 International License.     26  



 

 

 

 

 

Visalia, CA. pp 28-36. 

Desalegn A. (2014). Characterization of wastewater and 
evaluation of the effectiveness of the wastewater 
treatment systems in slaughterhouses. Research 
Journal of Chemistry & Environmental Science. 
2; (6):20-27.

Ekanem KV, Chukwuma GO, Ubah JI. (2016). 
Determination of the physicochemical 
characteristics of effluent discharged from Karu 
abattoir. International Journal of Science & 
Technology. 5; (2):43-50.

El Nadi MH, Abdel Rahman WH, Radwan A, Ahmed RA. 
(2013). Use of ficus trees pruning results for 
wastewater treatment. Australian Journal of Basic 
& Applied Sciences. 7; (10):127-136.

El Nadi MH, Elazizy IM, Abdalla MAF. (2014). Use of 
agricultural wastes as biofilter media in aerobic 
sewage treatment. Australian Journal of Basic & 
Applied Sciences. 8; (16):181-185.

El Sergany FAGH. (2009). Wastewater treatment by sugar 
cane waste stalks. Ain Shams Journal of Civil 
Engineering (ASJCE). 2:253-258.

El Sergany FAGH. (2012). Application of rice husk as low-
cost wastewater treatment technique. 2nd 
International Conference & Exhibition 
Sustainable Water Supply and Sanitation.

Ezeoha S, Ugwuishiwu B. (2012).  Status of abattoir 
wastes research in Nigeria.  Nigerian Journal of 
Technology. 30; (2):143-148.

Harrison J, Veeraraghavan T, Sommerstad H. (1991). 
Treatment of slaughterhouse effluent using an 
anaerobic filter. Canadian Journal of Civil 
Engineering. 18:436-445.

Hassan IA, Campbell C, Ademola TG. (2014). Effect of 
abattoir effluent on surrounding underground 
water quality: A case study of governor road 
abattoir at Ikotun, Lagos State. International 
Journal of Advances in Pharmacy, Biology & 
Chemistry. 3; (4):957-965.

Lens PN, Vochten PM, Speleers L, Verstraete WH. (1994). 
Direct treatment of domestic wastewater by 
percolation over peat, bark, and woodchips. 
Water Resources. 28; (1):17–26.

Middlebrooks EJ, Reed, SC, Pano A, Adams VD. (1999). 
Nitrogen removal in wastewater stabilization 
lagoons. pp 1-38.

Nafarnda WD, Ajayi IE, Shawulu JC, Kawe MS, Omeiza 
GK, Sani NA, Tenuche OZ, Dantong DD, Tags 
SZ. ( 2012). Bacteriological quality of abattoir 
effluents discharged into water bodies in Abuja, 
Nigeria.  ISRN Veterinary Science. 2012; Article 
ID 515689. pp 1-5.

Sangodoyin AY, Agbawhe OM. (1992). Environmental 
study on surface and groundwater pollutants from 
abattoir effluents. Bioresource Technology. 
41:193-200. 

Sayed SKI, de Zeeuw W. (1988). The performance of a 
continuously operated flocculant sludge UASB 
reactor with slaughterhouse wastewater. 
Biological Wastes. 24:199-212.

Sayed SKI, Vander Spoel H, Truijen GJP. (1993). A 
complete treatment of slaughterhouse wastewater 
combined with sludge stabilization using a two-
stage high rate UASB process. Water Science & 
Technology. 27; (9):83-90.

Stephenson T, Lester JN. (1986). Evaluation of startup and 
operation of four anaerobic processes treating a 
synthetic meat waste. Biotechnology & 
Bioengineering. 28:372-380.

Tekenah WE, Agi PI, Babatunde BB. (2014). Analysis of 
surface water pollution from abattoirs and the 
interrelationship between physicochemical 
properties (a case study of the new Calabar river). 
Journal of Environmental Science, Toxicology 
and Food Technology. 8; (5):10-18.

World Health Organisation (WHO) (2002). Food safety 
and foodborne illness. Factsheet 237. WHO 
Geneva, Switzerland. Available at: 
www.who.int/mediacenter/factsheets/fs237/en/. 
Accessed June. 14, 2018.

Zabbey N, Etela I. (2011). Impact of abattoir waste on Woji 
Creek, Port  Harcourt,  Nigeria , using 
physicochemistry and macrozoobenthic diversity 
indices. African Journal of Aquatic Science. 36; 
(3):279-287.

Lawal et al: Treatability of abattoir waste water using P. purpureuim stalks

An Official Publication of Enugu State University of Science & Technology    ISSN: (Print) 2315-9650   ISSN: (Online) 2502-0524
This work is licenced to the publisher under the Creative Commons Attribution 4.0 International License.     27  


