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ABSTRACT

An abattoir is a place meant for the killing of animals and processing of meat for human use
and consumption. Bioremediation potentials of some bacteria isolated from abattoir
wastewater located within Kaduna metropolis, Nigeria were determined. The wastewater
was collected and serially diluted, plated on nutrient agar for bacterial isolation using the
pour plate isolation method. The isolates were identified according to their morphological,
cultural and biochemical characteristics. The identified organisms included Escherichia coli,
Bacillus, Pseudomonas, Klebsiella and Salmonella spp. The isolates were screened for
biodegradation potential using the Mineral Salt Medium (MSM) for five days.
Spectrophotometry was used to determine the optical density of the bacterial growth during
the biodegradation analysis. Bacillus and Salmonella species were used separately, in
addition to the consortium of Salmonella, FEscherichia coli and Klebsiella spp for
bioremediation of the wastewater. The physical and chemical parameters of abattoir
effluents such as Biochemical Oxygen Demand (BOD), Total Dissolved Solids (TDS), Electrical
Conductivity (EC), temperature, pH, Nitrate and Phosphate concentrations were used in
accessing the extend of the effluent’s degradation using standard laboratory procedures.
Bacillus spp reduced TDS of the wastewater from 1996.0 mg/1 to 430.7 mg/], EC 2.56 mg/1 to
0.671 mg/1, Nitrate 64.5 mg/l to 47.3 mg/l, BOD 947.7 mg/1 to 514 mg/l. The consortium of
the bacteria reduced TDS 446.3 mg/1 to 430.7 mg/l, EC 0.678 mg/] to 0.671 mg/l, Nitrate
44.9 mg/1 to 39.9 mg/], BOD 858.7 mg/1 to 473.6 mg/], Bacillus reduced the pH 7.87 to7. 20,
while the consortium reduced the pH 6.77 to 6.16 after 21 days of inoculation and treatment.
The results revealed a significant difference (p < 0.05) among the parameters during the
period of biodegradation. The results indicated that Bacillus and the consortium of bacteria
are promising microorganisms for industrial application of abattoir wastewater.
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INTRODUCTION

An abattoir is a place where animals are
slaughtered or killed for human
consumption [1]. The most commonly
slaughtered animals for food are cattle,
sheep, pigs, goats, and fowls, for poultry
meat. The practice of slaughtering
livestock and its resultant meat supply
also provides very useful by-products such
as skin and leather [2]. Abattoirs act as the
starting point of the meat processing
industry where stock comes from the
market or farms to enter the food chain.
The abattoir industry is an important
component of the livestock industry in
Nigeria, providing domestic meat supplies
to over 150 million people and
employment opportunities for the teeming
population [3].

Abattoir waste encompasses solid wastes,
which include inedible animal tissues such
as condemned undigested ingesta as well
as other forms of waste including
meat/organ, ligaments, tendons bones,
horns, hairs and aborted fetuses [4].
Abattoir wastewater, also called
Slaughterhouse Waste Waters (SWWs)
contains high amounts of biodegradable
organic matter, suspended and colloidal
matter such as fats, proteins and cellulose
[5]. Biodegradable organic matter in
receiving waters creates high competition
for oxygen within the ecosystem leading to
high levels of biochemical oxygen demand
(BOD) and a reduction in dissolved
oxygen, which is detrimental to aquatic
life. Nutrients (nitrogen and phosphorus)
enrichment in receiving sensitive bodies of
water can cause eutrophication by
stimulating the growth of algae (called an
algal bloom). Blooming and finally the
collapse of algae may lead to
hypoxia/anoxia and hence mass mortality
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of benthic invertebrates and fish over
large areas due to aquatic dissolved
oxygen depletion. These effects entail a
negative impact on biodiversity, sensitive
species may be eliminated, major changes
in the ecosystem and a number of serious
human health hazards may occur [6].

In Nigeria, the abattoir industry is an
important component of the livestock
industry providing domestic meat supply
to over 150 million people and
employment opportunities for teaming
population [7]. They are usually situated
near aquatic environment where different
untreated waste streams are discharged
[8] and constitute public health concerns
to the authorities. The impact of
wastewater effluents on the quality of
receiving water bodies is manifold and
depends on the volume of the discharge,
chemical and microbiological
concentration/composition of the effluents
[9]. Ever since humans tied down their
health and well-being to the quality of
their environment, sanitation which ought
to have been one of the determinants of
the quality of life has been neglected [10].
In addition, environmental sanitation
practices that characterize some of these
abattoir houses in developing countries
call for  attention. Environmental
sanitation is an intervention to reduce
peoples exposure to diseases by providing
a clean environment to live in and with
measures to break the cycle of disease.
This includes hygienic management of
human and animal excreta, refuse and
wastewater and control of disease vectors
and all the factors in the physical
environment that may have deleterious
effects on man’s mental, social, and
physical wellbeing [11].

Bioremediation is the wuse of
organisms, or part of it, or

living
their
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metabolites, for the recovery or cleaning
up of a contaminated medium such as soil,
sediment, or liquid/water [12,13]. Under
suitable conditions, microorganisms
conduct their metabolic processes quickly
and with  extraordinary  precision,
facilitated by their broad enzyme-
mediated responses. Detailed discovery of
natural microbial ecology to uncover
enzymes has contributed to the
development of an enzyme solution as an
alternative to harsh chemical technologies
[14]. The transformation of solid and

liquid abattoir wastes by
microorganisms, or their metabolites is a
novel trend; new microorganisms

with proper biodegradation  systems are
necessary to meet the ever-increasing pile-
up of abattoir wastes, especially in waste
management and degradation [15]. The
aim of this research was to determine the
biodegradation potential of some bacteria
isolated from abattoir effluents within
Kaduna metropolis.

MATERIALS AND METHODS

Sample collection

Wastewater samples were collected from
Sabon Tasha, Ungwan Rimi and Tudun
Wada abattoirs all located within Kaduna
metropolis according to the method of
Adesemoye et al. [16]. Sterile 2.0 liters
sampling bottles were used to aseptically
draw 500 ml of the abattoir wastewater.
The wastewater samples were collected
from each abattoir as the wastewater was
running off the drainage system (grab
method). A total of 12 samples were
collected from the 3 abattoirs. Two (2)
samples were collected from each abattoir
in every visit. Samples were collected
from the point source and exit points.
Samples were collected between the
months of June and September 2021.
Control samples were collected from water
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stored in buckets used for washing meat
and utensils in the abattoirs. The samples
were placed in a cooler containing ice
blocks and were transported immediately
to the laboratory within 4 to 6 hours after
collection for analysis. The samples were
collected in the early hours of morning
when activities in the abattoir are usually
high.

Preparation of culture media

The media used for this study were:
Nutrient agar, Nutrient broth, Plate Count
Agar (PCA), MacConkey agar, Mannitol Salt
agar, Cetrimide agar, Eosin Methylene Blue
(EMB) agar, Mineral Salts Medium and
Salmonella Shigella agar, all of which were
prepared according to manufacturer’s
instructions.

Bacterial analysis

A serial dilution of 1:10 was carried out on
the abattoir wastewater. From the
dilutions 0.1 ml aliquot taken from 10-3
and 10-> was transferred aseptically into
freshly prepared agar plates (MacConkey
agar, MRS, Cetrimide agar, Salmonella
Shigella agar, Nutrient agar and EMB agar)
and spread evenly on the medium in
duplicates. The inoculated plates were
incubated at 37°C for 24 hours, after
which, plates were examined for growth.
Representative colonies of bacteria were
picked from different plates after the
incubation period. Pseudomonas cetrimide
selective agar was used for the isolation of
Pseudomonas aeruginosa, MacConkey agar
for the isolation of Klebsiella spp, MRS for
the isolation of Bacillus spp, Salmonella
Shigella agar for the isolation of
Salmonella spp and Eosin methylene blue
agar for the isolation of Escherichia coli
and Klebsiella spp. Pure cultures of
bacteria were obtained by aseptically
streaking representative colonies of
different morphological types on to freshly
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prepared selective media agar plates.
Discrete  bacterial  colonies  which
developed on the plates, were used for
subsequent characterization tests in
accordance with the schemes of the
Bergey’s Manual of Determinative
Bacteriology [17]. Nutrient agar was used
as agar slant for storage of bacteria
isolated while plate count agar was used
for total bacterial count [18].

Characterization and identification

The isolates were characterized and
identified on the basis of cultural
appearance of colony, morphology,

differential and selective media and by
conventional biochemical tests [19]. Gram
staining and conventional biochemical
tests ( urease, indole, citrate utilization,
coagulase, oxidase and sugar fermentation
tests) were carried out.
Determination  of
characteristics

The physico-chemical properties
determined were pH, temperature,
conductivity, total dissolved solid,
biochemical oxygen demand, temperature,
phosphate and nitrate using the methods
according to the methods of Ademoroti
[20].

physico  chemical

Screening of isolates for biodegradation

potential
A 0.1 ml each of the broth cultures of the
bacterial isolates (Bacillus, Klebsiella,

Pseudomonas, E coli and Salmonella) plus
5ml each of MSM broth was mixed with
0.1ml of sterile abattoir wastewater in
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separate test tubes. The mixed sterile
abattoir wastewater and MSM plus broth
bacterial cultures were incubated at 37°C
for 5 days. Spectrophotometer was used to

determine the optical density at
wavelength 550 nm. The isolates with the
best potential were used for the

bioremediation of abattoir wastewater
[21].

Biodegradability test

The experimental setup consisted of 200
ml of sterile wastewater with mineral salt
medium and 1 ml of the 24 hours old
culture of each isolated organism
contained in 250 Erlenmeyer’s flasks.
Each flask contained sterile wastewater
with mineral salt medium for each
individual isolate (Bacillus spp or
Pseudomonas spp) and consortium
(Escherichia coli, Klebsiella spp and
Salmonella spp ). The flasks were all
incubated at room temperature and were
periodically shaken to ensure the oxygen
was evenly distributed and circulated. The
incubation period was at intervals of one
week (7 days) for 21 days (3 weeks) after
which the physicochemical analysis was
carried out using the standard laboratory
procedures. [22].

Data analysis

Statistical analysis including mean,
standard deviation, one way analysis of
variance (ANOVA), as well as the
significant evaluation were performed
using the SPSS windows
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RESULTS

The results of the bacterial profile detected
in all the abattoir wastewater samples
analysed are presented in table 1.0.
Escherichia coli, Klebsiells Sp,

Pseudomonas sp,

samples.
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Salmonella sp and
Bacillus sp were detected in all the

Table 1. Morphological and biochemical characteristics of isolates from selected points of Sabo, Tudun wada and Ungwan

rimi abbatoirs

IC GRAM SHAPE SPORES MOT. CAT. COA. IND. CIT. TSI MR UREASE PROB. ORG.
EX1 + R + - + - - + - - Bacillus ap.
EX 2 - R - + + - + - - - Pseudomonas
EX3 - R - + + - + - A/A + - E. coli

EX 4 _ R + - + - - + + Bacillus sp.
EXS _ R - + + - + + + + Pseudomonas
EX 6 - R - - + - - + A/A - + Klebsiella sp.
EX7 + R + - + - - + + + Bacillus sp.
EX8 + R + - + - - + + + Bacillus sp.
D1S1 - R - - + - - + A/A - + Klebsiella sp.
D1S2 - R - + + - + - + - E. coli

D1S3 - R - + + - + - - + Pseudomonas
D1S4 - R - + + - + - - + Pseudomonas
D1S5 + R + - + - - + + + Bacillus sp.
D1S6 - R - + + - - - A/A + - Salmonella sp.
D1S7 - R - + + - - - A/A + - Salmonella sp.
D1S8 - R - + + - - - A/A + - Salmonella sp.

KEY: R - ROD, C - COCCUS, + POSSITIVE, - NEGATIVE, D- Discharge, EX-Exit

Growth Pattern of Isolates grown in
mineral salt medium for Biodegradation
Potentials

The isolates were grown in a mineral salt
medium containing the sterile abattoir
effluent for 5 days after which their

Table 2. Growth pattern of Isolates grown in Mineral Salt Medium

growth pattern was monitored using

spectrophotometer at 550nm. The highest
growth was seen in Bacillus spp followed
by Pseudomonas spp. Escherichia coli had
the lowest growth among all the isolates as
presented in Table 2

S/N Isolates Optical Density (OD)
1. Klebsiella spp 1.207
2. Escherichia coli 0.393
3. Salmonella spp 1.359
4, Pseudomonas spp 1.540
5. Bacillus spp 1.728
6. control 0.294

Effects of Bacteria on the Physicochemical
parameters of wastewater samples

The initial temperature of the water
samples collected at the sampling
locations were between 27.3 and 27.4°C.
Upon addition of the microorganism,
either singly or as a consortium of
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organisms, it was observed that there
were elevations in the mean water
temperature with the different sampling
intervals; however, the increase in the
temperature = was  not  statistically
significant (p > 0.05). when compared
with the W.H.O permissible limits for
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water temperature, the results showed
that the mean temperature of the water
samples were below the acceptable limits
(< 40°C). At each sampling interval, the
temperature of the water samples
collected at the various locations did not
differ significantly (P > 0.05) between
samples treated with either Pseudomonas
spp or Bacillus spp. (Table 3).

The pH values of the water samples, both
before and after the innoculation of
microorganisms, were all with the W.H.O
acceptable limits. However, the results
indicated that lower pH values were
recorded in water samples after the
introduction of either Pseudomonas sp. or
Bacillus sp. Furthermore, the decrease in
pH of the water samples varied with time
(Table 4).

The total dissolved solid values recorded
in the water samples before and after the
addition of the microorganisms were
significantly higher than the W.H.O
allowable limits for TDS of 2 mg/l.
However, upon the introduction of
microorganisms, either singly or as a
consortium of organisms. A significant
reduction in the TDS of the water samples
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was observed between the 7th and 21st day
(Table 5).

The electrical conductivity values of the
water samples prior to introduction of the
microorganisms were higher than the
WHO allowable limit of 1 mS/cm for water
conductivity. Following the introduction of
the remediating microbes, significantly
lower values for electrical conductivity
were recorded, with the values being
lower than that of WHO permissible limit
for electrical conductivity (Table 6).

The BOD values were significantly higher
than the WHO permissible limit of 20
mg/L for BOD in water sample;
furthermore, the introduction of the
microorganisms did not significantly alter
the levels of BOD when compared to the
pre-inoculation values (Table 7).

The nitrate concentration in water
samples before bacterial treatment were
higher than the WHO recommended limit
of 45 mg/L. Addition of the remediating
organisms was associated with decreasing
nitrated concentrations in all the water
samples collected with Pseudomonas spp
and the consortium of microorganisms
having the highest nitrate lowering effect
by the 21stday of observation (Table 8)

Table 3: Changes in the temperature of water samples treated with Pseudomonas spp, consortium and Bacillus spp over

four sampling intervals (in °C)

Isolate Abattoir Day 0 Day 7 Day 14 Day 21 WHO[23]
Pseudomonas U/rimi 27.310.35 28.74+0.75 29.940.15 32.0+0.2 <40
T/wada 27.410.40 28.71+0.36 29.610.61 32.0+04
Sabo 27.31£0.36 29.940.26 29.1+1.33 32.0+0.1
Bacillus U/rimi 27.3+£0.35 28.8+0.43 28.2+1.24 32.0+0.1
T/wada 27.4+0.40 29.240.21 29.9+1.30 32.0+0.2
Sabo 27.3+£0.36 29.24+0.31 28.9+1.10 32.0+0.6
Consortium 28.940.56 30.2+0.21 30.2+0.21
Control 26.8140.60

Key: T/wada: Tudun Wada, U/Rimi: Ungwan Rimi, W.H.O: World Health Organisation

Consortium: Escherichia coli, Klebsiella and Salmonella spp
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Table 4: Changes in the pH of water samples treated with Pseudomonas spp, consortium and Bacillus spp over four
sampling intervals.

Isolate Abattoir Day 0 Day 7 Day 14 Day 21 WHO[23]
Pseudomonas U/rimi 7.87+0.03 7.25+0.06 7.25%0.08 7.1510.03 6.5-9.5
T/wada 7.57£0.09 7.4610.09 7.311+0.04 7.4010.12
Sabo 7.6410.04 7.6410.05 7.4710.06 7.4010.02
Bacillus U/rimi 7.8710.03 7.25+0.06 7.254+0.05 7.2010.08
T/wada 7.57+0.09 6.54+0.06 7.2610.06 7.4010.06
Sabo 7.6410.04 7.73£0.03 7.6310.06 7.50+0.04
Consortium 6.77£0.11 7.16+0.03 7.16+0.03
Control 5.82+0.14

Key: T/wada: Tudun Wada, U/Rimi: Ungwan Rimi, W.H.O: World Health Organisation
Consortium: Escherichia coli, Klebsiella and Salmonella spp

Table 5: Changes in the total dissolved solids (TDS in mg/l) of water samples treated with Pseudomonas spp, consortium
and Bacillus spp over four sampling intervals.

Isolate Abattoir Day 0 Day 7 Day 14 Day 21 WHO[23]
Pseudomonas U/rimi 1666.0+7.20 357.6+10.2 476.0+11.7 463.1+6.42 1000
T/wada 1533.6+11.2 405.3+5.03 417.3+3.06 455.4+1.48
Sabo 1966.3+14.3 427.343.78 384.0+13.7 502.6+3.26
Bacillus U/rimi 1666.0+7.20 427.0+4.58 429.3+1.52 430.8+4.89
T/wada 1533.6+11.2 384.6+3.51 428.31+4.51 490.6+1.12
Sabo 1966.3+14.3 446.7+12.9 443.3+4.51 511.3+9.65
Consortium 446.31£8.50 430.7+£9.86 430.71+9.86
Control 81.7+3.06

Key: T/wada: Tudun Wada, U/Rimi: Ungwan Rimi, W.H.0: World Health Organization
Consortium: Escherichia coli, Klebsiella and Salmonella spp

Table 6: Changes in the electrical conductivity (EC in uS/cm) of water samples treated with Pseudomonas spp, consortium
and Bacillus spp over four sampling intervals.

Isolate Abattoir Day 0 Day 7 Day 14 Day 21 WHO[23]
Pseudomon U/rimi 2.56+0.03 0.561+0.010 0.7314+0.080 0.72340.011 1
T/wada 2.7840.03 0.603+0.005 0.646+0.048 0.710+0.012
Sabo 2.61+0.02 0.66610.006 0.62040.007 0.78440.011
Bacillus U/rimi 2.56+0.03 0.651+0.009 0.674+0.007 0.6714+0.008
T/wada 2.7840.03 0.627+0.008 0.662+0.021 0.765+0.004
Sabo 2.61+0.02 0.74840.127 0.683+0.017 0.79840.006
Consortium 0.678+0.101 0.671+0.014 0.671+0.014
Control 124.3+42.51

Key: T/wada: Tudun Wada, U/Rimi: Ungwan Rimi, W.H.0: World Health Organization
Consortium: Escherichia coli, Klebsiellaand Salmonella spp
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Table 7: Changes in the biological oxygen demand (given in mg/l) in water samples treated with Pseudomonas spp,
consortium and Bacillus spp over four sampling intervals.

Isolate Abattoir Day 0 Day 7 Day 14 Day 21 WHO[23]
Pseudomonas U/rimi 726.0+2.64 862.7+£21.0 748.0+11.2 894+2.48 20
T/wada 947.7+5.68 630.3+4.93 868.6+£20.0 1002+4.64
Sabo 822.7+2.51 537.0%+13.1 628.0£3.60 642+1.33
Bacillus U/rimi 726.0+2.64 792.6+4.04 791.0+£5.93 81145.67
T/wada 947.7+5.68 646.0+£7.00 836.715.68 989.0+6.38
Sabo 822.7+2.51 558.31+24.0 863.0+14.1 51443.42
Consortium 858.7+28.4 473.616.65 473.616.65
Control 322.0+£2.65

Key: T/wada: Tudun Wada, U/Rimi: Ungwan Rimi, W.H.O: World Health Organization
Consortium: Escherichia coli, Klebsiella and Salmonella spp

Table 8: Changes in the NOs (mg/l) content in water samples treated with Pseudomonas spp, consortium and Bacillus spp
over four sampling intervals.

Isolate Abattoir Day 0 Day 7 Day 14 Day 21 WHO[23
Pseudomonas U/rimi 64.5+0.52 48.840.62 40.4+1.75 31.5+1.42 45
T/wada 71.8+0.87 42.440.72 47.613.23 47.314.48
Sabo 88.41+0.96 84.31+3.11 64.9+1.49 56.31+3.95
Bacillus U/rimi 64.5+0.52 49.240.31 37.6+1.13 47.3+1.43
T/wada 71.84+0.87 38.61+0.49 45.1+0.95 54.0+0.68
Sabo 88.4+0.96 66.8+1.94 67.814.55 56.3+2.04
Consortium 44.94+1.15 39.9+1.35 39.941.35
Control 31.040.78

Key: T/wada: Tudun Wada, U/Rimi: Ungwan Rimi, W.H.0: World Health Organisation
Consortium: Escherichia coli, Klebsiella and Salmonella spp

DISCUSSION There is statistically significant difference
(P < 0.05 ) of pH values recorded by
different abattoir effluents at 7 days
interval for 21 days.

The mean pH values obtained from this
study were within the W.H.O tolerance
limit of 6.5 to 9.5 for the discharge of
wastewater into aquatic environments
[24]. The basic pH that characterized the

The total dissolved solids (TDS), obtained
from Ungwan Rimi, Tudun Wada and Sabo

sample from this research contradicted the
observation made by Oyinlola et al [25]
which recorded an acidic pH in the
characteristics of sampled abattoir
wastewater. This may be as a result of the
ammonia released during the degradation
that reacted with carbon dioxide produced
during the anaerobic process resulting in
ammonia bicarbonate which contributed
to the increase in pH values compared to
the control sample. This is as a result of
the high concentration of organic
compounds in the abattoir effluents that is
composed mainly of proteins e.g blood [9].
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abattoirs for day 0 in all the abattoirs were
generally higher than the 1000 mg/1 upper
limit set by W.H.O [23]. The TDS values
obtained were statistically significant from
day 0 to day 7. However, the TDS values
obtained for days 7, 14 and 21 fell within
the limit. The reduction of the total
dissolved solids during the experiment
was an indication that the bacteria were
using it to supply energy for their own
metabolic processes and for biomass
production. This result is in line with those
observed by Moran, et al. [26].
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The temperature values obtained were in
compliance with the Federal Ministry of
Environment (FMENV) effluent
permissible limits of <40°C and were
similar to those obtained by Atuanya et al.
[27]. Metabolic activities increased with a
rise in temperature. A rise in temperature
can produce conditions for the growth of
disease-causing organisms. However, the
increase in the temperature was not
statistically significant ( P > 0.05) when
compared with the W.H.O permissible
limit for water temperature ( < 40°C). The
mean Electrical Conductivity for day 0 in
the abattoirs was above the W.H.O
permissible limits of 1(one) [23].
However, conductivity after treating the
abattoir wastewater fell within the limit
set by FMENV/W.H.O. [23]. High values
electrical conductivity showed that
inorganic ions such as H+, Nat, K+ Mg2+,
Cazt, CI2+, SO42* etc. Are present in
reasonable concentration in the water.
Such ions have major influence on the
conductivity of water, [20]. There was a
statistical significant difference ( P < 0.05)
among the pH values recorded at the
different abattoir effluents at 7 days
interval for 21 days. Total dissolved solids
(TDS) and electrical conductivity (EC)
exhibited similar characteristics/trend in
all the abattoirs effluent samples, this may
be as a result of the linear relationship that
exists between the two parameters [28].

Biological Oxygen Demand (BOD) values
recorded for all the abattoirs were greater
than the permissible discharge limits of 20
mg/l by W.H.O. [23]. High Biological
Oxygen Demand values could be attributed
to the low Dissolved Oxygen level since
low dissolved oxygen will result in high
biochemical oxygen demand, which is an
indication of pollution. The maximum
reduction of BOD was observed at day 21
by the consortium of bacteria followed by
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Bacillus and Pseudomonas Spp
respectively.  Similar  results  were
observed by Shrivastava et al. (2013) and
Prasad and Manjunath (2011) where it
was found that Bacillus and Pseudomonas
spp reduced BOD of Yamusa water and
lipid rich wastewater. The BOD recorded
were found to be higher, an indication of
high organic matter. Higher BOD
concentrations in all the abattoir samples
were due to high blood volume. This
agrees with the findings of Cao and
Mehrvar, (2011). The reduction in BOD in
the first seven (7) days is an indication of
reduction of pollution level of abattoir
effluent and the rise in the value of BOD in
the third week of investigation is an
indication that the microbial communities
were getting old ( Presscott, 2008 ).

The increase in BOD in the samples was
statistically significant. The BOD and TDS
are high as a result of the blood content
and particulates respectively from the
slaughter process, this agrees with the
findings of Achi et al (2014). The results
obtained in this research is similar to the
work of [32,33]. The Nitrate values
recorded before treatment in all the
abattoirs were above the W.H.O/USEPA
permissible discharge limits of 45mg/l.
However, nitrate maximum reduction in
the research was recorded by
Pseudomonas spp followed by the
consortium of bacteria and Bacillus spp
respectively. This result demonstrated that
denitrification took place during treatment
[34,35] reported that PBacillus and
Pseudomonas spp were most efficient for
nitrate reduction which is similar to work
obtained in this research. However, the
abattoirs effluents have Nitrate values that
fell within the permissible limits after
treatment for days 7, 14 and 21
respectively. The levels of Nitrate were
higher in Sabo abattoir than from Tudun
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Wada and Ungwan Rimi abattoirs. The
difference may be attributed to the high
fecal contents of the effluents. There was a
statistically significant difference in the
values of Nitrate recorded during the
treatment of the waste abattoir water
samples. Wastewater samples must have
Nitrates not up to 50 Mg/l before
discharging it into aquatic environment,
[36]. Blood contributes significantly to the
nitrogen content in the effluents. This is
similar to the work ealier recorded by
[37]. The result shows that there was a
significant reduction of Nitrate
concentration from day 0 to day 21. The
overall result obtained from this study
revealed that both the consortium and the
individual bacteria effectively biodegraded
the abattoir effluents. This means that the
consortium collaborated in the
degradation of a wide range of substrates
under a short period of time [38].

In the biodegradation process, bacterial
cellular metabolism, growth and
development were feasible as a result of
their utilization of organic compounds as
substrates present in the wastewater [34].
The results obtained in this research is in
agreement with the findings of Zhao et al.
(2014). The overall results obtained from

this study revealed that both the
consortium and individual bacteria
effectively biodegraded the abattoir

effluents. This means that the consortium
collaborated in the degradation of a wide
range of substrates under a short period of
time [38]. The efficacy in the reduction of
BOD, TDS, EC, nitrates and phosphates as
demonstrated by the test bacteria isolates
indicates their ability to adapt and survive
naturally in the presence of abattoir
wastewater and possess degradative
enzymes for the degradation of the
wastewater.
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CONCLUSION

From the results presented and their
analysis, the following conclusions were
made:

physical parameters like the pH and
temperature of the samples were within
the range 5.82to 7.87,26.8t0 32.0
respectively. The pH and temperature of
the samples fell within the guideline (Akan
et al,2010)

Biochemical oxygen demand detected in
the sample after treatment were within
the range 473.0 to 1002 mg/L, while the
discharge limits showed 20.00 mg/L
(W.H.O, 2011). The values from the
samples showed increased BOD indicating
pollution in the abattoirs.

Total dissolved solids (TDS) values
obtained from the samples after treatment
were within 411.0 to 511.0 mg/L. While

the discharge limit guidelines show
1000mg/L (WHO, 2011). The TDS values
obtained fall below the stipulated
guidelines.

Enumeration of bacteria in the water
samples obtained from three abattoirs in
Kaduna metropolis shows that the
bacterial load ranges from 1.025 X 107 to
9.35 X 10 (CFU/mL) s bacterial counts
which is above the recommended level of
10x102% cfu/ml by EPA and WHO.

Wastewater discharged into the water
body contains bacteria such as Escherichia
coli, Bacillus sp, Klebsiella sp, Salmonella
sp and Pseudomonas sp. There is a need to
study the ecological implication of these
bacteria.

For chemical parameters, concentration
level of Nitrates (no3), phosphate (PO™4) in
the abattoir wastewater samples were
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above the WHO/USEPA tolerance limits
for the discharged of wastewater into a
river.
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