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Effluent discharges into receiving watershed and increasing adverse
environmental problems have received a lot of attention because of
the rapid industrialization of modern society. This study aims to
ascertain the discharge of untreated abattoir effluents as a potential
source of microbial contamination in the environment. Standard
culture-dependent techniques with selective media were used for the
detection of the bacterial pathogen. Escherichia coli O.157 were
detected at 2.57×104±0.35 cfu/mL in location 1 and 5.00×103±0.33
cfu/mL at location 2 at the discharged point. Total coliform count
was 2.90×103±0.44 cfu/mL; 5.56×103±0.61 cfu/mL upstream and
5.70×103±0.80 cfu/mL; 5.90×103±0.67 cfu/mL discharged point at
sampling location 1 and 2 respectively. Also, Enterococcus count
increased in the downstream from 4.73×104±0.42 cfu/mL to
8.40×104±1.28 cfu/mL at location 1, and a decreased was observed
from 1.04×105±0.17 cfu/mL to 6.75×104±1.03 cfu/mL at location 2.
In the study, the population density of Salmonella at the discharge
point and downstream were 1.67×105±0.15 cfu/mL; 1.60×105±0.12
cfu/mL and 2.00×105±0.17 cfu/mL; 1.50×105±0.13 cfu/mL for
location 1 and location 2 respectively. The detection of indicator
organism in the abattoir effluent is of environmental and public
health risk. Hence there is a need for continuous monitoring in order
to improve standard environmental and public health safety in the
community.
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1. INTRODUCTION
Effluent discharges into receiving waters and cumulative adverse environmental effects have received a lot
of attention because of the rapid industrialization of modern society. Globally, efforts have been directed in
preventing escalation of the problems of waste and environmental pollution. In many parts of the world, the
issue of environmental health is now being taken with utmost importance. However, in Nigeria, like in many
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other developing countries, discharge of untreated wastes into the environment is still a major challenge
(Nafarnda et al., 2012). In Benin City, abattoirs dispose their wastewater into the nearby surface water bodies
(Igbinosa et al., 2017). At present there is no facility for the treatment of abattoir wastewater. The discharge
of abattoir wastewater into the nearby river is a public health risk which exposes the public to waterborne
diseases especially individuals who depend on the water as a source for diverse domestic functions.
Abattoir wastewater harbours several microorganisms which are washed from animal carcasses during
processing. These pathogens comprise of viral, parasitic and bacterial pathogens. The bacteria pathogens
include Escherichia coli, Escherichia coli O157: H7 Salmonella species, Yersinia enterocolitica (Sobsey et
al., 2002), Pseudomonas species, Aeromonas species and Enterococcus species (Igbinosa et al., 2012;
Igbinosa et al., 2017). Although E. coli O157: H7 has been shown to be prevalent in sheep and pig, however,
the main reservoir is cattle with no asymptotic features (Nafarnda et al., 2012). Abattoirs and aquaculture
environment are of interest because they could be a potential reservoir of pathogenic and antibiotic-resistant
genes which is of public and environmental health risk (Igbinosa et al., 2012; Igbinosa et al., 2017). The
microbiological assessment of abattoir effluent is vital to ascertain impact and consequences on the
environment and its associated health risk. Due to the huge number of microbes in water, faecal indicator
organisms have been used to assess the level of faecal pollution in water for several decades (Byamukama
et al., 2005; Nafarnda et al., 2012). This is of concern because these organisms may cause human infections
or foodborne infections as a result of transfer into the food chain ecosystem (Coker et al., 2001). These
indicator organisms include total coliform, Escherichia coli, faecal coliform, Enterococcus. There is
documented evidence of an association between the occurrence of gastrointestinal ailment and faecal
indicator organisms after exposure to recreational water thereby providing needs for water quality
monitoring (US-EPA 1986; Nafarnda et al., 2012). Realizing the significance of abattoir effluents on the
environment and public health, this work seeks to investigate the effects of abattoir effluents discharged into
the receiving water body as a source of microbial pollution into the environment.

2. MATERIALS AND METHODS
2.1. Sampling Site
The abattoir facilities are situated at Ikpoba slope community within the Ikpoba-Okha Local Government
Area of Edo State. The abattoir facilities receive an estimate of 25 cattle and 30 goats which are slaughtered
on a daily basis. The facilities produce an approximate 5000 to 10,000 litres of wastewater daily which is
discharged into the receiving waterbody.

2.2. Collection of Water Samples
Water samples were collected from two major abattoirs facilities located in Ikpoba slope community that
discharges their effluents into Ikpoba River. The two major abattoirs facilities were designated as location 1
and 2 for confidential purpose. Water samples were collected for a period of three months (February, March
and April 2017). Samples were collected between 7 am and 10 am during the peak of activities on the day
of sampling from three-point stations in each designated location 1 and 2. The abattoir effluent was collected
from station X the discharge point at which effluents enter the stream; station Y 50-meters downstream from
discharge point and station Z 50-meter upstream from the discharge point. The samplings were done
midstream by dipping each sample bottle at approximately 20-30 cm below the water surface, projecting the
opening of the container against the flow direction. The samples were collected in 500 millilitre sterilized
containers, placed on ice and transported to the laboratory for microbiological analysis within 2 to 4 h.
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2.3. Processing of Samples
Water samples were diluted in the ratio 1:9 with sterile distilled water after which serial dilutions of the
diluent was carried out. One millilitre (1 mL) of the diluent was plated on the different selective and
differential media used in the study. The media used are Bile Esculin Azide agar (Merck, Germany)
Enterococcus, Sorbitol MacConkey Agar (Lab M Limited, UK) for E. coli O157, m-Endo Agar (Biolab, SA
(total coliform), Hektoen agar (Lab M Limited, UK) (Salmonella), faecal coliform Agar (m-FC) (faecal
coliform), (Biolab, SA), Chromocult Agar, (Merck, SA) (E. coli), Nutrient Agar (Lab M Limited, UK)
(heterotrophic bacteria). All media were incubated for 24 h at 37 oC except m-FC agar which was incubated
at 44.5 oC (Kadiri, 2017).

2.4. Culture-based Identification of Bacteria
After 24 h of incubation, the growth of the representative organism on each selective and differential media
was presumptively identified based on morphological and cultural characteristics, Gram reaction 3% KOH
test. Colonies of representative organisms were expressed and counted as colony forming unit per millilitre
(cfu/mL).

2.5. Statistical Analysis
All data were analyzed using the statistical package SPSS version 21.0 and Microsoft Excel 2013. All values
were analyzed as mean and standard deviations of the mean using descriptive statistics. The one-way analysis
of variance (ANOVA) and Duncan multiple range test (DMRT) was used to test differences among the
discharge points, upstream and downstream watersheds receiving the abattoir effluents were compared (pvalue < 0.05 or p-value < 0.01) for significant difference and to establish statistical relationship.

3. RESULTS AND DISCUSSION
The intensity of faecal indicator bacteria (FIB) was determined from the discharged point station X, 50 m
downstream station Y and 50 m upstream station Z. At the point of discharge, E. coli O.157 was detected at
2.57×104± 0.35 cfu/mL in location 1 and 5.00×103± 0.33 cfu/mL at location 2, however there was a slight
decrease in population density of E. coli O.157 at downstream of location 1 (2.14×104±0.11), though there
was no statistical difference between station X and station Y of location 1. An elevated population count was
observed for E. coli O157 downstream at location 2 (1.36×104±0.16). On the other hand, a decrease was
observed for E. coli, faecal coliform, and Salmonella count downstream station Y compared to the discharged
point, station X at both sampling locations 1 and 2 as shown in Figure 1 a, b and c. The decrease count for
these organisms downstream may be attributed to dilution factor downstream as the water flows. Tidal waves
of the river may bring about agitation thereby resulting in the further dispersal of the waste into the
watercourse.
For several decades, faecal indicator bacteria have been routinely used to evaluate water quality and protect
individuals from the myriad of enteric pathogens transmitted via waterborne channel as a substitute of faecal
indicators (Ishii and Sadowsky, 2008). Faecal indicator organisms are generally commensal that inhabits the
gastrointestinal tracts of many warm-blooded animals; their detection in contaminated water is common
because they are dispersed in faeces at high concentration (Byappanahalli et al., 2012).
Total coliform increase downstream station Y compared to discharged point, station X from 5.70×103 ± 0.80
cfu/mL to 6.40×103 ± 1.01 cfu/mL in location 1 and 5.90×103 ± 0.67 cfu/mL to 1.07×104 ± 0.02 cfu/mL in
location 2. Also, Enterococcus count was found to increase downstream from 4.73×104 ± 0.42 to 8.40×104
± 1.28 cfu/mL at location 1 but decreased from 1.04×105 ± 0.17 to 6.75×104 ± 1.03 cfu/mL at location 2 as
shown in Table 1.
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Table 1: Detection of indicator pathogens from the discharge abattoir effluents and the receiving watershed
Sampling location 1 (mean ± SD cfu/mL)
Indicator
pathogens

Sampling location 2 (mean ± SD cfu/mL)

Discharge
point (X1)

50-m
downstream
(Y1)

50-m upstream
(Z1)

Discharge point
(X2)

50-m
downstream
(Y2)

50-m upstream
(Z2)

Total coliform

5.70×103±0.80

6.40×103±1.01

2.90×103±0.44

5.90×103±0.67

1.07×104±0.02

5.56×103±0.61

Enterococcus
spp

4.73×104±0.42

8.40×104±1.28

4.24×104±0.61

1.04×105±0.17

6.75×104±1.03

2.84×104±0.17

Heterotrophic
bacteria

2.29×1011±0.84

2.90×1011±0.82

2.34×1011±0.74

2.59×1011±0.52

2.62×1011±0.57

2.37×1011±0.44

20
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2
0

Population density (×103 CFU/mL)

Population density (×103 CFU/mL)

Total coliform count was 2.90×103 ± 0.44 cfu/mL; 5.56×103 ± 0.61 cfu/mL upstream and 5.70×103 ± 0.80
cfu/mL; 5.90×103 ± 0.67 cfu/mL discharged point at location 1 and 2 respectively which portray impact of
abattoir effluents on the receiving water body. At upstream of location 1, faecal coliform and E. coli count
were higher compared to discharged point Figure 1a and 1b. The high microbial density observed upstream
may be due to anthropogenic input such as improper disposal of domestic-related waste into the river.
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Figure 1: Detection of E. coli (A), Fecal coliform (B) from the abattoir effluents and its receiving
watercourse. Legend: Sampling station X - the point of discharge, Y- downstream, and Z- upstream at
sampling location 1 and 2

Also, rainfall could wash animal faecal deposit around the river banks into the water body. The indicator
organism detected in abattoir effluent discharged into the receiving waterbodies exceeded the permissible
limit of discharge of effluents into water bodies (FEPA, 1991). Statistical analysis of the data reveals no
significant difference between the sampling point of all indicator organism assessed in the study (p<0.05).
Similar observation of abattoir effluent contamination of waterbody has been documented in previous studies
(Benka-Coker and Ojior, 1995; Cadmus et al., 1999, Alonge, 2001; Nafarnda et al., 2012). This observation
also reveals that other non-point sources such as anthropogenic activities impair on the quality of the river.
Enterococci are resident in gut microflora in many animals (Nayak et al., 2011; Byappanahalli et al., 2012)
and are opportunistic pathogens that cause several kinds of infections yearly (Morrison et al., 1997).
Enterococci have emerged as a vital tool of faecal indicator bacteria in diverse water bodies due to their high
profusion in human and animal faeces, the easiness of culture, and their relatedness to human health effects
(US-EPA 2004). The Enterococci are most frequently used as faecal indicator bacteria or general indicators
of faecal contamination, but they are also used as surrogates for pathogens and/or health effects in risk
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assessment and other modelling applications (Schoen et al., 2011; Sinclair et al., 2012). In this study, it was
observed that a higher Enterococcus count was observed downstream station Y when compared to upstream
station Z. Although researchers have demonstrated that Enterococci are generally distributed in different
kinds of environments including rivers, marine water, streams, land and sediment (Byappanahalli et al.,
2012). However, the higher count observed downstream compared to upstream in the present study reveals
that the abattoir effluents have a significant impact on the water quality of the river thereby altering its
ecosystem. Numerous studies have demonstrated a correlation between higher concentrations of enterococci
and the menaces of humans contracting the gastroenteric infection during recreational water use,
predominantly when point source contamination exists (Pruss 1998; US-EPA 2004). Hence the elevated
count observed is at risk to environmental and public health especially those individuals who use the water
for recreational activities and other domestic purposes.
Escherichia coli is one of the dominant members of the faecal coliform bacteria, they persist in livestock
and are easily shed in their faeces. Livestock harbours the bacteria and releases it in their faeces. Their
presence in water signals recent faecal contamination and presence of potential pathogens (Ishii and
Sadowsky, 2008). A higher count was observed upstream compared to the effluent discharged point. This,
therefore, suggests other sources of faecal contamination which could be a faecal deposit of ranch animals
which can be easily washed into the river by rainfall. More alarming is the detection of Escherichia coli
serotype O157 in the abattoir effluent and receiving water body. The main reservoir of E. coli serotype O157
is the abdominal tract of ruminants, particularly cattle. They are major carriers of pathogenic bacteria with
no evident sickness symptoms (Buchanan and Doyle, 1997). However, E. coli O157 can have access to water
bodies via wastewater abattoir effluent, cattle-houses and animal farms (Czajkowska et al., 2004). This
organism can cause differences in disease symptoms which vary in severity, from haemorrhagic colitis
manifested by bloody diarrhoea to haemolytic uremic syndrome/thrombotic thrombocytopenic purpura that
can lead to death (Buchanan and Doyle 1997). Hence the detection of E. coli O157 is of high risk to
environmental and public health as this may result in the outbreak of E. coli infections. Such outbreak has
been documented (Czajkowska et al., 2004).
Salmonella is recognized as a zoonotic pathogen in humans and animals (Igbinosa, 2015) with a broad
spectrum of the host. Salmonella can strive well in the environment and animals are known as a possible
route of transmission and spread in the environment (Akoachere et al., 2009; Igbinosa, 2015). In the study,
the population density of Salmonella at the discharge point X and downstream Y were 1.67×105±0.15
cfu/mL; 1.60×105±0.12 cfu/mL and 2.00×105±0.17cfu/mL; 1.50×105±0.13 cfu/mL for location 1 and
location 2 respectively. Whereas the population count at upstream were 5.43×104±0.75 cfu/mL and
1.61×105±0.11 cfu/mL at location 1 and location 2 respectively Figure 2.
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Figure 2: Detection of Salmonella (C) and E. coli O157 (D) from the abattoir effluents and its receiving
watercourse. Legend: Sampling station X - the point of discharge, Y- downstream, and Z- upstream at sampling
location 1 and 2

The result obtains in the study corroborate with the finding of Fransen et al. (1996) who reported the isolation
of Salmonella in all slaughterhouses sludge samples assessed in the Netherlands. Also, Barros et al. (2007)
reported the isolation of Salmonella from abattoir environment in Brazil, and Benka-Coker and Ojoir (1995)
isolated Salmonella from abattoir effluent discharged into a river in southwestern Nigeria. These findings
which are in agreement with ours potentiate abattoir effluent as a potential source of Salmonella in the
environment. An intriguing finding in the study was the detection of Salmonella in upstream samples which
is in contrast to the findings of Barros et al. (2007) where there was no detection of Salmonella in the
upstream sample during their study. This observation suggests a non-point source of pollution into the river.
The detection of Salmonella in abattoir effluents and river water samples is a potential risk to public health.
The correlation analysis of the indicator pathogen was carried out as shown in Table 2. E. coli O157
positively correlates total coliform (r=0.513) and heterotrophic bacteria (r=0.520) at 0.05 level of
significance. Total coliform positively correlates heterotrophic bacteria (r=0.542) at 0.05 level of
significance. Enterococcus spp. positively correlates faecal coliform (r=0.707) and negatively correlates
Salmonella spp., (r=-0.549) at 0.01 and 0.05 level of significance respectively. Salmonella spp. positively
correlates E. coli (r=0.571) at 0.05 level of significance.
Table 2: Correlation analysis of indicator pathogens from abattoir and the receiving watershed
E. coli
Total
Enterococcus
Faecal
Salmonell
Heterotrophi
E. coli
O157
coliform
spp.
coliform
a spp.
c bacteria
E. coli O157
1
Total coliform
0.513*
1
Enterococcus spp.
-0.004
-0.074
1
Faecal coliform
-0.141
-0.215
0.707**
1
Salmonella spp.
0.357
0.366
-0.549*
-0.360
1
Escherichia coli
-0.055
0.179
-0.435
-0.335
0.571*
1
Heterotrophic bacteria
0.520*
0.542*
0.315
0.167
0.015
-0.188 1
*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed).
Indicator pathogens
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The positive correlation of Enterococcus to faecal coliform observed (Table 2) suggest that the Enterococcus
detected in the study is of faecal origins, which further support the impact of the abattoir effluent on the
receiving water body. The negative correlation observed against Salmonella spp, and E. coli suggest that
Enterococci may persist even the absence of these organisms.

4. CONCLUSION
The indicator pathogens detected depicts that the discharged effluents impact significantly on the receiving
waterbody. The organisms detected are indicator pathogens of vital importance to public health. It was also
observed that another non-point source of contamination contributes to the contamination of the river. Hence
there is a need for continuous monitoring in order to develop standard environmental and public health
safety. Furthermore, the characterization of the detected organism is needful to ascertain the pathogenic and
toxigenic status of the organism.
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