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Introduction

This study was carried out to assess the impact of abattoir effluent on some physicochemical and microbiological properties along 
the course of River Brass, in Bayelsa State, Southern Nigeria. Water samples were collected at four points at equidistance away from 
the effluent discharge point, along the course of the river, coded and taken immediately to the laboratory for water analysis. The tests 
were carried in accordance to American Public Health Association (APHA) standard recommended procedures. Results obtained 
from the tests showed that discharging the abattoir effluent into the water body had significant effect on the water physicochemical 
and microbiological properties. The results revealed that the water samples contained TSS, DO, BOD5, lead and total coliform count 
above the permissible limits recommended by World Health Organization and Nigerian Standard for Drinking Water. Highest mean 
values of total suspended solid (140 mg l-1), dissolved oxygen (1.01 mg l-1), biochemical oxygen demand (323 mg l-1), total coliform 
count (201 cfu ml-1), lead 1.09 mg l-1) and Ammonia (4.88 mg l-1) was recorded at the abattoir effluent discharge point; and the values 
decreased in a fluctuating pattern as the river water flowed downstream. The results further revealed the importance of avoiding 
indiscriminate discharging of untreated effluents on the environment, mostly water bodies.

An abattoir is any place, with the required facilities put in place 
used for or in connection with the slaughtering of farm animals, 
with the aim of producing meat intended for human consumption 
[1,2]. Animal processing is fast becoming lucrative business in Ni-
geria, partly due to the restriction on the importation of processed 
animal products into the country. Livestock industry in Nigeria 
provides domestic meat supplies to over 150 million people, and 
the same time provides employment opportunities for the teaming 
population [3,4]. Meat processing usually required large volume 
of water required, therefore most abattoirs are sited near water 
bodies like rivers, lakes, dams, etc., in order to have easy access to 
the water required [4]. Globally, Abattoirs are major source of envi-
ronmental pollution, either directly or indirectly [2,4]. Agricultural 
waste materials usually produced in a tropical abattoir include 
bones, fat, hairs, feathers, fur, manure, undigested feed, animal 
body fluids (effluent), etc. [5].

The availability of safe and uncontaminated water is important 
for general public health; no matter its application (drinking, do-
mestic use, food production or recreational purposes). According 
to World Health Organization (WHO), a country’s economy can be 
boosted through better water resources management, mostly in 
the area of water supply and sanitation, and can contribute greatly 
to poverty alleviation [6]. Availability of clean water supply is one 
major concern in most parts of the world, especially in develop-

ing and underdevelopment countries of the world [7]. About 785 
million (about 13%) of the world 6.8 billion population lack safe 
drinkable water, this figure includes 144 million population that 
are dependent on surface water. Nigeria is among four West Af-
rican countries where less than half of the population can access 
safe drinking water, according to the United Nations data [8]. Due 
to the scarcity of drinking water in most parts of the world, mostly 
in Africa countries, the United Nations General Assembly (UNGA) 
in 2010 explicitly recognized access to safe water and sanitation 
as fundamental human right. Therefore, everybody has the right to 
sufficient, continuous, safe, acceptable, physically accessible, and 
affordable water for personal and domestic use [9].

Industrial and domestic effluents can contribute major health 
hazard to the public if not properly treated (managed) before they 
are discharged into the environment. Water quality is drastically 
affected by untreated effluents discharged directly into the envi-
ronment, which later find their ways to the water bodies [10,11]. In 
most developing and under-developed countries, effluent obtained 
from agricultural products processing, industrial and domestic ac-
tivities are discharge into water bodies without proper treatment. 
This attitude had led to about 80% occurrences of endemic and 
epidemic gastrointestinal (cholera, diarrhoea, dysentery, hepati-
tis A, typhoid, and polio) diseases in the world, mostly in Nigeria 
[8,9,12]. Even though diarrhoea is a highly preventable disease, ap-
proximately 829 000 people die every year from diarrhea globally; 
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Materials and Methods

The study area is located at Swali Market along River Brass 
in Bayelsa State, southern Nigeria. The coordinates of study area 
was captured and registered using a hand-held global position-
ing system (GPS) receiver. According to the values obtained from 
the GPS receiver, the study area was located between latitude 
040 54, 6361 and 040 54, 8591 North and longitude 0060.16, 0591 

and 0060.15, 9701 East of the Greenwich Meridian. According to 
the national population census figure of 2006, Swali has a popu-
lation of 736,113 people. The abattoir is divided into two major 
different sections: the slaughtering section, where the animals are 
slaughtered; and the washing section where all the animal parts 
are cleaned. The slaughtering section was upland, while the river 
was used as the washing section. About 200 cows are killed weekly, 
and most of the wastes (mostly during the washing of the beef and 
intestines), are discharged directly into the river water untreated.

The water samples were collected from five spatial points 
across the study area (River Brass). Sample A was collected direct-
ly from the source of the discharge point (coordinates 040 54, 8591 
N and 0060.15, 9701 E); Sample B was collected 10 m away from 
the discharge point (coordinate 040 54, 8861 N and 0060.15, 9561 
E); sample C was collected 20 m from the discharge point, and 10 
m away from point B (040 54, 8171 N and 0060.15, 9441E); sample 
D was collected 10 m away from point C along the direction of flow 
of the river (coordinates 040 54, 7781 N and 006015, 9971E); while 
sample E was collected 10 m away from point D but very close to 
the river bank (coordinates 040 54, 6361 N and 006016, 0591E). 
Sampling was done during the rainy season (April, 2019), when 
the water volume and the flow rate of the river were high. Steril-
ized auto clave bottles were used to collect the water samples from 
these spatial points. The collected water samples were stored in 
the refrigerator at a temperature of 40C and analyze within 24 h.

Water samples collection 

this includes about 300,000 children under the aged of 5 years, 
which is linked to unsafe drinking water and poor sanitation [6]. 
Onifade., et al. [12] and Eboibi., et al. [13] stated that the rate of 
pollution of the water bodies through effluent discharged is highly 
dependent on the physicochemical and biological composition of 
the effluent, concentration of the effluent, distance from the point 
of discharge (contamination) and transportation medium (materi-
al medium through which the effluent travels). According to Uguru 
and Obah [14] cassava effluent had cyanide, nickel, zinc, and Total 
Coliform count concentration of 3.33 mgl-1, 2.12 mgl-1, 10.95 mgl-1, 
133 cfu ml-1 respectively. Sumayya., et al. [15] reported abattoir ef-
fluent contains Phosphorus 0.143mg kg-1, potassium 3.88 mg kg-1, 
calcium 0.29%, Magnesium 1.30%, dissolved oxygen (DO) 13.89 
mg l-1, and BOD 11.12 mg l-1.

It has become important to protect the water bodies like rivers, 
lakes, dams, etc. from contamination, and remediate the existing 
polluted ones; due to the scarcity of safe water being experienced 
globally. It has be established by researchers that water bodies are 
being continuously subjected to dynamic change with respect to 
the geological age, geochemical characteristics and anthropogenic 
influences [16]. Some researchers have studied on the effects of 
abattoir effluent on the environment. Abubakar and Tukur [2] re-
ported that discharge (effluent) from abattoir significantly (p < 
0.05) effects some of the soil physiochemical properties. Rabah., 
et al. [17], in their research observed that the mean value of avail-
able phosphorus in abattoir effluent contaminated soil was higher 
(5.60 mgg-1), when compared to the results obtained for the un-
contaminated soil (5.20 mgg-1). According to Neboh., et al. [4], the 
organic carbon and organic matter percentage recorded in abat-
toir effluent contaminated soil was higher when compared to the 
values obtained from the uncontaminated soil. Even though many 
researchers have worked on the effect of abattoir effluent on the 
environment, there is no reported literature from the Swali region 
of Bayelsa State, Southern Nigeria. Therefore, the aim of this re-
search is to study the effect of abattoir effluent on Swali River in 
Bayelsa State, looking at the possible remedies in order to make 
possible recommendations. 

Study area

Figure 1
Source: Google Map [18].

The pH analysis of the water samples were measured at the Bio-
material Laboratory of Delta State Polytechnic, Ozoro, Nigeria. Digi-
tal pH meter (model PHS-25), manufactured in China was used for 
the water pH analysis. For each test, the water sample was poured 
into a glass 250 ml beaker (Pyrex model), and a pH meter probe 
was inserted into the water sample inside the beaker. The pH value 
of the water sample was then displayed on the pH meter screen, 
from where it was copy and recorded. According to recommended 
standard, the pH meter was standardized by using a buffer solution 
prior to each use [19]. 

Physicochemical analyses
Water pH test 

The electrical conductivity of the water samples was measured 
by employing the use of a digital electrical conductivity meter 
(model DDS-307) manufactured in China. For each test, the water 
sample was poured into a glass 250 ml beaker (Pyrex model), and 
electrical conductivity meter probe was inserted into the water in-
side the beaker. The electrical conductivity value of the water sam-
ple was then displayed on the screen, from where it was copy and 
recorded. The electrical conductivity meter was standardized with 

Electrical conductivity
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distil water prior to each, and the meter was set at a temperature 
of 25°C. This is because electrical conductivity of water is a func-
tion of temperature [19]. 

The other physicochemical analyses of the water samples were 
carried out in accordance to standard procedure recommended by 
American Public Health Association [10,20].

The microbiological Analyses were carried out in accordance 
with standard methods recommended by American Public Health 
Association for water quality. All the laboratory tests were con-
ducted at ambient laboratory temperature of 27 ± 20C, at the Water 

Microbiological analyses

The results of the water tests were analyzed by employing the 
SPSS, version 20.

Data analysis 

The results from the study are presented in Table 1. As it can be 
seen in Table 1, the water quality is highly influence by the abattoir 
effluent. Table 2 shows the correlation of physiochemical and mi-
crobiological properties of the water samples collected at the five 
spatial points along River Brass. 

Results and Discussion 

Parameter Point of contact 10 m 
away

20 m 
away

30 m 
away

50 m 
away

WHO standard  
(Maximum Permitted)

NSDWQ (Maximum 
Permitted)

pH 7.8 7.3 6.5 6.9 6.6 6.5-8.5 6.5-8.5
Cond. (µS cm-1) 165 143 126 131 119 1000 1000
TSS (mg l-1) 140 113 85 92 82 NS NS
TDS (mg l-1) 157 183 221 262 273 500 500
DO (mg l-1) 1.01 1.42 3.99 3.41 3.55 2.0 2.0
BOD5 323 65 56 78 62 10 NS
Coliform count cfu ml-1 201 92 46 75 34 0 10
Ammonia (mg l-1) 4.88 4.03 2.11 1.42 0.39 0.5 NS
Lead (mg l-1) 1.09 0.88 0.73 0.71 0.63 0.01 0.01

Laboratory of Delta State Polytechnic, Ozoro, Nigeria. All tests were 
replicated five times and the average value recorded.

Table 1: Analysis of water samples at collected at River Brass.

NS: Not Specified.

pH Cond. TSS TDS DO BOD5 Coliform count Ammonia Lead
pH 1.000
Cond. 0.97 1.000
TSS 0.98 0.993 1.000
TDS -0.81 -0.892 -0.89 1.000
DO -0.95 -0.906 -0.94 0.850 1.000
BOD5 0.83 0.882 0.873 -0.68 -0.69 1.000
Coliform count 0.95 0.982 0.972 -0.81 -0.85 0.949 1.000
Ammonia 0.88 0.932 0.927 -0.98 -0.89 0.692 0.851 1.000
Lead 0.94 0.99 0.985 -0.94 -0.91 0.866 0.960 0.959 1.000

Table 2: Correlation analysis of the physiochemical and microbiological properties.

The pH concentration of the river water at the various collec-
tion points are presented in Table 1. The results showed a general 
decreased (more acidity) in the pH values of the water samples, 
as we moved from the abattoir effluent discharge point. As shown 
in Table 1, a pH value of 7.8 was recorded at the discharge point, 
which could be attributed to the basic nature of effluent. The pH 
value declined in a fluctuating form, between the 3rd point and the 
5th point, this could be attributed to the discharge from other pol-
lutants (domestic activities) along the river bank. Even though, the 
water pH level increased at the 4th point (pH 6.9), it dropped again 
at the 5th point (6.6). Generally, it can be seen that the pH of the 

Acidity (pH) water within the experimental site was slightly acidic. Our result 
conforms to earlier reports of Omole and Longe [21] on abattoir 
located at River Illo, Ota, Nigeria; where a pH range values between 
6.20 and 6.90 was recorded. Water pH plays a vital role in the 
survival of aquatic biological lives, as they prefer neutral pH (pH 
= 7.0) to more acidic or basic environment [22]. The pH value of 
water sample affects the solubility capacity of many chemicals sub-
stances, because solubility of many heavy/toxic metals increased 
as the pH of the solute (water) decreases. All the pH values range 
obtained from the water samples shows that the water falls within 
the WHO pH standard level of quality drinking water. 
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Electrical conductivity of the water samples are presented in 
Table 1. As shown in Table 1, the electrical conductivity of the wa-
ter samples decreased non-linearly from the discharge point. At 
the discharge point, an electrical conductivity value of 165 µS cm-1 
was observed, and then it fluctuates in a decreasing pattern to 119 
µS cm-1 at the 5th collection point. Similar results were obtained by 
Neboh., et al. [4] and Omole and Longe [21]. Omole and Longe [21] 
observed that the electrical conductivity of River Illo declined from 
195 µS cm-1 (at the discharge point) to 113 µS cm-1 (at 100 m away 
from the discharge point).

Electrical conductivity of water is highly dependent on the pres-
ence of anions and cations in the water, the water flow rate, the 
bedrock, etc. The electrical conductivity values obtained from the 
five points are within the permissible standards recommended by 
World Health Organization. World Health Organization had recom-
mended a maximum permissible electrical conductivity of 1000 µS 
cm-1 for quality water. 

Electrical conductivity 

The total dissolved solids (TDS) values of the water samples are 
presented in Table 1. As shown in Table 1, a TDS value of 157 mg 
l-1 was recorded at the effluent discharge point, this value generally 
increased as the water flow downstream, 273 mg l-1 at 50 m away 
from the discharge point. The relatively low level of TDS observed 
in the water samples collected from the five points could be attrib-
uted to the ability of the river (water) to carry out self-purification 
process. The values of the TDS obtained for the water samples col-
lected from the five points, show that the water falls within the 
WHO TDS standard level (500 mg l-1) of quality drinking water. 

Total dissolved solids (TDS)

Results of the total suspended solid (TSS) of the water samples 
are presented in Table 1. A seen in Table 1, the TSS concentration 
declined in a fluctuating pattern, as the water flow away from the 
discharge point. A TSS concentration of 140 ml-1 was recorded as 
the discharge point, which was the highest TSS concentration val-
ue recorded among the five sample points. The high TSS concentra-
tion recorded at the discharge point, when compared to the other 
four collection points, is as a result of the effluent discharged both 
from the abattoir and adjacent residential areas. As presented in 
Table 1, between the 3rd sample point and 4th sample point, the TSS 
value increased from 85m l-1 to 92 m l-1, which could be attributed 
to the washing of sediments and organic materials into the water 
from the river bank. This study TSS result is in conformity with 
earlier study of Omole and Longe [21]. Comparatively, Mittal [23] 
reported that abattoir effluent contains 2333-8620 mg l-1 and 736-
2099 mg l-1 TSS respectively. As reported by Zubaidah., et al. [24], 
the addition of additional pollutants from the tributaries that exist 
between the river segments, can increased the TSS concentrations 
of the already polluted the river water.

Total suspended solids (TSS)

Dissolved oxygen (DO)

The dissolved oxygen (DO) values of the water samples are 
presented in Table 1. The results showed that the dissolved oxy-
gen content of the water, decreased gradually as the water flowed 
downstream away from the discharge point. The declined in the 
dissolve oxygen content of the water as it flows downstream could 
also be attributed to the self-purification ability of flowing water. 
The DO at the effluent discharged point was 1.01 mg-1, and slowly 
increased to 1.42 mg l-1 at the 2nd point, before it sharply inclined 
to 3.99 at the 3rd point. The sharp increment between the 2nd and 
3rd collection points could be attributed to the re-oxygenation ten-
dency of the water to increase its dissolved oxygen level. As shown 
in Table 1, the DO concentration at the 2nd, 3rd, 4th and 5th points 
increased linearly, portraying that the dissolved oxygen concen-
tration decrease over distance. Similar results were obtained by 
Omole and Longe [21], when the DO level increased from 0.1 mg l-1 
at the abattoir effluent discharge point, to 3.90 mg l-1 at a point 100 
m away from the point of discharge. The self-purification capabili-
ties of all rivers/streams are not the same, but are highly depen-
dent on water velocity, water discharge volume and initial waste 
concentration in the river water [24,25]. But in contrast Zubaidah., 
et al. [24] in their research observed that the DO of river water de-
creased as the water flowed downstream. According to Zubaidah., 
et al. [24], the DO concentration the water samples collected from a 
river in Banjarmasin, Indonesia, decreased non-linearly from 5.39 
mg l-1 to 4.10 mg l-1 as the water flows from the point of pollution. 
Dissolved oxygen is a vital factor which is used to evaluate the wa-
ter quality; therefore, the higher its concentration, the better the 
water quality [21].

Biochemical oxygen demand (BOD)
The results presented in Table 1 showed that the BOD5 was high-

est at the discharged point and declined downstream. Biochemical 
oxygen demand indicates the volume of oxygen that bacteria re-
quired to stabilize biodegradable materials under aerobic condi-
tion. Mean BOD5 of 323 mgl-1 was recorded at the discharged point, 
and this declined to 217 mgl-1 that was recorded at 30 m away from 
the discharge point (about 33% decreased). BOD5 is a common 
biochemical parameter used for evaluating the suitability of water 
for human consumption, because it gives the approximate organic 
materials in water [14,26]. Therefore, water with high BOD5 value 
is of poor quality and not suitable for drinking, since it contains 
large amount pollutants (organic materials). Research results have 
shown that water samples having high BOD5 constituted high risks 
to animals, vegetation, surface and underground water bodies 
[27,28]. Our study BOD5 result conforms to the previous findings 
of Neboh., et al. [4] and Sumayya., et al. [15]. The inconsistencies 
in the BOD5 results obtained by the various researchers could be 
attributed to the initial concentration of the effluent, the volume 
of the river/stream water, and the flow rate (velocity) of the river/
stream water. 

Total coliform count 
The coliform test results of the water samples are presented in 

Table 1. From the results presented in Table 1, the water sample 
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collected from the effluent discharged point had the highest co-
liform count (201 cfu ml-1). The high coliform count (microbial 
population) obtained from the 1st point of collection, could be at-
tributed to the high nutrient content of the effluent, which served 
as a good breeding place for the micro-organisms. As the river 
flows downstream, it was observed from the results that the co-
liform count decreased significantly; this indicates that the river 
was trying to purify itself as the water flows downstream. Mittal 
[23] reported that abattoir effluent contains several million colony 
forming units (cfu)/100 ml of total coliform, fecal coliform, and 
Streptococcus groups of bacteria. Going by the results obtained 
from the five collections points used in this study, the river water 
was contaminated beyond the level that it is either fit for domestic 
use without proper treatment. The World Health Organization rec-
ommends a permissible coliform count of 0 cfu ml-1 for water met 
for domestic use and human consumption. 

Lead 
The lead concentration of the samples is presented in Table 1. 

With reference to the results presented in Table 1, the effluent had 
significant effect on the water body. The highest lead concentra-
tion (1.09 mg l-1) was recorded at the effluent discharge point, and 
declined linearly as the water flows downstream to 0.63 at 50 m 
away from the discharge point. Results obtained from this study 
showed that the mean lead concentration was far above the WHO 
permissible limit of 0. 01 mg l-1 for water quality met for domestic 
use. Studies have shown that high dosage (above permissible lim-
it) of lead intake into the human body can lead to lead poisoning 
which is a serious health issue. 

Ammonia
The results of the ammonia concentration of the water sam-

ples are presented in Table 1. According to the results obtained 
from this study, the ammonia concentration of the water samples 
decreased as the water flows downstream. From the results, the 
highest ammonia concentration (4.88 mg l-1) was recorded at the 
abattoir effluent discharge point, and it decreased significantly be-
tween the 3rd and 5th collection points. The decline in the ammo-
nia concentration between the 3rd and 5th sample collection points 
could be attributed to the dilution of the ammonia concentra-
tion by the water body (self-purification). Microbial (sewage and 
animal waste) pollution is the major cause of ammonia presence 
found in water bodies [29]. Furthermore, the results showed that 
the river water collected at 50 m away from the discharge point, 
falls below the WHO recommended maximum permissible value of 
0.5 mg l-1. Therefore, at a distance of 50 m away from the discharge 
point, the water quality is falls within WHO standard for drinking 
water (quite safe), with respect to ammonia pollution. Similar re-
sults were observed by Omole and Longe [21], for abattoir effluent 
discharged into River Illo, Nigeria. In their [21] results, within a 
distance of 100 m from the discharged point, the ammonia con-
centration dropped to 0.11 mg l-1 from 4.40 mg l-1. According to 
International Organization for Standardization (1986), high con-
centration of ammonia in water is an important indicator of fae-
cal pollution. Exposing the body to high ammonia level (dose) had 
harmful effects. When taken at a higher dosage, above 100 mg kg-1 

of the body weight per day; it influences the body metabolism by 
altering its’ acid–base equilibrium, distorting the body glucose tol-
erance, and reduced the tissues sensitivity to insulin [29,30]. From 
the results of this study, it can be seen that the abattoir effluent had 
adverse effects on the River Brass, and the inhabitants of the Swali 
area. Therefore, it is mandatory to treat all the effluents from the 
abattoir properly before they are discharged into the environment 
in order to prevent pollution of the water bodies. Aquatic plants 
and animals that exist in the water bodies are greatly affected by 
the contaminants through over flow or seepage into improperly 
constructed surface and ground water systems due to pollutants 
from organic compounds and biological matter that could exhibit 
toxic effect on aquatic life and the public [12,31-34].

This study was conducted to evaluate the effect of abattoir efflu-
ent on the Microbiological and physicochemical properties of River 
Brass, located in Bayelsa State. Results obtained from this study 
showed impairment in the water quality of River Brass caused by 
the indiscriminate discharge of an abattoir effluent into the river. 
The concentration of total suspended solid (140 mg l-1), dissolved 
oxygen (1.01 mg l-1), biochemical oxygen demand (323 mg l-1), to-
tal coliform count (201 cfu ml-1), lead 1.09 mg l-1) and Ammonia 
(4.88 mg l-1) was recorded at the abattoir effluent discharge point, 
which comparatively higher when compared with the results ob-
tained from water samples collected at 50 m away from the dis-
charge point. The values obtained for TSS, DO, BOD5, lead and total 
coliform count was above the permissible limits recommended 
by WHO and NSDWQ, for water quality suitable for domestic con-
sumption. Improvement observed in the water quality as it flows 
downstream was due to the self-purification capability of the river. 
In conclusion, the high level of contamination in the river water 
resulted from the discharged of untreated abattoir effluent into 
water body. Therefore, it is recommended that the abattoir efflu-
ent should be propertied treated before it is discharged into the 
environment to prevent environmental pollution, mostly the water 
bodies.

Conclusion
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