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Abstract 

Background 
Water pollution from abattoir effluents may create substantial environmental 
and public health hazards. Available literature is scanty on the quality of 
groundwater located near abattoirs in tropical developing countries like 
Nigeria. This study, therefore, accessed the impact of abattoir activities on the 
quality of groundwater in Omu-Aran Nigeria. 

Methods 
A total of eighteen water samples were taken from five privately own wells and 
one control well located at varying distances and elevations to the abattoir. 
The physicochemical characteristics of the water were determined using the 
standard methods. Data were analyzed using descriptive statistics and 
ANOVA. 

Results 



The mean values of parameters in the water samples collected from the 
studied wells ranged from 5.80 ± 0.20 to 7.23 ± 0.55 mg/L, 12.0 ± 1.0 to 
26.0 ± 2.0 mg/L, 0.06 ± 0.02 to 0.16 ± 0.02 mg/L and 208.0 ± 24.25 to 
254.67 ± 12.22 cfu/mL for dissolved oxygen, biological oxygen demand, lead 
and total coliforms, respectively. There was a significant difference in the 
quality of water from the studied and control wells in the parameters except 
that of total coliform. The quality of the groundwater improved with 
increasing distance from the abattoir. 

Conclusions 
Findings revealed that abattoirs have the potential to impact the quality of 
groundwater. Therefore, careful consideration is required when choosing a 
location for siting new abattoirs. For existing ones, particularly those close to 
residential areas, effective pollution control measures should be put in place 
to protect groundwater. 
Introduction 

Water is the most relevant natural resources to the existence of man. Without 
it nothing would survive on the earth. The volume of water which is available 
in portable forms is found in water from the ground, springs, rivers and lakes, 
the proportion of which is only about 3% [1]. The available water is often 
inadequate to meet the needs of ever-growing population and industrial 
demands [1]. It is a common situation in the African continent that majority of 
the people are living in environments where the available water resources do 
not meet global standard [2]. Groundwater is the commonest potable source 
around the world [3]. The chemical composition of groundwater is an indicator 
of how suitable it is for the consumption, for human beings, animals and 
plants [4]. Water quality refers to the amount of physical impurities, dissolved 
gases, chemicals, and pathogen in a given sample of water [5]. Human 
activities impact natural water sources, including groundwater. One of such 
activities is the indiscriminate location of abattoirs in residential areas in 
developing countries. The abattoir industry is a vital constituent of the 
livestock industry because it makes available domestic meat to over 
150 million people and makes jobs available for a large number of people in 
Nigeria [6]. However, the siting of abattoir otherwise known as slaughtering 



house is not often monitored and regulated as expected. Most of the abattoirs 
in Nigeria are not well developed and facilities for the handling of abattoir 
solid waste and wastewater are absent. Water pollution from abattoir 
effluents, runoff from feedlots in dairy farms, grazed pastures, fallow and sod 
amended with chicken wastes, grassland treated with dairy manure, and 
sewage sludge leads to contamination of water bodies and could create 
significant environmental and public health hazards [6]. The main abattoir 
activities include butchering, removal of the hide, intestine management, 
rendering, trimming, processing and cleaning activities. The wastes generated 
from abattoirs usually comprise blood, oil, mineral and organic solids, salts 
and chemicals added during handling operations [7]. Abattoir wastewater 
could significantly intensify the amounts of nitrogen, phosphorus, and total 
solids in the receiving water body [7]. Slaughtering houses are known globally 
to contaminate the environment either directly or indirectly from their several 
procedures. The situation is worsened when abattoirs are situated near 
residential areas and as such the abattoir wastes are disposed in gullies where 
runoff washes them downhill, thereby contaminating groundwater and nearby 
streams. Shallow wells in this area are vulnerable to pollution from abattoir 
activities as the effluents then percolate into the soil and find its way into the 
aquifer, even though residence is not aware of the health risk as the water 
appears potable and fit for consumption. Assessing the water quality within 
the vicinity of abattoirs in residential areas will help to anticipate the impacts 
on the health of residents who depend solely on the well waters for 
consumption and other domestic uses. This is also important because most 
residents in developing countries believe that because water is potable based 
on physical observations, it has no effects on their health. The study, therefore, 
intends to assess the water quality parameters of water in the shallow wells 
located in the vicinity of the Odo-Eran abattoir located in Ile Olupo Street, 
Omu-Aran to determine the potability of well water. 
Materials and methods 

The study area 
Omu-Aran is situated in the southern part of Kwara State, Nigeria. It is located 
at latitude 8°8′00″N, longitude 5°6′00″E and altitude 564 m above mean sea 
level [8]. Omu-Aran has a population of 148,610 according to the 2006 census 



on a land area of 73.7 km2 [9]. The studied abattoir is located at about 600 m 
uphill of the popular Areyin stream. The stream is the recipient of the 
discharge from watershed within which the abattoir is located. The 
topography of the site is rolling. The major source of water to the residence of 
the area is shallow wells which are scattered within the watershed. Wells can 
be found uphill and downhill of the abattoir site. It is owned and operated 
privately. An average of seven cows is slaughtered daily, from where vendors 
come to purchase the meat and other parts to be sold across the town and its 
suburbs. The abattoir waste is not adequately managed as the heap of bones 
and cow dung can be seen close to the shallow well which is the water source 
for the abattoir. The wash water is drained into a nearby gully. Table 1 shows 
the description of the various sampling points with respect to the distance in 
meters from the abattoir and georeferencing. The sample collection points 
were at a distance of 3.7, 13.5, 64.4, 56.3, 61.7 and 167.9 m from the abattoir 
for wells 1, 2, 3, 4, 5 and control well, respectively. The points were also at 
elevations of 537, 537, 536, 534, 533 and 538 m for wells 1, 2, 3, 4, 5 and 
control well, respectively. Figure 1 shows the location of sampling points with 
respect to distance and elevation to the mini abattoir. The control well was 
chosen because it is at a higher elevation of 538 m than the abattoir which is 
at an elevation of 537 m and is located at a distance of 167.9 m from the 
abattoir; this would not allow the pollution of the ground water of the control 
well by the abattoir activities. 
Table 1 Distance of sampling points from the abattoir with elevation and 
its coordinates 

Full size table  

Fig. 1 



 
Map showing the location of the study area and the abattoir 

Full size image  

Well water samples collection 
A total of eighteen water samples, consisting of three water samples, were 
taken from each of the five privately owned wells located in close proximity to 
the abattoir. Three other samples were collected from a single well at an 



elevation of 538 m and a distance of 167.9 m from the abattoir designated as 
the control (Fig. 1). The water samples were obtained in the evenings of the 
first working day of the week, for 3 consecutive weeks during the dry season. 
Water samples were collected in clean, sterilized 250 mL glass bottles and kept 
in a cooler filled with ice cubes. Upon arrival at the laboratory, the samples 
were preserved in a refrigerator with temperature between 0 and 4 °C, before 
they were analyzed for selected physicochemical and microbiological 
parameters. Water samples were also collected in clean, sterilized 750 mL 
plastic bottles and labeled appropriately, and were preserved in 5% v/v nitric 
acid on arrival at the laboratory, where they were analysed for the selected 
heavy metals. The physicochemical quality of the water samples was 
determined using the American Public Health Association (APHA) Standard 
Methods [10]. These parameters included: temperature (T), turbidity (NTU), pH, 
total alkalinity (TA), total hardness (TH), electrical conductivity (EC), total 
dissolved solids (TDS), total suspended solids (TSS), dissolved oxygen (DO), 
biological oxygen demand (BOD), chemical oxygen demand (COD), calcium 
(Ca), magnesium (Mg), sulphate (SO4), nitrate (NO3), and chloride (Cl). The 
heavy metal analysis was carried out using hydrochloric acid digestion. Metal 
ion concentrations were determined using an atomic absorption spectrometer 
(model Philips PU 9100) with a hollow cathode lamp and a fuel-rich flame (air 
acetylene). These parameters analyzed included zinc (Zn), nickel (Ni), copper 
(Cu), chromium (Cr) and lead (Pb). The microbiological analysis of the water 
samples was performed by the determination of total coliform, according to 
the modified methods [11]. 

Data analysis and management 
Data were analyzed using the SPSS software Version 21.0 and the parameters 
of all the water samples from all the sampling points were compared using 
ANOVA. Duncan’s multiple range comparison tests were used to establish the 
difference between the average values of parameters that were measured at 
various wells, using a 5% significance level (p < 0.05). All data obtained were 
presented as descriptive statistics and compared with the national guideline 
limits set by the Nigerian Standard for Drinking Water Quality (NSDWQ) and 
the World Health Organization (WHO). 



Results and discussion 

Microbial analysis of well water samples 

Total coliform 
The value for total coliform as shown in Fig. 2 ranged between 208.0 ± 24.25 
and 254.67 ± 12.22 cfu/mL with the water samples from the well 1 having the 
highest value while well 5 had the lowest value. The values were lower than 
the values reported elsewhere [12]. There was no significant difference in the 
values of the total coliform from different wells, although the value of the 
control well was not the lowest. The presence of coliform indicates growth and 
possible biofilm contamination. This occurs in both sewage and natural wastes 
from human and animal feces [12]. The values were all above the WHO value 
of zero. The results collaborate previous findings elsewhere [13, 14]. Those 
studies reported that abattoir effluents are strong pollutants of groundwater 
regardless of the locations where they are discharged. 
Fig. 2 



 
Total fecal coliform of water samples collected from the sampling points 

Full size image  

Physical analysis of well water samples 
The results of the physicochemical analysis are presented in Table 2. 
Table 2 Physical analysis of water samples collected from the sampling 
points 

Full size table  



Temperature 
The temperature of the samples ranged from 26.90 ± 0.53 °C to 26.70 ± 0.66 
with well 4 having the highest values while the value for the control sample 
was the lowest. The results were slightly lower than that reported by previous 
studies [12, 15], which reported a range of 27.8–28.3 °C. There is a relationship 
between ambient temperature and wastewater and groundwater temperature. 
Omu-Aran is on the hill with annual daily average air temperature ranging 
from 26 to 28 °C and yearly variations of ± 10–20 °C, so lower temperature is 
expected. Studies of groundwater of most abattoirs in Nigeria are in the range 
of 28.5–28.8 °C. Our values were, however, within the WHO standard of the 
permissible limit of < 40 °C. The parameter is of significant importance 
because the amount of dissolved oxygen was affected by the temperature 
which further influences the survival of microorganisms. 

pH 
The pH ranged between 6.89 ± 0.10 and 7.65 ± 0.34 with well 3 having the 
highest value and the control well having the lowest value. The values were 
higher when compared with the pH values of 5.7–6.7 reported elsewhere [16]. 
There were significant differences in the values of the pH although the values 
are, however, within the acceptable limits of the WHO. This is acceptable 
because the water would unlikely cause ailments such as acidosis [17]. The pH 
is an indicator of the presence of microorganisms as it controls their activities 
[18]. 

Turbidity 
The turbidity ranged between 0.00 ± 0.00 and 2.00 ± 0.24 with well 1 having 
the highest value and the control well having the lowest value. The values 
were lower when compared with the figures of 115 and 11 reported by [21]. 
There were no significant differences in the values of turbidity, although the 
values were within the acceptable limits of the WHO. The difference between 
the values of the control well and other wells could be ascribed to the 
distance. This is acceptable because the water would unlikely carry solids 
which might be responsible for some disease conditions [21]. 

Electrical conductivity (EC) 



The values of the electrical conductivity ranged between 547.00 ± 17.00 and 
431.87 ± 28.31 µs/cm with well 1 having the highest value of 547.00 ± 17.00 
with the control well having the lowest value. This is a measure of the 
dissolved ionic component and total dissolved substitution in water [19]. There 
were significant differences in the values of the electrical conductivity, 
although the samples were within the permissible limits of 1000 µs/cm of 
WHO maximum permissible limits for conductivity. The results indicated that 
the water samples are not salty as the concentration of salts dissolved in the 
water is as little as possible. The consumption of the water, which has values 
above the permissible limits over a period of time, has harmful effects on the 
health of man as it can defect the endocrine functions and cause total brain 
damage [12]. 

Total dissolved solids (TDS) 
The total dissolved solids ranged between 230.00 ± 10.00 and 
205.00 ± 5.00 mg/L with the highest value coming from the water from well 4, 
with well 3 having the lowest value. There were significant differences in the 
values of the TDS of the water samples, although they fall within the 
permissible limits of 500 mg/L. The implication of a high value of TDS is that 
the water becomes undrinkable and it can corrode containers used to store 
water. The high values cannot be attributed to the abattoir but other sources 
of pollution as the values of the some of the wells were higher than the 
control well. 

Total suspended solids (TSS) 
The total suspended solid ranged between 76.70 ± 4.55 and 75.00 ± 2.55 mg/L 
with the highest values also coming from the water from the well 4 with well 3 
having the lowest value. There were significant differences in the values of the 
TSS and the values far exceeded the permissible limits of 1000 mg/L. The high 
values cannot be attributed to the abattoir as the values of all the wells, 
including the control well were within the same range. High TSS may be as a 
result of the high clay content of the water bearing formation in the area. 
Omu-Aran falls within the south western schist belt [20]. 

Chemical analysis of well water samples 



The results of the physicochemical analysis are presented in Table 3. 
Table 3 Chemical analysis of water samples collected from the sampling 
points 

Full size table  

Total hardness 
From the values obtained from the analysis, the total hardness ranged 
between 13.50 ± 1.25 and 12.70 ± 1.15 with well 4 and well 3 having the 
highest and lowest values, respectively. All the values were within the limits of 
the WHO permissible limits of 150 mg/L. There was no significant difference in 
the value of total hardness for all the samples; therefore, the abattoir could 
not be said to have an impact on the parameter, although abattoir wastewater 
had been reported to contribute to total hardness values [12]. 

Dissolved oxygen (DO) 
The value for DO ranged between 7.23 ± 0.55 and 5.80 ± 0.20 mg/L with the 
water samples from the control well, having the highest value of 7.23 ± 0.55, 
with well 1 having the lowest value. The values were higher than the values 
from the study carried out by [21] on a similar abattoir study. The values agree 
with [22] whose findings showed that there is reduction in the DO level in 
ground water as one approaches the abattoir and increased in the DO level 
farther away from the slaughter house. There were significant differences in 
the values of the DO between the study and control wells. The levels of the DO 
in both studied and control wells indicate that the degree of pollution by 
organic matter from the water body is minimal as the concentration is higher 
than the WHO value of 5.0 mg/L. The implication of this is that the abattoir 
cannot be said to have affected the quality of water although the value of the 
DO of the water sample at the control well was higher than those in the 
vicinity of the abattoir. The reason adduced to this is that since the wells have 
not been abandoned, with constant fetching of water from them, which 
enables constant aeration of the wells. 

Chemical oxidation demand (COD) 



The value for the COD ranged between 44.67 ± 17.01 and 16.67 ± 1.15 mg/L 
with the water samples from well 4 having the highest value of 44.67 ± 17.01 
with the control well having the lowest value. The values were lower than the 
values from the study carried out by [12] who monitored similar parameters in 
an abattoir on different terrains. There were significant differences in the 
values of the COD between the study and control wells, indicating the 
presence of chemical oxidants in the water, although the values were within 
the WHO permissible limits of 1000 mg/L [23]. The implication of this is that 
the abattoir impacts the quality of water as the value of the COD of the 
sampled well with that of the control well lower than those in the vicinity of 
the abattoir. 

Biological oxidation demand (BOD) 
The value for the BOD ranged between 26.00 ± 2.00 and 12.00 ± 1.00 mg/L 
with the water samples from well 1 having the highest value of 26.00 ± 2.00 
with the control well having the least value. This may be due to the nearness 
of the wells to the abattoir. There were significant differences in the values of 
the BOD between the study and control wells, showing that the abattoir has 
an impact on the water quality as the values were above the WHO permissible 
limits of 0.0 mg/L but below FEPA 30 mg/L limit. The water needs to be 
treated to avert serious health risk [21]. 

Calcium 
The value for the calcium ranged between 21.00 ± 2.64 and 18.33 ± 2.52 mg/L 
with the water samples from well 4 having the highest value of 21.00 ± 2.64 
and the least from the control well. The values were higher than the values 
from the study carried out by [21] on a similar abattoir study. There were 
significant differences in the values of the calcium between the study and 
control wells, although the values were within the WHO permissible limits of 
75 mg/L. 

Sulphate 
The value for the sulphate ranged between 15.00 ± 1.00 and 10.67 ± 1.53 mg/L 
with the water samples from well 2 having the highest value of 
15.00 ± 1.00 mg/L with the control well having the lowest value. There were 



significant differences in the values of the sulphate between the study and 
control wells, although it has been reported that there is no guideline value 
based on human health; however, the recommendation of WHO is that any 
concentration higher than the permissible limits of 100 mg/L is termed un-
hygienic [12]. 

Nitrate 
The value for the nitrate ranged between 2.71 ± 0.15 and 1.93 ± 0.07 mg/L 
with the water samples from well 5 having the highest value of 
2.71 ± 0.15 mg/L with the control well having the least value. The values were 
lower than the values from the study carried out by [2], although the values 
were within the WHO permissible limits of 50 mg/L. There were significant 
differences in the values of the nitrate between the study and control wells; it 
has been reported that high values of nitrate could result in the blue-eye 
syndrome in little children and pregnant women [24]. Also, high 
concentrations of nitrate and phosphate could lead to eutrophication [25]. 

Magnesium 
The values were within the WHO permissible limits of 50 mg/L with the range 
between 0.57 ± 0.15 and 0.32 ± 0.03 mg/L with the water samples from well 2 
having the highest value of 0.57 ± 0.15 mg/L while the control well had the 
lowest value. There were significant differences in the values of the 
magnesium between the study and control wells; it has been reported that 
high values of magnesium could result in the hardness of water [21]. Nigerian 
Standard for Drinking Water Quality (NIS 554:2007) recommended 
magnesium concentration of 0.2 mg/L in drinking water. Magnesium is a 
nutritional component for human beings, one of the micro-elements which is 
accountable for functioning of the membrane, stimulation for the transmission 
of nerves, construction of muscles and DNA duplication [26]. 

Chloride 
The value for the chloride ranged between 37.00 ± 1.00 and 26.67 ± 2.30 mg/L 
with the water samples from well 1. Chlorides are important in the detection of 
sewage contamination of groundwater; other sources include storm waters 
containing road salts, the use of artificial fertilizers, landfill leachates, septic 



tank waste waters, and animal feeds [14]. The values were higher than the 
values from the study carried out by [14] although the values fall within the 
WHO permissible limits of 250 mg/L; there were significant differences in the 
values of the chloride between the study and control wells. Although chloride 
ions are harmless at low levels, well water with high concentrations of chloride 
ions could damage plants if used for gardening or irrigation, and it could also 
give drinking water an unpleasant taste if consumed [23]. The houses in the 
study area had scattered sewage contamination sources and slaughter house 
wash water that the chloride detection could be attributed to. 

Heavy metal analysis of well water samples 
The results of the physicochemical analysis are presented in Fig. 3. 
Fig. 3 

 
Heavy metal analysis of water samples collected from the sampling points 
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Zinc 
The value for the detected zinc ranged between 2.60 ± 0.10 and 
1.27 ± 0.15 mg/L with the water samples from well 2 having the highest value 
of 2.60 ± 0.10 mg/L with the control well having the lowest value. Although 
the values fall within the WHO permissible limits of 3.0 mg/L, there were 
significant differences in the values of the zinc between the study and control 
wells. Zinc may have accumulated from infiltrating rainwater from house roofs 
in the area. It has been reported that acute zinc harmfulness in people 
includes nausea, lack of moisture, tiredness, weariness, abdominal pain, 
inability to coordinate the muscles, and kidney failing to function. Chronic 
doses of zinc increase the risk of developing deformation of blood cells and 
could also damage the pancreas [27]. 

Nickel 
The value for the nickel ranged between 0.29 ± 0.02 and 0.19 ± 0.02 mg/L with 
the water samples from wells 1 and 5 having the highest value of 
0.29 ± 0.02 mg/L with the control well having the lowest. The values were 
higher than the values from the study carried out by [2] and also above the 
WHO permissible limits of 0.05 mg/L. Nickel gets to the bowels of animal 
through feeds and water and are passed out with dungs which are washed 
down the drain and later infiltrates to groundwater. There were significant 
differences in the values of the nickel between the study and control wells. It is 
considered as a vital trace metal but poisonous in large quantity making it 
harmful to human health. It has also been identified as a potential carcinogen 
of cancer in humans [28]. 

Chromium 
The value for the chromium ranged between 0.08 ± 0.00 and 0.04 ± 0.00 mg/L 
with the water samples from well 2 having the highest value of 0.08 ± 0.00 
with the control well having the lowest value. The values were above the WHO 
permissible limits of 0.05 mg/L. There were significant differences in the values 
of the Chromium between the study and control wells. The pollution of 



groundwater by chromium could be due to exposure to wastes from 
chromate-processing amenities which are improperly thrown into open 
dumps. Incidentally, there is a landfill located at about 100 m to the mini 
abattoir where the bones are disposed. The harmful effects of Chromium to 
human are mostly associated with its hexavalent form. Chromium harmfulness 
includes liver necrosis and membrane ulcers and is responsible for dermatitis 
when it has contact with the skin [27]. 

Copper 
The value for the copper ranged between 1.21 ± 0.02 and 1.08 ± 0.01 mg/L 
with the water samples from well 4 having the highest value of 
1.21 ± 0.02 mg/L, with the control well having the lowest value. The values 
were within the WHO permissible limits of 2.0 mg/L. There were significant 
differences in the values of the copper between the study and control wells. It 
has been reported that high values of copper could result in chronic anemia 
[29]. Copper can contaminate drinking water either by directly polluting well 
water or through rust of copper pipes and materials. 

Lead 
The value for the lead ranged between 0.16 ± 0.00 and 0.06 ± 0.00 mg/L with 
the water samples from well 1 having the highest value of 0.16 ± 0.00 mg/L 
with the control well having the lowest value. The values were above the WHO 
permissible limits of 0.015 mg/L. Lead values were higher than the values from 
the study carried out by [14]. There were significant differences in the values 
of the lead between the study and control wells. Lead as a contaminant is a 
well-documented issue. It accrues with time in bones, blood vessels and other 
internal organs. It can access the human body through the consumption of 
food, water and air [30]. Lead, aside being a carcinogen, also impacts the 
central nervous system of the exposed individual and could lead to delayed 
mental and physical growth in children and could affect the attention span 
and learning abilities of children [31]. 
Conclusion 

The study investigated the assessment of the abattoir activities on the 
groundwater quality in the vicinity of the abattoir in a residential area in Omu-



Aran, Nigeria. The pollution impact from the study revealed that the values of 
the physicochemical parameters in the study wells were higher than those of 
the control well. There were significant differences in the values of the 
parameters except total hardness, turbidity and total coliforms. Most of the 
analyzed parameters except the total coliform, total suspended solids, lead, 
chromium and nickel were within the recommended limits. The poor quality of 
water from the studied wells may most likely be due to the nearness of the 
wells to the abattoir and the effect of the percolation of the abattoir effluents 
into the soil. This is confirmed by the fact that the parameters of the control 
well which is farther from the abattoir and at a higher elevation than the study 
wells had lower values than the study wells which are near the abattoir. Also, 
the dissolved oxygen was lower in the well nearest the abattoir and was higher 
as the well got farther from the abattoir. This makes the water from these 
wells unsuitable for the consumption of humans unless they are appropriately 
treated, although from physical observations, they seem potable. There is the 
likelihood for the residents within the vicinity of the abattoir to start to 
experiencing severe effects of the pollutants from operations of abattoir 
located in their neighborhood, if adequate treatment and relocation of the 
mini abattoir are not enforced. It is, therefore, recommended that a 
pretreatment system should be constructed before the discharge of the waste 
through a constructed lined drain to the nearby Areyin stream which is about 
600 m away. The discharge of the waste should be done after the segregation 
of waste materials had been done. In addition, new abattoirs should not be 
sited in close proximity to residential areas, due to the potential impact on the 
groundwater quality. 
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