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Abstract:  The environmental impact of abattoir waste in Owerri Municipality, Imo State was 

investigated. Analyses were carried out on soil and Otamiri River (upstream, midstream and 

downstream) using standard analytical methods. The parameters analyzed were the heavy metals 

and microbial indices. All the parameters studied were compared with Federal Environmental 

Protection Agency (1999) Standards. The significant counts of the microbial populations of E. 

coli, S. shigella and total fungi in the soil and river samples clearly indicated the negative 

impacts of these abattoir effluent discharges. The highest E. coli load (4.75x10
4
±2.9

b
) cfu/g was 

observed in burning sites of slaughtered animals (soil 2) while fresh dung pit (soil 1) gave a 

value of 1.05x10
5
±2.5

a
 cfu/g, which was lower compared to the control (1.55x10

4
±7.5) cfu/g. 

There was a significant difference (P<0.05) in the E. coli counts of soils 1 and 2 when compared 

to the control. Also, the total S. shigella counts (2.90x10
4
±8.4), 3.70x10

4
±7.1, 2.15x10

4
±1.0) 

CFU/ml were the highest whereas total fungi counts (1.35x10
3
±9.3, 6.50x10

2
±5.5, 6.10x10

2
±2.9) 

CFU/ml were the least microbe in the up, mid and down streams respectively. Results of the 

heavy metal [Iron (Fe), Lead (Pb), Cadmium (Cd), Arsenic (As) and Nickel (Ni)] concentrations 

showed that iron was the predominant metal with a value of 21.14±0.1 at soil 2. The heavy metal 

concentration is in the order; Fe> Ni> Pb> Cd> As. It can be concluded that abattoir waste had a 

negative impact on soil and water resources, hence, there is need to treat the waste before 

discharging them into the environment. It is further suggested that components of abattoir wastes 

can be converted to useful industrial products such as blood and bone meals which are widely 

used as compositing activators. 
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INTRODUCTION 

The prevalence of zoonotic diseases such as 

Salmonellosis in our urban communities 

today incriminates abattoir and slaughter 

wastes as major culprits (Cadmus et al., 

1999). The world over, especially in 

developing countries, abattoirs are known to 

adversely pollute the environment directly 
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or indirectly from their various processes as 

they generally use large quantities of water 

for washing meat and cleaning process areas 

(Girards, 2005). They are usually located 

near water bodies in developing countries in 

order to gain access to water for processing. 

Contamination of river bodies and land from 

slaughter houses could constitute a 

significant environmental and health hazard 

(Nafarnda et al., 2006; Osibanjo and Adie, 

2007). Therefore, abattoir waste often 

contains blood, fat organic and inorganic 

solids and salts and chemicals added during 

processing procedures (Loehr, 1974 and 

ESRC, 2011). The animal blood is usually 

released into the environment without 

treatment while the consumable parts of the 

animal are in most cases washed into the 

flowing water (Adelegan, 2002). In Nigeria, 

many abattoirs dispose their effluents 

directly into streams and rivers without any 

form of treatment and the slaughtered meat 

is washed by the same water. Most abattoirs 

in Nigeria are characterized by poor design, 

obsolete facilities and deteriorating 

environment (Edwards et al., 1979; Bello 

and Oyedemi 2009; Neboh et al., 2013; 

Fearon et al., 2014). Reports have also 

shown that poor abattoir waste disposal are 

responsible for the pollution of surface and 

underground waters as well as air quality 

which indirectly affect the health of 

residents living within the vicinity of 

abattoirs (Odoemenam and Ajunwa, 2008). 

Nwachukwu et al. (2011) posited that 

wrongful discharge of blood animal faeces 

into streams may cause oxygen-depletion as 

well as nutrient over enrichment of the river 

system which could cause increased rate of 

toxin accumulation. The current 

investigation was undertaken to ascertain the 

environmental impacts of effluents on 

Otamiri river and the soil around the Owerri  

Municipal Abattoir, Imo state, Nigeria. 

 

 

Study Site 

The Owerri Municipal abattoir was 

commissioned in July, 1997. It lies between 

Latitude 5
0
 28.449

”
 North and 7

0
 03:192

”
 

East on an elevation of 234.9ft. The abattoir 

is situated on about 4 hectares of land. It is 

divided into different sections; the pen, 

where the animals await slaughter or sale, 

the butchering section, where the animals 

are rendered; the rinsing section, where the 

parts of the animals are rinsed, the dung pit, 

where the intestines are emptied and the 

burning section where hairs on their skin are 

burnt. On average, about 35-48 cows and 

62-73 goats/sheep are slaughtered on daily 

basis. Generally, it is a red meat slaughter 

house. The wastes from the abattoir are 

collectively discharged directly into the 

Otamiri river which is about 100m away at 

an elevation of 172.6ft and the surrounding 

soil without any form of pre-treatments. 

Currently, the abattoir is grossly dilapidated 

and sandwiched by a highbrow upcoming 

residential estate. 

Sample Collection  

The method of Neboh et al. (2013) was 

employed for water and soil sample 

collection. Samples were collected from the 

study site for a period of three weeks. The 

site was visited at weekly intervals to collect 

samples from each of the sampling points 

during the period. Samples were collected in 

the morning during the peak activities 

between 8:00am-9:00am.  

Surface Water Sampling 

Water samples were collected with the aid 

of 500ml sterilized plastic container with 

tight screw stoppers. They were collected 

from a point where it was thoroughly mixed 

with effluent discharge and close to the 

discharging point 100mm below the surface. 

Subsequently, samples were further 

collected 100m upstream and 100m 



Global Research Journal of Science Volume 5(2): 32-40, 2018. 

*Corresponding Author: E-mail: nzenwapeter2000@yahoo.com          http://www.academicpublications.org/grjs 

34 

downstream (after mixing with effluent 

water).  

Soil Sampling 

The soil samples were collected at a depth of 

45cm with the aid of a soil auger both from 

the contaminated and uncontaminated areas 

(Control). Samples for Soil 1 were collected 

from the fresh dung pit whereas Soil 2 

samples came from where slaughtered 

animals are burnt.  

Microbial analyses  

A quantity of 10g of the soil samples was 

diluted in 90ml of sterile deionized water, 

while 10ml of the water samples were 

diluted in 90ml of same water instead. 1ml 

of each soil and water samples were pipetted 

into a test tube containing 9mls of the 

distilled water. 10 fold serial dilution of the 

samples were prepared using sterile distilled 

water as the diluents. Aliquots (01ml) of 

each (10
-2

, 10
-3

, 10
-4 

or 10
-5

) of the test tubes 

were incubated in a nutrient agar plate, 

sabouraud dextroxe agar and mineral salt 

agar by spread plate technique and incubated 

at 37
o
C for 24hrs for bacteria and 25

o
C for 

78hrs – 96hrs for fungi on the incubator. 

After incubation, the number of colonies on 

the plates with distinct growth were 

estimated and recorded as colony-forming 

units per milliliter (cfu/ml). Subculturing 

was done until distinct colonies were 

obtained. In identifying fungi, microscopic 

and macroscopic examinations including 

staining for morphological characteristics 

were carried out on fungal isolates and 

identification was done based on the 

characteristics. For bacteria, pure isolates 

were isolated and identified using 

biochemical tests according to Cappucino 

and Sherman (1998). 

 

 

Water and Soil Digestion for Heavy Metal 

Analyses 

The heavy metals that were sampled and 

analyzed included iron (Fe), Lead (Pb), 

Cadmium (Cd), Arsenic (As) and Nickel 

(Ni). 50ml of water sample was digested in 

250ml conical flask by adding 10ml of aqua 

regia and heated on a hot plate until volume 

remained about 7-12ml. The digest was 

filtered using Whatman No. 1 filter paper 

and the volume made up to the mark in a 

50ml volumetric flask, and was then stored 

in a plastic container for AAS analysis. For 

soil, 1g of the sample was digested in 250ml 

conical flask by adding 30ml of aqua regia 

and thereafter, treated as the water sample 

above. Determinations of heavy metals were 

made directly on each final solution using 

AAS (Model: Buck 210VGP). 

Analysis of Data 

All data collected were subjected to 

descriptive statistics (mean, media and 

mode) and one way Analysis of Variance 

using Statistical package for Biological and 

Social Sciences (SPSS) Incident 20.0 

Software. All data were represented in mean 

 Standard Deviation (MSD). Confident 

level of determination (P=0.05). 

RESULTS 

Heavy Metal Concentrations in Soil 

The results of the heavy metal 

concentrations of soil samples are shown in 

Table 1. The table shows that iron was the 

highest heavy metal in the two test and 

control soil samples. Lead, Nickel, 

Cadmium and Arsenic were rarely present in 

the soil samples. In Soil 2, iron gave a value 

of 21.14±0.1mg/kg. Iron in Soil 1 has no 

significant difference from the Control Soil. 

Arsenic gave the least presence of the heavy 

metals (0.06±0.1mg/kg) and had no 
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significant difference when compared to the FEPA (1999) permissible limit. 

Table 1: Heavy Metal Parameters of Soil (mg/kg) 

PARAMETERS CONTROL SOIL 1 SOIL 2 FEPA LIMIT 

(1999) 

Lead  0.00±0.0 0.10±0.0 0.82±0.5 0.05 

Cadmium  0.07±0.0 0.06±0.1 0.14±0.0 0.10 

Nickel  0.00±0.0 0.03±0.0 0.19±0.0 >1.0 

Arsenic  0.02±0.0 0.07±0.0 0.06±0.0 0.05 

Iron  20.28±0.1 20.23±0.1 21.14±0.1 1.00 

Data are mean±S.D of triplicate determinations.  

 

Heavy Metal Concentrations in Surface 

Water 

The results of the heavy metal 

concentrations on water samples are as 

shown in Table 2. The Table showed that 

iron was predominant in Upstream, 

Midstream and Downstream waters while 

Lead, Nickel, Cadmium and Arsenic were 

sparsely present in the water samples. Iron 

showed a presence of 1.08±0.4mg/l 

downstream, and it was dominant across all 

sampling points. The least presence of the 

metals came from Nickel (0.01±0.0mg/l) 

and Arsenic (0.01±0.0mg/l) at downstream.

 

Table 2: Heavy Metal Concentrations on Water (mg/l) 

Parameters Upstream Midstream Downstream FEPA LIMIT 

(1999) 

Lead 0.17±0.1 0.04±0.0 0.03±0.0 0.05 

Nickel 0.06±0.1 0.04±0.0 0.01±0.0 0.05 

Arsenic 0.13±0.1 0.02±0.0 0.01±0.0 0.20 

Iron 0.75±0.4 0.72±0.3 1.08±0.4 1.00 

Data are mean±S.D of triplicate determinations. 

 

 

Analysis of Soil Microbial Parameters 

The results of the microbial analysis of soil 

samples are represented in Table 3. The table 

shows that total E. coli counts 

(1.55×10
4
±7.5×10

3
, 4.75×10

4
±2.9×10

4
)cfu/g 

were the highest whereas total S. shigella 

counts (1.20×10
3
±8.0×10

2
,1.40×10

3
±2.0×10

2

)cfu/g were the least microbe in the Control 

and Soil 2 samples. Similarly, total E. coli 

count (1.05×10
5
±2.5×10

4
)cfu/g was highest 

in Soil 1 and total fungi count 

(1.21×10
4
±1.1×10

4
)cfu/g were the least 

microbe in Soil 1.  
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Table 3: Microbial Parameters of Soil Sample (cfu/g) 

Parameters Control Soil 1 Soil 2 FEPA (1999) 

Total E. coli count 1.55×10
4
±7.5×10

3
 1.05×10

5
±2.5×10

4 a
 4.75×10

4
±2.9×10

4  b
 NS 

 

Total S. shigella 

Count 

 

1.20×10
3
±8.0×10

2
 

 

2.16×10
4
±2.1×10

4
 

 

1.40×10
3
±2.0×10

2
 

 

NS 

 

Total fungi count 

 

4.70×10
3
±4.3×10

3
 

 

1.21×10
4
±1.1×10

4
 

 

7.50×10
3
±5.5×10

3
 

 

NS 

 

Note: cfu/g: colony forming unit per gram; 

NS = not stated 

Data are mean±S.D of triplicate 

determinations. Values bearing the same 

superscript letters “a, b” show significant 

difference in the total E. coli count of Soil 1 

and Soil 2 when compared to their control 

respectively. 

Microbial Parameters of Water 

The results of the microbial population of 

water samples are as in Table 4. The table  

 

showed that total S. shigella counts 

(2.90×10
4
±8.4×10

3
, 3.70×10

4
±7.1×10

3
, 

2.15×10
4
±1.0×10

4
) cfu/ml were the highest 

while total fungi counts (1.35×10
3
±9.2×10

2
, 

6.50×10
2
±5.5×10

2
, 6.10×10

2
±2.9×10

2
) 

cfu/ml were the least microbe in the 

upstream, midstream and downstream 

waters. The result indicated that the three 

sampling points had higher counts of 

microbial populations and were significantly 

higher (p<0.05) when compared to the 

permissible limits (FEPA, 1999). 

 

Table 4: Microbial Parameters of Water Sample (CFU/ml) 

Parameters Upstream Midstream Downstream FEPA (1999) 

Total E. coli count 2.65×10
4
±1.9×10

4
 1.15×10

4
±9.10×10

3
 1.65×10

4
±1.5×10

4
 0.00 

Total S. shigella 

Count 

2.90×10
4
±8.4×10

3
 3.70×10

4
±7.13×10

3
 2.15×10

4
±1.0×10

4
 0.00 

Total fungi count 1.35×10
3
±9.2×10

2
 6.50×10

2
±5.5×10

2
 6.10×10

2
±2.9×10

2
 0.00 

Data are mean±S.D of triplicate determinations.  

 

Discussion 

Several workers have reported on the 

potential of abattoir activities and wastes to 

befoul the environment, or cause hazards to 

human health and harm to living resources 

and ecological systems (Ouinn and 

McFarlane, 1989; Ruiz et al., 1997; Hinton 

et al., 2000; Amisu et al., 2003) and their 

reports have clearly shown that poor 

hygienic practices in these abattoirs 

introduce disease-causing pathogens and 

toxic levels of metallic substances into 

receiving fresh waters and the surrounding 

soil. The current study shows that abattoir 

waste has the capacity to pollute surface 

waters, underground waters, abattoir/market 

environment and land resources around the 

abattoir, especially, when abattoir wastes are 

not properly treated and disposed off.  
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Heavy metals are natural constituents of the 

earth crust. Living organisms require little 

amounts of some heavy metals including 

cobalt, copper, iron, manganese and zinc. 

Excess levels of essential metals however 

can be detrimental to living organisms. 

Since they cannot be degraded or destroyed, 

therefore they tend to accumulate in the soil 

and sediment. Leaching of these heavy 

metals into the ground water is also a major 

cause of concern especially due to the 

recalcitrant nature of the metals (Laukova et 

al., 2002). In general, the heavy metals 

produce high toxicity through the formation 

of complex organometallic compounds 

(Onwuemeka et al., 2017). Presence of lead 

is cancerous while arsenic can cause liver 

and kidney damage, stomach and intestinal 

irritation (Laukova et al., 2002).  

The result of the microbial populations in 

soil and water samples showed that abattoir 

waste contaminated both soil and water 

samples as expressed in the high counts of 

total E. coli, total S. shigella and total fungi 

counts in the soil test samples than in the 

control sample. This may be due to high 

concentration of micro-organisms as a result 

of the presence of nutrients in the effluent in 

which the micro-organisms thrive. The total 

E. coli counts obtained from burning sites 

(1.05 x 10
5
)cfu/ml and fresh dung pit (4.75 x 

10
4
)cfu/ml were greater than that in the 

control soil without abattoir effluent water 

contamination (1.55 x 10
4
)cfu/ml. There was 

a significant difference (p<0.05) in the E. 

coli count obtained in soil 1 and 2 when 

compared to the control sample. A similar 

result was obtained in the fungi and S. 

shigella counts where the concentrations in 

soil test samples were higher than the 

concentrations in the control sample. This 

could be regarded as destabilization of the 

soil ecological balance arising from 

contamination (Borneman et al., 1996). 

Another possible explanation of this is that 

the organism in the water was discharged 

into the soil and guided by the law of 

survival of the fittest (Madigan et al., 2003), 

those that were not able to survive the new 

condition were probably excluded. Results 

obtained here are similar to the findings of 

Neboh et al. (2013) who recorded higher 

concentrations of microbes in abattoir 

effluents contaminated soil samples than the 

control. The results also showed that 

occurrence of enteric organisms like E. coli 

which belong to the group 

Enterobacteriaceae, is indicative of faecal 

contaminations as they are normal 

inhabitants of intestinal tracts of human and 

other animals. Food borne diseases caused 

by E. coli occurs in most slaughter houses 

due to their unhygienic practices especially 

when the cow meat comes in contact with 

faecal material. 

 

Conclusion 

The high level of contamination of abattoir 

waste in soil and water bodies as obtained in 

this study further confirmed the dangers 

associated with discharging untreated waste 

water to the surrounding soil and river, thus 

the need for adequate pre-treatment to 

ensure decontamination. Considering the 

present demand for livestock due to growth 

in population and requirements on health 

grounds for meeting up with the calcium and 

protein needs of the population, 

sustainability in meat production should be 

given priority of place since it intertwines 

with public health and economic 

development.  

Recommendations 

The following recommendations are 

suggested so as to enhance the quality of 

Otamiri river and also protect the health of 

people who depend on it and the abattoir 

environs for sustenance. 

1. Public awareness and enlightenment 

campaign on possible impact of 
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pollution from abattoir wastes 

should be embarked upon by 

relevant authorities. 

2. Waste management practice by 

waste reduction, re-use and 

recycling should be encouraged by 

the relevant authorities. Investors 

dealing on animal wastes like bones, 

manure and blood should be 

encouraged to convert abattoir 

wastes to useful products. For 

instance, blood meal is used for the 

production of protein supplement to 

fortify cereal based diets, plant by-

products and forages while bone 

meal is employed as an organic 

fertilizer for crop plants and as 

nutritional supplements for animals, 

source of phosphorous and protein. 

3. Authorities of Owerri Municipality 

and by extension, the Imo State 

Government should, without further 

delay, relocate the abattoir to an 

appropriate location due to the 

upcoming residential estate and also 

to avert further harm to the 

ecological system. 

4. Finally when relocated, there is need 

to enforce the design criteria and 

siting restrictions which include 

setbacks from residential 

neighbourhoods and buffers to 

protect against encroachment by 

property developers and land 

speculators.  
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