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ABSTRACT 

Top Soil and surface waters are frequently polluted because they have direct exposure to 

abattoir effluents and therefore do not usually meet the minimum quality standards for 

portable water and recreational grounds. This study examined the effects of slaughter 

house effluent on the physicochemical qualities on Otamiri River and the surrounding 

soil, Owerri Municipal, Nigeria. Three river sampling points located at 100meters 

intervals were selected. Soil samples were collected at a depth of 45cm with the aid of a 

soil auger both from contaminated and uncontaminated areas. All parameters analyzed 

were compared to Federal Environmental Protection Agency (1999) standards. The 

physicochemical parameters for fresh dung pit (soil 1) showed values of 1.37±0.3% for 

clay, sulphate 123.50±85mg/kg, 41.75±5.3mg/kg for nitrate and for total chloride 

(442.26±874mg/kg). For burnt waste samples (soil 2), the clay content was 3.14±2.9%, 

sulphate gave a value of 58.50±25.5mg/kg, nitrate (32.35±0.9mg/kg) and total chloride 

was 149.64±46mg/kg. The physicochemical parameters for the river showed that, for 

upstream, sulphate gave the highest value (540.55±80mg/l), ammonia –nitrogen was 

0.49±0.1mg/l whereas BOD showed a value of 3.35±0.4mg/l. At midstream, total 

chloride content was 263.95±59.2mg/l, ammonia-nitrogen gave the least and was 

0.06±0.1mg/l. the downstream ranged from ammonia-nitrogen (0.20±0.0mg/l) to sulphate 

(325.50±32.50mg/l). The significant variations in the physico-chemical qualities of mid, 

down stream river samples and contaminated soil when compared with upstream river 

samples and uncontaminated soil clearly signify the impacts of this slaughter house 

effluents on Otamiri river and the soil around the abattoir. 
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INTRODUCTION 

Environmental pollution in general term 

has several connotations. To the layman, it 

is the befouling of the environment by the 

activities of human beings, particularly by 

the disposal of solid, gaseous and liquid 

waste products (Ezeoha and Ugwuishiwu, 
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2011). Pollution may be defined as the 

introduction by man into the environment 

of substances or energy liable to cause 

hazards to human health, harm to living 

resources and ecological systems, damage 

to structure or amenity, or interference 

with legitimate uses of the environment 

(Holdgate, 1979). Contamination of river 

bodies and land from slaughter houses 

could constitute a significant 

environmental and health hazard (Coker et 

al., 2001; Nafarnda et al., 2006; Osibanjo 

and Adie, 2007). Slaughter house 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). The total amount of 

waste produced per animal slaughtered is 

approximately 35% of its weight (World 

Bank, 1998).  

According to Omole and Longe 

(2008), Slaughter house effluents could 

increase levels of nitrogen, phosphorous 

and total solids in receiving water bodies 

considerably. Excess nutrients cause the 

water body to become choked with organic 

substances and organisms when organic 

matter exceeds the capacity of the 

microorganisms on water that breakdown 

and recycle the organic matter, it 

encourages rapid growth or blooms of 

algae leading to eutrophication (Neboh et 

al., 2013). In Nigeria, many abattoirs 

dispose their effluent directly into streams 

and rivers without any form of treatment 

and the slaughtered meat is washed by the 

same water. Leaching into groundwater is 

a major part of the concern, especially due 

to the recalcitrant nature of some 

contaminants (Muhirwa et al., 2010).  

Sadly enough, most abattoirs in 

Nigeria are characterized by poor design, 

obsolete facilities and deteriorating 

environment. So many studies have been 

carried out on the poor state of abattoirs in 

developing countries (Edwards et al., 

1979; Bello and Oyedemi, 2009; Neboh et 

al., 2013; Fearon et al., 2014). Mineral 

tannery waste water that is discharged on 

land will affect the soil productivity 

adversely and may cause land to become 

infertile. The use of ruminant dung, 

poultry dropping, abattoir effluents on 

crop production is an age long agricultural 

practice among subsistence farming 

communities in West African sub-region 

(Lombin et al., 1991).  

According to Chukwu (2008), slaughter 

house wastes often contain pollutants that 

can enter the ground water and alter its 

quality. The presence of ground water 

pollutants of organic nature is made 

known through taste, odour, foaming or 

damage to crops which have been irrigated 

with this water. A study of nitrate-nitrogen 

in soils under feed-lots noted 

accumulations from almost zero to 

3,783kg per acre in a 4m soil profile 

(Murphy and Gosch, 1970) in Ezeoha and 

Ugwuishiwu (2011). Effluents discharge 

leads to the contamination of water bodies 

e.g lakes, rivers, aquifers etc.  

This form of environmental degradation 

occurs when pollutants are directly or 

indirectly discharged into water bodies 

without adequate treatment to remove 

harmful compounds. This study examined 

the physico-chemical characteristics of the 

Owerri Municipal Slaughter house 

effluents and their impacts on the 

receiving surrounding soil and Otamiri 

river. 

Sample Collection  

The method of Neboh et al. (2013) was 

employed for water and soil sample 

collections. Samples were collected from 

the study site for a period of three weeks. 
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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 pyrex glass bottles with 

tight screw stoppers. They were collected 

from a point where it was thoroughly 

mixed with effluent discharged and close 

to the discharging point 100mm below the 

surface. Subsequently, samples were 

further collected 100m upstream and 100m 

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. 

Celophane bags were used in collecting 

soil for inorganic chemical analysis while 

soil for organic chemical analysis was 

collected in aluminum foils. All samples 

were replicated three times and transported 

to the laboratory in ice jackets and 

processed within 4hrs of sampling. 

Physicohemical Parameters 

The standard analytical methods that were 

used for determination of physicochemical 

parameters of the samples were from 

Standard Methods for Water and Effluents 

Analysis (Ademoroti, 1996) and results 

were compared with FEPA (1999) 

permissible limits.  

Study Site 

The Owerri Municipal Slaughter house is 

located along Egbu road and 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. The study area 

has a tropical climate with significant 

rainfall in most months, with a short dry 

season. The average annual temperature is 

26.4°C. Precipitation averages 2219mm 

with a relative humidity of 80%. 

Currently, the abattoir is grossly 

dilapidated and sandwiched by a highbrow 

upcoming residential estate.  

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. 

All data were represented in mean  

Standard Deviation (MSD). Confident 

level of determination (P=0.05).  

RESULTS 

Soil Sample Analysis 

The physicochemical parameters of the 

soil samples are presented in Table 1. The 

table shows that the physicochemical 

parameters for the Control Soil sample 

ranged from clay (0.14±0.01%) to total 

chloride (745.26±628.6mg/kg); Soil 1 

ranged from clay (1.37±0.3%) to total 

chloride (1042.26±874mg/kg) while Soil 2 
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ranged from phosphorus (2.20±1.1mg/kg) 

to conductivity (635.00±78µs/cm). The 

higher concentrations of nitrate 

(41.75±5.3mg/kg, 32.35±0.9mg/kg) and 

that of phosphorous (2.85±1.6mg/kg, 

2.20±1.1mg/kg) in Soils 1 and 2 can be 

attributed to the feed of the animals. This 

can be related to the high concentration of 

organic matter content of the samples. The 

values of nitrate were high when compared 

to the limit (20.00mg/kg) of FEPA  (1999). 

The pH of the soil was 5.27±1.37 in 

sample point 1, 5.68±1.10 in sample point 

2 and 6.25±0.30 in sample point 3. These 

data showed an increase in pH 

downstream. 

 

Table 1: Physicochemical Parameters of the Soil Samples investigated 
Parameters Control Soil 1 Soil 2 FEPA 

(1999) 

pH 5.27±1.37 5.68±1.1 6.25±0.3 6.50 

Conductivity (µs/cm) 530.00±17 355.00±106 635.00±78 100.00 

Calcium (mg/kg) 328.01±25 149.71±13 169.89±27 250.00 

Magnesium (mg/kg) 219.17±16 95.20±4.6 106.18±21 100.00 

Aluminium (mg/kg) 2.95±1.0 6.98±1.1 7.43±0.9 <0.01 

Total organic carbon (%) 9.18±0.7 9.63±1.4 16.67±0.2 <10.00 

Total organic matter (%) 8.34±6.3 16.31±17 44.04±2.9 NS 

Sodium (mg/kg) 1.03±0.2 2.21±0.2 5.29±0.4 NS 

Potassium (mg/kg) 100.00±35 97.50±17 310.00±240 >100.00 

Total chloride (mg/kg) 345.26±63 442.26±875 149.64±46 250.00 

Nitrate (mg/kg) 22.05±2.6 41.75±5.3 32.35±0.9 20.00 

Nitrate-Nitrogen (mg/kg) 3.85±2.2 6.05±4.3 5.09±3.0 NS 

Phosphate (mg/kg) 2.00±1.4 32.55±29 6.65±3.5 >100.00 

Phosphorus (mg/kg) 0.65±0.4 2.85±1.6 2.20±1.1 NS 

Sulphate (mg/kg) 127.00±21 123.50±86 58.50±26 100 

Ammonia (mg/kg) 2.95±0.4 5.59±0.7 4.32±0.1 NS 

Ammonia-Nitrogen (mg/kg) 2.42±0.3 4.60±0.6 3.56±0.1 NS 

CEC (Meq) 19.93±9.8 10.50±1.0 16.44±6.8 NS 

Clay (%) 0.14±0.1 1.37±0.3 3.14±2.9 NS 

Sandy (%) 98.10±0.4 96.74±0.6 92.45±0.8 NS 

Silt (%) 1.77±0.3 1.89±0.9 4.41±1.5 NS 

     

Data are mean±S.D of triplicate determinations. 

Note: NS= not stated; mg/l = milligram per litre;  
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Analysis of the Water Samples 
Table 2 contains the results of the 

physicochemical parameters of the water 

samples. The table showed that the 

physicochemical parameters for the 

upstream ranged from ammonia-nitrogen 

(0.49±0.1mg/l) to sulphate 

(540.55±80.5mg/l); midstream ranged 

from ammonia-nitrogen (0.60±0.1mg/l) to 

total chloride (263.95±59.2mg/l) while 

downstream ranged from ammonia-

nitrogen (0.20±0.0mg/l) to total chloride 

(285.90±11.6mg/l). The temperature of the 

water upstream, midstream and 

downstream were normal with no 

significant increase (p<0.05) when 

compared to the limit of FEPA (1999). 

The water was turbid and had an 

unpleasant taste at the point of discharge. 

There was no significant difference 

(p<0.05) in all the physichochemical 

parameters analyzed on all the water 

samples except for the total chloride 

content of upstream and downstream 

waters. 

 

Table 2: Physicochemical Parameters of the Water Samples Investigated 

Parameters Upstream Midstream Downstream FEPA  

(1999) 

Temperature (
o
C) 29.05±0.6 29.20±0.8 30.20±0.9 20-30 

Odour Unobjectionable  Unobjectionable  Unobjectionable  Unobjectionable 

Taste Unpleasant Unpleasant Unpleasant  Pleasant 

Appearance Clear Clear Clear Clear  

Colour (PCU) 11.50±1.6 59.50±3.5 104.00±17.0 15.0 

pH 6.35±0.2 6.22±0.3 5.67±0.2 6.50-8.50 

Conductivity 

(µs/cm) 

108.00±68.0 38.00±0.0 55.50±13.4 1000.00 

Turbidity (NTU) 2.90±1.6 5.98±0.7 15.27±2.0 10.00 

Total dissolved solid 

(mg/l) 

64.80±40.8 22.80±0.0 33.30±8.1 500.00 

Total solids (mg/l) 153.00±47.0 129.50±50.5 83.00±17.0 500.00-1500.00 

Total suspended 

solid (mg/l) 

88.20±8.8 106.70±50.5 49.70±16.0 <10.00 

Dissolved oxygen 

(mg/l) 

7.95±2.9 8.15±3.1 5.95±0.1 7.50 

BOD (mg/l) 3.35±0.4 5.85±1.5 4.05±1.7 0.00 

COD (mg/l) 5.36±0.6 9.36±1.7 6.48±3.7 0.00 

Total chloride 

(mg/l) 

257.40±41.9
a
 263.95±59.2 285.90±11.6

b
 250.00 

Nitrate (mg/l) 19.15±0.8 24.55±1.8 15.20±2.8 45.00 

Nitrate-Nitrogen 

(mg/l) 

4.36±0.2 5.55±0.4 8.55±6.6 10.00 

Phosphate (mg/l) 3.50±1.5 3.85±1.8 5.85±2.8 5.00 

Phosphorus(mg/l) 1.15±0.6 1.25±0.8 1.90±0.9 <5.00 

Sulphate (mg/l) 540.55±80.5 179.45±67.5 327.50±32.5 200-400 

Ammonia (mg/l) 0.59±0.1 0.72±0.1 0.24±0.0 NS 

Ammonia-Nitrogen 

(mg/l) 

0.49±0.1 0.60±0.1 0.20±0.0 NS 

Data are mean±S.D of triplicate determinations. Values bearing superscript alphabets ―a, b‖ showed 

significant difference in total chloride concentration of upstream and downstream water.  
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Note: NTU= Nephelomentry turbidity unit; PCU = platinum cobalt unit; µs/cm = microsiemens per 

centimeter. 

DISCUSSION 
During the present investigation of the 

water samples, the concentrations of total 

suspended solids (TSS), dissolved oxygen 

(DO), Biochemical oxygen demand 

(BOD), chemical oxygen demand (COD) 

and total chloride were higher than the 

Federal Environmental Protection Agency 

(FEPA) standards (1999) while turbidity, 

total dissolved solids (TDS), total solids 

(TS), nitrate, nitrate-nitrogen, phosphate 

and sulphate were lower than FEPA 

standards.  

However, the sulphate concentration in 

upstream water and turbidity in 

downstream were higher than FEPA 

standard (1999).  As depicted in the 

physicochemical parameters of the water 

samples, temperature values were within 

the range for a tropical aquatic system 

(<40°C). The acidic pH values recorded in 

all the water and soil samples do not fall 

within the recommended range suitable for 

aquatic life. pH is an indicator of water 

quality and the extent of pollution 

(Jonnalagadda and Mhere, 2001), thus the 

acidic values at the discharge point 

suggests that the effluents negatively 

impacted the water and soil quality and 

this could consequently affect aquatic life 

negatively because most of their metabolic 

activities are pH dependent (Chen and Lin, 

1995). The observed acidity may be as a 

result of humic acid formed from decaying 

organic matter from wood shavings. This 

is in line with reports from Rim-Rukeh et 

al. (2006) on Orogodo river implying that 

decaying organic matter contributes to 

humic acid formation.  

Dissolved oxygen (DO) concentration in 

natural waters depends on the physical, 

chemical and biochemical activities in the 

water body. DO values recorded in 

downstream water (5.95mg/l) were lower 

than the FEPA (1999) standard (7.50mg/l) 

while the values in upstream (7.95mg/l) 

and midstream (8.15mg/l) were higher 

than FEPA (1999) standard. This could be 

attributed to the high levels of nutrients, 

organic loads and total solids content of 

effluents from this slaughter house. DO is 

very crucial for the survival of aquatic 

organisms (Yakub and Ugwumba, 2009). 

Similar findings have been reported from 

Minna river receiving abattoir effluent 

(Chukwu et al., 2007) and Ethiope river 

receiving Saw Mill effluent (Arimoro et 

al., 2007). The highest Dissolved Oxygen 

(DO) value recorded at midstream could 

be due to the high transparency allowing 

for sufficient sunlight penetration causing 

an increase in photosynthetic activity 

within the aquatic system. Similar findings 

were reported by Arimoro et al. (2007) in 

River Ethiope, Niger Delta.  The microbial 

decomposition of wood waste by microbial 

activities exerts high biochemical oxygen 

demand (BOD) and creates anaerobic 

conditions resulting in the introduction of 

bacteria and pathogens into the river and 

eutrophication stimulating nutrients like 

nitrate and phosphate (Jonnalagadda and 

Mhere, 2001). Moreover, high BOD 

values could be attributed to the high 

organic matter in the water, since high 

organic matter in the water will result in 

high BOD and this is a strong indication of 

pollution (Chukwu et al., 2007).  The 

Chemical Oxygen Demand (COD) in the 

water samples were higher than the FEPA 

standard (1999) values recommended for 

good water quality. The high COD 

compared to BOD values recorded in this 

study may have resulted from organic 

substances not oxidizable by aerobic 

bacteria. Also, this may be due to the fact 

that most organic substances are ultimately 

broken down anaerobically or chemically; 
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thus COD measures all the oxidizable 

organics while BOD measures the oxygen 

available for biological activities. The 

COD values recorded in this study was 

low compared to several findings. 

Osibanjo and Adie (2007) recorded a COD 

range of 947-2566 mg/l from Oshunkaye 

stream receiving Bodija abattoir effluents 

but this study recorded a range of 5.36-

9.36mg/l.  The turbidity concentration in 

Upstream (2.90 NTU) and Midstream 

(5.98 NTU) were low while that in 

Downstream (15.27 NTU) was high when 

compared to FEPA (1999) standards 

(10.00 NTU). At high turbidity levels, 

water loses its ability to support diversity 

of aquatic organism due to obstruction of 

light (Lutz, 2004). This implies that 

downstream water does not support life 

due to low penetration of light.  

In the analysis of the soil samples, 

there was no significant difference 

(P<0.05) in all the physicochemical 

parameters analyzed; however, the 

concentrations of conductivity, total 

chloride, nitrate, aluminium, magnesium 

and to a large extent sulphate were higher 

than the FEPA (1999) standards. The 

concentration of phosphate, calcium and 

pH were lower than the FEPA (1999) 

standard. Electrical Conductivity (EC) 

which is a measure of conducting ionic 

elements in a sample solution was 

recorded to be high in the control and test 

soil samples. The observed values could be 

attributed to the high levels of conducting 

elements such as chlorine. Fakayode 

(2005) reported a similar observation and 

noted that conducting elements contributed 

to the high electrical conductivity in Alaro 

stream, Ibadan.  

The presence of nitrate and phosphorus 

can be attributed to the feed of the cow. 

The high concentration of nitrate can be 

related to the high concentration of organic 

matter content of the samples and as a 

result of the decomposition of protein and 

nitrogenous compound which when 

broken down gives rise to simpler 

substances like ammonia. Nitrates can be 

harmful to humans if they exceed 

acceptable limits because our intestines 

can break them down into nitrites which 

affect the ability of red blood cells to carry 

nitrogen (McNeely et al., 2009). Nitrates 

can also cause serious illness in fish. The 

concentration of Nitrates recorded here 

exceeded safe limits in the soil samples 

when compared to the FEPA (1999) 

standard. This agrees with the works of 

Umunnakwe (2007) and Oladeji (2001). 

Notable sources of nitrate are sewage, 

plant materials, municipal wastes, 

slaughter house wastes and brewery waste 

water (Sutcliffe et al., 2002).  

Conclusion and Recommendation 

Results from this investigation have 

clearly indicated that the slaughter house 

discharges its effluents directly into the 

surrounding soil and receiving Otamiri 

river without any form of pretreatment. 

Thus, there is an urgent need to put in 

place effluent treatment plants to handle 

wastes before disposal. 
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