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ABSTRACT
The siting of abattoir close to water bodies offers a steady supply of water for 
processing slaughtered cattle and other livestock.  However, the effluents from such 
abattoir activities often constitute pollutants for other users upstream that depend on 
the river such as for washing, recreation and fishery etc. This study intends to 
characterise the water quality after effluent discharge from abattoir into the 
Ugbokodo River by Water Quality Index (WQI). Six sampling points spanning about 
600m, inclusive of the effluent discharge point (as source point) were selected for 
physical, chemical and biological water quality testing and analyses. The results 

oshowed that with a pH range of 6.5 – 8.5 and a temperature range of 27-30 C, the 
water within the sampling range showed minimum fluctuation in pH and temperature. 
BOD, COD and turbidity dropped sharply when the effluent was introduced into the 
river. There was also an obvious surge in the TDS and conductivity at the source point 
which is the abattoir. There is a strong positive correlation between TDS and 
conductivity, with both having negative correlations with the other tested parameters. 
The River generally possessed poor Dissolved Oxygen level which is independent of 
the effluent discharge. The WQI exceeded 100, an indication that the water is  
unsuitable for irrigation, re-use, fishery and recreation. The study also revealed that 
BOD, COD and turbidity were more likely to return to their equilibrium state within 
600m from the source of pollution whereas TDS and conductivity may take farther for 
the effect of the effluent to be neutralised.

Keyword: Abattoir, Water Quality Index, Effluent,  River, BOD, COD, TDS

1.0� INTRODUCTION
The surge in the demand for beef, the eyesore 
posed by the indiscriminate slaughtering of 
cattle and other animals, and more emphasis 

being placed on urban hygiene by the public 
authorities have enhanced the proper sitting 
a n d  c o n s t r u c t i o n  o f  a b a t t o i r s  o r  
slaughterhouses in urban centres. While a 
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great deal of attention has been placed on the 
layout and accessibility of the various 
abattoirs, little emphasis has been given to the 
management of the solid, semi-solid and liquid 
wastes emanating from these facilities. The 
abattoir act (1985) defined an abattoir as any 
premise used for or in connection with the 
slaughter of animals whose meat is purposed 
for human consumption and include 
slaughterhouse but does not include a place 
situated on a farm (Neboh et al., 2013). The 
slaughterhouse is the butchering point of the 
abattoir. Waste from slaughterhouse typically 
contains lipids, grease, hair, feather, flesh, 
manure, grits and undigested feed, blood, 
bones and processed food which, more often 
than not, are loaded with high organic matter 
(Coker et al., 2001; Nafarnda et al., 2006). 
According to the World Bank Report (1998), 
the amount of waste derivable from a 
slaughtered animal constitute about 35% of its 
total weight.
 Abattoirs generally require large 
quantities of water for washing the slaughtered 
animal, slaughtering equipment and those 
involved in the process of slaughtering. 
Consequently, abattoirs are located close to 
water bodies such as streams and rivers to avail 
for an uninterrupted supply of fresh water. The 
slaughtered animals are either washed directly 
in the stream or the water is channelled to 
reservoirs in the abattoir premise. In both 
instances, the waste from the abattoir still finds 
its way into the flowing stream. Effluents from 
the abattoir have been known to pollute the 
river or land where they are released(Neboh et 
al., 2013).
 It is on the above basis that this study 
was undertaken to determine the extent of the 
damage the release of effluents from an 
abattoir is having on the Ugbokodo River by 
using the platform of water quality index and 
the Nigerian Environmental Regulation for 
Surface Water.

1.1� Theoretical Framework
Globally, there are several guidelines 
specifying the quality of surface water for 
normal functioning of the aquatic ecosystem, 
recreational activities and the desire to harness 
the water for drinking with minimum 
treatment burden. One of the regulations 
adopted in Nigeria is the national 
env i ronmenta l  ( su r face  wa te r  and  
groundwater quality) regulation 2011. This 
regulation draws its contents from 
international agencies such as the World 
Health Organisation, USEPA, African Forum 
For Utility Regulators and the Standards 
Organisation of Nigeria (CCREM, 1987; 
Enderlein, 1995, 1996; FEPA, 1991; 
Hespanhol, 1994; ICPR, 1991; UNECEF, 
1992, 1993). The Nigerian Environmental 
(surface and groundwater Quality control) 
regulation (Federal Government of Nigeria 
official Gazette, 2011) prescribed Standard for 
surface water quality specified values for 
various parameters considered in water quality 
assessment. This can be broadly divided into 
six criteria namely: physico-chemical criteria, 
biological criteria, toxic substance, chemical 
constituents, average phosphorus content and 
radioactive substances.

1.1.1� Physico-Chemical Criteria
Physic-chemical criteria:  this comprises 
guideline for temperature, colour, turbidity, 
dissolved oxygen, biological oxygen demand, 
chemical oxygen demand and suspended 
solids.

a) Temperature :  As ide  o f  t he  
designated thermal mixing zone, 
temperature average over a 7day 

o
period shall not exceed 3 C of the 
ambient temperature value of the 
water body. 

b) Dissolved oxygen (DO):  Dissolved 
Oxygen content of surface water shall 
be less than the values specified in 
table 1.
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c) Colour and Turbidity: This shall not 
exceed 10NTU above ambient values.

d) pH shall be in the range specified in 
Table 1.

e) Biochemical Oxygen Demand (BOD) 
and Chemical Oxygen Demand 
(COD): The BOD and COD values 
shall not exceed the range of values 
specified in Table.

f) Suspended Solids (SS): SS shall not 
exceed the range of values specified in 
Table 1.

1.1.2� Biological Criteria
a) Coliform count (Lactose positive) 

and Coliphages: coliform count and 
Coliphages shall not exceed the values 
prescribed in table 1.

b) Parasite: pathogenic intestinal 
protozoa and non-intestinal protozoa 
in all of their phases must not be 
detected in the water.

1.1.3� Toxic Substance: toxic substances 
shall not be (deliberately or accidentally) 
introduced in all bodies of water within the 
territorial boundary of Nigeria.

1.1.4� Chemical Constituents: chemical 
constituents (as anions or cations) shall not be 
in any form exceeding the values specified in 
table 1.

1.1.5� Nutrient Content: This particularly 
deals with the concentration of phosphorus in 
the body of water. The guideline specifies that 
the average total phosphorus shall not exceed 
0.025mg/l in any water body such as Lake, 
stream, river or reservoir in Nigeria. 
Phosphate shall be removed from the water 
body to the extent that the phosphorus value is 
at par with the values specified in table 1. 
However, cases abound where authorised 
government agencies specify a location for a 
different value of phosphorus to prevent 
cultural eutrophication or growth of 
undesirable or nuisance species.

1.1.6� R a d i o a c t i v e  s u b s t a n c e s :  
Radioactive substances shall be within the 
limits prescribed in Table 1.
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Table 1: Physical, Chemical and Biological Ambient Water Quality Criteria 

for Surface Water(Federal Government of Nigeria official Gazette, 2011)

2.0� MATERIAL AND METHODS

2.1� Study Area
The case study abattoir is located in Ugbokodo 

community of Okpe Local Government Area 
of Delta state. The Ugbokodo-Warri River 
originates from the hinterland in Warri and 
stretches down westward towards the creeks 
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Ifie to Oteghele en route to the Atlantic Ocean. 
The river receives pollution from municipal 
dumping of refuse and effluent from an abattoir 
sited along its course as shown in figure 1. 
 U g b o k o d o - Wa r r i  R i v e r  i s  
economically crucial to its host community 
various socio-economic activities take place 

on it, notably, fishing. The river serves as a 
transportation route connecting several 
communities in the area. The river also 
provides recreational appeal to the host 
community and cheap source of water for 
construction where groundwater sources have 
not been developed.

Figure 1: Map of Ugbokodo and adjoining Streams and Communities.

2.2 Sampling
Water samples from six (6) accessible points 
along the river in the direction of flow from the 
abattoir were randomly collected (see figure1). 
The samples were labelled SE1 to SE6. SE1 is 
the position of the abattoir from where 

effluents enter the stream while SE6 is the last 
point of sample collection. The cordinates and 
distance from each sampling point to the point 
of entrant of the abattoir effluents into the 
stream is shown in table 2.
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Table 2: Cordinates and Distance of Effluent Sampling Points.

Sampling 

point No. 
Longitude  Latitude  Distance from Discharge 

point (m)  

SE 1 5°34'59.243"N  5°40'55.819"E  0  
SE 2

 
5°35'03.905"N

 
5°40'55.315"E

 
156.20

 
SE 3

 
5°35'07.314"N

 
5°40'55.117"E

 
252.87

 SE 4

 

5°35'11.076"N

 

5°40'57.486"E

 

389.70

 SE 5

 

5°35'13.934"N

 

5°40'58.591"E

 

497.10

 SE 6 5°35'16.840"N 5°40'56.939"E 642.50

2.3 Water Quality Testing
Comprehensive water testing was carried out 
on the recovered water from each of the 
sampling points. Tests were carried out for 
Colour, Turbidity, Temperature, Conductivity, 
pH, Total Dissolved solid (DS), Chemical 
Oxygen Demand (COD), Dissolved Oxygen 
(DO) and Biochemical Oxygen Demand 
(BOD).
 The temperature of the water samples 
was obtained using a digital infrared 
thermometer. A small quantity of the water 
sample was poured at room temperature into a 
beaker and the water vapour was sniffed to 
determine the odour in line with ASTM D1292 
– 15: Standard Test Method for Odour in Water. 
The test procedures for the other listed tests are 
outlined in ASTM D1889 – 94&95 QAL/W07.

2.4 Water Quality Index Calculations
According to Yogendra and Puttaiah (2008),  
water quality index provides a single number 
that depicts the overall water quality at a 
certain location based on several water quality 
parameters. Several methods of water index 
computations abound such as the Canadian 
Council of Ministries of the Environment 
Water Quality Index (CCMEWQI), Oregon 
Water Quality Index (OWQI) and Weighted 
Arithmetic Water Quality Index Method 
(WAWQI) among others. For this study, the 
WAWQI method was used for the computation 
of the water quality for the six water samples 
obtained. The algorithms upon which the 
computation of the water quality index was 
based is as presented in equations (1) to (4) 
(Chandra et al., 2017; Yogendra & Puttaiah, 
2008)
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Water quality index (WQI) and the status of water quality as given by Chaterjee and Raziuddin 

(2002) are presented in table 3.

Table 3: Water Quality Index (WQI) and Status of Water Quality (Chaterjee & Raziuddin, 2002)

Water Quality 

Index Level  
Water Quality Status

0 -25
 
Excellent water quality

26 -

 

50

 

Good water quality

51 -

 

75

 

Poor water quality

76 - 100 Very poor water quality

>100 Unsuitable water quality

2.5 Determination of the Ideal Values 
of Water Quality Parameter
Depending on the use to which the water will 
be employed, what constitutes an ideal value of 
the quality parameter vary markedly. For this 
study, the water quality was assessed for water 
used for irrigation, fisheries and recreation. S  1

are the permissible values based on Effluent 
Discharges, Irrigation and Reuse Standard 
while S is the permissible values based on 2 

Fisheries and Recreation Water Quality 
Criteria Standards as stipulated in Federal 
Government of Nigeria official Gazette (2011). 
Though the regulation is not static for each of 
the parameters, equation (4) was so formulated 

such that only values exceeding the 
permissible value are required as poor quality 
while values less than the permissible values 
are regarded as acceptable quality water. This 
run fouls against the regulation for BOD and 
COD. Critical inadequacies were also 
observed with ranged parameters such as 
temperature and pH. Values lower than 6.5 and 
exceeding 8.5 are both regarded as poor 
quality water. To reduce this anomaly 
Microsoft excel statement were formulated 
(see table 4) for the proper selection of criteria 
to determine the most appropriate water 
quality index of each sample.

Table 4: Ideal and Permissible Values of Water Quality Parameters

Parameter  Ideal 

values (Vn)

 

S1  S2  Ms  Excel Statement  

pH
 

7
 
6.5-8.5

 
6.5-8.5

 
IF(Vn<6.5,8.5+(6.5-

 Vn),IF(AND(Vn>6.5,Vn<8.5),7.5,Vn))

TDS (Mg/L)

 
0

 
≤500

 

≤500

 
Vn

 BOD (Mg/L)
 

0
 

<6
 
<3

 
IF(Vn<S,S+(S-Vn),Vn)

 
Turbidity (NTU)

 
5

 
10

 
10

 
Vn

 Temperature ( 0C)

 

27

 

27 -

 

30

 

27 -

 

30

 

IF(Vn<27,30+(27-

Vn),IF(AND(Vn>27,Vn<30),S,Vn))

DO (Mg/L)

 

0

 

>4

 

>6

 

IF(Vn>S,S,Vn)

 
Electrical 

Conductivity (µs/cm)

 

0

 

150

 

150

 

Vn

 COD (Mg/L)

 

0

 

>30

 

>30

 

IF(Vn<S,S+(S-Vn),Vn)

 

Where S indicates the specified value of tested parameters.
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3.0� RESULTS AND DISCUSSION
The results of the tests are presented 
graphically in figures 2 to 4 showing the 
variation of the examined quality 
parameters with respect to the distance 
from the pollution source point (here the 
abattoir). The plots showed that pH, 
temperature and Dissolved Oxygen were 
fairly stable within the distance considered, 
indicating that the abattoir effluents has no 
influence on these parameters. There was a 
drop in turbidity, COD and BOD after the 
source point, an indication of obvious 
influence of the abattoir effluent. In 
contrast to the turbidity, COD and BOD, 
TDS and conductivity surged within the 
distance considered. It is evident from the 
plots that while turbidity, COD and BOD 
may return to their equilibrium state within 
600m to 700m from the source point, TDS 
and Electrical Conductivity will require a 
longer distance to return to their a priori 

state.
 The pH, TDS, temperature and 
turbidity values were found to be within 
the range of values specified for effluent 
discharge, irrigation and Re-use S  and the 1

standard for fisheries and recreational 
water quality S . The fall in the values 2

BOD and COD is due to the detergent 
present in the effluent water from the 
abattoir. This will be seen as a 
disadvantage as the detergent causes the 
elimination of aerobic organisms that will 
be replaced by anaerobic microorganism. 
The values of Dissolved Oxygen were 
found to  sat is fy  the  regulatory 
requirements in all the sampling locations. 
Conductivity values fell short of the 
requirement in all the sampling points. The 
water colour, on visual inspection, 
appeared to be dark green indicating likely 
presence of plant life. 

Figure 2: Variation of Quality Parameters (pH, BOD, Turbidity, COD) from Source Point
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Figure 3: Variation of Quality Parameters (Temp, DO) from Source Point

Figure 4: Variation of Quality Parameters (TDS, Conductivity) from Source Point

3.1� Correlation matrix
Correlation coefficients for the set of test 
results were obtained to determine the 
independence between test parameters. 

The correlation matrix is shown in table 5. 
The correlation matrix indicates that there 
was a high correlation between pH and 
BOD, COD, DO and turbidity, and to a 
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lesser extent, temperature. Total dissolved 
solids and conductivity have a perfect 
positive correlation coefficient of 1 with 
each other, while at the same time giving 
conspicuously negative correlation with 
the other parameters. Temperature gave 
minimum positive correlation for all the 
parameters with the exception of BOD 

where it indicates a minimum negative 
correlation. This showed that there is a 
measure of independence between the 
temperature values and those of the other 
parameters. There was a high positive 
correlation between turbidity and COD, 
BOD and DO.

Table 5: Correlation Coefficient of the Sample

Quality 

parameter 

pH TDS 
(mg/L) 

BOD 

mg/L) 

Turbidity 

(NTU)  

Temp  
(0C)  

DO 

(mg/L)  

Conductivity 

(µs/cm)  

COD 

(mg/L)

pH
 

1.000
 

-0.936
 

0.822
 

0.700
 

0.086
 

0.765
 

-0.936
 
0.733

TDS (mg/L) 0.936 1.000 -0.881 -0.654  0.034  -0.672  1.000  -0.699

BOD (mg/L) 
0.822 -0.881 1.000 0.837  -0.213  0.854  -0.881  0.876

Turbidity (NTU)
 

0.700
 

-0.654
 

0.837
 

1.000
 

0.229
 

0.978
 

-0.654
 
0.997

Temperature (0C)
 

0.086
 

0.034
 

-0.213
 

0.229
 

1.000
 

0.136
 

0.034
 

0.176

DO (mg/L)

 

0.765

 

-0.672

 

0.854

 

0.978

 

0.136

 

1.000

 

-0.672

 

0.980

Conductivity (µs/cm)

 

0.936

 

1.000

 

-0.881

 

-0.654

 

0.034

 

-0.672

 

1.000

 

-0.699

COD (mg/L) 0.733 -0.699 0.876 0.997 0.176 0.980 -0.699 1.000

3.2 Water Quality Index (WQI) 
Computations
The computation for WQI considered the two 
utility criteria described in section 2.5. The 
WQI result for each of the sample is presented 

in table 6. The results indicate that the water 
within the distance examined is unfit for re-
use, irrigation, fisheries and recreation. This 
further implies that any form of consumption 
of this water by humans may cause adverse 
health condition.

Table 6: Water Quality Index Based Utility Criteria

Location WQIS1 WQIS2

SE 1 105.634 125.620

SE 2

 

112.631

 

107.219

SE 3

 

111.214

 

112.117

SE 4

 

111.375

 

114.319

SE 5

 
107.345

 
103.505

SE 6

 
111.138

 
103.138
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4.0� CONCLUSION
The analysis of abattoir effluent into the 
Ugbokodo river, as it pertains to water quality 
with respect to the effluent discharge, irrigation 
and re-use standard (S ) and the fisheries and 1

recreation water quality standard (S ), showed 2

that DO, pH and temperature were not affected 
by the abattoir effluent into the stream. Tests 
results on six randomly selected locations, 
spanning about 600m from the source point 
revealed that there was a sharp drop in BOD, 
COD and Turbidity after the abattoir effluent 
was released into the stream. These parameters 
were also found to return to their equilibrium 
state within the 600m where sampling was 
done. In contrast, there was a surge in the 
values of the TDS and conductivity of the 
water sample with the recovery to exceed the 
maximum sampling distance from the source 
point. Correlation analysis revealed that there 
was a positive correlation between pH and 
BOD, COD and DO, and negative correlation 
with TDS and conductivity. Temperature 
maintained relative independence from the 
other quality parameters. The water quality 
index (WQI) computed for each of the 
sampling points showed that the water within 
600m from the source point fell short of the 
requirement specified for effluent discharge, 
irrigation and re-use as well as for fisheries and 
recreation. It was observed that WQI was fairly 
stable based on criteria S  but showed some 1

reduction with distance from the source point 
in criteria S . 2

5.0� RECOMMENDATION
The use of water quality index as a tool for the 
classification of the quality of water has 
typically been limited to drinking water. In this 
study, attempt was made to extend WQI 
application to other uses of water such as 
effluent discharge, irrigation, Re-use, fisheries 
and recreation. It is pertinent that a separate 
water quality index classification range be 
formulated for these other uses of water to 

broaden water quality categorisation that can 
affect the siting of pollution-generating 
ventures such as abattoir or factories. It will 
also promote the need for some forms of 
treatment on the effluent before being released 
into a water body or adjoining land area.
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