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Industrial activities contribute a lot of toxic wastes to the environment. Nigeria at the moment has 
established industries like petroleum refinery, soaps and detergents food and beverages, breweries, 
textiles and apparels, building materials, timber products, wood and leather works, metal works, 
chemicals and plastics, clay and other industries.  All these industries produce various effluents that 
are discharged into the environment. Most large cities in Nigeria e.g Lagos, Port-Harcourt, Ibadan, 
Kano, are feeling the pinch of pollution from   industrial effluents. It is needless to talk of tons of 
effluents disposed   indiscriminately into the lagoon, rivers and streams. It was realized that discharges 
of untreated or incompletely treated wastes containing algal nutrients, non-biodegradable organics, 
heavy metals and other toxicants will hasten the deterioration of receiving water bodies. A study was 
carried out at Sango- Otta to determine the extent of pollution caused as a result of Industrial activities. 
200 Borehole samples and well water samples around industrialized areas were analyzed for physical, 
chemical and bacteriological analysis. The result showed that there are positive and negative 
correlations between   Altitude, Magnesium, Total hardness, Electrical Conductivity, Total Dissolved 
Solid, Total Coliform Count and Total Bacterial Count. From the result, there is also a significant 
difference at p=0.05 between the parameters tested. The results were further compared with the (WHO, 
2011) standard for drinking water.  Lead and Iron exceeded the permissible limit for drinking water 
standard indicating the presence of toxic compound   in the groundwater, thereby affecting the quality 
of the water and the health of the inhabitant living in and around the industrial area. 
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INTRODUCTION 
 
There is a rapid increase in the pollution of our 
environment due to an increase in industrialization and 
developmental processes and other factors of pollution in 
the world today. If this increase is allowed, the problem of 
pollution of the environment will become more acute as 
the amount of pollutants being introduced to the 
environment continues to be on the increase. 
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Industrial uses of water add a number of contaminants 
and pollutants to it. It is capable of causing diseases and 
rendering water unfit for human consumption. Industries 
use water for a variety of purposes, such as for 
manufacturing goods, heating cooling, as carrier of raw 
materials, as carriers of waste matter as a solvent e.t.c. 

While only a small fraction of the supplied water is 
present in the end product or lost by evaporation, the rest 
is converted into industrial waste water (Patwardhan, 
2009).  

Depending on the nature of the Industry and projected 
uses of waters of the receiving streams,  various  waste  
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components may have been removed before discharge. 
They include; soluble organics causing depletion of 
dissolved oxygen, Suspended solids, Priority pollutants, 
heavy metals, Color and turbidity and Nitrogen 
(Eckenfelder, 2000).   

Industrial waste is the most common source of water 
pollution in this present day (Ogedengbe and Akinbile, 
2004) and it increases yearly, due to the fact that 
industries are increasing because most countries are 
getting industrialized. The extent of discharge of domestic 
and industrial waste is such that rivers receiving 
untreated effluent cannot give dilution necessary for their 
survival as good quality water sources. The transfer of 
unfavorable releases from industries is detrimental to 
human and animal health and safety (Sangodoyin, 1991). 

 There is thus a challenge of providing water in 
adequate quantity and of the required quality to minimize 
hazards to human health and conserve the water bodies 
and the environment. Industrial wastewater ranges from 
high biological oxygen demand from biodegradables 
waste such as those from human sewage, pulp and 
paper industries, slaughter houses, tanneries and 
chemical industry. Others include those from plating 
shops and textiles, shoes, cosmetics, plastics and other 
household cum. Industries consumables has its negative 
consequence on the plants through the alteration of the 
physical and chemical properties of the receiving water 
body. 

The aquatic habitats are killed by the toxic chemicals 
with the resultant disruption of the aquatic ecosystem and 
its food chain. The decomposition of the organic 
materials by micro-organism in the aquatic ecosystem   
leads to the lowering of the level of dissolved oxygen, 
which in turn inhibits the growth or cause the death of the 
aquatic habitats. 

Pollution became a popular issue after World War II, 
due to radioactive fallout from atomic warfare and testing. 
It began to draw major public attention as contaminants 
are introduced to the natural environment. 

The effect of pollution in the environment especially to 
human health include the following; Biomagnification, 
Carbon dioxide emission, global warming, smog, acid 
rain, e.t.c. Harmful effect of pollution could also be on 
livestock production which are becoming increasingly 
serious at all levels. Another effect of pollution is found in 
soil due to runoff from pollutants, oil and petroleum leaks 
from vehicles, chemical fertilizers, runoff from farms and 
crops, septic tank sewage and sanitary landfills. With the 
knowledge of the principal sources of pollution, the 
appropriate mitigation strategy can be identified to reduce 
the effect of pollution on human health, plants, soil and 
livestock. Thus, this study aims at investigating the 
impact of industrial pollution on groundwater reserves in 
the industrial zone of Sango-otta (Ogun State). 

Water pollution causes approximately 14,000 deaths 
per day, mostly due to contamination of drinking water by 
untreated sewage in the developing countries. To protect  

 
 
 
 
the environment from the adverse effect of pollution, 
there is a need to regulate and monitor the adverse effect 
of pollution on the environment according to FAO (Food 
and Agricultural Organization) and to look into the 
tremendous environmental problems caused as a result 
of industrial pollution on human health, plants, soils and 
livestock through the pollution of air, water, gas and other 
forms of pollution. 

Without pollution control the waste product generated 
from human, plants, soils and pharmaceutical activities 
will have an adverse effect on the environment. Thus, 
there is a need to investigate how these effluents actually 
affects human, plants, soils and livestock in terms of 
water quality, rearing of livestock and food production in 
the surrounding area of the industries. 
 
 
RESEARCH METHODOLOGY 
 
Description of the study area 
 
The study area is located at Sango- Otta between latitude 
6º40´ and 6

0
44´ and longitude 3º 13´ and 3º 15´. The 

sampling site which include; Beverage, textile, Light 
metal fabrication and pharmaceutical industries are 
located in the midst of some settlements at Sango-Otta. 
There is a road map that passes through the sampling a 
sites. By the road side we have a small river flowing 
southwards from the sampling sites and there is river 
Atunwara eastward and northwards of the proposed 
sampling sites where effluents are discharged without 
undergoing proper treatment. This site is chosen based 
on importance and its proximity to the settlement to 
determine the impact of activities and   its effect on both 
human health. 
 
 
METHODOLOGY 
 
Field work  
 
Sampling and Sampling procedures 
 
2.5 litres water container was used to collect samples at 
different varied point, away from the industry at 50m 
interval. 200 samples of boreholes and hand dug wells 
were collected in houses located near the industries and 
at a different depth to determine the rate of pollution, and 
its effect on the human health.  Hence, samples from 
each location was taken to the laboratory for analysis. 
 
 
Research design 
 
This study was carried out by investigating the effect of 
pollution on water samples,   found within the industrial 
zone of Sango-Otta in Ogun. 
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Figure 1. Map of the study areas in Sango-Otta, Ogun State. 

Source: Funaab Cartography Laboratory 2015. 

 
 
 
 

Target population 
 

The target population for this study area includes all 
inhabitants living in and around the industrial area which 
is about 0-300m from the industry.  

 
 
Duration of sample collection 
 
Samples were collected during the wet and dry season 
from the sampling points for the period of one year, in 
order to determine the spatial and temporal  variation  of  

pollution of the study areas. 
 
 

Variables of the study 
 

The variables studied includes the following; Physical, 
Chemical and Bacteriological parameters of the water 
samples, which are these; pH, Electrical conductivity, 
Total dissolved solids, Calcium, Magnesium, Sodium, 
Potassium, Chloride, Nitrate, Dissolved oxygen (DO) and 
Biological Oxygen Demand (BOD). As well as heavy 
metals such as Cadmium, Zinc, lead, Copper and 
Manganese. 
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Table 1.  The Correlation   matrix of   boreholes with their Physical, Chemical and Bacteriological parameters.  

 

 Altitude pH Temp(oc) TDS EC TBC(cfu/ml) TCC(cfu/ml) Sodium(ppm) Potassium(ppm) Nitrate 

Altitude 1          

pH -.050 1         

Temp(
o
C) .341(**) -.301(**) 1        

TDS -.085 .284(**) .077 1       

EC .034 .121 .114 .710(**) 1      

TBC(cfu/ml) -.015 -.024 .017 -.111 .095 1     

TCC(cfu/ml) -.153 .047 -.078 -.049 -.073 .412(**) 1    

Sodium(ppm) .147 -.221(*) .024 -.062 .006 -.106 .008 1   

Potassium(ppm) .012 -.026 .019 .289(**) .282(**) -.030 -.053 .002 1  

Nitrate -.116 -.012 .043 .236(*) .357(**) .154 -.084 -.217(*) .136 1 

lead -.128 -.015 -.060 .081 .088 -.042 .019 .131 -.029 .048 

Cadmium .107 .067 -.054 -.076 -.045 -.037 -.086 -.081 -.019 -.068 

Copper .217(*) -.134 .153 -.040 -.025 -.300(**) -.215(*) .422(**) -.163 -.239(*) 

Iron -.081 .034 -.083 -.118 -.090 -.007 -.001 -.183 -.041 -.152 

Manganese .196 -.055 .080 -.052 -.003 -.081 -.055 .115 -.035 -.057 

T. Hardness .091 .061 .121 .092 .229(*) .397(**) .171 -.354(**) .188 .257(**) 

Calcium -.083 .153 -.095 -.051 -.051 .195 .186 -.057 -.097 -.039 

Magnesium .076 .038 .188 .177 .279(**) .339(**) .058 -.334(**) .217(*) .303(**) 

Chloride(mg/) -.082 .031 -.041 -.080 .010 -.025 -.020 -.203(*) .008 .166 

Alkalinity .066 -.041 .001 -.062 .078 -.016 -.004 -.212(*) .089 .139 

BOD .197(*) -.028 .146 .122 .112 -.097 -.090 .185 .311(**) .186 

DO -.375(**) .046 -.187 .002 -.014 .119 .121 -.369(**) .093 .206(*) 

SO4 .025 .011 .267(**) -.101 -.127 .290(**) .162 -.186 -.019 -.027 
 

** Correlation is significant at the 0.01 level (2-tailed). 
*   Correlation is significant at the 0.05 level (2-tailed). 

 
 
Statistical analysis 
 
Use of the statistical package for Social Sciences 
version 17 was used to analyze the data 
collected. Analysis of variance (ANOVA) was 
used to compare the result of the variables 
obtained from the various industries. Correlation 
method of analysis was used to justify the  

relationship between the sampling locations. 
 
 
RESULTS AND DISCUSSION 
 
Table 1, shows the pH for wells which ranges 
from (7.5-3.6) with an average of 5.6 while the pH 
for the borehole ranges from (7.27- 4.55) with an 

average of 6.0. This result indicates that the water 
sample is acidic and does not conform with the 
World Health Organization (WHO) standard for 
drinking water.  

The total dissolved solids from wells also ranges 
from (180-12mg/l) with an average of 84mg/l   
while the borehole ranges from (49-11mg/l) with 
an average of 19mg/l. The value obtained for  
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Table 1. The Correlation matrix of boreholes with their Physical, Chemical and Bacteriological parameter (Continued).  

 

 

 Lead Cadmium Copper Iron Manganese 
Total 
Hardness Calcium Magnesium 

Chloride 
(mg/) Alkalinity BOD DO SO4 

Lead 1             

Cadmium -.015 1            

Copper .056 .035 1           

Iron -.028 .059 -.025 1          

Manganese -.027 -.018 .234(*) .008 1         

Total Hardness -.074 -.011 -.420(**) -.124 -.075 1        

Calcium .074 -.079 -.297(**) -.029 -.148 .160 1       

Magnesium -.033 -.003 -.291(**) -.031 -.058 .890(**) -.021 1      

Chloride(mg/) -.001 .020 -.311(**) .045 -.098 .195 -.005 .194 1     

Alkalinity -.095 -.017 -.309(**) .095 -.094 .297(**) .299(**) .155 .163 1    

BOD -.010 -.007 .087 .007 -.012 -.071 -.048 -.052 .002 .069 1   

DO .031 .062 -.594(**) .105 -.330(**) .235(*) .225(*) .149 .225(*) .211(*) -.014 1  

SO4 -.055 -.044 -.344(**) .023 -.080 .189 .212(*) .054 -.021 .155 -.098 .258(**) 1 

 
 
 
wells is higher than the World Health Organization 
Standard for drinking water which is hazardous to 
human health. 

The Electrical Conductivity is also determined. 
For wells the value ranges from (355-26mg/l) with 
an average of 165mg/l and the value obtained for 
borehole samples ranges from (141-25mg/l) which 
is higher than the permissible limit for drinking 
water. The values obtained for Nitrate, Sodium, 
Potassium, Calcium, Chloride and Alkalinity fell 
within the permissible limit of WHO standard for 
drinking water, while the result of Total hardness 
is higher than the permissible limit of WHO 
standard for drinking water. 

For the microbial analysis; The Total 
bacteriological count falls within the permissible 
limit, while Total coliform count is higher than the 
permissible limit. This indicates that, there is 
presence of microbial organisms in the water and  

when consumed without proper treatment could 
be detrimental to health. For the Heavy metals; 
Lead, Cadmiun, Iron, Copper and   Zinc has 
values higher than (WHO) standard for drinking 
water. Hence the water needs to be subjected to 
either primary or secondary treatment before it 
can be consumed.     
 
 

Correlation matrix 
 
Table 1 show the various Physical, Chemical and 
Bacteriological   parameters of Borehole.  While 
Table 2; shows the various Physical, Chemical 
and Bacteriological parameters of Borehole in 
Sango-Otta, Ogun State. The correlation 
coefficients of the following  water quality 
parameters  were analyzed for; they include the; 
pH, Electrical conductivity Total Dissolved  Solids, 

Calcium, Manganese, Sodium, Potassium, 
Chloride, Sulphate, Nitrate , total coliform count, 
total bacteriological count and heavy metals  were 
calculated for correlation analysis. Result shows 
that correlation analysis gives the trend of the 
water quality. 

 From Table 1, there is a strong positive 
correlation between Electrical conductivity and 
Total dissolved solids for well samples at p<0.01 
level of confidence. There is also a strong positive 
correlation between Total coliform count and Total 
bacterial count. Biological Oxygen demand also 
has a strong positive correlation with sodium and 
Magnesium has a strong positive correlation with 
Total hardness. 

pH and Altitude has a strong negative 
correlation. Temperature and pH also has a 
negative correlation. Also, Dissolved oxygen and 
copper with  copper  and  chloride  has  a  strong  
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Table 2. The Correlation matrix of   Wells   with   their   Physical, Chemical and Bacteriological parameters. 
 

 
Altitude 
(m) pH Temp (oc) TDS (ppm) EC (µ/cm) 

Water level 
(m) 

TBC 
(cfu/ml) 

TCC 
(cfu/ml) 

Sodium 
(ppm) 

Potassium 
(ppm) Nitrate Phosphate 

Altitude (m) 1            

pH -.095 1           

temp(oc) .290(**) -.069 1          

TDS (ppm) -.114 -.045 .198(*) 1         

EC (µ/cm) -.162 -.039 .113 .939(**) 1        

W.level (m) -.207(*) .148 -.129 .045 -.023 1       

TBC(cfu/ml) .126 -.185 -.087 .009 .004 .004 1      

TCC(cfu/ml) .015 -.082 -.194 .061 .046 -.025 .587(**) 1     

Sodium(ppm) -.467(**) .205(*) -.239(*) -.059 -.049 .162 -.231(*) -.181 1    

Potassium(ppm) -.068 .006 -.206(*) -.118 -.101 -.064 -.108 .024 .357(**) 1   

Nitrate .228(*) -.017 .033 .046 .028 -.156 -.091 -.033 .023 -.101 1  

Phosphate -.234(*) .019 -.029 .122 .082 .470(**) .396(**) .145 .252(*) -.096 -.141 1 

Lead .041 -.117 .279(**) -.005 -.058 .221(*) -.043 -.052 -.034 -.076 -.055 .136 

Cadmium -.272(**) .022 -.130 -.062 -.024 .348(**) .394(**) .187 .077 -.128 -.183 .577(**) 

Copper .179 .067 .179 -.029 -.013 -.292(**) -.463(**) -.224(*) -.241(*) .010 .045 -.605(**) 

Iron .174 -.001 -.028 .035 -.016 -.006 -.011 .031 .082 .155 -.044 -.034 

Manganese -.065 .148 -.038 -.067 -.045 .058 -.151 -.112 .379(**) .431(**) -.068 .039 

T.Hardness -.079 -.161 .060 .124 .121 .019 -.061 -.058 .201(*) .130 .042 .198(*) 

Calcium .036 .090 -.106 -.328(**) -.267(**) -.085 .109 -.051 .252(*) .126 -.076 .005 

Magnesium -.097 -.114 .014 .186 .179 .001 .107 .145 .097 .088 -.009 .307(**) 

Chloride(mg/) .030 -.175 -.038 .289(**) .300(**) .151 -.023 -.030 -.036 -.143 .419(**) .132 

Alkalinity -.013 -.085 -.040 -.189 -.166 .053 .136 .013 .112 .096 .002 .113 

BOD -.517(**) .270(**) -.316(**) -.093 -.060 .217(*) -.128 -.164 .821(**) .297(**) -.103 .335(**) 

DO -.228(*) -.029 -.094 .079 .061 .231(*) .033 .120 .350(**) .070 .142 .377(**) 

SO4 -.211(*) -.059 -.149 -.006 .036 .095 .261(**) .281(**) .316(**) .067 -.056 .339(**) 

 
** Correlation is significant at the 0.01 level (2-tailed). 
*   Correlation  is significant at the 0.05 level (2-tailed). 

 
 
negative correlation. Other parameters has either 
positive or negative low correlation at p< 0.01 
level of confidence. For Table 2, there is a strong 
positive correlation between Electrical conductivity 

and Total dissolved solids for well samples at p< 
0.01 level of confidence. For the microbial 
analysis, there is also a strong positive correlation 
between total bacteriological count and total 

coliform count. Also, the Biological Oxygen 
Demand has a strong positive with Sodium and 
Magnesium also has a strong positive with Total 
hardness. 
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Table 2. The Correlation matrix of Wells with their Physical, Chemical and Bacteriological parameters. (Continued). 

 

 

lead Cadmium Copper Iron Manganese 
Total 
Hardness Calcium Magnesium 

Chloride 
(mg/) Alkalinity BOD DO SO4 

Lead 1             

Cadmium .058 1            

Copper .014 -.477(**) 1           

Iron .012 -.072 -.012 1          

Manganese .019 .082 -.119 .191 1         

Total Hardness -.039 .043 -.249(*) -.053 -.012 1        

Calcium -.076 .149 -.150 -.045 -.001 .072 1       

Magnesium -.057 .129 -.278(**) -.099 .014 .854(**) -.100 1      

Chloride(mg/) .017 -.156 -.242(*) -.055 -.159 .297(**) -.110 .220(*) 1     

Alkalinity .075 .063 -.082 -.041 .026 -.014 .253(*) -.026 -.151 1    

BOD -.149 .199(*) -.329(**) -.056 .340(**) .127 .185 .155 -.125 .123 1   

DO -.001 -.033 -.501(**) -.066 .078 .298(**) .047 .336(**) .444(**) .057 .386(**) 1  

SO4 -.089 .389(**) -.403(**) -.061 .145 .138 .159 .160 -.052 .098 .387(**) .161 1 
 

** Correlation is significant at the 0.01 level (2-tailed). 
*   Correlation  is significant at the 0.05 level (2-tailed). 

 
 
 

Dissolve Oxygen has a strong negative 
correlation with copper while copper has a weak 
correlation with chloride for wells at p <0.01 level 
of confidence. 
 
 
Conclusion 
 
It was observed that the values obtained for pH, 
Electrical conductivity, Total hardness, total 
dissolved solids,Total bacteriological count and all 
the heavy metal parameters except Cadmium 
from the analysis of the water quality are higher 
than the World Health Organization Standard for 
drinking water. Buildings should be erected at 
least 500m away from the site of the industries. 
Disposal of toxic waste from various industries 

should be monitored to reduce the health risk of 
the inhabitant living in and around the industrial 
areas. Industries should abide by the law enacted 
by the law enforcement agent in the disposal of 
their effluent into water courses. 
 
 
Recommendation 
 
i. Borehole water is better for  drinking in  
industrialized areas compared to the well water 
that contains high toxic substance. 
ii. A  good infrastructural facilities should be put in 
place for the inhabitants living in and the industrial 
areas. 
iii. Potable drinking water should be provided for 
this people in order to reduce the mortality rate in  

Sango- Otta and its environs.  
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