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Abstract 

The existence of clusters of small-scale industries that operate obsolete equipment and 

generate significant gas and particle emissions with no provisions for pollution control has 

intensified air pollution. This study examines the relationship between the health status of 

inhabitants of Bida and their proximity to small and medium scale enterprises (SMEs). It 

adopts a combination of case study and experimental research design, involving cross-

sectional procedure from data sourced from secondary and primary sources. The wards’ 

housing stock was used to select sample size. 1,990 buildings were counted along selected 

streets from which 10% was selected for questionnaire administration. The ambient air 

quality was measured using RAS1700’ gas meter, between 1p.m and 5p.m. Research results 

show that CO, NO2, and SO2 concentrate level per ward exceeded the National 

Environmental Standard Regulations Enforcement Agency’s (NESREA) recommendations of 

10PPM, 0.04-0.06PPM and 0.01PPM respectively. Respondents living close to SMEs 

experienced a number of irritations. Hospital records show high level of asthma cases. It 

was recommended that the residents be enlightened on the dangers of locating close to 

SMEs. If this is unavoidable, they should engage in environmental management practices 

such as planting of trees, preservation of open spaces and landscaping to mitigate the level 

of emissions into air, thereby protecting both individuals and the environment at large. 
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Introduction 

Human beings are terrestrial beings 
and the footprint of their activities is 
widespread. For example, land use 
patterns and characteristics created by 
human enterprise have affected surface 
and groundwater quality, air quality, 
wildlife habitat availability, climate and 
ecosystem structure. These impacts are 
becoming more significant as the human 
population increases and as the ability to 

exploit natural resources become more 
refined. This implies that the way in which 
human beings currently use land will 
affect the future of the world (Wenner et 

al., 2013). 
The significance of environmental 

factors to the health and well-being of 
human population is apparent and this 
necessitates the need to consider the 
implication of human activities on the 
environment (Rosenstock, 2003). 
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Environmental health researchers are 
therefore, studying the effects of physical 
and social environments broadly defined 
to include urban and rural development, 
appropriate uses of land, pesticide, public 
transportation systems and industrial 
development, among others on human 
health (Srinivasan et al., 2003). However, 
this perception is changing as Pruss-Ustun 
et al., 2006 asserted that the World Health 
Organization (WHO) estimates that 
globally, environmental factors account 
for approximately one quarter of the 
global disease burden which is linked to 
the upsurge of the activities of the small 
and medium scale enterprises.  

Small and medium scale enterprises 
(SMEs) make up over 90 percentage of 
global businesses and account for between 
50 and 60 percentage of employment 
(UNIDO, 2002). Kachembere, (2011) 
illustrates that as a general guideline, the 
World Bank defines SMEs as those 
enterprises with a maximum of 300 
employees, $15 million in annual revenue 
and $15 million in assets. In Nigeria, the 
13th Council meeting of the Nigerian 
National Council on Industry held in July 
2001, envisioned three major types of 
businesses: Micro/Cottage industry, 
defined as any industry with a labour size 
of not more than 10 workers or total cost 
of not more than N1.5 million, including 
working capital but excluding cost of land; 
Small-scale industry which is an industry 
with a labour size of 11-100 workers or a 
total cost of not more than N50 million, 
including working capital but excluding 
cost of land; and the medium scale 
industry, defined as any industry with a 
labour size of between 101-300 workers or 
a total cost of over N50 million but not 
more than N200 million, including 
working capital (Aremu and Adeyemi, 
2011).  However, despite the positive 

employment generation attribute of 
SMEs, it has considerable negative effects 
in form of pollution on individuals and the 
environment at large. 

The aim of this paper is to examine the 
effects of proximal locations of SMEs on 
the health of residents of Bida, Nigeria. 
The objectives are to examine how the 
activities of SMEs cause air pollution, and 
to evaluate the health defects of residents 
living close to SMEs. The paper finally 
recommends ways of aborting air 
pollution by ensuring cleaner environment 
in the study area. 
 

Conceptualization and Literature 

Review  

This study is anchored on the Health 
Belief Model (HBM) which is one of the 
first theories of health behaviour. It was 
developed in the 1950s by social 
psychologists Irwin M. Rosenstock, 
Godfrey M. Hochbaum, S. Stephen 
Kegeles, and Howard Leventhal at the 
United States Public Health Service to 
better understand the widespread failure 
of screening programs for tuberculosis 
(Carpenter, 2010; Glanz et al., 2008; 
Rosenstock, 1974).  

Health belief model (HBM) is a very 
useful tool to understanding how the level 
of awareness of individual on a particular 
issue can trigger positive approach to 
better manage that issue. The HBM’s 
principle is based on the understanding 
that a person will take a health-related 
action (like the use of condoms) if that 
person: feels that a negative health 
condition (i.e. HIV) can be avoided or has 
a positive expectation that by taking a 
recommended action, he or she will avoid 
a negative health condition and thus 
believes that he or she can successfully 
take that recommended health action 
(Rosenstock, 1974).  
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The relevance of the model to this 
study becomes evident when looking at 
the implication of upshot of different 
activities engaged in by organizations and 
individuals on the environment and 
people’s health. Air quality is generally 
determined by concentrations of 
pollutants found in the air we breathe.  

The main pollutants which result into 
air pollution include polycyclic aromatic 
hydrocarbons, lead, ground-level ozone 
(O3), heavy metals, sulphur dioxide (SO2), 
ozone particulate matter (PM)(which are 
of diameter 10 μm or less (PM10) and of 
diameter 2.5 μm or less (PM2.5), carbon 
monoxide, nitrogen dioxide (NO2) and 
benzene (European Public Health 
Alliance, 2009; EEA, 2013). They are 
intensified by the existence of clusters of 
small-scale plants that operate obsolete 
equipment and generate significant gas 
and particle emissions with no provisions 
for pollution control (Wark et al., 1998).  

Small particulate pollution has health 
impacts as they can penetrate deep into the 
lungs even at very low concentrations. 
Byeong-Jae et al. (2014) attested a World 
Health Organization (WHO) report that 
ambient air pollution was responsible for 
3.7 million deaths in 2012, representing  
6.7% of total deaths worldwide, and the 
cause of 16%  lung cancer deaths, 11% 
chronic obstructive pulmonary disease-
related death, 29% of heart disease and 
stroke, and approximately 13% of deaths 
due to respiratory infection. 

Exposure to air pollution containing 
PM2.5 is closely associated with 
cardiovascular disease, as assessed in a 
large study from metropolitan areas in the 
United States (Edward, 2013). Living 
close to busy traffic and exposure to SO2is 
also associated with high risks of increase 
in lung cancer deaths (Cancer Research 
UK, 2016; IARC, 2013), asthma (Cook et 

al., 2011; Delfino et al., 2014), asthma 
exacerbations (Anderson et al., 2013; 
Guarnieri et al., 2014), cardiovascular 
deaths, and overall non accidental 
deaths (Kingsley et al., 2014; 
Bandyopadhyay, 2016; EPA, 2016; 
Asthma and Allergy Foundation of 
America, 2017). 

Yuanyuan et al. (2016) in a China 
study on hypertension and its associations 
with exposure to ambient air pollutants 
confirms a substantial relation between air 
pollution and atherosclerosis. Other 
consequences of air pollution include 
neurobehavioral disorders (Casado et al., 

2015; Brockmeyer et al., 2016), reduced 
energy levels (Zivin et al., 2012), 
premature death (Lee et al., 2014), 
headaches and dizziness, irritation of eyes, 
nose, mouth and throat (Colls, 2002), 
disruption of endocrine, reproductive and 
immune systems (Weisskopf et al., 2015). 

Nevertheless, as asserted by IARC 
(2013), while poor air quality can affect all 
people, it is the young, the elderly, and 
those with existing health problems that 
are more likely to become ill, be 
hospitalized, or to die prematurely rather 
than healthy adults.  
Study Area 

Bida is a traditional town located 
southwest of Minna, capital of Niger State 
in Nigeria. The town is located on latitude 
9° 5′ 0′′North and Longitude 6°1′0′′East of 
the equator. It experiences distinct dry and 
wet seasons, the wet season usually last 
for about 200 days from April to October 
and dry season is between November and 
March. The mean annual rainfall is 
between 1000mm to 1,500mm. Tropical 
maritime air mass prevalence brings about 
wet condition while inter- tropical 
continental air mass is responsible for dry 
season in Bida. The mean annual 
temperature is between 26.5°C and 27.8°C 

Ethiopian Journal of Environmental Studies and Management Vol. 11 no.5 2018 



542 

 

with maximum between March and June 
while the minimum is between December 
and January (Odekunle, 2006; Odekunle 
et al., 2007; Yakubu, 2014). 

The urban landscape of Bida features 
the expansion of residential areas and 
commercial activities which gave birth to 
an unplanned development. Bida is known 
for its crafts in metal products, especially 
brass and copper chalice (partly 
contributory factor to pollution). The 
residential areas are frequently located in 
proximity of quarry sites, 
telecommunication masts and light 
industries like the bakeries and 
blacksmith. There were massive road 

construction works between 2012 and 
2015 which triggered thick dust upshot in 
the city’s atmosphere. The observable 
land-uses as one enter the town from the 
west are mix of residential, commercial, 
educational and industrial land-uses. In 
the east, commercial land-use dominate 
other land-uses while industrial land-use 
is predominant in the northern part of the 
town where commercial and residential 
land-uses are also significantly 
represented. In the southern part of the 
town, combinations of residential, 
educational, agricultural and commercial 
land-uses are found juxtaposed.  

 
Fig. 1: The Land Use Map of Bida LGA 
Adapted from Surveying and Geo-informatics Department, The Federal Polytechnic Bida (2012) 
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Methodology 

The research designs adopted for this 
study was the case study method. This 
involved a cross-sectional survey and 
experimental design. The case study 
method was carried out using structured 
questionnaire to elicit credible 
information needed for the study. 

Multi-stage sampling method was 
adopted to select sampled households. The 
first stage involved the division of Bida 

LGA into two geographical entities based 
on the two political constituencies of Bida 
North and Bida South. At the second 
stage, the constituencies, which has seven 
wards each were further divided into 
fourteen wards: Wadata, Cheniyan, 
Masaba A, Masaba B, Masaga A, Masaga 
B and Kyari in Bida North and Majigi A, 
Majigi B, Landzun, Dokodza, Nasarafu, 
Mayaki Ndajiya and Bariki in Bida South 
(Fig. 2). 

 
Fig. 2: The Political Wards in Bida 

Adapted from Surveying and Geo-informatics Department, The Federal Polytechnic Bida (2012) 
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In the third stage, the fourteen wards 
were divided into streets; one major street 
was randomly selected as representative 
of each ward and a total of 1,990 
households were counted. To have a fair 
representation in the selection of the 
sample size, 10% of housing stock in each 
street was enumerated for a total of 199 
households (Table 1). Systematic random 

sampling technique was then used to 
select households from the selected streets 
at every tenth building.  

The first building was selected at a 
random start of the 5th building, then; 
sampling interval was repeatedly added to 
select subsequent households. That is, 
5+10 =15th, the next was 25th etc.  

 
Table 1: Sample Frame and Sample Size  
Constituency No Ward 

 
Name of Streets Sample 

Frame 
Sample 

Size (10%) 

Bida North 1 Wadata Emir’s palace  175 18 
2 Cheniyan FGGC road 175 18 

3 Masaga A Chiriko 180 18 
4 Masaga B Fogun 185 19 
5 Kyari Etsu Musa  190 19 
6 Masaba A Kotaworo 155 16 
7 Masaba B AP round about 

(Bangie) 
107 11 

Bida South 1 Landzun Banwuya 140 14 
2 Bariki Pichi 73 7 
3 Majigi A Laruta 110 11 
4 Majigi B Hajiya lolo 180 18 
5 Nasarafu Banyagi 110 11 
6 Mayaki Ndajiya Former Corper’s 

logde 
90 9 

7 Dokodza Prison’s services  120 12 
Total 14 14 14 1990 199 

 
The questionnaire was structured to 

obtain information on characteristics such 
as: place of residence, distance of 
residence to SMEs, health status, any link 
of ailment with closeness to the mentioned 
SMEs from the residents. Data generated 
from the questionnaire were coded using 
Microsoft Access to minimise data entry 
error and were analysed using the 
Statistical Package for Social Science. The 
experimental research technique used for 
the study was the measurement of air 
quality using RAS1700’ gas meter. This 
was taken to evaluate the type and rate of 
emission of pollutants with a view to 
validating the data collected through 

questionnaire administration. The gases 
included in this study are: Carbon 
monoxide (CO), Carbon dioxide (CO2), 
Hydrogen Sulphide (SO), Sulphur IV 
Oxide (SO2), T-gas and Nitrogen IV 
Oxide (NO2).Hospital records were also 
obtained to determine the temporal trend 
of five year incidences of certain illnesses 
associated with air pollution. 
 

Results and Discussions 
Communal Air Quality and Associated 

SMEs Activities 

The type of activities in an 
environment is a major contributor to the 
air quality of the area. Table 2 shows 
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51.3% of the respondents describing their 
environment’s air quality as dusty while 
7.5% described it as cloudy. The 
prevailing activities in dusty environment 
were fashion designing, block 
industry/cement stores and sawmilling. 
These accounted for 19.6%, 10%, and 
38.2% contribution to the air quality of the 
study areas respectively. 

Fish/meat smoking accounted for 
14.6% of the smoky air quality while 

sawmilling activities and automobile 
effluents accounted for 38.2% of smoky 
and dusty air quality, most especially 
during the peak period of their various 
activities between 8am to 6pm. Dispersal 
of saw dust by wind from sawmill causes 
nuisance in form of catarrh, eye irritation 
and asthma to the neighbourhood as 
validated by Colls (2002). This assertion 
was confirmed by the respondents in 
Table 2. 

 

Table 2:  Nature of Communal Air Quality, SMEs in and around Residential buildings and 
Peak Period of Operation 
Air Quality Respondents Percentage  Peak period 

Clear 28 14.1  
Cloudy 15 7.5  
Dusty 54 27.1  
Smoky 102 51.3  
Total 199 100  
    
SMEs  Peak Activity      
Fashion Designing 39 19.6   9am- 6pm 
Block Industry /Cement Store 35 17.6 8am - 7pm 
Meat/ Fish Smoking activity 29 14.6 8am- 12pm 
Sawmill, Automobile Effluents 76 38.2  8am - 6pm, 12am- 4am 
Barbing 20 10.0 4pm-10pm 
Total 199 100.0 

 

 

SMEs Concentration by Location and 

Types 
The spatial locations of SMEs in Bida 

can be seen Fig 3. The map shows some 
localized SMEs points, majorly in the 
north – eastern and central parts of the 
study area. The study revealed that the 
hubs of activities at the nodal points in the 
northern part at Esso and Post office 
market areas have led to high 
concentration of pollutants in these areas. 

Releases of effluents from groundnut 
factories, bakeries, mechanic workshops 
also have grave respiratory and cardiac 
ailment consequences on the inhabitants 
around the town. Notable is the ugly sites 
of waste dumps and burning that are 
scattered all over the town. Many of the 
designated open spaces that served as 
buffer zones have been replaced with built 
environments. 
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Fig. 3: Spatial distribution of SMEs in Bida 
  
Frequency of Electricity and 

Concentration of Fumes 
Table 3 presents the electricity 

requirements of the SMEs in the study 
area. 44.2% businesses are dependent on 
electricity for the smooth running of their 
businesses. Of these, 65.9% of the 
respondents depend on using generator to 
meet up with their business’s electricity 
requirement; 26.1% (welders and saw 
millers) claimed they resorted to running 
night shifts to maximize the general 
electricity supply which sometimes are 

brought late in the night; while an 
infinitesimal 2.3% adopted the use of solar 
panels.  
When the 65.9% of respondents who used 
generator as alternative source were 
required to give the duration of use, 37.9% 
used generators between 3hrs - 6hrs per 
day; 6.9% used their generators for an 
average of twelve hours per day. The 
implication of this is that prolonged use of 
generators could release more effluents 
into the air and invariably, air pollutants 
and pollution. 
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Table 3: The Electricity Requirement of the SMEs 

Electricity Respondents Percentage 

Requires 88 44.2 
Does no 111 55.8 
Total 199 100.0 

Alternative sources of Electricity  Supply   
Generator  58 65.9 
Solar Panel  2 2.3 
Run night shifts  23 26.1 
Iced /blocked Water    5 5.7 
Total 88 100 

Duration of Electricity Usage   
Less than 3 hours 10 17.3 
3-6 hours   22 37.9 
6-9 hours 22 37.9 
9-12 hours 4 6.9 
Total 58 100 

  
Effects of Air Pollution on the Health of 

the Residents 

As illustrated in Table 4, 60.8% of the 
respondents opine that they experienced 
eye irritation at one time or the other in the 
vicinity of their residence. A total of 
72.4% respondents attested to nose 
irritation. Throat irritation accounted for 
75.9% of the residents showing that air 
pollution pose multiple health challenges 
on the residents of Bida. Irritations caused 
by air pollution are felt at different times 
of the day according to the residents’ 
location. 36.7% of the respondents 
experience irritation between 8am – 10am, 
while 3.0% experience irritation anytime 
of the day. This reveals that the periods 
with high percentages (8am-10am, 2pm-
4pm and 4pm-6pm) tally with the daily 
peak period of various SMEs activities in 
the study area.  
Clinical Findings on Residents’ Ill 

Health 

When the research results in Table 4 
were contrasted with the clinical findings 

of residents’ health status obtained from 
Federal Medical Centre, Bida hospital 
records between 2010 and 2014 in Table 
5, hypertension cases were higher among 
the outpatients to the hospital; it was 
particularly high in 2013 with 5,614 
people affected. This can partly be 
attributed to the abandoned road 
reconstruction between 2013 and 2014 
which triggered high rate of air pollution 
from dust in the study area as corroborated 
by Yuanyuan et al. (2016).  

Asthma cases were mainly found 
among the inpatients. Asthma is sequel 
(but not exclusive) to throat irritation from 
allergic reaction to dust and other wind 
borne pollutants as depicted by Colls, 
2002. Nevertheless, only 141 inpatients 
had documented record of asthma in the 
years under study in spite of 75.9 % 
respondents who indicated having throat 
irritation. There were, however, no 
recorded cases of irritations and lung 
cancer in the years under investigation to 
buttress the research findings. 
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Table 4: Irritation Experienced as a Result of Air Pollution 
Irritation Respondents Percentage 

Eye irritation  

Yes                                                121 60.8 

No                                                 78 39.2 

Total                                              199 100 

Nose irritation  

Yes 144 72.4 

No                                 55 27.6 

Total   199 100 

Throat irritation  

Yes 151 75.9 

 No                                  48 24.1 

Total  199 100 

Time of the Day When Irritation is felt 

8am - 10am 73 36.7 

10am - 12pm 26 13.1 

12pm - 2pm 13 6.5 

2pm - 4pm 29 14.6 

4pm - 6pm 52 26.1 

Any time of the day  6 3 

Total 199 100 

Table 5: Hospital Record of Ill Health Associated With Air Pollution 
Year Patient 

Category 
Number of Recorded Cases 

Hypertension Asthma Lung Cancer 

2010 Inpatients 136 50 0 
Outpatients 4773 0 0 

 2011 Inpatients 80 0 0 
Outpatients 1765 0 0 

2012 Inpatients 158 30 0 
Outpatients 3528 0 0 

2013 Inpatients 292 34 0 
Outpatients 5614 0 0 

2014 Inpatients 240 27 0 
Outpatients 3153 0 0 

Source: Federal Medical Centre, Bida (2016). 

 
Ambient Air Quality Measurement 

Results 

The study’s findings when compared 
with NESREA’s air quality 
recommendations of 10PPM for CO in 8 
hour value of discharge, 0.04-0.06 PPM 
for NO2 and 0.01 PPM for SO2for hourly 

discharge respectively shows higher level 
of various gas emissions in the study area. 
The results shown in Table 6 were taken 
between 1 p.m and 5 p.m. Carbon-
monoxide (CO) concentrate level at 
Cheniyan ward was 24PPM, Kyari was 
20PPM, Masaba A was 18PPM, Dokodza 
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was 17PPM, Majigi was 15PPM and 
Masaba B was 12PPM.  

The CO2 level of 0.07 and 0.13 was 
highest at Poly junction and Majigi due to 
high rate of combustion from the SMEs. 
Likewise, NO2emission revealed that, 
apart from Magiji and Nasarafu wards that 
were 0PPM, all other wards recorded a 
value of 1PPM contrary to the standard 
value of between 0.04-0.06PPM. Bariki 

ward though a low density residential area 
recorded 2PPM for SO2 (due to high usage 
of electric generators and cooking gas) 
while Dokodza, Wadata, Masaba A, 
Masaba B, and Masaga A wards all 
recorded 1PPM each. Therefore, air 
pollution levels recorded in areas with 
high concentration of SMEs in Bida were 
all contrary to NESREA’s 
recommendations.  

 
Table 6: Air Quality Measurement at Different Locations in the Study Area 
Location Gases (PPM) 

CO CO2 Nox NO2 NO SO2 H2S T- gas 

Cheniyan (Esso jn) 24 0.05 1 1 - - - - 
Mast 6 0.05 1 1 - - - - 
Kyari 20 0.04 2 1 1 - - - 
Mayaki Ndajiya 6 0.02 2 1 1 - - - 
Majigi 15 0.13 1 0 1 - - - 
Nasarafu 7 0.07 2 0 1 - - - 
Bariki  0 0.04 2 1 1 2 1 - 
Dokodza 17 0.06 2 1 1 1 1 - 
Wadata (sawmill) 7 0.04 2 1 1 1 1 36.5 
Masaba A 18 0.04 1 1 1 1 0 35.7 
Masaba B 12 0.02 1 1 1 1 1 36.3 
Masaga A  9 0.03 1 1 1 1 1 34.3 
Landzun 4 0.05 1 1 1 - - - 
Mean value                11.54       0.05 1.46 0.85 0.85 0.54 0.4 11 

  
Conclusion and Recommendations   

Air pollution is associated with 
groundnut oil factories, fashion designing 
shops, block industry, barbing salon, 
cement store, generators and blacksmith 
workshops as evident from the study areas 
in Bida. The pollutants emitted by these 
activities are smog, particulate matter, 
Hydrogen Sulphide and Carbon 
monoxide. Each of these pollutants is 
segmented into the specific ward where it 
is localised.    

To protect the environment from the 
adverse effects of pollution, there should 
be pollution prevention, control and waste 
minimization. This can be achieved 
through mitigation 

of emissions and effluents into air, water 
and soil by implementing environmental 
management practices like planting of 
trees and landscaping. The landscaping of 
the town, especially around the land-uses 
that have higher emitting levels, will serve 
as pollutant absorber, thus reducing the 
level of pollution and surface runoff as 
well as leading to greener environment 
and healthy population. Thus, existing 
open spaces should be preserved and new 
development should preserve natural 
landscape features to enhance 
environmental aesthetics. 

In addition, a variety of transportation 
choices like walking, cycling and mass 
transit should be provided, this is to reduce 
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the volume of effluents generated from 
automobile exhaust and, thus, promoting 
sustainable and serene environment. 
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