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1. Summary of the thesis: 

 

Indoor air pollution (IAP) has been significantly proven as a global burden of diseases in developing 

countries. Opposing as an environmental health threat, children are most likely to be infected by indoor 

air pollution. The exposure to tiny air pollutants (emission of gas obtained using power generator) may 

oppose as a greater hazard among infants and young children because of their high resting metabolic rate, 

and oxygen rate per unit body weight than adults as they have, a large surface area per unit body weight 

as well as their rapid growth. Lead content exposure from the environment (i.e. dust particles in the 

household), remains unmodified for at least 50 years, hence, resulting to more health-related risk 

specifically when children are exposed for a longer period. These health effects may develop and appear 

later during adulthood in children. This air pollution is modified from the use of power generators in the 

household, which is a device that runs on leaded fuel.  

The aim of study was to identify the possible health effects related to indoor air quality and to inform 

people about them. This was a quantitative study conducted in three district areas of Enugu State, Nigeria. 

The data was collected with the aid of a structured Interview guide, and the assistance of the department 

of petroleum resources (DPR), where the fuel samples collected were analyzed.  Furthermore, the analysis 

of the data was done using SPSS (a statistical software). I conducted Chi-Square test to determine the 

association between the hours people use their generator and the possible health symptoms of carbon 

monoxide (CO)and lead in both adults and children and the health diagnosis. In continuation, I used Chi-

Sqaure to identify if there is any association between the awareness of the people and the use of 

generator.  

 

The results from the DPR indicated that lead is still being used as aditive in the manufacturing of petroleum 

in Nigeria, as they have a national standard level of lead content. The statistical analysis indicated an 

association between the use of generator and the possible health-related effects. The study shows the 

prevalent use of power generators in the households based on the hours people spent indoors while the 

generator was in usage, and a majority of the people self-reported experiencing possible health related 

symptoms to CO and lead. There was also an illustration of the indoor air quality within the households.  

 

2. Description of the public health problem/ background and significance 

Indoor air pollution (IAP) is an increased public health concern over the past years because of the high 

amount of time people spend indoors (Adefeso et al., 2012a). Indoor air is defined by the National Health 

and Medical Research Council (NHMRC) as the “air within a building, which people of varying state 

occupy for a period of at least one hour”(the National Health and Medical Research Council (NHMRC), 

2017). According to World Health Organization Constitution, people are entitled to the human rights of 

healthy indoor environment. They defined air quality as thermal comfort, and visual health and comfort 

(Kosonen and Tan, 2004).   
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The quality of air in homes, offices, schools and other institutions, is required to be clean because 80% of 

people spend, or perform their daily activities indoors. Indoor air quality is influenced by indoor - outdoor 

pollution sources, building characteristics and lifestyle of residents. In 2010, the World Health Organization 

(WHO Evolution Air Quality | World Health Organization | Air Pollution, 2017) published a Guide for 

Indoor Air, containing guidelines for certain specific substances including ”benzene, carbon monoxide, 

formaldehyde, naphthalene, nitrogen dioxide, polycyclic aromatic hydrocarbons or radon”. In both, outdoor 

and indoor environments the fuels combustion is a major source of pollution by particulates and gases with 

certain effects on human health including Gasoline which can be inhaled during automobile refueling, 

refueling of gasoline-powered equipment (Satcher, David M.D., 1995). 

Studies have linked in general indoor air pollution as an increased risk of respiratory tract infections, 

exacerbations of inflammatory lung conditions, development of chronic obstructive lung disease, cardiac 

events, stroke, eye disease, tuberculosis, cancer, and hospital admissions (Ezzati et al., 2002).  More than 

that, air pollution is a major environmental health threat to children and a risk factor for both acute and 

chronic respiratory disease as well as a range of other diseases (J. Pronczuk-Garbino, 2005). The most 

frequent symptoms and respiratory diseases identified and diagnosed in the children are sneezing, rales, 

wheezing, rhinitis, and asthma. Other signs and symptoms, such as poor concentration, cough, headache, 

and irritation of mucous membranes (Ferreira and Cardoso, 2014). Younger children who spend more time 

indoors are more likely to be vulnerable to the exposure of air pollution (Mainka and Zajusz-Zubek, 2015). 

Despite the acute respiratory infections that are aggravated by environmental hazards, air pollution 

represents a risk factor for neurological symptoms, allergies (Min et al., 2009) or, in some cases, even 

cancer in children (El Ghissassi et al., 2009). 

Lead and carbon monoxide (CO) can significantly impact the human health. Lead exposure is especially 

harmful to children, as well as the high number of pollutants resulted from the use of gasoline. CO poisoning 

has been responsible for 50% fatal poisonings reported in many countries (Eberhardt et al., 2006), and its 

severity is dependent on the concentration, length of exposure and the general underlying health status of 

the exposed individual. Exposure to low concentrations can increase health complications because carboxy 

hemoglobin concentrations accumulate over time in the bloodstreams (Min et al., 2009). Lead, a heavy 

metal, is a natural component of earth's crust, but also a result of anthropogenic activity (mining, fossil fuels 

combustion and some industries). Soil contamination by lead particles from leaded gasoline is still a major 

problem around highways and in some urban settings. Consecutively, the indoor environment (home dust) 

could be contaminated by lead from outside or from other sources like paint. The importance for the public 

health of lead exposure worldwide consists in previous or actual use as an additive in gasoline, which 

conducted to dispersion in the environment. Although the use of lead as a gasoline additive has been banned 

in the United States and the European Union, human exposure to lead continues because lead does not 

degrade to other substances (Atsdr, 2007). The toxic effects of lead have been known for centuries, but 

adverse health effects associated with low blood lead levels in children, the most vulnerable/susceptible 

organisms, still generates a great concern in the present. Both children and adults can develop 

neurodevelopmental, cardiovascular, renal and hematological effects. The children’s chronic exposure to 

lead, most commonly via ingestion of contaminated soils, dust, paint chips and breast milk can contribute 

to poor growth of the muscles and the bones, poor coordination of the muscles, damage in the nervous 

system, kidneys, and/or hearing, speech and difficulty in developing languages, delay in development and 

anemia (Needleman and Bellinger, 1991). 
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The incomplete combustion of carbonaceous fuels and substances has been the leading cause of air pollution 

in Nigeria, a country having  the largest economy in Africa (Watany, 2015). Bad roads, traffic congestion, 

malfunctioning vehicles, adulterated fuel and presence of sub-standard spare parts are the main identified 

causes generating high air pollution by a certain number of fuel combustion by-products emissions, 

including lead, in some regions of Nigeria (Amarachi et al., 2016). Lead toxicity from fuel/leaded gasoline 

combustion is an actual concern of  the main effects of both outdoor and indoor air pollution in the 

respiratory system (Centers for Disease Control and Prevention, 2015). Acute respiratory infections are the 

major cause of morbidity and mortality among Nigerian children. It was estimated that pneumonia is 

accounted for 20% of deaths in children under the age of 5 years in Nigeria between the year 2000 and 2003  

(Perlroth and Castelo Branco, 2017). In addition to this, information regarding indoor air quality in Nigeria 

is poor. There is also lack of information regarding the magnitude of the health risks and related health 

effects to indoor pollutants exposure, even though this has been observed especially among young children, 

Godson Rowland concluded that “overcrowding, the use of generators and biomass fuel have been 

identified as the critical environmental problems which increases the likelihood of respiratory symptoms 

and/or obstruction in those exposed on a regular basis in Nigeria”(Rowland Ana, Mayowa Morakinyo and 

Adekunle Fakunle, 2015)(Rowland Ana et al., 2015). There is no comprehensive information on non-

occupational lead exposure in Nigeria and less on the specific one leaded gasoline even though it was known 

that at least early 2000 Nigeria refineries has produced mostly leaded gasoline. There were no national 

surveys on blood lead levels in Nigerian general population. Some studies on works and extrapolation of 

the results to general population showed 2-3 times higher blood lead levels compared to population in the 

countries which reduced or eliminated the lead in gasoline(Michele E. and Obeng Letitia A, 2001).  A lead 

poisoning Investigation in Zamfara State (Northern Nigeria) in 2010 revealed the largest known outbreak 

of lead poisoning in history, with severe health consequences including deaths (CDC, 2016).   

In developing countries such as Nigeria, there has been lack of improvement in electricity supply, which 

has increased the demand of power supply in the homes. The Nigerian government has shut down power 

projects in the last years due to lack of resources (Olawoyin Oladeinde and Adedigba Azeezat, 2018). This 

has led to  the use of back-up generators in homes.  Chairman of Manufacturers Association of Nigeria 

(MAN), Imo, Abia state Branch, Dr. Frank S.U. Jacobs reported an estimate of 60 million residents using 

various sizes of power generators in their households. In the past years, compared to other countries such 

as the EU member state which had a net level of electricity supply of 3.22 Million Euros per GWh in the 

year of 2015 (EUROSTAT, 2017), the average residential expenditure in fueling power generators inclined 

to an all-time significant amount of N1.56 trillion, about $13.35 billion per annum (Obinna F. Muoh, 2016) 

in Nigeria. 

Portable electric power generator (PPG) is a gasoline or diesel-powered device which provides temporary 

supply of electric power up to a certain wattage in homes (Jarvis et al., 2010). This is designed for only 

outdoor purposes but generator owners often place their power generator near, or inside of  their homes as 

a result of generator theft, noise to neighbors, and the design of the home (Ashmore and Dimitroulopoulou, 

2009). The US Consumer Product Safety Commission shows that five out of 104 deaths caused by power 

generator carbon monoxide (CO) poisoning was associated with the power generator placed outside the 

home towards open windows or, doors or vents. In 2008, over 60 people suffocated to death in Nigeria due 

to exposure of high concentration of CO(Adefeso et al., 2012). 
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Originality of the Topic:  

 

This paper tries to identify the awareness of the people on the possible indoor air quality modification in 

homes that is caused by using power generator (the combustion of by products and lead from the power 

generator using leaded gasoline) and health related issues. In comparison with other studies, the 

similarities are based on the use of power generators, but neither of the studies mentioned the level of lead 

in the gasoline nor determine the the relationship between the perceived health risk and the usage of 

power generators. The studies concentrated on just the use of the generator, or as well, combined it with 

other variables such as smoking, biomass, carbon dioxide exposure and noise. According to John Oluseye 

Olamijulo, his research topic was based on the noise pollution opposed using generators and its health 

effects on human in institutional environment as sparse. The noise levels from exposure to portable 

generators and its perceived attendant affects was assessed in his study (Oluseye Olamijulo, Ana and 

Morakinyo, 2016). And the second data conducted by Ismail Adefeso, had a combination of biomass in 

the household, second hand smoking and the use of generator (carbon dioxide was the main fouse of his 

paper, as it was emphasized in the article) (Adefeso et al., 2012a).  

 

 

 

3. Aim and objectives 

 

Aim: 

To check the knowledge of the people on the possible indoor air quality modification in homes derived 

from the use of gasoline in the production of power supply by generator 

 

To check the possible health effects related to indoor air quality and to inform people about its health 

effects.  

 

Objectives: 

To identify the presence of lead in the production of gasoline and its health effects on the population 

especially among children.  

 

To identify the awareness of people on the indoor air quality modification from the use of power 

generators in homes  

 

To identify the possible health issues related to this type of indoor pollution and the associated discomfort 

 

Hypothesis: 

The use of power generators in the household is associated with the decrease of the health quality of the 

individuals exposed to generator fumes (combustion of by products and lead from the power generator 

using leaded gasoline).  

 

 

3. Methodology 
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Study design 

This is an exploratory case study because it is answering the question regarding the presence of lead in the 

fuel content, and because, the data was collected via interviews (structured interview guide as a means of 

tool). This study has four stages over a period of 10 months (Zainal, 2007): 

Stage 1- Data collection, sampling and recruitment: : I collected the data from three district areas 

(Abakpa, New Haven and Achara Layout), which are categorized as both commercial and residential 

areas (LATLONG, 2018) in Enugu State, Nigeria.This was done in two sections, firstly, I used a random 

selected list of street names and numbers from the National Archives, Enugu State Branch, Nigeria, and 

use the google map to tick and identify the location/addresses.  

ENUGU STATE NIGERIA: 

Enugu is a mainland state located in the southeastern part of Nigeria. It consists of 688,862 inhabitants 

(WORLD POPULATION REVIEW, 2018), with the population density of 4,267,837 km/sq. (2006 est.). 

It is the land of the Igbo ethnic group with few other tribes such as the Hausa-fulani, and the Yorubas 

(NGEX, 2013).   

Stage 2-Analysis: collecting (done by the lead investigator), and analyzing (done by the department of 

petroleum resources) of fuel samples to determine the presence of lead (Shrivastava & Das, 2016). 

Stage 3-Message design and materials: during this stage, I created an awareness material (flyers) which 

was distributed after each interview. It contained information concerning the health effects of the use of 

power generators, and it provided suggestions on how to use the generator, and the suitable location for 

keeping the generator. 

Stage 4-Evaluation process: The obtained data from the interview guide will be analyzed using the SPSS 

statistical tool (Aldrich and Rodriguez, 2013). 

Univariate analysis was performed to describe the demographics of the sample. 

Chi-square (testing the association between the level of knowledge and the frequency of the use of 

generator, the relationship between the location of the generator and the perception of the indoor air 

quality, and the relationship between the use of generator in hours/years and the perception towards the 

indoor air quality. 

Chi-square to determine the association between the use of generator in hours while indoors and health 

diagnosis and the possible health-related symptoms of lead and carbon monoxide (CO) in both adults and 

children.  

Study Population and Sample:  

The study sample consisted of both adults above the age of 18 years and families with at least 3 children 

from age 0-10 years which was considered as high populated homes because it has been proven by other 

studies that homes with high number of inhabitants are more prone to the exposure of generator fumes 
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(‘IARC: DIESEL ENGINE EXHAUST CARCINOGENIC’, 2012). I selected a total of 100 households 

with the following criterias: 

Eligibility Criteria:  

The participant enrolled in the study did not involve vulnerable groups such as children, disabled 

individuals, pregnant women, and prisoners, but there were questions in the interview guide regarding the 

health status of children. These questions were not addressed to the children, but to the parents of the 

children (the head of the household). 

Inclusion Criteria:  

Participants who have at least 1 year of residency with the use of generator in their homes.  

Participants who have permanent residency in the respective location of the study sample.  

Participants who are not willing to have a visual observation of their homes, yet are interested in 

participating, and adults above the age of 18 years.  

Exclusion Criteria:  

Pregnant women, children and other vulnerable populations. 

People who have lived in the household for less than one year. 

People without gasoline in their respective generators.  

People who do not have or used a generator or have a generator that runs on gasoline (disel generator). 

“The presence of diesel has a different health effect which is based on the quantity of diesel exposed and 

not the period of exposure to the diesel substance (Chilcott, 2006)”.  

 

Data Collection:  

This study is a quantitative study using the materials of a structured interview guide and incentives 

(flyers). The following are the procedures of the data collection: 

Firstly, there were two forms of trainings; the training of the volunteers, and the training of the lead 

investigator. There were four volunteers aged between 30-40 years assigned to the project from New 

Millennium Foundation (https://newmillenniumfonda.wixsite.com/nmf-enugu-nigeria) with the aim of 

assisting in recruiting the participants (that is, having the 1st introduction of the study). These volunteers 

were trained within a day on how to approach the participants, and the objectives of the study. On each 

day of the data collection, two volunteers accompanied the lead investigator on the field work, where they 

helped in establishing the first contact towards the participants, so that the participants will be more 

comfortable with the lead investigator who is of 21 years. The next step was training of the lead 

investigator on how to collect the fuel samples from the generator using a syringe and a glass bottle that 

was  later  submitted to a fuel analysist also known as a professor from the University of Nigeria 

NSSUKA, collaborating with the Department of Petroleum Resources for the analysis of the fuel samples. 

Secondly, I developed and used an interview guide as my tool for collecting my data, which will be 

evaluated based on the responses of the participants regarding the questions that was addressed to the 

https://newmillenniumfonda.wixsite.com/nmf-enugu-nigeria
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head of the household in English Language (the official language in Nigeria). The questions consisted of 

four sections which included the personal information of occupant (participant), environmental status of 

the household (structure of the household, home environment status during/after the use of generator), 

knowledge and health status of the participant/the children of the participant if applicable. 

Thirdly, this is the recruitment of the participants done in two sections. A list of street names and numbers 

were selected from the national archives, in Enugu state branch. The participants were randomly selected 

from the list. The selection was derived based on 2 streets and 4 numbers. The participants were 

furthermore recruited into the study using a random snow ball sampling type where a lot of neighbors 

were willing to direct me to homes within that specific location. The enrollment was based on a door-to-

door visit to recruit the participant in the study which was a face-to-face interview within the respective 

homes but before proceeding to the interview and the handing out of the informed consent, and 

incentives, the volunteers did a quick introduction of themselves, their purpose in study, of the lead 

investigator and the objectives of the study. I furthermore, presented my school identity card, as I 

explained to the participants that my study was a non-governmental study to ensure that they relax in their 

own comfort zone (this is because, a lot of them feared that I was working with the government). The 

following step involved signing of the consent, distribution of the incentives (flyers), and conducting the 

interview with the participants.   

The final step was collecting the fuel samples from the respective generators of the household, for 

analysis of the presence of lead.  These fuel samples was analyzed for the presence of lead. Furthermore, 

the analysis of the fuel was conducted by an environmental health professor from the University of 

Nigeria NSUKKA Campus, Enugu State collaborating with the Department of Petroleum Resources (the 

results of the analysis was scanned and sent to me via email between end of the month of 29th of January 

2018). 

 

Data Measurement: 

The environment of the houshold was meausred based on a close-ended question: i.e. the location of the 

generator, the type of ventilation used in their household, the type of building they live, the number of 

rooms in their home, and the number of sleeping rooms.  

The behavior on the use of power generator in the houshold and the associated health risk was assessed 

through close-ended questions: the frequency of the use of power generators while indoors was measured 

on how often the participants used their generators while indoors. This was followed by the health 

diagnosis of the participants and the self-reported possible health-related symptoms that was most 

appropriate to their suitation.  

Their perception towards the exposure of generator fumes and its possible health effects was measured 

with both a closed-ended question and an open-ended question. The participants that to indicate in their 

own opinion whether or not the exposure to generator fumes has an effect on the quality of the health 

status. The perception of the related-health risk of the prolonged exposure to the fumes of power 



  
 
 
 
 
 
 
 

 
Ngadiuba, Alina  31  6/14/2020 

 

generator was measured with an open-ended question to determine if the participants are able to identify 

at least one health effect.  

Data Analysis:  

The responses on the database was analyzed using an SPSS statistics software. Univariate was performed 

to describe the demographics of the population sample. 

Chi-square: to determine the association between the use of generator in hours while indoors and health 

diagnosis and the possible health-related symptoms of lead and carbon monoxide (CO) in both adults and 

children.  

 

To meet the aim of the study, “To check the knowledge of the people on the possible indoor air quality 

modification in homes derived from the use of gasoline in the production of power supply by generator” I 

conducted Chi-square coefficient to test the association between the level of knowledge and the frequency 

of the use of generator, the relationship between the location of the generator and the perception of the 

indoor air quality, the relationship between knowledge and the location of the generator, and the 

relationship between the use of generator in hours and the perception towards the indoor air quality. This 

is to identify if the educated individuals are capable of informing the non-educated people on the possible 

health effects from the use of generator, how to place the power generator in their homes as well as 

inform them on the possible effect on indoor air quality.  

Human subject protection 

Before I proceeded with the study, there were two measures I considered, obtaining an Ethics certificate 

from the “National Drug Abuse Treatment and Clinical Trials Network” and an approval from the IRB 

committees of Cluj School of Public Health. A written informed consent was assigned to each member of 

the household before we advanced with the interview. There was also a verbal introduction of myself as a 

public health student in Cluj school of Public Health, Faculty of Political, Administration and 

Communication Sciences, University of Babeș Bolyai, Cluj-Napoca, Romania. I also presented my student 

ID as a means of evidence that my study was a non-governmental study to ensure the comfort of the 

participants. Those who agreed to participate in the study, proceeded to the next step which was the 

interview. 

Confidentiality:  

There was no form of identification of the participants. The questionnaires are identified using codes such 

as the abreviations of the district areas Abakpa, New Heaven, and Achara Layout, and the house number 

that was interviewed, which leaves no trace of identity of the participant (such as the name, address, or 

any form of identification). While conducting the visual observation of the household, the faces of the 

participant were not recorded in the pictures. These pictures have the same code as the interview guide, to 

prevent wrong tagging of pictures to the interview guide, as well as the fuel samples which were obtained 

from their respective generators.   

The data collected are stored in a password locked folder on a secured laptop. Also, the hard copy of the 

data collected will be stored in a locked cabinet in the archives of the environmental health organization 
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(EHC) headquarters in Cluj-Napoca. The hard copies will be destroyed after fives years of the research 

study.   

  

 

 

4. Activities and flowchart 

My first step was conducting the literature review to develop key words that are necessary for my study 

project on  the possible health effects from the use of power generators in the household of the Enugu 

State, Nigeria. Through this, I searched for scientific data on the statement of the problem and the 

magnitude of the possible effects on the pollution, as well as use the other studies as a means of evidence 

to defend the background of the study, and develop an original aspect of the situation. Furthermore, I 

narrowed my topic down to ”Indoor air pollution from the use of generator and its possible health 

effects”.  

My second step was to conceptualize my idea to a more specific direction. From the review of other 

studies I observed that most of the data they provided was more focused on carbon dioxide, and bio-mass. 

Using the information, I developed a framework and based my hypothesis on the presence of lead, which 

is used in the manufacture of gasoline in Nigeria, that produces the necessary energy to power the 

generator. Hence, this gudided me to idenify the necessary variables that was analyzed using SPSS. 

My third step was developing the research instruments. I consulted the literature in order to search for the 

appropriate instruments that will aid in proving the hypothesis. Most of the questions that were included 

did not match the aim of study. Therefore, I developed my own question, with specific and unique 

questions. I pre-tested my questions to my colleagues at Cluj School of Public Health, to verify the 

literacy level of the questions (to check if those in the rural areas will be able to understand the questions). 

In addition to this, I developed a flyer with the necessary information on the health effects from the use of 

generator and recommendation on where to place the generator. This forms as an access to information 

among the population.  

My forth step was to obtain a clinical practice certificate which was required for the application of IRB. 

The certificate clarifies that with the approval from the IRB, I am eligible to conduct my project in 

Nigeria. I was trained by the National Drug Treatment and Abuse, Clinical Network Trial, a 6 hours 

online program in order to receive an ethics certificate.  

My fifth step was the collection of the data. During this stage, I went back to Nigeria on the 11th of 

December, 2017 to conduct my study. Before the data collection process, I had some task that needed to 

be resolved such as, meeting with the NGO that agreed and consented to providing the requested number 

of volunteers that assisted in the recruitment of the participants. Meeting the stakeholder that conducted 

the analysis of the fuel samples as well as training me the lead investigator of the project on how to 

collect the fuel samples from the generator, the appropriate tools used in collecting the fuel samples and 

the storage system. Furthermore, I trained the voluntteers and provided them with the necessary 

information regarding the data collection such as, the objective of the study and their roles in the study.  
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Finally, I administered the study materials (a structured interview guide and flyers) to the participants as 

well as  collect the fuel samples from their generator. After that, the fuel samples were analyzed by the 

department of petroleum resources (DPR), and  I analyzed the data that was collected using SPSS.  
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5. Logic Model 
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6. Outcomes and Impact 

 

RESULTS/OUTCOMES: 

 

I selected a total of 100 households from the list of street names and numbers, out of this, 60 homes were 

conducted. 40% of the remaining participants dropped out from the study either because they did not meet 

the eligibility criteria or did not give their consent to participate in the study. According creative research 

survey system sample size calculator (available in Canada, and applicable for other countries including 

Nigeria), from the total population of Enugu state (688,862), the mninimum recommended size of the 

population is 60 at a 95% confidence interval of the reponses. Therefore, 60 households is representative.   

TABLE A-FUEL ANALYSIS OF THE PRESENCE OF LEAD IN THE GASOLINE: 

 

According to the Department of Petroleum resources (DPR) Enugu State branch, the national limit of lead 

content in gasoline is 5.0mg/l. From the result of the fuel analysis, it has been observed that in Nigeria, 

lead is still used as an adiditive in the manufacturing of gasoline. The results present the level of lead 

content in the fuel samples which were collected during the study from the three district areas of Enugu 

State. In Achara Layout, the representative sample show that the lead content has a level of 2.80mg/l 

present in the fuel, while Abakpa has 2.56 mg/l and New Heaven has 3.10 mg/l, which is of 1.90 mg/l 

difference from the standard lead level.  

 

DEMOGRAPHICS:   

In a total of 60 households, 58% were males, while 41.7% were females with 10% of the age ranging 

from 35-45 years respectively. The number of occupancy in the household had an average of 25% of 

those who lived with a total of 5-6 individuals in their homes, and 16.7% of households that occupied 10 

individuals. A total of 80% of people expressed having the presence of children in the household. 

Between the percentages of 62.5, 22.9 and 10.4 of households had at least 3-5 children present.  

ENVIROMENTAL STATUS OF THE HOUEHOLD:  

The indoor air quality can be modified from the use of the power generator. The structure of the 

households can influence the suitable location of the generator. For instance, in apartment buildings in 

Enugu State, Nigeria, the entrance passage of the household is usually the balcony, which the windows to 

the bedrooms/kitchen and the living room faces. Therefore, the residents are more prone to the exposure 

of the generator fumes as an average of 51.7% of the participants illustrated placing the power generator 

at the balcony. A total sum of 43.4% of the participants indicated that their generators were either placed 

outside close the kitchen (door/window) or bedroom window. Less than three percent of the participants 

expressed having the generator inside their homes or having a universal generator for all apartment units.  
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PERCEPTION TOWARDS THE INDOOR AIR QUALITY IN THE HOUSEHOLD: 

The indoor air quality of the household was identified using a close-ended question based on the 

perception of the participants towars their indoor air quality in the household, with the purpose of 

determining an association between how the people use their power generator in hours and their indoor air 

quality perception. More than half of the participants identified their indoor air quality has noisy with a 

response of 61.7%, while half them indicated that the temperature in their household was too hot (50% of 

the responses). A total of 48.4% said that the indoor air quality was either dusty, or the air was stuffy with 

a distribution of 21.7% and 26.7% respectively. The remaining responses show that 6.7% of the 

participants complain of bad odor within the household.  

THE USE OF POWER GENERATOR-(Very often=every day of the week, often= at least 3days in a 

week, not often=once per week and never): 

How often people spend their time indoors while using the generator and the hours of using the generator 

determines the frequency of exposure to generator fumes, which may negatively influence the health 

status of the occupants within the household. For instance, prolonged exposure to CO can lead to sudden 

death or suffocation, while Lead exposure occurs later in life, especially among children because of their 

developing body.   

56.7% of the participants used their generator often compared to 28.3% of those who use their generator 

more often. 15% of the participants had their responses on not using the generator quite often. The 

average hour of generator usage within the household was 5 hours with a total of 20.5% respondents. 

Most of the participants use their generator from 4-10 hours with the percentages of 16.9, 15.3, 11.9 and 

8.5 respectively. The least people who used their generator for 2, 3, 11, 12, 13, and 14 hours had the total 

number of responses ranging from 6.8%, 1.7%, and 3.4% respectively.   

Most of the participants spent their time indoors while using the generator with a total of 98.3% and the 

rest had 1.7% of not using the generator while indoors. Two third of the responses (66.7%) indicated that 

the participants are often indoors while using the generator, 26.7% used the generator very often when 

indoors and a few of 6.7% of the participants illustrated that the generator is not often used when they are 

at home.  The average hour spent in the usage of generator in the household was 5 hours with an average 

of 20.3% respondents. At least a total of 39.1% responses indicated that the participants used their 

generators ranging from 3, 6, 8 and 10 hours with the distribution of responses from 10.2% 13.6%, 15.3% 

and 10.2% respectively.   

KNOWLEDGE REGARDING THE HEALTH RISK OPPOSED BY THE EXPSOURE TO 

GENERATOR FUMES: 
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The individuals who are aware of the health-related risk opposed by generators are most likely to inform 

the less educated ones on the consequences of the exposure to generator fumes if/when the generator is 

placed either close to the bedroom/kitchen windows or in the house. In their own opinion, the participants 

were asked to express if the exposure to generator fumes can influence the health status. An average of 

76.3% of the participants stated that exposure to generator fumes can affect the quality of health, while 

20.3% of the participants had no clue of the health consequences derived from the exposure to generator 

fumes. 3.4% of the participants indicated that there is no health effect from the exposure to generator 

fumes.  

HEALTH STATUS: 

To determine the association between the use of generator and the health status of the people in Enugu 

state, Nigeria, the participants were asked to identify the health-related cases that best suites their health 

status. This section was sub-categorized into the following: 

The health diagnosis of the participants. This was measured with a close-ended question, where the 

participants chose from the following options (allergic rhinitis, asthma, bronchitis, skin allergies, 

respiratory failure and none of the above) that best describes their health status (i.e. diagnosed by a 

medical practitioner). “these health diagnoses are not caused by either CO or lead, but the frequency of 

crisis of the mentioned medical conditions can be increased as a result of prolonged exposure to the 

generator fumes”. 30% of the participants were diagnosed with asthma, 18.3% had skin allergies, while a 

sum of 6.7% of the participants’ diagnoses indicated positive of allergic rhinitis (1.7%), bronchitis (3.3%) 

and respiratory failure (1.7%).  

Furthermore, the participants were asked to indicate the possible health-related symptoms of “CO” and 

“Lead” that they have experienced in both adults and children within the households. The variables 

“Lead” and “CO” were chosen because of the by-product produced while consuming the generator power 

supply and the chemical composition of the fuel used to supply energy in the generator (leaded gasoline). 

The possible health-related symptoms of CO in adults-a majority of 90% of the participants self-reported 

having the symptoms of burning eye/eye irritant (33.3%), headaches (35%) and sneezing attacks (21.7%). 

Frequent coughing and fatigue/dizziness had an equal distribution of 28% respectively from the responses 

of the participants. 15% of the participants said they have sore throat, while 11.7% of the participants said 

they experience the symptom of breathing shortage and 10% complained of having muscle ache. At least, 

8.3% of the participants expressed having sinus infection and 1.7% had skin irritation.  

The possible health-related symptoms of lead in adults, two fifth (40%) of the participants self-reported 

on having the symptoms of high blood pressure, while 10% stated having anemia as a symptom. 5% of 

the participants stated having difficulties during pregnancy and the rest complained of kidney damage 
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(3.3%) and reproductive problems in men (3.3%). 1.7% of the responses show that at least 1 person had 

digestive problem as health symptom, while 0% indicated having have reproductive problems in women.  

The most frequent self-reported possible health-related symptoms of CO in children were headache with 

56.3% of responses. Dizziness, nausea and vomiting had an equal complaint from 22.9% of the 

participants, while rapid or irregular heartbeat seemed to be among the least of health symptoms with 

18.8% response. Between the responses of 16.7-18.4%, participants complained of their children 

experiencing respiratory failure or expressed grief (death). A total of 19.1% of participant mentioned that 

their children had shortness of breath (8.3%), chest pain (6.3%) and blurry vision (4.2%) respectively. 

With an equal distribution of responses of 2.1% per health symptom among the participants, they 

complained of disorientation/confusion, weakness/clumsiness, loss of consciousness/coma and seizures 

among their children, while cardiac arrest had a response of 0% from the participants.  

The possible health symptoms related to lead in children. Most of the participants self-reported that 

37.5% of their children were losing weight, while with an equal distribution of 35.4% of the participants 

complained that their children were either vomiting or had constipation. 29.2% of the children experience 

loss of appetite and 16.7% were sluggish or constantly weak and had abdominal pain respectively. 4.2% 

of the parents explained that their children had learning difficulties and a total sum of 6.3% were 

complaining of developmental delays, hearing loss and other symptoms which was not included in the 

option such as carter (running nose) with an equal response rate of 2.1% respectively. None of the parents 

stated that their children experienced seizure.  

STATISTICAL ANALYSIS 

TABLE B.I: CHI-SQUARE- TO DETERMINE AN ASSOICATION BETWEEN THE HOURS 

PEOPLE USE THEIR GENERATOR WHILE INDOORS AND THEIR HEALTH STATUS 

(HEALTH DIAGNOSIS AND POSSIBLE HEALTH-RELATED SYMPTOMS)- TESTING THE 

HYPOTHESIS: 

There is an association between the numbers of hours people use their generator while indoors and their 

health diagnosis at a significance of “0.000” 

The p value = “0.004” indicates a strong association between the number of hours of generator usage and 

the likely of developing at least one possible health-related symptom of carbon monoxide (CO) in adults.  

Participants who self-reported of experiencing more than one possible health-related symptom of lead in 

adults is “associated” at a significance of p value=0.000 with the number of hours in using the power 

generator while indoors.  
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There is an association between the number of hours in using the generator while indoors and the self-

report of the possible health related symptoms of CO in children at a significance of “p value= 0.000” 

There is an association between the number of hours in using the generator while indoors and the self-

report of the possible health related symptoms of Lead in children at a significance of “p value= 0.000” 

Therefore, we accept the alternative hypothesis, stating that “the use of power generators in the 

household is associated with the decrease of the health quality of the individuals exposed to generator 

fumes (combustion of by products and lead from the power generator using leaded gasoline)”.   

 

GRAPHS TO ILLUSTRATE THE ASSOCIATION BETWEEN THE NUMBER OF HOURS IN 

USING THE GENERATOR AND THE HEALTH STATUS OF THE PARTICIPANTS: 

 

GRAPH 1.0: This graph illutsrtaes the association between the hours people spend indoors while using 

the generator and the health diagnosis that is most likely to occur. It has been shown that people who were 

diagnosed with asthma were most likely to be exposured to the generator for at least 5-12 hours, while 

individuals with skin allergies used their generators for at least 6-10 hours, when indoors. The least 

number of hours people spent indoors while using their generator responded to having none of the health 

diagnosis, while those who had the minimum responses of being diagnosed with bronchitis had a 

minimum rate of hours spent indoors while using the generartor.  

GRAPH 1.1: Graph 1.1 shows the association between the hours people use their generator while indoors 

and the possible health-related symptoms of CO they experience. As illustrated, as the hours of the use of 

generator increases, the likelihood of obtaining more than one possible health symptom increases. People 

who spent least of their time indoors while using the generators, had the lowest number of health 

symptoms ranging from not having any symptom to least one symptom, while people who spent several 

hours using their generators while indoors, had the maximum of 5 health symptoms. People with 2 health 

symptoms spent most hours using their generator, with a steady rate of 6-14 hours of which they spent 

indoors while using the generator in the household. There was a rise in health symptoms as people spend 

most hours between 8-13 hours indoors while the generator was in function, and those who experienced at 

least 5 health symptoms spent 8 hours of their time indoors wile using the generator.  

GRAPH 1.2: The possible health symptoms caused by lead in adults increases according to the number 

of hours people spend indoor while using their generators. Those who experienced more than one health 

symptom had the highest hour rate of 5-8 hours spent indoors while the generator was on.  

GRAPH 1.3: It is observed to say that the hours spent indoors while using the generator can influence the 

health status of children, especially when exposed to carbon monoxide (CO). In the graph of 1.3, there is 

a decrease in the number of possible health symptoms caused by carbon monoxide among children who 

spend at least a maximum of 6 hours of their time indoors while using the generator. The inclination of 
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health symptoms was a result of the high number of hours children spent indoors while using the 

generator. As illustrated in the graph, children with at least 3-4 health symptoms spent more than 5 hours 

indoor while using the generation with a high rate of 12 hours respectively. 

GRAPH 1.4: The graph is an illustration that children who spend 8 hours indoors are most likely to 

develop more than one possible health-related symptom of lead compared to children who had no health 

symptom or just one health symptom had the lowest hour rate of time spent indoors while using the 

generator. Therefore, as the hour in the use of generator increases, there is a likelihood of developing 

more than one possible health symptoms related lead among children. 

TABLE B.II CHI-SQUARE- DETERMINING THE ASSOCIATION OF THE FOLLOWING 

VARAIBALES 

TABLE 1.0-Frequency of the use of generator and perception towards the indoor air quality in the 

household: 

There is an association between how often the participants use their generator and their perception 

towards the indoor air quality of their households at a significance of “p value=0.000”.  

TABLE 1.1-Location of generator and perception of indoor air quality in the household: 

The location of the generator has a significance of ”P value = 0.000” of association with the perception 

of the indoor air quality.  

TABLE 1.2- Opinions on the exposure to generator fumes and the location of generator: 

 

There is an association between the awareness of the participants towards the opinions of the possible 

health effects from the exposure to generators and the location of the generator in the household at a 

significance “p value= 0.000” 

 

CONCLUSION: 

There is prevalent use of power generator in the household in Enugu State, Nigeria. Most of the subjects 

in the study reported spending at least 5 hours indoors while using the generator. The environmental and 

health hazards of power generator use is a major threat among the users, especially when there is the 

presence of children within the household. The knowledge of the people towards the use of power 

generator was expressed based on their perception of their indoor air quality, as most of the participants 

indicated in their own opinion the possible health related effects from the use of power generator. This 

shows that, they are most likely to recommend a suitable location to place the power generator in the 
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households, and give access to information regarding the possible health risk of the inappropriate use of 

power generators in the households via increasing awareness, as there is no means of having any other 

access to source of electricity supply in the households.  

The exposure to generator fumes has a negative impact on the household occupants as most of them 

expressed either being diagnosed to a possible medical condition that can be influenced by carbon 

monoxide (CO) and lead or self-reported having at least one possible health-related symptom of CO and 

lead. Although the eradication of the use of leaded gasoline serves as a means a priority in Nigeria 

according to “The National Conference on The Phase Out of Lead in Gasoline”(The World Bank, 2001), 

the fuel anaylsis conducted by the Department of Petroleum Resources shows that there is still existence 

of lead in the gasoline. From a public health perspective, the exposure to generator fumes increases the air 

contaminants from the combustion of fossil fuels, changes the quality of life, which poses as a significant 

factor of morbidity and mortality rate in Nigeria.  

LIMITATIONS OF THE STUDY:  

From the education point of view, the study had majority of the participants who finished higher 

education (university), than having an equal proportion rate with non-educated and educated individuals.  

Lack of investigation of other possible casues of the health diagnsosis and health symptoms reported by 

the participants regarding the indoor air pollution. Although the diseases can be expressed as a possible 

effect from the environmental exposure to generator fumes.  
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Annexes:  

STATISTICAL TABLE: 

 
FUEL ANALYSIS TO TEST THE PRESENCE OF LEAD IN THE GASOLINE -DEPARTMENT OF ETROLEUM 
RESOURCES: 
TABLE A:  
 

 
 
 
 
 
TABLE B.I:  
 
STATISTICAL ANALYSIS: 
 
CHI-SQUARE-DETERMINING THE ASSOCIATION BETWEEN THE NUMBER OF HOURS OF USING THE 
POWER GENERATOR WHILE INDOORS AND THE HEALTH STATUS OF THE PARTICIPANTS: 
 

a. PARTICIPANTS WHO WERE DIAGNOSED WITH THE FOLLOWING (ASTHMA, BRONCHITIS, SKIN 
ALLERGIES, AND ALLERGIC RIHINITIS) 

 
b. PARTICIPANTS WHO WERE MOST LIKELY TO EXPERIENCE (SELF-REPORT) AT LEAST ONE HEALTH 

RELATED SYMPTOM OF CO AND LEAD AMONG BOTH ADULTS AND CHILDREN 
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Test Statistics 

 the use of 

generator in 

hours while 

indoors health diagnosis 

health symptoms 

in adults CO 

health symptoms 

in adults LEAD 

health symptoms 

in children CO 

health symptoms 

in children LEAD 

Chi-Square 37.102a 58.000b 17.400b 26.800c 57.000d 24.267e 

df 13 5 5 2 4 3 

Asymp. Sig. .000 .000 .004 .000 .000 .000 

a. 14 cells (100.0%) have expected frequencies less than 5. The minimum expected cell frequency is 4.2. 

b. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell frequency is 10.0. 

c. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell frequency is 20.0. 

d. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell frequency is 12.0. 

e. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell frequency is 15.0. 

 
GRAPH REPRESENTATION OF THE ASSOCIATION BETWEEN THE HOURS SPENT INDOORS WHILE USING 
THE GENERATOR AND THE POSSIBLE HEALTH EFFECTS: 
 
GRAPH 1.0-The number of hours in using the power generator and the participants who were diagnosed 
with the following medical conditions (allergic rhinitis, asthma, skin allergies, anemia and bronchitis): 
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GRAPH 1.1: The number of hours people use their generator while indoors and people who experienced 
at least one possible health-related symptom of CO in adults.  
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GRAPH 1.2-The number of hours people use their generator while indoors and people who expressed 
having at least one possible health-related symptom of Lead in adults: 
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GRAPH 1.3-The number of hours people use their generator while indoors and people who self-reported 
their children having at least one possible health-related symptom of CO.  
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GRAPH 1.4: The number of hours people use their generator while indoors and people who self-
reported their children having at least one possible health-related symptom of Lead.  
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TABLE B.II 
CHI-SQUARE-DETERMINING THE ASSOCIATION OF THE FOLLOWING VARAIBALES: 
 

TABLE 1.0-Frequency of the use of generator and perception towards the indoor air quality in the 

household: 

 

 



  
 
 
 
 
 
 
 

 
Ngadiuba, Alina  31  6/14/2020 

 

Test Statistics 

 

frequency of the 

use of generator 

perception of 

indoor air quality 

in the household 

Chi-Square 16.300a 52.333b 

df 2 4 

Asymp. Sig. .000 .000 

a. 0 cells (.0%) have expected frequencies less 

than 5. The minimum expected cell frequency is 

20.0. 

b. 0 cells (.0%) have expected frequencies less 

than 5. The minimum expected cell frequency is 

12.0. 

 

 
TABLE 1.1- Location of generator and perception of indoor air quality in the household: 

 

Test Statistics 

 

location of 

generator 

perception of 

indoor air quality 

in the household 

Chi-Square 54.667a 52.333a 

df 4 4 

Asymp. Sig. .000 .000 

a. 0 cells (.0%) have expected frequencies less 

than 5. The minimum expected cell frequency is 

12.0. 

 
TABLE 1.2- Opinions on the exposure to generator fumes and the location of generator: 
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Test Statistics 

 opinions towards 

rthe exposure of 

generator fumes 

location of 

generator 

Chi-Square 57.700a 54.667b 

df 2 4 

Asymp. Sig. .000 .000 

a. 0 cells (.0%) have expected frequencies less 

than 5. The minimum expected cell frequency is 

20.0. 

b. 0 cells (.0%) have expected frequencies less 

than 5. The minimum expected cell frequency is 

12.0. 
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