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Abstract 
Air pollution is among the leading global risks for mortality and responsible 
for increasing risk for chronic diseases. The aim of this study was to explore 
the impact of industrial zone air pollution on Masoro community and identi-
fy some health problems which are experienced in the communities. The key 
informants were selected using a purposive sampling technique and random 
sampling based on polluted areas. During this research, Kibagabaga hospital 
was consulted to identify different illness associated with air pollution in 
Ndera industrial zone. Respondents illustrated that a great part of emission 
came from industry, related activities and vehicles. The findings from the 
hospital illustrated that the respiratory, hypertension and diabetes dominated 
the illness in community due to air pollution from industrial zone, which was 
confirmed in this research with reference to the survey results. Air pollution 
is one of the greatest environmental threats and has been implicated for sev-
eral adverse cardiovascular effects including arterial hypertension and di-
abetes. Air contamination provokes oxidative stress, systemic inflammation, 
and autonomic nervous system imbalance that subsequently induce endo-
thelial dysfunction and vasoconstriction leading to increased blood pressure. 
The respondents confirmed that the communities are aware of pollution and 
experienced the consequences of pollution such as cancer and other compli-
cated illness. 
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1. Introduction 

Air pollution is one of many environmental challenges confronting the world 
today; Public anxiety over the possible adverse health impacts of air pollution 
has increased over the years which directed at the possible connection between 
air pollution and different illness especially those of respiratory disease (Scott & 
Diab, 2000; Kim, Kabir et al., 2015; Bai, Guan et al., 2016). This increase in en-
vironmental awareness since the 1980s coincided with a time of political and so-
cial transformation in Africa’s history (Hunter, Davies et al., 2003). Growth and 
concentration of the population in cities, as well as the way in which energy is 
consumed in urban areas through transport or heating and air conditioning sys-
tems, among others, result in the emission of huge quantities of gases that are 
harmful to our health (Roemer-Mahler, 2006). 

The concentration of particulate matter (PM) is a key air quality indicator 
since it is the most common air pollutant that affects short term and long term 
health (Kim, Kabir et al., 2015). The particulate matter is used to analyze air quali-
ty; fine particles with a diameter of less than 2.5 µg or PM2.5 and coarse particles 
with a diameter of less than 10 µg or PM10. PM2.5 particles are more dangerous due 
to their small size which allows them to travel deeper into the cardiopulmonary 
system (Nel, 2005). World wide’s economic development has increased rapidly 
due to industrial development. However, economic development comes at the 
cost of deterioration of the environment (Kan, Chen et al., 2009). 

In Rwanda, industrial sector is growing and its contributions are ranked to 
14% of GDP (Kamarudeen & Söderbom, 2013); across the country, industry is 
located, especially in Ndera in Gasabo district which is a special economic in-
dustrial zone. The monitoring of pollutants (SO2, O3, CO, NOx, PM2.5) indicates 
that Particulates (PM10, PM2.5) and Oxides of nitrogen (NOx) are currently the 
main pollutants of concern in Rwanda (Nsengimana, Bizimana et al., 2011; 
Henninger, 2013). In recent years, there have been increasing public concerns 
about the potential impact of air pollution on health in Rwanda, which has been 
reflected in many epidemiological issues (Pope III, Burnett et al., 2004). Without 
a greater sensitivity to the everyday contexts in which individuals and collective 
understandings are set; appeals to individual action are likely to fall on deaf ears 
(Bickerstaff & Walker, 2003). 

Pollution related disease has been manifested in different forms in Rwanda due 
to the presence of industry nearby the community. Kigali city especially special 
economic zone, might appear different emission of pollutants which can affect the 
air quality and this incites the increase of environmental destructions which reflect 
in different human illness especially those of cancer, respiratory and cardiovascu-
lar disease in Rwanda. This paper aimed to assess the impact of air pollution from 
industrial zone to Ndera’ community livelihood in Gasabo district. Hence, the no-
velty of this report is related to the investigation of impact of air pollution on the 
population which lives near industrial zone through the collection of evidence 
from the hospital and the information provided with respondents. 
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2. Materials and Methods 
2.1. Study Areas Description 

Gasabo district is one of four district of Kigali city. The study area is located in 
Ndera sector which is one of the 15 sectors of Gasabo district. Ndera sector hubs 
different industries which contribute much of air pollution in surrounding 
community. In Figure 1, the study area is clearly shown in grey color. The Ma-
soro cell is the main study areas due to its location in which big part of the in-
dustrial zone is located. The communities around the industrial zone are re-
ported to be affected with the air pollution with respect to the activities per-
formed; this pushed the ideas of selecting this area to investigate impact of air 
pollution to Masoro communities 

The industrial zone in Ndera sector is located mainly in Masoro cell and its 
small part extends to Musave cell (Figure 1). The population near industrial 
zone have been expropriated and relocated. The small communities still live in 
surroundings of Masoro and Musave cell. 

 

 
Figure 1. Mapp indicating the location of study areas (a) Masoro cell in Ndera sector, (b) Musave cell in Bumbogo sector and (c) 
Sectors of Gasabo district neighboring the study area. 

2.2. Sample and Data Collection Techniques 

Kibagabaga hospital was visited to collect the information relating to the fre-
quent of patients affected with the air pollution in Masoro cell in Ndera sector. 
Hospital admissions data of patients affected with respiratory and other related 
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illnesses were collected from 2000 to 2020. Kibagabaga hospital is one hospital 
nearby the study areas. In the study areas, the population of 696, which represent 
the population left in the surrounding areas of the industrial zone after expropr-
iation and the key informants from five different institutions related to pollution 
management were approached for key information collection (Table 1). To se-
lect the sample size among the population in surrounding areas of industry, Eq-
uation (1) was previously used in different research (Slovin, 1960; Azumah, Don-
koh et al., 2018; Uwayo, Nsanzumukiza et al., 2020). Equation (1) helps to ascer-
tain the sample of a given population of the study. 

( )21
Nn

N e
=

+                          (1) 

where n is the sample size, e is the margin of error (which is 0.05 with confi-
dence level of 95%). N is the population, which is 696. By substitution, the sam-
ple size (n) is computed as 279 (Table 1). Table 1 shows the targeted population 
and the sample size. 

The questionnaire instrument was used to collect data from the selected pop-
ulation (Table 1). 

 
Table 1. Targeted population and sample size. 

Group of respondents Targeted population Percentage (%) Sample size 

Gasabo district staff 25 3.61 9 

Industry staff 33 4.74 12 

Rema staff 14 2.01 5 

RTDA staff 27 3.87 10 

RBC staff 17 2.44 6 

Masoro cell population 580 83.33 237 

Total 696 100 279 

3. Results and Discussion 
3.1. Demographic Characteristics of Respondents 

Table 2 shows the characteristics of the participants (age, sex, education, and 
status). Most were married (43.36%) and had finished elementary school (18.99%) 
or middle school (45.87%); only 35.14% had attended college or university. 

This indicates that people are aware of pollution and its impact on human 
health. Children and elders are vulnerable people in community, as highlighted 
by previous research which linked negative effect of air pollution among the 
elder and early childhood (Ajayi, Akinnifesi et al., 2007; Ashmore & Dimitrou-
lopoulou, 2009; Gül, Gaga et al., 2011; Bowatte, Lodge et al., 2015; Khafaie, Yajnik 
et al., 2016), this study indicated that 19% of the people living around Masoro in-
dustrial zone, with the age greater than fifty are vulnerable to pollution (Table 2).  
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Table 2. Demographic characteristics of respondents. 

Demographic characteristic Sample size (279) Frequency Percent p = Value 

Age of respondents 

>25 years 12 64.0 1.31 × 10−3 

25 - 30 years 39 13.97  

30 - 40 years 111 39.79  

 40 - 50 years 63 22.58  

 >50 54 19.36  

 Total 279 100  

Status of respondents 

Single 31 11.11 0.173 

Married 121 43.36  

Divorced 12 4.30  

Widower 79 28.31  

Separated 36 12.92  

Total 279 100.0  

Education background 
 

Primary 53 18.99 0.891 

A’level 128 45.87  

Bachelor 64 22.93  

masters 24 8.60  

PhD 10 3.61  

 Total 279 100  

Gender of respondents 
 

Female 126 45.16 0.0346 

male 153 54.84  

Total 279 100.0  

 
The age influences persistence of air pollution effect on individual in communi-
ty, when considering age of people, cough and other symptoms persists accord-
ing to the recorded information (Table 2). The respondents confirmed that such 
aged and childhood are significantly impacted by the emission level (Salvi, 2007; 
Ashmore & Dimitroulopoulou, 2009). 

3.2. Occurrence of Respiratory Disease Symptom  
in Masoro Community 

The symptom as the response of being exposed to air pollution has been re-
ported by respondents (Table 3). There is clear evidence that the air pollution 
from industrial zone is associated with cardiopulmonary and respiratory disease 
(Table 3). The investigation conducted in this study indicated that the number 
of patients from the affected area, which have visited nearby hospital (Kibaga-
baga Hospital), and recorded results, showed that some of the patients presented 
sign of respiratory and cardiovascular disease (Table 3). Previous research re-
ported that people living in polluted areas had a higher risk of hospital visits  
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Table 3. Perception of respondents about the health problems experienced. 

 
Parameters 

Disagree, Neutral Agree 

Frequency % Frequency % Frequency % 

Respiratory and cardiovascular disease, 
(Cough/Cold, high blood pressure) 

33 13.8 9 3.7 195 82.22 

Issued reproductive dysfunction 157 66.2 7 2.9 73 59.1 

Irritation of eye 17 47.17 4 1.6 216 91.08 

Liver, lung and spleen issue 12 5.23 12 5.06 233 89.87 

Cancer challenges 158 66.6 25 10.54 54 22.78 

CNS and hematologic dysfunctions 63 26.56 8 3.37 166 70 

 
related to respiratory diseases than people living in the less polluted areas (Patel, 
Ramaiah Nellore et al., 2008). It is well known that air pollution causes cardi-
ovascular disease (Cohen, Ross Anderson et al., 2005; Zhang, Wang et al., 2011), 
mental disorders (Wong, Ou et al., 2008; Zhang, Li et al. 2011; Zhang, Wang et 
al., 2011), respiratory diseases (Zhang, Li et al., 2011) and emergency hospital 
visits of mental stress have been growing (Figure 2). Recently, evidence has in-
dicated that nitric oxide (NO2), particulate matter (PM10), sulphur dioxide (SO2), 
and other air pollutants trigger acute adverse effects on the human circulatory 
system (Liu, Chen et al., 2015). Previous research found an increases of respira-
tory hospital admissions related to PM2.5 (Neuberger, Moshammer et al., 2013). 
Health consequences of air pollution are of different range from irritation of the 
eyes (Ghorani-Azam, Riahi-Zanjani et al., 2016) and severe respiratory disease to 
chronic respiratory disease (Gao, Chan et al., 2014), heart disease and lung can-
cer (Pope III, Burnett et al., 2011). The eyes are most vulnerable to the impact of 
air pollution through the direct exposure to air pollution and. Previous research 
reported of corneal drying (Saxena, Srivastava et al., 2003; Gupta, Gupta et al., 
2007), irritation and itching in the eyes to people who were exposed traffic pol-
lution (Gupta, Gupta et al., 2007; West, Bates et al., 2013). Table 3 indicated that 
the respondents experienced the health problem in Ndera community and find-
ings revealed that 82.22% of respondents were vulnerable to respiratory (Table 
4) and cardiovascular disease, (Cough/Cold, high blood pressure), 30.7% of res-
pondent were agreed that they face reproductive dysfunction in the area around 
the industry zone. The respondents indicated that the air pollution is associated 
with challenge of reproductive dysfunction, however, there is no scientific evi-
dence which correlated the issue with reproductive dysfunction, and previous 
research illustrated that impairment of reproduction in male maybe correlated 
to the exposure to inorganic lead (Kumar, 2004). The 91.08% percentage of res-
pondents reported the eye Irritation due to the air pollution in their community. 

Previous research illustrated that the redness and irritation of the eyes are 
considered to be the immediate effect of exposure to toxic fumes (Gupta, Gupta 
et al., 2002), frequency of ocular irritation and tear film instability, some eyes  
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Table 4. Respiratory and other infectious disease recorded in Masoro community, Ndera sector. 

Data/Period 2012 2013 2014 2015 2016 2017 2018 2019 2020 

Skin Infection Fungal-Mycoses-Superficial-OPD 69 0 0 0 0 0 54 59 
 

Skin Infection Fungal-Mycoses-Superficial-OPDDH 
 

3 0 7 8 11 7 2 
 

Skin Infection Scabies-OPD 67 0 0 0 0 0 77 427 
 

Skin Infection Scabies-OPDDH 
 

5 0 0 0 0 2 3 
 

Skin Infections Other-OPD 734 901 966 347 250 172 343 235 
 

Skin Infections Other-OPDDH 
 

6 38 4 0 21 14 4 
 

Ulcers of Skin 60 0 0 0 0 0 4 43 
 

Respiratory Infections Acute Other OPD 5290 8799 11,067 15,432 17,020 18,986 10,126 6277 
 

Respiratory Infections Acute Other-OPDDH 
 

9 4 2 1 79 50 87 
 

Ear Infections 190 124 164 153 33 98 361 110 
 

Ear Infections-OPDDH 
 

6 9 0 0 3 3 8 
 

Urinary Tract Infections Other than Neonatal 410 376 204 155 177 107 333 393 
 

Urinary Tract Infections-OPDDH 
 

10 16 9 0 39 63 82 
 

Eye Infections-Others-IMCI 138 139 44 5 0 9 
   

Eye Problem Other 475 366 678 124 
     

Eye Problem Other-OPD New 
   

222 395 1208 49 275 138 

IMCI-Eye Problems 
      

12 266 160 

OPD-Total Eye Cases Consulted or Screened 
      

27 411 147 

Acute Respiratory Infection Other-Hosp 22 27 19 15 30 1 8 3 
 

HOSP-Other Respiratory Diseases 
       

5 1 

IMCI-Other Respiratory Diseases 
      

0 122 202 

OPD Acute Respiratory Disease Other 
      

91 10,893 7290 

Severe Pneumonia or Very Severe Respiratory Disease 0 0 338 0 0 31 0 0 
 

 
abnormalities appear after long term exposure to air pollutants. Priscila el al. 
reported that exposure of the ocular on traffic pollution resulted in discomfort 
and tear breakup symptoms, in this research they indicated Ocular mucosa as 
bioindicator of exposure to air pollution (Novaes, do Nascimento Saldiva et al., 
2010; Torricelli, Novaes et al., 2013). 

Table 4 presents the visit of patients at Kibagabaga Hospital and different ill-
ness identified such as Respiratory, skin infection and other related illness. Pre-
vious research reported respiratory disease to be associated to the air pollution 
(Zhang, Li et al., 2011; Gao, Chan et al., 2014). The study revealed that the 
community in Ndera sector experienced some challenges related to liver and 
lung disease (Table 3), previous research illustrated that air pollution can con-
tribute to diabetes and liver disease in the community (Conklin, 2013). 

Figure 2 illustrated that high number of patients recorded at the hospital pre-
sented the asthma symptoms, the people in the community believe asthma to be 
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directly associated with air pollution as wells, previous research reported asthma 
to be related to air pollution (Lovinsky-Desir, Acosta et al., 2019). The high 
number of patients recorded at the hospital during the period from 2009 to 2010 
with OPD Acute respiratory disease and HOSP other respiratory diseases were 
influenced by the high concentration of air pollution, The ANOVA analysis in-
dicated that there is significant different between health risks with (p = 0.00) and 
air pollution (p = 0.00). It was also found the there was a high degree of positive 
correlation between training given to air pollution and health risk where Karl 
Pearson coefficient of correlation (r) was 0.703, this implies that air pollution 
contributed to the health problem revealed in Ndera community especially in 
industry zone and its relationship is positively at a high level. 

3.3. Correlation between Air Pollution and Mental Stress 

The residents in Ndera have experienced and persistent air pollution from in-
dustrial activities. Previous epidemiological studies have illustrated that expo-
sure to PM2.5 and PM10 are associated with increased risk of mortality and mor-
bidity (Smith & Mehta, 2003; Atkinson, Kang et al., 2014), even at low levels, 
and millions of people died of air pollution particulate (Rohde & Muller, 
2015). 

Air pollution has been indicated to have a diverse negative impact on public 
health and according to previous study; living in an area with significant air pol-
lution can negatively impact mental health (Tsuang, 2000). 

Previous study illustrated significant associations between air pollution and 
rates of psychiatric and neuropsychiatric disorders (Khan, Plana-Ripoll et al., 
2019). The researchers have identified bipolar disorder and depression in people 
living in areas with poor air quality. Epilepsy has been reported to be associated 
with air pollution (Cakmak, Dales et al., 2010). It has been also identified in 
Ndera (Figure 2). 

Figure 2 indicated the high number of patients attended the hospital presented 
 

 
Figure 2. Mental disorders and other related illness identified from Ndera patients at the hospital. 
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the symptoms of mental stress which were associated to air pollution in the 
study areas. 

The intensity of the patients received at the hospital during the period from 
2019 and 2020 with the cases of metal stress were high compared to other cases 
such as Asthma (Table 5). This frequency of patients led to conclude that such 
illnesses were related to air pollution due to the fact that no other causes were 
identified. However, the peaks were shown to be high with diabetes and hyper-
tension and these were also associated with air pollution previously (Conklin, 
2013). 

3.4. Source of Air Pollution and Distribution in Ndera 

Human activity produces mixtures of pollutants in indoor and outdoor air 
(Guarnieri & Balmes, 2014), the study revealed that in Ndera sector, there are 
many source of air pollution such as air traffic emission as main source of parti-
culate matter of PM2.5 and PM10 (Table 6), which has been investigated in pre-
vious research(Artınano, Salvador et al., 2004). 

Table 6 illustrated the percentage of 98.2% of respondents which confirmed 
that industrial activities in areas of Ndera are suspected to be source of the Car-
bon monoxide and carbon dioxide pollution, the literature cited that the sources 
of CO2 emissions are attributed to various factors such as different fuel efficien-
cy, production techniques, consumption patterns and Industrial activities 
(Chung, 1998). The respondents questioned illustrated that 96.10% of pollution  

 
Table 5. Mental and other illness reported by the hospital and were associated to the air 
pollution. 

Period 2019 2020 

OPD-Mental Depression-New Cases 4 0 

OPD-Mental Epilepsy-New Cases 8 6 

OPD-Mental Other Mental Problem-New Cases 11 8 

OPD-Mental Post-Traumatic Stress Disorder-New Cases 1 1 

OPD-Mental Schizophrenia and Other Psychoses-New Cases 2 5 

OPD-Mental Suicide-Attempted-New Cases 1 1 

OPD-Mental Depression-Old Cases 2 0 

OPD-Mental Epilepsy-Old Cases 30 3 

OPD-Mental Other Mental Problem-Old Cases 26 2 

OPD-Mental Post-Traumatic Stress Disorder-Old Cases 1 1 

OPD-Mental Schizophrenia and Other Psychoses-Old Cases 10 3 

OPD-Mental Suicide-Attempted-Old Cases 1 1 

OPD-NCD-Asthma-Old Cases 9 6 

OPD-NCD-Diabetes—Type 2-Old Cases 102 68 

OPD-NCD-Hypertension-Old Cases 373 246 
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Table 6. Respondent confirmation of source of air pollution. 

 
Parameters 

Disagree Neutral Agree 

Frequency % Frequency % Frequency % 

Motor engines are the source of 
PM2.5 and PM10 

11 4.5 1 0.4 225 94.8 

Vehicular exhaust are the main 
source of ground level ozone 

7 2.9 1 0.4 237 96.7 

Industrial activities are main 
pollutant from the carbon 

monoxide and carbon dioxide 
4 11.6 0 0 233 98.2 

Fuel combustion produce the 
Sulfur dioxide 

14 5.8 9 3.7 213 89.2 

Wood fires cause polycyclic 
aromatic hydrocarbons 

7 2.94 2 0.8 228 96.1 

D: Disagree, N: Neutral, A: Agree, PM = Particulate matter. 
 

is generated from fire wood which affects the community, this source of pollu-
tion has been confirmed with may research(Van Houdt, Daenen et al., 1986; 
Zou, Zhang et al., 2003). 

4. Conclusion 

The main focus of this research was to assess the impact of air pollution on the 
community health in Masoro cell in Ndera Sector. The findings revealed that the 
air pollution in Masoro is associated with major problems that affected the 
community health with different illness. Findings illustrated that a great part of 
emission comes from industry, related activities and vehicles. Respiratory related 
disease was reported to be the main illness identified in Masoro community. The 
findings from the hospital recorded illness illustrated that the hypertension and 
diabetes dominated the illness in community due to different kinds of pollution. 
The respondents confirmed that the community are aware of pollution and are 
experiencing the consequences of pollution such as cancer and other compli-
cated illness. While conducting this study, the time was not enough to reach dif-
ferent point of this research such as analysis of field sample in laboratory and 
determine different types of pollution released by industrial zone, to correlate 
them with the evidence collected from the hospital and information provided 
with the respondents; this is open for future research. 
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