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The relationship between environment and health is of extreme relevance in 
Public Health. According to the World Health Organization (WHO), 23% of all 
deaths globally are attributable to environmental factors, and several 
diseases could be avoided if we lived in healthier environments. Given the 
scarcity of literature on this topic in sub-Saharan Africa and the similarity of 
the health consequences of living in an environment polluted by industrial 
activities, we are conducting this study to sound the alarm on the health 
risks of living around industrial facilities. This was a cross-sectional study 
from 1 May to 1 July 2019. 423 people, who gave their verbal consent, were 
interviewed using an anonymous and structured questionnaire. Data were 
entered and analyzed with Epi info7.2 and SPSS 17.0 software. The subjects 
interviewed were mainly women ((sex ratio = 0.75H / F), had a median age 
of 31 years. Lack of school instruction was found in 46.3% of respondents. 
They lived as a couple in 62.6% of cases. The median length of residence in 
the area was 5 years. The monthly income was at most 60000FCFA (less than 
91.43 euros) in 87.7% of cases. The subjects did not have health insurance in 
89.8% of cases. Respondents were not employed in the factory in 97.6% of 
cases. The factory existed before the development of 73.3% of the subjects in 
the residential area. The residents interviewed were concerned about the 
quality of the environment in 91.7% of cases. The subjects were aware of the 
risk incurred because of their place of habitation in 71.9% of cases. Smoke 
and bad odours were the most reported nuisances (33.3% and 29.4% of 
cases.). Breathing difficulties and eye irritation were the consequences of the 
most reported nuisances in 42.6% and 40.2% of cases respectively. It was 
concluded that man's behaviour towards nature poses threats to his health. 
It is important to take these threats into account when making certain 
decisions. 
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INTRODUCTION 
 
The relationship between environment and health is of 
extreme relevance in Public Health. According to the World 
Health Organization (WHO, 2016), 23% of all deaths 
globally are attributable to environmental factors, and 
several diseases could be avoided if we lived in healthier 
environments. In particular, according to the European 
Environmental Agency (EEA, 2013), poor air quality causes 
6.5 million premature deaths worldwide, 620,000 of which 
are in the WHO European Region. Indeed, the European 
Environment Agency (EEA, 2020) also certifies that noise 
and air pollution continue to have a serious impact on the 
health of the population, and human activities (mainly the 
key sectors of industry, energy, transport, agriculture) are a 
source of strong environmental pressure (D'Alessandro et 
al., 2017) ; (Capolongo  et al., 2018) ; (Friedrich, 2018). 
Water pollution mainly includes industrial wastewater, 
domestic wastewater, and agricultural wastewater, all of 
which can cause various diseases and directly threaten 
public health and quality of life (Sharma J et al., 2020). The 
relationship between water pollution and individuals’actual 
health statuses has been well documented (Halder et al., 
2015) (Lu et al., 2015). For example, water contaminated 
by toxic chemicals has been shown to cause acute and 
chronic poisoning through drinking water or food chain 
channels, such as Minamata disease caused by 
methylmercury poisoning and itai-itai disease caused by 
cadmium poisoning (Wu et al., 1999). Long-term 
consumption of water that contains carcinogenic chemicals, 
such as arsenic, chromium, and nickel, has been 

shown to cause cancer (Yang  et al., 2003). Furthermore, 
biological pollutants, such as human and livestock feces, 
pollute water sources and enter the human body through 
drinking water, leading to waterborne infectious diseases, 
such as dysentery, enteritis, and schistosomiasis (Li, 2013). 

The growing awareness of the health impacts caused by 
the alteration of environmental conditions by anthropic 
activities, such as industrial expansion near urban areas, 
atmospheric pollution, and climate change, plays a key role 
in the judgment and acceptability of the risks related to 
environmental quality (Friedrich, 2018) ; (Liu  et al., 2016) ; 
(Soggiu et al., 2020) ; (Bena et al., 2019). In particular, the 
perception of the risk linked to environmental factors can 
be interpreted as a combination of objective (such as the 
levels of real exposure to a danger) and subjective factors 
(i.e., assessments arising from education, culture, values, 
personal beliefs, and perception of reality) (WHO., 2014). 
The social, political, and decision-making dynamics that 
surround the event also contribute to these factors 
(Cavazza  et al., 2014) ; (Dettori  et al., 2018) ; (Dettori et al., 
2019) ; (Gentili  et al., 2020).  

For these reasons, environmental determinants known to 
have a negative impact on health often cause the real health  

 
 
 
 
 
 
risk attributable to them to be overestimated (D'Alessandro 
et al., 2017) ; (Dettori  et al., 2018) . Social context, 
convenience, and participation in political choices can 
influence the perception of an event (Qian  et al., 2016) ;  
(Dettori  et al., 2020) , in the same way as ineffective risk 
communication and a poorly informed population (Gentili 
et al., 2020) ; (Arghittu et al., 2020). This aspect is well 
described by the American sociologist Peter Sandman’s 
“Hazard vs. Outrage” theory, according to which the 
perception of risk is closely linked to the emotional 
component surrounding the event (community outrage) 
(Qian et al., 2016). 

A well-known phenomenon of a purely emotional and 
perceptual nature is explained by the NIMBY (Not In My 
Back Yard syndrome), a phrase that first appeared in the 
1970s to describe the common opposition to the siting of 
works that, although of public utility, nobody is willing to 
accept in the proximity of their living environment (Dettori 
et al., 2020) ; (Arghittu et al., 2020). Since this phenomenon 
was identified, numerous studies in the literature have 
shown that the presence of environmental factors with high 
emotional impact (e.g., incinerators, waste-to-energy 
plants, and wind farms) is linked to the community outrage 
and risk perception (Cavazza  et al., 2014). 

It must be recognized that this theme is not widely 
addressed in countries in sub-Saharan Africa while these 
nations are also concerned by the environmental realities 
of industrialization. These realities are certainly mitigated 
compared to industrialized countries. However, their health 
consequences for populations are, to be mistaken, similar. 
Faced with the weakness of our health systems to deal 
effectively with certain disease phenomena, especially non-
communicable diseases, we are conducting this study to 
sound the alarm on the health risks of living around 
industrial facilities. 
 
 
MATERIALS AND METHODS 
 
Study Area 
 
Our study took place in Bouaké, the second most populous 
city in Côte d'Ivoire after Abidjan. While industrial 
production in many African countries is linked to the 
extraction of oil and/or mining products, what 
distinguishes Ivorian industrialization is the construction of 
a production tool whose essential function is to provide 
manufactured goods sold mainly in the country (Amoatta, 
2017).  

The city of Bouaké is one of these production areas. The 
status of production zones is not linked to the existence of 
an industrial free zone or a customs or tax free zone.  
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Table 1. Industrial sites identified in the geographical area of Bouaké  
 
 INDUSTRIAL AREA NEIGHBOURHOODS WASTE PRODUCED EVACUATION AREA 
HCI -Beaufort 

-Hypodrome 
-Smoke 
-Odour 

 

SITAB -Gbintou 
-koko 

-odours, smoke, tobacco waste , 
Waste Water 

Incineration of tobacco residues next to the 
Gbentou district, used in the ABOLIBA 

canal. 
FTG Gonfréville - Wastewater disposal in the 

ABOLIBA canal. 
Wastewater disposal in the  

ABOLIBA canal. 
Tex-ci Gonfréville - smoke,sewage,odours Wastewater disposal in the  

ABOLIBA canal. 
Global coton Gonfréville -Dust  
CIDT -Municipal 

-Gbintou 
-Dust 
-Noise 

 

CASA -Ahougnansou 
-N’Gattakro 

-Smoke 
-odours 

 

Sobery Sarl Gbintou -odours,Smoke,Wastewaters. Wastewater disposal in the ABOLIBA canal. 
 

HCI : Ivory center oil mill/SITAB :Ivorian society of tobacco/FTG : spinning and weaving mill gonfréville/Global coton : Global coton/Tex-ci : Ivory Coast textile/ CIDT : Ivorian 
company for the development of textiles/CASA : Savannah Cashew/Sobery Sarl : Cashew processing plant 

 
 
 
However, the city's success rests on its strategic position in 
the interior of the country. Indeed, the city of Bouaké has 
been an administrative center since 1914. Even today this 
city, in the Centre-North of Côte d'Ivoire, is an important 
administrative center and capital of the Gbêkê Region. 
Although located about 350 kilometers from Abidjan, the 
city of Bouaké is a hub in the center of our country. Indeed, 
its economy is consolidated by several foundations: natural, 
human, etc. First, Bouaké is located between two major 
phytogeographical zones : that is, a transitional zone 
between the south and north of our country. The climate of 
southern Côte d'Ivoire is characterized by a humid 
subequatorial climate . Under this type of climate develops 
the dense forest conducive to the development of perennial 
crops in order to produce agricultural raw materials. 
Secondly, the population 832,371 inhabitants according to 
the General Population and Housing Census (RGPH) of 
2021(INS.,2021).This proportion represents a 
concentration of 79% of the departmental population and 
53% of the population of the Gbêkê Region. These 
foundations have played an undeniable role in the 
territorial development of Bouaké. The locality is the 3rd 
economic power of the country after Abidjan and San-Pedro 
and its GDP is estimated at 785.4 million US $ (about 392.7 
billion CFA francs) or 3% of the national GDP. Therefore, it 
is a regional strategic pole of development. This is how it 
benefited from the organization of the rotating 
independence festival in 1975. This festival allowed it to 
benefit from significant investments for the realization of 
equipment and infrastructure.  In addition, the regional 
development policy implemented by the various authorities 
(the Planning Authority of the South-West Region and the 
Bandama Valley Planning Authority) has contributed to the 

construction of cities such as San-Pédro in the South-West 
and promoted the development of Bouaké in the Centre. 
These two regional planning authorities experienced their 
cruising period from 1970. In the southwest, the Port was 
built as well as the new town of San-Pédro. In the Centre, 
the Bandama Valley Development has contributed to 
providing cities with development infrastructure and 
promoting agro-pastoral activities (Amoatta, 2017). 

The city of Bouaké is located at a crossroads of important 
axes including: the railway, a airport and roads. These 
infrastructures place the locality in a strategic position by 
in relation to the satellite towns or villages that revolve 
around it. The neighbouring countries are not spared, 
mainly those of the hinterland: Burkina Faso, Mali, Niger, 
etc. (Amoatta, 2017). It is also an industrialized city with a 
dozen industrial units, eight of which are located in 
residential areas and whose risks arising from the waste 
from these factories for the health of local populations are 
perceived differently. Our study took place in residential 
areas around the eight industrial facilities we identified. 
Table 1 below summarizes the exhaustive list of all the 
industrial sites identified in the geographical area of 
Bouaké as being located in residential areas, the different 
districts surrounding them, the waste produced and the 
place of disposal or destruction of certain wastes. 
 
Type of study 
 
We conducted a cross-sectional study  
 
Study period 
 
Our  study  took  place  from 01 May  to 01 July 2019, over a 
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period of two months. 
 
Calculation of the sample size. 
  
To determine the sample size ; we applied the following 
formula 
        n=z2pq/i2 
        n= sample size; 
        p= proportion of people aware of habitat hazards in the 
vicinity of an industrial facility. In the absence of pre-
existing information and due to the high number of sources 
of industrial pollution, we chose a value of 50%.    
        q= 1-p=1-0.5=0.5 
        z= reduced deviation=1.96 for a risk of error α =0.5 
        i = statistical accuracy set at 0.05 
        Thus n= (1.96)2 x (0.5x 0.5) / (0.05)2= 384 
Taking into account non-respondents estimated at 10% of 
the sample obtained, we added 38 people for a total size of 
422 people. 
 
Choice of the number of local residents to be 
interviewed per industrial site 
 
The city of Bouaké is home to eight industrial sites located 
in residential areas. We related the sample size to the 
number of industrial sites, which is about 52 people per 
site. 
 
Data collection 
 
The residents of the installations who were surveyed were 
interviewed during an individual interview using an 
anonymous, structured, standardized questionnaire 
designed for this purpose. 
 
Household choice 
 
The esteemed center on each of the four sides of the 
factories was likened to a direction to follow. For each 
directorate, we interviewed 13 people. The first household 
encountered was the first household visited. We visited the 
next household and proceeded until we reached the 52 
people to be interviewed per site. 
 
Parameters studied 
 
The survey sheet included questions on : 
-The socio-demographic characteristics and lifestyle of the 
subject.  
-Pathological history. 
-The inconveniences experienced and the health 
consequences arising from housing near an industrial 
installation. 
 

 
 
 
 
Data processing  
 
The quantitative variables were expressed as mean with 
standard deviation or median with extreme values. 
Qualitative variables were expressed as proportions. 
Data were entered and analyzed with Epi info7.2 and SPSS 
17.0 software. 
 
Ethical considerations  
 
We protected the confidentiality of respondents' 
information by assigning an anonymity number. 
Respondents' participation was free and obtained after 
informed consent and verbal agreement. Prior 
authorization was obtained from the health authorities of 
the Gbêkê region before conducting the study.  
 
 
RESULTS 
 
Socio-demographic characteristics and lifestyle (Table 
2 and Table 3) 
 
The subjects interviewed were mainly women (sex ratio = 
0.75H/F). Their median age was 31 years with extremes of 
18 and 86 years. They were Muslim in 67.1% of cases. Lack 
of school instruction was found in 46.3% of respondents. 
They lived as a couple in 62.6% of cases. 

The median number of persons per household was 8 with 
extremes of 1 and 30 persons. The median length of 
residence in the area was 5 years with extremes of 1 year 
and 40 years. The monthly income was at most 60000FCFA 
(less than 91.43 euros) in 87.7% of cases (Table 2). The 
subjects did not have health insurance in 89.8% of cases. 
Respondents were not employed in the factory in 97.6% of 
cases. The factory existed before the development of 73.3% 
of the subjects in the residential area.  

The subjects did not consume alcohol or tobacco in 
85.6% and 98.8% of cases, respectively. They were neither 
diabetic, hypertensive nor asthmatic in 89.6, 98.6 and 91.7 
of cases, respectively (Table 3). The latter were not 
organized as a neighborhood association in 87.7% of cases. 
 
Realities of the living environment(Table 4 and table 5) 
 
The residents interviewed were concerned about the 
quality of the environment in 91.7% of cases. This concern 
is caused by the proximity of the factories (100%). 
However, the subjects were for the presence of the factory 
at this location in 51.1% due to job creation (49.5%). The 
polluting nature of the plant was the main reason given 
(75.8%) among those against this presence (48.9%). The 
activity carried out by the factory was  known  by  94.8%  of  
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                Table 2. Socio-demographic characteristics(n=423) 
 

VARIABLES Number Percentage 
Gender     
Male 181 42.8 
Female 242 57.2 
Age (years old)     
19-24 115 27.2 
25-31 99 23.4 
32-42 107 25.3 
43-86 102 24.1 
Religion     
Islam 284 67.1 
Christianity 139 32.9 
Education Level     
None 196 46.3 
Primary 34 8 
Secondary 104 24,6 
High 89 21 
Marital Status     
In couple (Married/Concubine) 265 62.6 
Not in couple (Bachelor; widow;divorced) 158 37.4 
Number of people in the household     
1 to 5 133 31.4 
6 to 8 112 26.5 
9 to 11 77 18.2 
12 to 30 101 23.9 
Length of time in the neighbourhood in years     
1 to 2 118 27.9 
3 to 5 107 25.3 
6 to 10 93 22 
11 to 40 105 24.8 
Monthly income in FCFA     
≤60000FCFA 371 87.7 
>60000FCFA 52 12.3 
Having Health Insurance     
Yes 43 10.2 
No 380 89.8 
Factory Employees     
Yes 10 2.4 
No 413 97.6 
Factory installed prior to neighbourhood 
development      
Yes 310 73.3 
No 113 26.7 
Existence of Local residents’ association     
Yes 52 12.3 
No 371 87.7 

 
 
 
the respondents respondents (Table 4). The subjects were 
aware of the risk incurred because of their place of 
habitation in 71.9% of cases. Their attention to this 
situation had been attracted by a third person in 66.78% of 
cases. Smoke and bad odours were the most reported 
nuisances (33.3% and 29.4% of cases). These nuisances 
were  felt  all  day  in 84.9% of cases. These nuisances could  
 

alter the health status of populations according to 97.9% of  
subjects. Life around the industrial facility exposed local 
residents to the risk of a disaster, according to 80.1% of 
them. Fire was the most reported risk (63.4%). Breathing 
difficulties and eye irritation were the consequences of the 
most reported nuisances in 42.6% and 40.2% of cases 
respectively   (Table 5).  The   plant    managers   were     not  
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Table 3. Medical History and Lifestyle(n=423) 

 
VARIABLES Number Percentage 
Acohol Consumption     
Yes 61 14.4 
No 362 85.6 
Tobacco Consumption     
Yes 5 1.2 
No 418 98.8 
High blood Pressure     
Yes 44 10.4 
No 379 89.6 
Diabetes     
Yes 6 1.4 
No 417 98.6 
Asthma     
Yes 35 8,3 
No 388 91.7 

 
 

Table 4. Perception of environmental realities 

 
VARIABLES Number Percentage 
Concern for environmental Quality(n=423) 

  Yes 388 91.7 
No 35 8.3 
If Yes,Reasons(n=388) 

  Factory Proximity  388 100 
For the Presence of Factory in this Location(n=423) 

  Yes 216 51.1 
No 207 48.9 
If Yes,reasons(n=216) 

  Job 107 49.5 
Post-Factory layout 109 50.5 
If No,reasons(n=207) 

  pollution 157 75.8 
layout prior to Factory installation 50 24.2 
Risks related to living place(n=423) 

  Yes 304 71.9 
No 119 28.1 
Source of information(n=304) 

  Someone else 203 66.78 
Mass-media 101 33.22 
Neighboring factory activity known(n=423) 

  Yes 401 94.8 
No 22 5.2 

 
 
 
approached by local residents in 90.5% of cases. 
 
 
DISCUSSION  
 
The subjects had a median age of 31 years with extremes of 
19 years and 86 years. These were young people. This age 
youth is specific to the population in developing countries. 
According to the Ivorian National Health Development Plan 

2021-2025 (MSHPCMU., 2021), 77.3% of Ivorians are 
under 35 years old. They had no level of formal education 
in 46.3% of cases. This low level of educational attainment 
may explain the predominance of professionals among our 
respondents. In Côte d'Ivoire, the absence or weakness of 
the level of academic training is an obstacle to integration 
into a job in the civil service. The median number of 
persons per household of 8 reflects the large size of these 
households. Indeed, any household  of at  least four persons  
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Table 5. Reported consequences of activities on the living  environment 
 

VARIABLES Number Percentage 
Nuisances reported(n=423)     
Smoke 170 33.3 
Bad smells 150 29.4 
Dust 65 12.8 
Noise 50 9.8 
Wastewater 40 7.9 
Moment with more nuisance(n=423)     
Day 359 84.9 
Night 28 6.6 
No opinion 36 8.5 
Nuisance can affect Health(n=423)     
Yes 414 97.9 
no 9 2.1 
Consequences of nuisances(n=423)     
Breathing difficulties 180 42.6 
Eye Irritation 170 40.2 
Cold 105 24.8 
Damaging(insects and rodents) 100 23.6 
Approach of Factory managers (n=423)     
Yes 40 9.5 
No 383 90.5 

 
 
 
is considered large (INS., 2015). The median length of 
residence in this neighbourhood, which was 5 years, may 
have created an accommodation among residents to the 
realities of life around an industrial facility.  

However, in defence of the latter, the low monthly income 
(below the Guaranteed minimum interprofessional wage in 
87.7% of cases) does not allow them to find housing in an 
ideal setting.  Also, their development in the neighborhood 
occurred after the installation of the factory in 73.3% of 
cases. The absence of defects (diabetes, high blood 
pressure, asthma) in the majority of our subjects attests to 
their apparent state of good health. This apparent state of 
good health does not obscure the subjects' concerns about 
their environment. Indeed, the proximity of factories, 
whose activity is not unknown to local residents in 94.8% 
of cases, represents a concern for these ones. Today, 
citizens are involved with environmental pollution in a 
double role: as victims— that suffer harms from air, water, 
and food contamination, often with inequalities (Mitchell  et 
al.,2003) ; (Carducci A et al., 2021), and as culprits—owing 
to factors of waste production, traffic, energy consumption, 
and so on (Carducci A et al., 2021) . In the study by Bergstra 
et al in Holland in 2018, adults concerned about the 
presence of an industrial facility in their vicinity 
represented 28% of all respondents (Bergstra et al., 2018).  
Populations were aware of the risks associated with their 
place of habitation (71.9%). The main nuisances reported 
were smoke and bad odours. The processing of raw 
materials and the use of inputs require motorized 
machinery. The energy supplied to these machines is 

mainly of the fossil type. It can be fuel and coal. The 
combustion of these elements is always accompanied by 
smoke. Also, the processing of raw materials cannot be 
done without emanating odors that are not always pleasant.  
It is virtually impossible for human intelligence to control 
the direction these nuisances might take. This situation is 
reinforced by the presence of houses in the vicinity on each 
of the four sides of the industrial facilities. In Holland, 
Bergstra et al. (2018) found that bad odors upset 19% of 
respondents (Bergstra et al., 2018). Air pollution is a 
complex mixture of different gaseous and particulate 
components and can cause several health effects. Both long- 
and short-term exposure to air pollution can cause 
cardiovascular, respiratory diseases (e.g., asthma, chronic 
obstructive pulmonary disease, lung cancer) and mortality 
(Bergstra et al., 2018) ; (Mannucci PM et al., 2015). In 
addition to the diseases listed above air pollution (PM2.5) 
can also cause some physiological changes as blood 
pressure (Bergstra et al., 2018) ; (Liang et al., 2014). Dettori 
et al in 2020 in Italy found that air and aquatic pollution 
were the most worrying phenomena for people living near 
industrial facilities (64.7% and 65%)  (Dettori  et al.,2020). 
Canha et al in Portugal in 2022 found that the general 
population blamed industries as a source of air pollution in 
6.2% of cases (Canha et al., 2022). When these authors 
interviewed populations living on the outskirts of industrial 
areas, road traffic and industries were the main sources of 
air pollution in the same proportion (37.4%) (Canha et al., 
2022). There is no such thing as zero risk with regard to the 
operation  of    any   motorized    vehicle.   This   reality   may  
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explain why fire is the most reported type of possible 
disaster (63.4%). Industrial units generate jobs. Also, the 
exercise of their activity cannot be done without the 
authorization of the competent authorities. These 
authorities are necessarily aware of the potential risks of 
this activity both for the environment and for local 
populations. These two reasons are sufficient to explain 
why no steps have been taken by the population (90.5%) to 
the managers of the factories to draw their attention to the 
nuisances. Uncontrolled urbanization in a world of 
competitive capitalism has the particularity of not always 
taking into account potential health and environmental 
impacts. This is a dilemma for decision-makers and 
communities alike. Job creation is an effective means of 
combating poverty. However, the environmental and health 
consequences of certain human activities pose serious 
threats to the health of populations. These populations do 
not always have sufficient financial means to cope with 
their health problems. This situation is exacerbated by a 
lack of health insurance.  We are facing a vicious circle that 
will continue to make us think about many decades. 

Breathing difficulties and eye irritation were the 
consequences of the most reported nuisances in our study. 
In the study by Bergstra et al. (2018) in Holland, 
respiratory diseases were reported in 9% of cases. The 
populations interviewed in the study by  reported that 
living around a polluted area was mainly at risk of chronic 
respiratory diseases (59.6%) and different types of cancer 
(72.5%) (Dettori et al., 2020). 
 
Limitations 
 
This study has limitations that need to be reported: 

-Data collection took place during working hours. It is 
exceptional to find men, who are the heads of household 
par excellence in Africa, at home at these times of the day. 

-We were physically unable to take samples and measure 
the intensity of the noise nuisance in order to better 
quantify the inconveniences experienced by local 
populations 

-We have not obtained the agreement of the populations 
to take pictures of their living environment. 

Notwithstanding these limitations, this study has the 
merit of having been carried out in view of the scarcity of 
writings on this theme in Africa. 
 
 
Conclusion 
 
Man's behavior towards nature poses threats to his health. 
Our study found that the respondents, mostly women, were 
young and had low monthly income. They were aware of 
the risks associated with their habitat around an industrial 
facility. The main nuisances reported were smoke and bad  

 
 
 
 
odours. The managers of the factories have not been 
contacted by the local populations about these nuisances. 
Breathing difficulties and eye irritation were the most 
commonly reported damage. Studies with sampling and 
measurement of noise intensity would better draw the 
attention of decision-makers to the need to better regulate 
urbanization policy  
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