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Abstract

This study, conducted within the framework of development
projects in Cote d’Ivoire subject to an Environmental and Social
Impact Assessment (ESIA), evaluates the health risks identified
during the review of ESIA reports. The objective is to propose a
protocol to improve the assessment of health impacts.

Methods: This was a descriptive, retrospective, and cross-
sectional study. Data were collected using an observation grid.
The analysis focused on one hundred ESIA reports submitted
to the Ministry of Health, Public Hygiene, and Universal Health
Coverage between 2021 and 2023.

Results: These reports mainly concerned mining (50%),
infrastructure (19%), as well as the agri-food (12%), chemical
(9%), and hydrocarbon (10%) sectors. The pollutants identified
were fine particulate matter, emitted primarily by the mining
and chemical industries. However, no pollutants affecting soil
or water were mentioned, thus limiting a comprehensive as-
sessment of health risks. Surrounding populations, exposed
through inhalation, are the most affected. However, the re-
ports provide no data on vulnerable groups (children, women,
the elderly), which is a significant shortcoming.

Conclusion: The study proposes a protocol for assessing
health impacts and recommends more effective mitigation
measures. Reports adequately document air pollutants, such
as fine particulate matter from the chemical and mining indus-
tries. However, none of the reports mentioned specific pollut-
ants affecting water resources, soil, or subsoil, even though
these environmental matrices are essential for public and envi-
ronmental health. This lack of information on these pollutants
hinders accurate risk identification and complicates the imple-
mentation of preventive measures. Health impacts on workers
were reported (100%) in all types of projects studied.

Cite this article: N'guessan K, Attoh-Touré H, Audrey Marie Michelle A, Sidoine K, Sérigbalet A, et al. Development of
a protocol for assessing health impacts during the technical review of environmental and social impact assessment
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Introduction

Economic and industrial development, while essential to
the prosperity of nations, is often associated with adverse con-
sequences for the environment and health. To mitigate these
undesirable effects, at the United Nations Conference on Envi-
ronment and Development held in Rio de Janeiro in 1992, na-
tions were recommended to conduct an environmental impact
assessment before implementing any project whose activities
are likely to have significant adverse effects on the environment
[1,2]. Indeed, the Environmental and Social Impact Assessment
(ESIA) is a tool for protecting the human, natural, and economic
environment, and for supporting decision-making. Its effective
implementation could contribute to achieving sustainable de-
velopment. With this in mind, many countries have adopted
regulations requiring that investment projects, whether public
or private, undergo a prior environmental assessment before
implementation [3]. In Coéte d’lvoire, this concern for environ-
mental preservation and public health protection materialized
in the adoption of Law No. 96-766 of October 3, 1996, establish-
ing the Environmental Code, and Decree No. 96-894 of Novem-
ber 8, 1996, determining the rules and procedures applicable
to studies relating to the environmental impact of development
projects [4].

Thus, the Ivorian State, aware of the environmental and so-
cial challenges linked to development, has put in place struc-
tures and procedures aimed at ensuring the appropriate man-
agement of high-risk projects. Among these structures is the
National Environment Agency (ANDE), the one-stop shop for
environmental assessments, which plays a central role in the
implementation of environmental projects and programs. The
ESIA procedure comprises six stages, including the technical
review. At this stage, ANDE requests the ministries concerned
by the development project to examine the quality of the ESIA
report and assess the environmental and social viability of the
project. These sessions aim to identify the environmental and
social risks of a project and to provide feedback on the rele-
vance of the security measures proposed in the report. It is at
this stage of the ESIA process that the Ministry of Health inter-
venes.

According to the World Health Organization (WHO), the links
between health and the environment must be considered with-
in the framework of sustainable development. This underscores
the importance of going beyond the determinants of health
present in the physical environment and encompassing the
health consequences of the interaction between populations
and all the factors present in their physical and social environ-
ment.

However, this has so far only been taken into account to a
limited extent, mainly in relation to environmental and social
impact assessments [6]. This is the case for the ESIAs carried
out in Cote d’lvoire.

So, how can we guarantee an assessment of health impacts
during the technical review of ESIA reports in order to ensure
the protection of health?

Therefore, to ensure greater relevance in the technical re-
view of Environmental and Social Impact Assessment (ESIA)
reports and to address health concerns, this study aimed to as-
sess health risks based on these reports.

More specifically, the objectives were to:
- Categorize ESIA reports according to project type;

- Identify the environmental and social impacts described in
the ESIA reports;

- Describe the health risks associated with the projects;

- Propose a protocol for assessing the health impacts of the
ESIA reports

Methods
Justification for the choice of study area

The Directorate of Public Hygiene and Environmental Health
(DHPSE) is located in the Cocody district of Abidjan, Cote
d’lvoire. This département is under the supervision of the Min-
istry of Health, Public Hygiene, and Universal Health Coverage.
The DHPSE was chosen because of its involvement in the tech-
nical review of Environmental Impact Assessment (EIA) reports
organized by the National Environment Agency (ANDE) of the
Ministry responsible for the environment.

Materials
The study materials consisted primarily of:

An observation grid used to record all information concern-
ing the types of negative impacts, the affected populations, the
proposed mitigation measures, and the observed gaps.

Methods
Study population

The study population (N) consisted of 186 Environmental
Impact Assessment (EIA) reports submitted to the DHPSE for
technical review sessions at the ANDE between 2021 and 2023
and available at the DHPSE.

Study type

This was a cross-sectional, descriptive, prospective, and ret-
rospective study. It aimed to describe the current state of the
negative impacts mentioned in the EIA reports.

Sample Size
The total size (n) of our sample was 100 reports.

To determine this, we used the formula of Yamane Taro
(1967) [7].
N
"1+ N(a)?
Where,

n

n is the required sample size, expressed as the number of
reports;

N is the total number of reports submitted to the DHPSE be-
tween 2021 and 2023 ;

a is equal to (7%); this is the margin of error for a 93% con-
fidence interval.

n=186/(1+186 * (0.07)22) =97.31

n =97.31, which we rounded up to 100 reports.
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Sampling method

We used stratified sampling. First, we inventoried the EIA
reports available at the DHPSE that underwent technical re-
view from 2021 to 2023. This inventory yielded a total of one
hundred and eighty-six (186) EIA reports. Then, we separated
them into different strata based on the type of project. Five (5)

Table 1: Distribution of project types and their associated population.

project types, representing five (5) strata, were identified based
on Decree No. 96-894 of November 8, 1996, which establishes
the rules and procedures applicable to studies relating to the
environmental impact of development projects.

No 01 02 03 04 05 ‘
Total
Project Type (Stratum) | Chemical Industries Infrastructure Mining extraction Food processing industry Energy industry ‘
Population 16 36 94 22 18 186 ‘
Each project was assigned a number in ascending order.
We determined the proportion of each project type (stratum) in the total population using the following formula:
p i Estaffing levels of each stratum
roportion = -
p (stratum) Total Population
Table 2: Proportion of each project type in the total population proportion.
No 01 02 03 04 05
Total
Type of strate projet (Strate) Chemical industry Infrastructure Mining extraction Food processing industry Hydrocarbon
Population 16 36 94 22 18 186
Proportion 0,086 0,194 0,505 0,118 0,097 1
Number of projects 8,6 19,4 50,5 11,8 9,7
Number of projects(Rounded) 9 19 50 12 10 100

In addition, we determined the number of reports in each type of project that were part of the sample in proportions based on the following

formula:

Project number siratum) = Proportion(siratum) X Sample size

Table 3: Number of projects in each project type.

No 01 02 03 04 05
'(I';/::aet:fn:;rate projet Chimical industry | Infrastructure Mining Extraction Food processing industry Hydrocarbon fotal
Population 16 36 94 22 18 186
Proportion 0,086 0,194 0,505 0,118 0,097 1
Number of projects 8,6 19,4 50,5 11,8 9,7
Number of projects (Rounded) 9 19 50 12 10 100

We rounded the values obtained as non-integers to the near-
est whole number.

Then, we selected the desired number of reports for each
project type using simple random sampling with the RANDOM
function (Strat Size x RANDOM + Number) on our CASIO calcula-
tor.

The selected reports were then combined to form the final
sample of 100 reports.

Inclusion criteria

The inclusion criterion consisted of all EIA reports submitted
to the DHPSE, available and reviewed between January 2021
and December 2023.

Exclusion criteria

The exclusion criterion consisted of reports that had un-
dergone at least one second technical review session to avoid
counting them twice in our defined sample of 100 reports.

Study procedure

A pre-test was conducted on twenty (20) reports between
July 30 and August 2, 2024, to test and improve the data col-
lection grid. The study spanned four (4) months, from May 2™
to August 31%, 2024, and included data collection and, where
possible, data analysis.

Data collection : we obtained authorization from the DHPSE
before accessing the ESIA reports available between 2021 and
2023. The data was collected on site at the DHPSE from July
25 to August 8, 2024. We have compiled a list of all the ESIA
reports available for each type of project over the period con-
cerned. The reports were categorized by project type. The se-
lected reports were reviewed to collect the necessary data re-
lating to negative environmental, social and health impacts, and
mitigation measures.

- Data analysis : the data were analyzed using Epi Data and
Excel software.

Variables studied
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- Types of projects.

- Negative environmental, social and health impacts men-
tioned in the reports.

- Groups of exposed people

- Mitigation measures for negative impacts.
- Gaps in reporting on health impacts.
Ethical considerations

We sent a letter to the Direction of Public Hygiene and En-
vironmental Health (DHPSE) requesting permission to access
internal information. Once permission was granted, we strictly
adhered to the DHPSE’s guidelines regarding document dissem-
ination. The documents were consulted solely by me. All infor-
mation was analyzed internally and used only for the purposes
of this study.

Results
Characteristics of the projects reviewed
Type of projects reviewed between 2021 and 2023

60%
50%
50%

w s
o 9o
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19%

Percentage
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0
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industry
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Figure 1: Percentage distribution of projects examined from
2021 to 2023 (N=100).

The figure above shows a high concentration of projects in
the mining sector, which represents 50% of the projects fol-
lowed by infrastructure projects, 19%, for the agri-food, energy
industry and chemical industry sectors are significantly less rep-
resented, with 12%, 10% and 9% respectively.

Nature of projectsexamined from 2021to0 2023 by project type

Table 4: Percentage distribution of the nature of the projects
examined (N=100).

Project Type Project Nature Percentage (%)

Chemical Industries Chemical products 4
Latex processing 5
Infrastructure Road 8
Administrative building 8
Hotel building 3
Agri-food Oil mill 5
Cashew nut 3
Cocoa beans 3
Beverage (fruit juice) 1

Mining Extraction Gold extraction 38
Granite quarry 12
Energy Industry Gas station 6
Filling center 4

Total 100

Table IV presents the distribution of project types accord-
ing to the nature of the activity. Mining projects focus primarily
on gold extraction and granite quarries, while the chemical in-
dustry encompasses chemical production and latex processing.
Infrastructure projects are diversified, including road, adminis-
trative, and hotel projects. In the agri-food sector, projects are
centered on oil mills, cashew nuts, cocoa, and fruit juice bev-
erages. Finally, energy industry projects are divided between
service stations and filling centers. Gold mining projects are by
far the most prevalent, representing 38%, followed by granite
quarries at 12%. Other project types are less represented, each
accounting for between 1% and 8%.

Environmental and social impacts contained in EIA reports

Air pollutants mentioned in EIA reports
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Figure 2: Percentage distribution of air pollutants mentioned in
EIA reports by type of project examined (N=100).

The results show that mining projects emit the most fine par-
ticulate matter (40%) and dust (55%). The energy industry is re-
sponsible for 70% of gas emissions but does not emit lead. The
agri-food sector contributes little, with 10% of fine particulate
matter, 5% of dust, and 5% of lead particles.

Sources of Soil and Subsoil Pollutants Mentioned in Environ-
mental Impact Assessments (EIAs)

The sources of soil and subsoil pollutants show that waste-
water and solid waste are consistently mentioned in 100% of
chemical, infrastructure, agri-food, and energy industry proj-
ects. Plant protection products are particularly associated with
agri-food projects, with 83.33% of mentions.

Social impacts

The most frequently mentioned social impacts in the re-
viewed reports concern land loss and crop destruction, with
100% mention in mining projects and approximately 89% in in-
frastructure projects. Furthermore, negative impacts on work-
ers’ health are reported (100%) in all types of projects studied.

Health risks related to projects

The results show that the local population is the main group
exposed to pollutants, with high percentages in the following
project types: 100% in energy industry projects, 89% in the
chemical industry, and 80% in mining. No other vulnerable
groups (children, women, the elderly, immunocompromised
individuals) were identified as being exposed in the reviewed
reports.

Health Risks Related to Air Pollutants Mentioned in the Re-
ports
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Respiratory infections affect 100% of projects in all sectors
except mining (96%).

Heavy metal poisoning primarily affects the chemical indus-
try (55.56%).

Foodborne illnesses mainly affect the food processing sec-
tor (41.67%) and, to a lesser extent, infrastructure projects
(10.53%). Skin diseases are present in the chemical industry
(55.56%) and the energy industry (40%).

Measures to reduce air pollutant emissions

Installing particulate filters and reducing vehicle speeds are
the most frequently adopted measures in the chemical, food
processing, and energy industries (100% each). Watering roads
is common practice in the chemical industry (100%) and, to a
lesser extent, in infrastructure and mining.

Protocol for assessing health impacts

Measures to reduce water pollutants

Measures to reduce water pollutants vary by sector : waste-
water treatment before discharge is systematic in the chemical,
infrastructure, food processing, and energy industries (100%),
but less common in mining (78%).

The construction of retention basins is used exclusively in
mining (100%), while water quality monitoring is widely prac-
ticed in the chemical and food processing industries (100%) as
well as in the energy sector (90%).

Measures to reduce soil pollutants:

Solid waste management is a widely adopted measure across
all sectors, with 100% coverage except in mining (66%).

Remediation of contaminated sites is applied only in mining
(100%), while soil quality monitoring is predominantly prac-
ticed in the chemical and food processing industries (100%) as
well as in the energy sector (90%).

Protocol Steps Objective

Elements to Verify

Identification of
pollutants

Verify the mention of different
pollutants by project type

- Air: presence of fine particles, toxic gases (e.g. CO, NOx, SO2)?
- Water: presence of heavy metals (lead, mercury, etc.), nitrates ?
- Soil: chemical residues, specific solid waste?

Identification of
vulnerable groups

Confirm that at-risk groups are
properly identified

- Children: are specific risks mentioned ?
- Pregnant women: is particular attention given ?
- Elderly people: are they identified in the report?

Analysis of exposure | Ensure all exposure pathways are

pathways covered

- Inhalation: are airborne pollutants properly mentioned?
- Ingestion: are contaminants in water documented ?
- Skin contact: risks related to contact with soil and chemical products?

i Assess the quantity and hazard
Risk assessment
level of pollutants

- Quantification: are concentrations in air, water, and soil measured ?
- Standards: are the values compared against standards (WHO, national)?

Exposure zones and | Identify sensitive zones and assess

frequency exposure frequency

- Sensitive zones: presence of pollution in key locations (schools, hospitals, residences, etc.)?
- Frequency: is the continuity or intermittency of exposure specified for each vulnerable group?

Assess the measures proposed to

Mitigation measures
reduce pollutants

- Air: are solutions (filters, source reduction) in place?
- Water and soil: are there retention basins, filters, or other solutions to limit contamination?

Recommendations | Confirm recommendations and

and follow-up

zones ?
health monitoring

- Health recommendations: are protective measures planned for vulnerable groups and sensitive

- Ongoing monitoring: is there a plan to adjust measures if pollution persists or increases?

Discussion

The study’s results reveal a predominance of mining projects
in Environmental Impact Assessment (EIA) reports, represent-
ing 50% of all projects, of which 38% are related to gold mining
and 12% to granite quarries. These figures illustrate the strategic
importance of the mining sector for Cote d’lvoire, considered a
key driver of economic growth [8]. Indeed, strong demand for
minerals such as gold and granite has led to an increase in the
number of mining projects, with 94.91% of exploration permits
issued for gold at the end of 2020 [9]. This dynamism is accentu-
ated by Cote d’lvoire’s desire to maximize its geological poten-
tial to support its economy [10]. However, this concentration of
mining activities poses major environmental and health chal-
lenges, particularly in terms of natural resource degradation
and risks to public health.

Furthermore, one of the main shortcomings identified in the
EIA reports is the lack of specific mention of pollutants affecting
water resources, soil, and subsoil, even though these environ-
mental matrices are essential for public health. Pollutants such
as heavy metals, nitrates, and pesticides, widely documented
for their adverse effects on human health [11], are not suffi-
ciently taken into account. This omission would hinder the iden-
tification of health risks and prevent the implementation of ap-

propriate preventive measures. In contrast, air pollutants are
better documented in the reports reviewed, particularly fine
particulate matter from the chemical and mining industries.
These particles, known for their toxic effects, are reminiscent
of historical events such as the “Great London Smog” of 1952,
which revealed the dangers of fine particulate matter to public
health [12]. Furthermore, the reports show that local popula-
tions are the most exposed to pollutants during the operational
phase of projects (100% of the reports examined), but other
vulnerable groups, such as children, pregnant women, and the
elderly, are not mentioned in the reports. Yet, these groups are
particularly sensitive to environmental risks [13]. Their absence
from the EIA reports is a deficiency, compromising the assess-
ment of specific risks for these vulnerable populations.

Moreover, the pathways of exposure to pollutants are also
underestimated. The reports focus primarily on inhalation as
the exposure pathway (100% of cases), while ingestion is only
mentioned in agri-food projects. According to Chevalier et al.
[14], other sectors may also be affected by the ingestion of pol-
lutants, particularly through the consumption of contaminated
food or the ingestion of soil, which is especially dangerous for
children. This omission reveals a partial assessment of health
risks, particularly in sectors other than food and agriculture.
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Furthermore, although heavy metal poisoning is mentioned
in 55.56% of reports related to the chemical industry, it is not
sufficiently documented in other sectors, despite the fact that
heavy metal pollution poses a major threat in mining and in-
dustrial areas [15]. These pollutants can accumulate in human
organs and lead to serious chronic effects. This underscores the
need to integrate a better assessment of these pollutants into
all sectors of activity.

Mitigation measures, such as the installation of particulate
filters and reduced vehicle speeds, are well adopted in some
sectors (chemical, food and agriculture, and energy industries),
but remain insufficient in others, such as the infrastructure sec-
tor. Moreover, the need for ongoing monitoring of mitigation
measures is rarely mentioned, which compromises.

Finally, the shortcomings identified in EIA reports regarding
health risk management underscore the importance of devel-
oping an assessment protocol. This protocol would allow for
better consideration of the specific characteristics of each type
of project, precise identification of the risks associated with
pollutants, and the implementation of sustainable mitigation
measures. By integrating vulnerable groups, different exposure
pathways, and continuous monitoring of the measures, this
protocol would help prevent potential public health problems.

Finally, the shortcomings identified in EIA reports regarding
health risk management underscore the importance of devel-
oping an assessment protocol. This protocol would allow for
better consideration of the specific characteristics of each type
of project, precise identification of the risks associated with
pollutants, and the implementation of sustainable mitigation
measures. By integrating vulnerable groups, different exposure
pathways, and continuous monitoring of the measures, this
protocol would help prevent potential public health problems.

Author declarations
Conflicts of interest

The authors declare no conflicts of interest.

10.

11.

12.

13.

14.

15.

References

Organisation des Nations Unies. Déclaration de Rio sur
I’environnement et le développement : principes de gestion des
foréts. 2026.

Nations U. Action 21 : déclaration de Rio sur I'environnement et le
développement. New York: Nations Unies; 1993: 283.

Gagnon C. L'évaluation des impacts sociaux : vers un développe-
ment viable?. 2026: 200.

Pour vos droits. Le code de I'environnement (abrogé). 1996.

Institut de la Francophonie pour le Développement Durable. Prise
en compte des enjeux de santé dans |'évaluation environnemen-
tale et sociale. Québec-Canada : Institut de la Francophonie
pour le Développement Durable. 2021.

OMS. Evaluation de I'impact sur la santé : principaux concepts et
approche suggérée. Document de consensus de Géteborg. Brux-
elles. 1999: 11.

Joseph. Yamane formula : sample size formula, examples & uses.
SPSSAnalysisHelp.com. 2026.

Soro DM, N’Goran KP. Boom minier en Cote d’lvoire : entre
croissance économique et désillusions sociales dans les zones
d’exploitations miniéres. Sciences Humaines. 2022; 16.

Ministere des Mines et de la Géologie de la République de Cote
d’lvoire. Statistiques et données minieres : actualisation des
données chiffrées des secteurs des mines, des hydrocarbures et
de I'énergie. 2019.

Soro DM, N’Goran KP. Boom minier en Cote d’lvoire : entre
croissance économique et désillusions sociales dans les zones
d’exploitations miniéres. Sciences Humaines. 2021; 16: 261-280.

Grosclaude G, Riou C. Eau : usages et polluants. France : Editions
INRA; 1999: 210.

Garziandia L. Les impacts de la pollution de I'air. Cairn.info. 2008.

Priiss-Ustiin A, Corvaldn C, World Health Organization. Prévenir la
maladie grace a un environnement sain. 2006 : 11.

Chevallier P, Cordier S, Dab W, Guerin M, Gosselin P, Quenel P. En-
vironnement et santé publique: fondements et pratiques. 2025.

Hafdallah B. Etude de la toxicité des métaux lourds sur les étres
vivants [mémoire]. Algérie. 2022.

Annals of Epidemiology and Public Health



