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Abstract:

Air pollution in the district of Abidjan has become an increasingly serious problem. This
study was carried out in the Boribana district (Attécoubé lagoon) of the Attécoubé commune
using a continuous air quality analyzer located at the naval training center of Attécoubé.
Overall, the results showed that particulate matter (PM,; and PM;,) and gas (SO, and NO,)
concentrations exceeded the World Health Organization (WHO) thresholds during the study
period (April to December 2021), except for CO. Legal air quality limits were frequently
breached during the study period. The daily SO, limit (125 pg/m?) was exceeded 200 times, far
surpassing the three annual exceedances permitted by the Céte d’Ivoire Air Quality Decree.
Similarly, PM1o concentrations surpassed the daily limit (50 pg/m3) 107 times, well over the 35
instances allowed per year. Daily concentrations of PM,; were generally above the WHOQO’s
threshold (15 pg/m?) throughout the study period. These exceedances may represent a real
health concern for the citizens living around of Attécoubé lagoon.
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1 Introduction

Like  developed and  developing
countries, Cote d'Ivoire faces a high level of
anthropogenic activities, which are the
main cause of air pollution [1]. In the city
of Abidjan, three primary sources of air
pollution are identified: transportation,
industrial processes, and domestic sources
(such as solid waste burning and domestic
fires) [1]. Due to the negative impacts of air
pollution on the environment and human
health, Decree No. 2017-125 of February
22nd, 2017, on Air Quality was created and
adopted in Coéte d'Ivoire to regulate
emissions of atmospheric pollutants [2].
This decree establishes standards for
ambient air quality and vehicle and
motorcycle emissions, aiming to protect
human health and the environment from
the adverse effects of air pollution.

Despite the adoption of this decree and the
implementation of a strategy to improve air
quality in Abidjan, air pollution continues
to pose a serious health and environmental
threat in the city. Recently, as part of the
European  program  Dynamics-Aerosol-
Chemistry-Cloud Interactions in West
Africa (DACCIWA), studies on gaseous
and particulate pollution in Abidjan (Cote
d'Ivoire) and Cotonou (Benin) were
conducted by (3] and [4] at three permanent
sites representing the main sources of
pollution in West Africa: domestic fires,
road traffic, and waste incineration. These
studies used passive sensors over a two-
week exposure period before being replaced,
frozen, and analyzed in the laboratory.
Although [3] study covers the district of
Abidjan, the data recorded was not
continuous throughout the entire study

period. Additionally, the data was
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manipulated by the wuser during the
campaign before analysis, which could lead
to discrepancies in the results. In this
context, this study aims to address the
issues of data continuity and examine air
pollution in specific sites such as Attécoubé,
one of the most underserved neighborhoods
in Abidjan [5]. The study presents the
results of a long-term, continuous air
quality monitoring program conducted in
the Attécoubé commune (Abidjan) from
April to December 2021 using a continuous
air quality analyzer called 'Cairnet'. The
goal is to provide an overview of the air
quality around the Attécoubé lagoon
(Boribana) by measuring concentrations of
PM,;5, PMyo, CO, SO, and NO,. The paper
is organized as follows: Section 2 describes
the materials and methods, including the
study area (the commune of Attécoubé),
the data, the Cairnet instrument, and the
methodology. Section 3 presents the results
and discussion, followed by the conclusion

in Section 4.

2 Material and methods

2.1 Study area

Attécoubé is one of the ten communes
of Abidjan, the economic capital of Cdte
d'Ivoire [1]. It is bordered to the north by
the commune of Abobo, to the south by the
communes of Plateau and Treichville, to
the east by the communes of Adjamé and
Plateau, and to the west by the commune
of Yopougon (Fig. 1). In general, the
average annual precipitation in the Abidjan
district is about 2000 mm, with a
transitional equatorial climate divided into

four seasons in the annual cycle: the great
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dry season from December to April, the
great rainy season from May to July, the
little dry season from July to September,
and the little rainy season from October to
November [6]. The northern center of the
Attécoubé commune has an average
temperature that is between 22.5 and 25
°C, while the southwestern part is
characterized by an average temperature
ranges between 21.5 and 22.5 °C [6].

To pilot its air quality monitoring
program, the Ivorian Antipollution Centre
(CIAPOL) has installed two mobile mini-
stations at the naval base school in
Attécoubé to measure air pollutants.

This commune is characterized by

various human activities (Fig. 2), including

the smoking of foodstuffs (fish, meat), an
activity that essentially uses firewood as
fuel (Fig. 2A), generally from rubber trees.
Smoking is a continuous activity performed
every day, with peaks observed in the early
hours (6 am), after which the smoked
products are immediately sold in the
market. There is also a heavy traffic of
vehicles composed of personal and common
transportation (buses, taxis, coaches,
lorries, etc.). These vehicles are generally
old and use diesel and gasoline as fuel (Fig.
2B).
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Fig. 1. Map showing the location of the study area (Attécoubé). A- Céte d’Ivoire; B- Abidjan

district, C- surrounding area.
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Lagoon traffic is operated by
traditional boats, commonly known as
pinasses. These boats use diesel as fuel.
Traffic on the lagoon occurs daily between
6:30 am and 7:30 pm, with peak times from
6 to 10 a.m. and 4 to 7 p.m. (Fig. 2C). The
commune of Attécoubé also experiences
eutrophication caused by the Bay of Banco,
which is mainly made up of sewage and
fecal matter (Fig. 2D).

2.2 Description of the Cairnet

station
The equipment used in this study to

measure concentrations of air pollutants is
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an air quality monitoring device called
Cairnet (Fig. 3). This is a stand-alone
network capable of measuring the
concentration of several pollutants, such as
NO,, CO, SO,, PM;, PM,;. The Cairnet
consists of one or more Cairsens (or sensors)
and a 2G/3G communication system that
transmits measurements from each sensor to
the Caircloud in real time. The sensors are
electrochemical and can store data for 20
days for 1 minute, 303 days for 15 minutes
of data, or 1212 days for 60 minutes of data
[7]. The measurements are stored in the
CairCloud database, from which, among

other things, the measurements of each

sensor can be viewed and analyzed (Fig. 4).

Fig. 2. Different sources of pollution related to human activities in the commune of Attécoubé;

A: fish smoking; B: road traffic; C: inland navi gation; D: pollution of the lagoon.
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Fig. 4. Data transfer to the Cloud [8].

Page 29 of 38



H.L.S. Yapo et al. / RAMReS Sciences des Structures et de la Matiére

2.3 Data collection

An air sample enters through the
Cairnet ports under the enclosure, where
the sensors analyse it before exiting via
each  sensor's sample outlet. The
concentrations of PM,;, PMy,, NO,, CO
and SO, measured by the sensors are
transferred to the File Transfer Protocol
(FTP) server (CairCloud) via the mini-
USB ports (Fig. 4). CairCloud displays the
different pollutant concentrations and is
accessed online. The concentrations of the
different pollutants are visualized according
to the selected period (1 min, 5 min, quarter
hour, 1 hour, daily) and can be downloaded
in different formats (XLS, PDF, JPEG).
The concentration data for the different
pollutants are then compared with the
thresholds defined by the National Air
Quality Decree and the World Health
Organization (WHO) thresholds (see Table
1).

Table 1
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3 Results and discussion

Data from the Cairnet station at
Attécoubé Naval Training Centre revealed
significant variation in the concentrations
of key pollutants (NO,, SO,, CO, PMjiy,
and PM;s) between April and December
2021. Figs. 5 to 9 show the average daily
variation of concentrations of atmospheric

pollutants at Attécoubé during this period.

3.1 Daily wvariability in
nitrogen  dioxide (NO.)
concentrations

Fig. 5 shows the daily variations in NO,
concentrations at the Attécoubé lagoon
site. They are ranged from 11.28 to 39.50
ng/m? throughout the study period, with
peaks occurring in June, July, October,
November, and December of 2021,
exceeding the WHO threshold (25 pg/m?).

The thresholds for the various pollutants set out in the Decree on Air Quality for Cote d’'Ivoire

and the WHO [2, 9].

Pollutants concentrations Mean time WHO
(ng/m?) Céte d’Ivoire Air thresholds
Quality thresholds

PM,; Annual 25 5

24 hours - 15
PM,, Annual 40 15

24 hours 50 45
NO, Annual 40 10

24 hours - 25
SO, 24 hours 125 40
CO (mg/m?) 24 hours 10000 (pg/m?) (8 hours) 4
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Fig. 5. Daily variations in NO, concentrations (ng/m?®) in ambient air at the Attécoubé lagoon,
from April to December 2021 (the horizontal red line indicates the WHO threshold).

Concentrations of NO, are mainly due to
road traffic. Our study site is located near
the Boulevard de la Paiz, which is heavily
trafficked during the morning and evening
rush hours (Fig. 2B). These exceedances of
the WHO thresholds expose the population
living in the Attécoubé lagoon to serious
health risks such as acute respiratory
diseases, asthma attacks, and lung diseases.
According to [10],

with heavy road traffic are likely to be more

people living in areas

affected by NO, pollution than those living

near industrial activities.

3.2 Daily variations in carbon

monoxide (CO) concentra-

tions

Daily CO concentration levels range
from 87 to 1217 pg/m® from April to
December 2021. The CO concentrations

show a seasonal variability during the

study period. This wvariability indicates
maxima of around 800 pg/m? from May to
June, and approximately 900 pg/m® from
October to mid-December 2021, coinciding
with the rainy season in Abidjan. On the
other hand, lower CO concentrations occur
mainly during the period from August to
September 2021. This result indicates that
wet conditions favor an increasing trend in
CO concentrations. It has been noticed that
the average daily CO concentrations are all
below the WHO threshold (4 mg/m?),
which is around 4000 pg/m? (Fig. 6). This
suggests that people are not being exposed
to CO. Most people do not feel anything
abnormal at low levels of pollution [11].
However, even at these modest levels of
health

deteriorate, either because their bodies are

pollution, some people's can
fragile or because they are exposed to other

risk factors that make them vulnerable:
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children, asthmatics, the elderly, people

suffering from cardiovascular disease [12].

3.3 Daily sulfur dioxide (SO.)

concentration variation

Fig. 7 shows the average daily
variations in SO, concentrations from April
to December 2021. SO, concentration
values range from 28 to 641 pg/m? over the
study period, with a single peak of about
924 pg/m?* occurring on April 24, 2021.
However, significant concentrations
(around 400 pg/m?) are observed from May

to June, while a decreasing trend is

Vol. 9, N° 1 (2025) 25-38

observed from July to October, around 35
jng/m’.

From April to December 2021, SO,
concentrations consistently exceeded the
WHO threshold of 40 pg/m?3, with the
exception of a single day (August 16, 2021).
As a result, the Air Quality Decree
threshold (125 pg/m?), which should not to
be exceeded for more than three
consecutive days, was exceeded more than
two hundred times during the study period.
This means that people living in the
Attécoubé commune are exposed to a high
risk of respiratory diseases such as

bronchitis, asthma attacks, etc.

Daily mean concentrations of CO

1400

1200

Concentrations (ug/m?)

: MMMMMMM\M w

Time (day)

Fig. 6. Daily variations in CO concentrations (pg/m®) in ambient air at the Attécoubé lagoon,

from April to December 2021.

Page 32 of 38



H.L.S. Yapo et al. / RAMReS Sciences des Structures et de la Matiére

Vol. 9, N° 1 (2025) 25-38

Daily mean concentrations of SO, (pg/m?3)

1000

900

800

700

600

500

400

300

Concentrations (ug/m?)

200

100

n\’

\Q,Q 4
\Q%

5

Time (day)

Fig. 7. Daily variations in SO, concentrations (jg/m?) in ambient air at the Attécoubé lagoon,

from April to December 2021 (the horizontal red and yellow lines indicating WHO and National

Air Quality thresholds, respectively).

3.4 Daily wvariations in
particulate = matter PM;
concentration

Fig. 8 shows the average daily PMy,
concentrations from April to December
2021. Significant concentrations of PM;, are
recorded from April to October 2021, with
values between 20 and 86 pg/m®. Peaks in
PMy the

consecutive months of May, June, August,

concentrations occur in
September, and December, with values
around 80 pg/m®. During the study period,
PM,, concentrations exceeded the WHO’s
defined threshold (45 pg/m?). In addition,
the threshold of the Air Quality Decree (50
pg/m?*), which should not be exceeded more

than thirty-five times per calendar year,

was also exceeded one hundred and seven
times during the study period (Fig. 8).

These threshold exceedances can likely be
attributed to major emission sources in the

study area, such as heavy road traffic,

wood-fired cooking, and open waste
burning.
3.5 Variation in daily

concentrations of particulate
matter PMa;

Fig. 9 illustrates the daily variations in
PM2.5
September 2021 at the Attécoubé lagoon.
PM2.5 shows a double peak in June, around
39.07 and 50.62 pg/m3 on the 15th and
24th, respectively. A single peak of 46.17 ng

concentrations from April to

/m3 is also recorded on October 9. Notably,
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PM,; levels increase from April to July and
again from November to December, while
exhibiting a decrease from August to
September. These concentrations are
strongly linked to seasonal rainfall,
consistent with Abidjan’s climate pattern:
a long rainy season from April to July, a
short dry season in August-September, and
a brief rainy season from October to
November. Throughout the study period,
PMa,; levels remain mostly above the WHO
threshold of 15 pg/m?* (Fig. 9), exposing
Attécoubé’s residents to a significant risk of
PM,s-related health issues.

Air quality measurements at the Attécoubé
lagoon revealed high and variable
concentrations of SOy, NO,, CO, PM;, and
PM,; during the period from April to
December 2021. The variations in these
concentrations can be explained by the
different anthropogenic activities carried
out during this period. Road and lagoon
traffic ~was significantly heavier on
weekdays, particularly early in the week, in
sharp contrast to weekends and public
holidays. This low traffic activity on non-
working  days  has  reduced  the
concentrations of some air pollutants, as
shown by [13] with car-free days. According
to [13], car-free days are events that
succeeded in reducing the concentration of
some air pollutants but had little or
negative effects on the concentration of
others.

In general, the concentrations of particulate
pollutants (PM;, and PM,;) and gaseous
pollutants (SO, and NO,) exceeded the

Vol. 9, N° 1 (2025) 25-38

WHO'’s daily threshold during the study
period, except for CO. The average NO,
concentrations in this study (11.28 pg/m?
to 39.50 pg/m?®) were relatively lower than
those found by [14] in Rio de Janeiro
(Brazil), where concentrations ranged from
20 to 80 pg/m?.

In this study, the mean concentrations of
PM,, and PM,; were 61.1 pg/m? and 58.3
ng/m?,  respectively. These values are
comparable to those reported by [15] at
road traffic sites in Abuja, Nigeria, where
daily mean concentrations ranged from 5.30
to 70.20 pg/m3.

The Attécoubé lagoon area is located near
a lagoon bay, commonly known as “Baie du
Banco” and the main road (Boulevard de la
Pair) linking the large commune of
Yopougon and the administrative city of
Plateau. Due to its geographical location,
the Attécoubé lagoon is exposed to all types
of pollution, particularly those related to
road traffic. Some authors [16-18] have
pointed out that vehicle emissions have
become the main source of atmospheric
pollutants, including carbon monoxide
(CO), sulfur dioxide (SO,), nitrogen dioxide
(NO,), carbon dioxide (CO,), volatile
organic compounds (VOCs), hydrocarbons,
nitrogen oxides (NOx), exhaust gases, and
particulate matter (PM).

The high concentrations of SO, observed
(above WHO and Decree N°2017-125 of
February 22nd, 2017 thresholds) during the
study period could be caused by the high
sulfur content (1500 to 2000 ppm) of the

fuel used in Céte d'Ivoire [19].
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Fig. 8. Daily variations in PMy, concentrations (pg/m?) in ambient air at the Attécoubé lagoon,
from April to December 2021 (the horizontal red and yellow lines indicate WHO and national
air quality thresholds, respectively).
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Fig. 9. Daily variations in PM,; concentrations (jg/m?) in ambient air at the Attécoubé lagoon,
from April to December 2021 (the horizontal red line indicates the WHO threshold).
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The high levels of particulate matter
(PM10 and PM2.5) are caused by domestic
fires used for cooking and smoking fish or
meat for sale, as well as by industrial
activities such as cement factories and sand
quarries near the Attécoubé lagoon area.
Additionally, the average PM10
concentrations (49.51 pg/m3) recorded
during the study are similar in magnitude
to those observed by [20] in Sao Paulo
(Brazil), where the average PM10 level is
55 pg/m3. It is important to highlight that
continuous exposure to pollutants from
human activities increases the risk of
respiratory diseases, such as asthma
attacks, chronic obstructive pulmonary
disease (COPD), and others [20].

In Coéte d'Ivoire, fish is smoked using highly
polluting rubber wood, exposing women
involved in this activity (and their babies)
to  potential  respiratory  problems,
particularly with PMa;.

During the period for which air quality data
were measured in Attécoubé, carbon
monoxide (CO) concentrations remained
below the WHO daily threshold value for
the year 2021. Furthermore, the high levels
of CO, SO, and NO, concentrations
observed in December could be attributed
to preparations for the festive season, which
led to heavy traffic and congestion during
the day.

4 Conclusion

In this study, an assessment of air
quality in the commune of Attécoubé was
carried out using an air quality monitoring
station called Cairnet. This station was
used to measure concentrations of air
pollutants, including SO,, CO, NO,, PMyj,
and PMss. The air quality in the Boribana

Vol. 9, N° 1 (2025) 25-38

area of the Attécoubé commune was
assessed. This assessment revealed the true
extent of the population's exposure to these
pollutants. The results showed that the
daily concentrations of SO,, NO,, PM;, and
PM,; exceeded the thresholds set by the
National Air Quality Decree and the World
Health Organization, except for CO. The
daily threshold for SO, (125 pg/m?), set by
the National Air Quality Decree not to be
exceeded more than three times per
calendar year, was exceeded more than two
hundred times during the study period
(about 8 months). The daily limit value for
the protection of human health for PM;, (50
ng/m?*) not to be exceeded more than
thirty-five times per calendar year was
exceeded one hundred and seven times
during  the study  period. Daily
concentrations of PM,; were generally
above the WHO threshold (15 pg/m?)
throughout the study period. As a follow-
up to this study, we plan to extend the air
quality assessment to all major cities in
Céte d'Ivoire by setting up a national air
quality observation network (RNO-air).
The data from this network will serve as an
advocacy tool for informed decisions to
limit air pollution sources, promoting the

well-being of the Céte d’Ivoire population.

Acknowledgements

The authors sincerely thank Mr. Boni
Géraud, Head of the Department for the
Assessment of the Quality of Receiving
Environments (air, soil, and water), and Mr.
Agnissan Ghislain, Technician at the LCE,
for their valuable technical expertise.
They also gratefully acknowledge the
support of the Jeune Equipe Associée d

I'IRD — Physico -chimie Atmosphérique et

Page 36 of 38



H.L.S. Yapo et al. / RAMReS Sciences des Structures et de la Matiére

Impacts (JEAI-PATI) and the Institut de
Recherche pour le Développement (IRD),

whose

financial assistance greatly

contributed to the publication of this work.
JEAI-PATI is funded by IRD for 2023-2025.

References

1]

Organisation des Nations Unies pour
(ONU  Environne-
2019-2024 de la
gestion de la qualité de l'air dans le
district autonome d’Abidjan (2018).

I’Environnement
ment), Stratégie

République de Céte d’Ivoire, Décret n°
2017-125 du 22 février 2017 relatif a la
qualité de Pair (2017).

Julien Bahino, Véronique Yoboué,
Corinne Galy-Lacaux, Marcellin Adon,
Aristide Akpo et al., A pilot study of
gaseous pollutants’ measurement (NOs,
SO,, NH;, HNO; and Os) in Abidjan,
Cote
overview of gaseous pollution in African
cities, Atmospheric Chem. Phys. 18(7)
(2018) 5173-5198.

doi: 10.5194 /acp-18-5173-2018

d’Ivoire:  contribution to an

J. Djossou, Jean-Frangois Léon,
Aristide  Akpo, Cathy  Liousse,
Véronique Yoboué et al, Mass

concentration, optical depth and carbon
composition of particulate matter in the
major southern West African cities of
Cotonou (Benin) and Abidjan (Céte
d’Ivoire), Atmospheric Chem. Phys.
18(9) (2018) 6275-6291.

doi: 10.5194 /acp-18-6275-2018

Programme des Nations Unies pour le
(PNUD), Diagnostics
et plans d’amélioration des quartiers

Développement

précaires des 13 communes du District
d’Abidjan, vol. 1 (2014).

[6]

Vol. 9, N° 1 (2025) 25-38

L. Konaté, B.H. Kouadio, B.K. Dje,
G.E. Aké, VH. N. Bi et
al., Caractérisation des pluies journa-
lieres intenses el récurrences des
inondations : apport des totauz glissants
trois (3) jours d la détermination d’une
quantité seuil d’inondation (District
d’Abidjan au Sud Est de la Cote
d’Ivoire), Journal  of
Innovation and Applied Studies 17(3)

(2016) 990-1003.

International

https://www.envea.global /design/pdf/
ENVEA_ Cairsens Specification-
sheet_ EN.pdf (Accessed on January 2,
2025).

ENVEA, Guide d’utilisateur général
CAIRNET V2 2G/3G,
P092D.ABD.CAIRNETV?2 2G -
3G__GuideUtilisateur.231118-Fr,  Bd
Robespierre-CS 80004 -78304, Poissy
Cedex 4- France (2018).

World Health Organization, Global air
quality guidelines: particulate matter
(PM2.5 and PM10), ozone, nitrogen

dioxide, sulfur dioxide and carbon
monoxide. Executive summary,
Geneva, Switzerland (2021).

ISBN: 9789240034433 2021.

[10] El Ghazi, I. Berni, A. Menouni, M.

Amane, M.P.
Jaafari, Ftude
Uexposition a la pollution atmosphé-

Kestemont, S. El
de la relation entre
rique lie au trafic routier et l'incidence
des pathologies respiratoires au niveau
de la ville de Meknés, Maroc, Interna-
tional Journal of Inovation and Applied
Studies 31(2) (2020) 428-443.

[11] K.R. N’Goran, Application de I'éva-

luation environnementale stratégique
dans un contexte conflictuel en Cote-
d’Ivoire. Rapport d’Essai présenté au
Centre Universitair e de Formation en

Page 37 of 38



H.L.S. Yapo et al. / RAMReS Sciences des Structures et de la Matiére

Environnement en vue de 'obtention
du grade de maitre en environnement
(M. Env.) a I'Université de Sherbrooke,
Québec, Canada (2010).

[12]1. Simon, D. Charpin, Fluctuations des
taur de polluants  atmosphérique,
symptomes  respiratoires en popula-

tion générale, Rev. Mal. Respir. 6 (27)

(2010) 625-638.

doi: doi:10.1016/j.rmr.2010.04.007

[13] A. Glazener, J. Wylie, W. Van Waas,
H. Khreis, The Impacts of Car-Free
Days and FEvents on the Environment
and Human Health, Curr. Environ.
Health Rep. 9(2) (2022) 165-182.
doi: 10.1007/s40572-022-00342-y

[14] G. Dantas, B. Siciliano, B. Franca,
C.M. Da Silva, G. Arbilla, The impact
of COVID-19 partial lockdown on the
air quality of the city of Rio Janeiro,
Brazil, Science of Total Environment

729 (2020) 139085.
https://doi.org/10.1016/j.scitotenv.2020.139085

[15] N.M. Wambebe, X. Duan, Air Quality
Levels and Health Risk Assessment of
Particulate Matters in Abuja Municipal
Area, Nigeria, Atmosphere 11(17)
(2020) 817.
doi: 10.3390/atmos11080817

Vol. 9, N° 1 (2025) 25-38

[16]N. Brusselaers, C. Macharis, K.
Mommens, The health impact of freight
transport-related air pollution on vulne-

rable population groups, Environment

Pollution 329 (2023) 121555.
https://doi.org/10.1016/j.envpol.2023.121555

[17)R.N. Colvile, E.J. Hutchinson, J.S.
Mindell, R.F. Warren, The transport
sector as a source of air pollution,
Atmos.  Environ.  35(9)  (2001)
1537-1565.
doi: 10.1016/S1352-2310(00)00551-3

[18] D. Mehlig, H. Woodward, T. Oxley, M.
Holland, H. ApSimon, Electrification of
Road Transport and the Impacts on Air
Quality and Health in the UK,
Atmosphere 12(11) (2021) 1491.
doi: 10.3390/atmos12111491

[19] Public Eye, Dirty Diesel : Les
négociants Suisses inondent 1’Afrique
de carburants toxiques, LE
MAGAZINE, numéro spécial N°1
(2016).

[20] C.B.P.D. Silva, P.H.N. Saldiva, L.F.
Amato-Lourenco, F. Rodrigues-Silva,
S. G. E. K. Miraglia, Evaluation of the
air quality benefits of the subway system
in Sao Paulo, Brazil, J. Environ.
Manage. 101 (2012) 191-196.
doi: 10.1016/j.jenvman.2012.02.009

Page 38 of 38



