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Abstract

For several decades, human activities generate significant amounts of pollutants in the atmosphere of the major African
metropolises. Among these pollutants, the emission of fine particulate matter (PM2s) threatens the health of populations. However,
few data are available on personal exposure and its health consequences. This review of the literature aims to summarize the
published works on air pollution related to fine particulates in African urban area. A selection of 32 articles was made on Pubmed,
Google Scholar and Science Direct. Rates ranging from 100 to 1161 pg/m®/24h were recorded in Nairobi, Accra and Dar-es-
Salam. One of the sources of fine particulates emission most often quoted by the authors is the intensity of urban traffic. The
poorest households in urban areas using mainly biomass for fuel were particularly exposed. The health consequences described in
urban areas were Acute Respiratory Infections, low birth weight and respiratory manifestations suggestive of asthma. Urgent

measures based on more thorough research works must be taken.
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1. Introduction

For several decades, human activities generate significant
amounts of pollutants in the atmosphere of major African
metropolises M. Among these pollutants, the emission of
particulate matter (PM), especially the finest, threatens the
health of populations & 2, Indeed, faced with the accelerated
development of African metropolises, there is an increase in
so-called environmental diseases [l Yet, little data are
available on personal exposure to fine particulates, the factors
that influence it, and the health consequences in African urban
area. Most of the published surveys concern only indoor air
pollution related to the use of biofuel in rural areas, which is a
source of acute respiratory infections in children &1,

Local pollution, which is omnipresent in the African
metropolises, is mainly linked to the inadequacy of urban
development, bringing potentially polluting sites (industries,
main roads) closer to homes, schools and shops M. The
association between the presence of this type of local pollution
sites and the appearance of so-called environmental diseases
could be linked to a high level of exposure of urban
populations to the finest particles. This exposure, even in the
short term, represents a potential hazard and varies depending
on the microenvironments in which one travels, the modes of
transportation used and daily activities ©°. The children under
5 years of age and carriers of chronic respiratory or
cardiovascular diseases, who are more wvulnerable, are at
greatest risk 111, The insufficiency of convincing data on
personal exposure compromises the implementation of
appropriate and effective strategies for these populations.

This review of the literature aims to summarize the published
works on air pollution related to fine particulates in African
urban area.

2. Methodology

2.2 Search for articles

The bibliographical search was conducted on Pubmed, Google
Scholar and Science Direct. The search syntaxes were
formulated from different combinations of the following
keywords: air pollution- fine particulates- exposure- Africa-
developing countries. The review was supplemented by
articles and books that were not available on the databases
consulted, but whose references were included in the articles
identified. We also searched the grey literature using the
Google search engine to view other relevant documents.

Inclusion criteria

Articles concerning the pollution by fine particulate matter (of
diameter lower than 2.5 micrometers or PMas) in African
urban area published in French and English were included
regardless of the year of publication.

Exclusion criteria

Were excluded articles concerning only the PMso, focusing on
countries outside Africa, to rural areas only, and articles
containing little relevant informations.

2.2 Selection of articles
On the 307 articles identified, 230 were eliminated by the
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study of titles. A second sorting by reading of the abstracts
allowed to eliminate 29 articles. At the end of this selection,
48 articles with full texts were selected. Among them, 16 were
not selected based to exclusion criteria.

PubMed/Google scholar/Science Direct:
307 articles
1 230 articles remowved on

title

77 articles

29 articles removed on
aostract

‘L

48 articles

16 articles removed
based on exclusion

criteria

32 articles

Fig 1: Articles Selection Strategy (Flow chart)

3. Results

The 32 scientific articles selected covered the period 2010-
2017 (62.5%), 2000-2009 (34.3%) and mostly concerned
English-speaking countries (75%), such as Ghana, Nigeria,
Tanzania and the South Africa. These were essentially
descriptive cross-sectional and / or analytical studies (87.5%).
About 43.7% were limited to measuring fine particulates in an
open or closed environment, 18.7% measured personal
exposure, 28.1% sought associations between this exposure
and the occurrence of diseases and finally 9.4% examined the
chemical composition of particulate matter. Indoor air
pollution accounted for 40.6% of the surveys. The clinical
research focused on the Acute Respiratory Infections (44.4%),
The tuberculosis (11.1%), the mortality (11.1%), and the
respiratory Symptoms suggestive of asthma (33.3%) in
children and incidentally in mothers.

Rate of fine particulates (PMzs) in suspension [12-13-14-
15-16-17-18-19-20]

As early as 1974, rates of PM 5 reaching 260 pg/m3/24h were
recorded in Yaoundé, Cameroon 2 in an open environment.
Rates of up to 431 pg/m3/24h were recorded at Nairobi for
threshold values not to exceed 25 pg/m3/24h [3 41 |n
Uganda, rates ranging from 100 to 138.6 pg/m3/24h were
recorded in residential neighborhoods (516, Finally, in Dar-
es-Salam (Tanzania), the average quantity of suspended
particles ranged between 98 and 1161 pg/m3/24h 7],
Concerning the air inside houses, Dionisio in the Gambia
found an average rate in PMzs of 219 pg/m3/24h U8l This
average was 226 pg/m3/24h in a similar survey conducted by
Fullerton in Malawi 1. In schools, average rates of 56
ug/m3/24h were measured in Accra, Ghana 2],

Source of emission of fine particulates [** 20 21 22, 23, 18, 24, 25,
26,27, 28]

One of the sources of fine particulates emission most often

cited for several decades is the intensity of urban traffic [*3 2%
22, 23, 18, 24, 25, 261 The Rooney suvey ! in Accra, Ghana,
highlighted significant linkages after adjustment between the
levels of PM2s and the density of use of wood stoves, the
smoking of fish, the burning of household waste and the
presence of a busy highway. Liden 7 finds similar results in
Burkina Faso where 3 years of measurements from 2007 to
2010 highlighted the role of suspended dust particles, the use
of biomass and highways in the pollution related to fine
particles. Zhou % revealed that, after adjustment on other
factors, living in a community where all households use
biofuels would be associated with fine particle levels 1.5 to
2.7 times above accepted standards. The same author %
highlighted the role of biomass combustion, pollution related
to vehicles but also that from unpaved roads on indoor air
pollution. Finally, in the classrooms, the main sources of
emissions were the proximity of a high-traffic lane, the use of
biofuels in the vicinity of schools and the presence of unpaved
roads 1291,

2F’gesrlscs)zl?al exposure of the African populations [2% 20 0. 26. 28,
Very few surveys directly or indirectly measured personal
exposure [29 20.30. 26,31, 321 gome of them measured exposure to
biomass smoke in closed environment 2% 20. 3% 321 According
to Armah B9 urban populations were less exposed to fine
particulates than those living in rural areas (p <0.01). The
poorest households in urban areas using mainly biomass for
fuel were also exposed %81, The survey of Arku in urban area,
in Accra, Ghana, focused on personal exposure to PM;s and
the factors that influence this exposure 2%, The young girls in
schools, for example, were more at risk than the young boys
(67 vs 44 ug/m3, p = 0.001) 2°. The Wylie longitudinal
survey conducted in urban areas highlighted that exposure to
fine particulates increased significantly with the use of
charcoal in kitchens 2. For Ngo in Nairobi (Kenya), some
occupations (public transport drivers, street vendors, garage
owners) were particularly exposed to traffic-related air
pollution 281,

Health Consequences of Exposure to Fine Particulate
Matter PM2.5 [2, 29, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43].

Three in vitro surveys conducted in Benin, Céte d'lvoire and
Senegal highlighted the cytotoxic properties of fine
particulates samples and their ability to generate a biological
response 33234,

Several surveys established links between air pollution and the
high prevalence of acute respiratory infections in children
under 5 [35 36, 37. 381 Others were interested in mortality rates
related to fine particulates 8 %, In an univariate analysis, the
use of solid fuel for cooking was statistically associated with
the occurrence of tuberculosis but not during the adjustment
[0 In South Africa, fine particulates air pollution in urban
areas was estimated at 1.1% of national mortality attributable
to acute respiratory infections in children under 5, at 3.7% of
mortality due to cardiopulmonary diseases and 5.1% of
mortality attributable to tracheal, bronchial and lung cancers
in adults over 30 years of age 8. The burning of Biomass was
responsible of about accounted 370,000 deaths in 2010 “1,
The survey of Wylie in Tanzania of a cohort of pregnant
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women followed for two years showed the influence of PM;s
on the low birth weight of newborns 2%, Only three surveys
investigated the links between fine particle exposure and
asthma and highlighted the role of major highways and
industries in the development of clinical symptoms suggestive
of asthma 24 42.43], In the survey of Ana in Ibadan, Nigeria, the
proximity of schools to certain sources such as the garbage
burning and the main roads seemed to favor the risk of
respiratory morbidity (asthma, bronchitis) 21,

4. Discussion

Too few scientific articles are interested in air pollution in fine
particulates in the big African metropolises. The atmospheric
pollution is one of the main risks to global public health, but
its magnitude in cities in numerous developing countries in
Africa is not known 81, In addition, most of the surveys were
conducted in English-speaking countries that are certainly
more advanced in environmental issues than French-speaking
countries.We note a very clear increase of the surveys over the
period 2010-2015 reflecting a recent awareness of researchers
in developing countries in Africa on the necessity of having
convincing data allowing the action.

Developing countries currently have levels of fine particulate
matter similar to or greater than developed countries with fine
particulates concentrations that vary considerably between
countries 4 21, There are also significant differences in
sources and concentrations between urban and rural areas, and
between indoor and outdoor environments 4430, The Sources
of pollution are mainly anthropogenic in the surveys analyzed.
The industries, the road traffic, the charcoal manufacturing,
the open burning of garbage, the smoking of fish and the
household pollution (use of biofuels) are the different sources
of fine particulate emissions reported in the environment in
African urban zone [?%: 28 23, 26,22, 27] The main cause could be
the increase of vehicles [3 21 22 23,18, 24,25 261 'Most of the time
they are obsolete vehicles, more than ten years old imported
from Europe 31, The virtual absence of pollutant emission
regulations could explain these high rates “®l. However, the
high concentrations reported in sub-Saharan Africa could also
be related to natural sources of fine particulates from the
Sahara 6],

The personal exposure mainly concerned the biomass smoke
in rural areas % 3% 32 Since a few years, the exposure to
biomass smoke constitute a public health problem in rural
areas [34 547 Yet, in urban areas, the lack of regular access to
clean fuels is an obstacle to fuel substitution in the low-
income neighborhoods 81, In Céte d'lvoire, for example, the
proportion of biomass consumed in cities relative to total
consumption increases over time &, In 90% of cases, this
biomass combustion concerns charcoal 1, Several factors
other than ambient air contribute to personal exposure
requiring a better understanding of the ways of daily exposure
(49,50, 511 1n developed countries, Van Ryswyk [ and Gauvin
521 confirmed the impact of the microenvironments and the
activities on personal exposure. The research should focus on
personal exposure and the factors that influence it in order to
put in place appropriate and effective strategies. Most of the
surveys reviewed measured indoor air pollution in closed or

open environments, but not personal exposure [6: 4% 2L 15, 23,27,
18,19,17]

The health effects of pollutants depend on several elements
that need to be known; the type of pollutant, its concentration,
the duration of exposure and the sensitivity of each individual
531, Several authors selected in our survey sought through their
works the links existing between the exposure to fine
particulates and the appearance of diseases [43: 36. 40, 37, 38, 35, 42],
The acute respiratory infections are the leading cause of death
in children under 5, and exposure to fine particulates is a risk
factor found in several surveys [ 4 5 471 The links between
exposure to fine particulates and the occurrence of chronic
respiratory, cardiovascular and cancer diseases remained very
little or unexamined in the surveys analyzed. This gap in
research must be filled by more in-depth cohort studies.

Even if all the populations living in an urban environment are
affected by this pollution, for some authors the health
consequences are first of all prejudicial to the health of the
children because of the immaturity of their immune and
pulmonary system 4 %51, The children with chronic respiratory
conditions such as asthma are particularly at risk [0 11,
Several surveys noted that the prevalence of asthma in urban
areas increased steadily over the last 20 years in developing
countries in Africa (56 57. 58 59, 601 The role played by fine
particulates in triggering, exacerbation, hospitalization during
pollution peaks or difficulties in controlling the disease
remains little known in Africa. Indeed, the lack of monitoring
of air quality does not allow to establish such links “°1,
According to Fourn [l the health consequences of this
pollution led to an awareness of the populations who are
increasingly concerned about these environmental issues.
However, the lack of data does not allow for public awareness
and advocacy for the implementation of public health
strategies. Moreover, none of the surveys in this review
proposed interventions to prevent or control particulate matter
pollution in African urban areas.

5. Conclusion

This review of the literature highlights the insufficiency of
research on fine particulates pollution in African urban area.
However, the synthesis of the published works demonstrate
that the populations living in the big metropolises of Africa
are exposed to levels of pollution higher than the standards
admitted by the WHO impacting negatively the health of the
populations. Too few developing countries in Africa are
addressing prevention and control of outdoor and indoor air
pollution despite the health situation. Urgent measures must
be taken in this period of epidemiological transition in these
countries characterized by the development of so-called
environmental diseases. Such measures require thorough
research works allowing to have reliable data.

6. Acknowledgements
International Development Research Center (Canada) for
technical and financial support.

7. References

1. PNUE/REDDA. Rapport sur 1’état de I’Environnement en
Afrique de 1’Ouest. Nairobi: Programme des Nations
Unies pour I’Environnement, 2006.

2. Fresnel Boris A. Cachon. FEtude de pollution
atmosphérique en Afrique Sub-Saharienne: Cas de

322



International Journal of Advanced Research and Development

10.

11.

12.

13.

14.

15.

Cotonou (Bénin): Caractérisation physicochimique des
matieres particulaires d'origine urbaine et impact
toxicologique sur des cellules épithéliales bronchiques
humaines (BEAS-2B) cultivées in vitro. Sciences
agricoles. Université du Littoral Codte d'Opale, 2013.
Frangais.

Bruce N, Perez-Padilla R, Albalak R. Indoor air pollution
in developing countries: A major environmental and
public health challenge. Bulletin of the World Health
Organization. 2000;78(9):1078-1092.

Bruce N, Perez-Padilla R, Albalak R. The health effects
of indoor air pollution exposure in developing countries.
Geneva: World Health organization, 2002.

Smith KR. Indoor air pollution in developing countries:
recommendations for research. Indoor Air. 2002; 12:198-
207.

Baeza-Squiban A. Introduction a la toxicologie.
Laboratoires des Réponses Moléculaires et Cellulaires
aux Xeénobiotiques. Unité BFA- UMR CNRS 8251.
Université Paris Diderot.

Weigand E. Particules fines: les risques a court et long
terme. Planéte santé. Mag santé Disponible sur:
http://www.planetesante.ch

Pernelet-Joly V, Lenir G, Perrussel O, Marfaing H,
Kauffmann A. Mesure de 1’exposition individuelle d’un
groupe de Franciliens a trois polluants atmosphériques
durant deux journées: participation de Champlanais et
positionnement  des  résultats les  concernant.
Environnement, Risques & Santé. 2009; 8(3):213-225.
Keijzer MN. La pollution intérieure dans les écoles.
Mémoire de Master en Sciences et Gestion de
I'Environnement inédit. Université Libre de Bruxelles,
2008.

Van Ryswyk K, Wheeler AJ, Wallace L, Kearney J, You
H, Kulka R, et al. Impact of microenvironments and
personal activities on personal PM2.5 exposures among
asthmatic children. Journal of Exposure Science and
Environmental Epidemiology. 2014; 24:260-268.

Marano F, Aubier M, Brochard P, De Blay F, Marthan R,
Nemery B, et al. Impacts des particules atmosphériques
sur la santé: aspects toxicologiques. Environnement,
Risques & Santé. 2004; 3(2):87-96.

Pelassy P. Caractéristiques de la pollution atmosphérique
particulaire a Yaoundé (Cameroun) pendant la grande
saison séche 1974/1975: ses conséquences sanitaires. Bull
World Health Organ. 1976; 54(5):507-512.

Van Vliet, Kinney PL. Impacts of roadway emissions on
urban particulate matter concentrations in sub-Saharan
Africa: new evidence from Nairobi, Kenya. Environ. Res.
Lett. 2007; 2(045028):1-5.

Organisation Mondiale de la Santé. Lignes directrices
OMS relatives a la qualité de 1’air: particules, ozone,
dioxyde d’azote et dioxyde de soufre - Mise a jour
mondiale 2005: synthése de 1’évaluation des risques.
Geneve: Organisation Mondiale de la Santé, 2005.
Schwander S, Okello CD, Freers J, Chow JC, Watson JG,
Corry M, et al. Ambient particulate matter air pollution in
Mpererwe District, Kampala, Uganda: a pilot study. J
Environ Public Health. 2014:763934. doi:
10.1155/2014/763934.

16.

17.

18.

19.

20.

21,

22.

23.

24,

25.

26.

217.

28.

Kirenga BJ, Meng Q, van Gemert F, Aanyu-
Tukamuhebwa H, Chavannes N, Katamba A, et al. The
State of Ambient Air Quality in Two Ugandan Cities: A
Pilot Cross-Sectional Spatial Assessment. Int J Environ
Res Public Health. 2015; 12(7):8075-91. doi:
10.3390/ijerph120708075.

Jackson MM. Roadside concentration of gaseous and
particulate matter pollutants and risk assessment in Dar-
es-Salaam, Tanzania. Environ Monit Assess. 2005;
104(1-3):385-407.

Dionisio KL, Arku RE, Hughes FH, Vallarino J,
Carmichael H, Spengler JD, et al. Air Pollution in Accra
Neighborhoods: Spatial, Socioeconomic, and Temporal
Patterns. Environ. Sci. Technol. 2010; 44:2270-2276.
Fullerton DG, Semple S, Kalambo F, Suseno A, Malamba
R, Henderson G, et al. Biomass fuel use and indoor air
pollution in homes in Malawi. Occup Environ Med. 2009;
66(11):777-83. doi: 10.1136/0em.2008.045013

Arku RE, Dionisio KL, Hughes AF, Vallarino J, Spengler
JD, Castro SMC, et al. Personal particulate matter
exposures and locations of students in four neighborhoods
in Accra, Ghana. Journal of Exposure Science and
Environmental Epidemiology. 2015; 25:557-566.

Zhou Z, Dionisio KL, Verissimo TG, Kerr AS, Coull B,
Howie S, et al. Chemical characterization and source
apportionment of household fine particulate matter in
rural, peri-urban, and urban West Africa. Environ Sci
Technol. 2014,; 48(2):1343-51. doi: 10.1021/es404185m.
Owoade OK, Fawole OG, Olise FS, Ogundele LT,
Olaniyi HB, Almeida MS, et al. Characterization and
source identification of airborne particulate loadings at
receptor site-classes of Lagos Mega-City, Nigeria. J Air
Waste Manag Assoc. 2013; 63(9):1026-35.

Rooney MS, Arku RE, Dionisio KL, Paciorek C,
Friedman AB, Carmichael H, et al. Spatial and temporal
patterns of particulate matter sources and pollution in four
communities in Accra, Ghana. Sci Total Environ. 2012;
435-436:107-14. doi: 10.1016/j.scitotenv.2012.06.077
Adetoun M, Blangiardo M, Briggs, DJ, Hansell AL.
Traffic Air Pollution and Other Risk Factors for
Respiratory Illness in Schoolchildren in the Niger-Delta
Region of Nigeria. Environmental Health Perspectives.
2011; 119(10):1478-82.

Arku RE1, Vallarino J, Dionisio KL, Willis R, Choi H,
Wilson JG, Hemphill C, et al. Characterizing air pollution
in two low-income neighborhoods in Accra, Ghana. Sci
Total Environ. 2008; 402(2-3):217-31.

Ngo NS, Gatari M, Chillrud SN, Bouhamam K, Kinneym
PL. Occupational exposure to roadway emissions and
inside informal settlements in sub-Saharan Africa: A pilot
study in Nairobi. Atmos Environ. 1994-2015; 111:179-
184.

Lindén J, Boman J, Holmer B, Thorsson S, Eliasson I.
Intra-urban air pollution in a rapidly growing Sahelian
city. Environ Int. 2012; 40:51-62. doi:
10.1016/j.envint.2011.11.005. Epub 2011 Dec 30.

Zhou Z, Dionisio KL, Arku RE, Quaye A, Hughes AF,
Vallarino J, et al. Household and community poverty,
biomass use, and air pollution in Accra, Ghana. Proc Natl
Acad Sci. USA. 2011; 108(27):11028-33. doi:

323



International Journal of Advanced Research and Development

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

10.1073/pnas.1019183108. Epub 2011 Jun 20.

Wylie BJ, Kishashu Y, Matechi E, Zhou Z, Coull B,
Abioye Al, Dionisio KL, et al. Maternal exposure to
carbon monoxide and fine particulate matter during
pregnancy in an urban Tanzanian cohort. Indoor Air,
2016. doi: 10.1111/ina.12289.

Armah FA, Odoi JO, Luginaah 1. Indoor Air Pollution
and Health in Ghana: Self-Reported Exposure to
Unprocessed Solid Fuel Smoke. Ecohealth. 2015;
12(2):227-43. doi: 10.1007/s10393-013-0883-x.

Dionisio KL, Howie S, Fornace KM, Chimah O,
Adegbola RA, Ezzati M. Measuring the exposure of
infants and children to indoor air pollution from biomass
fuels in The Gambia. Indoor Air. 2008; 18:317-327.
Dionisio KL, Howie SR, Dominici F, Fornace KM,
Spengler JD, Adegbola RA. et al. Household
concentrations and exposure of children to particulate
matter from biomass fuels in The Gambia. Environ Sci
Technol. 2012; 46:3519-3527.

Kouassi KS, Billet S, Garcon G, Verdin A, Diouf A,
Cazier F, et al. Oxidative damage induced in A549 cells
by physically and chemically characterized air particulate
matter (PM2.5) collected in Abidjan, Céte d'lvoire. J
Appl Toxicol. 2010; 30(4):310-20. doi: 10.1002/jat.1496.
Dieme D, Cabral-Ndior M, Gargon G, Verdin A, Billet S,
Cazier F, et al. Relationship between physicochemical
characterization and toxicity of fine particulate matter
(PM2.5) collected in Dakar city (Senegal). Université
Lille Nord de France, Lille, France.

Mishra V. Indoor air pollution from biomass combustion
and acute respiratory illness in preschool age children in
Zimbabwe. Int J Epidemiol. 2003; 32(5):847-53.

Taylor ET, Nakai S. Prevalence of acute respiratory
infections in women and children in Western Sierra
Leone due to smoke from wood and charcoal stoves. J
Environ Res Public Health. 2012; 9(6):2252-65. doi:
10.3390/ijerph9062252. Epub 2012 Jun 19

Rehfuess EA, Tzala L, Best N, Briggs DJ, Joffe M. Solid
fuel use and cooking practices as a major risk factor for
ALRI mortality among African children. J Epidemiol
Community  Health. 2009; 63(11):887-92. doi:
10.1136/jech.2008.082685.

Norman R, Cairncross E, Witi J, Bradshaw D. South
African Comparative Risk Assessment Collaborating
Group. Estimating the burden of disease attributable to
urban outdoor air pollution in South Africa in 2000. S Afr
Med J. 2007; 97(8 Pt 2):782-90.

Wichmann J, Voyi KV. Influence of cooking and heating
fuel use on 1-59 month old mortality in South Africa.
Matern Child Health J. 2006; 10(6):553-61.

Gninafon M1, Ade G, Ait-Khaled N, Enarson DA,
Chiang CY. Exposure to combustion of solid fuel and
tuberculosis: a matched case-control study. Eur Respir J
2011; 38(1):132-8. doi: 10.1183/09031936.00104610.
Chafe ZA, Brauer M, Klimont Z, Van Dingenen R, Mehta
S, Rao S, et al. Household cooking with solid fuels
contributes to ambient PM2.5 air pollution and the burden
of disease. Environ Health Perspect. 2014; 122(12):1314-
20. doi: 10.1289/ehp.1206340. Epub 2014 Sep 5.

Ana GR, Shendell DG, Odeshi TA, Sridhar MK.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

Identification and initial characterization of prominent air
pollution sources and respiratory health at secondary
schools in Ibadan, Nigeria. J Asthma. 2009; 46(7):670-6.
doi: 10.1080/02770900902972152

Naidoo RN, Robins TG, Batterman S, Mentz G, Jack C.
Ambient pollution and respiratory outcomes among
schoolchildren in Durban, South Africa. S Afr J Child
Health. 2013; 7:127-134.

Panyacosit L. Interim Reportson IR-00-005. International
Institute for Applied Systems Analysis receive.
International Institute for Applied Systems Analysis,
2000.

Liousse C, Galy- Lacaux C. Pollution urbaine en Afrique
de I’Ouest. La Météorologie. 2010; 71:45-49.

De Longueville F, Hountondji YC, Henry S, Ozer P.
What do we know about effects of desert dust on air
quality and human health in West Africa compared to
other regions? Sci Total Environ. 2010; 409(1):1-8. doi:
10.1016/j.scitotenv.2010.09.025.

Ezzati M, Kammen DM. Indoor air pollution from
biomass combustion and acute respiratory infections in
Kenya: an exposure response study. Lancet 2001; 358:
619-24.

Djezou, W. Energie et pauvreté: une analyse de
I’accessibilité des ménages urbains aux combustibles
propres en Cote d’Ivoire. 7th International Conférence,
Dakar, 2006.

Steinle S, Reis S, Sabel CE, Semple S, Twigg MM,
Braban CF, et al. Personal exposure monitoring of PM2s
in indoor and outdoor microenvironments. Science of the
Total Environment. 2015; 508:383-394.

Monn, C, Fuchs A, Hogger D, et al. Particulate matter
less than 10 mm (PMyo) and fine particles less than
2.5mm (PM;s): relationships between indoor, outdoor
and personal concentrations. Sci. Tot. Environ. 1997;
208:15-21.

Boudet C, Zmirou D, et Dechenaux J. Exposition
personnelle aux particules fines (PM.s) de la population
grenobloise: 1’étude européenne EXPOLIS. Revue
d’Epidémiologie et de Santé Publique. 2000; 48(4):341-
350.

Gauvin S, Reungoat P, Cassadou S, Dechenaux J, Momas
I, Just J, et al. Contribution of indoor and outdoor
environments to PM2.5 personal exposure of children—
VESTA study. The Science of the Total
Environment. 2002; 297:175-181.

Zeghnoun A, Dor F. Description du budget espace-temps
et estimation de I’exposition de la population frangaise
dans son logement. Saint-Maurice (France): Institut de
veille sanitaire, 2010.

Schwartz J. Air Pollution and Children's Health.
Pediatrics. 2004; 113(4):1037-1043.

Dimitroulopoulou C, Ashmore MR. Personal exposure of
children to air pollution. Atmospheric Environment.
2009; 43(1):128-141.

Magnan A. Asthme en Afrique: les recommandations
doivent passer. Revue des Maladies Respiratoires. 2001;
18(5):469-470.

Anandan C, Nurmatov U, Sheikh A. Is the prevalence of
asthma declining? Systematic review of epidemiological

324



International Journal of Advanced Research and Development

58.

59.

60.

61.

studies. European Journal of Allergy and Clinical
Immunologie. 2010; 65(2):152-167.

Koffi N, YavoJC, KouassiB, Ngom A, Touré M,
Fadiga A, et al. Prévalence de I'asthme en milieu scolaire
dans 3 régions bioclimatiques de la Cote d'lvoire.
Médecine Tropicale. 2000; 47:(10):416-420.

Koffi N, Aka J, Nigue L, et al. Prévalence des maladies
allergiques de I’enfant: résultats de 1’enquéte ISAAC-
Cote d’Ivoire phase I. Rev Fr Allergol Immunol Clin.
2000; 40:539-47.

Kistnasamy EJ, Robins TG, Naidoo RN, Batterman S,
Mentz GB, Jack C, et al. The relationship between asthma
and ambient air pollutants among primary school students
in Durban, South Africa Int J Environ Health. 2008;
2:365-385.

Fourn L, Fayomi EB. Pollution atmosphérique en milieu
urbain a Cotonou et a Lokossa, Bénin. Bull Soc Pathol
Exot. 2006; 99(4):264-268.

325



