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ABSTRACT

The concentration and composition of particulate
matter (PM) in the atmosphere can directly reflect
the environmental pollution. The atmospheric pollu-
tion in some Cameroonian cities is increasing with
the industrial development and urbanization. Air pol-
lution is inherently complex, containing PM of varied
size and composition. This PM exists as a dynamic
cloud interacting with sunlight and is modified by the
meteorology. The reflectometer and the EDXRF spec-
trometry are applied to determine the concentration
of some specific elements at four sites in the city of
Yaoundé.

The particular aim of the present work is to put in
place data base on air pollution in urban area and
elaborate regulations on the emissions issued to in-
dustrial and vehicle activities. This study provides an
overview of the concentration of black carbon and
some specific elements in the air, which have impacts
on human health. The measurement was done by
distinguishing the size of particle. So that, the parti-
cle with aerodynamic diameter between 2.5-10 um
(so-called coarse particle) and aerodynamic diameter
<2.5um (so-called fine particle) were considered to
obtain more information about levels of the inhalable
fraction of the location. The results obtained in four
locations of the city of Yaoundé show that the black
carbon concentration is very considerable, the ele-
ment sulfur is a major pollutant and the concentra-
tion of fine particle is very greater.

The results obtained of fine and coarse filters range
from 5-17 pg/m?3 and 10-18 ug/m?3 for the black car-
bon. S, Cu, Zn, Pb, Cd, As, Se and Hg are the speci-
fic findings of this work. The pollutants with a greater
concentration are S, Pb, and Zn. These later seem to
be non-uniformly, non-regular in some location and
high compared to other countries. This work allows
us to make a potential relation between pollutants

and emission sources. In this framework, some sug-
gestions have been proposed to reduce emissions
for an improvement of the air quality in the environ-
ment and thus, the one of the city of Yaoundé.
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1. INTRODUCTION

Cameroon located in central Africa has planned to
be an emerging country by 2035. Follow of this, many
activities are growing up for increased socio-economic
development. The first impact is the urbanization of
the most populated cities like the city of Yaoundé,
located in the centre of Cameroon, where migration
increased over this past decade. Urban air pollution
poses significant threat to the human health and the
environment. Clean air must be considered to be a
basic requirement of human health and well being.
Thus, an attention has to be taken on urban air quality
because majority of the Cameroonian lives in urban
centers and need a cleaner environment. The combina-
tion of large populations, industrial emissions, and
increases of old vehicles has an influence on the envi-
ronment which may be particularly severe in a country
as reported by Kinyua et al. (2008) and Zhifang et al.
(2008).

The first measurement in Yaoundé was carried out
within the framework of the Regional African project
(RAF 4019) on Air Pollution Monitoring in Urban
Areas, funded by the International Atomic Energy
Agency (IAEA) through its regional cooperation agree-
ment in Africa. This cooperation initiated the project
in year 2008 to assist the member states in collecting
and analyzing particulate matter samples. The objective
of the project was the building of aloca capacity to
monitor air quality, determination of key pollutants
and sensitize decision makers on the need to have a
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long term air quality management strategy. Nowadays,
with some collaboration, we have studied some tech-
niques to sample, analyze, and use resulting data to
assess particulate air pollution.

Thiswork is the first experience to apply the learn-
ing techniques. The principal objective of thiswork is
to put in place a data base on air pollution by identify-
ing specific key pollutants in the city of Yaoundé and
elaborate a regulation on the emissions issued from
industrial and vehicle activities. This objective has
been achieved thanks to the realization of these speci-
fic objectives such as:

- Acquisition of equipment and test.

- ldentification of some locations in the city of Yaoundé
for the measurement.

- Stationary sampling on different locations.

- Collection of filter, measurement, interpretation and
identification of major key pollutantsin the city.

- Redaction of arelated process by mentioning emis-
sion sources for the following works in the country.
The identification of different sampling locationsin

Yaoundé was based on the geographic situations of
the city. Several mountains, land and lot of rivers are

located in this city. Most of the people are living in
the valley where the air is not continuously changing.

Thus, all the emissions from industries, two-strokes
motors, vehicles, biomass burning, and soil dusts are
accumulated in the environment. These emissions have
severe impacts on human health (Pinheiro et al., 2008).
The project RAF 4019 provides data that focus first-
ly on urban particle concentrations and compositions
that affect air quality and significant adverse health
effects in the city. The results of this work can be used
to assess impacts of air pollution on human health and
their potential mitigation by identification and quanti-
tative apportionment of the particul ate matter source.

2. EXPERIMENTAL METHODS

2.1 Sampling Sites

Yaoundé, political capital is located in the central
region (Fig. 1). Thiscity is populated due to its facilities
to develop activities. So that, in spite of the lack of
good road in the city, there is an intense traffic with a
mixture of old vehicles and two stroke motors. Indus-
tria is aso considered, because some industries inject
pollutants into the environment. We can also indicate
the use of biomass by most people. We selected four
locations for the sampling. The characteristics of these
locations are given on Table 1 with each period of
sampling and specific remarks.

Googlee
C

. Sampling site

Fig. 1. The sampling sites(CITY COUNCIL, OMNISPORT, SONEL CENTRALE and SOPECAM) are pointed by a yellow

peak on the city of Y aoundé map.
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Table 1. Geographic situation of sampling sites, the period of sampling and observation.

Locations Latitude Longitude Start date End date Observation

: : o , o , Smelting industry, Intense traffic
City Council NO3° 52.497 EOLI'30.097 0212000 072010  poCg e e e
Sonel Centrdle  NO3° 51559 E011°31239  17/11/2010  23/11/2010 ‘~dministration Centre, Intensetraffic

Solid waste
. o ma ” o my 1s Lots of dust, Intense traffic

Omniport NO3'530604"  EO11°322655° 09/1U2010 15112010  good A AN A
Sopecam NOZ°50'36,07  EO011°305579”  25/11/2010  01/12/2010  omelting industry, Biomass burning

Solid waste

2.2 Environmental Samples

Stationary sampling was carried out at four locations
chosen in the city with the Gent Stacked Filter Unit
(SFU). This equipment consists essentially of two pri-
ncipal parts connected by a cable. The components of
the first part are a double (stacked) filter cassette, a
black polyethylene container and a red-coloured rain
protection. The double filter cassette was employed
with two different Nuclepore filters of a diameter of
47 mm with a pore size of 8um and 0.4 um, operated
at aflow rate of 151pm for 12hours(Hopke et al., 1997;
Gatebe et al., 1996). Under these conditions, size frac-
tionating of particulate matter occurs so that the former
filter collects particulate matter having aerodynamic
diameter in the range of 2.5-10 um (so-called “coarse”
fraction), while the latter filter collects particle matter
with aerodynamic diameter < 2.5um (so-called “fine”
fraction). The second part of this equipment consists
of a needle valve to regulate the flow rate, a vacuum
gauge, a vacuum pump, rotameter, a time switch and
hour meter.

Before the start of each sampling, Nuclepore filter
membranes were weighted in air-conditioned labora-
tory controlled at 68% relative humidity and 21°C. The
SFU has been cleaned with ethanol to remove any par-
ticles, which may have previously embedded inside.
Filters were handled with care to avoid any contami-
nation from fingers and heavy metals. The directly
recorded information was the volume of air introduced
by the pump and average wesather parameters such as
temperature, humidity and wind direction. The fine
and coarse mass concentrations were obtained through
gravimetric measurements of Nuclepore filter mem-
branes with aweighting balance (TE 153S, Sartorius).

Collected samples were analyzed using firstly the re-
flectometer EEL Models 43D (M43D SMIOKE STAIN
REFLECTOMETER). This type of equipment is the
reference instrument to measure smoke stain reflect-
ance from the sample. It emits a steady light onto the
smoke stain, which is reflected back from the smoke
stain to a photosensitive element (Begum et al., 2004).

Table 2. Typical lower detection limits for EDXRF for filter.

Symbol Name LLD (uo/9)

S Sulfur 10

Cu Copper 0.9

Zn Zinc 0.75
As Arsenic 0.8

Se Selenium 0.7

Cd Cadmium 8

Hg Mercury 2

Pb Lead 2

The calibration of this equipment according to the app-
ropriate instructions was done using a blank filter from
the same batch as the exposed ones. The values were
obtained using each piece (coarse and fine) of filter
loaded on the SFU. The concentrations are operational -
ly defined based on the amount of reflected light
absorbed by the filter sample and an assumed mass
absorption coefficient.

Secondly, the Energy Dispersive X ray Fluorescence
(EDXRF) spectrometry was used to identify the ele-
ment composition. An ARL Quant’ X- EDXRFAnalyzer
(Thermo Scientific, ARL Quant’ X EDXRF analyzer)
was used for spectral data acquisition and storage after
a calibration using some specific sources. Both the
coarse and the fine loaded filters from the Gent SFU
were irradiated using “°Rh source with 300 seconds
live time to give reasonable statistical accuracy. The
sampled filters were placed on the sample holder such
that the loaded side faced the source of radiation as
mentioned on the recommended method. The elemental
composition from both filters was evaluated in con-
sideration of the following elements with the lower
limit detection (LLD) of the EDXRF on Table 2.

3. RESULTS AND DISCUSSION

There are relatively limited measurements; concen-
tration of black carbon and some elements on the
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Table 3. Black carbon coarse concentrations on different location.

Coarse City Council Sonel Omnisport Sopecam
Means concentration (Lg/md) 16.07 14.23 12.43 12.7
SD. 0.68 133 1.89 2.20
Table 4. Black carbon fine concentrations on different location.
Fine City Council Sonel Omnisport Sopecam
Concentration (ug/md) 12.32 9.33 9.2 11
SD. 4.77 6.36 5.77 6.08

coarse and fine filters at the four sampling siteis pre-
sented below.

3.1 Black Carbon

The mean black carbon concentration measured at
the four sitesis given in Tables 3 and 4. The absorption
values can be converted into an estimated mass of
black carbon using a value of the absorption efficiency.
Some studies (Taha et al., 2007; Jeong et al., 2004)
have shown that the blackness of the deposit depends
on the location particularly with respect to distance to
the traffic and emission sources.

On behalf of these tables, the location “ City Council”
records the highest mean concentration levels, 16.07
ug/m? for the coarse filter and 12.32 ug/md for the
fine filter. The lowest mean concentration is recorded
at the location “Omnisport”. There is considerable
variability in the concentration of black carbon across
the locations.

The representation of these values (Fig. 2) shows
the fluctuation of black carbon on the coarse and fine
filter from one location to ancther.

Fig. 2 shows the distribution of mean concentration
of black carbon for the coarse and fine filter in the four
locations. We observe on this figure that the high value
of the PMy is 28.39 ug/m?; this value is superior to
the WHO guidelines for PM o (WHO guidelines, 2005).
This report suggests 20 ug/md as standard for the ann-
ua average of PMyo and 10 ug/md for PM,s. In this
case, we note that the concentration of coarse black
carbon is higher than the PMy, guideline at all the sam-
pling sites and the concentration of fine black carbon
is also higher than the PM,5 guideline only at two
sampling sites. We need to bring some appropriate
resolution to reduce the emissions in order to attain
the WHO guidelines for PM 15 and PM 5.

We remark on Fig. 2 that the means concentration
on coarse filter is naturally superior to the fine filter.
These obtained values in the city of Yaoundé are very
superior to the mean values obtained in Ghana, which
ranged from 0-2 ug/m? (Kwame Aboh et al., 2007).

14+
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City Council Omnisport Sopecam
Sampllng sites

Black carbon concentration (ug/m?)

om.bcnoo

Fig. 2. Variation of Mean Black carbon concentration on
coarse and finefilters.
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Fig. 3. Daily distribution of Black carbon concentration on
coarsefilter for the four locations.

The daily variations of the concentration of black
carbon are presented for different locations in Fig. 3
for coarse samples and Fig. 4 for the fine samples.

On Fig. 3, we observe that the concentration peak
is obtained on the day 6 at “ City Council”. It isimpor-
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Fig. 4. Daily distribution of Black carbon concentration on
finefilter for the four locations.

tant to mention that the sampling had not been done
ontheday 7 at this site.

The black carbon concentration peak obtained for
the fine filter is at the location “ Sopecam” on the day?2.
We observe on Figs. 3 and 4 that the maximum value
of the day sampling is observed for the fine black car-
bon. Around this site, there is a big industry associated
to an intense traffic. These deposited elements on the
filter arise out of activities developed in some of these
locations such as biomass burning, biofuels for cook-
ing and the intense traffic on the ground not paved
which created dust; it is clear that these emissions
sources are link to the high fine black carbon concen-
tration. The mean concentration is less than 25 ug/m?,
which isaWHO guideline for PM, 5 on daily average.

3.2 Elemental Composition

Results for elemental concentrations analyzed by
Energy Dispersive X-ray Fluorescence (EDXRF) spec-
trometry are discussed below. We have also considered
the elements which have a strong potentia for adverse
public health effects.

Fig. 5 presents the spatial variation of the sum of
element concentrations on the coarse and fine filter at
four locations. We notice from this figure that concen-
trations for the coarse filter are higher than the fine
filter. These suspended particle concentration exceed
20 ug/m?3 for the coarse filter and 10 ug/md for the
fine filter at some of the locations. On regard of the
suspended particulate, air quality in the city of Yaoundé
need to be followed and it is important to bring out
some solutions to reduce the suspended particulate
matter.

The highest summed concentrations of elements are
observed at the location *Omnisport”. In most of these
locations, a greater influence of soil is the result of
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Fig. 5. Variation of the sum of element concentrations at dif-
ferent locations for coarse and fine filter.
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Fig. 6. Variation of coarse and fine element concentration at
Omnisport.

frequent incursions of dust. To understand the presence
of these elements for coarse and fine filter, we have
represented the distribution for the location *Omni-
sport” (Fig. 6). In thisfigure, the concentration of these
elements S, Cu, Zn, As, Se, Cd, Hg, Pb are shown for
the coarse and fine particles.

The representation of the others locations have simi-
lar variation, i.e., the sulfur mean concentration is high
at all the four sites and others elements are less than 1
ug/m3. In generd, for the four locations, sulfur concen-
trations ranged between 14.7-31.4 ug/m3, Cu: 0.3-0.9
ug/m?, Zn: 2.7-4.4ug/m?, As. 0-0.05ug/md, Se: 0-0.094
ug/m3, Cd: 0-0.53ug/m?, Hg: 0-0.24 ug/m?, Pb: 0-0.36
ug/m?3. Some of these results are high compared to
some studies carried out in Kenya such as Zn reaching
0.14 ug/m? (Kinyua et al., 2008). The elemental com-
position, particularly with metallic elements has an
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Fig. 7. Variation of coarse sulfur concentration on different
locations.

impact on human health.

This study demonstrates that the spatial distributions
of elemental components are highly heterogeneous;
thus there is a potential exposure. The element sulfur
has the highest concentration in the four locations, fol-
lowed by lead and zinc. We have decided to represent
the daily variation of these elements for the coarse and
the fine filter on different location; also to present a
relation between these elements and some emissions
sources near the sites.

3.2.1 Sulfur

The analysis of different filters shows that the pro-
portion of sulfur is major. The presence of this particu-
late matter depends strongly on the nature of local and
the prevailing meteorological conditions. The treat-
ment of the daily data gives the peak concentration
and the location. The importance of this study is to
ensure that there exists alink between alocal emission
source and the element.

Fig. 7 presents the daily distribution of the coarse
sulfur concentration on different location. We can note
that the location “ Sopecam” obtains the highest value
of coarse sulfur on the third day of sampling. This
location has recorded also the lowest value of the
coarse sulfur concentration. Around the sampling
site, a smelting industry is present and this industry
gjects sulfur in the form of gas(SO,). The emissions
are directly link to the activity of the industry. The
conversion of gas produce fine particle, which can be
transported over long distances. Thus, it is important
to know the distribution of the fine sulfur for the four
locations.

Fig. 8 is the distribution of fine sulfur on different
locations. This figure confirms exactly the abundance
of the fine sulfur on the location “ Sopecam”. The high-
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Fig. 8. Variation of fine sulfur concentration on different
locations.
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Fig. 9. Variation of coarse lead concentration on different
locations.

est value is recorded at the location “ Omnisport”. We
can explain this vaue by the displacement from the
source to another location. These values are very high,
compared to the vaue obtained in Kenyan city ranging
between 0-7 ug/mé (Kinyuaet al., 2008).

3.2.2 Lead

In this study, lead is considered as an element with
agreat concentration. The obtained daily data is used
to identify the location that has the high concentration
and the emission sources.

Fig. 9 shows the distribution of coarse particulate
lead at different locations. We note on this figure the
fluctuation of lead concentration. The variation depends
strictly on the location and the day where there is much
traffic. The highest value is recorded on the location
“Sonel”. The others locations are recorded also a high
value in regards of its toxicity.

In reference to some work, it has been reported a
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correlation between lead and motor vehicle emissions
(Kinyua et al., 2008; Pinheiro et al., 2008). Consider-
ing the obtained results in this study, the assessment
of the air quality must be carried out after any regula-
tions on emission by old vehicles. We know that the
organic compounds used in the fuel are the main fac-
tor of the contamination of road dust. Moreover, road
dust suspended by the motion of the vehicle over the
road surface can produce the fine particles. The distri-
bution of fine lead concentration at the four sites is
presented on Fig. 10.

The highest value of fine lead isrecorded at the loca
tion “Omnisport”. We remark on Fig. 10 that the fine
lead is not present at the location “City Council”. Al-
though the concentration of the fine lead seems to be
low, it is important to make a proposition to regulate
the emission of fine particles.

3.2.3 Zinc

The impact on the environment of the mixture of
oil and fuel used in some two-stroke motor vehicles
to provide lubrication of piston in the cylinder is the
deposit on the ground and these vehicles are the poten-
tial emission sources. The used oil contains additives
that include zinc compounds and these compounds
increase its lubricating capability. The zinc is rel eased
when the oil is burnt along with the fuel and is often
observed as the white smoke coming from the engine
exhaust from two-stroke motor vehicles(Hopke et al.,
2008; Biswas et al., 2003).

The daily distribution of zinc at the four locations
is showed on Fig. 11 for the coarse particle and Fig.
12 for the fine particle.

Compared to sulfur and lead at the four locations,
the distribution of coarse and fine zinc is not regularly
detected. We note that the highest value for the coarse
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Fig. 11. Variation of coarse Zn concentration on different
locations.
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Fig. 12. Variation of fine Zn concentration on different
locations.

zinc is recorded at City Council, while the highest
value for the fine zinc is recorded at “Sonel”. These
locations, for which such data are available, are sur-
rounded by solid waste. It has been reported in (Kinyua
et al., 2008) that solid waste is an emission source of
zinc in the environment.

However, the two-stroke emissions can provide zinc
contributions to the urban street dust and thus, also can
be found in the coarse fraction.

4. CONCLUSIONS

It has been shown that the reflectometer and the
EDXRF are well suited for the analysis of filter due
to its multi elemental capability, low detection limits
for many element and due to its potentia for accuracy.
The results of this study indicate the elemental com-
position of particulate matter in the atmosphere.
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This study confirms the presence of pollutants in
the atmosphere. Most of pollutants determined in this
work were black carbon, sulfur, lead and zinc where
the concentrations obtained on different locations for
fine and coarse filter seem to be heterogeneous, non
regular and high compared to some international val-
ues. To allow substantial decreases of species emis-
sionsin the future, it isimportant to:

- improve the quality of road in the city; so that there
may be less dust. It would be necessary to accom-
pany through aggressive control of road dust by
street sweeping and related activities.

- include new fuel additives and alternate fuels.

- reduce the number of old vehicles and two-stroke
motorsin the city.

- collect and manage the solid waste in the city.

The results obtained from this work show that the
value of PMyg is not attained at the four sampling sites
just as recommended by WHO guidelines, but the black
carbon concentrations of fine particulate exceeded the
WHO guidelines for PM, 5 at two of the four sites.
These values are greater than Kenyan values.

In some locations, some sources such as combustion
of wood, biomass fuels and industrial activity lead to
high concentrations of black carbon and sulfur. This
implies that protection of population living in the neigh-
borhood of the four sampling sites may require specid
measures to bring the pollution levels down and will
complete protection for every individual against all
possible adverse health effects of particulate matter.

According to the results, increasesin risk are appar-
ent in the city if the emission regulation is not put in
place and some appropriate decision of the govern-
ment to limit the use of old vehicles in the city. The
health effects will be very serious such as cardiovas
cular, lung cancer and epidemiologic diseases in the
case where any consideration is not done. Some works
based on epidemiol ogic studies has suggested that the
fine particle were more directly related to observed
adverse health effects.

With the promulgation of the fine particul ate matter
for air quality standards, it is mentioned that the desig-
nated nonattainment areas may need to reduce emis-
sion of fine particles and their precursors to permit
those areas to attain the ambient air quality standard.
Development of efficient air quality management stra-
tegies requires knowledge of the sources that contri-
bute to the problem and quantitatively apportion those
contributions. This will be done if extensive efforts by
some financial agencies contribute to have a continua
sampling of particle in several locations, and more
accuracy would be needed to appreciate the currently
high concentrations el ements seen across acity.
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