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Abstract: Nowadays, there is a crucial question about the quality of the air that people breathes in Togo and many problems
that its pollution would cause on the human health (respiratory, pulmonary and cardiovascular diseases, increase of infections)
and on the environment (destruction of the ozone layer, global warming, climatic catastrophes). The lack of precise
information on the different sources of pollution, the state and degree of pollution of Togolese cities, by the government or
municipal authorities and policymakers, which would enable them to take commitments to limit air pollution in the country,
made that the phenomenon of pollution persists. The present study aims to characterize the atmospheric pollution situations of
the cities of Togo through the determination of the degree of pollution in Togo using the satellite measurements. The state of
pollution of the atmosphere in Togo was performed by simulations using GIOVANNI software and satellite data from NASA.
This research provides additional information on the variability of the pollutants according to time and will help government to
foresee the eventual consequences. The results obtained allowed drawing up maps of the state of pollution of Togolese cities,
knowing its sources and the average quantities of polluting particles released in Togo every year. The variation of the rate of
these pollutants in the atmosphere in Togo also forecasts the degree of pollution of its cities and the estimate gave 481 ppm for
CO,, 142.10° particles.m'2 of CO, 436.8 1021 mol.cm™ of CH, particles, 56.2 107 Kg.m'2 of SO, in the atmosphere in Togo in
2050. The results showed that the capital Lomé is more polluted.
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cities such as Lomé, Kara, Vogan, Tabligbo, Dapaong,
Mango, etc.

Pollution in the big cities of Togo is due to the emission in
the atmosphere of the engines’ exhaust gases of vehicles [1],
proliferation of motorcycles commonly known as Zemidjan
(Taxi motos used to carry passengers), gaseous pollutants
released by extractive mining and manufacturing industries
such as the SNPT (New Society of Phosphate of Togo),
CIMTOGO (Cement of Togo), free zone industries, etc.
including domestic pollution related to the incineration of
house and agricultural waste and bush fires.

This atmospheric pollution resulted from the emission into
the atmosphere of polluting gases such as carbon dioxide
(CO,), carbon monoxide (CO), nitrogen oxides NOy, volatile

1. Introduction

Many human activities today, such as the use of fossil
fuels, the operation of the oil, mining and gas industries, etc.,
contribute to the pollution of the atmosphere [1]. Other
atmospheric pollutants result from wood combustion, waste
and landfills incineration, livestock waste, the use of
fertilizers and chemicals, and pollution from exhaust fumes
released in the past atmosphere by gasoline and diesel
engines, etc. [1].

In Togo, atmospheric pollution is accentuated over the
years because of population growth on the one hand and
economic activities on the other hand observed around big
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compounds and aerosols, etc. [2].

The effect of this pollution on the health of Togolese and
their environment is not to be overlooked because these
pollutants cause respiratory problems, chronic coughs,
allergies, skin discomfort, genetic problems frequently
encountered in our hospitals and clinics. In the environment
context, most of these gases are greenhouse gases [3, 4].

In Togo, the effects of this pollution, such as climatic
catastrophes, global warming, and scarcity of rain, would
lead to drought, floods, a short rainy season, a short
harmattan time or nonexistent [5, 6].

The study of this pollution will perform the identification
of the various pollutants released into the atmosphere in Togo
and the distribution of pollution sources over the area and an
estimate of the rate of each pollutant in the future.

This work aims to identify and to evaluate the
concentration of atmospheric pollutants and to estimate the
distribution of the sources of air pollutant emissions over the
whole territory and to predict the rate of these emissions
using simulations of data from satellite sensing methods.

This allowed to determine the different characteristics of
the pollution rate of each pollutant, the variation of the
pollution rate of the different cities of Togo, the sources of
pollution in a general way, those caused by the cement plants,
the refineries, the mining and extractive industries, road
traffic in a particular way in Togo.

The results will show the alarming degree of pollution
status and can be used by the government in order to predict
an estimate of its rate in the atmosphere in Togo.

2. Methodology

Many methods currently allow the detection of
atmospheric pollutants. Non-spectroscopic passive methods
that are pollutant detection techniques based on physical and
chemical processes such as chromatography mass
spectrometric and Absorption analysis, Colorimetry,
Titrimetry fluorometry, conductimetry, amperometry and
other optical methods based on the laser diode spectroscopy
such as: Optical Differential Absorption Spectroscopy
(DOAS), Laser Imaging Detection And Ranging (LIDAR) /
Absorption or Differential LIDAR (DIAL), Tunable Laser
Diode Absorption Spectroscopy (SDLA), Laser-Induced
Fluorescence (FIL) [7, 8] . All these techniques mentioned
above do not make it possible to describe the transport of
pollutants at a long distance. Therefore, there is a need for
existing complementary networks providing information on
areas not covered by in situ measurements. Thus, the satellite
method for the detection of atmospheric pollutants makes an
enormous contribution to the detection of atmospheric
pollutants [9].

For information on pollutants, the satellite measurements
are used to characterize the sources and degrees of pollution
in the Togolese atmosphere. These satellites’ data allowed to
describe the transport of pollutant plumes throughout the

territory of Togo, the variation of the pollutant levels in the
atmosphere and the regions that cause atmospheric pollution
in Togo in order to control the existing state of pollution of
the atmospheric pollutants [10].

Many of the pollutants detected are currently measured by
one satellite sensor. These satellites of NASA through their
database give information to study the pollution of the
different cities of Togo, the state of pollution in PM, s and
PM,,, the CO,, O3, VOC, the aerosols, SO,, the NOx in the
atmosphere knowing their variation versus the time
regardless of the installation of a network of ground
measurements [10].

Description of the method of detection of CO and NO, by
satellite channel used

NASA's satellite mission for example is based on a
technique called gas filter radiometry. The MAPS instrument
determines the mixing ratio of CO in the atmosphere by
comparing the measured thermal energy of the atmosphere
with the thermal energy of a known amount of CO carried on
board the instrument. Thermal energy is emitted by the
surface of the Earth and goes back into the atmosphere.
When the thermal energy passes through the atmosphere, it is
absorbed by atmospheric carbon monoxide and retransmitted
at a frequency corresponding to that of CO. The MAPS
instrument is designed to be sensitive to thermal energy at
this unique frequency of CO. This unique frequency can be
considered as a footprint of atmospheric CO [11].

The thermal energy of the atmosphere entering the MAPS
instrument is divided into three beams. A beam passes
through a gas cell containing CO and falls on an electronic
detector that measures the amount of thermal energy
contained in the filtered beam. The second beam falls directly
on a second electronic detector without passing through a gas
filter. The voltage difference between the first and second
detectors is used to determine the amount of CO present in
the atmosphere.

The third thermal energy beam passes through a gas cell
containing nitrous oxide and then falls on a third detector.
This third beam is used to determine the amount of nitrous
oxide in the lower atmosphere [12].

This technique of CO pollutant detection by the MAPS
mission is the same to determine the rate or degree of
pollution of other atmospheric pollutants such as SO,, CO,,
CH,, O; by NASA specific satellites [13].

Finally, from the GIOVANNI software, the digital data are
simulated to obtain the results.

3. Result at Set Discussion

The figures (figure 1) obtained from the different
simulations show the different satellite images of NASA. In
this case of detection of atmospheric pollutants: these maps
in figure 1 show the different sources of pollution and the
levels of atmospheric pollution in the various cities of Togo.
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Figure 1. Cartography of Togo showing the sources of Pollution over the territory between January 2005 and January 2018: A - CO and B —CO.
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Figure 2. Cartography of Togo showing the sources of Pollution on the extent of the territory between January 2005 and January 2018: A- SO, B-O; and C-

NO..

Figures 1-A, 1-B, 2-A, 2-B and 2-C show different
examples of transport of atmospheric pollutants observed in
Togo between January 2005 and January 2018, these
simulations from GIOVANNI software help to have data to
show the uneven distribution of pollution in Togo. Thus, the
sources of pollutants release in the atmosphere in Togo by
industries and vehicles (cars and motorcycles) are not the
same. It can be seen from these different figures (maps of
Togo) that this pollution is not legally distributed.

Moreover, the pollution rate is not the same for the
different atmospheric gaseous pollutants, it differs from one

region to another.

a In the case of carbon dioxide (CO,) and carbon
monoxide (CO), the emissions of these pollutants
would be unevenly distributed over the entire territory
of Togo. They are more accentuated in the maritime
region (in the south of Togo) on the cartography where
a high rate of pollutants was found. This could be due
to the presence of the manufacturing industries like
NIOTO (New Oleaginous Industry of Togo), the harbor
of Lomé, the industries of the Free Zone, CIMTOGO
(Cement of Togo) in Lomé. In the prefecture of Vo and
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Yoto, mining and extractive industries like SNPT (New
Company of Togo Phosphates), cement plants like
WACEM  (Western  African Cement) cement
manufacturing industry called SCAN - Togo from
Sikakondji are the main sources. This pollution is also
caused by the high concentration of the population in
these areas due to the rural exodus that pollute the
atmosphere with the use of gasoline engines and Diesel
resulting from the proliferation of motorcycles and cars
including that caused by bush fires, the incineration of
agricultural and domestic wastes [14].

b In the case of NO, the pollution is the same throughout

the territory. From Lomé to Dapaong, the pollution is
uniform, which is explained by the emission due in
most cases from bush fires in the agricultural world
and the incineration of domestic pollutants. It can be
explained also by the emission of the oxides nitrogen
released from the exhaust gases of gasoline and diesel
engines used throughout the territory. This observation
is the same for the ozone level because ozone comes
from the reaction between nitrogen dioxide and
atmospheric oxygen, this rate also remains constant
over the entire territory [15].
In the case of Togo, GIOVANNI's basic data from
NASA satellites are used to simulate the change in the
rate of gaseous pollutants in the atmosphere in Togo.
These different simulations made it possible to obtain
the following curves on the state of pollution in Togo:

¢ In the case of carbon monoxide, the simulation allowed
to represent the change in the level of CO in the
atmosphere in Togo versus the time.
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Figure 3. Variation of CO rate in the atmosphere in Togo between 2016-
2018.

Figure 3 shows the variation of the average carbon
monoxide rate over the territory of Togo between September
2016 and March 2018. The variation of the concentration is
expressed in ppbv (parts per billion by volume),
characterized by the maximum pollution between CO
expressed about 110 ppbv. This concentration peaks every
year in January, February and March, and it decreases
between June and August of each year.

The high rate of this pollution between January and March
could be explained by a significant CO emission supported
by an increase in temperature during these periods. There is
CO emission, which is could be due to bush fires and the

combined action of heat and drought [16].

The low rate between June and August is caused by
favorable weather conditions such as the big rainy season
which limits the CO pollution rate in Togo. This phenomenon
is shown by the Figure 4.
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Figure 4. Representation of the carbon monoxide (CO) pollution in Togo
diagram of the year 2015.

The different simulations in the case of carbon monoxide
also made, represent the mass of carbon monoxide emitted
per unit of surface in the atmosphere in Togo which is shown
by the figure 5.
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Figure 5. Variation of the CO in the atmosphere in Togo between 2015-
2018.

In the figure 5 there is a variation of pollutants (CO) per
unit area during the same year and versus the time in Togo,
which shows that CO is emitted into the atmosphere, a
phenomenon that would be in incomplete combustion
principles [16]. The magnitude of this phenomenon versus
the time is shown in Figure 6.
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Figure 6. Representation of the carbon monoxide (CO) pollution in Togo
diagram from 2016 to 2017.
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Figure 6 showed a variation of the pollutant rate estimated
in the atmosphere in Togo per unit area versus the time. This
rate varies each year and the maximum pollution rate is
observed in 2017, following this variation the pollution rate
is increasing.

These different simulations help to estimate CO pollution
versus the time which is represented by the figure 7.
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Figure 7. Progression of CO pollution versus the time.

The Figure 7 shows an estimate of the pollution rate in the
atmosphere, the regression law is given by equation (1):

y = 1.3x — 2523 (1)

Based on this result, if a decision is not made, CO
pollution in 2050 would be estimated to 142.10° CO
particles. m™.

d In the case of carbon dioxide, the simulations allowed
having the figure 8 that shows the variation of the
number of CO, particles expressed in ppm (part per
million).
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Figure 8. Variation of the CO; rate in the atmosphere in Togo between 2016-
2018.

Figure 8 shows a variation of the average carbon dioxide
content over the territory of Togo between September 2010
and March 2020.

There is uncontrolled pollution in the atmosphere in Togo.
The rate of particles in the atmosphere expressed in ppm is
increasing, it evolves in time.

This is due to the production of carbon dioxide released by
the extractive, manufacturing and mining industries. Its
production is also due to population growth especially in
large cities that pollute the atmosphere by emission of
exhaust gases from their gasoline and diesel engines [15].

This variation in time is represented by figure 9.
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Figure 9. Representation of the carbon dioxide (CO;) pollution diagram for
the year 2016 to 2017.

The different simulations help to estimate CO, pollution
versus the time. Figure 10 shows the pollution by the CO,
versus the time.
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Figure 10. Progression of pollution in CO; in Togo versus the time.

This estimate is shown by the figure 10 that allows to have
a linear regression law given by equation (2):

y = 2.25x —4131.7 )

This figure allows to estimate the CO, level in the

atmosphere in 2050 at 481 ppm in Togo.

e The different simulations were performed for CHy in
the atmosphere in Togo. A variation in the methane
level has been observed versus the time, it varies
almost uniformly in time. This variation of the
pollution rate is expressed in mol.cm™.
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Figure 11. Change in the rate of CHy in the atmosphere in Togo between
2016-2018.
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Figure 11 shows that CH,4 pollution varies rapidly in recent
years and peaks in 2018. This phenomenon is due to different
activities such as pollutants released by engines, different
mining and extractive industries etc. The magnitude of this
phenomenon is represented versus the time by the following
figure 12:
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Figure 12. Representation of the carbon monoxide (CH,) pollution diagram
Sfrom 2015 to 2018.

This variation makes it possible to determine a regression
law given by the equation (3):

y = 1.6x — 2843.2 3)

The figure 13 allows to estimate the pollution in CHy if the
conditions remain the same.
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Figure 13. Progression of CH, pollution versus the time.

The rate of this pollutant according to the graph is not
stable. There is a variation of pollution over the years and the
pollution increases. It would also be due to human activities
such as the exhaust gases of engines, pollutants released by
industries, bush fires that are in perpetual growth [17].
Methane pollution would be estimated through the regression
law by 436.8 10*'mol.cm™ particles of methane pollutants in
2050.

f In the case of sulfur dioxide, a change in the pollutant

SO, rate versus the time has been observed also, this
phenomenon is represented by figure 14.
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Figure 14. Variation of the SO; rate in the atmosphere in Togo between
2015-2018.

On this graph (figure 14), the increase of the mass ratio per
unit area of sulfur dioxide in Togo between 2015 and 2018 is
shown. The variation of the mass rate each year and during
the same year is noted. It noticed that in the first three
quarters of each year this rate is high but become low in the
middle of the year. This decrease is explained by the great
season of May to August which limits the rate of production
of pollutants in the atmosphere.

In addition, pollution varies from one year to another. The
increase of pollution rate in time is explained by the
increasing use of gasoline and diesel engines that emit sulfur
dioxide into the atmosphere, by bush fires and domestic
pollutants.

This pollutant rate is increasing, changing versus time and
going through its maximum in 2017. The phenomenon is
accentuated every year by the use of engines of sulfur fuels
which emit in the atmosphere a significant rate of sulfur
dioxide without forgetting the large quantity released by the
different mining, extractive and manufacturing industries [15,
17]. This variation is shown by the figure 15.
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Figure 15. Representation of the carbon monoxide pollution diagram (SO,)
from 2015 to 2018.

With this representation, the regression law for estimating
the pollution rate of sulfur dioxide versus time is given by
equation (4):

y = 1.2x — 2403.8 (4)

The figure 16 allows to estimate the sulfur dioxide
pollution in Togo, to 56.2 10”7 kg.m™ in the year 2050.
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4. Conclusion

The basic data of the different atmospheric pollutants in the
atmosphere in Togo from the specific satellites was used with
GIOVANNI software to monitor the environment because of
the problems of instruments or the lack of sensing devices.
Results contributed to know the degree of pollution of the
various cities in Togo. The different simulations have shown
that some regions in Togo are more polluted and this pollution
is unevenly distributed, for instance Lomé remains the most
polluted city because of the proliferation of different industries
compared to other regions of Togo. Its population is the
highest and this causes an excessive use of vehicles (cars and
motorcycles) that emit in the atmosphere pollutants, especially
CO, CO,, harmful to the health and the environment.

These different simulations data performed the variation of
atmospheric pollutants versus the time and the results showed
that the pollutant rate is not the same for a given year. It varies
in the same year and differs according to the conditions of the
period. The increasing rate of atmospheric pollutants emitted
every year showed an uncontrolled pollution from one year to
other. Therefore, there is a need to review the techniques and
system of depollution. The pollution rate of different pollutant
gases in the atmosphere in Togo was estimated for CO,, CO,
SO,, CHy. Thus, the predicted estimate of gaseous pollutants
would be in 2050 at 142.10” particles.m™ of CO, 481 ppm for
CO,, 436.8 10°' mol.cm™ CH, particles, 56.2 107 kg.m™ of
SO, in the atmosphere in Togo.
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