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Abstract

This study focuses on air quality in southern Benin in order to show public
authorities what the Beninese populations are exposed to for efficient deci-
sion-making. Two sampling campaigns were carried out, one in the wet pe-
riod and the other in the dry season. The measurements were taken using a

monitor called an “Air Quality Monitor”. For data processing, the multiple
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comparison methods of Dun (1961) and the Wilcoxon test were used. To
maintain legitimacy, all spatial data were included in the official cartographic
repository of Benin: WGS 1984, Transverse Mercator Universe Projection
(UTM), Zone 31 North. The Moran statistic was used to measure the levels of
spatial autocorrelation of the variables studied and to test the significance. In
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selin Local Moran and Getis-Ord, Gi* were used. In terms of results, on the
13 monitoring sites and the 8 parameters chosen to determine air quality, we
do not note any significant inter-seasonal difference. Of the eight parameters,
only three parameters present spatial autocorrelation leading to predictions of
ambient air quality over the entire study area based on the distance separating
the points, namely, PM, s, PM;, and ambient air quality index (AQI). The lo-
calities affected by atmospheric pollution in South Benin are located in the
south-western part of Benin, headed by Cotonou, which is heavily polluted by
CO,, TCOV, PM,y and PM, .
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1. Introduction

Air pollution is a problem that has raised awareness since the start of the indus-
trial era in 1848, and became more visible at the end of the 19" century [1]. Just
like water and soil, air quality is of paramount importance for most living beings,
especially aerobic ones [2]. Like other parts of the world, Africa is increasingly af-
fected by air pollution in its major cities. According to the World Health Organi-
zation (WHOQO) estimate in 2012, 11.6% of deaths worldwide were linked to indoor
and outdoor air pollution. This represents nearly 6.5 million deaths per year, 3
million of which are attributable solely to ambient air pollution [3]. The largest
share of these deaths (88%) occurred in low- and middle-income countries [4] [5]
[6]. Thus, the assessment of exposure to air pollution and its health and environ-
mental impacts now constitutes a major and priority challenge in disadvantaged
countries [3]. Thus, in Benin, law no. 2019-40 of November 7, 2019 revising Law
No. 90-32 of December 11, 1990 establishing the Constitution of the Republic of
Benin elevates environmental protection to constitutional status. Article 27 stipu-
lates that “every person has the right to a healthy, satisfactory and sustainable en-
vironment and has the duty to defend it. The State therefore ensures the protec-
tion of the environment.” This constitutional provision is accompanied by several
regulatory texts including Law No. 98-030 of February 12, 1999 on the framework
law on the environment in the Republic of Benin and Decree No. 2001-110 of
April 4, 2001 on quality standards of air in the Republic of Benin still in force.
Outside of the regulatory framework, we have the establishment of several insti-
tutions including the Ministry of Living Environment and Transport (MCVT)
with its specialized structures such as the Beninese Environment Agency (ABE),
the General Directorate of Environment and Climate (DGEC) and its decentra-
lized and deconcentrated services which are supposed to facilitate the practical
implementation of policies environmental measures designed and developed by
the umbrella structures. So, faced with air pollution in large cities, Benin has
adopted several initial studies, a national strategy to combat air pollution serving
as a master plan to conduct operations to combat this scourge [7]. Despite this
panoply of institutional and legal provisions and the efforts made by the various
governments to protect the environment, the living environment in Benin con-
tinues to be degraded due to poverty, incivility, ignorance and illiteracy [8] [9].
This study was initiated in order to show public authorities what the Beninese

populations are exposed to when making decisions in this direction.

2. Materials and Methods
2.1. Study Zone

Figure 1 shows the map of the sampling sites.

2.2. Methodology for Measuring Concentrations of Atmospheric
Pollutants for Monitoring Air Quality

Before the measurement campaigns took place, a prospective visit was carried
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Figure 1. Mapping of the zonation of sampling sites in southern Benin (Source: This study).

out on the road sections during which 13 sites were identified for monitoring in-
cluding 9 hot spots and 4 points in the background areas. Table 1 presents the
list of ten (13) measurement sites, their location and their characteristics (heavy
traffic lane paved or not).

Air quality measurements were taken using autonomous electronic devices
called “Air Quality Monitor”, powered by a lithium battery or by connection to
the mains, via a transformer. The device is calibrated for 4 hours at first start-up
in ambient air. Once switched on, the measuring device automatically deter-
mines the concentrations of carbon dioxide CO,, Total Organic Compounds
(TVOC), methanal (CH;O), particulate matter with diameters of 2.5 um and 10
pum denoted PM2, 5 and PM,,, temperature in degrees Fahrenheit (°F = 1°C x 1.8
+ 32) and the hygrometry (Relative humidity H%) of the ambient air. Recordings
were carried out for an entire day at each measurement site in 30-minute intervals.
Measurements generally start at 7 a.m. and end at 6 p.m. with 24 measurements
per site. In Cases of delay, the measurement is extended beyond 6 p.m. to com-
pensate for the delay. Units of measurement are parts per million air particles
(ppm) or micrograms per cubic meter. These different parameters provide in-

formation, alone or combined, on the quality of ambient air.

2.3. Processing of Recorded Data

The processing methods cover all the operations applied to the data to bring
them as close as possible to the nominal terrain. These are descriptive statistics

techniques which make it possible to achieve inferential statistics and spatial

type processing.

DOI: 10.4236/0jap.2024.131002

25 Open Journal of Air Pollution


https://doi.org/10.4236/ojap.2024.131002

D.-G.S.C. Joél et al.

Table 1. Ambient air quality measurement sites in southern Benin.

Codes Names of air quality measurement sites Geographic coordinates

N: 06°22'86"
S1 Carrefour Seme-Kpodji

E: 02°37'23"

N: 06°22'37"
S2 Carrefour Ekpe

E: 02°32'75"

N: 06°22'96"
S3 Carrefour Yagbante (Aglangandan)

E: 02°30'39"

N: 06°23'65"
S4 Von du Delegate Zogbo

E: 02°23'50"

N: 06°24'03"
S5 Carrefour Togoudo (Godomey)

E: 02°20'49"

N: 06°25'45"
S6 Carrefour Tankpe (Calavi)

E: 02°1922"

N: 06°30'14"
S7 Bypass intersection (Tori Bossito)

E: 02°08'57"

N: 06°38'00"
S8 Houegboh (Bopa)

E: 01°58'47"

N: 06°35'44"
S9 Wangbo village Dave (Ouinga)

E: 01°4928"

N: 06°34'02"
S10 Athiémé border bridge

E: 01°39'52"

N: 06°22'17"
S11 Red Star Crossroads

E: 02°24'35"

N: 06°22'37"
S12 Carrefour Cica Toyota

E: 02°2323"

N: 06°2328"
S13 Carrefour Agla-Friendship Stadium

E: 02°23'09"

Source: This study.

In this research [10], multiple comparison method was used. The Wilcoxon
test was used to determine the existence of a significant difference in the tem-
poral evolution of the concentrations of the pollutants measured, at the different
sampling points. Concerning the geometric transformation, it consisted of re-
gistering all the georeferenced data in the same projection system. To maintain
legitimacy, all spatial data were included in the official cartographic repository of
Benin: WGS 1984, Transverse Mercator Universe Projection (UTM), Zone 31
North. The Moran statistic was used to measure the levels of spatial autocorrela-
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tion of the variables studied and to test the significance.

2.4. Measuring Global Spatial Dependence

The Moran statistic [11] is the spatial autocorrelation index used. It allows you
to measure the level of spatial autocorrelation of a variable and to test its signi-
ficance. It is equal to the ratio of the covariance between contiguous observa-
tions, defined by the spatial interaction matrix, to the total variance of the sam-
ple. The index has values between-1 (indicating perfect dispersion) to 1 (perfect
correlation). A zero value means that the spatial distribution of the variable stu-
died is perfectly random in the territory. Negative (positive) values of the index
indicate negative (positive) spatial autocorrelation. An interpretation of the Mo-
ran index is given as follows:

e In the presence of spatial autocorrelation, we observe that the value of a va-
riable for one observation is linked to the values of this same variable for
neighboring observations.

e Spatial autocorrelation is positive when similar values of the variable being
studied cluster together geographically.

e Spatial autocorrelation is negative when dissimilar values of the variable to be
studied are grouped together geographically: close places are more different
than distant places. This type of situation is generally found in the presence
of spatial competition.

e In the absence of spatial autocorrelation, we can consider that the spatial dis-
tribution of observations is random.

Figure 2 gives an interpretation of the p-value and the z-score when processing

spatial data.

2.5. Measuring Local Spatial Dependence

In order to locate the spatial subsets, the local spatial association indices of An-
selin Local Moran and Getis-Ord, Gi*, are used:
e Getis and Ord index

Getis and Ord [12] propose an indicator (Gi) making it possible to detect local
spatial dependencies which do not appear in the global analysis. Thus, the Gi*
from Getis-Ord makes it possible to analyze concentrations (hot pot). An inter-
pretation of the values of this indicator is given as follows:

Gi > 0 indicates a grouping of values higher than average.

Gi < 0 indicates a grouping of values lower than the average.
¢ Local Anselin Moran index

Anselin [13] develops the notions introduced by Getis and Ord by defining
local spatial autocorrelation indicators (Ii). These must make it possible to
measure the intensity and significance of the local dependence between the value
of a variable in a spatial unit and the values of this same variable in the sur-
rounding spatial units. More precisely, these indicators make it possible to detect

significant groupings of identical values around a particular location (aggregate)
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and to identify areas of spatial non-stationarity, which do not follow the overall
process.

Ii > 0 indicates a grouping of similar values (higher or lower than average).

Ii < 0 indicates a grouping of dissimilar values (e.g. high values surrounded by

low values).

2.6. Assessment of Air Quality
To assess air quality, we used Table 2 which presents the guide values for assessing

Significance Level Critical Value
(p-value) (z-score)

001 mm <258

0.05 -2.58 --1.96

010 = -196--1.65
-— [ -1.65-1.65

0.10 =3 1.65-1.96

0.05 == 1.96-2.58

001 =m >258

— (Random) e
Significant Significant

oo

~

Clustered

L.

Figure 2. Guide values of p-value and Z-score for decision-making (Source: This study).

Table 2. Guide values for assessing air quality

Carbon dioxide TVOC HCHO Fine particles  Particulate matter
(COz) inppm (mg/m?®) (mg/m3®) (PMas)in pg/m®>  (PMy) in pg/m?

Air quality AQI

Moderate 651 - 1500 0.3-1.0 16 - 40 55-154 51-100
Unbhealty for sensitive group 1501 - 2000 1.0 - 3.0 41-65 155 - 254 101 - 150
2001 - 2500 3.0-10.0 >0.1 mg/m? 66 - 150 255-354 151 - 200

Very unhealty 2501 - 5000 >10.0 151 - 250 355-424 201 - 300
Hazardous 5001 - 15000 251 - 500 425 - 604 301 - 500

Source: This study.
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air quality based on the limit values of the World Health Organization (WHO)
and regulations, Beninese. These values are defined by the manufacturer of the

mobile air pollutant measurement monitor.

3. Results and Discussion
3.1. Case of Temperature

The map in Figure 3 shows the spatial variability of temperature in southern
Benin.

From the analysis of Figure 3, we note that the temperatures vary from 20°F
to 95°F with an average of 69.5°F + 21°F and a %CV = 30. Therefore, the values
taken by the temperature are dispersed over the study zone. The standard devia-
tion ellipse is oriented East-West. We deduce from this the existence of a direc-
tion in the distribution of temperature values. This allows us to suspect a spatial
dependence of ambient temperature values, hence the need to test spatial auto-
correlation. Moran's Spatial Autocorrelation Index = 0.489992 at the 0.03 thre-
shold. This index is different from 0, which leads us to say that the realization of
the regionalized random variable is therefore dependent. It is therefore possible
to predict the temperature values at one point, knowing the values observed at
another point, based on the distance that separates them. This observed depen-
dence may be the result of chance. It is therefore necessary to verify the validity
of this spatial dependence on a global scale. This statistical test of independence
of the regionalized variable carried out is General G which gives a Z score equal
to 0.711827 and a p-value of 0.476572 greater than alpha = 0.05. This test puts
the interpretation of the spatial autocorrelation test into perspective and allows
us to conclude that the hypothesis of spatial dependence is not verified and is

only the effect of chance.

3.2. Case of Relative Humidity RH

Figure 4 shows the spatial distribution of the values taken by the relative hu-
midity RH.

Analysis of the map in Figure 4 reveals, as in the Case of the temperature
map, that the standard deviation ellipse is oriented West-East, raising suspicion
of a direction in the spatial distribution of relative humidity data. which suggests
a spatial dependence of the humidity data.

The spatial autocorrelation index gives a value = —0.382090 at the threshold of
0.298181 greater than alpha. Therefore, there is no autocorrelation between rela-
tive humidity values on a global scale. However, carrying out the General G test
gives an index of 0.000023 read at the threshold of 0.37. It confirms the inter-
pretation of the Moran index and allows us to conclude on the non-existence of

aggregates in which local autocorrelation is expressed.

3.3. Case of CO;

The map in Figure 5 shows the spatio-temporal variation of CO, levels. From
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Figure 3. Spatial distribution of temperature (Source: This study).
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Figure 4. Spatial distribution of relative humidity RH in southern Benin (Source: This study).
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the analysis of the map data, it appears that the CO, contents vary between 400
and 1444 ppm with an average of 486.8 + 184.33 ppm and a %CV = 37.86. CO,
levels vary from one site to another. The high CO, emission zones are located at
the major intersections of Cotonou such as the “Etoile rouge, Sica Toyota and
Terrain” intersections.

The calculation of the spatial autocorrelation index carried out on the 10 col-
lection points and the values observed on these points present the following re-
sults: Moran’s spatial autocorrelation index = —0.13; p-value = 0.91. The Moran
index is close to 0. The realization of the regionalized random variable is there-
fore independent. This means that the CO, values at a collection point are not
influenced by the values observed in neighboring points. It is therefore not
possible to predict the CO, values at one point, knowing the values observed at
another point, based on the distance that separates them. This observed inde-
pendence may be the result of chance and only has value for the sample used for
the calculation. It is therefore necessary to carry out a test to verify the validity of
this spatial independence for the spatial variable in its entirety. This statistical
test of independence of the regionalized variable gives a Z score equal to —0.10 at
the threshold of 0.91. This threshold is below the critical threshold of 5%. We
deduce from this a total absence of spatial autocorrelation over the entire varia-
ble. Given the z score of —0.10, the model does not appear to be significantly dif-

ferent from chance which supports the interpretation of the Moran index.

3.4. Case of PM; 5

The map in Figure 6 shows the spatial distribution of PM,; values.

From the analysis of the information from the map in Figure 6, we note that
the standard deviation ellipse is oriented East-West leading to suspect a spatial
dependence of the PM, 5 pollution data.

The Moran index is different from 0 at the threshold of 0.012211. There is
therefore a probability of less than 5% that this clustered pattern is the result of
chance. To confirm or refute this trend, we searched for the General G index
whose z-score is 3.06427722821, hence there is less than 1% probability that this
highly clustered pattern is the result of chance. To confirm or refute this trend,
we looked for the General G index whose value is 0.000049 read at the threshold
of 0.002. Exploring this test at the local scale reveals the existence of aggregates
in which local autocorrelation is expressed. It is therefore appropriate to identify
these aggregates and look for the factors behind these concentrations of similar
values at certain points. In order to locate these spatial subsets, the local spatial
association indices of Anselin Local Moran and Gi* of Getis-Ord are used.

The calculation of the Anselin and Moran Local Index is carried out on the
values taken by PM, s in order to identify areas of similarity. Figure 7 and Figure
8 show the maps relating to the levels of similarity/dissimilarity between neigh-
boring points and highlight areas with homogeneous or heterogeneous values.

The map in Figure 7 shows that we have categorized where the Anselin Local
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Figure 6. Spatial distribution of PMzs concentrations in southern Benin (Source: This study).
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Figure 8. Spatial evolution of PM.s levels in southern Benin (Source: This study).

DOI: 10.4236/0jap.2024.131002


https://doi.org/10.4236/ojap.2024.131002

D.-G.S. C. Joél et al.

Moran Index Z score values have been categorized into three classes. The low
value class (—1.71 to —0.70) expresses a dissimilarity between neighboring points.
The classes of average values (—0.69 to 1.14) expressing an average similarity and
high values (1.15 - 2.57) giving the strong similarities between neighboring
points. Analysis of the map information in Figure 7 reveals two clusters of
points in the southwest and one cluster of points in the southeast. The first clus-
ter in the southwest is a subset of points of low similarity and medium similarity.
On the other hand, the 2™ subset brings together points of strong similarity. The
last subset is composed of medium and strong similarity points. The first subset
and the 3™ subset are therefore heterogeneous zones, which implies that the
PM, s values observed in these places are dissimilar. The hypothesis of the exis-
tence of a structure in the spatial distribution of PM, 5 values is therefore veri-
fied. However, it is necessary to analyze the aggregates more closely. This is what
the use of the Getis-Ord GI* index aims to achieve.

In order to identify areas of high concentration (hot pot) and areas of low
concentrations of PM, s, we used the Gi* from Getis-Ord. Map 30 shows the spa-
tial distribution of hot pot areas. The Getis-Ord GI* Z score presents the follow-
ing statistics in the dry season for the 18 observation points: the minimum Z
score is —1.83, its maximum 1.70 for an average of 0.64 and a standard deviation
of 1.18; the accumulation of all the values being 22.98.

From the analysis of the map in Figure 8 it appears that high exposures to
PM,; are concentrated in the southwest of Benin and more precisely in the city
of Cotonou and its surroundings and the further one moves away from Cotonou
going towards the East, PM,s pollution decreases. The least polluted area of the

study area is the south-eastern part of Benin.

3.5. Case of PM1

The map in Figure 9 shows the spatial distribution of PMj, levels in southern
Benin. From the analysis of this Figure, we see that the direction ellipse is
stretched on the East/West axis. It covers 6 observation points out of 13, or
46.15% of the PM, values observed. We deduce the existence of a direction in
the distribution of PM,, values. This allows us to suspect a spatial dependence of
PM,, values, hence the need to test spatial autocorrelation.

Data analysis reveals that the Moran index is different 0 at the threshold
0.000336 andthe z-score is 3.58581379254, hence, there is less than 1% probabil-
ity that this clustered pattern is the result of chance. The General G index gives
0.000065 at the threshold of 0.000061 with a z-scoreof 4.00809924822. General
G’s statistic confirms that of Moran, that is to say that there is less than 1%
probability that this highly grouped model is the result of chance.It is therefore
appropriate to identify these aggregates and look for the factors behind these
concentrations of similar values at certain points. In order to locate these spatial
subsets, the local spatial association indices of Anselin Local Moran and Gi* of

Getis-Ord are used. The calculation of the Anselin and Moran Local Index is
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Figure 9. Spatial distribution of PMo levels (Source: This study).
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carried out on the values taken by PMy, in order to identify areas of similarity.
Figure 10 and Figure 11 show the levels of similarity/dissimilarity between
neighboring points and highlight areas with homogeneous or heterogeneous
values.

The map in Figure 10 shows three classes of Z score values of the Anselin Lo-
cal Moran index. The low value class (—1.47 to —0.12) expresses a dissimilarity
between neighboring points. The classes of average values (-0.11 to 1.29) ex-
pressing an average similarity and high values (1.30 - 2.54) giving the strong si-
milarities between neighboring points. Analysis of the information on map 32
reveals two clusters of points in the southwest and one cluster of points in the
southeast. The first cluster in the southwest is a subset of low similarity points.
On the other hand, the 2™ subset brings together points of strong similarity. The
last subset is composed of medium and strong similarity points. This area is
therefore heterogeneous, which implies that the PM, values observed in this lo-
cation are dissimilar. The hypothesis of the existence of a structure in the spatial
distribution of PMj, values is therefore verified. This observed distribution is
therefore not the result of chance. However, it is necessary to analyze the aggre-
gates more closely. This is what the use of the Getis-Ord GI* index aims to
achieve.

In order to identify areas of high concentration (hot pot) and areas of low
concentrations of PM,,, we used the Gi* from Getis-Ord. The map in Figure 11
presents the spatial distribution of hot pot zones obtained from the classification of
Z GI* scores into three classes at the natural Jenks threshold and spatialization.

From the analysis of Figure 11, we note that the area of high pollution by
PM,, is the city of Cotonou and Abomey-Calavi.

3.6. Case of TCOV

The TCOV in the study area ranges from 0.01 to 6.91 mg/m? with an average of
0.35 + 0.65 mg/m’ and %CV = 181.38. From these remarks we can conclude that
the values are dispersed around the average. The spatial distribution of TCOV
contents is presented in Figure 12. From the analysis of this Figure, it appears
that the standard deviation ellipse is oriented in the East-West axis, from where
we deduce the existence of a direction in the distribution of TCOV values. This
allows us to suspect a spatial dependence of the values of Total Volatile Organic
Pollutants (TCOV), hence the need to test the spatial autocorrelation of the le-
vels of this parameter.

From the analysis of the data, it appears that the Moran index is close to 0 at
the threshold of 0.787762. So we deduce a total absence of spatial autocorrelation
of TCOV contents. This total absence of autocorrelation may be the result of
chance or due to the size of the sample used. To remove the doubt, we calculated
the General G index which gives 0.000031 at the threshold of 0.110337 greater
than alpha = 0.05. This statistic definitively confirms the trend observed with
Moran’s statics and we can safely say that there is a total absence of autocorrelation
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in TCOV contents.

3.7. Case of Formaldehyde

HCHO contamination levels vary from 0.005 to 3 mg/m?® with an average of
0.054 + 0.17.62 mg/m® and a %CV = 320.90. The spatial distribution of aldehyde
contents in the study area is presented by the map in Figure 13. From the analy-
sis of this Figure, it appears that the standard deviation ellipse is stretched in the
East-West direction. Then, the existence of a direction in the distribution of
HCHO values can be considered and in turn suspect a spatial dependence of
HCHO values, hence the need to test the spatial autocorrelation of the contents
of this parameter.

From the analysis of the data, we note that the Moran index is close to O at
the threshold of 0.218310 hence the absence of spatial autocorrelation of HCHO
contents. This absence of spatial autocorrelation may be the result of chance or
linked to the size of the sample used for the calculations. To remove the ambigu-
ity, we calculated the General G index which gives 0.000031 and a p-value of
0.372789 greater than alpha. This statistic definitively removes the doubt and we
can safely affirm that there is no spatial autocorrelation between the data ob-
served for HCHO.

3.8. Case of the Air Quality Index (AQI)

From the analysis of the information recorded on the map in Figure 14, we can
note that the AQI values vary from 03 to 243 with an average of 39 + 31.16 and a
coefficient of variation of 85.06. The standard deviation ellipse follows an
East-West direction which suggests an orientation in the spatial distribution of
the values taken by the Air Quality Index (AQI) and by extension suspect an au-
tocorrelation in the distribution of the values of the AQI.

Analysis of the data shows that the Moran index is close to 0 at the threshold
0.068299 greater than alpha = 0.05 therefore, there is no spatial autocorrelation
between the values taken by the AQI. This absence of spatial autocorrelation
may be the result of chance and/or linked to the size of the sample used for the
calculations, hence the need to verify this observation by calculating the General
G index which gives 0.000060 at the threshold of 0.003085. This statistic puts the
finding of the Moran index into perspective and highlights the existence at the
local level of an autocorrelation between the values taken by the AQILIt is there-
fore appropriate to identify these aggregates and look for the factors behind
these concentrations of similar values at certain points. In order to locate these
spatial subsets, the local spatial association indices of Anselin Local Moran and
Gi* of Getis-Ord are used. The calculation of the Anselin and Moran Local In-
dex is carried out on the values taken by the Air Quality Index (AQI) in order to
identify areas of similarity. Figure 15 and Figure 16 show the levels of similari-
ty/dissimilarity between neighboring points and highlight areas with homoge-

neous or heterogeneous values.
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Figure 15. The areas of similarity/dissimilarity of the values taken by the AQI (Source:

This study).
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The map in Figure 15 shows three classes of Z score values of the Anselin Lo-
cal Moran index. The low value class (—1.69 to —1.41) expresses a dissimilarity
between neighboring points. The classes of medium values (—0.40 to 0.58) ex-
pressing an average similarity and high values (0.59 to 1.89) giving the strong
similarities between neighboring points. Analysis of the information from map
15 reveals two clusters of points overall in the study area. The first cluster is a
subset of points of low similarity and medium similarity. This area located in the
southwest is therefore heterogeneous, which implies that the Air Quality Index
(AQI) values observed in this area are dissimilar. On the other hand, the 2™
subset located in the southeast brings together points of strong similarity. The
hypothesis of the existence of a structure in the spatial distribution of AQI values
is therefore verified. There are concentration aggregates of strong and weak val-
ues as well as an orientation in the spatial distribution of AQI values. This ob-
served distribution is therefore not the result of chance. However, it is necessary
to analyze the aggregates more closely. This is what the use of the Getis-Ord GI*
index aims to achieve.

In order to identify areas of high concentration (hot pot) and areas of low
AQI values, we used Getis-Ord’s Gi*. Map II1.14 presents the spatial distribution
of hot pot zones obtained from the classification of Z GI* scores into three
classes at the natural Jenks threshold and spatialization.

From the analysis of the information on the map in Figure 16, it appears that
the air quality index decreases from West to East, indicating that air quality is
more degraded in the West than to the East.

3.9. Research of Key Parameters Influencing Air Quality on Each
of the Sites Monitored

In this research, Principal Component Analysis was used to identify the different
existing links between air quality monitoring parameters on the one hand and
between air quality monitoring parameters on the other hand, air and tracking
points. The correlation matrix in Table 3 reveals how the monitored parameters
are correlated.

From the analysis of the information in Table 3, it appears that CO, is posi-
tively correlated with relative humidity at the 5% threshold. Thus, in conditions
of high relative humidity, exposure to CO, becomes more significant with its
corollaries of tearing headaches and suffocation in humans. This absence of links
between the CO, levels and the levels of other ambient air quality monitoring
parameters in southern Benin leads to the conclusion that the sources of CO,
input into the ambient air at the measurement sites are not not exclusively road
traffic. TCOV are significantly correlated with PM,,, temperature and the Air
Quality Index at the 1% threshold and with PM;s at the 5% threshold. In other
words, the unburnt products coming out of chimneys and/or exhaust pipes im-
pact the ambient air temperature due to their very high emission temperature.
Likewise, these volatile organic compounds can be emitted in particulate form

and/or adsorbed on inorganic particles which they coat. Aldehydes are not
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Figure 16. Spatial distribution of high and low AQI values (Source: This study).
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Table 3. Correlation matrix.

CO2 1

TVOC 0.054 1

HCOH -0.005 -0.011 1

PMas 0.041 0.141* 0.017 1

PMio 0.073 0.211** 0.016 0.878** 1

T°F -0.128 0.213** -0.018 0.036  0.004 1

Relative humidity 0.152* 0.048 0.053 0.070 0.098 -0.209** 1
AQI 0.111 0.377** 0.000 0.670** 0.705** 0.129* 0.044 1

Humidit
CO, TVOC HCOH PM,s PM,, T°F  THAY Aqr
relative

*Significant correlation at the 5% threshold; **Significant correlation at the 1% threshold.

Table 4. Eigenvalues and percentages of variances expressed by the principal axes.

Val propre % Total variance Cumulative %
F1 2646 33,078 33,078
F2 1362 17,019 50,097
F3 1048 13,105 63,201
F4 1002 12,522 75,723

correlated with any of our ambient air quality monitoring parameters. This obser-
vation leads us to assume that aldehydes and TVOCs do not have the same emis-
sion sources. In other words, the aldehydes detected in the study presence, unlike
TCOV which have a pyrolytic source, would come from other non-pyrolytic
sources such as forests, industrial oxygenated organic solvents and others. Table
4 presents the weights of the axes in the interpretation of the results of the Prin-
cipal Component Analysis (PCA).

From the analysis of the data in this table, it appears that the first axis alone
allows more than 33% of the information to be interpreted, while axis 2 only al-
lows access to 17.02% of the information. The cumulative percentage gives for
the first two axes a cumulative percentage of more than 50% interpretation of
the analyzed data. By using the three axes we have access to more than 63% of
the information compared to 75.7% using the first four axes, which is more than
sufficient in the Case of our study. Figures 17-19 present the graphical repre-
sentations of the factor maps.

From the analysis of the information in Figure 17, we note that the AQI,
PM,; and PM,, are well represented on axis 1, while CO,, relative humidity and
temperature are carried by the axis 2. On this axis the temperature is diametri-
cally opposite to relative humidity and CO,.At the level of Figure 17, as at the
level of Figure 18, axis 3 carries the temperature and TCOV.

In Figure 19, we note that the aldehydes are mainly carried by axis 4.
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Figure 18. Graphical representation of the F1-F3 factor map.
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Figure 20 shows the graphical representation of the factorial map F1-F2 and

F1-F3.
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Figure 19. Graphical representation of the F1-F4 factor map.
-1.30 -0.30 0.70 1.70 2.70
0 0 © Agblangandan
5101 5.10 * Athiemé
© Bopa
0 © Ekpé
00 © Quinga
° Sémé
3.10 3.10 ° Tankpé
¢ 0 o * Togoudo
~ ® Tori-Bossito
."é . C.OZ . Humldlte relativ PMI0 o iigbo
@ F (o7}
él‘l(} R ¢ ™ . 1.10 oruto
=] ".n: .: ..BOI. o o <>PM'5
© —&“ﬁwﬁ%— s — ¢ Humidté
o,g@ga %0 3;8 f o ] c?" % '.' .f. o relativ
-0.90 o f o N ‘ . ° ' 0.90
° PM30] ‘ ¢
° °
-2.901 ¢ 2.90
-1.30 -0.30 0.70 1.70 2.70

Composante 1

Figure 20. Graphical representation of the factorial map F1-F2 and F1-F3.
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The analysis of Figure 20 shows two groups of points, namely those located to
the left of the ordinate axis and grouped around the abscissa axis. These are the
points Aglangandan, Zogbo, Athiémé, Bopa, Ouiga characterized by a good Air
Quality Index. All other points located to the right of the y-axis and grouped
around the x-axis are characterized by moderate to severe Ambient Air Quality
Indices. These are Sémeé, Ekpé, Tankpe, Togoudon Tori-Bossito, Carrefour
Etoile rouge, Carrefour Toyota and crossroads after friendship stadium. At these
last points, the quality of ambient air is marked by high levels of particulate
matter, especially PM,s, TCOV, sometimes HCHO and CO.. Particulate matter

and TVOCs are two classes of air pollutants most harmful to human health.

4. Discussion

From our results, it appears that air pollution levels vary from 400 to 1444 ppm
with an average of 486.80 + 184.3 ppm and a %CV = 37.86 for carbon dioxide
CO;. At the level of Total Volatile Organic Compounds (TCOV), the daily con-
tents vary from 0.01 to 6.91 mg/m? with a daily average of 0.36 + 0.65 mg/m? and
a %CV = 181.4. Aldehydes vary from 0.005 to 3 mg/m?® with an average of 0.05 +
0.17 mg/m?® and a %CV = 320.38. Regarding particulate matter with diameters
less than or equal to 2.5 um (PM;;), pollution levels vary between 5 and 173.8
pg/m?® with an average of 21.5 + 17.62 pg/m® and a %CV = 82. On the other
hand, for PMj,, the contents vary from 5 to 449.6 pg/m?* with an average of 28.17
+ 31.74 ug/m?® and a %CV = 112.67. The Air Quality Index (AQI) ranges from
0.3 to 243 with a mean of 39 + 33.16 and a %CV of 85.38. Concerning the spatial
distribution of the pollutants monitored, only particulate matter, TCOV and
AQI make it possible to model pollution based on the distances which separate
the sampling points. The most polluted city is the city of Cotonou, especially by
particulate matter, especially PM,s and TCOV. Other authors recorded PM,;
contents of around 335.1 pg/m’ in 2016 in Cotonou [14] and 175.3 pug/m’ in Co-
tonou in 2017 [15]. The PM,;s contamination levels recorded by [15] are similar
to our results and allow us to conclude that the evolution of PM,s pollution in
Cotonou remained stagnant from 2017 to 2023. However, during During this
same period, the automobile fleet experienced an evolution. The data from [14],
[15] and our results highlight the effectiveness of the different policies to combat
air pollution in the large cities of Benin, implemented by the different successive
governments at the head of the Beninese state. [16] by working in two African
cities namely Abidjan and Cotonou on other atmospheric pollutants in addition
to ours such as (NO,, SO,, NH;, HNO;, O;) showed a weak seasonality of con-
centrations and the majority pollutants on all sites are NH; and NO, with higher
concentrations. However, the sites identified by the author in the city of Coto-
nou are the major intersections of road arteries. In other words, the major inter-
sections of the city of Cotonou are under the influence of significant atmospher-
ic pollution according to the study and this pollution is generalized throughout
the city with regard to NH; and NO,. This is in agreement with the present study
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which revealed the influence of the city of Cotonou, especially the major inter-
sections, by PM, s and TCOV. This trend is also reported by [4] who showed that
the city of Kinshasa in the Democratic Congo is also polluted by NO, and CO.
[17], while working in the city of Tunis in Tunisia noticed high concentrations
of ozone in the study area, and their distribution opposite to that of concentra-
tions of nitrogen oxides and sulfur dioxide, even if the values of the latter do not
exceed the standards (respectively. The correlation matrix as well as the PCA
made it possible to note a strong correlation between ozone, temperature and
the intensity of solar radiation, on the one hand, and the relative humidity of the
air and the concentration of nitrogen monoxide, on the other hand, these two
groups being anti-correlated. The concentrations of nitrogen dioxide appear
here to be independent of photochemical phenomena and very poorly correlated
to other parameters. In our study we also noted that among the pollutants mo-
nitored there were two classes: pollutants characterizing severe pollution such as
TVOC and PM,; and those whose levels of presence in the atmosphere were not
threatening for target groups such as newborns, the elderly and those who suf-

fered from respiratory pathologies.

5. Conclusion

The analysis of the different distribution maps shows a standard deviation ellipse
oriented in the East-West direction, suggesting an orientation of the spatial dis-
tribution of the contents of the atmospheric pollution monitoring parameters in
the study area. This observation led to the statistical tests of Moran, General G
and sometimes, if the need arises, to the calculations of the Anselin-Moran and
Getis and Ord indices to confirm or refute not only the spatial distribution but
also to highlight the zones of similarity/dissimilarity and zones of high and low
concentrations. Of the 13 monitoring sites and the 8 parameters chosen to de-
termine the ambient air quality in southern Benin, only three parameters present
spatial autocorrelation leading to predictions of ambient air quality over the en-
tire study area in based on the distance between the points. These 3 parameters
are PM,s, PMj, and the ambient air quality index (AQI). The localities affected
by atmospheric pollution in South Benin are located in the south-western part of
Benin headed by the city of Cotonou which is heavily polluted by CO,, Total
Volatile Organic Compounds (TCOV), PM,, and especially PM,;s. These levels
of pollution in the city of Cotonou are likely to impact sensitive people such as

the elderly, newborns and patients with acute and chronic respiratory illnesses.
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