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Abstract Casablanca Region is confronting strong
demographic and socioeconomic growth which negatively
affects the environment and the population. Exposure to air
pollution of high levels can cause adverse health impacts.
However, many recent epidemiological studies have shown
positive associations between exposure to air pollution and
health. The aim of this study is to investigate the
relationship between air quality and human health in
Casablanca region, Morocco. The possible link between air
pollution and daily respiratory hospitalization is assessed
for various age and sex groups from 2011 to 2013. The
pollutants investigated are nitrogen dioxide, sulphur
dioxide, ozone and particulate matter. The statistical study
shows that: the levels of SO, and PMyo are higher in the
area of Ain Seba&sSidi Bernoussi, which can be explained
by the industrial activity. The concentration of O is highest
in the area of Casablanca-city, this result is due to the
importance of road traffic. The results showed that road
traffic and urban industry are the main causes of respiratory
diseases in the region, which requires more action to reduce
this pollution. Log-linear Poisson regression is used to
model the relationship between the number of respiratory
disease consultations and air pollutants and weather
parameters. The results found show associations between
03, SO,, PM3g and hospital consultations due to respiratory
diseases, particularly for women.

Keywords Respiratory Diseases, Human Health, Air
Pollution, Modelling, Casablanca Region (Morocco)

1. Introduction

According to the World Health Organisation (WHO) [1],
the majority of the world's population lives in an area with
high air pollution. Morocco is not an exception. Like the
majority of low and middle-income countries, it has a
pollution level that exceeds WHO thresholds. The first
WHO recommendations in 1958, on the health effects of
air pollution, approved that pollutant levels be reduced for
health protection [2]. Air pollution represents a great
problem for health. It increases the risk of developing
chronic diseases such as the respiratory system, chronic
obstructive pulmonary disease, lower respiratory infections
and asthma [3-4].

This study suggests that we need to take seriously the air
pollution effects on health, caused by the proximity of
industrial plants and road traffic. Air pollution is a change
in the standard composition of the air from a variety of
sources. Epidemiological studies show that exposure to air
pollution is associated with adverse respiratory effects [5-
8]. Every time we breathe, gases such as nitrogen dioxide
and ozone, as well as a large number of fine particles, enter
our airways and lungs. Air pollution is the cause and
aggravating factor of many respiratory diseases like
decreases in pulmonary function [9], increases in
respiratory symptoms [10], exacerbations of chronic
obstructive pulmonary disease (COPD) [11-13], and
asthma [14,15]. Other studies have assessed the health
impact of air pollution [16] and quantified the exposure of
people to car pollution by developing exposure indices to
explain dose-response relationships [17]. Air pollution
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intensifies the warming of the atmosphere [18-20]. For
example, warming will increase desertification, which
increases the presence of sand particles in the air. It will
cause wildfires and increase air pollution. There is also
more flooding and moisture, due to increased extreme
weather events. Global warming increases rural out-
migration and urbanization, and thus pollution. In addition,
under the effect of heat, some gases such as volatile organic
compounds and nitrogen oxides (NO and NOy) turn into
ozone (Os), a very powerful irritant gas that triggers some
respiratory and cardiovascular diseases [21,22]. An
epidemiological and experimental study, published by
Kelly and Fussell [23] from the Centre for Environment
and Health, King's College London, suggests an
association between exposure to air pollutants and
increased morbidity from respiratory infections. Similarly,
this study, particularly in urban areas, suggested a role for
pollutants in the development of asthma and chronic
obstructive pulmonary disease (COPD); as the prevalence
and severity of air conditions appear to be more common
in urban than rural communities, evidence is emerging that
traffic-related  pollutants may contribute to the
development of respiratory allergy. Other studies have
shown that exposure to even moderate levels of air
pollution has been associated with increased respiratory
symptoms in healthy infants. Particularly in infants with
premorbid lung function and inflammation, air pollution
contributed to a longer duration of infectious episodes with
a potentially significant socioeconomic impact [24-26].
Wu et al. [27], in a study conducted in Beijing, China,
showed a significant relationship between the number of
consultations for pneumonia and air pollution in the elderly
compared to younger age groups. Some studies have shown
that prolonged exposure to urban pollution can increase

respiratory disease and permanently decrease lung function.

Living near roads with traffic has been linked to asthma and
chronic obstructive pulmonary disease (COPD) [28].

Effect of Air Pollution on Respiratory Diseases in the Casablanca Region, Morocco

The main objective of this study is to evaluate the health
vulnerabilities induced by atmospheric pollutants and
meteorological parameters in the Casablanca region of
Morocco. To do so, we studied morbidity sequences from
2011-2013 in conjunction with time series data for
meteorological variables (such as temperature, cloud cover,
and precipitation) and air pollutants (including SO,, NO,
Oz, and PMyy), in order to develop statistical models that
can determine the rate of hospitalization of patients.

2. Materials and Methods

2.1. Study Area

The Casablanca region is a commercial hub located in
the west of Morocco, facing the Atlantic Ocean. It is the
economic capital of Morocco, it plays a very important role
in the country, serving as the main port in Morocco and
housing a huge financial centre, is considered a hub of
economic, industrial and commercial activity, with a
population of nearly 4 million inhabitants and an area is
384 km=1t consists of three zones: Casablanca-city (Anfa,
Hay Hassani, Ain Chok, Ben M’sick, Moulay Rachid, El
fida Mers Sultan), Ain Seba&sSidi Bernoussi and
Mohammedia (Figure 1).

Following an internal technical report in the Moroccan
General Direction of Meteorology (GDM) carried out in
2019, on the period 1979-2018, the Casablanca-region is
characterised by moderately dry years which are the
dominant with a percentage of 15%. Due to nearness to
North Atlantic Ocean, its climate is almost sunny and
humid; with winds of low to temporarily moderate speeds,
an annual minimal and maximum temperatures of 13.3<C
and 21.5<C respectively, the annual mean rainfall is
422.3mm/year [29]. Mean annual temperatures are
increasing at a rate of approximately 0.3<C per decade.
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Figure 1. Map of the Study Area

2.2. Data Acquisition

The health data come from the Regional Health
Delegation of the Casablanca region, including the total
number of consultations for Chronic Obstructive
Pulmonary Disease, Respiratory Infection, Respiratory
Allergy and Asthma, during the period of 2011-2013. The
ages of the patients are 5 years or more. Hourly air
pollution data of nine fixed stations in the Casablanca
region are taken from the (GDM). The pollutants
investigated are NO2, SO,, O3 and PMy.

The meteorological data used in this work come from the
measurements of the (GDM) for the period of 2011-2013,
they include the following meteorological parameters:
maximum temperature (Tmax), minimum temperature
(Tmin), precipitations (RR), and cloud cover (NEBUL).
These data are homogeneous and have undergone quality
control to correct all types of errors.

This region was chosen for this study because the
majority of the population resides there permanently. In
addition, its size in terms of a daily number of health events
is sufficient for data modelling. On the other hand, the
diversity of urban air pollution and the availability of air
quality monitoring networks make the Casablanca region a
point of interest for this study. The target population of this
study is the entire population of the Casablanca region.

2.3. Statistical Analysis

The determination of the effects of climate on respiratory
disease consultations is mainly based on the methods
developed by Schwartz for air pollution health impact
studies [30]. Poisson regression is used to obtain a
statistical relationship between the number of consultations
per day and the different parameters used. This approach is
somewhat different from a classical regression. It is a
generalized linear model with a particular link function
[31]. Poisson regression assumes that the response variable
y (number of consultations per day) has a Poisson
distribution and that the logarithm of its expected value can
be modelled by a linear combination of climate parameters.
The Poisson distribution has the following Probability
Mass Function:

e- 40 « (Ap)k
k!

Py(K) = Probability of seeing K events in time t.

The fitting of y to X happens by fixing the values of a
vector of regression coefficients B. The job of the Poisson
Regression model is to fit the observed counts y to the
regression matrix X via a link-function that expresses the
rate vector A as a function of the regression coefficients
and the regression matrix X (Figure 2).

Py(K) = = poisson(At)
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Figure 2. The structure of the Poisson regression model

Table 1. Statistical Descriptions of Air Pollutants

Air polluants (g/m3) Prefecture Mean Std Min Max 25% 50% 75%
Mohammedia 14 18 0 124 0 5 23

NO, Ain Seba&sSidi Bernoussi 21 21 0 439 9 16 26
Casablanca-city 24 20 0 208 11 18 31

Mohammedia 64 44 6 233 32 52 85
O; Ain Seba&sSidi Bernoussi 33 28 1 186 15 21 48
Casablanca-city 95 134 1 1019 24 57 98

Mohammedia 55 64 0 1739 22 38 65

PMyo Ain Seba&sSidi Bernoussi 91 124 1 3467 29 59 110
Casablanca-city 47 41 0 637 20 36 61

Mohammedia 21 35 0 743 0 9 33

SO, Ain Seba&sSidi Bernoussi 151 224 0 1572 7 23 211
Casablanca-city 18 22 0 353 4 12 23

The steps to follow in Poisson regression:

Ensure that our database contains positive numbers,
which represent the number of daily respiratory
disease consultations.

Determine the regression variables that influence the
number of respiratory consultations, these regression
variables are SO,, O3, PMj, NO,, Tmax, Tmin, RR,
NEBUL.

Determine the association between the climate
variables and the number of respiratory disease
consultations.

Split the database into two parts, a training data set on
which our model will train and a test data set that
should be kept aside for testing the model. Do not
train the model on the test data.

Use suitable statistical software such as the Python
statsmodels package to configure and fit the Poisson
Regression model on the training data set.

Test the performance of the model by running it on the
test data set to generate predictors. Compare these to
the actual numbers in the test data set.

Use a goodness-of-fit measure to determine how well
our model learns on the training data set.
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3. Results

Table 1 gives the summary statistics of daily air pollution
for the three study areas. The statistical characteristics
showed that the levels of SO, and PMj, are higher in the
area of Ain Seba&Sidi Bernoussi, this result can be
explained by the industrial activity. While, the level of O3
was higher in the area of Casablanca-city than in the
prefectures of Ain Seba&Sidi Bernoussi and Mohammedia,
this result is due to the importance of vehicle traffic.

Table 2 summarises statistics of daily respiratory
consultations for ages beyond 5 years. The statistical
characteristics of patient consultations for the three study
zones show that the total number of consultations during
the study period was 146110. At each site, was distributed
as follows: (Casablanca = 42781; Mohammedia = 9143;
Ain Seba&sSidi Bernoussi = 94186).

The total number of consultations for respiratory
diseases was more numerous in Ain Seba&Sidi Bernoussi
(on average 212.5) and in Casablanca-city (on average 85.9)
than in Mohammedia (on average 20.2). This is due to the
high level of SO, and PMyo pollutants at the level of Ain
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Seba&Sidi Bernoussi and the high level of Oz in
Casablanca-city.

From Table 2 we can see that all the indicators of
respiratory diseases have the same trend during the study
period.

The evolution of air pollutant concentrations over the
period 2011-2013 is presented in (Figures 2, 3, 4, 5). When
the information threshold is reached, precautions should be
taken, but the Warning threshold should not be reached
because beyond it there will be impacts on the respiratory
system (Table 3).

The concentration of NO, remains below the information
threshold except at one point recorded in Ain Seba&sSidi
Bernoussi at the end of 2013 (Figure 3). The pollutant SO2
exceeds the information threshold for most observations,
and its Warning threshold is largely exceeded in the Ain
Seba&Sidi Bernoussi area, principally in 2012 (Figure 4).
For Qs the recordings in Casablanca exceed the
Information threshold and Warning threshold (Figure 5).
Concerning the PMy, pollutant, the three prefectures of the
Casablanca region have almost exceeded the Warning
threshold (Figure 6).

Table 2. Statistical Descriptions of Patient Consultations

Type of consultations prefecture Mean Std Min Max 25% | 50% | 75% | Total number
Mohammedia 20.2 135 0.0 82.0 11.0 18.0 28.0 7795
Respiratory - T -
. Ain Seba&sSidi Bernoussi | 2125 | 126.6 | 0.0 | 1181.0 | 126.0 | 207.0 | 297.0 86070
Infection
Casablanca-city 85.9 73.7 0.0 371.0 33.0 62.0 | 121.0 37483
Mohammedia 1.7 18 0.0 11.0 0.0 1.0 2.0 672
Asthma Ain Seba&sSidi Bernoussi 11.4 10.0 0.0 118.0 6.0 9.0 15.0 4631
Casablanca-city 6.7 5.0 0.0 29.0 3.0 6.0 9.0 2967
Mohammedia 0.1 0.4 0.0 4.0 0.0 0.0 0.0 40
Exacerbation
Ain Seba&sSidi Bernoussi 0.8 1.7 0.0 16.0 0.0 0.0 1.0 336
COPD
Casablanca-city 0.5 11 0.0 7.0 0.0 0.0 1.0 216
Mohammedia 1.6 1.9 0.0 14.0 0.0 1.0 20 636
Respiratory allergy Ain Seba&Sidi Bernoussi 7.8 6.0 0.0 50.0 4.0 7.0 10.0 3149
Casablanca-city 4.8 44 0.0 26.0 2.0 4.0 7.0 2115
Table 3. Alert and Information Thresholds
NO: SO2 O3 PMuo

Air Pollutants

(hourly average)

(hourly average)

(hourly average)

(daily average)

Information threshold (g/m3)

250

350

200

150

Warning threshold (pg/m3)

400

550

260

200
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Figure 4. Evolution of the Maximum Concentration of SO,
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Figure 5. Evolution of the Maximum Concentration of O3
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Figure 6. Evolution of the Maximum Concentration of PMy

Among the types of consultations studied, respiratory infections were the most frequent for all three age categories,
followed by asthma consultations (Figures 7, 8, 9). With regard to gender, women were the most affected in the study
area.
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To create a correlation matrix, Pandas Data Frame is used, which consists of three main components, data, rows and
columns. The correlation matrix shows that the number of consultations correlates well with SO,, Oz and PMyo (Figure

10).
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Figure 10. Correlation matrix between respiratory disease consultations and climate parameters
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To perform a Poisson regression, we used the Python package Statsmodels with the aim of predicting the daily number
of consultations for respiratory diseases in the city of Casablanca. These are the following results (Figure 11).

Generalized Linear Model Regression Results
Dep. Variable: Respiratory_deaseases MNo. Observations: 265
Model: GLM  Df Residuals: 260
Model Family: Poisson Df Model: 4
Link Function: Lag Secale: 1.8000
Method: IRLS |Log-Likelihood: -3647.6 |
Date: Wed, @5 Apr 2023 Deviance: S53e8.4
Time: @3:3@:85 Pearson chi2: 5.72e+83
No. Iterations: 5
Covariance Type: nonrobust
coef std err z P>|z| [8.825 8.975)
Intercept 4.3709 8.e17 264,282 @.eee 4.338 4.483
502 2.082% | 4.13e-85 71.0889 ©.2800 @.083 8.e83
03 e.eaa3 2.23e-85 13.378 e.eee e.eee 8.eae
PM18 28.eees5 2.43e-85 22.421 .20 e.008 0.001
NO2 @.eee1 | 7.93e-e5 1.303 @.193 5.21e-85 0.000
1t 1t 1r
Regression P value 95% confidence
coefficients g Interval

Figure 11. Training summary for the Poisson regression model

So how well did our model do? Let’s make some predictions on the test data set (Figure 12).

mean mean_se mean_ci_lower mean_ci_upper
Date
2911-11-88 128.43239542 1.738321 117.e88234 123.885236
2011-11-17 174.862976 1.461857 172.821135 177 .751765
[2811-11-22 165.511217 1.522938 162.553068 168.5231990 |
JBI1-1I1-25 13.9. T.473123 T37.781575 TZ3.510520
252. 1.8¢e57 249 .122112 256.553524
236. 2.719964 231.8983406 241.783887
406 . 2.46333280 485.196127 484 852358
284, 2.187375 280.874585 289.135551
240, 2.687673 244 .586204 255.114116
388. 4.,42@873 9.6381%94 7.243600
-
Prediction for Predicted event rate h Standard h gfr’% confidence
the p** sample A, =predicted event ‘ error for A, interval for 4,
in the test set count v, for the pt®
e AN .

The expected consultations for respiratory diseases against the actual consultations for test data are plotted on Figure

13.

Figure 12. First few rows of output from Poisson predictions.
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Figure 13. Predicted versus Actual Consultation for respiratory diseases in Casablanca city

The model seems to follow the trend of actual
consultations, although in some cases its predictions
deviate from the actual value. The Poisson regression
results show that the total number of respiratory disease
consultations is related to Sulphur dioxide (SO.), Ozone
(O3) and suspended Particulate matter (PMyo).

4. Discussions

The objective of this study is to examine the role of road
traffic and industrial parks in the modification of the air
quality and consequently in the increase of the number of
hospitalizations of respiratory diseases in the region of
Casablanca. On the whole of the measurement sites, the
measured concentrations result from various contributions:
urban contribution mainly related to the road parks,
industrial parks and meteorological factors.

The SO, pollutant exceeds the information threshold for
most of the observation zones, and its alert threshold is
largely exceeded in the Ain Seba&sSidi Bernoussi zone,
mainly in 2012; this can be explained by the industrial park
of Sidi Bernoussi and the refining activities in Ain Sebaa.
Similarly, some studies, showed that SO, levels impact
hospital consultations for all above cited respiratory
diseases [32-34].

The O3 pollutant exceeds the information threshold and
the alert threshold in the Casablanca-city, due to road
traffic. In the same way, Burnett et al. [35] and Ponce de
Leon et al. [36] have found a relationship between Oz and
respiratory consultations in different Canadian cities.

However, the present results show no significant link

between NO; and respiratory consultations, as by Atkinson
et al. [37] and Spix et al. [38].

Concerning PMyo, the majority of the sites recorded
exceedances of the limit values most of the time; a large
part of the particulate pollution can result from the
resuspension of dust from the roads. Wong et al. [39],
Sompornrattanaphan et al. [40], Manisalidis et al. [41] and
Schwartz et al. [12] found significant impacts of PM3o on
hospital consultations.

The present study shows (Figures 7, 8, 9) that air
pollution’s impact on respiratory diseases is elevated in
women than in men. Following Redline and Gold [42],
these gender differences may be due to differences in
hormonal status, lung growth and decline rates, and in
airway and parenchymal size differences. In both genders,
Kim and Hu [43] have shown that the deposition of
pollutants particles in the lungs varies by sex, resulting in a
greater female susceptibility to respiratory diseases.

To reduce ambient air pollution impacts, people need to
be aware of local air quality and make additional measures
like reducing time spent outdoors. Overall, the present
study argues for a link between exposure to air pollution
and respiratory diseases. In addition to these pollutants,
meteorological conditions are also a factor.

5. Conclusions

This study has found a relationship between air
pollutants concentrations (SO2, Os, and PMso) and daily
hospital consultations of respiratory diseases in the
Casablanca region. These findings are in good agreement
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with existing studies. Despite respiratory disease caused by
air pollution may seem to be low, it is normal to assume
that the risks of these diseases are much higher in
susceptible people. Road traffic and the industrial park in
the area of concern are largely responsible for local
emissions of atmospheric pollutants and thus contribute to
the degradation of air quality and the consequent increase
in the number of cases of respiratory diseases. This study
shows that air pollution’s impact on respiratory diseases is
more elevated in women than in men. Some air pollutants
are present at high concentrations, often above the
guidelines. This study has identified and located the areas
most affected by these pollutants in the Great Casablanca
area. The reduction of air pollution in urban areas can only
be achieved by improving road safety in the city, while
opting for clean modes of transport; the control of industrial
waste in terms of air pollutants.
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