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INTRODUCTION

Protecting the environment is one of the pil-
lars of sustainable development, which is a major 
challenge for the future of man and the planet. 
Air pollution is the first comprehensive and cur-
rent account of the science of air pollution and its 
impact on human health [Robert et al., 1999]. The 
quality of the air we breathe induces short-term 
health effects such as allergies, asthma and oth-
er respiratory and long-term diseases of cardio-
vascular disease and lung cancer. WHO through 

global air quality guidelines provide guidance on 
the limits of key air pollutants that pose health 
risks, including particulate matter (PM) which are 
indirect indicators of air pollution and consist of 
two components; particles with a diameter not ex-
ceeding 10 microns (PM10), which penetrate the 
lungs and particles with a diameter not exceeding 
2.5 microns (PM2.5) are even more harmful to 
health. Ozone (O3) is also one of the main risk fac-
tors for morbidity and mortality related to asthma; 
carbon monoxide (CO) and nitrogen dioxide (NO2) 
and sulphur dioxide (SO2) which can also affect 
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ABSTRACT
In order to evaluate the impact of olive activities on the population health in Fez rural, which is affected by air 
pollution, a retrospective study of acute respiratory infections (ARI) and chronic was studied (about ten years) in 
the commune of Ain Taoujdate (30 km of Fez center), known by its strong pollution particularly that of the air 
caused by industrial activity. Method using was the examination of medical records from 2004 to 2015. Analyzing 
the evolution of respiratory infections at Ain Taoujdate, we noticed a remarkable and repetitive increase, during 
olive tree campaign and in the spring (in each year), following the air pollution in the commune and abundance 
of pollen (pollinosis). Very high cases of pneumopathies recorded during the month of December 2004 and which 
reached 305 and 124 cases successively and which corresponds to the most important triturating activity during 
these twelve years of study. On the other hand the asthma crisis of Ain Taoujdate, shows a very large value in olive 
oil milling season. The main cause seems to be air pollution of Ain Taoujdate, since a large oil mill that releases a 
huge amount of fume is installed close to the population. Statistical analyzes using principal component analysis 
(PCA) and ascending hierarchical classification (HAC), were able to show an eventual correlation. This work ex-
cludes microbial infections; its limitation is the absence of air quality data and was the consequences to take stock 
of the impact of air pollution caused by oil mills on respiratory health
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asthma, bronchial diseases, pulmonary inflamma-
tion and impaired lung function [WHO, 2021]. 

Industrial activities are one of the main risk 
factors that influence not only personal and in this 
case called occupational diseases, but also the ad-
jacent population [Andujar and Nemery, 2009]. 
In other words, occupational asthma, which is a 
type of asthma caused by certain chemical or bio-
logical agents present in the workplace, is consid-
ered to be the most common occupational respira-
tory disease, especially in industrialized countries 
[Ameille and Escatha 2004].

Among the industrial activities that generate 
air pollution is the olive sector, which is based 
on the extraction of olive oil. This extraction is 
carried out according to the following steps; the 
grinding which is carried out by millstones, the 
mixing which makes it possible to release the 
maximum of oil by mixers, the separation of 
the phases and finally the decantation [Essahale 
and Karrouch 2015]. Two types of processes are 
used: the industrial one, which is generally based 
on a continuous extraction system comprising a 
horizontal centrifugation which can separate the 
dough into three phases (oil, vegetation waters 
and solids) or two phases (oil and wet paste), if 
there is little or no water injection, followed by 
vertical centrifugation. The second, known as tra-
ditional, is done by discontinuous extraction of-
ten by pressure and gives two phases, the liquid 
is then filtered and precipitation allows the oil to 
be obtained [Benyahia and Zein, 2003]. Vegeta-
tion waters which are by-products of trituration, 
if they are not treated, have very harmful effects 
on the quality of water. The solid which is also 

produced during this process is often dried lead-
ing, in order to reduce the humidity to around 10 
to significant air pollution [International Olive 
Council guide, 2006]. 

FEZ is affected by air pollution, population 
living which has an impact on the health and 
living conditions industrial areas [Antouh and 
ElQandi, 2018]. This activity is important eco-
nomic source in Ain Taoujdate and neighboring, 
because the olive tree is grown on about 8,060 
ha of area with an average yield of 2 to 2.8 tons / 
ha [PDA-El Hajeb, 2010]. It generates alarming 
pollution, particularly in Ain Taoujdate, which 
is a commune located about 30 km from the city 
of Fez, and whose population is about 27,000 
inhabitants [HCP-Fes-Meknes, 2019]. Several 
olive processing units are installed in the mu-
nicipality and are well known for their air pol-
lution in particula [Essahale, 2016]. This retro-
spective study aims to evaluate acute respiratory 
infections and asthma for about 10 years in the 
population of Ain Taoujdate, through the analy-
sis of the registers of medical consultants at the 
level of the centers of health, and to correlate 
the causes and effects of these diseases with the 
air pollution of the oil olivier mills installed in 
this commun. Note that these observations are 
descriptive and require further analysis of the air 
to definitively establish a causal link

Study area

The study is conducted in commun of Ain 
Taoujdate (the El Hajeb province, Fez, Meknes 
Region) (Figure 1). 

Figure 1. Geographical location of the study sites in Fez region
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Patients and methods

The method using in this study was the ex-
amination of medical records from 2004 to 2015, 
to identified acute respiratory infections and cor-
relate it with industrial activity extracting olive 
oil. The data were obtained by Tuberculosis and 
Respiratory Disease Diagnostic Center Provin-
cial Delegation of Health in El Hajeb (Fez-Me-
knes region, Morocco). The diagnosis is made 
by general medecins to the health centers of Ain 
Taoujdate, and who are focal points trained in the 
respiratory health program. It should be noted 
that some patients have been referred to pulmo-
nologists in the province as needed. All patients 
diagnosed in health centers as suffering from ARI 
or asthma (including asthma attack) are compul-
sorily declared under cover of the hierarchy, and 
the databases are analyzed, in accordance with 
the Helsinki Charter. Monitoring and evaluation 
are carried out periodically to ensure that the in-
formation collected perfectly. 

It should be noted that the sample studied 
corresponds to the symptomatic cases presented 
daily to the health centers for a routine consul-
tation, these are new declared cases, the number 
of which depends on the epidemiological and cli-
matic conditions with the average of about twenty 
cases per day per health center, in a population of 
about 30,000 inhabitants and a number of chil-
dren under five of about 5,000. Inclusive and ex-
clusive criteria – Exlued on this study microbian 
(bacterial and viral) Pneumonia

Statistic data analysis 

In order to establish a typology of the study 
area, the statistical analysis of the data and in 
particular the principal component analysis 
(PCA), ascending hierarchical classification 
(AHC) and descriptive analysis were performed 
out using version 22 XLSTAT-2022 software. 
These methods have been widely used in many 
fields related to the environment and health to 
highlight associations between individuals and/
or variables and to identify seasonal and an-
thropic influences on the environment and health 
[DeLagarde.1995; Vega et al. 1998; Parinet et al. 
2005]. The Pearson correlation coefficient was 
used to establish correlations between ARI and 
asthma variables, and the t-test was used to com-
pare variations in ARI parameters between dif-
ferent study periods (Jan 2004 to Dec 2015).

RESULTS AND DISCUSSION

Analysis of medical records consulting

By analyzing the evolution of ARI for the 
Ain Taoujdate from 2004 until 2015 in children 
under 5 years old (Figure 2a), We noticed almost 
the same shape of the curve repeated from year 
to year, with two very identifiable peaks. The first 
peak appears from November to the end of Janu-
ary, during the olive oil milling season (olive cam-
paign), and the second corresponds to the spring 
season, which is known for hay fever due to the 
abundance of different types of pollen.

Indeed, the agriculturale of the commun is very 
famous for the olive-growing activity which plays 
an important role in the agricultural economy at the 
local level, thanks to the support of the agricultural 
development fund, within the framework of the 
Green Morocco Plan. Several oil mills are installed 
and are well known for their pollution, especially air 
pollution [Essahale, 2016], but also for their impact 
on aquatic environments [Bouaouine, 2020]. In this 
context, environmental pollution control commis-
sions have raised concerns about violations, particu-
larly regarding air pollution in Ain Taoujdate caused 
by some oil mills, they have issued fines and required 
the owners of these units to implement mitigation 
measures [Essahale, 2016; Study environnement 
d’huilerie Lousra, 2016], Despite this, pollution re-
mains alarming. Studies have indicated significant 
health risks due to exposure to particulate matter, 
as well as ozone (O3), nitrogen dioxide (NO2), and 
sulfur dioxide (SO2), including acute lower respira-
tory tract infections, cardiovascular diseases, chronic 
obstructive pulmonary disease, and lung cancer 
[WHO. 2021; Vikram et al.2020]. Indeed, hydrogen 
sulfide (H2S), for example, has the characteristic, at 
low concentration, of being odorous and above all of 
causing corrosion phenomena and irritating respira-
tory and ocular mucous membranes, knowing that 
ARI are a major cause of morbidity and mortality 
worldwide [Mansbach, Camargo, 2012]. Repeated 
exposure to this gas can also cause irritative bron-
chitis and skin irritation [Bouzaza et al., 2003]. 
Cliffe and Patumsawad found a significant corre-
lation between the percentage of olive oil extrac-
tion waste and carbon monoxide emissions [Cliffe 
and Patumsawad 2001]. They noted that for all 
tests, carbon monoxide emissions ranged from 100 
ppm to 350 ppm (114.561 to 400 mg/m3), while 
the WHO recommends a value that should not 
exceed 4 mg/m3 [WHO. 2021]. Other researchers 
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have confirmed the presence of toxic gases in at-
mospheric emissions from solids pyrolysis. For ex-
ample, Blanco Lopez et al. 2002.found high levels 
of nitrogen (N2), oxygen (O2), carbon oxides (CO 
and CO2), and light hydrocarbons (CH4, C2H4, and 
C2H6) [Blanco-López et al., 2002].

As part of the data analysis, we found that the 
month of December 2004 was marked by a surpris-
ing increase in pneumonia and severe pneumonia 
among children under 5 years of age, reaching 305 
and 124 cases, respectively (Figure 2b), this coin-
cides remarkably with the most important olive har-
vest campaign, which set a world record for olive oil 
production at around 3 174 000 tons t [International 
Olive Council, 2011]. A slight decrease in ARI oc-
curred starting from 2009 with no new cases ob-
served during certain periods, for example, between 
May 2009 and September 2009, and between July 
2010 and October 2010 (Figure 2c). This decrease in 
ARI cases can be explained by a slight reduction in 
the impact of oil mills on the environment, after the 

creation of the provincial committee for industrial 
pollution control. Indeed, Essahale have shown that 
the number of polluting oil mills, which was 93.75% 
in 2005, reached 51.51% in 2014, which is certainly 
one factor among others that explains this decrease. 

Asthma were studied during the same period 
(2004–2015) for subjects over 5 years old (and 
adults). Figure 3 shows a remarkable correlation 
between asthma attacks and olive oil activity, on 
one hand, and the presence of high pollen concen-
trations in the air on the other hand. There is a se-
quential increase in asthma attacks at the end of the 
fourth quarter and the beginning of the first quarter 
of each year studied, which corresponds to the pe-
riod of olive oil processing.

The increase in asthma crises is also observed 
during the spring period due to the abundance of pol-
len in the air. During the spring season, the concen-
tration of pollen in the air is high, as the vegetation 
cover of the region is dominated by cereal crops and 
fruit tree plantations, notably olive trees [Essahale, 

Figure 2. a) Evolution of ARI of children undern 5 years old in the city of Ain Taoujdate (10 years old), 
b) Evolution of ARI of children undern 5 years old in the city of Ain Taoujdate (2004–2007), 

c) Acute respirtory infection (IRA) in children under 5 years old of ain Taoujdate (2009–2010)

Figure 3. Evolution of asthma crises in individuals over 5 years old 
in the city of Ain Taoujdate between 2005 and 2014
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2016], The pollination of this plant occurs around 
the month of May, which coincides remarkably with 
the second peak of respiratory infections. During this 
time, the plant releases large quantities of pollen. 
Studies on its pollen and recombinant allergens have 
currently shown 10 recombinant allergens [SETE, 
2018]. Similar results were found by Alaoui Yazidi 
and Bartal Gaussorgues [Alaoui and Bartal, 2000], 
who studied skin sensitization to the olive tree (Euro-
paea) in 640 subjects consulting for the first time for 
asthma and/or rhinitis and/or conjunctivitis across 
several regions of Morocco. They showed that the 
prevalence was high in regions where the olive tree 
is implanted, and that in Meknes (a city located about 
50 km away from Ain Taoujdate) and its regions (in-
cluding Ain Taoujdate), it represented 40% of the 
cases [Alaoui and Bartal 2000]. The commune of 
Ain Taoujdate is known by oil mills that release a 
huge amount of smoke [Essahale, 2016].

The concerns regarding the impact of air pollu-
tion have led governments and local authorities to 
regulate it. Air pollution is regulated by regulations 
regarding classified installations for the protection 
of the environment. According to Articles 2, 4, and 5 
of Decree No. 2-09-286 setting the air quality stan-
dards and the methods for air monitoring [Decree n° 
2-09-631, 2010], mainly the air quality index (the 
overall air quality of an agglomeration), the limit 
value for health protection for hydrogen sulfide 
(H2S), and sulfur dioxide is 125 µg/m3, 99.2 percen-
tile of daily averages, and PM10 should not exceed 
a total of 50 mg/m3 [Decree n° 2-09-631, 2010]. 
Despite all the efforts of the state to minimize air 
pollution, the impacts of olive activities on health 
remain very significant, especially during the mill-
ing period. In Fez the damage due to air pollution 
and noise pollution takes into account the negative 
impacts on health [Antouh and ElQandi, 2018].

Statistical analysis

The results of descriptive statistical analysis 
are summarized in Table 1. We note that the high 
standard deviation values for the majority of vari-
ables indicate a large dispersion of their distribu-
tions. These standard deviations may be due to 
temporal and seasonal variations (climate change) 
as well as anthropogenic factors (impact of air pol-
lution). Table 2, which summarizes the results of 
Pearson correlation tests, indicates that the major-
ity of the respiratory parameters show significantly 
high correlations (calculated significance level 
P<0.05). Asthma is negatively correlated with the 
other respiratory variables. Severe pneumonia and 
pneumopathy are fairly strongly correlated with 
each other (rsevere pneumonia-pneumopathy = 0.634).

Principal component analysis (PCA) per-
formed on the data matrix for the three variables 
are shown in Figures 4 and 5. The correlation 
circle (Fig. 4) clearly shows that of the respira-
tory variables (Severe Pneumo and Pneumoni-
tis) are positively correlated with the first main 
component (F1 54.62%), unlike Asthma which 
is negatively associated with this axis. This axis 
(F1) allows the identification of the enrichment 
of the variables described above in relation to 
the anthropogenic contributions to Ain Taoujdate 
mainly during olive-growing companion.

 The PCA results (Fig. 5) show that the first 
two factor axes (F1 and F2) contribute to explain 
more than 87.85% of the total variation. In the 
general case, a better representation of point cloud 
in this factorial plane is shown by much of the in-
ertia [DeLagarde, 1995]. We will observe in par-
ticular the regular and significant increase in the 
scattering of the points along component 1 (com-
ponent of the respiratory variables: Severe Pneu-
mo and Pneumonitis) The analysis is not done in 

Table 1. Descriptive statistics
Variable Observations Minimum Maximum Average Standard deviation

Asthma 144 0.000 20.000 0.773 2.884

Severe pneumo 144 0.000 124.000 2.333 11.254

Pneumonitis 144 0.000 305.000 31.444 43.917

Table 2. Pearson correlation matrix (n)
Variables Asthma Severe pneumo Pneumonitis

Asthma 1 -0.019 -0.056

Severe pneumo -0.019 1 0.634

Pneumonitis -0.056 0.634 1
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relation to the center of gravity of the cloud of 
points in space Rn, but in relation to the origin. 
Indeed, all the variable points are on a sphere, of 
radius 1 centered at the origin of the axes [DeLa-
garde, 1995]. Concerning the distribution of the 
Ain Taoujdat surveys on the F1 X F2 projection 
plane (Figure 5), all the points occupy positions 
consistent with what is known from their environ-
ment. Indeed, the CPA shows that the measure-
ments periods for months 1 and 2 of 2004 and 
2007 were positively coordinated on component 1 
(the evolution is mainly according to component 
1). This shows the importance of anthropogenic 
emissions (olive processing plants) on the evolu-
tion of respiratory diseases during this period and 
that the measurements in 2004, 2007, 2012, and 
2014 have the largest amplitudes. This is entirely 
consistent with what was mentioned in Figure 3 
and derived from the epidemiological data of the 
Ain Taoujdat municipality.

The temporal evolutions of asthma during the 
study period for both Ain Taoujdat were evaluated 
by the dispersion of the point cloud correspond-
ing to the different samplings. The results of the 
PCA (Figure 5) show that the first two factorial 
axes (F1 and F2) explain 100% of the total varia-
tion. We can particularly observe the regular and 
significant increase in the dispersion of the points 
along component 1 as we move in the direction of 
the -45° linear bisecto.

PCA was supplemented by a HAC. This clas-
sification was performed using the same quantita-
tive variables used for the PCA (data matrix). The 
results of the HAC allowed the discrimination of 
5 classes (Figure 6):
	• Class 1: This class is composed of 72 re-

cords. The barycenter of class 1 is com-
posed of severe pneumopathy. The identi-
ties of the closest observations to the center 
of gravity of the class or “exemplars” are 
characterized by mean parameters lower 
than the overall average.

	• Class 2 and Class 3: These two classes are 
composed of 64 surveys. They contain 45% of 
all the surveys studied. On the principal com-
ponent 1 (Axe 1), these releves have positive 
coordinate. The individuals in these classes 
are characterized by high variability during 
the study period, specifically in the months of 
January 2004, January-February-March 2007, 
and December 2012. These statistically raised 
peaks significantly coincide with periods of 
olive crushing and pollen abundance. Indeed, 
this is reflected in an increase in the number of 
cases of pneumonia (class centroids).

	• Classe 4: It is formed by 4 records. This class 
is characterized by a very high intra-class vari-
ance (1113.14) compared to class 1 (50.94). 
The centroid of this class is formed by Asth-
ma (newly declared cases of asthmatics).The 

Figure 4. Correlation circle of the respiratory variables (asthma, serve pneumo and pheumonitis)
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releves closest to the center of gravity of this 
class group together the measurements taken 
during the olive harvest seasons.

	• Class 5: This class consists exclusively of an 
observation taken in December 2004 (01-12-
2004, see Figure 5). This class is distinguished 
by a strong correlation with the axis 1 and a 
very large distance from the barycentres of the 
other classes. The most logical explanation 
may be the effect of air emissions during the 
drying of olive marc, which increases at the 
beginning of the olive season.

By referring to many subsequent studies, 
which prove the strong pollution caused by oil 
mills and correlating with statistical studies; we 
can only make the link between air pollution in 
the municipality and respiratory diseases. Above 
all there are no other sources of air pollution men-
tioned in the bibliography during the study period.

Figure 5. Principal component analysis (PCA)

Figure 6. Hierarchical ascending classification (HAC) of Ain Taoujdate surveys

CONCLUSIONS

In conclusion after monitoring the evolu-
tion of acute respiratory infections and chronic 
respiratory diseases (especially asthma) in the 
Ain Taoujdate community for 10 years, an in-
crease in cases of these infections during olive 
harvesting seasons and in the spring due to the 
presence of large quantities of pollen, which 
can cause hay fever, has been observed. This 
could be due to air pollution from crushing 
units installed within the perimeter of the mu-
nicipality. The statistical analyses using PCA 
and HCA confirmed our assumptions and al-
lowed the correlation of causes/effects between 
the studied lung diseases and pollution from 
the olive crushing sector. Quantitative studies 
of different types of air pollutants are possible 
to prove this correlation. 
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