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For the study purposes, 23 primary schools have been selected in Tiaret city, and the collection of PM2.5 was 
performed in the morning, afternoon and evening, in the presence and absence of students. The results showed 
a gradient of concentrations of PM2.5 by site typology. Low and average concentrations are recorded in the areas 
close to forests (23.32 ± 2.77 µg/m3) and high concentrations are observed in the sites exposed to road traffic 
(33.57 ± 3.27 µg/m3) in winter. However, concentrations recorded in the urban sites are lower in the summer 
(25.33 ± 2.85 µg/m3 in sites exposed to road traffic, and 23.78 ± 1.92 µg/m3 in sites close to the forests).

We also noticed that the dominance of PM2.5 was observed in the vicinity of the major axes of movement. The 
dispersion of these particles is illustrated by detailed maps. The maps present information obtained by hierar-
chical classification. They aim to answer the need for spatial knowledge of the problem of particulate pollution 
in urban areas in the city of Tiaret.
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The hierarchical classification allowed distinguishing three groups of schools: urban schools, urban schools 
highly subject to dense road traffic and schools close to green spaces and forests. The results obtained revealed 
a high contamination of the atmospheric environment of the city of Tiaret by PM2.5 aerosols, taking into account 
the results recorded in primary schools. Mass concentration of PM2.5 in the first period (autumn and winter) is 
higher than that of the second period (spring and summer). Indeed, the highest concentrations are recorded in 
the presence of students in winter.
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Introduction
Since the nineteenth century industrial revolution, the 
composition of the Earth’s atmosphere has changed 
significantly, both globally and regionally, mainly by a 
significant increase in anthropogenic emissions. The 
impact of these emissions on the chemical atmos-
pheric composition and on climate is complex and 
variable in  time and space scales. 

In Algeria, the problems of air pollution accumulated 
over decades are just like in all big cities with indus-
trial development, automobile traffic and household 
waste, which suffocate their environment (Maizi et 
al., 2011). In the atmosphere, aerosols are among 
the main routes of pollutant transfer. Particles with 
a characteristic size of less than few microns make 
up the majority of the atmospheric aerosol and are, 
therefore, the most likely long-distance transfer route 
(Forster et al., 2007; Pierre, 2011). PM2.5 fine particles 
have a median aerodynamic diameter of less than 
2.5 µm (progressing deeper in the respiratory tract). 
They form in particular as a result of shocks between 
smaller particles and by condensation of gas on the 
particles. Emissions from these particles are main-
ly due to residential and tertiary emissions, followed 
by manufacturing and road transport (Alvarez et 
al., 2013; Benaissa et al., 2014). The difficulty of de-
termining the size of the particles like the diameter 
implies that they have a spherical form, which is not 
always the case. Therefore, we talk about an equiv-
alent diameter, applicable to all particles regardless 
of their shape. The most often used diameter is the 
aerodynamic average diameter corresponding to a 
sphere having the same speed of fall as the particle 

and a density equal to 1 g.cm-3 (Magali, 2008).  During 
the last decade, many of the world’s resident particles 
have been affected by fine particles with aerodynam-
ic diameters less than 2.5 µm (PM2.5), disrupting air 
quality and promoting increased respiratory morbid-
ity rates among infants and young children (Ward et 
Ayres, 2004; Pope et Dockery, 2006; Henschel et al., 
2012; Dunea et al., 2016).

Aerosol air pollution occurring in urban areas is relat-
ed to both the concentration of industries and house-
holds, and the growth of the density of motor vehicle 
traffic (Chan & Yao, 2008; Kharytonov et al., 2016). 
PM2.5 is subject to special attention because of its po-
tential for human health and the dangers associated 
with its persistence in ecosystems (Benselhoub et al., 
2016).

The objective of this work is to quantify particulate 
pollution by aerosols PM2.5 in educational establish-
ments in Tiaret city (Algeria).

Materials and Methods

Study area

The study was carried out in the city of Tiaret. This city 
is located in the North-West of Algeria between the Tel-
lian range in the North and the Atlassien chain in the 
South. The climate is Mediterranean semi-arid with a 
mean annual rainfall of 400 mm. The region of Tiaret is 
located in an isolated state on the slopes of the moun-
tains with an average altitude of 990 m (Fig. 1).
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Fig. 1
Location of the study area

Fig. 2
Mesh and sampling sites (Google Earth, 2017)

The prevailing winds come from the West and North-
West, their average speeds vary from 3 to 4 m s-1. The 
city of Tiaret has more than 200 km of urban road 
network. The city fleet consists of 156,900 vehicles, 
all types combined, and 71.33% of these vehicles are 
gasoline cars and 26% diesel cars.

This fleet is very heterogeneous because of the varie-
ty of vehicles that make it up (private or utility vehicle, 

gasoline or diesel, recent or old, etc.). Of this total, new 
cars (from 0 to 5 years) represent only 12% of the fleet, 
while cars over 10 years old account for 75%. However, it 
is precisely these older vehicles that are most polluting.

Selection of sampling sites

The 23 randomly selected primary schools are spread 
throughout the city (Fig. 2).

0.5 km

0.5 km
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The PM2.5 collection consists of placing the impactor 
in the middle of the school yard one meter high, away 
from any source of contamination from the ground. 
Three samples were taken daily for each school, in 
the morning (7 – 9 am), at noon (11 am – 1 pm) and 
in the late afternoon (3:30 – 5:30 pm). PM2.5 collection 
was conducted in the presence and absence of stu-
dents in the school yard. The collection time was 30 
minutes; for each sample, a total of six samples per 
day per school was collected. The study sites were 
chosen either at the intersection of the meshes, or in 
the middle of each mesh (mesh size of 0.5 km × 0.5 
km). A total of 138 samples were collected for eight 
months, from November 2016 to June 2017.

Quantification of PM2.5 aerosols in primary schools 
in the city of Tiaret was made using a Dekati® PM10 
impactor (ISO23210, www.dekati.com, 2017). It will 
also be used to determine the dispersion of these 
particles by mapping to prevent the expected health 

consequences. Calculation of PM2.5 concentrations, in 
µg/m3, is performed according to a calculation mod-
el, on an Excel programme (PM10 30LPM calculation 
sheet ver1.51), delivered with the impactor, taking into 
account the values of the meteorological conditions 
outside the harvesting area (Marjamaki et al., 2000). 
The temperature and humidity were measured by a 
Multimetrix D53, the wind speed was measured by a 
branded anemometer. The data obtained were pro-
cessed by R statistical and mapping tool.

Results and Discussion

Classes of pollution and mapping

The PM2.5 mass concentrations for each school were 
calculated for the 138 samples that were divided into 
two periods: the first was winter and fall, and the 

Fig. 3
Classes of PM2.5 aerosol pollution according to the automatic classification 

Legend: 
1. Concentration of PM2.5 in absence of students in the first time (autumn + winter)
2. Concentration of PM2.5 in presence of students in the first time (autumn + winter)
3. Concentration of PM2.5 in absence of students in the second time (spring + summer)
4. Concentration of PM2.5 in presence of students in the second time (spring + summer)
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Table 1
Basic statistics of pollution classes obtained by automatic classification

second was spring and summer. In the beginning, we 
sought to group the concentrations that were most 
similar to each other. To achieve this goal, we submit-
ted the data from each period to automatic hierarchical 

First period: autumn and winter, second period : spring and summer. 
P: presence of students,  Abs: absence of students

classification. The results of this classification are 
shown in Fig. 3.

The automatic classification allows individualising pollu-
tion classes of each period, which are mentioned in Table 1.

Unit (µg/m3)

Variable N Mean Min Max Std.Dev Coef.Var(%).

1 2  _ 3  _ 4  _ 5  _ 6  _ 7

Fi
rs

t pe
rio

d

Class 1 P 11 25.56 22.99 27.78 1.69 6.61

Class 2 P 6 30.67 27.77 32.41 1.76 5.74

Class 3 P 2 32.69 31.82 33.56 1.23 3.76

Class 4 P 2 39.35 38.19 40.51 1.64 4.17

Class 1 Abs 16 19.19 12.04 24.31 3.50 18.25

Class 2 Abs 6 21.23 17.36 25.46 2.89 13.59

Se
co

nd
 p

er
io

d

Class 1 P 3 18.90 15.04 21,99 3.54 18.72

Class 2 P 10 27.19 24.31 30.09 2.20 8.08

Class 3 P 8 30.90 27.72 34.72 2.54 8.22

Class 1 Abs 6 17.94 13.89 21.99 3.17 17.67

Class 2 Abs 6 20.45 16.20 23.14 2.39 11.69

Class 3 Abs 9 20.83 16.20 24.31 2.59 12.44

First period: autumn and winter

In the presence of students, we observed a concen-
tration gradient by site typology (Table 1), with low 
concentrations recorded in the sites close to the for-
est (25.65 ± 1.69 µg/m3) in class 1. Slightly elevat-
ed concentrations were recorded in the urban sites 
(30.67 ± 1.76 µg/m3) indicating class 2. The dominance 
of aerosols PM2.5 appeared in class 4 with a concentra-
tion of 40.51 ± 1.64 µg/m3during this period. This class 
includes two schools located in an urbanisation zone 
with dense road traffic.

In the absence of students, there were two classes of pol-
lution, ranging from an average of 19.19 ± 3.50 ug/m3 in 
sites close to the forest (class 1), and 21.23 ± 2.86 µg/
m3 in urban sites exposed to road traffic (class 2); these 

values are still lower than the daily standard set by the 
World Health Organization (WHO, (2005) of 25 µg/m3.

Those values were confirmed by Ait Bouh et al. (2012), 
where PM2.5 averages increased strongly in winter 
(between 17 and 27 µg/m3), particularly for two urban 
sites invaded by intense road traffic. However, cold 
can lead to an increase in air pollutant emissions from 
the combustion (Aurelien, 2003; Aurelien, 2017).

These observations make it possible to highlight the 
deterioration of air quality in these sites, especial-
ly in the presence of students, where PM 2.5 concen-
trations far exceed the daily norm (25 µg/m3) set by 
the WHO (2005). Dunea et al. (2016) found significant 
correlations (p < 0.01) between the locations of chil-
dren with respiratory problems and the multi-year 
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average PM2.5. These results support the hypothesis 
that increased PM2.5 levels directly influence wheezing 
symptoms and asthma attacks in children.

Second period: spring and summer

The same typology of PM2.5 aerosol concentrations was 
observed during this period, with a maximum value of 
30.90 ± 2.54 ug/m3, observed in class 3 of sites locat-
ed in a highly urbanised area with dense road traffic  
(Fig. 4). Low concentrations, which are close to the 

Fig. 4
Mapping mass concentrations of PM2.5 in both periods in the presence and absence of students
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limit allowed by the WHO, were recorded in class 1 and 
class 2, 18.9 ± 3.54 µg/m3 and 27.2 ± 2.2 µg/m3, re-
spectively, in the presence of students.

In the absence of students, class 3, which includes 
9 schools located in urbanised areas close to road 
traffic, recorded a concentration of 20.83 ± 2.59 µg/
m3.  However, Yves et al. (2013) found that the mass 
concentrations of PM2.5, near the Fuveau road (France), 
were of the order of 14 µg/m3, slightly exceeding the 
annual value (10 µg/m3) of the WHO (2005). On the 

Legend:
A: absence of students in period I; B: presence of students in period I; C: absence of students in period II; D: 
presence of students in period II.
Relation: mass concentrations of PM2.5 vs environmental meteorological factors

A
B

C D



53Environmental Research, Engineering and Management 2019/75/2

Fig. 5
Correlations between some meteorological parameters and PM2.5 concentration

Legend:
E: Canonical correlation analyses of the first period; F: Canonical correlation analyses of the second period

other hand, Mi et al. (2016) reported that the highest 
concentrations of PM2.5 were marked in winter, espe-
cially in urban sites. PM2.5 showed a distinct season-
ality of high concentration in winter and similar levels 
in other seasons (Yuan Chen et al., 2017). For Wei et 
al. (2012), the mean mass concentration of PM2.5 was 
101.6 ± 27.5 µg/m3 in winter and 32.7 ± 19.7 µg/m3 
in summer (China). These results show the season-
al effect that is clearly visible on all sites. These high 
values are mainly explained by the impact of weather 
conditions (humidity, temperature, wind speed), which 
are more favourable to the accumulation of pollutants 
during the winter period.

Mapping

PM2.5 mass concentration mapping was performed by 
R in two states: in attendance and absence of students, 
for both periods. The R package used is ggmap (2017). 

The low concentrations are shown in dark blue, unlike 
the high concentrations which are in light blue. Each 
point, indicated on the map, represents the school, the 
dimension of the circle defines the value of concen-
tration, and the higher concentration is a larger circle.

The results of this mapping are shown in the following 
maps (Fig. 4).

To examine possible correlations between some me-
teorological parameters and PM2.5 concentration, we 
performed a canonical correlations analysis (CCA). 
The result of this CCA is illustrated in Fig. 5.

Two factorial plans are likely to be interpreted; they 
represent about 99% of point clouds for both periods.

The analysis shows a difference between the two pe-
riods. PM2.5 concentrations are positively correlated 
with wind speed, which plays an important part in the 
dispersion of PM (r = 0.31 **). On the other hand, a 
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weak correlation is observed between the tempera-
ture (r = 0.011), the humidity (r = 0.136 **), and the 
concentration of PM2.5. On F2 axis (23.30% of informa-
tion can be interpreted according to the axis), we find 
that the wind speed is correlated with sampling times 
(morning, noon and evening). In the first period, we 
notice a strong correlation between the wind speed 
and the “morning” sampling time. This is shown by 
the concentrations found in two different sites. On the 
other hand, a strong correlation between the wind 
speed and the three sampling times in the second pe-
riod was observed for F1 (75.25%). This correlation is 
statistically significant (especially at noon). The PM2.5 

concentration is closely related to moisture in the 3 
sampling times, whereas Yile (2017) points out that 
a lower wind speed in the lower atmosphere reduc-
es transport he dispersion of aerosols increases the 
accumulation of aerosols near their sources and in-
creases the local concentrations of aerosols. Dumka 
et al. (2013, 2015) note that in addition to seasonal 
variability, mass concentrations of PM2.5 also exhibit 
pronounced diurnal patterns, strongly related to the 
combined effects of local emissions, meteorology and 
boundary layer dynamics. However, the effect of wind 

dynamics is identified as the main actor of dust uplift 
(Tiwari et al., 2017).

Effect of sampling time on the  
distribution of PM2.5

In this part, and in order to study the temporal distri-
bution of PM2.5, we performed a factorial analysis of 
variance. The factors selected are the three periods: 
morning, noon and evening. Fig. 6 represents the fac-
torial analysis of PM2.5 variance in the presence and 
absence of students.

There is a highly significant difference between the 
three sampling times (p = 0.001). This difference 
was observed in the mass concentrations at noon  
27.37 µg/m3 compared with morning and evening, 
20.80 µg/m3 and 23.56 µg/m3, respectively.

Indeed, the dominance of PM2.5 in winter was recorded 
in the sites N° 01.02, and 22, respectively, 33.25 µg/m3, 
35.88 µg/m3 and 29.5 µg/m3. These schools are locat-
ed in the main sights in the city centre and are exposed 
to the traffic lanes of dense road traffic, coinciding with 
increased human activities in the city.

Fig. 6
Factorial analysis of two periods in the presence and absence of students in the morning, noon and evening
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The PM2.5 emissions at noon are higher compared 
with other times (Fig. 6), which means that the source 
of this emission is increasing especially at this time. 
However, Tiwari et al. (2017) found that the lowest 
value of PM2.5 (36 ± 30 µg/m3) was observed between 
14:00 and 17:00. In Guwahati (India), they found that 
the cause was the proximity to road traffic and human 
activities in the markets and the sites located near the 
most polluted sites.

Similar diurnal profiles of PM2.5 have been observed in 
several urban sites in India (Badarinath et al., 2009; Jain 
et al., 2010; Tiwari et al., 2017) showing the important 
role of weather on atmospheric diurnal variability of the 
aerosols. Bo et al. (2015) showed a daily change in PM2.5 

and daily values higher than night-time measurements 
in Beijing (China). In Ile-de-France near automobile traf-
fic routes, the concentrations of fine particles can be up 
to twice as high as those found in the background (Pe-
tite et al., 2013). In 2012, Host et al. found a value be-
tween 30% and 45% of the PM2.5 recorded at the meas-
urement stations near the traffic as a consequence of 
the direct impact of the traffic with diesel vehicles being 
responsible for 90% of these emissions.

However, it is important to point out that a significant 
number of schools are located in road traffic locations 
next to construction sites and that pollution may be a 
health hazard to students.

Particle pollution is of particular concern during the 
winter because of the use of heaters and temperature 
inversion situations. However, the share of vehicle 
traffic through diesel vehicles is steadily increasing. 
We find that natural and anthropogenic emissions also 
have a significant influence on increases in aerosol 
concentrations in winter, with important implications 
that need to be addressed. This has been demonstrat-
ed by Yuesi (2011) who found that during autumn and 
winter burning fossil fuels produced heavy loads of 
aerosols in mode, smoke and soot.

Lead (Pb) is present in paved road dust due to exhaust 
emissions from leaded gasoline vehicles (Lu et al., 
2014; Wei et al., 2015). In fact, the city of Tiaret car 
fleet consists of 71.33% of gasoline cars and 26% of 
diesel cars.

In the end, the use of accumulating plants with high 
pollutant levels above the PM2.5 components is highly 

recommended. We can consider that the pairing of 
biological and physicochemical techniques is inter-
esting, in the sense that the results obtained by the 
bioindicators are complementary and allow a better 
characterisation of pollution by fine particles (Maizi et 
al., 2012). Permeability studies have shown that the 
cuticle is also a means of access for different types 
of pollutants to plant tissues (Francoise et al., 1988). 
Thus, urban forest contributes to reducing the con-
centration of certain pollutants in the ambient air.

The vegetation refreshes microclimates, and groups 
of trees with a dense crown modulate the behaviour 
of the winds (Yann Vergriete, 2007). In addition, urban 
trees have a useful role of air purification. The foliage, 
for example, absorbs many atmospheric pollutants, in 
particular ozone, sulphur dioxide and carbon dioxide.

The ANOVA also shows a highly significant difference 
(p = 0.001) between the mass concentrations of PM2.5 

measured in the presence and absence of students 
for the 23 schools. The dispersion of aerosols is also 
favoured by the increase in the wind speed and the 
activities of students at the recreation period. That is 
explained by the difference of concentrations. For ex-
ample, for the first site, the concentration of PM2.5 is 
38.19 µg/m3  with wind speed = 20.67 km/h in the first 
period, and it is 24.31 µg/m3  with 13.83 km/h in the 
second period. Thus, PM2.5 concentrations in the pres-
ence of students are higher (27.81 ± 4.82 µg/m3) than 
during their absence (20.04 ± 3.5 µg/m3). These values 
are higher than the annual standard (10 µg/m3) set by 
the WHO (2005). According to the study conducted in 
the lower air in girls’ schools, Dinh Trinh (2011) found 
that PM2.5 concentrations were higher in the presence 
of students than found in their absence. Children are at 
an increased risk for the effects of air pollution because 
of their immaturity in the lungs and their sensitive im-
mune system (Bateson & Schwart, 2008; Sheffield et 
al., 201a5). Children living near heavy traffic are more 
likely to develop asthma (Gasana et al., 2012; Gowers 
et al., 2012; Newman et al., 2014; Daniel, 2016).

PM2.5 is associated with acute and chronic health 
effects and is a widely used indicator of air quali-
ty (Stéphanie, 2013; Chang-Fu Wu, 2017). Evidence 
for these regulations comes mainly from associa-
tive studies that have consistently demonstrated a 
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relationship between PM2.5 and increased morbidity 
and mortality. Deryugina et al. (2016) found an in-
crease in daily PM2.5 three-day mortality. Thus, they 
guess that each 1 µg/m3 increase in PM2.5 increases 
the three-day emergency visits by 2.3 per million ben-
eficiaries.

Conclusions
This study has made it possible to know the state of 
PM2.5 air quality in the educational establishments of 
Tiaret region, where a certain number of suspend-
ed contaminants in the air is present in the urban 
school environment. However, repairable suspended 
particles (RSPMs) are of great importance because 
they can significantly affect the health of occupants 
(Radha, 2011).

The analysis of the canonical components showed that 
the PM2.5 concentration was strongly correlated with 
the wind speed and closely related to the humidity and 
temperature in the 3 sampling times. We, therefore, 
note that wind speed is one of the conditions more 
or less favourable to the dispersion of pollutants. We 
conclude that wind speed also has a significant influ-
ence on the increase of aerosol concentrations in win-
ter, with important implications that must be related 

to occupants in the middle.

There was a highly significant difference (p = 0.001) be-
tween the mass concentrations of PM2.5 measured in the 
presence and absence of students for the 23 schools. 
Ultimately, the dispersion of aerosols is favoured by the 
increase in speed wind and the movements of students 
in the course at the time of recreation.

The analysis of factorial variance in the absence and 
in the presence of students showed that the concen-
tration of the PM2.5 at noon was higher than in the 
morning and the evening. It is possible to note that 
the dominance of PM2.5 was recorded in the sites lo-
cated in the city centre streets and still exposed to 
heavy road traffic, and the concentration of PM2.5 at 
noon wass higher than at other times; we also note 
that the causes of pollution are road traffic and human 
activities in markets and building sites located near 
these sites. 

Tree cover and tree planting programmes are still 
quite rational and reasonable. Given the scale of the 
task, if we want to rapidly increase the tree cover in 
cities, we need to encourage natures and from vari-
ous sources.

Finally, the typical characterisation of aerosols and 
their evolution in time and space are still relevant and 
deserve to be the subject of extensive research.

References
Ait Bouh H, Benyaich F, Bounakhla M, Noack Y, Tahri M, Zahry F. 
(2012) Seasonal variations of the atmospheric particles and its 
chemical components inMeknes city-Morocco (in french). ISSN: 
2028-2508

Aurelien C. (2017) Radiative impact of high altitude aerosols. HAL 
Id: tel-01661573 https://tel.archives-ouvertes.fr/tel-01661573

Aurelien R. (2003) Study of heavy metals around the SAM elec-
tric steel mill in Neuves-Maisons AIRLOR 03/09/0013 p. 10/38 
(in French)

Anu Rani S, Shailesh Kumar K, Badarinath K.V.S, Darshan S. 
(2009) Impact of agriculture crop residue burning on atmospheric 
aerosol loading - a study over Punjab State, India Ann. Geophys., 
28, 367-379, 2010. https://doi.org/10.5194/angeo-28-367-2010

Alvarez HB, Echeverria RS, Alvarez PS, Krupa S. (2013) Air 
Quality Standards for Particulate Matter (PM) at high altitude 
cities. Environmental Pollution 173: 255-256. https://doi.
org/10.1016/j.envpol.2012.09.025

Bateson T, Schwart J. (2008) Childrens response to air pol-
lutants. J Toxicol Environ Health A 71:238-243. https://doi.
org/10.1080/15287390701598234

Bo C, Shaowei L, Yunge Z, Shaoning L, Xinbing Y, Bing W, Hongji-
ang Z. (2016) Pollution Remediation by Urban Forests: PM2.5 Re-
duction in Beijing, China. https://doi.org/10.15244/pjoes/63208

Beauchamp M, Malherbe L. (2013) Cartographie nationale des 
dépassements de valeurs seuils réglementaires. Réf. : DRC-13-
126737-09252A

https://doi.org/10.5194/angeo-28-367-2010
https://doi.org/10.1016/j.envpol.2012.09.025
https://doi.org/10.1016/j.envpol.2012.09.025
https://doi.org/10.1080/15287390701598234
https://doi.org/10.1080/15287390701598234
https://doi.org/10.15244/pjoes/63208


57Environmental Research, Engineering and Management 2019/75/2

Benaissa F, Alkama R, Annesi-Maesano I. (2014) Assessment 
of air pollution impacts on population health in Bejaia city, 
Northern Algeria. Iranian Journal of Public Health. 43(9):1221-
1228.(in French)

Benselhoub A.M., Kharytonov M.M., Zaichenko A.O., Stankevich 
S.A. (2016) Environmental risks of man-made air pollution in 
Grand Algiers. Physics of atmosphere, ocean and space plasma 
journal. Vol 18 B: 43 - 51

Chamel A, Gambonnet B. (1988) Role of Plant Cuticle in the 
Transfer of Xenobiotics in the Environment. Dordrecht. https://
link.springer.com/chapter/10.1007/978-94-009-4003-1_78

Chan, C. K. and Yao, X. H. (2008) Air pollution in mega cities in 
China, Atmos. Environ., 42, 1-42. https://doi.org/10.1016/j.at-
mosenv.2007.09.003

Chang-Fu W, Alistair W,Ya Ru L,Haidong K,Rajasekhar B, Mohd 
T, Mazrura S,Tsun-Jen C,Chia-Pin C,Nutta T,Ho K,Chang Chuan 
C,Seung-Muk Y,Mellissa W,Jonathan S. 2017 Regulation of fine 
particulate matter (PM2.5) in the Pacific Rim: perspectives from 
the APRU Global Health. Springer, Air Quality, Atmosphere & 
Healthpp 1-11 (DOI: 10.1007/s11869-017-0492-x).

Dinh Trinh T. (2011) Identification of modeling sources of the dy-
namic behavior of particles in the indoor air of schools. https://
ori-nuxeo.univ-lille1.fr/nuxeo/site/esupversions/3c5ab515-8
5cd-43b6-96a3-f94690172539 (in French)

Dunea D, Iordache S, Liu HY, Bøhler T, Pohoata A, Radulescu C. 
(2016) Quantifying the impact of PM2.5 and associated heavy 
metals on respiratory health of children near metallurgical 
facilities. Volume 23, Issue 15, pp 15395-15406. https://doi.
org/10.1007/s11356-016-6734-x PMCID: PMC4956698

Dumka U, Kaskaoutis D, Srivastava M, Devara P. (2015) Scat-
tering and absorption properties of near-surface aerosol over 
Gangetic-Himalayan region: the role of boundary-layer dynam-
ics and long-range transport Atmos. Chem. Phys., 15 (2015), pp. 
1555-1572.https://doi.org/10.5194/acp-15-1555-2015

Dumka U, Manchanda R, Sinha P, Sreenivasan S, Moorthy K, 
Suresh B. (2013) Temporal variability and radiative impact of 
black carbon aerosol over tropical urban station Hyderabad(Ar-
ticle) Journal of Atmospheric and Solar-Terrestrial Physics Vol-
ume 105-106, Pages 81-90. https://doi.org/10.1002/qj.1963

Deryugina T, Heutel G, Miller M, Reif J. (2016) The Mortality and 
Medical Costs of Air Pollution: Evidence from Changes in Wind 
Direction Working Paper; University of Illinois, Urbana-Cham-
paign. http://www.nber.org/papers/w22753, https://doi.
org/10.3386/w22796

Forster P, Ramaswamy V, Artaxo P, Berntsen T, Betts R, Fahey 
D, Haywood J, Lean J, Lowe D, Myhre G, Nganga J, Prinn R, 
Raga G, Schulz M and Van Dorland R. (2007) Changes in At-

mospheric Constituents and in Radiative Forcing, p. 129-243. 
Cambridge University Press, Cambridge, United Kingdom and 
New York, NY, USA.( http://www.cambridge.org/catalogue/
catalogue.asp?isbn=9780521705967)

Françoise B, Chamel A, Fer H, Frochot B, Gambonnet M, Man-
zato M. (1988) Chemical control of mistletoe (Viscum album 
L.). Penetration, transport, efficiency of two phloem-mobile 
herbicides (2,4-DB and glyphosate). https://www.afs-journal.
org/.../pdf/1988/01/AFS_0003-4312_1988_45_1_ART0001. 
https://doi.org/10.1051/forest:19880101

Gasana J, Dilikar D, Mendy A, Forno E, Ramos-Vieira E. (2012) 
Motor vehicle air pollution and asthma in children: a me-
ta-analysis. Environ Res 117:36-45. https://doi.org/10.1016/j.
envres.2012.05.001

Grundström M. (2015) The influence of atmospheric circulation 
and meteorology on urban air pollution and pollen exposure 
ISBN 978-91-85529-79-7 E-publication at: http://hdl.handle.
net/2077/38728 Sweden

Gowers A, Cullinan P, Ayres JG et al. (2012) Does outdoor air 
pollution induce new cases of asthma? Biological plausibility 
and evidence; a review. Respirology 17:887-898. https://doi.
org/10.1111/j.1440-1843.2012.02195.x

Host S.E, Chatignoux A, Leal C, Gremy I. (2012) Exposure to 
traffic related air pollution: what methods for which health 
risks?. Journal of Epidemiology and Public Health 60 (2012) 
321-330 https://doi.org/10.1016/j.respe.2012.02.007 (in 
French)

Hinds W C. (1999) Aerosol Technology. Wiley-Interscience, New York

Henschel S, Atkinson R, Zeka A, LeTertre A, Analitis A, Katsouy-
anni K, et al. (2012) Air pollution interventions and their impact 
on public health. Int J Public Health.57:757-768. https://doi.
org/10.1007/s00038-012-0369-6

Jain N, Bhatia A, Pathak H. (2013) Emission of Air Pollutants 
from Crop Residue Burning in India. https://doi.org/10.4209/
aaqr.2013.01.0031

Järvinen M, Aitomaa A, Rostedt J, Keskinen J. (2014) Calibra-
tion of the new electrical low pressure impactor (ELPI+).Jour-
nal of Aerosol Science. Volume 69, March 2014, Pages 150-159. 
https://doi.org/10.1016/j.jaerosci.2013.12.006

Kharytonov, M., Benselhoub A., Klimkina I., Bouhedja A., Idres 
A., Aissi A. (2016) Air pollution mapping in the Wilaya of Annaba 
(NE of Algeria). Mining Science, 23: 183 -189

Krzyzanowskin M, Kuna-Dibbert B, Schneider J. (2005) Health 
effects of transport-related air pollution ISBN 92 890 1373 7

Li L, Wu W, Jialiang F, Dongping Z, Huaijian L, Zeping G, Bang-
jin W, Guoying S, Jiamo F. (2010) Composition, source, mass 

https://doi.org/10.1016/j.atmosenv.2007.09.003
https://doi.org/10.1016/j.atmosenv.2007.09.003
https://doi.org/10.1007/s11356-016-6734-x
https://doi.org/10.1007/s11356-016-6734-x
https://doi.org/10.5194/acp-15-1555-2015
https://doi.org/10.1002/qj.1963
https://doi.org/10.3386/w22796
https://doi.org/10.3386/w22796
https://doi.org/10.1051/forest:19880101
https://doi.org/10.1016/j.envres.2012.05.001
https://doi.org/10.1016/j.envres.2012.05.001
https://doi.org/10.1111/j.1440-1843.2012.02195.x
https://doi.org/10.1111/j.1440-1843.2012.02195.x
https://doi.org/10.1016/j.respe.2012.02.007
https://doi.org/10.1007/s00038-012-0369-6
https://doi.org/10.1007/s00038-012-0369-6
https://doi.org/10.4209/aaqr.2013.01.0031
https://doi.org/10.4209/aaqr.2013.01.0031
https://doi.org/10.1016/j.jaerosci.2013.12.006


Environmental Research, Engineering and Management 2019/75/258

closure of PM2.5 aerosols for four forests in eastern China 
Volume 22, Issue 3, Pages 405-412, https://www.ncbi.nlm.
nih.gov/pubmed/20614783. https://doi.org/10.1016/S1001-
0742(09)60122-4

Lu X, Zhang X, Li LY, Chen H. (2014) Assessment of metals 
pollution and health risk in dust from nursery schools in Xi’an, 
China. Mar Environ Res 128:27-34 https://doi.org/10.1016/j.
envres.2013.11.007

Maizi N, Alioula A, Tahar A. (2012) Twinning of bio-indicators 
and an air quality monitoring network for the detection of SO2 
pollution in the region of Annaba (Algeria). Biotechnol. Agron. 
Soc. About. 2012 16 (2), 149-158 (in French)

Maatoug M, Medkour K, Ait Hammou M, Ayad N. (2010) Map-
ping of atmospheric pollution by the roadside lead using the 
transplantation of a lichen bioaccumulator Xanthoria parietina 
in the city of Tiaret (Algeria). Atmospheric pollution N° 205. p. 
93-102 (in French)

Magali S. (2008) Speciation of cadmium, lead and zinc in atmo-
spheric emissions dust of steel origin - Approach to the toxico-
logical impact of dust. HAL Id: tel-00266814

Marjamäki M, Keskinen M, Chen D-R, Pui D.Y. H. (2000) Per-
formance evaluation of the electrical low-pressure impactor 
(ELPI) Journal of Aerosol Science, 31, p. 249-26. https://doi.
org/10.1016/S0021-8502(99)00052-X

Mi T, Huanbo W, Yang C, Fumo Y, Xiaohua Z, Qiang Z, Renquan Z, 
Yongliang M, Kebin H. (2016) Characteristics of aerosol pollution 
during heavy haze events in Suzhou, China. Atmos. Chem. Phys., 
16, 7357-7371. https://doi.org/10.5194/acp-16-7357-2016

Newman N, Ryan PH, Huang B, Beck A, Sauers HS, Kahn R. 
(2014) Traffic-related air pollution and asthma hospital re-
admission in children:a longitudinal cohort study. J Pediatr 
164(6):1396 -1402. https://doi.org/10.1016/j.jpeds.2014.02.017

Petit C, Loubet B, Rémy E, Aubry C, Duguay F, Missonnier J, 
Cellier P, Feiz A, Blondeau C, Mauclair C, Durand B. (2013) Pol-
lutant deposition on agricultural land near transport routes in 
Île-de-France.VertigO. Special Issue 15/ February 2013. http://
journals.openedition.org/vertigo/12833 (in French)

Pope C, Dockery D. (2006) Health effects of fine particulate air pollu-
tion: lines that connect. J Air Waste Manag Assoc. 2006;56(6):709-
742. https://doi.org/10.1080/10473289.2006.10464485

Pierre D. (2011). Experimental determination of the dry depo-
sition rate of submicron aerosols in the natural environment: 
influence of granulometry, micrometeorological parameters 
and cover. HAL Id: tel-00558201(in French)

Radha G, Mukesh K. (2011) Indoor air quality modeling for 
PM10, PM2.5, and PM1.0 in naturally ventilated classrooms 

of an urban Indian school building May, N° 176 (4):501-516 
Environnemental Monitoring and Assessment. https://link.
springer.com/article/10.1007/s10661-010-1600-7. https://doi.
org/10.1007/s10661-010-1600-7

Sheffield P, Zhou J, Shmool J, Clougherty J. (2015).Ambient 
ozone exposure and children’s acute asthma in New York City: 
a casecrossover analysis. Environ Health 14:25. https://doi.
org/10.1186/s12940-015-0010-2

Stella P, Bedos C, Genermont S, Loubet B, Personne E, Petit C, 
Saint-Jean S. (2017) Peri-urban areas: between city pollution 
and pollution of the fields at regional and local scales. https://
doi.org/10.4267/pollution-atmospherique.5613 (in French) 

Stéphanie Val S, Liousse C, Doumbia E, Galy-Lacaux C, Cach-
ier H, Nicolas c, Marchand N, Badel A, Gardrat E, Sylvestre, A; 
Baeza-Squiban, A. (2013) Physico-chemical characterization 
of African urban aerosols (Bamako in Mali and Dakar in Sen-
egal) and their toxic effects in human bronchial epithelial cells: 
description of a worrying situation. Particle and Fibre Toxicolo-
gy.10:10. https://doi.org/10.1186/1743-8977-10-10

Tiwari S, Dumka U, A.S.Gautam A, Kaskaoutis D, Srivastava A, 
Bisht D, Chakrabarty R, Sumlin B (2017) Assessment of PM2.5 
and PM10 over Guwahati in Brahmaputra River Valley: Tempo-
ral evolution, source apportionment and meteorological depen-
dence. https://doi.org/10.1016/j.apr.2016.07.008 Atmospheric 
Pollution Research Volume 8, Issue 1, January 2017, p. 13-28. 
https://doi.org/10.1016/j.apr.2016.07.008

Tiwari S, Kumar R, Tunved P, Singh S, Panicker A (2016 ) Sig-
nificant cooling effect on the surface due to soot particles over 
Brahmaputra River Valley region, India: an impact on regional 
climate Sci. Total Environ., 562 (2016), pp. 504-516. https://doi.
org/10.1016/j.scitotenv.2016.03.157

Ward DJ, Ayres JG (2004) Particulate air pollution and panel 
studies in children: a systematic review. Occup Environ Med. 
61:13. https://doi.org/10.1136/oem.2003.007088

World Health Organization (2005) Lignes directrices OMS rela-
tives à la qualité de l’air : particules, ozone, dioxyde d’azote et 
dioxyde de soufre. /SDE/PHE/OEH/06.02

WHO (2005) WHO air quality guidelines global update published 
by World Health Organization on the internet. http://www.euro.
who.int/data/assets/pdf_file/0005/78638/E90038.pdf? ua¼1. 
Accessed 31 Jan 2016

Wei D, Jiaqi G, Gang C, Feng O (2012) Chemical composition and 
source identification of PM2.5 in the suburb of Shenzhen, China. 
https://doi.org/10.1016/j.atmosres.2012.12.004

Wei X, Gao B, Wang P, Zhou H, Lu J (2015) Pollution charac-
teristics and health risk assessment of heavy metals in street 

https://doi.org/10.1016/S1001-0742(09)60122-4
https://doi.org/10.1016/S1001-0742(09)60122-4
https://doi.org/10.1016/j.envres.2013.11.007
https://doi.org/10.1016/j.envres.2013.11.007
https://doi.org/10.1016/S0021-8502(99)00052-X
https://doi.org/10.1016/S0021-8502(99)00052-X
https://doi.org/10.5194/acp-16-7357-2016
https://doi.org/10.1016/j.jpeds.2014.02.017
https://doi.org/10.1080/10473289.2006.10464485
https://doi.org/10.1007/s10661-010-1600-7
https://doi.org/10.1007/s10661-010-1600-7
https://doi.org/10.1186/s12940-015-0010-2
https://doi.org/10.1186/s12940-015-0010-2
https://doi.org/10.4267/pollution-atmospherique.5613
https://doi.org/10.4267/pollution-atmospherique.5613
https://doi.org/10.1186/1743-8977-10-10
https://doi.org/10.1016/j.apr.2016.07.008
https://doi.org/10.1016/j.scitotenv.2016.03.157
https://doi.org/10.1016/j.scitotenv.2016.03.157
https://doi.org/10.1136/oem.2003.007088
https://doi.org/10.1016/j.atmosres.2012.12.004


59Environmental Research, Engineering and Management 2019/75/2

dusts from different functional areas in Beijing, China. Ecotox-
icol Environ Saf 112:186-192. https://doi.org/10.1016/j.eco-
env.2014.11.005

Yann V, Michel L (2007) Montreal Regional Environmental 
Council; Roles of trees and climbing plants in urban areas: liter-
ature review and extrapolation attempt in the Montréal context

Yuan C, Shao-dong X, Bin L, Chong-zhi Z (2017) Particulate pol-
lution in urban Chongqing of southwest China: Historical trends 
of variation, chemical characteristics and source apportion-

ment. https://doi.org/10.1016/j.scitotenv.2017.01.060

Yuesi w, Jinyuan X, Zhanqing L, Shigong W, Pucai W, Wei Min H, Bryce 
L N, Hongbin C, Lili W, Yang S (2011) Seasonal variations in aerosol 
optical properties over china. journal of geophysical research, VOL. 
116, D18209, 2011. https://doi.org/10.1029/2010JD015376

Yves N-CEREGE Et al. 2013 BMP Particules Atmosphériques 
dans le Bassin Minier de Provence : Caractérisation, Toxicité, 
Evaluation par la Société page 24 , 25 ,94. Agence De L’envi-
ronnement et de Maîtrise de l’Energie.

https://doi.org/10.1016/j.ecoenv.2014.11.005
https://doi.org/10.1016/j.ecoenv.2014.11.005
https://doi.org/10.1016/j.scitotenv.2017.01.060
https://doi.org/10.1029/2010JD015376

