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Abstract

Air Pollution is a serious hazard worldwide especially in urban areas. Road traffic is the main cause of
pollution in agglomerations that are confronted to an excess of pollutants due to traffic intensity and
the dominance of diesel cars. This paper presents the assessment of road traffic pollution in the Grand
Casablanca area. Data used are the result of simultaneous measurements at thirteen sites located in the
Grand Casablanca. Available data cover 4 years period (2013 -2016). Traffic-related air pollutants are
reviewed in order to assess their impact on the local air quality. It include nitrogen dioxide (NO),
particulate matter (PM,y), carbon monoxide (CO) and Benzene (CsHy). Annual evolutions are
presented and compared to national air quality standards;, NO; annual trends are also evaluated. The
[NOJ/[NO,] emissions ratio calculation allows then to characterize the measurement sites against road
traffic. The paper focuses on determining the contribution of road traffic emissions on air quality
modifying,; we found spatial variability in traffic pollutants. The results pointed out that road traffic and
conditions are the main causes of air pollution in the area and the analysis provide a quick view of the
relatively critical areas that need more action to reduce this pollution.
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1. Introduction
The urban environment has nowadays the wider population; this generates a perpetual growth of
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activities that adversely affect environment, public health, well-being, and quality of life. Population
increase is accompanied with proportional increase in emissions while higher urbanization rate and lower
average household size increase emissions as well (Cole & Neumayer, 2004). The ever-changing
transport sector is exacerbating the phenomenon of pollution and contributing to the overall balance of
gas emissions. The transition from massively industrial pollution to a pollution where transports have a
predominant share has gradually been accompanied by a major transformation of monitoring systems,
while industrial pollution has significantly declined in recent years, transport pollution has been steadily
increasing, with the main cause being the increase of cars traffic and the vehicles fleet. Air pollution
parameters demonstrates a strong correlation with the traffic intensity. The highest correlation indicators
established are from CO and NO, pollution (Zarins, 2014). Moreover, it is in cities that the situation is
most sensitive, because while the pollution depends on topography and weather conditions, the
consumption of a car in the city is four times higher than on the highway, and the highest pollution levels
globally occurs in winter and summer (Cichowicz, Wielgosinski, & Fetter, 2017; Dadhich, Goyal, &
Dadhich, 2017). A study on the urban population exposure to air pollution during their travels in the
Paris agglomeration highlighted that the highest exposure levels are obtained in the passenger cars
(Delaunay, Goupil, Ravelomanantsoa, & Person, 2012). Air pollutants are known or suspected to cause
harmful effects on human health, traffic-related pollution proved to be significantly associated with
respiratory symptoms in children (Kim et al., 2004), moreover, many studies showed that pollution
increases mortality and pointed out the causal link between short-term exposure to air pollution and
mortality (L. Pascal, 2009), (Dab et al., 2001). The Grand Casablanca , Morocco’s biggest agglomeration
and economic capital, is currently affected by year-round air pollution (Khatami, Ponche, Jabry, &
Mirabel, 1998).

This study has made the first attempt to define the possible influence of road traffic emissions in
ambient air quality over a large urban agglomeration from Morocco: the coastal area of the Grand
Casablanca. The work carried out in this study focuses on:

- Presenting the main indicators of air pollution originating from road traffic (NO,, PM,y, CO and
CgHy), in particular through their effects on health and the environment;

- Present the main associated air quality standards.

Investigating the temporal trends of NO2 concentrations for the period 2013-2016

drawing up a temporal average profiles of sites with the highest levels of pollutants

- Identifying the most affected areas by road traffic pollution by the calculation of [NOJ]/[NO,]
emissions ratio of each measurement site.

- Analyzing and exploiting data through the Boxplots representation of the average cycles

- Determining how meteorological parameters (wind direction and speed) affects the dispersion of
pollutants

This study can be used in a more general reflection on atmospheric pollution during the implementation

of Urban Travel Plan for example.
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2. Materials and Methods

2.1 Study Area

The Grand Casablanca area (Figure 1) is located on the Atlantic coast in the north-west of the country,
with an area of 1 615 km? and a population of about 4 million inhabitants (RGPH 2014). The Grand
Casablanca hosts different activities, a large industrial environment (the thermal power station,
Mohammedia refinery and Ain Sebaa-Bernoussi industrial zone) characterizes the North-East part, the
urbanized part is bordered by the Bouskoura forest in the south and rural agricultural lands in the
South-East and South-West, the southern parts are less urbanized. It is also a major transport hub for the
whole country; railway lines and several major roads and highways connecting the city with the rest of
the country cross it: the N1 and N11 National Roads, South Ring Road, Coastal Road, Expressway, R315
Regional Road and the A7, A3 and AS Highways.
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Figure 1. Location of Morocco in Africa (right map) and Location of the Grand Casablanca in
Morocco

Source: haut-commissariat au plan; Google maps 2018

2.2 Studied Parameters and Their Health Impact

Air pollution parameters considered here (NO,, PM;y, CO and C¢Hg) are the main indicators of road
traffic pollution especially in urban areas. The exhaust (fuel combustion), evaporation, abrasion of
vehicle equipment (brakes, tires, etc.) as well as road wear and the resuspension emit these pollutants.
Nitrogen dioxide (NO,) is a motor traffic tracer (L. Smith et al., 2015), it forms during the combustion of
fossil fuels from the reaction of Nitrogen monoxide (NO) with oxygen or ozone in the air. NO, causes a
range of harmful health effects, a short-term exposure to NO, is associated with adverse health effects
and increases hospital admissions and mortality especially for susceptible populations (children, elderly,
and asthmatics) and long-term exposure is associated with adverse health effects (respiratory
symptoms/diseases, hospital admissions, mortality, etc.) (Latza, Gerdes, & Baur, 2009). Particulate

matter 10 micron or less (PM,o) comes from iron and steel industry, cement factory, wastes incineration
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and automobile traffic and the smaller they are, the more dangerous they are (Ropeik & Gray, 2002).
According to a public health study in France, fine particles pollution causes 48,000 deaths per year,
which is as much as alcohol, and reduces life expectancy by up to two years (M. Pascal et al., 2016).
Ultra-fine particles provoke alveolar inflammations, with release of mediators capable, in susceptible
individuals (elderly, diabetics, or those with known coronary artery disease) of causing exacerbations of
lung disease and increasing blood coagulability, thus also explaining the increases in cardiovascular
deaths associated with urban pollution episodes (Martinelli, Olivieri, & Girelli, 2013; Seaton, MacNee,
Donaldson, & Godden, 1995). Carbon monoxide (CO), an odorless, colorless and flammable gas, results
from the incomplete combustion and motor vehicles is the absolutely dominant source (Fenger, 1999).
Numerous studies showed that prolonged exposure to CO has health consequences: headaches and
dizziness (Raaschou-Nielsen, Nielsen, & Gehl, 1995) and elderly hospitalizations for cardiovascular
disease (Hoek, Brunekreef, Goldbohm, Fischer, & Van Den Brandt, 2002). Benzene (C¢Hy) is a volatile
organic compound belonging to the family of hydrocarbons that mainly comes from the residential and
tertiary sector, in particular from woods combustion, and road transport. Benzene has effects on the
nervous system, blood cells and platelets that can cause loss of consciousness and the major health risk
associated with exposure to low concentrations has been shown to be cancers risk and leukemia
(Duarte-Davidson, 2001; M. T. Smith, 2010; WHO, 2000).

2.3 Data Collection

Hourly data were obtained from the air quality monitoring network of the Grand Casablanca (13
stations) (see Figure 2) from January of 2013 to December of 2016, except for the PM,, that are daily
data. The fixed stations are generally located in public places and measures continuously and in real
time the concentrations of a number of ambient air pollutants including those quoted above, as well as
the meteorological parameters allowing the transformation and dispersion of the pollutants (wind speed
and direction, ambient temperature, atmospheric pressure and relative humidity). Air pollution
parameters studied here are subject to specific regulations in Morocco (Table 1). In order to perform a
relevant statistical analysis, basic data are analyzed according to the requirements of the ADEME
Guide: “Rules and Recommendations on: Data Validation, Aggregation Criteria and Statistical
Parameters” (2003), and the “Guide of Air Quality Data Aggregation for the Application of the
European Directives 2004/107/EC and 2008/50/CE on ambient air quality” (2015). Only sites that meet

the criteria mentioned in these guides are evaluated here.

Published by SCHOLINK INC.



www.scholink.org/ojs/index.php/ees Energy and Earth Science Vol. 1, No. 1, 2018

@ Air Quality Station
== Highway

== National Road

= Regional Road

--- Peripheral Road
[] Grand Casablanca
Adminstrative Boundaries

Figure 2. Location of the Air Quality Stations and Road Infrastructures of the Grand Casablanca

Table 1. National Ambient Air Quality Standards

Limit values

Pollutant Nature of the threshold
Limit values for health protection
3
NO: (ng/m’) Limit value for the protection of
vegetation
Limit values for health protection
SO; (ng/m’)

Limit value for the protection of
ecosystems

CO (mg/m*) Limit values for health protection

PM, (ug/m’)  Limit values for health protection
CeHg (ug/m®)  Limit values for health protection

50; Annual Average
200; Percentile 98 of Hourly Averages

30; Annual Average

125; Percentile 99.2 of the Daily
Averages

20; Annual Average

10; Daily Maximum of 8-hour running
average

50; Percentile 90.4 of the Daily Averages
10; Annual Average

2.4 Data Analysis

For each site of the monitoring network, the mean annual of the traffic pollution indicators: NO,, PM;,

CO and C¢Hg were calculated and compared to the Moroccan legislated air quality standards, for the

entire period 2013-2016. Temporal trends of NO, concentrations were then evaluated for stations with

a minimum data coverage of 75% of valid data per year for at least three out of the 4-years period. The

non—parametric method proposed by Thiel (1950) and Sen (1968) for estimating the slope of a linear

trend was used. This approach involves computing slopes for all the pairs of ordinal time points and

then using the median of these slopes as an estimate of the overall slope. Since Sen’s slope is robust

against outliers, it is widely used for the estimation of trending magnitudes of climate series (Deo,
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McAlpine, Syktus, McGowan, & Phinn, 2007; Guentchev & Winkler, 2010; Hidalgo-Muioz, Argiieso,
Gamiz-Fortis, Esteban-Parra, & Castro-Diez, 2011; Tramblay, El Adlouni, & Servat, 2013). The
statistical significance of the obtained trends is then tested using the modified Mann—Kendall test
proposed by Hamed and Rao (Hamed & Ramachandra Rao, 1998), for testing the presence of a
monotonic increasing or decreasing trend. EPA’s ProUCLS5.1.002 software (US EPA Statistical
Software for Environmental Applications for Data Sets with and without Non detect Observations) was
used here and the test is performed at significance level of 5 %.

In order to study temporal behaviors of pollutants, temporal profiles are presented in different time
steps (monthly, weekly &daily) for sites recording the highest levels of NO,, PM;, and CO.

The most affected sites by road traffic emissions are determined by the method of the NO/NO, ratio
calculation for characterizing the measurement sites against traffic intensity. A hierarchical
classification is carried out and the monitoring sites are grouped according to their profiles.

Statistical data analysis of pollutants for the site representing the highest [NO]/[NO,]ratio was
performed using the Boxplot presentation method for different temporal cycles. Boxplot graphic is
good for showing trends in the distributions of data (Mintz, Fitz-Simons, & Wayland, 1997). We
represent the evolution of the minimum, 25th percentile (P25), median, mean, 75th percentile (P75) and
the maximum.

Meteorological data are used for the interpretation of the pollutant concentrations observed at the
urban-traffic station representing a traffic pollution hot-spot. Meteorological parameters analyzed here

include wind direction (°) and wind speed (m/s).

3. Results

3.1 Annual Mean Concentrations Compared to the Annual Guideline

3.1.1 Nitrogen Dioxide NO,

The evolution of NO, annual averages (Figure 3 (a)) allows the differentiation of the thirteen study sites;
it shows that the NO, levels respect relatively the sanitary standard. A prioritization seems to be in place
with three sites recording the highest values and exceedances of the limit value for the protection of
vegetation (30 pg/m?®): Ain Harrouda, Ain Sebaa and Bouskoura sites. The 98 Percentile evolution
(Figure 3(b)) allows the estimation of peak levels, the measured values are all below the health

protection limit value (200pg/m?) except for the Ain Harrouda site that exceeded this value in 2013.
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Figure 3. Evolution of: (a) Annual Average Concentrations & (b) 98% Annual Percentile of Nitrogen

Dioxide regarding the Moroccan Standards in the Thirteen Monitored Sites (2013-2016)

3.1.2 Particulate Matter PM;,

For the Particulate pollution, figure 4 illustrates the annual evolution of the 90.4 daily percentiles of PM,;
most of the represented sites experienced exceedances of the daily PM;, standard. Table2 represent the
number of days where the PM,, standard was exceeded for the sites presenting exceedances of the health
protection. The results shows exceedances of the sanitary standard, and a largest number of overruns

recorded in 2014.
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Figure 4. Evolution of the 90.4 Percentile of Daily Averages of PM;, regarding the Moroccan
Standards over 2013-2016 Period
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Table 2. Number of Days Exceeding the Limit Value for Health Protection of the PM;, (90.4

Percentile)
St C. St C. St C. St C. St C. StC. StC. StC. StC. StC. StC. St St
Ain Ain  Ain Scbaa Bernoussi Bouskoura  Hgy = Chu Oncf Wilaya Sidi Jahid Med.  Med.
Chock  Harrouda Hassani Othman Khansaa Prefecture
2013 - - - - - - - oL - -
2014 - - 40 - - 35 - - - 95 - 37 -
2015 - - - - - . I V1 ;
2016 - 13 - - 6 6 - - - - - - -

3.1.3 Carbone Monoxide CO

Table 3 record the exceedances of the standard for stations with carbon monoxide analyzers. In
2013-2016 period, the measuring stations showed no exceedances of the 8-hour sanitary standard: 10
mg/m? (Daily maximum of the running average over 8 hours), but in 2016 the station of Ain Harrouda

exceeded the above-mentioned value 17 days.

Table 3. Number of Days Exceeding the 8-Hour CO Standard (Limit Value for Health Protection)

St C.Ain St C.Ain St C.Ain St C. St C. St C.Hay St St C.Sidi
Chock Harrouda Sebaa Bernoussi  Bouskoura Hassani C.ONCF Othman
2013 0 0 0 0 0 0 0 0
2014 0 0 0 0 0 0 0 0
2015 0 0 0 0 0 0 0 0
2016 0 17 0 0 0 0 0 0
00— ———————————————————————
mmmmm ST c.ain chock s ST c.ain harrouda
ST c. bernoussi ST c. bouskoura
s ST c.hay hassani ===-=VL prot°® santé

CeHg (ng/m?)
(9]

okl 1 1

2013 2014 2015 2016

Figure 5. Annual Average Concentrations of Benzene regarding the Sanitary Standard

3.1.4 Benzene C¢Hg
Figure 5 shows the evolution of the annual averages of benzene for sites with benzene analyzers. A lack

of data probably due to equipment failures for some sites, did not allow to compare the measurement
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results or to study the evolution of annual concentrations. However, we found that the recorded levels are
all below 10 pug/m’, the annual limit value.

3.2 Trends in Annual NO, Concentrations Average

Trends in data for nitrogen dioxide (NO,) were investigated over the period 2013 to 2016 at the Grand
Casablanca monitoring stations. Table 4 summarizes the coefficients of variation of Theil and Sen of the
average annual NO, concentrations. The record for six monitoring stations (Casa.Ain Saba; Casa.CHU;
Casa.ONCF; Casa.Wilaya; Casa.Jahid; Media Prefect; and Media Khansaa) was less than three. This
period is considered too short to offer a meaningful understanding about concentration trends. Therefore,
results for these stations are not presented in table 4. Results indicates statistically significant increasing
trends of annual concentrations of NO, at the Casa.Ain Chock; Casa.Bernoussi; Casa.Bouskoura;
Casa.Hay Hassani and Casa.Sidi Othman stations.Trends in Casa.Ain Harrouda station are not

statistically significant.

Table 4. Annual Trends in Nitrogen Dioxide (NO,) in the Studied Area; Significance Level=0.05

Trends
Station
Average Nitrogen dioxide (NO,)

ST C.Ain Chock 0.215
ST C.Ain Harrouda 0.405
ST C.Bernoussi 0.0595
ST C.Bouskoura 0.247
ST C.Hay Hassani 0.202
ST C.Sidi Othman 0.381

3.3 Intercycles Analysis: Average Profiles of Sites with the Highest Levels of Pollutants

Figure 6 provide the evolution of automobile pollution indicators studied here, at various time scales
(seasonal/monthly, weekly and daily) for sites recording the highest levels of pollution (Ain Harrouda,
Ain Sebaa and Bouskoura). This allows evaluating the temporal evolutions and highlight the
occurrence of exceptional air pollution events (pollution peaks, weekend effect, seasonality, etc.) as
well as the specificities of this pollution according to the typologies of the measurement sites. Temporal
profiles enable to differentiate the selected sites and globally shows homogeneous behavior for all
pollutants. Seasonal/monthly profiles are marked by a maximum in winter (december-february) and
minimum values at the end of summer (august-September). Weekly profiles shows higher
concentrations on workdays and a decline on weekend with peaks in the middle of the week. As for the
daily profiles, hourly evolution shows, for NO2, the presence of two peaks corresponding to the hours
of intensification of car traffic during the day. NO, level increases in the morning from 07:00 to 09:00,

a second peak is formed in the late afternoon (19:00-22:00), beyond these hours, levels are stable and
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the lowest values are observed at night (23:00-06:00). CO daily profile follows the same trend as for
NO, but with less intense peaks. For all temporal profiles, the Bouskoura site seems to be intermediate

to the other sites for all the studied pollutants.

Monthly cycle Weekly cycle Daily cycle
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Figure 6. Average Cycles (Monthly, Weekly, Daily) of Road Traffic Indicators for Sites with the

Highest Levels

3.4 Identification of Typical Traffic Sites: [NO]/ [NO,] Ratio

Considering the results, the[NO]/[NO;]ratio differs greatly from one site to another (Table 5). The
resulting values allows to draw a distinction between the sites and to group them in three categories:

* Ain Chock, Bernoussi, Hay Hassani, CHU, Med Khansaa and Med prefecture sites are the least
influenced by traffic vicinity with an [NOJ]/[NO;]ratio lower than 1. These sites could be defined as
urban background sites, with an NO concentrations mainly lower than NO, and less characteristic of
road transport effect.

» Ain Sebaa and ONCF sites appears intermediate (moderately affected by road traffic), with an
NO/NO;, ratio of between 1 and 1,5. However, those of Ain Harrouda, Wilaya and Sidi Othman have
more scattered ratios. Indeed, in 2013-2014, the sites had ratios lower than 1, then as of 2015, the
influence of road traffic emissions seems to have increased to values beyond 1.

* Finally, Bouskoura site stands out as the most affected site by road traffic emissions with an [NO]/

[NO,] ratio higher than 1.5 for most of the time.
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3.5 Analysis of the Cycle Structure: Boxplots Representation

Table 5. [NOJ/ [NO,] Ratio during the Study Period (2013-2016)

Ain Ain Ain Bernoussi Bouskoura Hay CHU ONCF Wilaya Sidi  Jahid Med. Med.

Chock Harrouda Sebaa Hassani Othman Khansaa Prefect
2013 0.83 0.25 -- 0.56 1.35 0.67 -- 1.13 -- 0.61 - 0.60 -
2014  0.63 0.86 1.11 0.54 1.94 0.50 -- 1.01 1.08 0.59 -- 0.75 0.65
2015 0.55 1.16 0.98 0.56 2.03 065 0,63 141 1.69 1.06 -- 0.70 0.78
2016  0.50 1.39 1.11 0.63 2.02 0.49 -- 1.42 -- -- -- 0.86 -

The box-plot representation of the average cycles allow analyzing the dispersion of the concentration
data against the average. It is therefore necessary to analyze the representativity of the average cycles
over the considered period. For the Bouskoura site, which represents the highest NO/NO, ratio,
considering the figure, the data are more dispersed in winter than in summer, during the weekly peak
(midweek) and peak hours (09:00 and 20:00). The dispersion of the NO, data seems to be better than
the CO and PM,, data. This observation is illustrated, in part, by the difference between the median and
the mean of the extracted cycles (represented by the curve in Figure 7). Indeed, for the NO, data these
are relatively close, whereas for the CO and PM;, data the means are sometimes below the median
values. The CO and PM;, means appear accordingly smoothed by the low extreme values and the
NO,extreme values are higher than the high border. A specificity is noted with regard to NO, data for
the daily cycle, the interquartile gap is larger for hours from 7am to 10am. This can be explained quite

simply by the alternation of the road attendance that can vary according to peak hours.
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Figure 7. Average Cycles (at Monthly, Weekly, Hourly Intervals) for the Traffic Indicator
Pollutants (NO,, CO and PM,,) of the BOUSKOURA Site over the 2013-2016 Period

3.6 Wind Roses

Figure 8 present the wind roses for the Bouskoura site. The wind roses have been created using the hourly
data from the four years 2013-2016. The results of this station located in the background of the Grand
Casablanca suggest that the predominant winds come from the northern sector with a velocity mostly
between 0 and 2 m/s, followed by the westerly winds; this situation is favorable to the accumulation and
stagnation of pollution plumes loaded with air pollutants. The site was therefore influenced by the

emissions of pollutants from the center of the agglomeration and the neighboring road network.
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Figure 8. Wind Roses of Bouskoura Site from 2013 to 2016

4. Discussions

The purpose of this study is to examine the role of road traffic in modifying air quality in a large urban
agglomeration, the Grand Casablanca. Over all measurement sites, the measured concentrations result
from different contributions: background pollution, transregional contribution (imported via air mass
flows), urban contribution mainly related to traffic and meteorological factors impact. NO, Annual
means showed a significant increase for some monitoring sites. The absence of statistical significant
tendencies in time series for some monitoring sites is due to the shortness of the period used for this
study. The high annual value of NO, in Ain Harrouda (67.51 pg / m®) can be explained by the exposure
of the site to the prevailing winds of the SAMIR oil refinery of Mohammedia, and the decrease is
probably due to the significant decline of refining activities and their definitive cut by the end of 2014.
As for PM,,, the majority of sites experienced limit values exceedances most of the time; a large
proportion of the particulate pollution can result from road dust resuspension (Amato et al., 2009) , and
rise with the vehicles speed (Nicholson, Branson, Giess, & Cannell, 1989). The benzene and CO
respects the recommended thresholds except for the station of Ain Harrouda that exceeds the sanitary
standard 17 times in 2016. In order to determine the most affected sites by road traffic emissions, we
studied the temporal evolutions of the sites with the highest values of road traffic pollutants, including
NO,, the analysis of temporal profiles (monthly, weekly and daily) has enabled to understand the
evolution of these pollutants over time and highlight the periods with the highest emissions. The
NO/NO, ratio allowed to set up a hierarchical classification and to determine the most affected sites by
the road traffic emissions. The results revealed that the Bouskoura site have the highest values and
turned out to be the most impacted site by the NO, emissions. This finding may reflects the direct
influence of road traffic emissions on the air quality in this site. However, several other factors may be

behind these results; in addition to emission levels, meteorological parameters also highly influence the
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pollution levels by their transport or transmission (Mayer, 2015), a low wind speed (less than 3 m/s)
favors the accumulation of the pollutants (Latini, Grifoni, & Passerini, 2002). The analysis of the wind
roses in the Bouskoura site reveals that the site is mainly subject to the prevailing northern winds,
which turns the pollution plumes formed downtown to this site. That can explain the strong values

recorded.

5. Conclusion

Urban air quality is getting worse; road traffic in the Grand Casablanca is largely responsible for the
local emissions of nitrogen oxides and particles, and thus contributing to the degradation of its air
quality. Some air pollutants are present in high concentrations, often above the recommended
guidelines. In addition to emissions, air pollution levels also depend on weather conditions. This study
allowed us to understand the spatio-temporal distribution of pollutants, particularly those emitted by
road traffic in the Grand Casablanca and to identify the most affected areas by this type of pollution.
This work suggests that road traffic plays an important role in the air quality modification, especially in
areas with heavy road traffic or close to major traffic routes. The Improvement of local air quality
requires therefore additional controls and the application of reduction strategies for the vehicular

emissions to reduce the alarming pollution levels.

Declaration of interest
The authors report no conflicts of interest. The authors alone are responsible for the content and writing

of this article.

Acknowledgements
We want to express our gratitude to the Direction de Météorologie Nationale of Casablanca for kindly

providing the necessary data.

References

Amato, F., Pandolfi, M., Escrig, A., Querol, X., Alastuey, A., Pey, J., ... Hopke, P. K. (2009).
Quantifying road dust resuspension in urban environment by Multilinear Engine: A comparison
with PMF2. Atmospheric Environment, 43(17), 2770-2780.
https://doi.org/10.1016/j.atmosenv.2009.02.039

Cichowicz, R., Wielgosinski, G., & Fetter, W. (2017). Dispersion of atmospheric air pollution in
summer and winter season. Environmental Monitoring and Assessment, 189(12).
https://doi.org/10.1007/s10661-017-6319-2

Cole, M. A., & Neumayer, E. (2004). Examining the impact of demographic factors on air pollution.
Population and Environment, 26(1), 5-21. https://doi.org/10.1023/B:POEN.0000039950.85422.¢cb

Dab, W., Ségala, C., Dor, F., Festy, B., Lameloise, P., Moullec, Y. Le, ... Zmirou, D. (2001). Pollution

14
Published by SCHOLINK INC.



www.scholink.org/ojs/index.php/ees Energy and Earth Science Vol. 1, No. 1, 2018

atmosphérique et Santé: Corrélation ou causalité? le cas de la relation entre 1’exposition aux
particules et la Mortalit¢ cardio-pulmonaire. Journal of the Air and Waste Management
Association, 51(2), 203-219. https://doi.org/10.1080/10473289.2001.10464268

Dadhich, A. P, Goyal, R., & Dadhich, P. N. (2017). Assessment of spatio-temporal variations in air
quality of Jaipur city, Rajasthan, India. Egyptian Journal of Remote Sensing and Space Science.
https://doi.org/10.1016/j.ejrs.2017.04.002

Delaunay, C., Goupil, G, Ravelomanantsoa, H., & Person, A. (2012). Evaluation de I’exposition des
citadins aux polluants atmosphériques au cours de leurs déplacements dans I’agglomération
parisienne, 1.

Deo, R. C., McAlpine, C. A., Syktus, J., McGowan, H. A., & Phinn, S. (2007). On Australian Heat
Waves : Time Series Analysis of Extreme Temperature Events in. In MODSIM 2007 International
Congress on Modelling and Simulation (pp. 626-635).

Duarte-Davidson, R. (2001). Benzene in the environment: an assessment of the potential risks to the
health of the population. Occupational and Environmental Medicine, 58(1), 2-13.
https://doi.org/10.1136/0em.58.1.2

Fenger, J. (1999). Urban air quality. Atmospheric Environment, 33(29), 4877-4900.
https://doi.org/10.1016/S1352-2310(99)00290-3

Guentchev, G. S., & Winkler, J. A. (2010). A two-tier atmospheric circulation classification scheme for
the European-North Atlantic region. Physics and Chemistry of the Earth, 35(9-12), 341-351.
https://doi.org/10.1016/j.pce.2009.12.011

Hamed, K. H., & Ramachandra Rao, A. (1998). A modified Mann-Kendall trend test for autocorrelated
data. Journal of Hydrology, 204(1-4), 182-196. https://doi.org/10.1016/S0022-1694(97)00125-X

Hidalgo-Muioz, J. M., Argiieso, D., Gamiz-Fortis, S. R., Esteban-Parra, M. J., & Castro-Diez, Y.
(2011). Trends of extreme precipitation and associated synoptic patterns over the southern Iberian
Peninsula. Journal of Hydrology, 409(1-2), 497-511. https://doi.org/10.1016/j.jhydrol.2011.08.049

Hoek, G, Brunekreef, B., Goldbohm, S., Fischer, P., & Van Den Brandt, P. A. (2002). Association
between mortality and indicators of traffic-related air pollution in the Netherlands: A cohort study.
Lancet, 360(9341), 1203-1209. https://doi.org/10.1016/S0140-6736(02)11280-3

Khatami, A., Ponche, J. L., Jabry, E., & Mirabel, P. (1998). The air quality management of the region of
Great Casablanca (Morocco). Part 1: Atmospheric emission inventory for the year 1992. Science
of the Total Environment, 209(2-3), 201-216. https://doi.org/10.1016/S0048-9697(97)00307-0

Kim, J. J., Smorodinsky, S., Lipsett, M., Singer, B. C., Hodgson, A. T., & Ostro, B. (2004).
Traffic-related air pollution near busy roads: The East Bay Children’s Respiratory Health Study.
American  Journal of Respiratory and Critical Care Medicine, 170(5), 520-526.
https://doi.org/10.1164/rccm.200403-2810C

Latini, G, Grifoni, R. C., & Passerini, G. (2002). Influence of meteorological parameters on urban and

suburban air pollution. Advances in Air Pollution, 11, 1-10.

15
Published by SCHOLINK INC.



www.scholink.org/ojs/index.php/ees Energy and Earth Science Vol. 1, No. 1, 2018

Latza, U., Gerdes, S., & Baur, X. (2009). Effects of nitrogen dioxide on human health: Systematic
review of experimental and epidemiological studies conducted between 2002 and 2006.
International  Journal of Hygiene and Environmental Health, 212(3), 271-287.
https://doi.org/10.1016/j.ijheh.2008.06.003

Martinelli, N., Olivieri, O., & Girelli, D. (2013). Air particulate matter and cardiovascular disease: A
narrative  review.  Euwropean  Journal of Internal  Medicine, 24(4), 295-302.
https://doi.org/10.1016/j.ejim.2013.04.001

Mayer, H. (2015). Air Pollution in Cities Air pollution in cities.
https://doi.org/10.1016/S1352-2310(99)00144-2

Mintz, D., Fitz-Simons, T., & Wayland, M. (1997). Tracking Air Quality Trends with SAS/GRAPH.
Proceedings of the 22nd Annual SAS User Group International Conference (SUGI97), 10,
807-812. Retrieved from http://www2.sas.com/proceedings/sugi22/INFOVIS/PAPER173.PDF

Nicholson, K. W., Branson, J. R., Giess, P., & Cannell, R. J. (1989). The effects of vehicle activity on
particle resuspension. Journal of  Aerosol Science, 20(8), 1425-1428.
https://doi.org/10.1016/0021-8502(89)90853-7

Pascal, L. (2009). Effets a court terme de la pollution atmosphérique sur la mortalité. Revue Francaise
d’Allergologie, 49(6), 466-476. https://doi.org/10.1016/j.reval.2009.08.005

Pascal, M., De Crouy Chanel, P., Corso, M., Medina, S., Wagner, V., Goria, S., ... Host, S. (2016).
Impacts de | ‘exposition chronique aux particules fines sur la mortalité en France continentale et
analyse des gains en santé de plusieurs scénarios de réduction de la pollution atmosphérique (pp.
1-12). Saint-Maurice : Santé Publique France.

Raaschou-Nielsen, O., Nielsen, M. L., & Gehl, J. (1995). Traffic-related air pollution: Exposure and
health effects in copenhagen street cleaners and cemetery workers. Archives of Environmental
Health, 50(3), 207-213. https://doi.org/10.1080/00039896.1995.9940389

Ropeik, D., Gray, G, & George M. (2002). Risk: A practical guide for deciding what's really safe and
what's dangerous in the world around you. Houghton Mifflin.

Seaton, A., MacNee, W., Donaldson, K., & Godden, D. (1995). Particulate air pollution and acute
health effects. Lancet, 345(8943), 176-178. https://doi.org/10.1016/S0140-6736(95)90173-6

Sen, P. K. (1968). Estimates of the Regression Coefficient Based on Kendall’s Tau. Journal of the
American Statistical Association, 63(324), 1379-1389.

Smith, L., Mukerjee, S., Kovalcik, K., Sams, E., Stallings, C., Hudgens, E., ... Neas, L. (2015).
Near-road measurements for nitrogen dioxide and its association with traffic exposure zones.
Atmospheric Pollution Research, 6(6), 1082-1086. https://doi.org/10.1016/j.apr.2015.06.005

Smith, M. T. (2010). Advances in Understanding Benzene Health Effects and Susceptibility. Annual
Review of Public Health, 31(1), 133-148.
https://doi.org/10.1146/annurev.publhealth.012809.103646

Tramblay, Y., El Adlouni, S., & Servat, E. (2013). Trends and variability in extreme precipitation

16
Published by SCHOLINK INC.



www.scholink.org/ojs/index.php/ees Energy and Earth Science Vol. 1, No. 1, 2018

indices over maghreb countries. Natural Hazards and Earth System Sciences, 13(12), 3235-3248.
https://doi.org/10.5194/nhess-13-3235-2013

Treil, H. (1950). A rank-invariant method of linear and polynomial regression analysis.

WHO. (2000). Air quality guidelines for Europe. Environmental Science and Pollution Research, 3(1),
23. https://doi.org/10.1007/BF02986808

Zarin$, A. (2014). Evaluation of Air Pollution Measurements in Urban. Construction Science, 15(1),

29-34. https://doi.org/http://dx.doi.org/10.2478/cons-2014-0005

17
Published by SCHOLINK INC.



