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ABSTRACT

The objective of this study is to investigate thegio of the polluted air masses in the Tunisian
Mediterranean regions and to characterize the gthssg conditions and the transport and dispersion
mechanisms that give rise to pollution events. #os end, we conducted continuous measurements
campaigns of surface ozone concentration and nwdtgpcal parameters during summer 2011 using mobile
and fixed stations in the Tunisian regions. Thaultssindicated that the seasonal variability of mezo
concentrations was related to European and Saheaasport events. Long range transport of pollgant
from Europe resulted in Oloading and frequent surpassing of the Europeandsird limits in the
Mediterranean Tunisian sites. During these evettte, weather conditions support photochemical
phenomena. The Saharan events provided the impertah chemical reactions and radiative impact
involving dust particles which may reduce the pkbtmical production of ozone.
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1. INTRODUCTION epidemiological studies have demonstrated that the
atmospheric pollution has a correlation with thelyda
The Mediterranean basin, characterized by frequentdeaths and hospitalizations as a consequence of
fires, recirculation near the coasts, dust plumassport ~ pulmonary and cardiac disease responses (Pederabli
from Sahara and intense solar radiation, represants 2010). Q is formed as a result of a cycle of
region particularly affected by air pollution event photochemical reactions involving nitrogen Dioxide
(Carnevaleset al., 2012; Gomez-Amet al., 2011). The  (NO;) and Volatile Organic Compounds (VOC). The
understanding of the relationship of pollutants main reaction that forms Qs the photolysis of NOto
concentration with, both synoptic and mesoscalegive NO and O, with the O atom reacting with ©
circulation, is crucial for the air pollution moartng. form O;, which can then react with NO to regenerate
Weather and climate elements play a significang¢ inl ~ NO,. In the absence of other reactions, NO,,N@d Q
the emissions, the transport, the chemical coexist in an equilibrium determined by the rateNad,
transformations and the removal of pollutants. Qocal photolysis in the presence of sunlight intensity.
scale, anthropogenic emissions may depend onPhotolysis of @ by ultraviolet light yields a reactive O
meteorological variable (Nakamae and Shiotani, 2013 atom, which may lose energy by collision with &d N
Kocaket al., 2012; Dall'Ostoet al., 2010). A number of  molecules in air and then react with @ re-form Q.
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Increasing emissions of its precursors have causedtation. The missing data in this study are dueht®
surface o0zone concentrations to increase (Canilalo, electricity cut-off. The monitoring stations used this
2010). Ozone is considered to be a secondary patlut study (Bizerte (37° 27' N, 9° 87’ E); Kairouan (3589’ N,
with a short lifetime, due to its reactivity; hovesyunder ~ 10° 38’); Tunis (36° 49’ N, 10° 11' E) and Sfax tow
favorable conditions such as long range transpodt a center (34° 74’ N, 10° 76’ E)) have been continlypus
sea-land breeze events it is possible to imply aiap  operated since 2002 to measure pollutants contientsa
variability around urban and coastal areas whiehthe (NO, NO,, NO,, SO, O; and PM). Each Pollutant’s
major sources of its precursors. measurement instrument was based on standard rsethod
Dust continued to blow across northern Africa and (chemiluminescence, method, fluorescence method,
the Mediterranean Sea. The persistent sourceseatet photochemical method and the beta gauge principle,
in the Northern Hemisphere, mainly in a broad “dust respectively) designed by the TAPI (2011). Theyehav
belt” that extends from the Meddle coast of Northda detection limit inferior to 0.6 ppb and a precisiufr0.5%.
over the Middle East (Rahoma, 2011). The detection of ozone molecules is based on atisorp
The aim of the study of Leet al. (2012) was to  of 254 nm UV light thanks to an internal electronic
determine the monthly and seasonal variations of Ai resonance of the Omolecule. The Model 400A uses a
Pollution Index (API) at all monitoring stations Johor. mercury lamp constructed so that a large majorfitthe
Time series models are discussed to analyze faiuia light emitted is at the 254 nm wavelength. Liglnfr the
Malaysia. The result indicates that the most petidrea  |Jamp shines down a hollow quartz tube that is @éttsly
in Johor located in Pasir Gudang with industrial fijled with sample gas and then filled with gastgssed
activities. The review paper of Ogt al. (2012) came t0 5 remove ozone. The ratio of the intensity of tigh

conclusion that the Oil firms, remediation conteaist assing through the scrubbed gas to that of theplgam
and consultants using The Remediation by EnhancecformS a ratio I/lo. The Beer-Lambert equation

Natural Attenuation (RENA) approach should employ calculates the concentr
strict monitoring during the process and also aglher
strictly to standard practices and the mitigatiosasures
for all the cases against RENA. The study of Letfal.

ation of ozone from theorafi
light intensities. The concentration of ozone does
only depend on the intensity ratio. Temperature and

(2011) aims to analyze quality of life by concetitrg on pressure influence the der_lsny of the sample. &fiext
the socio-economic, physical-environmental and aent 1S addressed by measuring temperature and pressure
indexes. The research came to conclusion that thénd including their values in the calculation. The
different neighborhoods of the town showed différen intensity of light is converted into a voltage byet
level of quality of life which it leads to socio@momic ~ detector/preamp module. The voltage is convertéal in
disparities among the urban zones. So the primfty @ number by a voltage-to-frequency converter.
planning should concentrate on the areas wheréMoreover, the influence of atmospheric dynamics on
deprivation decreased the level of quality of life. the levels of air pollutants was investigated byameof

For this purpose, controlling air quality has edrout ~ back-trajectories analysis using the HYSPLIT (2011)
to be of primary importance as many sites surpass a

quality standards, especially with respect to pteoidant 3. RESULTSAND DISCUSSION
(Cristofanelli and Bonasoni, 2009). The objectiettos _ S )
study is to investigate the origin of the polluedmasses The sites presented in this study are Mediterranea

in the Tunisian Mediterranean regions and to cherize  coastal cities with flat terrain. Here we are Amafg

the atmospheric conditions and the transport mésinen ~ Samples of @ surface concentrations during a summer
that give rise to ozone events. period (2011) as a function of air mass back-ttajées
reaching Tunisian regions.

2. MATERIALSAND METHODS 3.1.Wind Direction and its Impact on Ozone

The monitoring stations operated by the National Concentration
Agency for Protection of Environment (NAPE) sind92 Differences of @ concentration between locations
until now are localized in the most Tunisian seem to be associated with the proximity to there®u
Mediterranean regions (35 fixed stations). A mobile emissions. For instance, episodes of long residence
laboratory is used to measure, in quarter hoursagee time of O; were studied (from 01st June to 31st July
pollutants levels in rural and urban sites. Altaméaneous  2011) in Tunisian Mediterranean sites. Over this
concentrations data can be controlled from theraknt period, an increase of average daily @ncentration
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was registered (up to 65 ppbs;Qverage hourly
concentration in Sfax center. 2011 annual average Oto the influence of the arrival of the European air
concentration is 25 ppb) compared to the averagemasse which is characterized by highh @vels.

summer concentration (up to 30 ppbBjd. 1). First, a
sample of back trajectory of European origin ending concentration may be due to the photochemical ozone

over the Mediterranean Tunisian

studied period (July 2011) shows that the variapih
O3 concentration is related to air masses coming frompromotes the fumigation of Oand its precursors
this continent Fig. 2a). At a local scale, the North-

West wind direction

correlates well

with ;0O

the dust towards the eastern Mediterranean andgwin

During this period, the increase of surface; O

regions on theproduction and the vertical extension of the mixed

layer (up to 1500 m) during hot summer, which

affecting the surface concentration. The Atlantic a
masses related to cyclonic conditions during this

concentrations during the high episode (National period may be a traveling lane along which the @zon
meteorological data and NOAA ARL data).

3.2. The Relation of Eastward Displacement of
Dust with High Oz L evels

A comparison with the back trajectories
(www.arl.noaa.gov) and satellite images
(www.nrlmry.navy.mil/aerosol) during the stud

period shows that the decrease in particulate sevel
and the increase of &oncentration after the Saharan > ;
events were induced by the eastward displacement oPirective 2008/50/EC).

70

60

O; concentration (ppb)

may be lifted above from the European emissions and
transported to the Mediterranean regions. Gravity
waves related with cold fronts and a high-pressure
system favor the downward movement of air masses
to the surface. The transportation of pollutionnfro
Europe resulted in surface;@ading and high surface
concentrations (up to 65 ppb) in the Mediterranean
Tunisian sites causing the surpassing of the Ewmope
standard limits (120 pgf8 h; the European Council

Summer 2011

12 18

Hours

Fig. 1. Average daily ozone evolution in a Tunisian s&éak center) during 2011 summer period
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Fig. 2. Samples of back trajectory maps during (a) Eurome@mt and (b) Saharan outbreak event of the stymidod (July 2011)
ending over the Mediterranean Tunisian regions (@zand Kairouan) at 1500 m level and at 12 pm glokime).
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3.3. The Saharan Dust Outbreak Influence on hot season 0zone concentrations (up to 45ppb) twéce
Surface Ozone Concentration as greater than autumn and wintgro@Gncentrations (up to
22ppb). There was a spring maximum followed by a
High temperature characterizing the Mediterraneansecond peak (up to 45ppb) in summer period at the
Tunisian sites improves photochemical events. Skcon Tunisian monitoring stations. The continuity of theone
backward trajectories ending over the Tunisianss#€  maximum from spring to summer season shows that the
1500m altitude and at 12 pm Local Time (LT) on the photochemical production represents an importactofa
studied period (July 2011) show a samples of Satduat  in the ozone concentration. The time series platzoine
reaching Tunisian coasts during the same summesdoer concentration Rig. 5) shows a daily variation during
when the synoptic condition switches to anticyaoni winter and autumn seasons. The afternoon concentrat
situation Fig. 2b). At a local scale, the South-West wind (up to 38ppb) was three times greater than thoséeof
direction correlates well with Saharan dust outhrezer nocturnal (up to 12ppb). Besides, nocturnal vatiesiot
the Mediterranean Tunisian coasts. This phenomenorthange significantly during hot seasons.
results in a peak PM event reaching the highest daily ) )
values (by 160 pg/fnand lower @ concentration due to  3.5. Daily and Nightly Ozone Values
the influence of the relatively clean Saharan Hiris
important to note that in this period the daily rge Q
concentration recorded in Sfax city drops to al&iluppb
(Fig. 3). As highlighted inFig. 3, the Saharan dust
outbreak may influence surface ozone concentration.
fact, the time evolution of ozone concentrationvehthat . . e
during the event of Saharan dust, dailyddncentrations attributed to the occurrence of mixing proc_essem(lg
decreased (20 ppb) in comparison with the averag f cold and hot air masses _Ieaglmg to the increashe
monthly concentration (up to 30 ppb). These pravite oundary layer high). By this time,;@ brought down
importance of chemical reactions and radiative itrppa  TOM the reservoir layer as a result of verticakimy due
involving dust particles which may reduce the to the grognd heating effect (Cristofanelli _an_d Bsoni,
photochemical production of ozone. In fact, aercgmids ~ 2009). Simultaneously, fresh NO emissions (from
reaching the Mediterranean regions can decrease th¥ehicular and industrial emissions as well as the
dispersion and absorption properties of the atn'mmm influence of ShIpS emissions characteristic of the
affect the changes of photochemical ozone produdiio Mediterranean area) and solar radiation promote
absorbing and scattering solar radiation. photochemical ozone production. The period of pduber

o . solar radiation (12-6 pm LT) coincides with the ation
3.4. Seasonal Variability of Ozone Concentration of ozone production and the concentration remaigis. h

The depletion reaction of mineral dust reaching th The ozone drop seen during the night was due to the
surface level can reduce; Qrecursors promoting the Solar radiation decrease and the diffusion of gafits to
reduction of photochemical O concentration the upper layers as a result of vertical mixing thi¢he
(Cristofanelli and Bonasoni, 2009igure 4 shows that ~ ground heating effect.

During the autumn and winter period, ozone
minimum concentration (12 ppb) was registered durin
the nighttime Figure 5 shows an ozone increase starting
in the morning and a maximum in the afternoon fetd
by a drop until sunset. The morning rise could be
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Fig. 3. Daily series plots of PM and Q concentrations during Saharan events (from 622twd June 2011) at a coastal site (Sfax
center). Time evolution of the Left y-axis is ptattwith Solid line and the right one is plottediwét dashed line
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Fig. 5. Seasonal average daily variations gfod@ncentration in Sfax center (2011 data)

Coast =====Urban

O concentration (ppb)

Fig. 6. Average daily ozone evolution at urban and codstaisian sites
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By this period, NO emitted into the boundary layer, powerful photochemical activity. Saharan dust oedls
titrates ozone near the surface. The coastal sitepromote PM,events and reduce the ozone concentration
showed small ozone concentration differencesover the Tunisian sites. This phenomenon was shown
between day and nighFig. 6). For the sake of brevity, be linked to lower @concentration due to the influence
we studied a coastal site with weak Southeastei‘ﬂww of the reactive and radiative impacts_

providing the weather stability and accounting foe

O; uniform diurnal concentration. Besides, ozone 5. REFERENCES
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