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1. Introduction

In urban areas, emissions of air pollutants by anthropogenic processes such as traffic,
industry, power plants and domestic heating systems are the main sources of pollution
(Fenger, 1999). The massive growth in road traffic and in the use of fossil fuels during the
last decades has changed the composition of urban air, increasing the frequency of pollution
episodes and the number of cities experiencing them. The main pollutants monitored in the
atmosphere in these areas are ozone (O3), nitrogen oxides (NOy), sulphur dioxide (SO),
carbon monoxide (CO), aromatic compounds and particulate matter. While CO, NO and
aromatic compounds are mainly emitted by trafficc O3 and NO, are originated by
photochemical reactions.

The high levels of solar irradiation observed in the Mediterranean countries favour, in
general, the enhanced photochemical production of secondary oxidising pollutants,
including Os, nitrogen dioxide (NOy), and peroxyacetylnitrate (PAN). Amongst these, the O3
and the nitrogen dioxide (NO,) are capable of causing adverse impacts on human health
and the environment (Lee et al., 1996, WHO, 2000a; Mazzeo and Venegas, 2002, 2004).

Nitrogen dioxide is considered to be an important atmospheric trace gas pollutant not only
because of its effects on health but also because (a) it absorbs visible solar radiation and
contributes to impaired atmospheric visibility, (b) as an absorber of visible radiation, it
could play a potentially direct role in the change in the global climate if its concentrations
were to become high enough (WHO, 2000a), (c) it is one of the major sources of acid rain
(Tang and Lau, 1999), (d) it is, along with nitric oxide (NO), a chief regulator of the oxidising
capacity of the free troposphere by controlling the build-up and fate of radical species,
including hydroxyl radicals, and (e) it plays a critical role in determining concentrations of
O3, nitric acid (HNO:3), nitrous acid (HNO,), organic nitrates such as PAN (CH3C(O)O.NO»),
nitrate aerosols and other species in the troposphere. In fact, the photolysis of nitrogen
dioxide in the presence of volatile organic compounds is the only key initiator of the
photochemical formation of ozone and photochemical smog, whether in polluted or
unpolluted atmospheres (WHO, 2000a; Varshney and Singh, 2003). Therefore, ozone mainly
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60 Air Pollution — Monitoring, Modelling and Health

generated in the photochemical reaction mentioned above, is a secondary pollutant. Ozone
is also produced by natural sources (trees and thunderstorms for example).

It has been found out that the photochemical ozone production in urban areas rises with the
NOx emissions and is less sensitive to the VOC emissions (Sillman and Samson, 1995). In
areas moderately contaminated, ozone sensitivity to emission of nitrogen oxides depends on
the season and on the emission rates (Kleinman, 1991).

Hence, monitoring of air pollution is necessary, not only to comply with the environmental
directives, but also to provide public information and to measure the effectiveness of
emission control polices. It is also important to have a number of measurements from
different cities to help understand the role of the different physicochemical processes in the
troposphere. In addition to meteorological and irradiance conditions, traffic patterns,
volatile organic compounds (VOC)/NOx emissions and industrial activities vary
significantly between different locations.

Monitoring of urban air pollutants has been the subject of study in the city of Ciudad Real
(in central-southern Spain) using passive and continuous techniques in order to identify,
measure and study the daily, weekly and seasonal variation of the concentrations of
important tropospheric constituents (Saiz-Lopez et al.,, 2006, Martin et al., 2010 and
Villanueva et al., 2010). Therefore, a review of these studies has been presented in this
chapter, where the evolution of air quality during three different periods (July 2000-March
2001; January-December 2007; March-December 2008) is shown and data of Os, NO; and SO,
are compared.

2. Material and methods: Experimental section
2.1 Area of study

The study was carried out in the urban area of Ciudad Real (Spain). The city has around
65,000 inhabitants and is located in the heart of La Mancha region in central-southern Spain
(38.59 N, 3.55 W, at approximately 628 m above sea level) in a fairly flat area, 200 km south
of Madrid. With a low presence of industry, traffic is likely to be the most important source
of air pollution in this city. Meteorologically, the zone is characterised by very hot and dry
summer period with high insulation, variable direction winds and dry and cold winters,
conditions that could play an important role in the evolution of the polluting agents.

A DOAS system, passive samplers and a mobile air pollution control station were used to
sample, measure and identify the different pollutants. A map of the city is shown in Figure
1, where the situation of the all measurement points can be seen. The passive samplers were
placed in town centre (total sampling area of 7.5 km2 approximately) with the exception of
points 6, 7 and 10 that correspond to rural zones, but in the case of point 10 in the influence
zone of a small airport under construction. Industry next to the city is especially scarce, and
the zone is mainly surrounded by rural areas. There is a petrochemical complex located in
Puertollano at 30 km from southwest of Ciudad Real. This complex would affect to increase
the NO; and O; concentrations in the Ciudad Real atmosphere by transporting processes.

The DOAS instrument was placed at a fixed location inside the campus of the University of
Castilla-La Mancha, situated in the Eastern part of the city and downwind of the main traffic
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Monitoring Studies of Urban Air Quality in Central-Southern Spain Using Different Techniques 61

of the city (also point 1). The mobile station (point MS) was also placed, at a fixed location
located between the town centre and the ring road. This site represents well-mixed urban air
conditions near major anthropogenic sources of primary pollutants such as traffic.

The measurements were carried out in different periods of time, the pollutants were
monitored by means of DOAS from 21st July 2000 to 23rd March 2001, the passive sampling
were carried out from January to December 2007 and the mobile station monitored the
pollutants from March to December 2008.
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Fig. 1. Situation map of Ciudad Real (Spain) and the sampling points of passive samplers. P1
(DOAS and one passive sampler), MS (Mobile station).
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2.2 Description of experimental techniques
2.2.1 DOAS technique

The DOAS principle and instrumentation have proven to be a powerful tool for
simultaneously monitoring relevant atmospheric trace gases (Platt, 1994; Plane and Saiz-
Lopez, 2005). The use of light paths which range from hundred of meters to several
kilometres can avoid the problems of local influences and surface effects, as the measured
concentrations are averaged over the light path and are barely influenced by small-scale
perturbations. The technique is based on the fact that all trace gases absorb electromagnetic
radiation in some part of the spectrum. If the radiation of the appropriate frequency is
transmitted through the atmosphere, the absorption features of each molecule in that
spectral region allow the identification and quantification of the gas concentration. A
commercial DOAS system (OPSIS, model AR 500) was employed to simultaneously monitor
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62 Air Pollution — Monitoring, Modelling and Health

the gas concentration of O3 NO,, NO, and SO, integrated along a light path of 391 m. More
experimental details are described in Saiz-Lopez et al., 2006 and only a brief description is
made. The system used in this study consists of an emitter (EM 150) and receiver (RE 150) in
combination with the AR 500 analyzer. The emitter was located on the roof of the School of
Agricultural Studies about 16m above the ground, and the receiver system was installed
12m above street level, on a terrace on the School of Computing Science.

The average altitude of the optical path was 14m above ground level. The 391m light beam
crosses over a small parking area and is nearby two interior city roads containing the
heaviest traffic in the city. Also, a monitoring station of the National Meteorological Institute
was located in the middle of the light path and provided surface meteorological data for the
interpretation of the measurements in this study. In the evaluation procedure (Platt, 1994;
Plane and Saiz-Lopez, 2005), the wavelength region of the strongest absorption was used for
each gas: 200-250 nm (NO), 250-300 nm (O3), 360-440 nm (NO,) and 260-340 nm (SO,). The
calibration of the DOAS system was made using the cell reference system provided by the
manufacturer (an OPSISCB100 calibration bench with cells of various lengths, a calibration
lamp CA 150 and an OPSIS OC 500 ozone calibrator unit). For the pollutants monitored, the
manufacturer specifies a detection limit of the order of 1 yg m=3 and an accuracy of 2% for
NO,, SO; and O3 and 3%-15% for NO.

2.2.2 Passive sampling technique

Passive samplers are based on free flow (according to the Fick’s first law of diffusion) of
pollutant molecules from the sampled medium to a collecting medium. These devices can be
deployed virtually anywhere, being them useful for mean concentrations determinations.
Radiello® samplers (Fondazione Salvatore Maugeri, Padova, Italy) have been employed to
measure ambient NO, and ozone concentrations. Radiello passive samplers are different
from the axial ones because the diffusion process is radial through a microporous cylinder
in which a cartridge with adsorbent material is positioned. Consequently, there is a greater
diffusion area, which facilitates the reaction between the gas and the collection cartridge
(Cocheo et al., 1999), giving an uptake rate of at least two times higher.

Radiello passive samplers were used to describe the evolution of NO; and O3 levels in the
urban air of Ciudad Real throughout the four seasonal periods during 2007. The Radiello
sampler for measuring nitrogen dioxide and O3 is based on the principle that NO, and Os
diffuse across the diffusive body towards the absorbing material on the inner cartridge. NO;
and O3 in the atmosphere are captured in the sampler as nitrite (NO;") and 4-
pyridylaldehyde, respectively. According to the Fick’s first law, the quantity of NO,~ and 4-
pyridylaldehyde in the sampler is proportional to the concentration outside the sampler, the
diffusion coefficient, the dimensions of the sampler and the sampling time. Concentrations
are calculated from the quantity of nitrite or 4-pyridylaldehyde captured in the sampler by
means of Eq. 1:

mxz 106: m

= 10° 1)
AxtxD Q,t

C(ugm™)

Where the sampling rate Qx is constant:
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Qu(mLmin™")= 60xDxé (2)
C represents the ambient air NO, or O3 concentration measured by the passive sampler
(micrograms per cubic metre), m is the quantity of NO; or O; captured in the sampler
(micrograms) and z, A, t and D denote the diffusion length (centimetres), cross-sectional
area (square centimetres), sampling time (minutes) and diffusion coefficient (square
centimetres per second), respectively. Exposure time to sample NO, and O3 was in all points
7 days. Details of the extraction and analysis procedure of the samples are given in Martin et
al., 2010 according with R&P-Co 2001. In all cases, three unused cartridges belonging to the
same lot were treated in the same manner as the samples. Then, it was subtracted by the
average blank value from the absorbance values of the samples.

2.2.3 Mobile air pollution control station

A Mercedes Sprinter van was selected as rolling platform for the measuring equipment. The
mobile air pollution control station is equipped with a vertical manifold that distributes the
sample to all the analyzers, a multipoint calibrator (API, model 700) with an internal ozone
calibrator and photometer, a zero air generator (API, model 701) and a meteorological
station. Table 1 presents a list of the characteristics of the instruments and measured
parameters including meteorological parameters. The methods used to analyze the different
air pollutants are those used by the Air-Quality Networks and therefore, defined by the
European Directive (2008/50/ CE), as reference methods.

The particulate matter analyzer is based on beta radiation absorption technique and has
been designated by the American Environmental Protection Agency (EPA) as equivalent
method for measuring the PMjo fraction of suspended matter (EQPM-0798-122). The
calibration of the photometer and flows of the calibrator and analyzers was made at the
beginning of the measurement period by the accredited calibration laboratory of the
manufacturer. More experimental details are described in Villanueva et al., 2010.

Parameter Instrument ime . Detection limit
resolution

Os API 400A 20s 0.6 ppb

NOx API 200A 20s 0.4 ppb

SO,, H,S API 100A 20s 0.4 ppb

CcO API 300A 20s 0.04 ppm

BTX Syntech spectras GC 955 |15 min 0.05 ppb for benzene

PMip Met One BAM 1020 1h 1 pg/m3

Temperature and humidity |Met One HP043 10s -40°C / 0%

Pressure Met One 091 10s 0 mbar

Wind direction and speed |Met One 50.5 10s 0.5m/s

Solar radiation Met One 595 10 ps 0W/m2

Rain Met One RC15 -- --

Table 1. Monitoring instruments employed in the mobile monitoring platform.
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3. Results and discussion
3.1 Measurements of O3, NO and NO

The evolution of NO, NO, and O3 concentration measured using the continuous techniques
DOAS (Saiz-Lopez et al., 2006) and the mobile station (Villanueva et al., 2010) for a typical
summer day are shown in Figure 2a and 2b, respectively.

160
140 -
120 A

—0—nitrogen monoxide

—e—nitrogen dioxide

—&— 0Zone

8:00 9:12 10:24 11:36 12:48 14:00

CET (h:min)

120

E o A\\ / :
VY

1 3 5 7 9 11 13 15 17 19 21 23
CET (hours)

b)

Fig. 2. Evolution of O3, NO and NO,, concentrations for a typical summer day in Ciudad
Real measured (a) with DOAS (12th August 2000) and (b) with the mobile station (30th July
2008). Time scale is given in CET (Central European Time). CET=UTC+2 in summer; UTC
(Universal time coordinated).

It can be seen a typical profile for the three pollutants that is similar in both cases during the
time period from 10:00 to 14:00. The maximum of NO concentrations in the early morning
(see figure 2b) corresponds with the minimum of Os. This morning Os; loss has been
previously studied by Zhang et al., 2004. Their results suggested that O3 concentrations are
depressed by the reaction of NO + O3 = NO,. During daytime, NO,, can be quickly photo-
disassociated (in a few minutes) and yield Os. Therefore, as the day progresses, solar
radiation levels favour the increase in the Os; concentrations, having as consequence a
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decrease in NO and NO,. After sunset, the cease in solar activity decreases the O3
concentrations. The diurnal cycles registered in both studies (Saiz-Lopez et al., 2006 and
Villanueva et al., 2010) show that the urban atmosphere of Ciudad Real is mainly influenced
by road traffic and photochemistry. This behavior was observed in other urban areas of
Spain and Europe (Palacios et al., 2002 and Kourtidis et al., 2002).

Figure 3 shows the evolution of NO, NO, and O3 concentrations observed for an autumn
day with the analyzers of the mobile station. It can be seen a negative correlation between
O; and NOs as it occurred in summer-time and also an additional peak for NO,and NO after
sunset which is related to a second rush hour in the traffic circulation. In this case the drop
in O3 concentration must be mainly due to the reaction with NO because of the absence of
solar radiation. The same behavior was observed in 2001 with the DOAS system (Saiz-Lopez
et al., 2006).
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Fig. 3. Example of the evolution of O3, NO and NO; concentrations for an autumn day (12nd
December 2008) in Ciudad Real. Time scale is given in CET (Central European Time), being
UTC+1 in autumn.

Figure 4 shows the daily averaged mixing ratio of NO; and Oz measured by the DOAS
technique (Saiz-Lopez et al., 2006) and figure 5 the weekly variation of Oz and NO; using
passive sampling (Martin et al., 2010). Finally, monthly averaged concentrations for NO,
NO; and O; obtained from mobile station (Villanueva et al.,, 2010) are represented in
figure 6 (in all cases during the whole measurements period). As it can be seen, the annual
cycle for these trace gases show the largest values of O; during summer while NO, exhibit
maximum value in winter or autumn months. On average, the production of Oj; is
reduced in autumn-winter by up to 60% compared to the summer months. Maximum
monthly averages of Os, (in summer) and NO; (in autumn-winter) were: with DOAS, 65
and 35 pg m-3, with passive samplers 48 and 24 yg m=3 and 82 and 18,6 yg m=3 with the
analyzers of the mobile station.

The increase of ozone concentration in spring observed in the case of passive samplers,
where several sampler points were located outside of downtown, could be due to emitted
volatile organic compounds of biogenic origin (BVOCs), which reach the maximum levels in
the spring period as a result of the intense activity of plant species and the photochemical
associated. In the presence of nitrogen oxides (NOx) and under particular weather
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conditions (supporting photochemistry), BVOC contribute to the formation in the
troposphere of secondary pollutants such as ozone (Atkinson, 2000 and Fuentes et al., 2000).
Nevertheless, in rural areas with high levels of BVOCs the formation of ozone may be NOx-
limited. In this sense, meteorological conditions and the dominating trajectories of air
masses can constitute a source of NOx. Thus, there are several meteorological conditions
that may enhance the rise on surface ozone during the spring season. In these months the
heating of the ground favors the formation of higher mixing layers, mostly in continental
areas such as the studied region, and therefore the photochemical activity inside them is
elevated. This increase in O3 concentration in spring is also observed for the points in which
DOAS and the mobile station are located in the urban area.

Regarding NOx, the highest values found in winter and autumn months must be related
with the lesser solar radiation and lower temperature which reduce the photochemical
activity. Therefore, the oxidation of NO from motor traffic and central heating systems will
increase the concentration of NO, and it will tend to accumulate due to the less
photochemical activity in this period. Also, the reduction of the photochemical production
of O3 will favour the removal of this molecule by reaction with NO to form NO; and O,,
which in turn will contribute of the enhancement of the NO, values.
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Fig. 4. Daily mean concentration data for O; and NO; obtained from the DOAS dataset for
the whole period of measurements (August 2000-March 2001).
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Fig. 5. Evolution of temperature, humidity, NO; and O; average concentrations of the 11

measured points during the full period (January-December 2007) using passive samplers.
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Fig. 6. Monthly means of O3, NO, and NO pollutants measured from daily data (March-
December 2008) with the analyzers of the mobile station. Solar radiation has also been
plotted.

Mean annual levels for Oz and NO, were 50 and 27 pg m=3 with DOAS, 38 and 20.8 yg m=
with passive samplers and 63 and 13 ug m= for the mobile station. Mean annual levels for
Os and NO; at P1, the point nearest to DOAS and mobile station was 42.5 and 16 yg m=3. The
values reported here are generally lower than those observed in previous studies in large
urban areas in Spain, such as Madrid (Pujadas et al., 2000; Palacios et al., 2002) and
Barcelona (Toll and Baldasano, 2000), where traffic emissions are considerably higher.
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One advantage of using passive samplers is the ability to develop a spatial distribution map.
In this sense, the O3 and NO; average values obtained in the points P1, P2, P3, P4, P5, P6, P8,
P9 and P11 have been used to create the spatial distribution map of these pollutants (Fig. 7)
using SurGe Project Manager ver 1.4. As it can be seen, higher values of O3 correspond to
lower values of NO, and vice versa. This behaviour is expected considering the inter-
conversion of both species according to photochemical cycle of tropospheric O3 production
(Finlayson-Pitts and Pitts, 2000). This same behaviour was also observed in the case of
analysis by DOAS and conventional analyzers.

Fig. 7. Maps of O3 and NO; spatial distribution. Units are in yg m=3.

As commented above, meteorological conditions can affect the pollutant transport and
distribution. Ozone concentration (in pg m=) from data obtained by passive samplers,
showed a slight negative correlation with relative humidity (RH in %) ([Os]=-0.62RH +
88.66) and a positive correlation with temperature (T in degree Celsius; [O3]=0.37T + 2.52).
Periods with higher temperatures and lower humidity usually correspond to higher values
of ozone (Martin et al., 2010). In the case of DOAS analysis, the wind speed does not
significantly influence the NO, observations in winter, by contrast, in summer, higher
influence of the wind speed in the NO» concentrations is observed with a decreasing trend
on NO; as the wind speed increases. The higher thermal convection (associated with larger
eddy diffusion coefficients) and the faster winds in summer will contribute to a more
efficient mixing leading to a higher dependence of the NO, values with wind speed as
observed by the DOAS (Saiz-Lopez et al., 2006).

Regarding limit and threshold environmental levels values, the European Directive
2008/50/EC for Os establishes a population information threshold defined as an hourly
average of 180 pg m=. Results obtained from DOAS in summer of 2000 and from mobile
station in summer of 2008, showed that this value was exceeded only one time during
summer season in 2008, with a concentration of 191 yg m=3. In addition, the annual mean
values of 50, 47 (point P6) and 63 ygm-3 measured in 2000, 2007 and 2008 exceeded the
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threshold limit value (40 pg m= calendar year) which implies damage to materials. The
values obtained for NO; in points P2 and P11 slightly exceeded the annual limit value for
the protection of vegetation (30 g m~23) and human health (40 g m-3).

3.2 Measurements of SO,

The levels of SO, in the urban atmosphere of Ciudad Real during August 2000 to March
2001 and March to December 2008 were monitored using the continuous remote-sensing
technique DOAS and the SO, analyzer placed at mobile station. The data obtained are
shown in Figure 8 (a) and 8 (b) respectively.
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Fig. 8. (a) Daily mean concentration data for SO, obtained from the DOAS dataset for the
entire period of measurements (August 2000-March 2001) and (b) monthly mean
concentration data obtained from mobile station (March -December 2008).

The daily mean concentration profile obtained with DOAS system shows clearly an increase
in the concentration of SO, during winter being the maximum monthly average of 10 g m=3
in December 2000. SO, mean values were two times higher in winter than in summer. In the
case of mobile station there is not a clear difference throughout the months, the maximum
monthly average was 2.7 yg m= in November 2008 what means a 73% less than the
maximum value found in 2000. Mean annual levels were 7 ug m=3 measured with DOAS
system and 1.8 g m~3 measured with the mobile station.
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A diurnal profile of SO, for summer and winter time, hourly averaged, is illustrated in
Figure 9. The higher SO, concentrations in winter were mainly related to house heating and
only at a small extent with road traffic. The main difference between them arises in the later
part of the day (i.e. 16 h to 22 h). In the case of the January data, the concentration of SO,
increases up to three times in the early evening hours, when central heating systems (widely
employed in this city during the cold winter months) are in greater use. The diurnal
variation of SO; is also characterised by a secondary small peak observed in the morning, at
the rush hour of traffic. In the warm season, only this small peak at the rush hour is
observed. This small peak is broader in August indicating a change in the traffic pattern in
this vacational month and/or another source of SO..
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Fig. 9. Mean diurnal variation of the hourly averaged concentration during August 2000 and
January 2001. Time scale is given in CET (Central European Time), being UTC+1 in winter
and UTC + 2 in summer.

Generally, the levels of SO; registered in Ciudad Real during 2000/2001 and 2008 were
found to be lower than those encountered in similar studies on other European cities (Gobiet
et al., 2000; Vandaele et al., 2002; Kourtidis et al., 2002).

3.3 Measurements of CO, BTX and PM4o

The concentrations of CO, PMjo and benzene, toluene and m,p-xylene (BTX) were reported
for the first time in Ciudad Real (Villanueva et al., 2010) using the mobile station.

Figure 10 shows the evolution of BTX, CO and PM;o concentrations observed for an autumn
day. As above mentioned, the daily evolution of air pollutants reveals a marked daily cycle
as in the cases of O3 and NO,. The daily evolution of O3, and NO and their relation with BTX
is due to common NO and BTX sources and the photochemical mechanism involving these
species (NO, NO,, BTX, among others) that leads to O3 formation (Finalyson-Pitts and Pitts,
2000). Two peaks are observed during the day, one in the early morning hours when the
emissions from road traffic increase and other after sunset which is related to a second rush
hour in the traffic circulation. During summer, only the first peak corresponding to the early
morning hours appears as in the cases of NO and NO:..
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Fig. 10. Example of the evolution of BTX, CO and PM;o concentrations for an autumn day
(12rd December 2008) in Ciudad Real. Time scale is given in CET (Central European Time),
being UTC+1 in autumn.

Figure 11 shows the monthly averaged concentrations for CO, PM10 and BTX during the
whole period of measurement. For PM10, there is not a clear trend throughout the months,
while for CO the highest values are registered in spring, 0.19 mg m= and autumn, 0.21 mg
m~3 while the lowest values are measured during summer, 0.12 mg m=3. For BTX, the
highest values are registered in spring (benzene 1.5, toluene 10.8, and m,p-xylene 3.6 g m=3)
and the levels decrease up to reach the minimum values in August (benzene 0.4, toluene 2.6,
and m,p-xylene 1 yg m=3). Maximum monthly averages were in ug m=: 31 (PM10) in
August, 2 (benzene) in November, 12 (toluene) in March, 4 (m,p-xylene) in May and 0.3 mg
m-3 (CO) in November. The mean values of CO, PM10, benzene, toluene and m,p-xylene
during the whole measurements period were: 0.2 mg m=3, 20.7 yg m=3, 1.2 yg m=3, 6.4 ug
m-3and 2.4 yg m-3respectively.

Regarding BTX, the average level of benzene found in this study during the whole period
was 1.2 ug m=3as mentioned above, with the highest concentration reaching 2 yg m=3. This is
comparable with the results published by Fernandez-Villarrenaga et al., 2004 concerning
benzene levels in Corufia (Spain); the annual mean was 3.4 g m=3 while Cocheo et al., 2000
reported urban concentrations in a few European cities as a mean annual average of 4.4 ug
m-3for Antwerp, 3.1 yg m=3 for Copenhagen and much higher for the South European cities.
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In the present study, the obtained mean concentration was lower, due to the fact that
Ciudad Real is not a big city. Toluene and m,p-xylene had concentrations either in the same
range or lower than the ones reported for other urban areas, especially North European

cities (Derwent et al., 2000).
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Fig. 11. Monthly means of CO, PM10 and BTX measured from daily data. The
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The variation in the particulate matter concentration throughout the study, as mentioned
above, has not a clear trend and there is not a clear relation to meteorological parameters
such as wind speed that is below 2 m s-1 (in the whole period), temperature or humidity
(Figure 11). This correlation was observed in the study carried out by Kulshrestha et al.,
2009. PM10 concentrations in Ciudad Real must be conditioned for natural processes of
the pollutants such as dust intrusion from Sahara desert, fires, etc., together with road
activities and re-suspension of road dust. The mean value obtained in this study was 20.7
ug m-3. This value is lower than those reported in other urban areas in Spain (Querol et
al., 2008).

Regarding limit and threshold environmental levels values, the European Directive
2008/50/EC defines the threshold to protect the human health as a daily value of 50 g m-3.
This value was exceeded 4 times during the period of study, in all cases during the warm
season. The highest daily concentration was 56 pg m=3. On the other hand, since EU has not
guide value for toluene and xylenes, we compare our measurements with WHO, 2000b,
recommended air guideline for toluene (9-10 ppb for 24 h). The values measured in Ciudad
Real are below these limits.

4. Conclusion

We analyse in this study, the air quality of an urban atmosphere, Ciudad Real (in central-
southern Spain) through different monitoring techniques. We perform a comparison study
on four trace gases (O3, NO, NO; and SO») using three different measurement techniques: a
commercial DOAS system (Opsis, Sweden), conventional analyzers (API-Teledyne, USA)
placed at a mobile station and passive samplers (Radiello, Italy). The results showed a fairly
good agreement between the monitoring methods considering the differences in the
techniques, the different time period and meteorological situations found during the
different years and also the altitude and location of the instruments. In this study,
measurement of BTX, CO and PM10 carried out with the mobile station for first time in
Ciudad Real have also been included.

Based on the results of the studies made during the three campaigns (July 2000-March 2001,
January-December 2007 and March-December 2008) using different techniques it can be
concluded that Ciudad Real has high air quality with no significant changes during the
three years monitored and where the pollution mainly comes from road traffic and it is
influenced by photochemistry. There are not signs that indicate that the pollution from the
petrochemical complex located 30 km southwest can significantly affect the air quality of
Ciudad Real.
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