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MESAEP
Mediterranean Scientific Association of Environmental Protection e.V.

MESAEP was founded in 1979 in Munich, Germany, as a non-profit scientific organization. The members, hailing from the Mediterranean and other countries, are scientists engaged in research and development, mainly in the field of environmental chemistry and technology as well as ecotoxicology.
Objectives of MESAEP are:
• To provide a forum for and to bring together interested individuals from all scientific disciplines, politics, and economics to examine the current problems of environmental protection in the Mediterranean
region. They shall investigate solutions to problems on regional, national, and international basis. For
this purpose MESAEP makes critical appraisals to protect man and the environment in the Mediterranean Region from harmful effects of chemicals and physical agents, both natural and man-made.
• To elaborate proposals and recommendations concerning the environmental quality and safety in order to enable the regulatory bodies of Mediterranean Countries to make proper decisions on safe use
of chemicals and physical agents.
Among other activities, MESAEP organizes biennial symposia on "Environmental Pollution and its
Impact on Life in the Mediterranean Region" since 1981 together with further national and international organizations. These symposia were held in Athens/ Greece (1981), Crete/ Greece (1983), Istanbul/
Turkey (1985), Kavala/ Greece (1987), Blanes/ Spain (1989), Como/ Italy (1991), Juan Les Pin-Antibes/
France (1993), Rhodes/Greece (1995), S. Agnello di Sorrento/Italy (1997), Alicante/Spain (1999), and
Limassol/ Cyprus (2001). All scientific papers and posters are published either in special proceedings
volumes (1981, 1983) or in regular scientific journals (1985 in Chemosphere, 1987 and 1989 in Toxicological and Environmental Chemistry, and 1991-1999 in Fresenius Environmental Bulletin), as it is the
case for 2001.
The 11th International Symposium on “Environmental Pollution and its Impact on Life in the Mediterranean Region” was jointly organized by MESAEP and SECOTOX (Society of Ecotoxicology and
Environmental Safety) October 6-10, 2001, in Limassol, Cyprus, under the auspices of the Ministry of
Agriculture, Natural Resources and Environment of Cyprus and in collaboration with Universities and
Research Centers from all over Europe and the Mediterranean Region. It was further supported by several Cyprus’ Municipalities and Organizations.
Despite the extremely difficult political situation after the terror attack in New York September 11th,
2001, the symposium welcomed more than 150 scientists from Europe, Middle East, Asia and North Africa.
A huge number of papers were presented as oral plenary lectures and in poster sessions. The scientific programme included five sessions: (i) Environmental policy, (ii) Atmospheric chemistry and climate change,
(iii) Pathways and effects of chemicals in terrestrial, aquatic, and marine ecosystems, (iv) Environmental
control and risk assessment, and (v) Environmental and waste technologies. The main results of the symposium are summarized and concluded in this and further three successive issues of this journal.
MESAEP spares no effort to improve the life-standards in the Mediterranean Region and is, therefore,
ready for cooperation with all interested organizations and governmental bodies.
Prof. Dr. mult. Dr. h. c. Muefit Bahadir
(President of MESAEP)
Technical University of Braunschweig, Germany
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Proceedings of the 11th International Symposium
“Environmental Pollution and its Impact on Life in the Mediterranean Region”

TOPIC: Atmospheric Chemistry and Climate Change

FOREWORD
One of the sessions of MESAEP’s 11th Symposium
in Limassol, Cyprus (October 6th to 10th, 2001) dealt
with the atmospheric processes in the Mediterranean
Region. The issue is of particular importance, since
mega-cities in Southern Europe, around the Mediterranean basin and along the coast struggle with the problems of high levels of air pollutants.

Photochemical oxidants (NOx, O3) as well as fine
particulate matter are present at high concentrations in
urban atmosphere, notwithstanding the increased efforts
being made by local and national authorities to reduce
urban air pollution.

While the improvement of fuel quality, the technological developments in industry (including the automobile industry) and the emission control programmes
significantly contributed to the decrease of air pollutants
e.g. SO2, CO, Pb, suspended particulate is still above
EU standards and the classical photo-chemical air pollutants, such as NO2 and ozone, still represent a major
problem in many cities.

The various works presented during the symposium
clearly show, that for e.g. PM 10 levels often exceeded
the proposed mean daily standard of the European Union.

Ozone still remains a problem for the Mediterranean
Region, since the high intensity of solar radiation observed, in combination with the emitted anthropogenic
and biogenic ozone precursors, favours in principle enhanced photo-chemical ozone production, also in rural
and remote areas.

The introduction at the beginning of the 90’s of catalytic converters in many cities of Southern Europe together with improvements in the quality of fuels led to a
substantial reduction of the lead concentration in urban
areas. In the same time, however, platinum group elements (PGE), as constituents of the catalytic converters,
are released into the urban atmosphere and deposited
onto urban soil. Urban soil PGE concentration can be
seen as an indicator for the impact of catalytic converters on urban air pollution.
Several studies dealt with the measurement of volatile organic compounds (VOCs) in ambient air samples
from urban, semi-urban and rural areas; this indicates
the significance of monitoring these compounds (as
photo-chemical oxidant precursors) for an efficient urban air quality assessment and management.
Despite the fact, however, that scientific communication and exchange of knowledge in the past ten years
has considerably increased and spread in the Mediterranean, information on air pollution in cities and in other
areas of the Eastern and Southern Mediterranean Area is
missing (no papers presented at the symposium). The
reasons can be seen in the particular political and economical situation, which heavily influences and determines the overall life in these areas. More efforts have
to be made to include colleagues from the Southern
Mediterranean in European programmes on atmospheric
sciences and monitoring, to ensure their participation
and integration by the execution of research projects
with a view to develop through large networking similar
activities in their countries.
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AIR QUALITY IN EUROPE - ACHIEVEMENTS IN THE PAST
AND FUTURE NEEDS FOR POLICY-SCIENCE INTERFACE
D. Kotzias
European Commission, Joint Research Centre, Environment Institute, 21020 Ispra (Va), Italy

SUMMARY
Local and national authorities are seriously concerned
about the elevated concentrations of ozone, fine particles
and mutagenic and/or carcinogenic compounds e.g. benzene, in ambient air. Here, the Commission with its services is asked to contribute with directives and proposals
for the amelioration of the air quality throughout the
European territory. Evaluating the situation on air quality
in the last decades in Europe, it can be stated, that generally there is a clear improvement of many air pollution
indices. However, we are far from saying that Europe’s
urban air quality can be characterised as satisfactory.

works apart from the classical air pollutants, all compounds, which are relevant for the formation of ozone and
other photochemical oxidants, and start monitoring them
at regular intervals (Table1).
TABLE 1 - Volatile organic compounds to be measured
with priority in the frame of the ozone directive [1].

Methane
Ethane
Ethylene
Acetilene
Propane
Propene
n-Butane
I-Butane
trans-2-Butene
1-Butene
cis-2-Butene
1,3-Butadiene
n-Pentane
I-Pentane
1-Pentene

KEYWORDS: Air quality, ozone, volatile hydrocarbons, total
human air exposure.

INTRODUCTION
European urban and con-urban areas, in particular
large cities, struggle with the problems of high levels of
air pollutants. At present about 60% of the European
population is living in cities. For the next decades it is
foreseen that this percentage will further increase. Substantial growth of the urban population is associated with
a continuous development of the macro- and microeconomic activities in the cities including energy generating and transportation activities (traffic),building construction etc. As a consequence, an increase of emissions
and the accumulation of high amounts of air pollutants in
urban atmosphere is expected.
Air quality policy until now was mainly focused on
the characterisation and monitoring of the principal air
contaminants e.g. ozone, NOx, SO 2 etc. and finally on the
set up of limit values for these pollutants in ambient air. At
the beginning of the nineties, however, attempts were made
to include in the measuring programmes of the various net-

2-Pentene
Formaldehyde
Isoprene
CO
n-Hexane
I-Hexane
n-Heptane
n-Octane
I-Octane
Benzene
Toluene
m+p- Xylene
o-Xylene
Ethylbenzene
1,2,4- Trimethyl-benzene
1,2,3-Trimethyl-benzene
1,3,5-Trimethyl-benzene

Although the scientific basis- potential ozone and
photo-oxidant precursors- was clearly provided, it was not
possible to include at that time the monitoring of these
compounds as an obligation in the ozone directive, since
only few of the Member States had the technical possibilities and well trained personnel to comply with this in the
frame of the implementation of the ozone directive. In the
last proposal for a revised ozone directive, monitoring of
hydrocarbons (in accordance with the list in Table 1) is
partly included, so that in the future a more reliable information on the formation of ozone and photochemical
oxidants in the European cities will be available. It is
noteworthy too, that only for benzene due to its cancerogenic properties, as the first organic compound, limit
values (5 µg/m³- annual mean) have been set up to be met
gradually up to the year 2010.
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ACHIEVEMENTS IN THE PAST
AND THE FUTURE NEEDS
Taking as an example the atmospheric emissions (anthropogenic ones), it has been observed that in most countries sulphur and nitrogen oxide emissions have dropped
and harmful effects of trans-boundary air pollution have
been reduced. However, according to European Environmental Agency [2], threshold targets for summer smog
are not achievable within current strategies; all threshold
values set under the ozone directive have been exceeded

since 1994. Here, the urban areas in the Mediterranean
Region are mostly affected. Maximum concentrations up
to 460 ug/m3 for ozone have been measured over several
hours (Table 2).

Over the same reference period, January 1 to December 31,1998 exceedences of ozone limit values (1h average and 8 h average) are reported in many countries (Table 3). Also here a clear trend from Northern to Southern
Europe has been observed [2].

TABLE 2
Reported exceedences (for ozone) over the threshold for warning of the public (1 h concentration
of ozone exceeding 360 µg/m3); reference period January 1 to December 31, 1998.

Country
Italy
Greece
Greece
France

station name & city
Riccione Lungomare
Maroussi, Athens
Lykovrissi, Athens
Notre Dame de Gravenchon, Le Havre

date
21.5.98
02.7.98
02.7.98
07.8.98

time & duration
14:00; 1 h
13:00; 3 h
13:00; 5 h
11:00; 1 h

max. conc.
387
421
410
405

Italy
Greece
Greece
Greece

Cormano 1
Liosia, Athens
Maroussi, Athens
Lykovrissi, Athens

10.8.98
10.10.98
10.10.98
10.10.98

14:00; 1 h
15:00; 1 h
14:00; 1 h
14:00; 2 h

365
365
389
463

(Source: European Environmental Agency, Copenhagen)

TABLE 3
Exceedence values for ozone (in days); reference period January 1 to December 31, 1998.

Threshold value (µg/m3)
180 µg/m3- 1h (average)

110 µg/m3- 8h (12:00-20:00)

Austria

1.2

Denmark

0

6.1

Finland

0

8.4

Germany

2.6

21.9

Greece

15.3

58.1

Italy

15.8

59.1

Spain

1.0

21.6

Slovenia

1.0

50.4

10.5

68.7

Switzerland

38.2

(Source: European Environmental Agency-Copenhagen)
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Main achievements in the past ( SO 2 emission reduction etc.) can be looked upon as the result of implementation of the emission and air quality directives for SO 2,
NOx, O3, which required the introduction of new technologies (catalytic converters in the cars) and a better
quality of fuels. Substantial efforts were also made by the
national, regional and local authorities to monitoring air
pollution and provide reliable data, which contributed to a
more complete evaluation of urban air quality.

At present, huge amount of data exist, mostly on ambient air concentrations of pollutants obtained from the
various monitoring networks in the European cities. On
the other hand, existing emissions inventories are often
very old (more than 10 years); they should be revised
since the application of new technologies for cars and
industrial installations have led to a diversification of the
emission patterns. In addition, due to improved sampling
and analysis techniques new compounds could be identified and quantified, which are totally missing in the previous inventories e.g. 1,3-butadiene.

Towards a future strategy for urban air quality assessment and management, efforts have to be oriented to
the understanding and control of the key factors/ elements
which define and affect air quality and have a direct impact on human health and on urban and con-urban ecosystems. Moreover, the socio-economic implications due to
the application of measures have to be evaluated. In this
context, questions to be addressed in the future are:
-

What are the main pollutant sources in the different
regions of Europe? What differences and similarities
do exist? What are the causes of differences? What
type of source control are to be recommended first?

-

What „tools“ we have for monitoring at hand? What
can the „tools“ tell? Are they used in all regions?, if
not why, which are the possible obstacles? How
does monitoring linked to regulatory work?

-

What modelling tools are at hand and what others
need to be developed?

In order to provide a platform for a single integrated
strategy on ambient air quality in Europe, the Commission is now launching the Clean Air for Europe Programme (CAFE).

-

broad range of technical and non-technical measures
with

-

projections to 2020
The specific objectives of CAFE are:

-

review implementation, current air quality, evidence
on effects

-

predict trends in economic activity, future emissions,
future air quality

-

propose new or revised air quality objectives, costeffective measures within an integrated strategy.

CAFE will take action on outdoor sources, while indoor sources are considered for the time being as separate
activity.

TOTAL HUMAN AIR EXPOSURE
The ultimate goal of the implementation of the air
quality directives is to reduce and/or eliminate exposure
of the population to air pollutants. Until now, the attention
of atmospheric scientists and air quality managers has
been focused on the quality of the outdoor air. Air, however, is mostly being breathed in other compartments of
the environment, such as indoors in homes, schools, offices etc. This has led to develop the concept of total
human exposure. Unfortunately, the available information
on human exposure to air pollutants is still insufficient. In
Europe, there are only a few scientific studies that can be
considered as being representative of population exposure
(EXPOLIS, MACBETH, German Env. Survey). Thus, a
more solid and harmonised work is needed to fill the gap.
In Table 4 personal exposure and ambient air concentrations as well as the ratio exposure/ ambient air concentrations for benzene is shown. There is clear evidence,
that even at ambient air concentrations of about 5 µg/m³
(the limit value -annual mean- set by the Commission), air
exposure to benzene is at least twice as high as the ambient air concentrations. Sources other than those already
known should also be taken into account. Since people
spend up to 90% of their time indoors, in order to evaluate
total human exposure and the health risk associated herewith, indoor sources for benzene and other toxic compounds have to be identified and quantified.

In the frame of CAFE the focus will be on:
-

traditional pollutants plus new pollutants

-

all sources

-

global, regional and urban-scale pollution, taking
into account of personal exposure

In this context it would be reasonable to discuss about
indoor exposure limits for toxic compounds in environments such as offices, schools etc. Although something
like this seems for several reasons to be unrealistic, it
could nevertheless be a first step towards a drastic reduction of population exposure to toxic air pollutants.
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TABLE 4
Personal exposure, outdoor concentrations and ratios exposure/ outdoor for benzene in different European cities [3, 4].

City

Personal Exposure

Outdoor Air

Athens (1)
Basel
Helsinki
Milan
Prague

18 (µg/m3)
5.6
3.4
16
12

11
1.5
1.6
10
5.2

1.6
3.7
2.3
1.6
2.3

Athens (2)
Padua
Rouen
Copenhagen
Murcia
Antwerp

18,8
10.6
13.4
6.6
23.1
12

20.7
8.0
4.7
3.1
11.7
4.4

0.9
1.3
2.8
2.1
1.9
2.8

(1) EXPOLIS

Exposure/Out.

(2) MACBETH

Limit values set up for ambient air concentrations of
air pollutants outdoors e.g. for benzene might be appropriate for e. g. public buildings too. On the other hand,
setting up limit values indoors would lead to a significant
improvement of the quality of building materials and
products to be used in indoor environments. This would
fit well in the concept of the Integrated Product Policy
(IPP), included in the 6th Environmental Action Programme (2001-2010) of the Commission.

CONCLUSIONS
In the past ten years significant efforts were made
against urban air pollution with partly good results. This is
due to a series of measures e.g. the introduction of catalytic converters for the cars, the application of the best
available technologies for industrial installations, the improvement of fuels and changes of the infrastructure in
different European cities. However, we are far from saying,
that air quality in Europe can be characterised as satisfactory. In particular, exceedence values for some priority
pollutants e.g. ozone are still recorded in many urban and
con-urban areas in Europe and more often in Southern
Europe. With the Commission’s CAFE programme towards a single air quality strategy, an attempt will be
made to develop the tools needed for an efficient air quality assessment and management in Europe. Total human
air exposure (indoor/outdoor) is a challenging task for the
future. It can be seen as a powerful tool for urban air
quality assessment and management, providing useful
information on the impact of measures and on health
effects linked to the presence of pollutants.
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COMPARATIVE EVALUATION OF THE AIR QUALITY IN
ATHENS AND THESSALONIKI VERSUS EC NEW STANDARDS
K. Nikolaou 1,2
1

OMPEPT - Organisation for the Master Plan and Environmental Protection of Thessaloniki, 105 Vas. Olgas St., 54643 Thessaloniki, Greece
2
School of Sciences and Technology, HOU - Hellenic Open University

SUMMARY
The temporal linear trends of the air pollutants, CO,
Pb, SO2, NO2, O3, PM10 (particulates with aerodynamic
diameter lower than 10 µm) and TSP (Total Suspended
Particulates), in the urban areas of Athens and Thessaloniki during the period 1984-99 are examined statistically.
The improvement of fuel quality, the technological innovations in industry, the emission sources control programmes and the recent considerable renewal of the vehicle fleet (gasoline engine passenger cars equipped with
three way catalytic converters, autobuses and taxis with
new technology diesel engines) contributed significantly
to the decreasing trend of the air pollutants, SO 2, CO, Pb
and suspended particulates. This trend is not observed in
the case of photochemical pollutants: NO2 and O3. Suspended particulates and NO2 are above the European
Commission new air quality standards. These results show
that despite the temporal trends, the suspended particulates
and the photochemical pollutants are the most important
problem of the urban atmospheric environment today.
KEYWORDS: Air pollutants, urban areas, temporal linear trend,
air quality standards.

INTRODUCTION
The air pollutants present similar temporal evolution
in most of the urban areas of the European countries. The
cities of Athens and Thessaloniki (the capital and the
second biggest city of Greece) having about 4.000.000
and 1.000.000 inhabitants respectively, important industrial regions and rapidly increasing vehicle fleets, are
typical European urban areas and hence, they are interesting examples to examine the parameters influencing the
relationship between pollution sources and air pollutants
and identify their temporal trends [1-4].
The evolution of the urban pollution sources (mainly
the vehicle fleet), their characteristics and the parameters
influencing their emissions have been examined in previous studies [5, 6]. The temporal trends of some air pollut-

ants based on their value classes frequencies have been
also studied [7, 8]. The development of various plans
including transportation planning and transport telematics
applications for the improvement of urban traffic and environment has been presented in other publications [9-15].
The above-mentioned evolution leads the authorities
to integrated planning choices in order to improve the
urban environment. Among them is the establishment of
new air quality standards in combination with actions for
the limitation of air pollutant emissions. In this framework, the European Union published two new directives:
a) Directive 1999/30/EC, which determines the limit
values for the air concentrations of SO 2, NO2, NOx,
PM10 and Pb and b) Directive 2000/69/EC, which determines the limit values for the air concentrations of CO
and C6H6. It is important to underline that the new air quality standards are lower, up to 50%, in many cases or they
have to conform to it during the decade 2001-2010 [16].
In this paper the temporal trends of the air pollutants,
CO, Pb, SO 2, NO2, O3, PM10 (particulates with aerodynamic diameter lower than 10 µm) and TSP (Total Suspended Particulates), in the urban areas of Athens and
Thessaloniki during the period 1984-99 are examined
statistically. The air pollutant levels in Athens and Thessaloniki are also evaluated by means of the European
Commission new air quality standards in order to identify
the environmental policy needed to fulfil the implemented
requirements.

MATERIALS AND METHODS
The air pollutant concentration data are from the
monitoring networks of the Ministry of Environment,
Physical Planning and Public Works (for Athens), Ministry of Macedonia-Thrace and Municipality of Thessaloniki (for Thessaloniki) [17-19].
The stations choice has been based on the worst case
principle: one station in Athens and one in Thessaloniki
have been chosen for every pollutant, where the higher
concentrations have been observed for this pollutant. By
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this way, 3 monitoring stations in Athens and 3 stations in
Thessaloniki have been established. The characteristics of
the Athens stations are the following: 1) Marousi region
(MAR): area in the city periphery with low local emissions, 2) Patission street (PAT): centre of the city, a very
important road of the city with high traffic emissions and
3) Aristotelous street (ARI): centre of the city, a very
important road with high traffic emissions. The characteristics of the Thessaloniki stations are the following: 1)
Eptapyrgio region (EPT): area in the city periphery with
low local emissions, 2) Dimokratias Square (DIM): centre
of the city, the most important crossroads of the city and
3) Egnatias Street (EGN): centre of the city, a very important road with high traffic emissions.
The CO is measured by the non-dispersive infrared
radiation absorption method, the SO 2 by the fluorescence
method, the Pb by the atomic absorption method, the TSP
by the high volume air sampler method, the PM10 by the
beta radiation absorption method, the NO2 by the
chemiluminescence method and the O3 by the ultraviolet
radiation absorption method according to the reference
methods of the Hellenic State and the directives of the
European Union [17-19].
A regression analysis was applied for the 1984-99
annual average values of CO, SO 2, Pb, NO2, O3, PM10
and TSP. The temporal linear trend (y = ax + b) of these
values, the regression coefficient (a) and the determination coefficient (R2) are examined for every pollutant. The
annual average values of the pollutants are correlated with
the air quality standards implemented by the new EC
directives (1999/30 and 2000/69) when these are applicable at annual level.

10

RESULTS
The annual average concentrations and the temporal
trend of CO for the period 1984-99 in the city centre of
Athens (Patission) and Thessaloniki (Dimokratias square)
are presented in Figure 1. CO is significantly decreasing
in both cities. The regression coefficient is important in
both cases (a = -0.22 with b = 8.195 and a = -0.3909 with
b = 7.66, respectively) and the determination coefficient
is significant (R2 = 0.6436 and 0.6952, respectively).
The temporal trend of Pb is similar to that of CO for
the period 1987-99 in the city centre of Athens (Aristotelous) and Thessaloniki (Dimokratias square). Pb is significantly decreasing in both cities. The regression coefficient
is important in both cases (a= -0,0359 with b = 0.6889 and
a = -0.0602 with b = 0.9966, respectively) and the determination coefficient is very significant (R2 = 0.906 and
0.8705, respectively). The Pb annual average values are
already below the new EC standards (1 µg/m3 for the year
2001 and 0,5 µg/m3 for the year 2005) in both cities.
The annual average concentrations and the temporal
trend of NO2 for the period 1984-99 in the city centre of
Athens (Patission) and Thessaloniki (Egnatia) are presented
in Figure 2. NO2 is slightly decreasing in both cities. The
regression coefficient is very low in both cases (a = -1.3191
with b = 117.4 and a = -0.4545 with b = 94.673, respectively) and the determination coefficient is not significant
(R2 = 0.4207 and 0.1724, respectively). The NO2 annual
average values are above the new EC standards (60 µg/m3
for the year 2000, 50 µg/m3 for the year 2005 and 40 µg/m3
for the year 2010) in both cities.
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FIGURE 1
CO annual average concentrations and temporal trends for the period 1984-99
in the city centre of Athens (Patission station) and Thessaloniki (Dimokratias station).
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FIGURE 2
NO2 annual average concentrations and temporal trends for the period 1984-99
in the city centre of Athens (Patission station) and Thessaloniki (Egnatias station)
versus EC new air quality standards to be applied in the years 2000, 2005 and 2010.

80
70
60
50
40
30
20
10
0

Athens-MAR

Thessaloniki-EPT

y (The)= 3.485x + 15.034
R2 = 0.462

y (Ath) = 1.5818x + 54.018
R2 = 0.4373
89

90

91

92

93

94

95

96

97

98

99

Year
FIGURE 3
O3 annual average concentrations and temporal trends for the period 1989-99 in
the city periphery of Athens (Marousi station) and Thessaloniki (Eptapyrgio station).

The annual average concentrations and the temporal
trend of O3 for the period 1989-99 in the city periphery of
Athens (Marousi) and Thessaloniki (Eptapyrgio) are presented in Figure 3. O3 is increasing in both cities. The
regression coefficient is important in both cases (a = 1.5818
with b = 54.018 and a = 3.485 with b = 15.034, respectively) and the determination coefficient is significant
mainly in Thessaloniki case (R2 = 0.4373 and 0.8462,
respectively).

The annual average concentrations and the temporal
trend of PM10 for the period 1989-99 in the city centre of
Thessaloniki (Egnatia) are presented in Figure 4 (there are
not sufficient data for Athens). PM10 is decreasing in Thessaloniki. The regression coefficient is important (a = -2.6923
with b = 105.05) and the determination coefficient is not
significant (R2 = 0.3543). The PM10 annual average values are above the new EC standards (48 µg/m3 for the
year 2000, 40 µg/m3 for the year 2005 and 20 µg/m3 for
the year 2010).
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The temporal trend of TSP is similar to that of PM10
for the period 1988-99 in the city centre of Athens (Aristotelous) and Thessaloniki (Dimokratias square). TSP is
decreasing in both cities. The regression coefficient is
important in both cases (a= -7,4857 with b= 220,63 and
a = -12.896 with b = 342.22, respectively) and the determination coefficient is not very significant (R2 = 0.3983
and 0.6517, respectively). The TSP annual average values
are above the present EC standard (150 µg/m3) in both
cities (there is not any new EC standard).

140

The annual average concentrations and the temporal
trend of SO 2 for the period 1984-99 in the city centre of
Athens (Patission) and Thessaloniki (Dimokratias square)
are presented in Figure 5. SO 2 is significantly decreasing
in both cities. The regression coefficient is important in
both cases (a = -2.0221 with b = 73.875 and a = -5.4524
with b = 109.72, respectively) and the determination coefficient is significant mainly in Thessaloniki case (R2 = 0.2377
and 0.8395, respectively).
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FIGURE 4 - PM10 annual average concentrations and temporal trend for the period 1989-99 in the city centre of
Thessaloniki (Egnatias station) versus EC new air quality standards to be applied in the years 2000, 2005 and 2010.
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FIGURE 5
SO2 annual average concentrations and temporal trends for the period 1984-99
in the city centre of Athens (Patission station) and Thessal oniki (Dimokratias station).
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DISCUSSION AND CONCLUSION
The annual average concentrations of CO and Pb exhibit a very important decreasing trend in both Greek
cities examined, Athens and Thessaloniki, for the period
1984-99. This decreasing trend is attributed mainly to the
recent considerable renewal of the vehicle fleet: increase
of the unleaded gasoline engine passenger cars equipped
with three-way catalytic converters and decrease of old
technology passenger cars, which are the main emission
sources of CO and Pb (actually, more than 50 % of the
fleet is constituted by new technology vehicles in both
cities). The CO and Pb levels are below the new EC air
quality standards in both cities [1].

Technological innovations in industry (decrease of oil
refinery sulphur emissions), the emission sources control
programmes and the recent considerable renewal of the
vehicle fleet (buses and taxis with new technology diesel
engines, which are the main mobile sources of SO 2) influence this trend as well. This trend leads to daily levels
below the new EC standards in both cities [1].

The annual average concentrations of NO2 exhibit a
slightly decreasing trend in both cities for the period
1984-99. The determination coefficient is not significant
and hence, it can be considered that the values present a
temporal stabilization. The improvement of fuel quality
and the renewal of the vehicle fleet contributed significantly to the decreasing trend of some primary air pollutants, but they did not influence similarly the trend of the
secondary pollutant NO2. The NO2 temporal evolution at
the areas with high traffic shows that the increasing vehicle fleet (mainly the fleet of the new technology passenger cars) is a determinant factor for the levels of NO2,
which are considerably above the new EC standards.
The annual average concentrations of O3 show an increasing trend at the borders of both cities for the period
1989-99. The above-mentioned technological and other
advances did not contribute to the decrease of the secondary pollutant O3. This photochemical pollutant is strongly
affected by the temporal increase of the vehicle fleet,
which combined with the known physicochemical behaviour of O3 (transport from the centre to the borders of the
city, where lower concentrations of the primary pollutants
are observed) could be correlated to the temporal increasing trend of O3 at the periphery of the cities with daily
levels exceeding sometimes the EC standards [1].
The annual average concentrations of PM10 and TSP
show a considerable decreasing trend in Athens and Thessaloniki for the period 1988-99. The particulates decreasing trend is attributed mainly to the recent considerable
renewal of the vehicle fleet (buses and taxis with new
technology diesel engines, which are the main mobile
sources of particulates). The improvement of fuel quality
and the emission sources control programmes also influence this trend. However, their levels are still above the
present and the new air quality EC standards.
The annual average concentrations of SO 2 present a
very important decreasing trend in both cities for the
period 1984-99. The SO 2 decreasing trend is attributed
mainly to the improvement of fuel quality (decrease of
sulphur content) used in vehicles, heating and industry.
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IN URBAN SOILS OF NAPLES (ITALY)
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SUMMARY
Cd, Cu, Hg, Pb, Zn and Pt concentrations were determined in soil samples collected in the urban area of
Naples (Italy). Particular attention has been posed on Pb
and Pt content, due to their presence in vehicle emissions.
The results evidence that Pb (mean 71, range 19 318 mg/kg) and Pt (mean 8.5, range <1-13.8 ng/g) concentrations are comparable with those found in other
Italian urban soils. The concentrations of Zn, Cu, Cd and
Hg are generally close to those of unpolluted soils. Higher
heavy metal concentrations have been found in top soils
and, in particular, the relatively high concentration levels
of Pb suggest that the main pollution source could be
related to vehicular emission.
Zn, Cu, Pb, Cd and Hg are enriched in finer soil fraction, while Pt content does not show any relation with soil
particle size.
Data concerning Pt represent the first attempt to
measure this element in urban soils of Naples and can be
used as a reference level to evaluate a possible long-term
accumulation trend following the introduction of the
automobile catalytic converters.

KEYWORDS: Automobile catalytic converters, heavy metals,
ICP-MS, platinum, urban soils.

related Platinum Group Elements (PGEs) has been detected [1-4]. These elements, strictly related to the airborne particulate matter, could have a relatively high
mobility, that is higher with respect to “pedogenetic”
elements, producing some concern over the possibility of
their dispersion in urban environments and resulting in a
possible human health hazard [5-7].
Studies on trace elements distribution in Italian urban
soils are relatively scarce [8, 9] and mainly devoted to Pb
and some other heavy metals, while studies on PGEs, in
most cases, deal with airborne particulate matter and road
dusts [4].
The city of Naples is affected by a wide variety of anthropogenic activities and pollution can be mainly related,
at present, to vehicular traffic emissions, housing and
manufacturing industries, while, until 80’s, metal processing industry, located in the northeastern part of the city,
has also been relevant [10].
This work aims at studying the distribution of selected heavy metals (Cd, Cu, Hg, Pb, Zn and Pt) in urban
soils of Naples and the relation between trace element
content and soil grain size fractions. Moreover, a comparison of the present situation in Naples with those of
urban soils of other Italian cities has been done.

MATERIALS AND METHODS
INTRODUCTION
Heavy metals content in urban soil is mainly associated to anthropogenic activities and, in particular, Pb and Pt
can be related to vehicle emissions. During the last decade, paralleling the introduction of unleaded fuel, an evident decrease of Pb levels in air and, consequently, as a
long term effect, in soil has been observed; while, after
the introduction of automobile catalytic converters, a general increasing trend, even if still moderate, for Pt and other

Ten soil samples were collected from five sampling
sites (characteristics are reported in Table 1) in the Metropolitan area of Naples. In each area both samples from
dumped material and relatively undisturbed soils have
been collected. Two levels were sampled at the depth of
0-10 cm (top, T) and 40-60 cm (bottom, B), respectively,
from the relatively undisturbed soils, and, in addition, top
soil samples were collected from dumped materials (D),
chosen among those closest to main roads, for a total of
15 analytical samples.
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TABLE 1 - Characteristics of the sampling sites.

Sampling
sites
1
2
3
4
5

Characteristics
East side of the city. Mainly residential area (Quartiere Ponticelli),
about 4 Km from industrial refinery area (S.Giovanni a Teduccio)
Central green area (Villa Floridiana, about 30 ha).
The dumped soil was sampled just outside of the park
Central area of Fuorigrotta. Samples 3T and 3B were collected in an
area far from main traffic lane. Sample 3D was collected close to a
tunnel with very high traffic intensity.
Bosco di Capodimonte (30 km2). Sample 4D was sampled just outside of the green area and close to the motorway ring.
Northern part of the city, Camaldoli area. Green and residential area
(Bosco Cinque Querce).

Soils samples were dried at 40 °C and sieved through
a 2 mm sieve. Then the following size fractions were
obtained: 2-0.5 mm; 0.5-0.063 mm; <0.063 mm. The total
<2 mm sample and each sieved fraction were weighed
and the weight percents of the fraction calculated. After
homogenisation, each sample was ground in an agate ball
mill, obtaining a fine homogeneous powder, and metals
extraction was carried out on the total and on the sizefractionated samples by means of ‘aqua regia’ (10 ml), in
a microwave oven.
Analyses of Cd, Cu, Pb, Pt and Zn, were performed
by ICP-MS (Perkin Elmer, Elan 6100). Hg was determined with a Direct Mercury Analyzer-80 (DMA-80,
Milestone Inc., Monroe CT).
Materials and reagent blanks were prepared following
the same procedure.
Certified reference materials (CRMs) for Pt in soils
and in concentrations similar to those expected are not
available. We have analysed the road dust sample CW7
(from PACEPAC project), obtaining a Pt concentration of
55.10 ± 1.60 ng/g, very close to 55 ± 8 ng/g given by
Gomez et al. [11].
The analytical procedure for the other elements was
previously tested using CRMs (Table 2). Analyses were
performed at ENEA-PROT-CHIM Labs (Rome).
TABLE 2 - Results of certified reference material (BCR 141 R, soil),
values in mg/kg.

Pb
Cu
Zn
Cd
Hg

Traffic intensity

Certified values
51.3 ± 2.0
46.9 ± 1.8
270 ± 8
14.0 ± 0.4
0.24 ± 0.03

Found values
54.9 ± 0.7
44.3 ± 1.0
264.1 ± 1.6
14.8 ± 0.2
0.24 ± 0.01

Medium- high
High in the surrounding area
High
Very high
Low

RESULTS AND DISCUSSION
The concentration levels of the elements analysed in
the selected urban soil samples of Naples (Table 3) are
generally low and comparable with those considered for
Italian urban soils (Table 4). The highest heavy metal
contents have been found in dumped soils; these samples
also show a wide concentration range that confirms their
heterogeneous composition. In relatively undisturbed
urban soils, trace elements concentration decreases with
depth, showing values very close to those considered as
typical for Italian natural soils [12] (see Table 4, last line).
Pb concentration (mean value 71, range 19-318 mg/kg)
exceeds Italian natural soils background levels (NSBL),
while it is lower with respect to the values of other Italian cities.
Cu concentration (mean value 63, range 8-160 mg/kg),
is higher than Italian NSBL, while it is comparable, on
average, with other Italian urban soils (Table 4).
Zn shows a concentration (mean value 63 mg/kg)
close to that of Italian NSBL, even if some samples show
higher concentrations (range 41-226 mg/kg) typical of
polluted soils and comparable with those found in other
urban areas.
Instead, Cd (mean value 0.3, range 0.1-0.8 mg/kg)
and Hg (mean value 0.12, range <0.01-0.43 mg/kg) concentrations in both dumped and relatively undisturbed
Naples soils were very similar and, in some cases, lower
than the values considered as typical for Italian NSBL.
The concentration of Pt (mean value 8.5, range <113.8 ng/g) is slightly higher with respect to the geochemical background for soils developed on various bedrock
types (range 2-5 ng/g) [1, 13]. Pt can be mainly related to
the emission of automobile catalytic converters, and the
existence of slight early contamination phenomena, related
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TABLE 3
Mean and standard deviation of the studied metals in Naples urban soils (total <2 mm samples).

Zn
(mg/kg)

Cu
(mg/kg)

Pb
(mg/kg)

Cd
(mg/kg)

Hg
(mg/kg)

Pt
(ng/g)

83±13
66±16

62±42
47±50

62±21
42±15

0.3±0.1
0.2±0.1

0.16±0.15
0.08±0.06

8.1±2.3
7.7±2.1

Dumped Soils
(0-10 cm)

105±69

81±61

109±119

0.4±0.3

0.11±0.13

10.0±2.9

All samples

84± 42

63±50

71±71

0.3±0.2

0.12±0.12

8.5±2.5

“Undisturbed” Soils
(0-10 cm)
(40-60 cm)

TABLE 4
Heavy metal concentrations in urban soils of some Italian cities and Italian natural soil background concentration levels (a).

Samples

Zn
(mg/kg)

Cu
(mg/kg)

Pb
(mg/kg)

Cd
(mg/kg)

Hg
(mg/kg)

Pt
(mg/kg)

Naples

15

84±42

63±50

56±22

0.3±0.2

0.12±0.12

8.5±2.5

Rome

48

330±252

0.31±0.29

Florence

26

138±35

71±29

103±41

Palermo

37

143±52

74±35

256±79

40÷110

20÷70

10÷60

Italian natural soils (a)

11.5±4.7

Ref.

1
9

0.1÷1.5

≤0.1÷1

3.60±0.90

(b)

≤2÷5

12

(b) Unpublished data (obtained in our laboratories).

to the introduction of these devices, can be evidenced. In
fact, in the samples studied Pt concentrations are higher
in dumped soils (mean value 10, max 13.8 ng/g), collected
close to main traffic roads. Moreover, topsoils are enriched in Pt with respect to bottom soils (Table 3), thus
confirming the possible recent deposition of atmospheric
particulate matter, containing vehicle emitted Pt particles.
TABLE 5 - Weight percents of the considered grain size fractions
(mean and standard deviation).

Size fraction

Weight %

> 2 mm

15.6±7.7

2÷0.5 mm

19.4±4.8

0,5÷0.063 mm

45.0±6.2

<0.063 mm

20.0±6.2

The content of Cd, Cu, Pb, Zn and Hg in the majority
of analysed samples increases with decreasing grain size,
showing a relative enrichment in the fraction <0.063mm.
As an example we have reported the behavior of Pb in
samples from sites 3 and 4 (Fig. 1). This is generally
attributed to the higher content of organic matter in finer
fractions and to the fact that the trace metals tend to concentrate both within clay minerals lattice and on the surface of soil particles, hence, the finer fractions have larger
specific surface areas, which leads to the increase of metal
sorption intensity [14, 16].
A similar pattern has been observed for all elements
considered with the exception of Pt. No relation, in fact,
has been observed between Pt and soil grain size fractions.

Granulometry is an important factor for the abundance of trace elements in soils and sediments, in fact,
their concentration is highly correlated with the grain-size
distribution [14, 15]. The soils analysed show a homogeneous grain-size distribution pattern. They are preferentially sandy soils, being the 2÷0.063 mm fraction about
65% of the total sample (Table 5).

First, this fact can be due to the very low concentrations of Pt in urban soils, leading, at the present time, to a
difficult discrimination between the natural content
(background levels) and the contribution due to the deposition of vehicle-emitted Pt particles. These aspects were
examined by Wei and Morrison [17]. They, however, at
least for road dusts and kerbside sediments, observed a
slight increase in the <0.063 mm fraction and related this
occurrence to the fact that the median size of Pt particles
emitted from catalysts is 5-10 µm [18].
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FIGURE 1
Pb distribution in grain size fractions of soil samples collected from high traffic intensity areas (T=top, B=bottom, D=dumped).

Even if a slight increase in Pt concentration levels can
be already noticed, at present, this trend is obviously more
evident in airborne particulate matter and road dust than
in urban soils (and other environmental matrices, as river
sediments). Moreover, lead and platinum associated to
particulate matter are generally not readily mobilized and
redistributed in the various grain size fractions of soils.

CONCLUSIONS
The analysis of data concerning concentration levels
of the studied elements in the selected urban soils samples
of Naples show that Pb and Pt are comparable with those
found in other Italian urban soils, while the concentrations
of Cd and Hg (and to a lesser extent of Zn and Cu) are
close to those of unpolluted soils.

Grain-size distribution considerably affects trace
elements content in these urban soils, with the exception
of Pt. In fact, while Zn, Cu, Pb, Cd and Hg concentrations
increase with decreasing grain size, Pt content does not
show any relation with soil particle size fractions.
This can be due to the very low concentrations of Pt in
urban soils, leading to a difficult discrimination between
the natural content (background levels) and the contribution
due to the deposition of vehicle-emitted Pt particles.
Even if a slight increase in Pt concentration levels can
be already noticed, at present, this trend is obviously more
evident in airborne particulate matter and road dust than
in urban soils.
This work can be considered as a preliminary study
on heavy metal distribution in Naples urban soils and
further work is necessary to evaluate the general validity
of conclusions. In fact, on the basis of this experience,
new sampling areas will be investigated taking into account traffic intensity, soil morphology and prevalent
wind direction.

In particular, the concentration range of Pt (<1 13.8 ng/g) is relatively higher with respect to the values
considered as the geochemical background (2-5 ng/kg).
This fact evidences the possible existence of early contamination phenomena related to the introduction of catalytic converters.

Since the number of cars equipped with catalytic
converters is increasing in Italy, the Pt concentration
should be monitored over the next years.

Higher heavy metal concentrations have been found in
top soils, while the highest concentration characterize
dumped soils, owing to their closeness to main traffic roads.

The presence of potentially harmful elements, such as
Pt, in the fractions containing inhalable particles, could be,
in fact, considered as a potential risk for the population.
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SPATIAL AND TEMPORAL DISTRIBUTION
OF VOLATILE ORGANIC COMPOUNDS IN
THE AREA OF MADRID (SPAIN) DURING A YEAR
M.T. Bomboí, A. Pérez , B. Rodriguez , D. Galán , A. Díaz and R. Fernández
Área de Contaminación Atmosférica. Centro Nacional de Sanidad Ambiental.
Instituto de Salud Carlos III. Majadahonda (Madrid), Spain

INTRODUCTION

SUMMARY
An alternative to the conventional methods in the
VOC determination is the technique of the passive samplers, which is being normalised by the CEN/TC 264 and
ISO/TC 146 and developed by many laboratories in the
last years, with analytical sensibility for the levels of these
compounds in ambient air comparable in precision and
accuracy to the other techniques.
The advantage of these samplers is their low cost and
easy handling. Therefore, a lot of them can be used in the
studied zones to determine the VOC levels in long periods
of time with high spatial resolution, obtaining daily, weekly
and annual mean values in a number of parameters.
In this work, passive samplers filled with graphitized
carbon sorbent were used to collect the compounds studied.
Then, samples were analyzed using an automated thermal
desorption apparatus coupled to a capillary column gas
chromatograph and a flame ionisation detector.
The spatial and temporal distribution of volatile organic compounds (VOCs) was determined in ambient air
samples taken in urban, semiurban and rural areas. For
this, 300 radial passive samplers were used in Madrid city
and 40 in the surrounding area for 7 days two months
long during a year.
The data obtained were successfully used to investigate
the local emission phenomena and know the large-scale
VOC distribution in these zones during the studied time.

KEYWORDS: Passive sampling, volatile organic compounds,
urban and rural areas, thermal desorption.

Airborne volatile organic compound (VOC) measurements are one of the main objectives in the last years
in the control of the air quality. That is because of the
toxic power of some of them to the human health as well
as their participation in the photochemical oxidation processes [1 - 3].
Passive sampling has been recognised as an efficient
alternative to pumped sampling to measure personal exposure in occupational hygiene at ppm levels over an
eight hour period [4 - 5]. Recently, the diffusive samplers
were begun to use in order to measure VOC in ambient
air, increasing the sampling time to several days because
of their lower levels outdoors [6 - 8].
In the last years, a new radial passive sampler, “Radiello”, was developed with the diffusive path parallel to the
radius, in contrast to the usual passive samplers with diffusive path parallel to the axis [9, 10]. This permits very high
and constant sampling rates for VOCs in the exposure range
of 103 µg . m-3 . min-1 – 1010 µg . m-3. min-1, and they are not
dependent on the relative humidity in the range of 0 % - 100 %
and on wind speed in the range of 0.01 m . s-1- 10 m . s-1.
“Radiello” can be desorbed by solvent or thermally depending on the type of the adsorbent used. Ghaphitized
carbons, as Carbograph, are chosen as light adsorbents for
thermal desorption, which allows maintaining the low
sampling rate avoiding the removal of light compounds
from the heavy compounds during the sampling. The
sampler is composed by a cylindrical diffusive body and
by an inner cylindrical adsorbing cartridge.
In this study, we report the use of radial passive
samplers “Radiello” in urban, semiurban and rural areas,
followed by thermal desorption and analysis by GC-FID.
This method was successfully used to investigate the
local emission phenomena and to know the large-scale
VOC distribution in Madrid city and its surrounding
area during a year.
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MATERIAL AND METHODS
Diffusive samplers, desorption technique

Volatile organic compounds are collected from the
ambient air by diffusive samplers “Radiello” (F. S. Maugeri, Padova, Italy). The samplers are filled with 300 mg of
Carbograph 4 (40-60 mesh, 210 m 2 . g-1 adsorbing surface).
The cleaning and analysis of adsorbent cartridges were
carried out in an automatic thermal desorption apparatus
(ATD 400, Perkin-Elmer, Beaconsfield, UK).
The VOC analyses were performed by thermal desorption in two-stages, followed by gas chromatography.
Owing to the large sampled air volume - it was from
the polluted areas - some tests were made to isolate the
sample quantity that should be injected in the gas chromatograph, to avoid contamination of the column and separate the peaks adequately. For that, two split points, inlet
and outlet, were used in the thermal desorption system.
Finally, they were set to 82.5 ml min-1 and 42 ml min-1,
respectively. In this manner, only 2% of the sample was
injected, obtaining thus the best compromise between a
good analysis and a lack of contamination of the column
and the detector.
GC-FID technique

The chromatographic analysis was performed in a
Fisons GC 8000 gas chromatograph with a flame ionisation detector and a capillary column, SP-Octyl, 60 m x
0.24 mm I.D. and 1 µm film thickness (Supelco, Bellefonte, PA). The analytical conditions were: an initial temperature of 45 ºC for 2 min, then at 4 ºC/min till 150 ºC for
10 min. The detector temperature was 270 ºC. It was possible to separate the m- and p-xylene compounds.
Sites studied

In Madrid, the samplers were located at 2.5 m above
ground level. The sampling points were distributed in a mesh
of 500 m x 500 m in the urban areas and 1000 m x 1000 m in

the suburban areas. 300 samplers were installed in the city.
For the rural areas, a special area, Comunidad de Madrid, which is around Madrid city with a network of
130-140 km diameter, was selected. The sampling sites
were located at a distance of aprox. 20 km between
them, so as to obtain 40 different sites. The sampling
periods were 7 days each two months.
RESULTS AND DISCUSSION
The ranges of the values obtained for VOCs in ambient air of Madrid city and Comunidad de Madrid for a
winter and summertime campaign are shown in Table 1.
Toluene and p-xylene reach the higher values among the
compounds analyzed. These concentrations are of the
order of those found by other authors using diffusive
samplers in Turin [11], Rome [12] and Mexico city [13].
Although the maximum and minimum values for the
campaigns are quite similar, the number of the sampling
points with high concentrations were larger in the second
and the third campaign, wintertime, than in the others.
The increased traffic, the use of the heatings and the
weather conditions, which favour the accumulation of
pollutants in the lower layers of the atmosphere, can explain this data. Higher concentrations of VOCs were
found in areas with high traffic level in the city, the major
values prevailing in the narrow streets and squares with
large movement of vehicles. On the other hand, the sites
located in open areas, near parks with low density traffic,
have minor concentrations for the compounds studied.
This is an evidence of importance of the traffic emissions
as contribution to pollution of the ambient air in the city.
The difference in the VOC level concentrations between urban and rural areas was found by analyzing the
samples from the Comunidad de Madrid, which ranges
are also shown in Table 1. Minor traffic level, density of
population, industries, so also the geographic conditions
can explain the low levels found in these areas.

TABLE 1
Value ranges obtained for VOCs in ambient air of Madrid city and Comunidad de Madrid for third and sixth campaigns.

MADRID

VOC´s
Benzene
Toluene
Ethylbenzene
m-Xylene
p-Xylene
o-Xylene

MADRID

COMUNIDAD COMUNIDAD
MADRID
MADRID
28/01/01-4/02/01 22/07/01-29/07/01 28/01/01-4/02/01 22/07/01-29/07/01
Min - Max
Min - Max
Min - Max
Min - Max
0.13 - 13.76
0.29 - 5.19
0.50 - 9.02
0.01 - 2.61
4.11- 81.87
6.14 - 95.89
2.13 - 24.80
1.66 - 57.55
0.26 - 27.82
1.41 - 28.12
0.27 - 10.96
0.51 - 4.04
0.07 - 8.12
0.36 - 0.45
0.20 - 4.84
-----2.10 - 42.28
2.97 - 68.78
0.41 - 10.68
0.59 - 9.85
0.05 - 14.29
1.06 - 23.35
0.29 - 7.56
0.43 - 3.45
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In order to have an appreciated knowledge of the
VOC distribution present in urban, semiurban and rural
areas, the data obtained for each hydrocarbon is represented in isoconcentration maps (Surfer, version 6.04,
Golden Software, CO), that will be useful to quickly recognize areas more or less polluted. In this work, only
some benzene maps are shown. From the observation of
the corresponding map of benzene of Madrid city for the
third campaign in Fig. 1, it can be seen how benzene
levels in the city were in January, with some zones exceeding 12 µg/m3. This is very important, particularly the
higher wintertime values obtained, as a potential health risk
to the population. So, ambient air quality standards for
benzene have recently been proposed in the EC as 5 µg/m3
annual mean (3). Therefore, in the benzene map of the sixth
campaign, Fig. 2, the concentrations were the lowest in
this study which is corresponding to a normal situation in
the summer.
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FIGURE 3 - Benzene (28/01/01-4/02/01), Comunidad de Madrid.
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FIGURE 4 - Benzene (22/07/01-29/07/01), Comunidad de Madrid.

FIGURE 1 - Benzene (28/01/01-4/02/01), Madrid.
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The benzene map in the Comunidad de Madrid for
the third campaign, Fig. 3, presents clearly that the polluted areas were close to the city. Lower density of population, remote traffic emissions and no industries can
support the lower data obtained in the major part of this
region. Fig. 4 represents a big difference to the previous
map, owing to the existent lower levels for benzene in this
area during the summer.
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SUMMARY
As part of a regional project of the study of pollution
in two alpine valleys (POVA), an intensive campaign of
measurements for VOCs, carbonyl compounds, PM10,
particles and major ionic species was performed in
Maurienne Valley (French Alps) during one week in
August 2000. In summer, under anticyclonic conditions,
the dispersion of air pollutants in deep valleys is mainly
dependent on an usual characteristic cycle: up-valley wind
for the day, down-valley wind for the night. During the
sampling campaign, the diurnal variation west-east wind
was changed by a South wind for two days. A saharan
dust episode occurred, characterized by large increases of
PM10, large particles, and Ca 2+. This dust episode was
followed by an increase of fine particles (0.3 µm) and of
SO42-., indicating the intrusion of an anthropogenic air
mass. The evolution of VOCs have been influenced by
these events and the concentration levels were higher
during this period. The ratio benzene/ toluene was low
(0.7) during the episode, which indicates an urban pollution.

KEYWORDS : VOCs, Saharan episode, particles concentration,
transport of air pollutants, alpine valley pollution.

INTRODUCTION
Volatile organic compounds (VOCs) are important
precursors for the formation of ozone and photooxidant in
the atmosphere [1, 2]. In the mid latitudes of the Northern
Hemisphere, their main sources are either biogenic [3] or
anthropogenic, primarily with combustion of fossil fuel in
industrial processes, domestic heating and road traffic. In
the mountainous areas, the anthropogenic sources are
concentrated in the valleys where most residences, industries and traffic are located [4]. Specifically, in the alpine

valleys supporting international traffic, the concentration of
VOCs is generally largely influenced by vehicles’ emissions and this source is becoming more and more important
because of the increased traffic over the last decades.
When anticyclonic conditions prevail in summer, the
dispersion of the atmospheric concentrations in deep
valleys is mainly dependent upon the atmospheric mixing
according to an usual characteristic cycle. On days with
enhanced radiation, up-valley winds are formed during
the day, transporting air from the foreland into the mountains. During the night, down-valley winds yield a reversal of the daytime flow system [5]. The study of such
meteorological processes within valleys has a long tradition and has led to a good understanding of valley winds,
slope winds and the vertical thermal mixing [6 – 9]. Some
recent work also focused on the implication of ozone
concentrations in alpine regions [10, 11]. However, only a
few studies have been published about ozone precursors
in the Alps [4, 12 - 14). Most of them (POLLUMET: air
pollution and meteorology [15] or TRACT: transport of
air pollutions over complex terrain [16] focused on ozone
formation during summer conditions with weak winds,
while the program VOTALP focused on the vertical
ozone transport over the Alps [17, 18].
The present paper describes some measurements of
VOCs, especially BTEX (benzene, toluene, ethylbenzene,
(m+p)-xylene) and carbonyl compounds, obtained in the
Maurienne valley of the French Alps during August 2000,
when a large episode of dust of Saharan origin took place.
These data were collected during an intensive field campaign from the POVA (POllution des Vallées Alpines)
program, that was initiated after the closing of the MontBlanc tunnel in march 1999. The goals of POVA are to
evaluate (before and after the reopening of the MontBlanc tunnel) the respective influence of anthropogenic
and biogenic sources of emission in the Chamonix and
Maurienne valleys, and to develop a model of atmospheric pollution dispersion in these complex alpine terrains to perform studies of different scenarios of devel-
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opment. In the present paper, the interpretation of the VOC
data is focused on the differences observed in the concentrations during a regular period of up-slope/ down-slope
system, and the specific period with Saharan dust intrusio n.

MATERIALS AND METHODS
Field campaign and measurements: The field campaign
took place from august 22nd to August 30th 2000 in the
Maurienne Valley (French Alps) (Figure 1) within the
frame of the POVA (Pollution des Vallées Alpines) program. The upper part of the Maurienne valley where the
sampling sites are located (from Saint Michel de Maurienne and Lanslevillard), is about 40 km long and is
roughly oriented SW-NE. The valley is about 6 km wide
on average in this part (crest to crest), the valley floor
being surrounded by mountains reaching more than 3000 m
above sea level on average. While the lower part of the
valley (before Saint Jean) comprises several industries (in-

cluding some large aluminum making factories), the upper part (after Modane) is more agricultural and less
densely populated. The highway leading to the tunnel du
Fréjus at Modane (supporting most of the transalpine
traffic between France and Italy since the closing of the
Mont Blanc tunnel) is a major source of emission from
vehicles, including heavy duty traffic. Several sites were
instrumented for the measurement of different parameters,
including Orelle (altitude 950m above sea level), Modane
(1050m above sea level) and Sollières (1340m above sea
level). Modane is a small town with a population of 5200
inhabitants, while Orelle and Sollières are little villages
(populations of 360 and 170 inhabitants, respectively).
Sollières is located near the end of the valley, 17 km below the Col du Mont Cenis pass going to Italy (with the
large city of Torino 95 km away). The sampling site at
Orelle is on a flat area about 100 m above the valley floor,
that in Modane is about 800 m out of the city center (on
the opposite side of the Frejus Tunnel), while that in Sollières is on a grassy flat and wide open area used occasionally as an airfield.

FIGURE 1 - Situation of the different sampling sites in Maurienne valley during POVA.
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A wind profiler (Degreane SA, Toulon, France) was
installed in Modane. This device measured the vertical
profiles above the site for the wind direction and horizontal speed up to an altitude of 2000 m above the valley
floor with 25 m resolution. Data were gathered during the
whole week with a 15 min time resolution. Meteorological
data (temperature, wind direction and wind speed as 1h
averages) are also available from several stations from the
national network of Météo France, in Lanslevillard (8 km
further inside the valley compared to Sollières) and Modane. PM 10 measurements performed with Tapered
Element Oscillating Microscale (TEOM) were maintained
for the all week at the three sites (Orelle, Modane, Sollières) with a 15 min time resolution. We are presenting
1h averages of these data. The air inlets of the TEOM
were heated up to temperature of 50 °C. Particles number
concentrations were measured in Sollières during the
whole period with a laser particle counter (Malvern MPC
301X/501X)), with a resolution time of 15 min. Aerosols
were classified in 4 size ranges (diameter of 0.3 /0.5;
0.5/1; 1/5, > 5 µm). The air intake was 90 cm long, with a
flow rate of 2.83 lmin-1.
Aerosol sampling for the determination of ionic species was maintained at Orelle and Sollières during the
whole period with a resolution time of 3 h. The sampling
was performed on Teflon Zefluor filters (0,5 µm pore size)
with an open face filter holder at a flow rate of 1 m3hr-1.
Filters were changed manually and stored individually in
air tight glass bottles in a cold place until their analysis at
LGGE. Filter blanks were collected systematically every
day and processed as actual samples. Both actual filters
and blanks were cleaned in methanol baths before the
campaign in order to reduce their background content for
the chemical species analyzed [19].
VOCs sampling was maintained at Sollières and
Orelle during the whole period. The sampling for carbonyl compounds (especially aldehydes) was performed
on 2,4-DNPH coated silica cartridges (Waters) with a
flow rate of 1l.min-1, controlled by mass flow controllers.
The sampling time was 2 h. Sampling for other VOCs
(especially aromatic compounds) was performed on an
absorbent, 200 mg of Tenax TA (60-80 mesh), in stainless
steel tube (Perkin Elmer) previously conditioned 4 h at
300 °C. The sampling flow was set at 100 ml.min-1 and
controlled by a massflow controller. The sampling duration was set to 30 min. to avoid breakthrough. The series
in Sollières suffered from several interruptions due to
logistical constraints. Cartridges were changed manually
and stored individually in a cold place until their analysis
at GRECA. Cartridges blanks were collected systematically every day and processed as actual samples.
Teflon filters were analyzed for soluble ionic components with ionic chromatography in a
class 10000 clean room at LGGE. All handling procedures took place under a class 100 laminar flow hood.
Filters were extracted for 10 min in their storage bottle
Analytical methods:

using 0.8 ml of methanol (Baker CMOS grade) in order to
first wet the Teflon filters, followed by 9.2 ml of Milli-Q
water (resistivity 18 M.m-1). Cations (Na+, NH4+, K+,
Mg2+, Ca2+) were analyzed with a DIONEX 100 chromatograph, using a CS12 column, following the conditions prescribed by the DIONEX company. Anions (Cl-,
NO3-, SO42- and a suite of organic acids) were analyzed
with a DIONEX 500, using an AS11 column, as described
elsewhere [19, 20]. Only data from a selection of these
ionic species are presented here to substantiate the general
aerosol chemistry during the Saharan dust episode. The
overall series will be discussed in another publication.
All tubes containing 200 mg Tenax were analyzed by
an automatic thermodesorption device (Perkin Elmer
ATD 400) connected to a gas chromatograph (Perkin
Elmer Autosystem XL) coupled with a mass spectrometer
(GC/MS) (Perkin Elmer Turbomass). Desorption conditions
were set as follows : desorption temperature of 300 °C, cryofocussing on 20 mg Tenax TA at –20 °C and flash injection at 300 °C for 90 s. The temperature of the transfer
line was 225°C and it was directly connected to a capillary
column PM-5MS Perkin Elmer (50 m x 0.25 mm, 0.5 µm
film thickness) flushed with 1 ml.min-1 helium carrier gas.
The analysis started at 50°C for 5 min and temperature was
increased by 5 °C.min-1 up to 300 °C, maintained for 5 min.
Identification of the compounds with the mass spectrometer was accomplished by the retention times, standards compounds, and GC/MS library. Full scan mode
was used with a mass range from 35 to 350 and a scan
speed of 1 scan. s-1. The compounds measured were:
aromatic compounds (benzene, toluene, ethylbenzene,
m+p-xylene, o-xylene, o,m+p-ethyltoluene, 1,2,4-trimethylbenzene), isoprene and terpenes (α-pinene, β-pinene,
myrcene, limonene). Calibration curves were obtained for
all compounds using standards prepared in an atmospheric simulation chamber in the laboratory. The uncertainty obtained with this method is lower than 10 %.
The DNPH-coated cartridges were eluted with 3 ml of
acetonitrile (HPLC grade). Chromatographic analysis was
performed on an HPLC system wequipped with a Jasco
PU-980 intelligent HPLC pump, with an AS-950 intelligent
sampler and a variable wavelength 875 UV-detector adjusted to 365 nm. The compounds measured were formaldehyde, acetaldehyde, propionaldehyde, butyraldehyde,
valeraldehyde, hexaldehyde, benzaldehyde, and tolualdehyde. Calibration curves were obtained using standards
prepared by hydrazones synthesis in the laboratory. The
uncertainty obtained with this method is lower than 10%.
RESULTS AND DISCUSSION
Dust episode

The general meteorological situation during the early
part of the week long experiment in the Maurienne valley
was classical for the summer season in the area, with
marked diurnal cycles of the temperature between 5 °C at
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night and up to 30 °C at day (Figure 2a). The temperature
at Sollières showed larger diurnal variation than in Orelle,
partly due to the higher elevation of the former site. Very
few clouds were seen during the whole period, and no
precipitation was recorded between August 22nd – 29th. As
indicated by the record of the wind profiler in Modane,
the wind direction pattern inside the valley up to 2000 m
is clearly dominated by diurnal changes between up slope
(ie from the west) (during the day) and down slop (at
night) directions, driven by thermal heating. The wind
speed is higher during the day than at night, but generally
stays below 4 m s-1. This diurnal pattern is also clearly seen
in the wind records at the surface at Modane and Lanslevillard. This situation changed on August 26th and 27th, with a

strong input of south wind reaching the valley floor in the
morning of the 26th. The wind record in Lanslevillard
clearly indicates sustained wind speeds of 10-12 ms-1
coming from south during the whole period, while the
wind speed is lower in Modane. Visual observation at
ground indicates a highly turbid atmosphere at that time,
persisting till the end of 27th August. A SeaWIFS satellite
picture of the Mediteranean area taken on August 25th
indicates the occurrence of Saharan dust plumes over the
Mediterranean Sea, together with plumes from biomass
burning out of the African coast. The situation returned to
normal during the 27th August, with much cooler temperatures than in the early part of the week and reinstallation
of the up-slope/ down-slope system.
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FIGURE 2a - Hourly average temperatures(°C)
b - Hourly average of PM10 (µg.m-3) at Sollières, Modane and Orelle during the weeklong campaign.
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The occurrence of dust with a northern African origin
is a well-known phenomenon over southern Europe [21,
22], which is well recorded in Alpine ice cores [23]. It is
often associated with south winds that can create foehn
conditions. During the Mesoscale Alpine Program (MAP)
special observation period (SOP) between 7 September
and 15 November 1999, ground-based and airborne
measurements have been conducted in Rhine valley south
of the Lake of Constance to investigate the non-stationary
aspects of foehn. Ozone concentrations in the valley tend
to increase at the onset of foehn. This results in higher
ozone concentrations in the valley at night and in the
morning hours. These ozone concentrations are usually
not as high as the highest ozone concentrations reached
during photochemical smog episodes. Foehn events do
not necessarily cause ozone peaks but prolong the duration of ozone stress in Foehn areas [24]. In our case, we
will investigate the influence of such a south wind episode on some VOCs concentrations
PM10, size distributions, and ionic chemistry of the aerosol

Figure 2b presents the hourly average of PM10 measurements during the whole campaign at the 3 sites.
Concentrations are slowly increasing during the first part
of the experiment (August 22nd – 26th) with daily averages
in the 20 - 30 µg. m-3 range, marked diurnal variations, and
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maxima during late afternoon / early evening. All 3 sites
are behaving in much the same way despite being separated by about 22 km. A very large increase in the concentrations is seen in the late morning of the 26th for the
sites of Modane and Sollière, coincident with the turn to
south winds observed with the wind profiler. Hourly averages are reaching 285 µg.m-3 for the latter site at 19:00h
while, in the mean time, the concentrations at Orelle are
increasing only moderately, with maximal concentration of
100 µg. m-3. The situation is back to low concentrations for
all three sites at noon on the 27th August.
The record provided by the particle counter set in
Sollières allows to characterize more precisely the aerosol
during this period. Figure 3 presents the record for the 4
channels together with the record of the PM10 measurement at Sollières between August 25th – 27th.
The PM10 increase takes place in two distinct periods
on the 26th, the first one from 11:30h to 14:00h, and the
second one from 15:00h to midnight. During both periods
the mass increase is very well correlated with the change
in the concentrations of the particles in the supermicron
channels (d > 5 µm and 1µm > d > 5µm). The increase is
also substantial in the lower channel (0.5 µm > d > 1µm),
while the smaller particles (0.3 µm > d > 0.5 µm) do not
experience much changes.
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FIGURE 3 - Hourly average concentration of PM10 (µg.m-3) and of particles number concentrations (in particles number (#)/ cubic centimeter (cc) in 4 size ranges.
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Indeed, Figure 3 indicates a very different behavior of
the particle number in this last size range. There is a first
short term episode of high concentrations in the early
morning of the 26th (before the large particle increase),
but the most striking feature is an episode of very high
concentrations (also seen for the particles in the 0.5 µm >
d > 1µm channel) starting during the dust episode and
lasting till noon on the 27th of August. Despite its large
increase compared to the background level, it is not influencing the particle mass much, as seen with the PM10
series. All of these observations are consistent with an
episode of Saharan dust input (split in two parts), fol-
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lowed by the intrusion of an air mass contaminated by
anthropogenic emissions. The PM10 results show that the
largest part of the dust plume did not influence all the
sites in the valley in the same way, but was more important at the higher altitude sites. However, the maximum
hourly value (69.8 µg. m-3) reached in the town of Saint
Jean de Maurienne (30 km further down the valley compared to Modane, 550 m above sea level) during this
episode is in the upper 1.5 % of the range of hourly measurements maintained between March 1st, 1998 and December 1st, 2001, indicating that the dust plume was still
present in the whole area.
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This scenario can be corroborated with the chemistry
of the aerosol as measured with ion chromatography. In
Sollières, the first episode recorded for the large particles
and for PM10 (from 11.30h to 14:00h on the 26th) corresponds to the beginning of the increase in calcium concentration (Figure 4b), but the most striking features are
the very large increases of concentrations for Na+, Cl-, and
K+ (Figure 4a), with an enrichment of Cl- by more than a
factor of 55 over the background level of the previous
days. The large enrichment in Na+ may be an indication
of marine influences during this first part of the episode.
However, the mass ratios Cl-/Na+ and K+/ Na+ (at 3.20
and 0.61, respectively) are much larger than the sea water
ratios (1.75 and 0.035, respectively) suggesting the strong
influence of other types of sources for these species. The
enrichment in Cl- and K+ could be due to a mixing of
large particles with biomass burning emissions [25], an
hypothesis not substantiated by the lack of large increase
of the fine particles concentrations and of that of organic
acids (including oxalate) generally associated with this
type of emissions [26]. Finally, there is a possibility that
the enrichment in Na+, Cl-, and K+ is linked with a dust
source containing halite as a sediment, as seen in a previous dust episode over the Alps [21]. Figure 4a also shows
that this first episode is not seen at Orelle, in agreement
with the change in the PM10 concentrations at both sites
(Figure 2b).
The second part episode (from 15:30h to midnight on
the 26th) recorded for the large particles and for PM10 is
characterized by the large increase of the concentrations
of Ca2+ both at Orelle and Sollières (Figure 4b), that already started during the first part of the episode in Sollières. Soluble calcium can be considered as a good surrogate for the occurrence of crustal species in the aerosol,
and the very large concentrations reached in this case, are
in agreement with a desert dust plume reaching the site.
There is an excellent correlation between the concentrations of calcium, large particles, and PM10, despite the
fact that soluble calcium represents only 3.5 % on average
of the PM10 mass during the entire period in Sollières.
We have at present no explanation for the gap between
the first and the second part of the episode in Sollières,
that is well-marked in the PM10 and particle records,
while it is not seen in the calcium concentrations. A detailed chemical balance (including insoluble species)
would have been needed in order to propose a comprehensive scenario.
As shown in figure 4c, the concentrations of sulfate
are also increasing during both periods. This increase is
much higher in Orelle than in Sollières for the first part,
when the dust is at its maximum. It is possible that this
large increase at Orelle is produced by interaction of SO 2
from sources in the valley with the alkaline dust. However, in both places, the maximum concentrations are
reached only well after the dusty period, in the early hours
of the 27th. Figure 4c indicates that in Sollières this gradual increase is strictly parallel to a change in concentra-

tions of the small particles in the 0.3 µm to 0.5 µm size
range, that starts slowly during the entire dust episode, but
reaches its maximum during the first part of the 27th. As
these particles containing sulfate are the (direct or indirect) products of combustion, this third episode is most
probably related to an anthropogenic plume. In Sollières,
the very high concentrations reached at that time compared to the background of the early week are in favor of
an origin from outside of the valley, a hypothesis also
substantiated by the wind direction still coming from the
south at that time.
Overall, these measurements are in agreement with
the parallel intrusion of a dust episode at the two sites,
with some differences in their characteristics. The input of
dust seems more limited in Orelle (as indicated by the
lower PM10 and calcium concentrations), but the timing
is similar. At both sites, this dust event is followed by an
anthropogenic episode with an origin from the outside of
the Maurienne valley.
Evolution of VOC concentrations:

Only the most important and characteristic anthropogenic compounds are discussed in this paper, including
the aromatic compounds (BTEX: benzene, toluene, ethylbenzene and xylene), as well as formaldehyde and acetaldehyde. The concentration of other carbonyl compounds
are very low, near their detection limits. The arithmetic
mean concentrations obtained at the two sites (Orelle and
Sollières) are presented in Table 1 (for BTEX) and Table
2 (for aldehydes). Separate averages are proposed for the
periods before and during the “dust episode” with the
“dust episode” including the 3 periods described above.
The calculation takes into account 43 samples in Orelle
and 31 samples in Sollières before the episode, and 12
samples at both sites during the dust event. These tables
also report previous results from the literature.
Taking the variability into account, the mean concentrations of BTEX before the dust episode are rather
equivalent at the two Maurienne sites. Toluene is generally the most abundant aromatic compound in urban atmospheres. Its mean concentration in the Maurienne valley, about 0.34 ppbv, is comparable to that in a rural atmosphere, as can be observed in a pine forest site in Germany (Table 1). It is about 10 times lower than that in the
down town area of Grenoble. Benzene mean concentrations in the Maurienne valley, about 0.5 ppbv, characterize a moderately polluted atmosphere, as can be observed
in the Grono Valley, as opposed to an urban one (like
Grenoble) (Table 1). The concentrations of the other
compounds (ethylbenzene and m&p-xylene) are low, and
similar to the concentration in a rural atmosphere in a
forest in Germany. The average concentration is larger for
benzene than for toluene at our two sites, which is also
rather typical for an atmosphere away from direct exposition to sources, and is related to the larger reactivity of
toluene, particularly with the hydroxyl radical, OH [32].
The mean concentrations for carbonyls (formaldehyde
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TABLE 1 - VOCs concentrations in ppbv.

ppbv
Before dust episode

Orelle
Sollières
During dust episode
Orelle
Sollières
Pine forest (Germany). July, 1991 [27]
Everest . Sept., 1991-South wind [27]
Everest . Oct., 1993-North wind [27]
Grono (Italy). August 1996
[4]
Grenoble, downtown. Mai 2000
*

Benzene

Toluene

Ethylbenzene

(m+p)-Xylene

0.52 ± 0.05
0.46 ± 0.04
0.65 ± 0.06
0.57 ± 0.05
0.17
0.61
0.15
0.40
0.85

0.35 ± 0.03
0.33 ± 0.03
0.90 ± 0.09
1.16 ± 0.11
0.49
8.19
0.04
0.80
3.03

0.04 ± 0.01
0.06 ± 0.01
0.09 ± 0.01
0.09 ± 0.01
0.11
0.47
0.51

0.10 ± 0.01
0.14 ± 0.01
0.22 ± 0.02
0.10 ± 0.01
0.17
0.79
0.30
1.42

* : GRECA, unpublished data

TABLE 2 - Carbonyl concentrations in ppbv.

ppbv
Before dust episode

Orelle
Sollières
During dust episode
Orelle
Sollières
Rural Schauinsland. Sept. 1992
[28], [31]
Ontario. July, 1988
[29]
Wank. October, 1991
[30]
Grenoble, down town. Apr. 2001
*

Formaldehyde

Acetaldehyde

1.90 ± 0.19
1.46 ± 0.14
2.27 ± 0.22
0.87 ± 0.08
1.0
1.7
1.3
6.1

0.55 ± 0.05
0.53 ± 0.05
0.59 ± 0.06
0.38 ± 0.03
0.7
0.5
0.6
2.5

* GRECA, unpublished data

and acetaldehyde) at Orelle and Sollières before the
dust episode are also rather similar. Again, they are typical for rural atmospheres, as in Ontario or Wank (Table
2). These average concentrations are lower than the measurements at urban sites like Grenoble.
Table 1 and 2 indicate large increases of the average
concentrations during the dust period, with an increase of
25 % for benzene at the two sites, and a much larger
change (+250 % at Orelle and +350 % at Sollières) for
toluene. In the same way, concentrations of ethylbenzene
and xylene are nearly doubling at the two sites from one
period to the other. The changes in aldehyde concentrations are less clear, with the concentrations at Orelle increasing and the concentrations at Sollières slightly decreasing compared to the previous period.

The time series of concentrations for these species before the dust episode show parallel evolution for some of
the compounds, as indicated by the correlation coefficients presented in Table 3. The concentrations of toluene,
ethylbenzene, and (m+p)-xylene are highly significantly
correlated at the two sites, allowing the hypothesis of a
common dominant source and/or influence of the same
atmospheric processes (dispersion, reactivity) for these
species. The correlations are larger in Orelle than in Sollières, in agreement with a lower influence of the reactivity and dispersion processes at the former site, closer to
the sources related to traffic. Conversely, the lack of correlation between benzene and the other species on both
sites results most probably from the very large difference
in their respective reactivity (Table 4) leading to a larger
life time of benzene than toluene.

TABLE 3 - Correlation coefficient (R2) and slope of the linear regression between BTEX and
carbonyl compounds before the dust episode, for 43 samples in Orelle and 31 samples in Sollières.

Orelle
Benzene / Toluene
Toluene / Ethylbenzene
Toluene / (m+p)-Xylene
Ethylbenzene / (m+p)-Xylene
Formaldehyde / Acetaldehyde

slope
0.61
0.10
0.27
2.67
0.26
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Sollières
R2
0.060
0.873
0.871
0.991
0.508

slope
0.71
0.16
0.44
2.65
0.33

R2
0.202
0.743
0.748
0.954
0.09
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TABLE 4 - Rate constant for reaction with the hydroxyl radical OH.

Rate constants (from ref 32)
(k x 1012 = molecules.cm3.s-1)
1.23
5.96
7.1
14.3
9.37
15.8

Benzene
Toluene
Ethylbenzene
(m+p)-Xylene
Formaldehyde
Acetaldehyde

200

3,5
# / cc

# / cc

d > 5µm * 1000

150

200

ppbv

0,3 < d < 0,5 µm

3,0

150

Toluene
100

2,5

50

3,5

ppbv

0,3 < d < 0,5 µm
d > 5 µm *1000
Toluene-Orelle

3,0

100

2,5

50
2,0

0

2,0
0

1,5
-50

12 h

8h

-50
1,0

-100

16 h

1,5

8h
12 h

8h

20 h

-100

20 h

12 h

12 h

1,0

20h

0,5

-150

0,5

-150

-200
0,0
0,0
-200
22/08 22/08 23/08 23/08 24/08 24/08 25/08 25/08 26/08 26/08 27/08 27/08 28/08
22/08 22/08 23/08 23/08 24/08 24/08 25/08 25/08 26/08 26/08 27/08 27/08 28/08
00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00
00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00

180

# / cc

160

6

6 180

ppbv/ppbv

0,3 < d < 0,5 µm
Benzene/Toluene

# / cc

ppbv/ppbv
0,3 < d < 0,5 µm

160

Benzene/Toluene (Orelle)

5

140

140

120

4 120

100

100

5

4

3
80

a

3
80

60

2

40

60

2

40

1
20

1,35

0
0
22/08 22/08 23/08 23/08 24/08 24/08 25/08 25/08 26/08 26/08 27/08 27/08 28/08
00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00
200

# / cc

Formaldehyde - ppbv

0,3 < d < 0,5 µm

150

1
20

0,55

9
8

d > 5 µm (*1000)
Formaldehyde-Solliere

1,6
0,7

0
22/08 22/08
00:00 12:00

23/08 23/08 24/08 24/08 25/08 25/08 26/08 26/08 27/08 27/08
00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00

200
# / cc

7

100

Formaldehyde - ppbv

0,3 < d < 0,5 µm
d > 5 µm (*1000)
Formaldehyde-Orelle

150

7

100

6
50

5
0
4

2h
-50

18 h

18 h

18 h

-100
-150
-200
24/08
00:00

b

9
8

6
50

0
28/08
00:00

24/08
12:00

25/08
00:00

25/08
12:00

26/08
00:00

26/08
12:00

27/08
00:00

27/08
12:00

0

3

-50

2

-100

1

-150

0
28/08
00:00

5

18 h
18 h

18 h

02 h

4
3

-200
24/8/00
0:00

2
1

24/8/00
12:00

25/8/00
0:00

25/8/00
12:00

26/8/00
0:00

26/8/00
12:00

27/8/00
0:00

27/8/00
12:00

FIGURE 5a - time series of toluene concentrations (ppbv) in Sollières (left) and Orelle (right)
b - time series of the ratio benzene/toluene (ppbv/ppbv) in Sollières (left) and Orelle (right)
c - Evolution of formaldehyde (ppbv) in Sollières (left) and Orelle (right)
The number concentration of particles in 2 size ranges in Sollières is shown for comparison.
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Perturbation during the dust event

The evolution of the toluene concentrations between
August 22nd - 28th at the two sites are presented in Figure 5a,
with Figure 5b showing the evolution of the benzene/
toluene ratio. The time series of concentrations of
formaldehyde are presented in Figure 5c. In both figures,
the evolution of the particle concentrations are also given
for two size ranges of interest.
The time series in both Sollières and Orelle do not
show well-marked diurnal variations before the dust episode, like the one demonstrated during the VOTALP
program (4). The low concentrations, the distance from
the sources, and the local geomorphology around the site
(with several converging secondary valleys in the area)
most probably explain this lack of diurnal pattern for
Sollières. More structures can be observed in the time
series at Orelle, with systematic peaks of toluene concentrations at 8 h, 12 h and 20 h on the first days of the campaign. The geometry of the valley is simpler at that site,
and the variations of the concentrations result from a
complex interplay between the emissions (larger during
day time), the variation in the height of the inversion layer
(smaller during the first part of the night, as indicated by
the clear cycle of PM10 concentrations), the dispersion
with the up-wind/ down-wind system (the former bringing
higher concentrations from the lower portion of the valley) and the increased reactivity linked with photochemistry during day time.
At both sites, carbonyl concentrations show clearer
diurnal variations before the dust period, with a daily
broad maximum during the afternoon. As these carbonyl
compounds are essentially formed from the degradation
of primary pollutants following photochemical reactions,
this cycle underlines the importance of the formation
process compared to the change in concentrations linked
to the dynamics (by changes of the height of the inversion
layer or by dispersion with increasing wind speed).

As mentioned earlier, the average concentrations of
BTEX and carbonyls are clearly perturbed by the intrusion of south winds linked to the dust episode (Tables 1
and 2). In Sollières, the toluene concentrations increase in
parallel with the submicron aerosol number concentration
and reach a maximum at the same time (Figure 5a). In
Orelle, the increase is concurrent with that of sulfate (Figures 5a and 4c), with a couple of peaks during the crustal
event and a sustained level during the anthropogenic part
of the episode. At both sites, the average concentrations
for all BTEX compounds are much higher than that of the
previous days,. Particularly, the high levels reached at
night are unusual considering the evolutions observed in
Orelle the previous days.
The carbonyl concentrations also present the same
kind of perturbations (Figure 5c). The daily maximum
during the afternoon (concurrent with the dust maximum)
is followed by an unusual maximum at night, in parallel
with the anthropogenic inputs linked with south winds.
This southern air mass brings into the Maurienne valley
chemical species from a polluted area, that have already
been degraded photochemically the previous afternoon
and leading to high concentrations of formaldehyde at
night. The impact of the high wind speed during this episode on the structure of the inversion layer close to
ground remains to be evaluated, but most probably allows
more mixing than during the previous period.
It is possible to evaluate the origin of this air mass by
a rough calculation of its age. The air mass photochemical
age can be characterized by the benzene/toluene ratio.
Benzene and toluene are emitted by automobiles in a ratio
around 0.5 (benzene (ppbv) / toluene (ppbv)). During the
dust episode, the average ratio benzene/toluene is about
0.7 (0.55) in Orelle (Sollières), compared to mean values
of 1.4 (1.3) for the previous days (Table 5 and Figure 5b).
It should be emphasized that the ratio in the days before
the dust episode are rather variable, with large changes in
the course of the day.

TABLE 5 - Ratio Benzene/Toluene (ppbv/ppbv).

benzene/toluene
Before dust episode (Orelle / Sollières)

1.5 ± 0.3

During dust episode (Orelle / Sollières)

0.7 ± 0.15

Pine forest (Germany), July, 1991 [27]

1.4 ± 0.3
0.55 ± 0.1
0.34

Foot of Everest , Sept, 1991-South wind [27]

0.07

Foot of Everest , Oct., 1993 – north wind [27]

4.21

Grono (Italy), August1996 [4]

0.50

Grenoble, down town , Mai 2000

0.28
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If we consider that the reaction with OH is the main
pathway leading to the destruction of benzene and toluene, (1) and (2) lead to (3) :
(1)

Benzene + [OH] → Products (kB) and
-d[Benzene]/dt=kB[OH][Benzene]

(2)

Toluene + [OH] → Products (kT) and
-d[Toluene]/dt=kT[OH][Toluene]

(3)

T = (Ln [(Benzene)0/(Toluene)0 *
(Toluene)/(Benzene)] / [( kB-kT)*[OH]]

CONCLUSION

With :
[OH] = 1.5 x 10-6 molecules.cm-3 in a moderate polluted
valley.
kB = 1.23 x 10-12 molecules.cm-3.s-1 ,
kT = 5.96 x 10-12 molecules.cm-3.s-1
(Benzene)0/(Toluene)0 = 0.5 (Concentrations at emission)
(Benzene) /(Toluene) = results in Table 3

TABLE 6 - Age of the air mass in Orelle and
Sollières before and during the dust episode.

T =Air mass age
(hours)
Before dust episode
(Orelle / Sollières)
During dust episode
(Orelle / Sollières)

cates that the surface area of the aerosol increases from
about 5-8 µm2 cc-1 on average before the dust episode up to
40-50 µm2 cc-1 on average during the dust period, largely
changing the surface available for potential heterogeneous
reactions to take place. An evaluation of the impact of such
heterogeneous reactions would require investigations on
the chemistry of the particulate phase, including a speciation of the organic matter.

42 ± 9

13 ± 6

13 ± 7

4±4

The results of this estimation are presented in Table 6.
Among the many very restrictive hypotheses made for this
calculation, these results do not take into account the emissions between the sources and the sampling site, nor the
change in OH concentrations during night time. However,
it shows that during the dust episode, the air mass age is
younger than before the episode. In Sollières, the estimated
air mass age (4 hours) and the southern average wind speed
of 10 m. s-1 recorded in Lanslevillard means that the air
mass could have been transported from Italy to France
across the border in a distance of about 140 km. This is
roughly the distance from the industrialized areas of the
upper Po valley with the large city of Torino, which is
connected to the Maurienne valley via the Mont-Cenis Pass
and the Susa valley in Italy. The older estimated age before
the dust episode may be an indication of the stagnation of
the air masses within the valley during the regular up-slope/
down-slope cycle, and the large variations observed for the
ratio benzene/toluene during this period could be an indication of the complex dynamic processes involved.
Finally, it should be noted that the impact of interactions between VOCs and the dust particles remains to be
investigated. Several previous studies indicate that the
heterogeneous reactions can take place between organics
and crustal particles (33, 34, 35), including reversible or
irreversible adsorption and chemical reactions. A rough
calculation based on particle number concentrations indi-

Investigations on atmospheric chemistry were conducted at several sites in the Maurienne valley (France)
during August 2000 in the course of the POVA program,
including measurements for PM10, particle number concentrations, aerosol chemistry and VOCs with short sampling time. The week long sampling includes a 2 day
period perturbed by a large dust input that largely
changed the characteristics of the aerosol chemical and
physical profiles compared to the previous period.
Chemical and meteorological evidences indicate that it is
associated with the intrusion of an anthropogenic air mass
with an origin from the south of the Maurienne valley,
most probably from the northern part of Italy in the
Torino area. The VOCs and aldehyde concentrations
during this period of south winds are much larger than
during the previous days, including unusual sustained
high concentrations at night and changes in the ratios of
some BTEX compounds. The impact of the changes in the
atmospheric dynamic (particularly the height of the inversion layer and the perturbation of up-slope/ down-slope
wind system), as well as the impact of potential heterogeneous reactions between gas and crustal particles remain
to be evaluated.
Finally, these observations indicate that the emission
sources inside the Maurienne valley (including emissions
from the heavy duty traffic linked with intense international exchanges through the Frejus Tunnel) are not always dominant, but that large changes of the concentrations can also be linked with larger scale transport from
regional source areas.
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AMMONIA EMISSIONS FROM VEHICLES AND
THE EFFECTS ON AMBIENT AIR CONCENTRATIONS
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SUMMARY
Air concentrations of gaseous ammonia (NH3) have
been measured in the vicinity of roads in Bavaria and
Austria. The measurements have been performed using
passive samplers and a continuously working denuder
system. Based upon the comparison between different
urban locations in Munich and Salzburg a relationship
between the mean NH3 concentrations and the traffic
density could be found. An analysis of hourly measured
ammonia data from an important junction in Munich
reveals similarities with the daily variations of other gases
emitted by vehicles. The mean concentrations measured
near traffic crossroads and an highway were comparable
to those observed in the vicinity of numerous agricultural
sources. The WHO guideline, 8 µg/m3 as an annual average for the protection of vegetation, was exceeded at the
urban station with the heaviest traffic.

KEYWORDS:
Ammonia, emission, source, air concentration, traffic, agriculture.

INTRODUCTION
Atmospheric wet and dry deposition of nitrogen
compounds is suspected to be one of the major stress
factors that may contribute to a destabilisation of natural
and semi-natural ecosystems like forests and moorlands.
In particular air concentrations and deposition of reduced
nitrogen, like ammonia and ammonium, have increased
greatly with the development of intensive agricultural
management and increased livestock number over the last
50 years [1]. Not only the volatilisation from decomposing livestock waste is an important source for NH3, but also
the traffic plays a certain role for reduced nitrogen emissions. Emissions from vehicles were previously estimated

to be rather small, but since the introduction of catalytic
converters there are some indications based upon only
few measurements [2], that gasoline cars may provide
much more ammonia emissions (with catalytic converter:
25 – 115, without 1.2 – 2.3 mg NH3 –N/km).

MATERIALS AND METHODS
In order to measure atmospheric ammonia concentrations we used passive samplers and a denuder:
Diffusive sampling represents a simple and costeffective method and can, therefore, be used if high spatial resolution of information is needed. The badge-type
sampler used in the present instance has been developed
by Technical University of Vienna [3]; it is protected
against turbulence with a PTFE membrane; the ammonia
is collected on a stainless steel grid, which is coated with
phosphoric acid. The ammonium ion is extracted in ultra
pure water and subsequently analysed by cation chromatography. The exposition time was four weeks with a
detection limit of 0.05 µg/m3. The sampler was found reliable in an intercomparison campaign performed by GSF in
Bavaria [4], yielding an overall uncertainty of 18 %.
For detailed concentration measurements a continuously working denuder [5] was used, which has been
developed by the Netherlands Energy Research Foundation (ECN). Ambient air is pumped through the rotating
annular denuder. Ammonia is absorbed by a weak acid
solution passing through the denuder in the counterflow
direction. Downstream the absorption solution is combined with an alkaline solution, which results in the formation of gaseous ammonia. Via a semi-permeable membrane ammonia is transferred into a stream of demineralized water. The ammonium concentration in the water is
determined conductometrically. The calibration is made
with aqueous solutions containing different concentrations
of ammonium. The method is very selective and independent from ambient humidity. Interferences were only
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determined for volatile amines, which generally show
concentrations much lower than ammonia. With a time
resolution of two minutes the measuring range is between
0.05 and 1000 µg m-3.
The passive sampler measurements were performed
at 6 traffic junctions or roads with different traffic intensities in Munich (Luise-Kiesselbach-Platz: 120000 veh./
day; Pasing-Offenbachstr.: 42000 veh./day; Lothstr.:
41000 veh./ day; Moosach-Dachauerstr.: 29000 veh./day)
and Salzburg (Lehener Post: 40000 veh./day; Rudolphspl.
57000 veh./day). Caused by local infrastructural conditions sampler position varied from site to site. The additional detailed denuder measurements were made in
Western and Southern suburbs of Munich at LuiseKiesselbach-Platz and Pasing and in the vicinity of the
highway A95 (65000 veh./day), which pass through a
spruce forest; this site was selected because of the absence of possibly interfering agricultural sources.
RESULTS
Comparing the results obtained from diffusive sampler measurements conducted at the 6 sites a relationship
between ammonia concentration means and the traffic
density could be found with a high correlation coefficient
(Figure 1).
This is surprising because of the supposed varying
background NH3 concentrations of 1 - 4 µg/m3 in background areas. Furthermore, it must be regarded that the dis-

tances of the singular sampling devices from the traffic
sources were not equal in every case and their exposition
could not be realised always at the same side of the road
considering the main wind direction (SW) and the possible modifications caused by channel effects of the roads.
For approximately 5 weeks (17.11. - 23.12.2000) denuder based active concentration measurements were conducted at Luise-Kiesselbach-Platz in order to establish the
daily variability of ammonia concentrations. Considerable
differences were measured between the different days of
the week. While on working-days the highest ammonia
concentrations were found in early morning and late afternoon correspondingly to the heavy traffic during the rush
hours (Figure 2), the weekend is characterised by a continuous increase of ammonia concentrations until afternoon
as a consequence of the excursion activity of population to
the pre-alpine and alpine surroundings of Munich [6].
The comparison of concentration data of ammonia
with those of other gases as carbon monoxide (CO) emitted
by vehicles (Figs. 3 and 4) indicates that traffic is the main
source influencing NH3 concentration at urban locations.
Hourly maximum concentrations reached up to 70 µg/m3 in
the case of Luise-Kiesselbach-Platz and 45 µg/m3 for Pasing [6]. The day-to-day variation is dependent from the
atmospheric conditions, particularly from wind direction
and wind velocity, the parameters of stability and air humidity. During the days with rain or snowfall a rapid removal and dilution of ammonia is probable and the burden
of nitrogen deposition is rather local.
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y = 5E-05x + 3.2102
R2 = 0.9639

-
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FIGURE 1 - Mean ammonia concentrations at standard deviation at
six urban cross-roads in Munich and Salzburg influenced by traffic density.
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FIGURE 2
Diurnal variation of ammonia concentration during working-days at Luise-Kiesselbach-Platz (Munich).
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FIGURE 3 - Hourly CO concentrations at Luise-Kiesselbach-Platz (Munich).
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FIGURE 4 - Hourly NH3 concentrations at Luise-Kiesselbach-Platz (Munich).

TABLE 1 - Mean ammonia concentrations in and near livestock production systems [5, 6].

Site

Altenmarkt/
Salzburg

Aidling/
Bavaria

Aidling/
Bavaria

Bidingen/
Bavaria

Aidling/
Bavaria

Timisoara/
Rumania

Landau/
Bavaria

Livestock

cattle

cattle

cattle

cattle

pigs

poultry

Surroundings

meadows on
hill

cattle
spruce
stand,
400 m from
meadows

meadows

meadows

40 m from
cow-shed

between pigsties

20 m from
farm

Mean concentrations
[µg/m³]
Duration of measurements

0,6

0,8

2-5

6

16

69

114

1 year

1 year

1 year

1 year

1 year

4 months

4 months

CONCLUSIONS
Comparing the data related to ammonia concentrations measured near roads with those obtained from agricultural areas, like meadows, where manure is spread out
depending on the number of cattle per ha, similar concentration levels could be observed, if yearly averages are
taken into consideration (Table 1). Considering the WHO
guideline, near greater animal farms and along roads with
heavy traffic annual average concentration of 8 µg/m³ for
the protection of vegetation can be exceeded.
In rural sites the short-term fluctuations were larger
than near roads; hourly averaged ranged up to more than

100 µg/m³. In all cases a rapid (logarithmic) decrease in
concentration was noticed with distance from sources.
Such strong gradients are not surprising, considering the
low emission height of ammonia in agriculture and traffic.
Most of emitted ammonia is re-deposited in a circle of
few kilometres about the sources [7]. The removal rate is
particularly high, if the source is surrounded by forests.
Therefore, along motorways the nitrogen dry deposition
rates are supposed to be high.
Summarising the above findings, in some restricted urban regions the ammonia emissions from catalyst-equipped
cars can be compared with the most traditional sources of
ammonia emissions in rural areas, whereas on national

457

© by PSP Volume 11 – No 8. 2002

Fresenius Environmental Bulletin

scale approximately 80% of all emissions of ammonia must
be attributed to agricultural production systems. Based on the
increased commonness of cars with catalytic converter the
ammonia emissions from the transport sector may have risen
considerably in Europe; SUTTON et al. (8) estimate for the
U:K., that from a total amount of 260 – 280 kt NH3-N yr -1
emitted by all agricultural and non-agricultural sources in
the last years 11 – 13 kt NH3-N yr -1 (approximately 4 %)
can be attributed to transport. Without international pollution abatement policies further increase of car emission rate
of ammonia is probable.
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SUNLIGHT PHOTOCATALYTIC DEGRADATION OF AZO-DYES
IN AQUEOUS SUSPENSION OF POLYCRYSTALLINE TiO2
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*Dipartimento di Ingegneria Chimica dei Processi e dei Materiali, Università degli Studi di Palermo, viale delle Scienze, 90128 Palermo, Italy
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INTRODUCTION

SUMMARY
The photocatalytic oxidation of methyl-orange
(C14H14N3SO3Na) and orange II (C16H11N2SO4Na) azodyes was carried out in aqueous suspensions of TiO2
powder under solar irradiation. A continuous tubular
photoreactor with compound parabolic collectors, installed at the "Plataforma Solar de Almería" (Spain), was
used. Two identical reacting systems were operated at the
same time in order to perform photoreactivity trials for
the two dyes under the same working conditions. The
kinetics of dye photooxidation rate were investigated at
natural pH's by varying the initial substrate concentration.
The influence of acidic or alkaline conditions and of the
presence of strong oxidant (H2O2, S2O82-) and ionic (Cl-,
SO42-) species on the process was also studied. The disappearance of colour and substrates together with the
abatement of total organic carbon was monitored. The dye
photooxidation was successfully achieved under all the
experimental conditions. Complete discoloration was
obtained within a few hours for both dyes, but mineralisation occurred after longer times with the formation of
CO2, nitrates and sulphates. The presence of H2O2 did not
appreciably affect the photodegradation rate of methylorange whereas the presence of S2O82- was strongly beneficial. On the contrary, the presence of H2O2 and S2O82was always beneficial for orange II, but the enhancement
of the photooxidation rate was higher in the presence of
S2O82-. The presence of Cl- and SO42- ions did not significantly affect the reaction rates for both dyes

KEYWORDS:
Azo-dyes, photocatalysis by sunlight, titanium dioxide.

Among the contaminant species present in wastewater of textile industry plants, azo-dyes are the most common ones together with other chemicals such as surfactants, chelating agents, pH regulators, densifiers etc. [1]. To
fulfill the limitations imposed by the current legislation
[2], textile industry wastewater is treated before its release
to the environment by using physico-chemical methods
[3] or, most commonly, active sludge biochemical processes [4]. The dye abatement, however, still represents
one of the main problems in the treatment process.
The oxidative processes seem to be the most promising ones for the purification of this kind of effluents [5].
Indeed, homogeneous oxidising treatments are very effective for the destruction of chromophoric structures of dyes
and thus removing the colour, but usually a complete
mineralisation of azo-dyes is not achieved. Really, very
few azo-dyes can be oxidized aerobically, also because
they show a scarce solubility in water, which usually
decreases by increasing the molecular complexity of the
dye structure. Some azo-dyes have been degraded anaerobically to give aromatic amines, that are subsequently
degraded under aerobic conditions.
Among the advanced oxidation processes the heterogeneous photocatalysis has proved to be effective for
degrading many organic and inorganic pollutants present
in aqueous systems using both artificial and solar irradiation [6-9]. Also several kinds of azo-dyes have been photodegraded at laboratory scale both under UV-Vis lamps
[10-14] and sunlight [15].
Among the various azo-dyes, methyl-orange (MeO),
C14H14N3SO3Na, and orange II (OII), C16H11N2SO4Na, are
two common and very stable compounds. It may be noted
from their structures in Fig. 1 that the sulphonic groups
are responsible for the high solubility in water. Discolouring of MeO solutions has been carried out by using ozone
as oxidant [16, 17], oxidation of OII by using a photoFenton type reaction [18] or a reduction followed by a
photo-oxidation process [19].
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FIGURE 1 - Structure of Methyl -orange (A) and Orange II (B).

The photocatalytic oxidation of MeO and OII was
carried out in aqueous suspensions of polycrystalline TiO2
(anatase) irradiating by sunlight and using compound
parabolic collectors as photoreactor. The kinetics of dye
photo-oxidation process and its dependence on substrate
concentration was investigated at the natural pH's of MeO
and OII solutions. The influence of acidic and alkaline
conditions and the presence of inorganic ions (Cl- and
SO42-) was also studied. As the pertinent literature reports
that the addition of strong oxidant species can greatly
enhance the photooxidation rate of organic compounds
[20-23], the influence of the presence of H2O2 and peroxydisulphate ions (S2O82-) was studied.

MATERIALS AND METHODS
The photoreactivity experiments were carried out by
using compound parabolic collectors (CPC) installed at
the “Plataforma Solar of Almería” (PSA, Spain). Two
identical reacting systems were used in order to perform
the photoreactivity trials for the two dyes at the same time
and under the same working conditions. The reactor set-

up (Fig. 2) consisted of a plug flow photoreactor (PFP) in
a total recirculation loop with a non-reacting tank, whose
function is that of providing aeration and samples for
analyses. Each photoreactor consisted of three CPC modules in series (total irradiated surface: 3.08 m2) placed on
fixed supports, inclined 37° (latitude of the PSA) with
respect to the horizontal plane and facing South, in order to
maximise the daily absorption of solar radiation. The PFP
consisted of UV-transparent glass tubes (i.d. 29.2 mm)
which were all connected in series. The aqueous suspension was continuously fed to the PFP from the nonreacting tank by means of a centrifugal pump. The suspension flow rate, maintained at the value of 0.334 dm3⋅s-1
for all the trials, gave a Reynolds number of about 1.7⋅104
indicating a radial good mixing of the suspension inside
the tubes. The total volume, Vt, of the suspension circulating in the system was 39 dm3, whereas the irradiated
volume, Vi, i.e. the volume of the suspension contained in
the PFP, was 22 dm3. The MeO and OII initial concentrations were in the 5-50 ppm range, while for all the photoreactivity experiments the photocatalyst was polycrystalline
TiO2 (Degussa P25, ca. 80 % anatase and 20 % rutile, BET
surface area ca. 50 m2⋅g-1) at a concentration of 0.2 g⋅dm-3.

PFP 1

A

PFP 2

B

B

C

A

C
D

D

FIGURE 2 - Photograph and scheme of the photoreacting set-up:
(A) sampling valve; (B) thermocouple; (C) not-reacting tank; (D) pump; (PFP) plug flow photoreactor.
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RESULTS AND DISCUSSION
The experimental runs were carried out by using the
following procedure: firstly, the aqueous suspension containing the dye and the TiO2 powder was circulated in the
reacting system by maintaining the collectors covered by
tarpaulins. After 30 minutes of this operation the covers
were removed and the reactivity trial started. Samples
were withdrawn at the starting of irradiation and at fixed
intervals of time from the non-reacting tank so that they
were representative of the conditions at the inlet of the
PFP. Oxygen needed for photoreaction is derived from
the contact of the suspension with atmospheric air in the
non-reacting tank.
The trials were carried out at different initial dye concentrations and most of them at the natural pH's (6.4-6.7
for MeO and 6.3-6.8 for OII). For some trials hydrogen
peroxide or sodium peroxydisulphate were added to the
reacting suspension. The MeO:H2O2 or MeO:S2O82- molar
ratio was 1:43, whereas the OII:H2O2 or OII:S2O82- molar
ratio was 1:42. The previous ratios correspond to the H 2O2
or S2O82- stoichiometric amounts needed for obtaining the
complete oxidation of carbon and nitrogen atoms of the dye
molecule. Some trials were carried out with the following
initial pH’s: 1, 3 and 11. The pH was adjusted by using
H2SO4 or NaOH. Lastly, a few trials were carried out in the
presence of Cl- or SO 42- ions (1 g⋅dm-3) in order to determine their influence on the photoreactivity.
Before analysis the samples were filtered by using
Millipore MVLP filters, 0.45 µm. The quantitative determination of MeO and OII was routinely performed by
reverse-phase liquid chromatography with UV detection
(365 nm) using a HPLC-UV instrument (HewlettPackard, series 1050) equipped with a C-18 column
(LUNA 5 micron-C18, 3 x 150 mm from Phenomenex).
A mixture of acetonitrile and aqueous solution (20 mM)
of ammonium acetate, 24:76 v/v, was used as the eluent at
the flow rate of 8.33⋅10-3 cm3⋅s-1. All the reagents were of
analytical grade (Fluka). The quantitative determination
of sulphate ion was carried out by using an ionic chromatograph system (Dionex DX 120) equipped with an Ion
Pac column (250 mm long).
Aqueous solutions of NaHCO3 (1 mM) and Na2CO3
(3.5 mM) were used as eluents at the flow rate of
1.67⋅10-2 cm3⋅s-1. A 5050A Shimadzu total organic carbon analyser was used in order to determine the total
organic carbon (TOC) of the samples. Discoloration of
the solution was monitored by absorbance measurements
at 420 nm by using a spectrophotometer (ATI-UNICAM).
In the course of each experimental trial the solar irradiance was not constant. Therefore, a sensor for global UVlight measurements (Eppley-TUVR) was installed in the
same position of the CPC’s in order to monitor and record
the values of irradiance.

The photoreactivity results were obtained under irradiation conditions variable with time. The measured
values of dye concentration have not been reported as a
function of the trial time but, more correctly, of cumulative photon energy, E, incident on the PFP. A detailed
explanation about the determination of E is reported in
[24]. Figs. 3 and 4 show in a semilogarithmic plot the
substrate and TOC (in the inset) concentration values,
measured at the inlet of the PFP and normalised with
respect to the initial concentration value, versus the E
values for MeO and OII, respectively.
By testing different relationships to the data of dye
and TOC concentrations vs. E, it was found that both sets
of data best fitted exponential curves. This finding clearly
indicates that the dye and TOC disappearance follow a first
order kinetics with respect to dye and TOC concentration:

−

dC dye

= k obs, dye ⋅ C dye
dE
dC
− TOC = k obs, TOC ⋅ C TOC
dE

(1)

Integration of eqn. 1, with the limiting conditions that at
the start of the reaction (E=0) the dye and TOC concentrations are equal to the initial ones (Cdye = C0,dye and CTOC =
C0,TOC ), gives:

C dye = C 0, dye ⋅ e

C TOC = C 0, TOC

(− k obs,dye ⋅E )
(− k
⋅E )
⋅ e obs ,TOC

(2)

By applying a least-square best fitting procedure to
the experimental data, the values of kobs,dye and kobs,TOC
were determined.
The photoreacting system used in this work is a total
recirculation one (volume Vt) composed by a PFP (volume Vi) and a mixing tank. During photooxidation the
dye concentration decreases from the inlet to the outlet of
PFP. However, the dye concentration at the PFP inlet is
different from that at the outlet, due to the presence of the
non-reacting tank. The dynamics of this system has been
extensively discussed [24, 25] and it was demonstrated
that, in the case of first order kinetics, the true kinetic
constants are obtained by the observed ones by means of
the following simple relationships:
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FIGURE 3
Methyl Orange and TOC (in the inset) concentrations versus the cumulative photon energy for runs carried out at
different initial MeO concentrations: 50 ppm (υ); 30 ppm (ν); 18 ppm (σ); 10 ppm (?); 5 ppm (λ). Initial pH = 6.7.
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FIGURE 4
Orange II and TOC (in the inset) concentrations versus the cumulative photon energy for runs carried out at
different initial OII concentrations: 50 ppm (υ); 30 ppm (ν); 14 ppm (σ); 10 ppm (?); 5 ppm (λ). Initial pH = 6.7.

TABLE 1 - Kinetic constant values for substrates and TOC degradation
for runs carried out in the presence and absence of strong oxidant species (natural pH’s).

C0subs. [ppm]
5
10
18
30
50

k [Einstein-1] for MeO
TiO 2
TiO 2 + H2O2
TiO 2 + S2O82Substr. TOC Substr. TOC Substr. TOC
9.11
2.84
3.38
0.38
2.17
0.26
1.02
0.11
1.15
0.30
(*)
3.01
0.64
0.05
-

(*) MeO was completely oxidised before starting the irradiation
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k [Einstein-1] for OII
TiO 2
TiO 2 + H2O2
TiO 2 + S2O82Substr. TOC Substr. TOC Substr. TOC
7.34
3.35
1.29
0.55
0.71
0.29
0.19
0.13
2.24
0.74
4.15
2.41
0.10
0.04
-
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The kdye and kTOC values (Table 1) indicate that MeO
photodegradation is faster than that of OII while the rates
of TOC abatement are quite similar.

versus E for trials carried out in the presence of H2O2 or
S2O82- species. For comparison, also the data obtained in
the absence of strong oxidant species are reported.

The data of Figs. 3 and 4 illustrate that for all the runs
carried out in the presence of MeO, complete disappearance of the substrate was achieved. On the contrary, in the
case of OII at equal value of E at the stop of the trial, the
complete substrate disappearance was obtained only for
the trials carried out at initial dye concentration lower
than 20 ppm.

Fig. 5 does not show data of substrate concentration
for the MeOH trial carried out in the presence of S2O82ions because MeO was completely degraded to intermediate species in the dark (chemical oxidation). In this case,
however, the TOC concentration was found almost unchanged thus indicating that MeO was only converted to
intermediate organic species. Only a small increase of
photoreactivity was observed when H2O2 was added. On
the contrary, the presence of S2O82- strongly increased the
photomineralization rate (see inset).

35

TOC [ppm]

MeO Concentration [ppm]

The data of Table 1 indicate a strong decrease of the
kinetic constant values by increasing the initial dye concentration; this is probably due to the significant absorption of light by the substrate in the same wavelength range
of TiO2 excitation. Figs. 5 and 6 show in a semilogarithmic plot the values of substrate and TOC (in the inset)
concentration, normalised with respect to the initial ones,
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For OII the data of Fig. 6 indicate that the presence of
H2O2 or S2O82- species was always beneficial although,
when S2O82- ions were added, the enhancement of the
photooxidation rate was higher.
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FIGURE 5 - Methyl -orange and TOC (in the inset) concentrations versus the cumulative photon energy for runs carried
out in the presence and in the absence of oxidant species. (υ) TiO2; (ν) TiO2 + H2O2; (σ) TiO2 + S2O82-. Initial pH = 6.7.
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FIGURE 6 - Orange II and TOC (in the inset) concentrations versus the cumulative photon energy for runs carried
out in the presence and in the absence of oxidant species. (υ) TiO2; (ν) TiO2 + H2O2; (σ) TiO2 + S2O82-. Initial pH = 6.7.
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FIGURE 7 - Percentage of colour abatment versus the cumulative photon energy for runs carried out
with MeO at various initial pH. (ν) pH=3; (σ) pH=6.7; (υ) pH=11. Initial MeO concentration, 10 ppm.
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FIGURE 8 - Percentage of colour abatment versus the cumulative photon energy for runs carried out
with OII at various initial pH. (ν) pH=3; (σ) pH=6.7; (υ) pH=11. Initial OII concentration, 10 ppm.

The results obtained from trials with varying initial
pH values or carried out in the presence of NaCl and
Na2SO4 are not reported for the sake of brevity. The kinetic constant values obtained at pH 3.0 for MeO and pH
3.0 and pH 11 for OII were higher than those obtained at
natural pH values. Presence of NaCl and Na2SO4 did not
significantly affect the photoreactivity of both dyes, at
least at the used concentration of 1 g⋅dm-3.
Figs. 7 and 8 show the measured values of percentage
of colour abatement versus E for trials carried out with
MeO or OII, respectively, at different initial pH’s. The
trials show a similar behaviour independently of dye and
pH. At a value of cumulative photon energy greater than

2 einstein (corresponding to an irradiation time of about
3 hours), the percentage of colour abatement was more
than 90 % under all the reacting conditions.
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CHANGES IN LEVEL OF GENES EXPRESSION AFTER
EXPOSURE OF CULTURED HUMAN CELLS TO ENDOSULFAN
AS INVESTIGATED BY A cDNA MICROARRAYS METHOD
Y. Gaubin, C. Manceau, D. Skandrani, F. Croute, J. C. Murat, J. P. Soleilhavoup
Laboratoire de Biologie Cellulaire & Pollution, Université Paul Sabatier,
Faculté de Médecine, 37, allées Jules Guesde, 31073 Toulouse, France.

SUMMARY
In order to investigate whether an exposure to pesticides could trigger measurable changes in expression
level of specific genes, a c-DNA microarrays method was
used. This method is based on the in vitro binding of
cDNAs, synthesized from mRNAs, on nucleotides sequences representative of 234 stress-related genes fixed
onto the arrays. Experiments, carried out on cultured human lung cells exposed for 6 hrs to endosulfan (24 µg/ml),
showed that 14 stress-related genes were at least twice
over-expressed.

KEYWORDS: Gene expression profile, Microarray technology,
Endosulfan, A549 cell-line, Cellular stress.

and 2) on the binding of these cDNAs on single-stranded
nucleotides sequences, representative of stress-responsive
genes, fixed onto the arrays. DNA microarrays method is
also expected to give information on the molecular
mechanism of the cell response to aggression, and clues
on the responsible chemical. Furthermore, this method
could help to define the relationship between the chemical
structure of pesticides and their related biological effects.
The aim of this work was to test an experimental procedure using the DNA microarrays kit from Clontech
(“Atlas™ Human stress arrays”) for evaluating at the
transcriptional level the effects of a predetermined dose of
endosulfan, on cultured human cells by monitoring as
many as 234 genes implicated in the cellular stress.

INTRODUCTION

MATERIALS AND METHODS

Increasing dispersion of pesticides in the environment
requires, on one hand, a better understanding of the
mechanism by which these molecules could affect living
organisms and, on the other hand, research for reliable
biomarkers to assess the effects of exposure to a pesticide
or, as it is more often the case, to a mixture of pesticides.
Previous work in our laboratory was based on immunodetection of stress proteins which accumulate after exposure to pollutants [1-4]. The stress proteins are known to
play a major role in cell protection and repair, mainly by
acting as molecular chaperones [for a review, see 5].
More results may be expected by using a DNA microarrays method. This technology, already used in toxicology studies [6], allows a simultaneous and quantitative
detection of several genes which are specifically activated
in the frame of the cell defense consecutive to a toxic
non-lethal aggression. The method is based 1) on the in
vitro synthesis of cDNAs from over-transcripted mRNAs

The A549 cell-line obtained from a human lung adenocarcinoma was cultured in Dulbecco’s modified Eagle’s medium supplemented with 10 % fetal calf serum at
37°C in a humidified 5% CO2 atmosphere. In vitro, these
cells are largely differentiated as type-II alveolar epithelial cells. For experiments, cells were seeded at the density of 3 x 104 cells per flask and submitted to the pesticide 4 days later, i.e., when cells reached confluence.
Endosulfan, an organochlorinated pesticide, was added
for 6 hours at the concentration of 24 µg/ml. Then, medium was sucked out and cell layers were frozen at –80°C
until analysis. Three control flasks, not submitted to any
treatment were run in parallel.
For analysis, cell layers were scrapped with a rubber
policeman and RNA was extracted using a phenol/chloroform mixture. DNA and RNA purity was verified by spectrophotometry and by electrophoresis on
agarose gel. The polyA+ RNA fraction was isolated with
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biotinylated oligo-dT bound to streptavidin on magnetic
beads. 32P-labeled cDNA probes were synthesized on
captured polyA+ RNA with MMLV reverse transcriptase,
[α-32P] ATP and a gene specific primer mix. This mix
only contained primers for genes represented on the array
membrane. This procedure provides the lowest background signal by concentrating all the radioactive label
into the newly synthetized DNA. 32P-labeled cDNA
probes were purified on a chromatography column and
labeling was controlled by a β-counter. Probes were then
hybridized onto the Atlas™ Human stress arrays, which
contain duplicate spots of cDNA fragments from 234
human genes involved in the stress response. Hybridized
microarrays were imaged using a scanner phosphorimager. Gene expression level normalization between two
membranes (control and experimented) was based on all
genes. Comparison of expression profiles and quantitative
analysis were carried out using two computer programs:
either the Atlas image™ (Clontech) or X-dots Reader
(Genomic platform, INSA, Toulouse, France). Under such
conditions, a 2-fold (or more) difference in the intensity
of signal between control and treated cells was considered
as significant.

RESULTS AND DISCUSSION
Results from experiments performed to test the effect
of a 6 hrs exposure to 24 µg/ml endosulfan, indicate that
14 stress-related genes were over-expressed under our ex-

perimental conditions. As seen in Table 1, many of them
are genes coding HSPs (Heat Shock Proteins) and related
molecules such as GRPs (Glucose Regulated Proteins).
Our results show that the GRP78 coding gene is overexpressed by 2.5- and 11.5- fold, using either the X-dots
Reader or the Clontech softwares, respectively, after exposure to endosulfan. This is in good agreement with
other results from our laboratory showing that the GRP78
protein is more than twice over-synthetized after a 4 days
exposure to 8 µg/ml endosulfan (7). As compared to controls, genes coding GRP94 proteins are also found to be
significantly over-expressed with an about 3-fold increase
of the signal using both measuring systems. GRP78 and
GRP94 proteins are chaperones which intervene when
stress-related disruptions of the endoplasmic reticulum
functions results in accumulation of unfolded, and/ or
incompletely glycosylated proteins in the reticulum lumen
(8, 9). Under our experimental conditions, the gene coding GRP75, a chaperone acting within the mitochondria,
was also over-expressed.
Our experiments indicate (Table 1) that expression
levels of genes coding the stress-inducible HSP72 (also
known as HSP70.1) and the constitutive HSC70 (also
known as HSP70.6) were 4- to 8-fold and 3- to 5-fold,
respectively, increased. These stress-proteins act as chaperones by assisting the correct folding of nascent proteins
and their transportation within the cell. Similarly, exposure to endosulfan was found to activate (3.3- or 5-fold)
the gene coding HSP40, a protein known to act together
with stress-proteins of the HSP70 group.

TABLE 1
Differential activation of several stress-related genes in A549 human lung cell-line after a 6hrs exposure to 24 µg/ml endosulfan.
In order to secure comparison between two arrays and to better identify differentially expressed genes, results were analyzed by two systems :
1) AtlasImage, a software specifically created for Atlas Arrays and 2) X-dots Reader, a software created by Genomic Platform (INSA, Toulouse).

Gene

AtlasImage TM (Clontech)
Difference
Ratio

Heat Shock Proteins and related molecules
Ubiquitin
GRP78
HSP70.1 (72)
HSP40
HSP70.6
GRP75
HSP90A
GRP94
Genes implicated in cell repair
GADD153
c-fos
CDKN1A
BAG-1
Genes implicated in oxydative stress
SOD2
Genes implicated in xenobiotics metabolism
PON2

X dots Reader
Ratio

35173
1420
17940
3223
405
890
4229
783

5.2
11.5
7.8
5
4.6
4.1
2.9
3.6

2.9
2.5
3.6
3.3
3.2
2
2.1
2.6

11938
413
1814
678

106.6
3.8
3.5
2.7

16.9
3.3
2.6
2.9

316

3.5

2.6

1009

2.1

1.9
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Table 1 also shows that other genes specifically implicated in mechanisms of cell repair after a toxic aggression are over-expressed following exposure of the A549
cells to endosulfan. With a hundred-fold signal increase
(as measured in the Clontech system), it is especially the
case of the gene coding GADD153, a protein involved in
growth arrest and DNA repair. GADD153 is classically
known to be induced by reactive oxygen species or disorders in thiol metabolism.
A significant 3-fold over-expression was also observed for gene coding CDKN-1A, which induces growth
arrest by acting at the level of the cyclin-dependant protein-kinase. The proto-oncogene c-fos, a growth activator,
and the gene coding BAG-1, an inhibitor of apoptosis,
were also over-transcripted. As expected, the expression
level of the gene coding the Mg-dependant Super-OxideDismutase (SOD2), which protects the cell against the
reactive oxygen species, was up-regulated.
Since SOD2, GADD153, HSP72 and HSP90 overexpression are known to be related to an oxidative stress
(10-11), our results suggest that the mechanism of endosulfan toxicity is, at least in part, mediated by formation
of oxidative radicals.
An oxidative stress and a consecutive accumulation of
the HSP90 was also reported by Bagchi et al. (12) when
submitting either cultured cells or whole rats to four pesticides (chlorpirifos, fenthion, alachlor or endrin) at concentrations corresponding to one fourth of the LD50 values.

CONCLUSION
In our cellular model, endosulfan, given at the concentration of 24µg/ml for 6 hrs, does trigger an overexpression of several stress-related genes. Such result
supports the finding that some of these genes might be
involved in cell repair mechanisms following oxidative
stresses. Further experiments should be designed to investigate in our model the dose-response relationships for
endosulfan and other pesticides. Application of the microarrays method to assessment of human exposure to low
levels of pesticides requires a previous knowledge of
baseline expression profiles of the same genes in the general population taking into account the range of individual
variations. More likely is the use of the microarrays for
detection of accidental exposure of workers in agricultural
field and especially in atmosphere-confined greenhouses.

REFERENCES
[1]

Delmas F, Schaak S, Gaubin Y, Croute F, Arrabit C, Murat
JC. Hsp72 mRNA production in cultured human cells submitted to non lethal aggression by heat, ethanol or propanol.
Application to the detection of low concentrations of Cr-IV.
Cell. Biol. & Toxicol. (1998) 14, 39-46

468

[2]

Croute F, Beau B, Arrabit C, Gaubin Y, Delmas F, Murat JC,
Soleilhavoup JP. Pattern of stress protein expression in human
lung cell-line A 549 after short or long term exposure to cadmium. Environ. Health Perspect. (2000) 108 (1): 55-60.

[3]

Croute F, Poinsot J, Gaubin Y, Beau B, Simon V, Torres L,
Soleilhavoup JP. Evaluation of cytotoxic threshold of benzene
and its chlorinated derivatives and related stress protein expression (HSP72, HSP90, GRP78) in human cells in vitro. Fresenius Envir. Bull. (2000) 9(5-6): 373-380

[4]

Gaubin Y, Vaissade F, Croute F, Beau B, Soleilhavoup JP,
Murat JC. Implication of free radicals and glutathione in
mechanism of cadmium-induced expression of stress proteins
in the A 549 human lung cell line. BBA. (2000) 1495: 4-13

[5]

Feder M E, Hofmann G E. Heat shock proteins, molecular
chaperones and stress response. Annu. Rev. Physiol. (1999)
61: 243-282

[6]

Nuwaysir EF, Bittner M, Trent J, Barret JC and Afshari CA. Microarray and toxicology : The Advent of Toxicogenomics. Molecular carcinogenesis. (1999) 24: 153-159.

[7]

Youcef-Khodja D, Croute F, Beau B, Gaubin Y, Murat JC,
Soleilhavoup JP. Evaluation of cytotoxic thresholds of pesticides
and related expression of stress proteins in cultured human cells.
Abstract in SETAC Europe 11th Annual Meeting. (2001)

[8]

Dorner AJ, Wasley LC, Kaufman RJ. Over-expression of
GRP78 mitigates stress induction of glucose regulated proteins
and blocks secretion of selective proteins in Chinese hamster
ovary cells. EMBO J. ( 1992) 11 (4): 1563-1571.

[9]

Wei J, Hendershot LM. Protein folding and assembly in the
endoplasmic reticulum. In Stress-inducible responses. Feige U,
Morimoto RI, Yahara I, Polla B, Eds. (1996) 41-51.

[10] Morimoto RI, Kroeger PE, Cotto JJ. The transcriptional regulation of heat shock genes: a plethora of heat shock factors and
regulatory conditions. In Stress-inducible responses. Feige U,
Morimoto RI, Yahara I, Polla B. Eds. (1996) 139-164.
[11] Fridovitch I. Superoxyde anion radical O2.-, superoxide dismutases and related matters. J. Biol. Chem. (1997) 272: 1851517.
[12] Bagchi D, Bhattacharya G, Stohs SJ. In vitro and in vivo induction of heat shock (stress) protein (Hsp) gene expression
by selected pesticides. Toxicology (1996) 112: 57-68.

Received for publication: December 20, 2001
Accepted for publication: March 20, 2002

CORRESPONDING AUTHOR
Y. Gaubin
Laboratoire de Biologie Cellulaire & Pollution
Université Paul Sabatier
Faculté de Médecine
37, allées Jules Guesde
31073 Toulouse - FRANCE
e-mail : ygaubin@hotmail.com
FEB/ Vol 11/ No 8/ 2002 – pages 466 - 468

© by PSP Volume 11 – No 8. 2002

Fresenius Environmental Bulletin

THE EFFECT OF AIR POLLUTION ON
CROWN AND FOLIAR NUTRIENT CONDITIONS
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SUMMARY
In order to evaluate the alterations of the nutrient levels
and crown conditions in the years 1992, 1993 and 1998,
pine needles were taken from labelled conifer trees. Concentration variation of nutrient and trace elements in pine
needles has been observed between the sites and years of
observation. At selected sampling points, visual indices of
tree conditions, like defoliation and discoloration or dry
weight of the canopies were also reported. Between the
years 1991 and 1997 the degree of defoliation and discoloration of the canopies according to the damage indices
were seen to change from 10-25% to 25-60%.
KEYWORDS: Crown condition, foliar condition, nutrient levels,
Southern Turkey forests.

dicated extensive neutralisation of acidity by alkaline
species [5]. Precipitation chemistry studies in the eastern
Mediterranean region have demonstrated that the nature
of soil (mainly limestone and carbonate rocks) in the
region and the dust transport from North Africa can provide protection against acidification phenomena in this
part of the basin [5].
In this study, the results of the long term forest health
monitoring in the forested catchment area between 1991
and 1998 are presented. The effects of air pollution on
trees were evaluated according to the results of the
chemical analysis of pine needle samples, which were
taken from 24 sampling points in Southern Turkey
(Finike and Kumluca Forests).

MATERIALS AND METHODS
INTRODUCTION
During 1970’s, large scale forest decline due to the
acidic deposition were observed in parts of Northern and
Central Europe. It has been seen from the results of an
international survey of tree conditions, which has been
carried out under the Convention of Long Range Transboundary Air Pollution (CLRTAP) and the European
Union Scheme on the Protection of Forest against Atmospheric Pollution from 1988, that the crown condition in
the Subatlantic region has improved, but there is a worsening in the Mediterranean regions [1, 2]. The most sensitive species have been found to be the conifer forests on
the Mediterranean coastline and mesophile forests of the
Mediterranean–montane plane growing at the edges of the
natural ecological distribution [1].
Acidic precipitation has been reported very often in
the Mediterranean region [3, 4]. However, in the eastern
Mediterranean region, high concentrations of SO 42- and
NO3- measured in samples with high pH (around 5.17) in-

The study site, Finike and Kumluca Forests, is located
in Southern Turkey, on the Mediterranean coastline. The
forests covered by coniferous trees (mostly Pinus brutia
ten.), lie 100-2500 m a.s.l. The annual mean temperature
and annual precipitation are 17.4°C and 785 mm (in the last
30 years), respectively [6]. The area is mainly covered by
limestone and carbonate rocks. They are mesozoic and
tertiary carbonates, composed mainly of CaCO3.
From a systematic 8 x 8-km grid of well characterised
site in Finike and Kumluca forests, 24 sampling points
were selected. At each selected point, the pine needle samples from upper and lower portion of the crown were taken
in the summer. The unwashed samples were pre-dried in an
oven at 60 °C, pulverised in a mixer and digested with
HNO3 and HClO4 mix (4:1). The metals (Ca, Fe, Mg, Mn,
Zn, Cu, Pb, Mo and Co were analysed by atomic absorption spectrometry (Perkin-Elmer 3100). K and Na ions
were analysed by Petracourt Flame Photometer, while N
concentrations were determined by the Kjeldahl method.
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The health of the trees at each sampling point was assessed
by calculating the percentages of defoliation and discoloration of the selected 24 trees on each spot.

RESULTS AND DISCUSSION
Visual indices of tree condition

The forest health in the study area was determined
based on two indices, defoliation and discoloration of the
canopies. The defoliation data were converted into five
uneven “damage” categories: class 0: healthy trees, ≤10%
defoliation; class 1, “warning stage”, >10% up to 25%;
class 2: “moderately damaged”, >25 upto 60%; class 3:
“severely damaged”, trees with more than 60% defoliation; and class 4: dead trees. Fig. 1 shows the 1991-1997
trend of the percentage of “unhealthy” trees in Southern
Turkey. Concerning all the investigated trees, 2% of all
trees showed (in 1997) no symptoms of defoliation, while
23% were slightly, 73% were moderately and 1% were
severely defoliated according to the classification of ICP

Forests. Contrary to the defoliation, there is no systematic
trend observed for the discoloration. During the period
1991-1997, the percentages of non-discoloured trees fluctuated, whereas the percentages of moderately discoloured trees remained the same. During the year 1991,
34% of trees showed no symptoms of discoloration. During the year 1993, the percentage decreased to 30% and
during the year 1997, it increased to 44%. Although the
increase rates are different, the frequency of trees with
defoliation greater than 25% increased at both high (4002500 m asl) and low (less than 400 m asl) altitudes. Based
on the data it can be concluded that a continuous increase
in damaged trees was observed and the health of the forest
condition was declining in the region (especially at low
altitudes).
Throughout the Mediterranean countries (Italy,
France, Spain) severe deterioration of coastal forests was
observed and the damage was usually attributed to the
effect of sea spray, in which the action of salt is combined
with that of other substances that may be present such as
pollutants, synthetic surfactants and oil [7, 8, 9].

Defoliation
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FIGURE 1
Percentage of trees scored in various defoliation and discoloration classes between 1991 and 1997 at both low and high altitudes.
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FIGURE 2
Percent of different sector trees scored in various defoliation classes between 1993 and 1997 in Southern Turkey.
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In the determination of the defoliation rate, for each
wind sector at least 6 trees were sampled at each sampling
spot. The percent of defoliation classes for the north, east,
south and the west sectors at low and high altitudes can be
seen in Figs. 2-A and 2-B, respectively. As can be seen
from Fig. 2, there is no significant difference between
wind sectors and percent of defoliation, indicating the
damage is not dependent on locations of trees.
If the damage is due to sea spray, then excess of sea
spray in the tissues of the affected trees should be expected due to the sea spray absorption. When the sea
spray composition of needles was examined for different
altitudes, Na concentration of old pine needles at the low
altitude was found to be a factor of 3 higher than high
altitude needles. This indicates the influence of sea spray,
but does not explain the reason for increasing damage of
forest health at higher altitudes
Nutritional Status of Southern Turkey’s Forests

The average pine needle concentrations of sampled
trees for top and bottom needle samples are given in Table 1. Although there is no statistically significant
(p>0.05) difference for any element, there is a slight increase in concentrations with increasing needle age for the
elements, P, Fe, Mn and Mo. For the anthropogenic elements like Pb and S, the concentrations increase with the
age of needles because of their longer exposure time to
these pollutants.
As can be seen from Table 1, the nutrient concentrations changed significantly from the year 1992 to 1998.
The concentrations of Ca, S, Fe and Zn increased signifi-

cantly (p>0.05) with time due to the accumulation of
anthropogenic inputs. A reduction of N, K, Mg, Pb, Na
and Cu concentrations in the foliar samples is seen when
1992, 1993 and 1998 year data are compared. The reduced concentrations of Pb and Cu may be the result of
extensive unleaded gasoline usage all over Europe since
the beginning of 1990’s. The levels of heavy metals like
Pb, Cu and Zn were well below the levels that are believed to cause toxicity problems for trees [10].
N is frequently in short supply under natural forest
conditions [11]. Conifers may remove 14-22 kg N ha-1 yr-1
from a forest ecosystem [11]. As the total N input to the
study site is around 20 kg N ha-1yr-1 [5] we can say that
there is a shortage of N in the Southern Turkey forest.
This could be the reason of N reduction in pine needle
samples from 1992 to 1998.
The tree nutrient status was examined by combining
both concentrations and ratios. The variation of percentage of trees with respect to nutrient availability and nutrient balance is given in Table 3.
As it can be seen from Table 3, during 1992, majority
of the trees had sufficient nutrient supply and a balanced
nutrient status (approximately 80%). However, in the year
1998, the percentage of trees with sufficient and balanced
nutrient conditions was reduced down to 64%. More drastic changes were observed for the nitrogen. Unbalanced
and insufficient nutrient status was observed in 15% of
the trees during 1992, however, it has increased to 98%
during the year 1998. As significant reduction in P and K
was observed, Ca and Mg availability did not change.

TABLE 1 - Average pine needle concentrations of sampled trees (24 samples).

Elements
N (%)
P (%)
K (%)
Ca (%)
Mg (%)
Na (%)
S (%)
Fe (ppm)
Mn (ppm)
Zn (ppm)
B (ppm)
Cu (ppm)
Pb (ppm)
Mo (ppm)
Co (ppm)

1992
Top Needle
1.12±0.17
0.14±0.16
0.56±0.19
0.57±0.23
0.39±0.14
0.06±0.06
0.24±0.11
93.73±49.94
59.29±55.09
12.43±6.29
24.19±12.12
62.8±28.94
-

1998
Bottom Needle
1.11±0.22
0.13±0.04
0.58±0.20
0.61±0.25
0.38±0.12
0.04±0.07
0.27±0.11
89.18±47.91
53.84±43.08
12.49±6.78
22.37±11.70
71.87±30.16
-
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Top Needle
0.79±0.12
0.22±0.32
0.40±0.20
1.23±0.40
0.23±0.10
0.05±0.04
0.32±0.06
217.71±84.52
59.4±53.56
26.12±6.57
3.81±0.14
17.15±0.43
18.43±3.34
37.89±16.77
0.63±0.56

Bottom Needle
0.86±0.16
0.14±0.06
0.53±0.30
1.36±0.37
0.28±0.11
0.06±0.06
0.34±0.07
210.95±63.89
49.69±33.72
28.71±7.07
3.78±0.23
17.59±0.62
16.76±4.90
25.27±12.15
0.73±0.53
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TABLE 2 - Criteria used for the judgement of foliar nutrient ratios (Source: Stefan et al. [12]).

N

P
K

Ca

Mg
S

Class/
Criteria*
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3

Nutrient Concentration
(g.kg-1)
<12
12-17
>17
<1.0
1.0-2.0
>2.0
<3.5
3.5-10
>10
<1.5
1.5-4.0
>4.0
<0.6
0.6-1.5
>1.5
<1.1
1.1-1.8
>1.8

N/P

N/K
N/Ca

N/Mg

Ca/Mg
N/S

Class/
criteria*
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3

Nutrient Ratio
(g.g-1)
<6.0
6.0-17.0
>17.0
<1.2
1.2-4.9
>4.9
<2.0
2.0-11.3
>11.3
<8.0
8.0-28.3
>28.3
<1.0
1.0-6.67
>6.67
<6.7
6.7-15.4
>15.4

*

Criteria: 1= low, 2= normal or adequate, 3=optimal to high.

TABLE 3 - The percentage of plots with respect to nutrient availability and balance (1992-1998).

1992
P
K
Ca
Mg
N
All

Unbalanced
Balanced
Unbalanced
Balanced
Unbalanced
Balanced
Unbalanced
Balanced
Unbalanced
Balanced
Unbalanced
Balanced

Insufficient
0.06
0.04
0.04
0.04
0
0
0
0
0.15
0.04
0.05
0.13

1998
Sufficient
0
0.90
0
0.91
0
100
0
100
0.70
0.11
0.02
0.80

The relation of defoliation and discoloration with foliar elemental concentrations

The relation of chemical status of needles and the degree of defoliation or discoloration were evaluated by
correlation analysis. The top and bottom elemental concentrations together with nitrogen to nutrient ratios (N/P,
N/Ca, N/K, N/Mg, N/S) were correlated with the annual
mean discoloration and defoliation values of the sampled
trees. There is no significant correlation between crown
condition and heavy metals, so that it seems likely that
heavy metals are not a significant problem in the foliage.
Statistically significant negative correlation (p<0.05) at
the 95% confidence levels has been found between mean
defoliation and nitrogen, phosphorus and sulfur concentration. These correlation’s suggest that defoliation may
be caused by a shortage of available nutrients. Therefore,

Insufficient
0.31
0.21
0
0.29
0
0
0
0
0.98
0
0.26
0.05

Sufficient
0
0.48
0
0.71
0
100
0
100
0.02
0
0.05
0.64

it has been concluded that observed defoliation in the
study region may be related to nutrient deficiencies, especially nitrogen, phosphorus and sulfur.

CONCLUSION
From the surveys between 1991 and 1998, it has been
seen that crown conditions have deteriorated in the Southern Turkey forests. Long periods of drought, photochemical ozone generation and acidic deposition could lead to a
sharp increase in the proportion of damaged and dead trees.
As the precipitation pattern in the region has not changed
significantly in these years, either photochemical ozone
production or acidic deposition might be the reason.
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It has been known that the emissions of SO 2 are decreasing all over Europe [13] but despite steep cuts in
sulphur pollution, past emissions continue to take their
roll on forest soils. In the case of Turkey, the emissions of
SO2 are still increasing, and the levels of acidifying components in the precipitation are comparable and higher
than the levels reported for regions with a known acidity.
As the local soil is rich in carbonates, it neutralises the
precipitation acidity. According to the results obtained of
precipitation chemistry and forest health conditions in
Southern Turkey, acidic deposition has not been shown to
be a significant factor contributing to the forest health
problems.
The emissions of NOx has a slow decreasing trend all
around Europe, but it has been known that it is increasing
in the Mediterranean countries like Turkey, Italy etc. [13].
This increasing trend of NOx might indicate ozone generation, which has been proved to cause pine needle injury in a variety of forest species in different Mediterranean countries. In order to better understand the reason of
obvious deterioration of tree condition in Southern Turkey, the levels of ozone concentrations in this region will
be examined in later studies.

[9]
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RURAL SURFACE OZONE CLIMATOLOGY
AROUND ATHENS, GREECE
Pavlos D. Kalabokas
Academy of Athens, Research Center for Atmospheric Physics and Climatology, 131, Tritis Septemvriou, str., 11251 Athens, Greece

SUMMARY
A climatological study of rural surface ozone at two
sites next to the city of Athens is carried out (rural station
Aliartos, 100 km north-west of Athens; peripheral station
Liossia, 12 km north of urban center). The data for Liossia
station were screened for cases of strong airflow from rural
areas. Average hourly summer afternoon ozone mixing
ratios are similar for both stations (about 120 µg/m3) and
frequently exceed from 12:00 to 20:00 LST the 110 µg/m3
EU standard for human health protection for eight-hour
ozone exposure. The corresponding winter afternoon
mixing ratios are at 70 µg/m3. However, due to the large
diurnal variation with low nocturnal values, monthly
means of the ozone concentrations at Aliartos are lower
than the corresponding values at Liossia and comparable
to the average ozone levels at other rural stations in Central Europe. The characteristics of the seasonal and diurnal ozone variation at both stations are discussed. Such a
high background ozone level raises some problems on the
question of ozone exposure of humans and vegetation and
has a significant impact on estimating the effectiveness of
air pollution control measures in Athens.

KEYWORDS: Tropospheric ozone, regional photochemical pollution, human exposure, vegetation exposure.

INTRODUCTION
Ozone plays an important role in the physicochemical processes of the troposphere, but it has also
strong oxidant properties, which at certain ambient concentration levels may cause damages to humans, animals
and vegetation [1, 2]. The problem of tropospheric ozone
has changed dimensions about a decade ago, when it was
realized that increased surface ozone is not only a local
urban problem, but an almost global one, especially in the
northern hemisphere [3]. This increase is attributed primarily to photochemical production. In Central and North-

ern Europe there are many rural air pollution stations,
providing a satisfactory picture of the spatial distribution
of surface ozone concentrations, but there are only a few
systematic measurements covering the Mediterranean
basin and, especially, its eastern part [4, 5]. The high
levels of solar irradiation observed in the Mediterranean,
in combination with the emitted anthropogenic and biogenic ozone precursors, favor in principle enhanced
photochemical ozone production. Rural ozone records
for several years at three stations surrounding the Athens
basin have demonstrated that the levels are significantly
higher than those in Northern Europe and the Atlantic
ocean [6]. High values of the same order have been also
reported at other Mediterranean sites in Italy or Spain [7,
8]. The scope of this paper is to make a detailed examination of the climatology of rural ozone around the city
of Athens by examining its seasonal and diurnal variation characteristics.

MATERIALS AND METHODS
The analysis is mainly based on the surface ozone records of two stations: a) the continuous 4-year (19961999) data-set of the rural station of Aliartos located
about 100 km NW of Athens and b) the 6-year ozone
record (1991-1996) of the station of Liossia, located at the
northern edge of the urban agglomeration (12 km from
the city center). The data of the latter were screened for
cases of strong airflow from rural areas. For this purpose,
only measurements under strong northerly winds with
daily mean values above 5m/s were retained for further
processing. The strong northern synoptic flow is very
frequent in the area during summer and, in that case, the
station of Liossia is located upwind of the urban area [9].
The daily mean seasonal and diurnal O3 and Ox(O3+NO2)
variations are examined. The quantity Ox called “potential
ozone” or “oxidant” should be taken into account when
examining rural ozone levels due to the fast destruction of
ozone by fresh emissions of NO originating mainly from
car exhausts [10].
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The rural station of Aliartos is located in the Copais
plain, at an altitude of 110 m above sea level. Continuous
ozone measurements started in 1996. The station is operated by the Ministry of the Environment to monitor background pollution (EMEP project). In addition to the continuous ozone measurements in Aliartos there is also a
several years` record of manual measurements of sulfur
dioxide, nitrogen dioxide and sulfate on a 24-hour basis
by wet chemical methods [11]. The ozone measurements
are done by a commercial Dasibi 2000 analyzer and average values recorded every hour.
The station in Liossia, where the highest ozone values
in the Athens network are recorded, is operated by the
Ministry of the Environment and has monitored ozone
continuously since 1987 until 1997, when the Ministry of
the Environment was obliged to relocate the station. In
this work the ozone data obtained during the last 6 years
of operation (1991-1996) are examined. At Liossia SO 2,
NO and NO2 are also measured automatically in parallel
and also recorded every hour. Ozone and NOx measurements at Liossia are made by using a Thermoenvironment
and a Dasibi commercial analyzer, respectively.

Aliartos. The rural NO2 levels at Liossia are 2-3 times
higher than at Aliartos with maximum values in spring. In
general, the monthly average values of rural ozone at
Liossia are significantly higher than the corresponding
values at Aliartos giving the impression that the spatial
distribution of rural ozone in the area is not uniform.
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FIGURE 2
Seasonal variation of rural 0 3 and Ox (bold line) at Liossia for 1991-1996.
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In Fig. 1 the monthly average values of rural ozone at
Aliartos for the examined 4-year period (1996-1999) are
presented, showing a characteristic seasonal variation
with summer values being almost double the winter concentrations. The monthly Ox levels at Aliartos are also
plotted showing that the NO2 levels (measured as 24-hour
averages) remain constant throughout the year at low
levels of about 5 µg/m3.
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July diurnal variation of rural O 3 at Aliartos 1996-99 (thin line),
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FIGURE 1
Seasonal variation of 0 3 and OX (bold line) at Aliartos for 1996-1999.

In fact, this is not exactly the case and the situation is
better perceived after examining Fig. 3, where the diurnal
variation of rural ozone at Aliartos and Liossia for a
summer month (July) is presented. There is a strong diurnal variation at Aliartos with the afternoon values being,
on the average, 3 times higher than the nocturnal ones. At
the same time the afternoon values at Aliartos agree fairly
well with the corresponding values at Liossia.

The seasonal variation of rural ozone at Liossia is
presented in Fig. 2 (only days with strong northerly winds
were selected). The summer levels were more than a
factor of two higher than the winter ones as observed in

Due to the spatial homogeneity of the rural afternoon
ozone values and the fact that the maximum daily values
appear during this time-period (12:00 – 18:00), their seasonal variation is examined separately and presented in
Fig. 4. The shape of the seasonal variation curve of the
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afternoon values is similar to that of the average values
(Fig. 1), but the concentrations range at significantly
higher levels (55 µg/m3 in winter to 120 µg/m3 in summer). It is also remarkable that from April to September
the 75-percentiles exceed the 110 µg/m3 level, which is
the EU standard for human health protection [12].
160

Concentration (µg/m3)

140

120

levels are also comparable with other European stations.
The seasonal variation pattern of ozone at Aliartos has
also been observed at rural cites in central areas of the
European continent. The characteristic of the high summer values being at the same level with the spring maximum is an indication that the photochemical production
of ozone on regional scale following the emissions of the
man-made ozone precursors is the determining factor in
the tropospheric ozone budget.
On the other hand, the rural average ozone levels
(screened values) at the Athens peripheral station of Liossia (Fig. 2) are relatively high compared with the most
rural European sites. This becomes more pronounced if
the Ox levels are considered, which are more representative of the rural ozone levels in the air masses upwind of
the city [10].
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FIGURE 4 - Seasonal variation of afternoon (12-18) 0 3 (thin
line), 95 percentile (bold line) and 75 percentile (dashed line)
at Aliartos for 1996-1999.
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FIGURE 5 - Seasonal variation of rural afternoon (12-18h)
03 (thin line), 95 percentile (bold line) and 75 percentile (dashed
line) at Liossia for 1991-1996.

Fig. 5 shows the seasonal variation of the rural afternoon (12:00 – 18:00) ozone measurements at Liossia
(values selected under strong northern winds), which, in
general, corresponds with the ozone curve at Aliartos
(Fig. 4). The rural ozone seasonal variation at Liossia
shows a minor maximum in May and a major one in August. The rural average ozone levels in July and August
exceed 110 µg/m3 as in Aliartos.
DISCUSSION AND CONCLUSION
The average monthly concentrations of rural ozone at
Aliartos (Fig.1) seem to be in the same range with values
obtained at central European stations [4, 5]. The NO2

As observed in Fig. 3, this difference in the average
ozone levels is due to the fact that the diurnal variation at
the remote station of Aliartos is considerably larger than
for the rural values at Liossia. This reflects the different
site characteristics influencing the nocturnal physical
ozone destruction at the ground. Aliartos is located in a
plain where strong night inversions are observed. On the
other hand, Liossia at 210 m altitude a.s.l. on a mountain
slope is most of the time not influenced by the surface
layer. Furthermore, at Liossia only days with strong
winds are considered, which facilitate the vertical mixing.
The ozone depletion at night is attributed almost exclusively to physical processes, as the influence of the chemistry is expected to be minimal. The reason for that is that
nitrogen oxides at the site do not have concentrations high
enough to influence the ozone curve, as the monthly mean
values of the 24-hour averages of NO2 vary throughout
the year at about 5 µg/m3 (Fig. 1). Therefore, the basic
reason of the low night values in Aliartos is the physical
destruction of ozone by dry deposition enhanced by the
nocturnal inversion. Despite the lower average ozone
values at Aliartos and the distance (100 km) between the
two stations, there is a good agreement of the observed
levels if the afternoon values (12.00-18.00 p.m.) period
with the best vertical mixing and maximum photochemical activity) are only compared. In fact, in both stations
there is a clear seasonal variation of the mixing ratios of
rural ozone with high average summer afternoon values,
higher than 120 µg/m3 in August, and low winter afternoon values about 50 µg/m3 in December and January.
This implies that high summer values are a general characteristic of an extended area in Southeastern Europe
(Figs. 4, 5).
The fact that a secondary summer maximum in the
rural seasonal ozone variation in the area is observed
following the spring maximum, which is very common in
most northern European stations (5), is in favor of the
hypothesis of the long-range photochemical ozone production and transport during summer, indicating a trans-
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boundary pollution problem. The summer maximum at
Liossia seems to be much more pronounced than in Aliartos, but this could be attributed to the limits of the screening process at Liossia. The averages of May and June
were calculated from fewer days than the corresponding
of July and August, which are due to the different distribution of strong northerly winds in late summer [9]. It
must be reminded that for the averages in Aliartos all
values were included, which leads to smoother curves.

even in the periphery of Athens, where the maximum
ozone values of the entire urban area are usually observed. On the other hand, it should be emphasized that
the distribution of the ozone concentrations in an urban
plume is quite different from that of the rural ozone. At the
peripheral stations, downwind of the city, the 180 µg/m3
hourly standard of population warning could be exceeded
and the 360 µg/m3 hourly standard of alert could be
reached [16, 17].

It is remarkable that in rural air the EU standard for
human health protection (110 µg/m3, 8-hour average) can
be frequently exceeded during almost all the warm period
of the year (6-months period from April to September) at
noon and afternoon hours at both stations. The 75-percentile
of rural afternoon ozone during these months is always
higher than 110 µg/m3 and from May to August higher
than 120 µg/m3, which will be the new standard in the
new EU legislation still in elaboration [13]. In other
words, it can be said that the above-described limits are
exceeded during at least 25% of the days for the respective time-periods.

As far as the total ozone exposure at Liossia is concerned, the 8-hour 110 µg/m3 EU health standard was exceeded in 1996 for about 30% of the days and about 2% of
the hourly values were higher than the 180 µg/m3 EU
population warning threshold [12]. Therefore, photochemical pollution abatement measures on local scale
should be developed. Nevertheless, all the above observations related to the presence of high ozone background raise questions about the effectiveness of such
local actions.

The situation regarding the vegetation protection is even
worse if the usual standard of AOT40 10000 ppbh (hourly
accumulation in ppb exceeding the value 40) for a 6 months
growing season is considered [14]. In fact, only during winter months the ozone levels do not exceed 40 ppb (80 µg/m3),
while from March to September during daytime this value
is constantly exceeded. Therefore, serious violations are
observed regarding the vegetation protection standard for
forests. If an approximate estimation of the exposure is
performed, it comes out that the vegetation protection
level is exceeded in Aliartos by a factor of 2 and at Liossia by a factor of 3.
All the details discussed above raise questions on
health risks caused in the population due to the exposure
to surface ozone as well as damages in vegetation and
materials. As mentioned in the introduction ozone is a
toxic gas, which, if enters the respiratory tract in sufficient quantities, will cause damage. It may also affect
plant growth, crop yield and tree physiology [2].
The problem of population health hazards due to
ozone exposure aggravates, considered the air within the
urban plume of Athens. In fact, constantly high levels of
ozone are observed, which exceed systematically the
European Union air pollution standard [15]. The summer
ozone concentrations at the peripheral Athens stations
influenced by the urban plume reach on the average the
170 µg/m3 level in the afternoon [6]. It is surprising,
though, that 10-12 km downwind of such a big urban
center like Athens, under intense sunshine and high ozone
precursor emissions the surface ozone increases on the
average by only 40% of its background level, which
means that the rural ozone concentrations are on the average the larger contributors of the surface ozone levels

There are other measurements also showing that the
high ozone levels are spread all over the area like the
data-set of the NCSR-Demokritos station [6, 18], which
operated for a research study for three years (1992-1995).
Similar results were obtained during short-term intensive
measuring campaigns over the Aegean Sea (MEDCAPHOT-TRACE campaign in summer 1994, PAUR campaign in summer 1996) using aircraft and surface measurements [16, 19]. Recent continuous measurements in
Crete agree also with the measurements presented above
[20]. In addition, vertical ozone summer concentrations
measured through the whole troposphere by ozone soundings, were higher than 120 µg/m3 during summer in this
area [19, 21, 22].
Due to the complexity of the phenomenon of increased tropospheric ozone levels, further research is
needed for the study of the important parameters governing the formation and distribution of rural ozone in the
boundary layer and the free troposphere in the southeastern part of the European continent. Similar studies have
already determined the impact of North American pollutant emissions on the rural ozone levels arriving at the
Atlantic coast in Europe as well as the East Asian influence on the US Pacific coast [23-25]. Since for Europe
similar studies have not been concluded so far [26], continuous monitoring of rural ozone and its precursors in the
area is important in order to evaluate the export of ozone
and its precursors from the European continent. The reason is that export of ozone and its precursors from Europe
is expected to occur from the Eastern boundaries of the
continent [26] and the examined area is located on the
most sunshine-abundant part of this boundary. In any
case, it is generally admitted already that large-scale reductions in the emissions of ozone precursors must take
place in order to control the widespread increase of ozone
in continental or global scale, while a priority in the NOx
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reduction should be given for large-scale (regional or
global) ozone control [27]. The development of the best
cost-effective scenario is not an easy task due to the accompanying socioeconomic implications of any decision,
since many practices in the vital sectors of energy use and
transportation have to be changed.

[10] Kley, D., Geiss, H. and Mohnen, V., (1994). Tropospheric
ozone at elevated sites and precursor emissions in the United
States and Europe. Atmospheric Environment, 28, 149-158.
[11] MinEnv report, (1997). Atmospheric pollution in At hens 1996. Directorate of air pollution and noise control, Ministry
of Environment (in Greek).
[12] EU Directive 92/72/EEC, Official Journal of the European
Communities No L 297/1.
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SUMMARY
This work estimates the Ångström turbidity coefficients, assuming a linear behaviour of the natural logarithm of aerosol optical thickness, lnda (?), versus the
natural logarithm of wavelength, ln?, in the urban environment of Athens, Greece. The calculations were based
on beam solar irradiance data recorded by a simple pyrheliometer performing spectral measurements in the range
320-575 nm with a resolution of about 0.5 nm. In addition, the Schüepp’s turbidity parameter is considered.
Case studies of these parameters were carried out on two
distinct cloudless days, representing summer and winter
atmospheric conditions, respectively. The comparison
reveals that the atmospheric turbidity is higher during the
summer day. Furthermore, the larger values of the wavelength exponent found during the winter day indicate that
smaller atmospheric particles are present in the ambient
air of the Athens basin in winter than in the summer. The
results are discussed with view to the different air pollution sources and sinks between summer and winter.

The most commonly used turbidity parameters are
those proposed by Ångström [1, 2]. Many studies following various methodologies determining a-ß values have
appeared in the literature [3-13].
In general, the turbidity parameters a and ß can be determined simultaneously with a dual-wavelength sun
photometer by measuring aerosol attenuation at two
wavelengths where molecular absorption is either absent
or minimal. Nevertheless, ß alone can be estimated with a
single-wavelength Volz instrument by assuming a=1.3 as
for natural atmospheres. In the absence of solar irradiance
data, ß can be estimated from the horizontal visibility.
More representative for the integral scattering of solar
radiation is the aerosol extinction corresponding to the
wavelength 0.5 µm. Thus, it is also necessary to estimate
the Schüepp [14] coefficient B from the Ångström’s turbidity values.

MATERIALS AND METHODS
Data collection
KEYWORDS:
Spectral solar irradiance, atmospheric turbidity.

INTRODUCTION
Atmospheric turbidity is a physical property associated with the extinction of solar irradiance in the atmosphere. It is a variable parameter since its value depends on
(i) the amount, size distribution and type of aerosols in the
atmosphere as well as (ii) meteorological factors and
weather phenomena. The knowledge of atmospheric turbidity is very useful for satellite-image correction due to
the atmospheric effect in the visible spectral range, especially over polluted regions.

During January 20 and June 19, 1997, the beam component of spectral solar irradiance with resolution of 0.5 nm
was recorded at a 30-min sampling rate. The measuring
site was on the roof of the Dept. of Electrical Engineering,
National Technical University in the city centre of Athens
(f =37.97º ? , ?=23.72º E). The measurements were performed using a Passive Pyrheliometric Scanner (here-inafter PPS). In general, a pyrheliometer is a solar radiation
instrument that records the direct component of the solar
radiation. The term “passive’’ indicates here that no energy from the PPS is required to record solar radiation.
The term “scanner’’ implies that the PPS performs spectral measurements. A detailed description of this system
that mainly consists of a spectrometer is given in Kambezidis et al. [15]. In brief, solar radiation enters through
two concentric lenses and is guided by two optical fibers
to two different diffraction gratings (one in the UV&VIS
spectral regions and the other in the VIS-NIR regions; the
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latter was not in use during this study). A CCD sensor is
then used to imprint the two spectral regions one at a
time; the individual spectral values (in mV) are then converted from analogue to digital form by an A/D converter
and further into solar radiation units (Wm-2). To achieve
accuracy in the measurements, the PPS was calibrated
against a halogen spectral prototype lamp.
Methodology

The total spectral atmospheric transmittance, t(?,? z),
(in the sun-sensor direction), considering single scattering, can be derived from:
t(?,? z)=? (?,? z)/? o(?)S

wavelength exponent, a, while lnß is equal to the yintercept [18].
After estimating the Ångström’s turbidity coefficients, the Schüepp’s turbidity parameter ? can also be
derived from the following expression:
B=2a ßloge

Schüepp introduced the turbidity parameter ? , fundamentally based on the same considerations with ß, but
referred to the base 10 instead of e and to the wavelength
of 0.5 µm instead of 1 µm. The relation between ß and B
is then given by the equation:
-a

(1)

exp(-ß?-a ) = 10-[?(2?) ]
which leads to eqn (6).

where ? (?,? z) is the measured beam irradiance calibrated in Wm-2 (a function of wavelength, ?, and zenith
angle, ?z), ? o(?) the spectral extraterrestrial radiation after
Gueymard [16], and S is the correction factor for the
Earth-Sun distance.
The spectral optical thickness (towards zenith), d?(?),
is determined from the equation:
d?(?,?z)=1/m ln[1/t(?,? z)]

(2)

where m stands for the atmospheric optical mass.
The aerosol optical thickness da(?) is calculated from
the following eqn:
da(?)= d’(?)-dr(?)-do(?)-dn(?)-dw (?).

(6)

(7)

RESULTS AND DISCUSSION
According to the methodology illustrated above, the
eqn (5) leads to the calculation of the Ångström’s turbidity parameters from each aerosol-optical-thickness data
set separately. An example is illustrated in Figure 1 for
January 20 at 10:35 LST. A linear fit to the eqn (5) is
applied since there is a linear dependence of lnda(?) upon
ln?. The gradient of the linear fit represents the wavelength exponent, a, while the natural logarithm of the
turbidity parameter, ß, is equal to the y-intercept as already mentioned.

(3)
-0.4

TIME : 10:35 LS T

-0.5

Five individual atmospheric processes are considered
here to be responsible for the attenuation of solar radiation: Rayleigh scattering, absorption by ozone, nitrogen
dioxide and water vapour, as well as aerosol extinction.

-0.6
-0.7

lnd'

-0.8

Their respective spectral thickness functions are denoted dr, do, dn, dw , and da. Within narrow spectral regions,
these atmospheric processes can be considered independent of each other [16, 17]. The uniformly mixed gases
were not taken into account since they possess no absorption lines in the spectral range considered.

-0.9
-1.0
-1.1
-1.2

lnd'=-1.59 ln? - 2.12

-1.3

R 2= 93%

-1.4
-1.5

The wavelength exponent, a, and the turbidity coefficient, ß, were calculated according to the formula of Ångström proposed for aerosol optical thickness:
da(?)=ß?

-a

(5)

To derive the Ångström’s coefficients we apply a linear fit to the eqn (5) since there is a linear dependence of
lnda(?) on ln?. The gradient of the linear fit represents the

-1.0

-0.9

-0.8

-0.7

-0.6

ln?

FIGURE 1 - A linear fit of lnda(?) versus ln? for
January 20, 1997 at 10:35 LST (Local Sidereal Time).

(4)

Taking the natural logarithm of eqn (4) we obtain:
lnda(?)=lnß-aln?

-1.1

Figure 2 presents a comparison between the two days
for the wavelength exponent, a. This parameter achieves
its highest values during the winter day (symbol: x) and
the lowest ones during the summer day (symbol: ?). This
is consistent with past observations in Athens [19] and
Madrid [5], too. Such behaviour is characteristic for Athens in the period 1996-97 [18]. The straight line corre-
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sponding to the value of 1.3 represents the atmospheric
conditions of the natural atmosphere. The high a-values
observed on the winter day indicate that aerosol polydispersions consist mostly of very small particles only and
the predominant extinction effects are given by the Aitken
nuclei [11]. This means that larger particles in winter are
removed by dry or wet deposition. On the other hand, the
increased diffusion of dust and other aerosols make large
particles extend their residence time in the atmosphere of
Athens during summertime because of the atmospheric
instability and absence of rainfall. Small particles are of
anthropogenic origin, which produce more attenuation in
the visible and ultraviolet parts of the spectrum while the
large ones are of natural origin.

0.8
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TUR B IDITY F ACTOR ß
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TIM E
3.2
3.0

FIGURE 3 - The Ångström’s turbidity factor, ß, during
January 20 (symbol: x) and June 19, 1997 (symbol: ?).

2.6
2.4
2.2
2.0

The morning peak in turbidity during the summer day
reflects the peak in traffic and the appearance of temperature inversion [22, 23]. The low mixing-layer height traps
air pollutants and aerosols and prevents any air-mass
convection and pollutant dispersion mechanisms. The
atmosphere appears to be most polluted in the morning
(8:30-9:00) and becomes cleaner as the day progresses. A
sea-breeze cell was developed and swept air pollutants
northwards [24]. In addition to the morning summer peak
in turbidity, a secondary one shows up later in the afternoon. This peak coincides with the time of appearance of
peak concentrations of secondary photochemical products. Similar results about the seasonal and diurnal variations were found for the total spectral transmittance [25],
the aerosol spectral transmittance [26] and atmospheric
turbidity [18] in other studies for Athens.

1.8
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FIGURE 2 - The wavelength exponent, a, during
January 20 (symbol: x) and June 19, 1997 (symbol: ?).

Figures 3 and 4 present the variation of the Ångström’s and Schüepp’s turbidity coefficients, ß and B,
respectively. A growth in aerosol particles is accompanied
by a decrease in the wavelength exponent according to the
Mie theory, while the turbidity parameters ß and B increase [11]. The considerably higher turbidity values
during summer (symbol: ?) are mainly attributed to the
increased diffusion of dust and aerosols due to the atmospheric instability and absence of precipitation. During the
winter day (symbol: x), the very low levels of turbidity
observed indicate a very clean atmosphere. This is consistent with the turbidity values calculated for the period
1963-1972 in Athens [19] and 1996-97 with the same
instrumentation and methodology as employed in the
present study [18]. A small broad maximum of turbidity
in the winter midday is possibly due to weak production
of photochemical species, especially, under anticyclonic
conditions as those dominated during the 20th of January.
The same was also observed for other Mediterranean
cities such as Thessaloniki [20], Ajaccio [8], Madrid [5]
and Valencia [10, 13] and many U.S. cities [21].
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FIGURE 4 - The Schüepp’s turbidity factor, B, during
January 20 (symbol: x) and June 19, 1997 (symbol: ?).

17:00

© by PSP Volume 11 – No 8. 2002

Fresenius Environmental Bulletin

REFERENCES
[1]

Ångström, A.K. (1929) On the atmospheric transmission of sun
radiation and on dust in the air. Geografis. Annal. 2, 156-166.

[19] Karalis, J.D. (1976) The turbidity parameters in Athens. Arch.
Meteorol. Geophys. Biokl. B24, 25-34.

[2]

Ångström, A.K. (1930) On the atmospheric transmission of sun
radiation. II. Geografis. Annal. 2-3, 130-159.

[3]

Volz, F.E. (1974) Economical multispectral sun photometer for
measurements of aerosol extinction from 0.44 µm to 1.6 µm
and precipitable water. Appl. Opt. 13(8), 1732.

[20] Hadjiyannoglou, M.P. and Sahsamanoglou, H.S. (1992) The
solar radiation in the spectral range 250-525nm. 4th National
Conf. on Renewable Sources of Energy, pp.45-50, Xanthi,
Greece 6-8 Oct., Univ. of Thrace (in Greek).

[4]

McCartney, H.A. and Unsworth, M.H. (1978) Spectral distribution of solar radiation. I.: direct radiation. Quart. J.R. Met.
Soc. 104, 699-718.

[21] SOLMET Vol.2 (1979) Hourly solar radiation-surface meteorological observations-Final Rep. TD-9724. National Climatic
Centre, Asheville, North Carolina.

[5]

Castro, M. (1982) Time Variations of Turbidity Parameters in
the Madrid Atmosphere. Arch. Met. Geoph. Biokl. 31B, 77-85.

[22] Kambezidis, H.D., Tulleken, R., Amanatidis, G.T., Paliatsos,
A.G. and Asimakopoulos, D. N. (1995) Statistical evaluation of
selected air pollutants in Athens, Greece. Environmetrics 6,
349-361.

[6]

Cachorro, V.E., Casanova, J.L. and de Frutos, A.M. (1987) The
influence of Ångström parameters on calculated direct solar
spectral irradiances at high turbidity. Solar Energy 39, 399-407.

[23] DEARTH (1998) The Atmospheric Pollution in Athens-1997.
Bull. Ministry for Environ., Phys. Plan. & Public Works (in
Greek).

[7]

Cachorro, V.E., de Frutos, A.M. and Casanova, J.L. (1987) Determination of the Ångström turbidity parameters. Appl. Opt.
26, 3069-3076.

[24] Ziomas, I.C. (1998) The Mediterranean campaign of photochemical tracers-Transport and chemical evolution (MEDCAPHOT-TRACE): An outline. Atmos. Environ. 32, 2045-2053.

[8]

Louche, A., Maurel, M., Simonnot, G., Peri, G. and Iqbal, M.
(1987) Determination of Ångström’s turbidity coefficient
from direct total solar irradiance measurements. Solar Energy
38, 89-96.

[25] Kambezidis, H.D., Adamopoulos, A.D. and Zevgolis, D.
(2000) Case studies of spectral atmospheric transmittance in
the ultraviolet and visible regions in Athens, Greece. I: Total
transmittance. Atmos. Res. 54, 223-232.

[9]

Wahab, M.A. (1993) New approach to estimate Ångström coefficients. Solar Energy 4, 241-245.

[26] Kambezidis, H.D., Adamopoulos, A.D. and Zevgolis, D.
(2000) Case studies of spectral atmospheric transmittance in
the ultraviolet and visible regions in Athens, Greece. II: Aerosol transmittance. Atmos. Res. 54, 233-243.

[10] Pinazo, J.M., Canada, J. and Bosca, J.V. (1995): A new method
to determine Ångström turbidity coefficient: its application for
Valencia. Solar Energy 54, 219-226.
[11] Tomasi, C., Vitale, V. and Tarozzi, L. (1997) Sun-photometric
measurements of atmospheric turbidity variations caused by the
Pinatubo aerosol cloud in the Himalayan region during the
summer periods of 1991 and 1992. Nuovo Cimento 20, 61-88.
[12] Gueymard, C. (1998) Turbidity determination from broadband
irradiance measurements: a detailed multicoefficient approach.
J. Appl. Meteorol. 37, 414-435.
[13] Pedrós, R., Utrillas, M.P., Martínez-Lozano, J.A. and Tena, F.
(1999) Values of broad band turbidity coefficients in a mediterranean coastal site. Solar Energy 66, 11-20.
[14] Schüepp, W. (1949) Die Bestimmung der Konponenten der
atmosphärischen Trübung aus Aktinometer Messungen. Arch.
Meteorol. Geophys. Bioklimatol. B1, 257-346.
[15] Kambezidis, H.D., Sakellariou, N.K., Topalis, F.B., Kanellias,
A.A. and Petrova, V.D. (1996) Air Pollution Monitoring wi th a
Passive Pyrheliometric Scanner. Fres. Environ. Bull.5, 631-636.
[16] Gueymard, C. (1995) Simple model of the atmospheric radiative transfer of sunshine (SMARTS2): algorithms and performance assessment. FSEC-PF-270-95, Florida Solar Energy Center, Florida.
[Available online from ftp://alpha.fsec.ucf.edu/public/smarts2/]
[17] Kambezidis, H.D., Petrova, V.D. and Adamopoulos, A.D.
(1997) Radiative Transfer. I. Atmospheric transmission monitoring with modelling and ground-based multispectral measurements. Appl. Opt. 36, 6976-6982.
[18] Kambezidis, H.D., Adamopoulos, A.D. and Zevgolis, D.
(2001) Determination of Ångström and Schüepp’s parameters
from ground-based spectral measurements of beam i rradiance
in the ultraviolet and visible spectrum in Athens, Greece. Pure
& Appl. Geophys. 158, 821-838.

483

Received for publication: December 19, 2001
Accepted for publication: March 25, 2002

CORRESPONDING AUTHORS
H. D. Kambezidis
Atmospheric Research Team
National Observatory of Athens
P.O. Box 20048
11810 Athens - GREECE
Tel.: +30-10-3490119
Fax. +30-10-3490113
e-mail: harry@env.meteo.noa.gr
D. Zevgolis
Department of Physics
University of Patras
26500 Patras - GREECE
Tel.: +30-610-997475
Fax. +30-610-997911
e-mail: zevgolis@physics.upatras.gr
FEB/ Vol 11/ No 8/ 2002 – pages 480 - 483

© by PSP Volume 11 – No 8. 2002

Fresenius Environmental Bulletin

CASE STUDIES OF TOTAL NO2 COLUMN
IN THE ATMOSPHERE OF ATHENS, GREECE:
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SUMMARY
During the period 1996-97, total NO2 column measurements were performed in Athens, Greece. Here, the
results of two distinct days are presented each one representing summer and winter conditions, respectively. The
measurements were performed by a solid-state spectrometer and based on the spectral absorption of beam solar
irradiance in the visible region. The total NO2 column in
the atmosphere above Athens is temporarily very variable
and exhibits values in the range of 10-3-10-1 atm-cm as an
order of magnitude. These values are much higher compared to those reported for other cities. The total NO2
column values calculated during the summer day in Athens exceed those found on the winter day. These abovementioned observations indicate that the total column of
this gas is highly influenced by local pollution sources
discharging in the mixing layer.

The production and accumulation of this gas in the troposphere of Athens is strongly favoured by the persistence
of anticyclonic conditions and the subsequent low synoptic
wind flow. Studies on tropospheric and stratospheric abundance of NO2 concerning its latitudinal, seasonal, and diurnal variations have appeared in the literature [3-12].
The integrated concentration of this gas is generally
expressed as “total NO2 column- TNC” (in atm-cm).
Since there are many atmospheric processes affecting this
amount, this turns out to be highly variable in time and
location.

MATERIALS AND METHODS
Spectrometer

The TNC was retrieved from beam solar irradiance
measurements obtained by the spectrometer (PPS) described in A.D. Adamopoulos et al. [13].

KEYWORDS:
Spectral solar irradiance, total NO2 column.

NO2 retrieval

The absorption of beam solar irradiance due to NO2
in the atmosphere obeys the Beer-Lambert law according
to which the NO2 transmittance may be expressed as

INTRODUCTION
Nitrogen dioxide (NO2) is a variable atmospheric gas
that plays a key role in urban pollution and in the ozone
(O3) cycle within both the troposphere and stratosphere.
Above a certain tropospheric concentration, it is sensed
by its characteristics odour and colour. It largely contributes to a typical yellow-brownish cloud that appears in
large polluted cities such as Los Angeles [1] and Athens
[2]. This has harmful effects on the respiratory system. In
urban environments its tropospheric concentration exceeds the stratospheric counterpart by orders of magnitude. The use of fuel by cars and industries results in the
generation of NO, which in turn is photolysed to NO2.

Tn=exp(-mndn)

(1)

and
dn=knln,

(2)

where dn is the NO2 optical thickness, mn its optical
mass, ln the NO2 column in atm-cm, and kn its spectral
absorption coefficient.
The NO2 column was determined via the differential
optical absorption technique from PPS solar irradiance
measurements. This method was also employed for the
determination of O3 and NO2 columns taking measure-
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ments from the same instrument [14, 15] and for other
chemical species using data from active optical systems
[16]. Two pairs of close optical wavelengths, ? 1 and ?2, at
which NO2 absorbs strongly and weakly, were selected.
The selected pairs of wavelengths were ?1 = 393.84/ ?2 =
394.88 nm and ?1 = 407.76 / ?2 = 409.82 nm. TNC was
obtained (in atm-cm) from the formula:
ln=[dc (? 1)-dc (? 2)]/mn[kn(T, ? 1)-kn(T, ? 2)]

(3)

where dc (? 1), dc (? 2) stand for the optical thickness at
the above wavelengths, respectively, corrected for molecular scattering, aerosol scattering and absorption, and
gaseous absorption due to O3, H2O and mixed gases. Eqn
(3) was solved for each of the two wavelength pairs,
yielding two independent determinations of dn from where
their arithmetic mean was retained to provide the instantaneous dn estimates. Gueymard [17] and Kambezidis et
al. [18] initially presented analytical expressions for the
optical thickness. The extraterrestrial spectrum as well as
the absorption coefficients was from the SMARTS2
radiative transfer code [17]. The latter were corrected for
the temperature effect.

RESULTS AND DISCUSSION
Spectral measurements of beam solar irradiance during two distinct cloudless days were employed in this
study. The measurements were performed on the roof of
the Electrical Engineering Building of the National Technical University of Athens situated in the city centre of
Athens. To derive the required NO2 transmittance values,
simultaneous observations of air temperature were carried
out at the measuring site so that a temperature correction
of the absorption coefficients could be performed according to a methodology described elsewhere [17, 18]. Such
a record is presented in Kambezidis et al. [19, 20]. Following the same procedure with that employed for the
derivation of total NO2 column over Athens in the time
period 1996-97 [15], the total NO2 columnar amounts
were calculated at the various times of measurements.
The procedure is also similar to that employed for the
derivation of total O3 column amount [14]. The results for
January 20 and June 19 1997 are shown in Figure 1. The
presented values exhibit high variability of TNC over
time with strong seasonal and diurnal variations, as was
also obtained by other authors [21-23]. The retrieved
TNC values lie in the range 1 to 100 matm-cm (as an
order of magnitude), revealing a large contribution of the
tropospheric counterpart of NO2. This was expected for
the urban environment of Athens. These values are
roughly an order of magnitude larger than those reported
for an industrial city in Canada, found in the range 0.04 to
13 matm-cm [24]. Our results are also orders of magnitude higher than the background stratospheric levels
(normally of the order of 0.1 matm-cm). These large values may essentially be due to anthropogenic sources and

are mostly concentrated in the lower layers of the troposphere above the city.
On the winter day (Figure 1: solid line, squares), the
NO2 column content turns out to be larger in the morning.
The midday values for the same period are the lowest of
the day. This is a typical characteristic for a cold-period
day. The afternoon values are smaller than the morning
ones. An overall mean ratio of TNC values of NO2 (late
afternoon)/ NO2 (early morning) was found to be equal to
0.89 for winter 1996-97 [15]. On the other hand, the afternoon TNC values presented for the summer day (Figure 1: dashed line, triangles) exceed those calculated in
the morning by far. The mean ratio of NO2 (late afternoon)/ NO2 (early morning) for summer is 3.35 [15]. The
calculation of this ratio is important since it includes information about NO2 chemistry in the atmosphere. Similar results were also found for the city of Thessaloniki,
Greece [25, 26]. This can be attributed to the transition of
a significant part of NO2 into N2O5 that occurs in the
stratosphere during the long night time periods of winter,
and photo dissociation of N2O5 into NO2 during the long
daytime periods of summer [23]. McKenzie and Johnston
[10] showed that the decay of NO2 has a time constant of
about one-day in summer and slower decays in winter.
However, the NO2 column amount and the evening/
morning ratios are dependent on a number of factors such
as temperature, ozone amount, and aerosol loading discharged in the troposphere [12].
120

TOTAL NO2 COLUMN AMOUNT (matm-cm)
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FIGURE 1 - Total NO2 column over At hens during January 20
(solid line, squares) and June 19, 1997 (dashed line, triangles)
(LST = Local Sidereal Time).

The daily mean TNC value of the typical summer day
is larger than that found for the typical winter day. The
ratio NO2 summer/NO2 winter found over Athens is 1.9 in
the period 1996-97. This value is in accordance with
values quoted by other authors, e.g., 1.9 for Caucasus
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[23], or 2.0 for Toronto, Canada [27] and New Zealand
[10]. Amanatidis et al. [25, 26] report a ratio for the warm
period/ cold period of about 1.7. In global terms, the seasonal NO2 column content is highest in summer and lowest in winter.
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SUMMARY
The goal of this study is to estimate the relation between air temperature and precipitation in Greece and,
thereafter, to define the regions of the covariability of the
two parameters. For that purpose, the air temperature and
precipitation mean monthly data of 30 meteorological
stations, for the period 1950-2000, are analyzed.
The first step is the application of Factor Analysis
(FA) to each of the two variable groups of the seasonal air
temperature and precipitation. The aim is to reduce the
number of variables in each group and, more specific, to
define the main significant factors for each parameter.
The second step is the application of Canonical Correlation Analysis (CCA) to the factor scores of each parameter, derived by the use of PCA, so that the canonical pairs
are extracted and the number of the pairs are equal to the
minimum number of variables in either set.
In the process, the computed canonical scores are correlated to the respective original data, aiming to define
regions of positive and negative correlations between the
canonical roots of the air temperature and precipitation.

KEYWORDS: Canonical correlation analysis, Factor analysis, Air
temperature, Precipitation, Greece.

INTRODUCTION
Greece covers the southern edge of Balkan Peninsula,
being in the eastern basin of the Mediterranean Sea. The
most important centers of atmospheric activity, which
form the weather in Greece are: i) the anticyclone of
Azores, ii) the seasonal Siberian anticyclone, iii) the moving anticyclones of Europe, iv) the moving anticyclones
which are directed to the North Africa from the Atlantic
Ocean, v) the depressions moving in a track along the
Mediterranean Sea (either local or coming from the Atlantic Ocean) and vi) the Indian low.

As far as the cold period of the year (October-April)
is concerned, the anticyclone of the Atlantic Ocean being
in the area of Azores, expands easterly to the North Africa
reaching Egypt, to the West Mediterranean Sea and to the
West Europe. The Siberian anticyclone covers part of
Russia and sometimes expands either to the Balkans or
from the northwest Siberia to the Middle East, Asia Minor
and East Mediterranean Sea. Regarding the depressions in
the Mediterranean Sea, they are moving in determinant
tracks having discriminative frequencies, [1, 2]. Generally, the depressions have the tension to move to the north,
[3, 1] and there is the general remark that they move over
plain surface or at low altitude, avoiding the mountainous
obstacles. The moving anticyclones of Europe are characteristic of the cold and warm period of the year.
Especially during the warm period of the year (MaySeptember) the anticyclones of the Azores are moving to
higher latitudes and expanding towards east to Europe.
Also, the Indian low expands towards the west to the East
Mediterranean Sea and Asia Minor. It is clear from the
context that during the cold period, because of the anticyclones in Europe and Siberia and low pressure in the
Mediterranean Sea, the dominant wind blow in Greece is
from the north, being occasionally interrupted as the wind
blows from the south according to the passage of the
depressions in the Mediterranean Sea and Europe. In the
warm period, Greece is under the Etesians regime, which
are winds of the north. As far as the precipitation distribution is concerned, Greece, as the whole of the Mediterranean Sea, is distinguishable in two periods: the wet and
the dry period. The dry one coincides with the summer
period [4].
The present study is to reveal the relation between air
temperature and precipitation regimes over Greece and, in
the process, explain the causes that are responsible for this
relationship. Thereafter, the spatial distribution of the
patterns for each statistically significant pair of air temperature and precipitation is presented for winter and
summer period.
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FIGURE 1 - Network of the meteorological stations.

DATA AND METHODS USED
The data used in the assessment of the relation examined between air temperature and precipitation in Greece
consists of mean monthly data of air temperature and
precipitation from 30 meteorological stations of the National Meteorological Service for the period 1950 – 2000.
The network of the meteorological stations is plotted in
Figure 1. The first step is to compute the seasonal data for
air temperature and precipitation, which will be the initial
variables for the analysis followed. The statistical methods used are the Factor Analysis (FA) and the Canonical
Correlation Analysis (CCA). These methods are briefly
discussed.
The main applications of FA are to reduce the number of variables and detect the structure in the relationships between variables, that is to classify variables.
Therefore, FA is applied as a data reduction or structure
detection method. The data should have a bivariate normal distribution for each pair of variables, and the observations should be independent. Thus, each of the p initial
variables X1, X2, ..., Xp can be expressed as a linear function
of m (m<p) uncorrelated factors: Xi = ai1F1 + a i2F2 + ...+
aimFm, where F1, F2, ... , Fm are the factors and ai1, ai2, ... ,
aim are the factor loadings which express the correlation

between the factors and the initial variables. The values of
each factor are called factor scores and they are presented
in the standardized form, having zero mean and unit variance [5, 6]. The number m of the retained factors has to be
decided, by using various rules (Eigen value ≥ 1, scree
plot) and considering the physical interpretation of the
results [7]. Another important point of the analysis is the
rotation of the axes, which maximizes some factor loadings and minimizes some others and in that way a better
separation among the initial variables is achieved. Varimax rotation is generally accepted as the most accurate
orthogonal rotation, which maximizes the sum of the
variances of the square factor loadings, keeping the factors uncorrelated [8].
CCA is searching for relation between two sets of
variables X1, X2, ... Xp and Y1,Y2, ..., Yq. The first step of
the method is to calculate the constants a11, a12, ... , a 1p and
b11, b12, ... , b 1q in the linear combinations:
W1 = a 11X1 + a12X2 + ... + a 1pXp,
V1 = b 11Y1 + b 12Y2 + ... + b 1qYq
such that the correlation coefficient between W1 and
V1, C1 = cor(W1, V1), is at a maximum. W1 and V1 are
called canonical variates and C1 is called canonical corre-
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lation. The second step is to determine another set of
canonical variates:
W2 = a 21X1 + a22X2 + ... + a 2pXp,

Finally, each of the resultant canonical variates was
correlated to all the original time series of the respective
parameter, so that an interpretation of the relation between
air temperature and precipitation regime be achieved.

V2 = b 21Y1 + b 22Y2 + ... + b 2qYq
such that the correlation C2 = cor(W2, V2) = maximum
and W2 and V2 are uncorrelated to W1 and V1. It is clear
that the two sets of canonical variates are uncorrelated.
The analysis is continued up to the mth set of canonical
variates, where m = min(p,q). So, m sets of canonical
variates (W1, V1), (W2, V2), ... , (Wm, Vm), are determined
in a way that: i) the corresponding canonical correlations
C1, C2, ... , Cm are at a maximum and ii) cor(Vj, Vk ) =
cor(Wj, Wk ) =cor(Wj, Vk ) = 0, j ≠ k [9, 10]. Finally, only
the statistically significant pairs are used, as they are got
by the application of various criteria [10].
In this work, FA (S-mode) [8] was applied for each
seasonal initial matrix 30x51, (30 meteorological stations
and 51 years) of air temperature and precipitation in order
to reduce the number of the initial variables. Many researchers have followed this technique of reduction of the
dimensionality of the initial data sets before the application
of CCA [11, 12, 13]. In the process, CCA was applied on
the two sets (air temperature and precipitation) of the factor
scores time series derived, for the four seasons.

RESULTS AND DISCUSSION
The application of FA on winter air temperature and
precipitation revealed that two and four factors, respectively, describe well the variability in Greece, explaining
the 85% and 70% of the total variance of each parameter.
Thereafter, CCA was applied to the two sets of factors
scores in order to investigate the possible relationship
between air temperature and precipitation. The result was
two canonical pairs with statistically significant correlation at 95% confidence level (r = 0.68 and r = 0.52). In
order to interpret the findings the correlation coefficient
of the canonical variates with the respective original data
was estimated. Hence, the two canonical pairs were plotted.
The first canonical pair (W1, V1) is presented in Figure 2 and the regions with correlation coefficient greater
than 0.6 were shaded. It is obvious that when high air
temperature appears almost all over the country, then high
amount of precipitation falls at the west, north and east
regions of Greece (Figure 2).
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WINTER r(W2,V2) = 0.52 p = 0.001226
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FIGURE 3 - As in Figure 2, but for the second canonical pattern.

This is due to the interactions of the south and more
effective parts of the depressions, the tracks of which
happen to be in regions between North Greece and NorthEast Europe [14]. The cold front of these depressions
moving from west to east covers the whole country. The
warm section consists of tropical continental (cT) air
masses from North Africa, which are dry and warm, but
in the process moving over the Mediterranean Sea, their
comprehensiveness in water vapors is increasing. The
warm fronts of these depressions are moving either from
north-west to north-east or from west to east. Usually
they are at the north of Greece or in rare cases at North
Greece. The blow of south winds for a great period before
the coming of the warm front, results in the cT air masses
from North Africa cover large space of the Balkan Peninsula and hence the rise of air temperature is achieved.
The precipitation is of large intensity especially in
West and North-West Greece, with the appearance of
thunderstorms. It is important to pinpoint that these precipitations are mainly of the cold front or of the unstable
air masses within the warm section of the depression,
because the precipitations are apparent especially at the
mountainous regions of the West Greece.

The second canonical pair (W2, V2) is presented in
Figure 3, where the spatial distribution of the correlation
coefficient shows a different pattern for the air temperature and precipitation regimes. As in Figure 2, the regions
with correlation coefficient greater than 0.6 are shaded.
The North Greece is under low temperatures, while high
amount of precipitation appears at the South Aegean Sea.
This is due to the depressions having tracks mostly south
of Greece covering the country with their north section.
These depressions are very deep and extensive and result
in the weather of Southern Greece (Crete island, Central
and South Aegean Sea) as other regions, depending on
their intensity and expansion. The warm section of these
depressions covers the south regions of Greece and consists of tropical continental (cT) air masses, while Northern Greece is under the influence of polar continental (cP)
air masses, which reduces the air temperature. Hence,
because of the cold fronts of the depressions, high
amounts of precipitation fall in the Southern Greece,
while the Northern Greece keeps low air temperatures.
It is important to remark that during the cold period
of the year the frequency of the depressions moving in a
track to the North or through Greece is greater than the
one of the depressions moving to the South of Greece
(9.2% and 1.2%, respectively) [14].
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The pattern of the second canonical pair is also seen
when an anticyclone, which is established over the Balkan
Peninsula or Russia, is combined with depressions in the
Mediterranean Sea or an anticyclone in the East Europe
together with the low pressures in the Aegean sea [15].
In spring, the application of FA to air temperature
and precipitation resulted in three and four factors,
respectively, explaining the 86% and 63% of the total
variance of each parameter. In the process, CCA was
applicable on the two sets of factor scores and three
canonical pairs were found out, but two of them are
statistically significant at 95% confidence level with
canonical correlations r = 0.8 and r = 0.5 respectively.
Following the previous analysis one canonical pair is
interpretable. The resulted pattern reveals an inverse
relation between air temperature and precipitation
regimes. The air temperature decreases in the whole area
of Greece, except the Central and South Aegean Sea,
while high precipitation appears over Western and NorthWestern Greece. That period of the year the frequency of
depressions moving over Greece decreases because of the
increase of the anticyclone expansions at the east basin of
the Mediterranean Sea. The combination of the anticyclone expansions with depressions existing in the
Eastern Mediterranean and Asia Minor is a very common
phenomenon. The collision of air masses of different

collision of air masses of different properties results in
great temperature variations.
The same procedure was followed in summer. Two
factors for air temperature and four factors for precipitation
were derived by FA, explaining the 75% and 55% of the
total variance, respectively. The application of CCA on the
two sets of factor scores results in two canonical pairs,
while one of them is statistically significant at 95% confidence level with canonical correlation r = 0.6. This canonical pair (W1, V1) is presented in Figure 4. It is obvious that
in the western and southern regions of Greece appear high
temperatures, while the central continental Greece is under
low precipitation regime. As mentioned before, the tracks
of depressions are shifted to the north of the country and, of
course, the polar front. The prevailing weather type in
summer is that of Etesians winds (periodical winds of the
north section). This type is established in Greece, when a
North Atlantic anticyclone extended over Europe covering the Balkans is combined with the Indian low over Asia
Minor and the Eastern Mediterranean Sea. The blow of
Etesians winds transfers polar continental (cP) air masses to
Northern Greece and the result is the appearance of precipitation and frontal thunderstorms. Another effect of the
Etesians regime is the summer drought and the uniform
weather conditions in Greece.
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At the western regions as the interior of the continental land the Etesians are of north-west direction and they
are weaker than the ones in Aegean Sea and less frequent,
so the air temperature regime at the Western Greece is
independent of the Etesians blow.
During fall, the air temperature is described well with
two factors (83% of the total variance) and the precipitation with five factors (64% of the total variance). Applying CCA to the two sets of factor scores, two canonical
pairs were found out, but only one pair is statistically
significant at 95% confidence level with canonical correlation r = 0.6. In that case the resulting pattern shows a
link between the high temperatures at the South-East
Aegean Sea and the high precipitation at the North and
Central Aegean Sea. The prevailing weather type in fall is
of an anticyclone covering the East and South-East
Europe and Balkans. If the presence of the anticyclone
combines with a depression at the Aegean Sea, then high
precipitation occur at the North Aegean, while the air
temperature increases, because the warm section of the
depressions covers the region.
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SUMMARY
The existing and expected temporal evolution of the
air pollutant emissions and concentrations resulted from
the vehicles` traffic in the urban area of Thessaloniki is
examined. Five street links of the centre and the periphery
of the urban area are included in the study. Traffic data
refer to traffic volumes, composition and vehicle speed.
Emissions have been calculated for the pollutants CO,
NOx, SO2, VOC and TSP. Air quality data concern the
pollutants CO, NO2, SO2, and TSP. The evolution of the
relationship: traffic - emissions – air quality during the
decade 1988-98, is examined in a first step. Furthermore,
the relationship traffic – emissions is examined for 4 traffic
scenarios: a) 1998, b) 2004, c) 2014, d) 2014+, and a
qualitative and semi-quantitative prediction is made for
the expected air quality levels. All traffic scenarios have
been tested and evaluated with the use of the EMME/2
traffic model. The evaluation of the scenarios concerning
their air pollutant emissions was based on the use of the
COPERT II methodology.

the remaining of the suspended particulates and the aromatic hydrocarbons above the air quality standards in
most of the central city areas [1-9].
The Thessaloniki butterfly-shaped urban area is
densely built and several central area arterials are now
considered as “congested” mainly due to limited access
capacity given to the increased volumes and the space
taken up by the numerous parked cars. Within the framework of this paper an environmental evaluation of various
traffic scenarios in representative street links of the Thessaloniki urban area is presented and discussed. The evolution of the relationship between traffic - emissions – air
quality during the decade 1988-98 is examined and the
relationship between traffic – emissions is examined for
the four discrete traffic scenarios and a qualitative and
semi-quantitative prediction is made for the expected air
quality levels in the study area.

MATERIALS AND METHODS
KEY WORDS:
Traffic modelling, urban area, air pollution.

INTRODUCTION
The major source of air pollution in most of the
European urban areas is the vehicles’ traffic. The contemporary urban traffic system is characterized by the temporal increase of passenger cars, the increase of passenger
car use, the decrease of public transport system use, the
renewal of the vehicle fleet by new technology vehicles and
the improvement of fuel quality. These advances lead to
the temporal decrease of CO, Pb, SO 2, TSP concentration
levels, the stabilization or slight increase of NO2 and O3 and

Traffic, emissions and air quality data are considered
in five street links representative of the urban area of
Thessaloniki. Traffic data include traffic volumes, composition and vehicle speed. Emissions have been calculated for the pollutants CO (carbon monoxide), NOx
(nitrogen oxides), SO 2 (sulphur dioxide), VOCs (volatile
organic compounds) and TPM (total particulate matter).
Air quality data include CO, NO2 (nitrogen dioxide), SO 2
and TSP (total suspended particulates). The names of the
street links are: KOR (Monastiriou Str. at Kordelio, an
urban-industrial area in West Thessaloniki), DIM (Dimokratias Square at the city centre, the most important
crossroads of the urban area), EGN (Egnatia Str., a very
important road at the city centre), SOP (Agias Sophias
Square, an open space area at the city centre), MAR (Martiou Str., an important road in East Thessaloniki).
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The traffic and emission data result from the General
Transportation Study initiated by the Organisation for the
Master Plan and Environmental Protection of Thessaloniki
(OMPEPT). This study started in 1988 and its second phase
was conducted in 1997-99 and included, among others, a
roadside survey with a sample size of 33.836 drivers and a
home based interview survey with a sample size of 3.324
households [10-12]. The air quality data result from the
monitoring stations of the Ministry of Macedonia-Thrace
and Municipality of Thessaloniki networks [13,14].
All traffic scenarios have been tested and evaluated with
the use of the EMME/2 (Equilibre Multimodal – Multimodal Equilibrium) traffic model [15]. Within EMME/2
the geometrical and functional characteristics of the road
network of the study area were represented in an adequate
way and thus, the analysis of the trip characteris-tics at
strategic level was made feasible. The model supports the
four stages of the classical transportation planning process
concerning the future traffic forecasts (trip generation, trip
distribution, modal split and traffic assignment). The
study area was divided into 316 internal and external
traffic zones and the origin-destination matrices include
data for all zones. The length of the EMME/2 network
was 4.357 km including 1.335 nodes and 5.120 links. The
total number of daily trips made in the study area with all
transport modes is 1.600.000, and 400.000 of them refer
to the city centre. Internal trips were divided into homebased and non home-based, while external trips were
divided into trips having one trip end into the study area,
and into transit trips [11].
The scenarios were formulated for the year 2004, the
year 2014 and the period after the year 2014 (2014+). The
proposals within all scenarios were then tested and evaluated with the EMME/2. The evaluation results of the above
3 scenarios were compared to the results of the base-year
scenario (1998, do nothing scenario). All scenarios cover
road infrastructure, parking and public transport tasks:
a)

b)

c)

Scenario 2004. The basic proposals include the
construction of the outer ring road, changes in the
basic road network serving the access to the city
centre, a metro line of length 9.8 km, the connection of the city centre with the eastern suburbs via
the sea transport, the introduction of mini-buses in
the city centre, the construction of parking stations.

The evaluation of the scenarios concerning their air
pollutant emissions was based on the use of the COPERT
II methodology, which was developed within the framework of the EU program CORINAIR [11].
The evolution of the relationship: traffic - emissions –
air quality during the decade 1988-98, is examined in a
first step. Furthermore, the relationship traffic – emissions
is examined for the above 4 scenarios: 1998, 2004, 2014,
2014+, and a qualitative and semi-quantitative prediction
is made for the expected air quality levels.
RESULTS AND DISCUSSION
The temporal evolution of the traffic pollutant emissions and concentrations in the Egnatia street link (the main
road connecting the Dimokratias Square crossroads – the
most important crossroads of the city - with the rest of the
city centre) during 1988-98 is presented in Tables 1 and 2.
The CO concentrations decrease (65%) reflects directly
the CO emissions decrease (69%) due to the passenger
cars renewal by new technology cars equipped with threeway catalytic converters: 40% in 1998 versus 0% in 1988.
The duplication of the vehicle fleet (and the resulting
traffic volume increase) is a more determinant factor than
the fleet renewal for the NO2 and NOx emissions and
concentrations, which present a stabilization of their levels during the decade. The SO 2 emissions` slight decrease
does not explain the concentrations` very important decrease: the quality improvement of fuel used in traffic,
industry and domestic heating contribute additionally to
the observed SO 2 level amelioration. The TPM emissions`
important decrease (56%) is not reflected directly to the
TSP concentrations` decrease (35%), because the fleet
duplication is a very important factor through the phenomenon of particles` re-suspension caused by the vehicle
traffic. The VOC concentrations are not yet among the
monitored pollutants, but their importance obliges to
study them at least on the emission level.

Scenario 2014. The basic proposals, in addition to
those of the 2004 scenario, include the construc-tion
of the 3.5 km underwater tunnel for the bypass of the
city centre, the construction of four tunnels in the
city, the two new metro lines connecting the basic
line with the western and the eastern part of the city.
Scenario 2014+. The basic proposals, in addition
to those of the two previous scenarios, include the
extension of the underwater tunnel, the construction of a bridge over the city bay, a third metro line
towards the industrial zone [11].
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TABLE 1 - Temporal evolution of traffic emissions
of CO, NOx, VOC, SO2 and TPM (gr/Km/h) in the
Egnatia street of the Dimokratias Square crossroads.

1988
1998

CO
89996
27946,4

NO x
6883
6587,8

SO2
164,0
133,6

VOC
14279
8360,9

TPM
459,7
201,3

TABLE 2 - Temporal evolution of concentrations
of CO (mg/m3), NO2, SO2 and TSP (µg/m3) in the
Dimokratias Square crossroads (near the Egnatia street).

1988
1998

CO
5,7
2,0

NO2
92
83

SO2
86
27

TSP
293
191
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The peak traffic volume and the vehicle speed for the
examined traffic scenarios in the 5 street links of Thessaloniki urban area are presented in Tables 3 and 4, respectively. A significant decrease of peak traffic volume is
expected for the scenario 2014+ for the most important
street links and especially in West and East part of the
urban area (KOR and MAR). An increase of the vehicle
speed (strongly related to the traffic volume) is expected
mainly after the year 2014 in West and East Thessaloniki.
TABLE 3 - Peak traffic volume (passenger car units/hour)
in 5 street links of Thessaloniki for various traffic scenarios.

2004
1485
3867
4234
654
550

2014
1644
4210
4567
712
380

2014+
945
3705
3911
718
372

The VOC emissions (Figure 3) present an important
decrease totally in the urban area but only after 2014. This
could be attributed mainly to the temporal increase of the
new technology passenger cars leading to the increase of
aromatic hydrocarbon emissions (due to the aromatic content of unleaded gasoline). Traffic interventions are slightly
sufficient for VOC decrease and hence, further improvement of fuel quality is needed in order to fulfil the EC standards in the future, given the fact that benzene concentrations are seemingly over the limits today [16-19].
NOx emissions (gr/Km/h)

KOR
DIM
EGN
SOP
MAR

1998
1764
4184
4458
699
1343

the temporal amelioration of the traffic volume and the
improvement of vehicle speed caused by applied interventions according to each scenario. The NO2 concentrations
are expected to have a similar trend and fulfil the EC
standards in the future, taking into consideration that their
levels today are above the new EC limits [16-19].

TABLE 4 - Vehicle speed (Km/h) in 5 street links
of Thessaloniki for various traffic scenarios.

KOR
DIM
EGN
SOP
MAR

1998
54,7
40,1
37,3
22,6
38,1

2004
54,9
32,2
28,2
24,3
40,5

2014
54,9
36,4
33
23,3
42,8

2014+
55
38
34,8
22
42,8

DIM
MAR

EGN

4000
2000
0
2004

2014

2014+

FIGURE 2 - NOx traffic emissions in 5 street links
of Thessaloniki for various traffic scenarios.

VOC emissions (gr/Km/h)

CO emissions (gr/Km/h)

KOR
SOP

DIM
MAR

6000

1998

The CO emissions (Figure 1) are expected to present
a very important decrease in all the streets of the study
urban area during the scenario 2014 and later, mainly due
to the change of the passenger car composition (100% of
the cars will be equipped with catalytic converters). Consequently, the CO concentrations will remain below the
EC air quality standards of today [16, 17].
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FIGURE 3 - VOC traffic emissions in 5 street links
of Thessaloniki for various traffic scenarios.

20000
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The SO2 emissions (Figure 4) are expected to present
a considerable decrease in the urban area of Thessaloniki
mainly for the scenario 2014+, due to the improvement of
vehicle speed expected for this scenario. Consequently,
the SO2 concentrations will remain below the EC air quality standards of today [16, 17].

0
1998

2004

2014

2014+

FIGURE 1 - CO traffic emissions in 5 street links
of Thessaloniki for various traffic scenarios.

The NOx emissions (Figure 2) show a continuous
temporal decrease as a whole in the urban area during all
the scenarios and mainly after 2014, due considerably to

The TPM emissions (Figure 5) show a continuous
temporal decrease in all the streets of the urban area during all the scenarios and mainly after 2014, due consid-
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SO2 emissions (gr/Km/h)

erably to the amelioration of the traffic volume and the
improvement of vehicle speed caused by interventions
applied according to each scenario. The concentrations of
the suspended particulates are expected to have a similar
trend and fulfil the EC standards in the future, taking into
consideration that their levels today are above the new EC
limits [16,17].
KOR
SOP

200

DIM
MAR

EGN

Also, the VOC and SO 2 emissions will present a considerable decrease, but only after the year 2014, an evolution
related to the temporal increase of the new technology
passenger cars and the improvement of vehicle speed,
and, hence, further improvement of fuel quality is needed
in order to have a better evolution of the emissions of
these pollutants. The concentrations of the examined
pollutants are expected to have similar trends and fulfil
the new EC standards in the future.
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FIGURE 5 - TPM traffic emissions in 5 street links
of Thessaloniki for various traffic scenarios.

CONCLUSION
The existing and expected temporal evolution of the
air pollutant emissions and concentrations resulting from
the vehicle traffic in the urban area of Thessaloniki has
been examined using traffic modelling methodology. The
CO, SO2, TSP temporal decrease and the NO2 stabilization of their calculated emissions are in good agreement
with their temporal concentrations evolution measured
during the decade 1988-98. According to the four discrete
traffic scenarios, which have been developed for the following target years: a) 1998 (base year scenario), b) 2004,
c) 2014 and d) 2014+, it has been concluded that the CO,
NOx and TPM emissions will present a very important
decrease in all the streets of the urban study area during
all the scenarios and mainly during the scenario 2014 and
later, due essentially to the change of the passenger car
composition, the temporal amelioration of the traffic
volume and the improvement of vehicle speed caused by
the applied interventions according to each scenario.
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PM 10 CONCENTRATIONS IN THE URBAN AREA
OF THESSALONIKI, GREECE
M.I. Petrakakis*, A.G. Kelessis*, N.M. Zoumakis** and F.K. Vosniakos**
* Environmental Department, Municipality of Thessaloniki, Paparigopoulou 7, Thessaloniki 54630, Greece.
**Laboratory of Atmospheric Physics, Technological Education Institute (T.E.I.) of Thessaloniki, P.O.Box 14561, Sindos 54101, Thessaloniki, Greece.

INTRODUCTION

SUMMARY
This study reports systematic ambient PM10 measurements at the Municipal Air Quality Network of Thessaloniki, from 1989 to 2000. PM10 concentrations were
measured by two different methods, the beta-gauge principle and the tapered element oscillating microbalance
method. The correlation between the two daily PM10 concentrations (derived from the above two methods) was
very good, at the commercial city center. The measurements show a significant decrease in the PM10 concentrations throughout the entire reference period, while pollution roses appear to be a factor that helps to explain shortterm variables in airborne particulate concentrations. The
daily relative frequency distribution of PM10 concentrations show that the proposed mean daily air quality standard of the European Union is considerably exceeded, in
the urban area of the city.

KEYWORDS: PM10 concentration, beta-gauge principle, tapered
element oscillating microbalance (TEOM) method, pollution roses,
EU air quality standard.

In the last few years there is a growing concern for
the contribution of the PM10 concentrations (breathable
particulate matter with an aerodynamic diameter of less
than 10µm) to health effects. The occurrence of elevated
PM10 concentrations is attributed mainly to automobiles
(exhaust emissions, emissions of resuspended road dust),
industries (cement fabrication, mineral dust, waste incineration) and other sources such as combustion of biomass
and chemical transformation of gaseous precursors (secondary atmospheric particles).
Urban networks of air quality monitoring stations are
usually built up for continuous measurements of air pollutants. A comprehensive network of five air quality
monitoring stations has been established and operated by
the Environmental Department of Municipality of Thessaloniki, since 1989 (Figure 1), for monitoring the levels of
air pollutants [1]. The network consists of one station in
the commercial city center (B -with heavy traffic), three
stations at residential areas (L, M, T, - with moderate
traffic) and one peripheral monitoring station at 174 m
above sea level (E - with low traffic).

RURAL AREA

T

5
E

URBAN AREA
4
L

B

BAY OF THESSALONIKI

FIGURE 1 - Map of the Municipal Air Quality Network of Thessaloniki (Urban and rural areas are indicated with special symbols).
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Thessaloniki (with population of 1,000,000) is located in a basin of approximately 200 km2 surface area in
Northern Greece (40.5 oN, 22.9 oE), with fairly high mountains on ENE side (Mount Hortiatis), with nearly flat
terrain on the west side and the sea on the south. Most of
the industrial activities are located to the NW of the city
[2]. The climate of Thessaloniki is Mediterranean with
hot dry summers and wet mild winters. The average daily
winter and summer temperatures are 7.0 oC and 25.3 oC,
respectively.
MATERIALS AND METHODS
The PM10 concentrations used in this study have been
measured during the period 1989-2000, at four stations of
the municipal air quality monitoring network [1]. The
beta-gauge principle and the tapered element oscillating
microbalance method are used for continuous measuring
of the PM10 concentrations. All analyzers (supplied with a
PM10 sampling head) are being calibrated regularly using
calibration units provided by the manufacturers of the
analyzers (reference gauges, pre-weighted calibration
filters, mass flow controllers).
RESULTS AND DISCUSSION
The PM10 measurements from the Municipal Air
Quality Network of Thessaloniki show that the maximum
concentrations occur in the city center [1]. The roads in
this area serve as main transit axes through the city and
for that reason traffic density is very high, especially
during rush hours. In order to verify the levels of the PM10
concentrations in the city center, we establish two instru-

ments in the Benizelou monitoring station (B) that measure with different methods the PM10 concentrations (the
beta-gauge principle and the tapered element oscillating
microbalance method).
Figure 2 presents the correlation between the mean
daily PM10 concentrations derived with the beta-gauge
principle, versus the mean daily PM10 concentrations
derived with tapered element oscillating microbalance
method, during the years 1996-2000. Straight line represents the regression equation between the two methods.
The agreement between the two methods was very good
(r=0.96) confirming the existence of high levels of fine
particulate matter in the urban area of the city.
Figure 3 shows the PM10 concentration trends in the
urban region of Thessaloniki during the period 19892000, calculated from the mean daily values, at four stations of the municipal air quality monitoring network. The
PM10 concentration levels tend to decrease, especially in
the commercial city center. These negative trends are
probably due both to changes in anthropogenic sources
such as, the usage of low-sulfur fuels (since fall 1989) in
greater Thessaloniki area and the extended usage of the
new city ring road and also to annual changes in local
dispersion conditions [2-5]. The increase of PM10 concentrations in the east section of the city is probably due to
the increased man’s activities and traffic density in that
area (near the Toumpa (T) monitoring station constructed
one of the junctions of the new ring-road) [1]. The precise
identification and quantification of factors concerning
these trends will be the next difficult step, since variations
in pollution levels may result from the collective effects
of a wide range of influences related to both man-induced
and natural environmental conditions [6-8].

350
y = 0.9841x + 5.87
R 2 = 0.925

-3

PM10 Concentration -

TEOM principle (µg m )

300
250
200
150
100
50
0
0

50

100

150

200

250

300

350

-3

PM10 Concentration - BETA principle (µg m )

FIGURE 2 - The mean daily PM10 concentrations derived with the beta-gauge principle versus the mean daily PM10
concentrations derived with tapered element oscillating microbalance method, in the commercial center of the city.
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FIGURE 3 - The PM10 concentration trends in the city of Thessaloniki during the period 1989-2000, calculated
from the mean daily values (in µg m-3) at four stations of the municipal air quality monitoring network.

Figure 4 shows the pollution roses of the PM10 concentrations at four monitoring stations of the municipal air
quality monitoring network and the wind roses at two
measuring sites, the city center and the peripheral monitoring station (E). Pollution roses of the PM10 concentrations present the 95th percentile (p 95% - calculated from
the mean hourly values, in µg m-3) as a function of the
wind direction, for each 10o vector, at four monitoring
stations in the city of Thessaloniki. Outer circle represents
the concentration of 200µg m-3. White (dashed line) and
black (straight line) areas represent the diurnal and nocturnal concentrations, respectively, while grey areas correspond to both daily and night values. Wind roses present the percentage of frequency distributions of surface
wind as a function of the four main wind directions.
Figure 4 shows that PM10 concentrations and wind direction patterns have rather similar shape in Thessaloniki
area. From the wind roses it is clear, that the predominance
of the north sector winds (due to the existence of the regional Eastern Mediterranean weather patterns) result in
local strong north winds in the winter and Etesians in the
summer. During the day the prevailing wind direction is
NW in the winter period. However, during the midday
hours, the prevailing wind direction is SW-SE in the warm
period of the year, due to the sea-breeze cell, especially at
the coastal meteorological monitoring station in the city
center [1,7,9]. An additional local cell is established in the
mountain Hortiatis (which is located on E-NE side of the
city) with the prevailing direction being NE. Light winds
(0 - 0.5 msec-1) occur 25-30% every year and thus their contribution to high air pollutants concentration is significant.

Figure 4 also demonstrates the close coincidence of
high PM10 concentration levels with the frequency of
northwesterly and southwesterly circulation in all monitoring stations. The high northwesterly concentrations are
mainly due to industries (cement fabrication, fertilizer
plant, mineral dust), which are located to the north and
northwest of the city. Another possible reason for these
concentrations may be the resuspension of soil particles
from this area. The high southwesterly PM10 concentration levels are mainly due to traffic emissions and local
topographical and meteorological conditions (sea-land
breeze and nocturnal inversions). Pollution/wind-roses
indicate that the Thessaloniki bay acts as a large reservoir
of air pollutants, which are collected with land breeze
(mainly during the night) and advected back during the
sea-breeze hours, participating in transport and transformation processes on the next day.
Thus, multiple passages of the same air mass over urban and coastal emission sources can lead to the accumulation of pollutants. Relatively increased nocturnal PM10
concentrations from northeast can be observed, as a result
of the same reasons (land breeze, low inversions), especially at the elevated peripheral monitoring station (E),
due to less contribution of urban landscape. The southeasterly PM10 concentrations are probably due to traffic
emissions and moderate and low winds, which often blow
from this direction. Thus, pollution roses appear to be a
factor that helps to explain short-term variables in airborne particulate concentrations.
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FIGURE 5 - The daily relative frequency distribution of PM10 concentrations in
the city center and the peripheral monitoring station during the period 1989-2000.

Figure 5 shows the daily relative frequency distribution
of PM10 concentrations in the city center and the peripheral
monitoring station during the period 1989-2000. We select
to present the data from those two measuring sites, because
in the city center the maximum PM10 concentrations (heavy
traffic) occur, and at the peripheral monitoring station, the
minimum urban values (low traffic).
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SUMMARY
In this study, the gypsum formation in carbonate
stone by air pollutants has been investigated. The mineralogical composition (x-ray powder diffraction analysis)
and texture (optical microscopy research of thin sections)
of samples taken from the unsheltered surfaces of 13 historical buildings of different ages in various parts of Sivas
have been examined. The gypsum formation on polluted
surfaces has been caused and influenced by the polluted
atmosphere of Sivas city, high relative humidity, the age
of the buildings and stone characteristics.

stones. SO 2 and SO4 are the most significant deteriorative
substances for building materials. The most significant
sign of the deterioration of building stones by pollutants is
the formation of sulphated black crusts. SO 2 causes gypsum
formation on the deteriorated surfaces [11]:
CaCO3 + SO2 + ½ O2
CaCO3 + H2SO4

CaSO4 + CO2
CaSO4 + CO2 + H2O

In addition, it is said that NOx causes the deterioration of
stone in cities where photochemical pollution occurs [12].
KEYWORDS: Air pollution in urban areas, the deterioration of
carbonate stone, monuments.

In this context, the effect of air pollution on monuments in Sivas was investigated. Stone samples from
monuments of different ages were examined by laboratory methods and the deteriorative effects of pollutants on
the monuments in the city atmosphere were determined.

INTRODUCTION
Air pollutants in high concentrations in industrial and
urban regions cause many environmental problems. One
of these problems is the destruction of monuments of
historical importance. Our aim was to determine the effects of pollutants on carbonate stones in Sivas.
Since all the parameters that play a role in the deterioration of the building materials reflect a complex
structure and are highly changeable, it is generally
difficult to determine the deterioration behaviour of
such a natural material. However, the results on this
subject establish the fact that the combination of different types of pollutants, stone characteristics, climatic conditions, microbiological factors, catalysts
like metal oxides, clay minerals, SO 2 , NO x and the
presence of organic materials play an important role in
the deterioration of building materials [1-10]. The
particles and gas pollutants in the city atmosphere accelerate the velocity of the deterioration process in building

MONUMENTS AND SAMPLING
The main part of the monuments studied in Sivas have
been built at various ages (the oldest in 13th century). Limestone and travertine have been used as building materials.
Certainly, this material is taken from the local quarry. The
monuments, which are built with carbonate stones, are
located mostly in the center, but also in the peripheral parts
of the city, where they are affected by the high pollution
rates, which is especially in the city center (Fig. 1).
The samples have been taken from the unsheltered surface of 11 historical monuments built in 12th to 18th century, but also two samples 12 and 13 have been chosen
from houses built in the 20th century (the names and ages
are given in Table 1).
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FIGURE 1 - The location of the monuments in the city, from which the stone samples have been taken.

TABLE 1 - The identification of stone samples.

No

Building

Construction Date

No

Building

Construction Date

1

Ulu Mosque

1197

8

Meydan Turkish Bath

16th century

2

Çifte Minare

1271

9

E. Pasa Turkish Bath

16th century

3

Buruciye Medresesi

1271

10

M. Ali Turkish Bath

16th century

4

Gök Medrese

1271

11

Yigitler Mosque

1794

5

Güdük Minare Mosque

1347

12

Old House 1

20th century

6

Meydan Mosque

1564

13

Old House 2

20th century

7

Aliaga Mosque

1589

AIR POLLUTION IN SIVAS CITY

EXPERIMENTS

High air pollution is originating from the fuel used for
heating systems in Sivas because of cold and humid climate effects and the long-period of winters. In 1990-1991
winter season Sivas evidenced the highest air pollution
amongst all the cities in Turkey with average values of SO 2
and particulate matter of 364 µg/m3 and 234 µg/m3, respectively [13]. According to the data given by the Meteorology
Management, the more increase in rain-fall in spring and
winter, the more increase in the relative humidity. In winter
average temperature decreases to –3 oC, while the relative
humidity reaches 74 %. The average air pollution data of
the city in 1988-96 winter periods are shown in Table 2.

The texture of the stone samples has been investigated
by preparing thin sections and observing them under an
optical microscope. Mineralogical compositions have been
examined by x-ray powder diffraction spectrometry (X-RD).
X-Ray Powder Diffraction Analysis (X-RD): It has been determined by the relative peak values in diffractograms that
the main component of the samples is calcite. Clay minerals, quartz and feldspath have been observed only in some
samples, but in most of the unshel-tered samples gypsum
formation. Especially in the samples taken from the
monuments, which are in the center of the city, the gypsum formation is due to the high air pollution there. However, no gypsum formation was observed in the samples
taken from Ali Aga Mosque, which is also located in the
center, and two younger houses from the 20th century,
eventually caused by rain water washing (Table 3, Fig. 2).
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TABLE 3 - Mineralogical compositions of
unsheltered stone samples analyzed by X-RD.

TABLE 2
The average values of SO2 and particulate matter (PM)
of Sivas City in 1988-1996 winter periods (µg/m3) [13-14].

1988-89
1989-90
1990-91
1991-92
1992-93
1993-94
1994-95
1995-96

SO2

PM

319
326
364
306
317
349
174
128

124
150
234
228
207
230
125
86

No

Composition

No

Composition

1

Calcite, gypsum

8

Calcite, gypsum

2

Calcite, gypsum

9

Calcite, quartz, gypsum

3

Calcite, gypsum

10

Calcite, gypsum

4

Calcite, gypsum

11

Calcite, gypsum

5

Calcite, gypsum

12

Calcite

6

Calcite, quartz, gypsum

13

Calcite, quartz

7

Calcite, feldspath

FIGURE 2 - Diffraction patterns of some unsheltered stone samples (C: calcite, G: gypsum, Q: quartz).
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.
FIGURE 3 - Thin cross sections of some stone samples (a. Ulu Mosque, b. Güdük Minare, c. Gökmedrese, d. Buriciye Medresesi).

Microscopical Analysis

Although the main constituent of the samples investigated by microscopy is calcite, small portions of quartz and
feldspath have been observed additionally in some samples.
A large amount of fossil is seen in the samples. The samples include micropores and channels (Fig. 3). The connection of the micropores and channels observed is of importance since it allows the pollutants to penetrate inside the
stones easily and affect their structure. The calcites have
different grain size and in all samples, micritic and sperry
calcite are found together at various rates. The gypsum,
observed by X-RD analysis, has not been found, since its
quantity was too low for microscopic investigation.

RESULTS AND DISCUSSION
It has been observed that the air pollution caused by
heating systems, cars and other sources as well as metereological conditions negatively affects the main building
materials, limestone and travertine, in Sivas. The effect of
SO2, found in the city atmosphere in high concentration, is
substantial. In addition, it was obvious that particulate
matter and relative humidity in the atmosphere may support
the gypsum formation as stated by Riganti et al. and Keppens [15-16].

The main material of the monuments was CaCO3.
Quartz, feldspath, clay mineral and some opaque minerals
in stone samples were detected only in small quantities
(Table 3).
The gypsum amount is also small throughout the unsheltered surfaces. The reason for this fact, as mentioned
by Thomson [17] and Shuster [18], may be the result of
efficient washing out by rain and erosion. Gypsum has
been usually formed on the outer surface of the stones in
contact with the atmosphere and sometimes washed out
by rain. Gypsum could not been observed in the inner
parts of the stone samples (under the crust) by microscopy
including small amounts in the fraction, channels and
micropores, which are open to atmospheric effects. According to Henricksen [19] the uneven absorption and
deep penetration of SO 2 could be observed at high relative
humidity in porous carbonate stones.
The lack of gypsum in stone samples 12 and 13 (Table 1) from the two houses built in the 20th century support the relationship between the age of the stones and
gypsum formation.
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SUMMARY
It is well established in major and minor urban centers that a major contributor to air pollution is due to the
operation of vehicles. A major undertaking has been under development by a team of researchers with the help of
their students at the Technological Educational Institution
of Thessaloniki to measure vehicle emissions at several
Greek cities. In this paper the measurements in three cities,
Thessaloniki, Preveza and Katerini will be presented. Thessaloniki is the second largest in population in Greece with
about a million inhabitants, while Katerini and Preveza are
smaller cities with about 65000 inhabitants each. Katerini
lies on an important crossroads on the way to Athens from
Thessaloniki, while Preveza is situated at the central western part of Greece on the coast of the Ionian Sea. The
atmospheric pollution in an urban environment poses a
serious problem, since the joint consequences of vehicle
emissions and traffic noise affect dramatically the physical and mental health of the citizens, the quality of life
and services. Exhaust gas data from vehicles were taken
separately for each season of one year, in particular: carbon monoxide (CO), carbon dioxide (CO2), oxygen (O2),
and hydrocarbons (HC) at idle and at 2000 RPM. A set of
sensory measurements has also been acquired, based on
aural, nasal and visual observations on vehicles under test.
In the present paper, a novel emission policy is proposed
for the detection of gross polluting vehicles in the city,
based on sensory observations.

KEYWORDS:
air pollution, car emissions, sensory observations.

INTRODUCTION
Impressive reductions of the various health hazardous
emissions from spark ignition vehicles have been achieved
in the recent twenty years, by catalytic after-treatment of
the exhaust gases and by other ongoing advances in vehicle

technologies. Despite these, the air quality in major cities
has not been improved as could be expected, due to the
following: (i) durability and adequate servicing of the
catalytic systems involved is still not guaranteed, and (ii)
a large portion of running cars are still of the old (precatalytic) technology, thus being prone to considerable
exhaust of their tailpipe pollutants.
Various studies have already shown that a small
number of spark ignition cars have to be blamed for the
bulk of emitted pollutants, e.g. 10% of the cars emit approximately 50% of the carbon monoxide (CO) [1, 2]. So,
placing the onus of action on a small group of people,
namely the manufacturers, is a highly inadequate measure
for an effective reduction of urban pollution levels. This is
particularly true for countries with a still high percentage of
old, non-catalytic vehicles, for example this is about 30 %
in Greece.
The problem of the urban air quality is considerably
aggravated by the transient cold operation of the sparkignition engines, since the vast majority of everyday running cars start their engines within the city boundaries.
The warming-up transient phase has a distinct additional
contribution to the unburnt hydrocarbons (HCs) tailpipe
emissions, as studied in [3]. Still, the bulk of the problem
in the cities of Thessaloniki, Preveza and Katerini is
mainly attributed to the number of cars exhibiting excessive tailpipe emission levels, i.e. exceeding the state upper
levels. Unfortunately, at present most of these vehicles are
left in circulation, escaping the rather stringent control
measures and, interestingly enough, being equipped with
the national Exhaust Gas Control Card (EGCC), in accordance with the state legislation.
In addition, roadside emission control measurements
performed by traffic officers are rather laborious and not
very frequent, thus they do not contribute significantly to
a strict adherence of the car owners to the legislative
upper limits for car emissions. The need of acquiring a
practical tool for easy, quick and successful detection of
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gross polluters has been implemented long ago in the
form of remote sensing of petrol-engine tailpipe emissions [4,5]. Although satisfactory in locating gross polluters, remote sensing has not been widely applied, mainly
due to the high cost of the equipment involved.

(ii) petrol smell: a distinct petrol odour indicates the
presence of large quantities of unburnt HCs, thus
unsatisfactory combustion in the cylinders.
Exhaust gas colour.

(i)

colourless: It indicates no obvious visual malfunction, thus satisfactory engine operation.
(ii) blue colour: It is perceived as a light blue colour of
exhaust gas, typically indicating the burning of lubricating oil at an excessive rate, thus unsatisfactory engine operation.
(iii) white colour: It is perceived as a light or dense
white colour of exhaust gas, similar to that of the
boiling water vapour. For a warm engine it indicates very unsatisfactory combustion (during the
warming up phase of a spark-ignition engine
white-coloured exhaust gas is normally anticipated
and is not alarming, particularly during severely
cold and/or humid atmospheric conditions).

During the past three years researchers from the Department of Vehicles and from the Department of Applied
Sciences in the Technological Educational Institution of
Thessaloniki, with the help of students, have undertaken a
major project on measuring vehicle emissions in several
Greek cities. In this paper the measurements from three
cities, Thessaloniki, Preveza and Katerini, are presented.
Also, a novel detection method to be used as a roadside
filter for the detection of gross polluting petrol cars has
been conceived and tested experimentally. The method is
based on real time simplistic evaluations of sensory observations made in the vicinity of the car, as analysed below.
MATERIALS AND METHODS
Analysis

The following sensory observations can be easily performed in the vicinity of a warm running petrol car at idle:
Tailpipe sound. This sound is generated by the repetitive bursts of the gases exhausted to the atmosphere and is
distinguished as follows:

(i)

normal idling, perceived as a continuous sound of
fairly constant pitch (frequency). This steady rate
of exhaust bursts is regarded to indicate normal
engine operation.
(ii) oscillating idling, perceived as a continuous sound
of abruptly changing frequency. This unsteady rate
of exhaust bursts is regarded to indicate abnormal
engine operation.
Exhaust gas smell.

(i)

no smell: the absence of a distinct odour indicates
absence of large quantities of unburnt HCs, thus
satisfactory combustion in the cylinders.

A brief explanation of the above inferred correlations,
along with the anticipated consequences on the tailpipe
car emissions is given in Table 1, where it can be seen
that in all alarming cases high HCs emissions are expected. This is because all these cases seem to result from
poor combustion in one or more cylinders, irrespectively
of the fact that the causes of partial combustion of the
combustible mixture may be numerous.
It should be emphasized that the underlying explanatory scheme in Table 1 is rather incomplete and simplistic.
Indeed, Table 1 reflects some consolidated clues deriving
from both theoretical analysis and practical experience and
addressing the rather complex interrelation of exhaust gas
composition and petrol engine operation at idle, the latter
being perceived only with sensory observations. It should
be also stressed that no reliable clues of the CO tailpipe
emissions could be extracted from sensory observations
alone. This is because CO is odourless and colourless.
Besides, its presence in the exhaust gas is influenced by the
ratio ? according to the following equations:
CO (%) = 41.9 (1 – ?)

when ? < 1

CO (%) < 0.5

when ? > 1

TABLE 1
Clues for emission levels of a petrol car derived by a simplistic evaluation of aural, nasal and visual sensory observations.

SENSORY
OBSERVATION
TAILPIPE
SOUND
GAS
SMELL
GAS
COLOUR

DISTINCTION
-constant pitch
-oscillating pitch
-operation cease
-no smell
-petrol smell
-colourless
-blue
-white

INDICATION OF:
-satisfactory combustion
-unsatisfactory combustion
-unsatisfactory combustion
-no unburnt HCs
-presence of unburnt HCs
-normal operation
-lubricant oil burning
-poor combustion
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ALARM
NO
YES
YES
NO
YES
NO
YES
YES

ANTICIPATED
CONSEQUENCE
-none
-high HCs
-high HCs
-none
-high HCs
-none
-high HCs
-high HCs
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RESULTS
Five (5) central locations in the city of Thessaloniki,
two (2) locations in Preveza and four (4) locations in
Katerini were chosen, where spark ignition cars were
randomly stopped, with the help of a traffic police officer,
to be subjected in the following tests:
Type A: Sensory observation test - at idle
Type B: Tailpipe gas analysis test - at idle and at 2000 RPM.
A portable gas analyzer measuring CO, HC, CO2 and
O2 concentrations and the ? ratio value has been used. The
tests have been spread daily to cover the time period 8.00
to 24.00 in a uniform manner in all the selected locations.
Measurements have been acquired for 20 consecutive
days in each season and have been repeated to cover all
four seasons during the period 1998-2000. However, the
Type A tests have been performed only on limited vehicles, i.e. approximately 10% of those subjected to Type B
test. Cars subjected to Type A and B tests under warmingup conditions of their engine have been excluded from the
present study (no valid measurements).
The values of CO and HC tailpipe emissions obtained
by the Type B test were subsequently compared with the
respective upper limits allowed by the EEC Directive
92/55, adopted by the 18477/1992 Greek government act
for emission control of spark ignition vehicles. All monitored cars have been distinguished in three categories:
CATEGORY A

older than 1/10/86 – non catalytic

CATEGORY B

after 1/10/86 – non catalytic

CATEGORY C

fitted with 3-way catalytic converter

For each category, the following have been calculated:
HCpass: average unburnt hydrocarbon percentage of
all vehicles exhibiting HC emissions within accepted
limits.
HCno-pass: average unburnt hydrocarbon percentage of
all vehicles exhibiting HC emissions exceeding accepted
limits.

fHC : carbon dioxide contribution factor, defined as:
HCno-pass
fHC = ____________
HCpass

(1)

The physical significance of the fHC factor is that the
average car exceeding HC emission limits pollutes fHC
times more than the average car exhibiting HC emissions
within limits.
?HC : contribution factor for the HC polluters. It has
the following physical meaning: on average, among ?HC
vehicles, there is one vehicle that emits an amount of HC
exhaust gases that is equal to the HC emission of all the
rest ?HC-1 vehicles together.
DetHC, aur : successful aural detection index of HC
polluters, defined as the ratio of the cars with alarmingly
oscillating idling and HC emissions exceeding upper limit
to the total number of cars with HC emissions exceeding
upper limit.
DetHC, nas : successful nasal detection index of HC polluters, defined as the ratio of the cars with alarmingly smelly
gas and HC emissions exceeding upper limit to the total
number of cars with HC emissions exceeding upper limit.
DetHC, vis : successful visual detection index of HC
polluters, defined as the ratio of the cars with alarmingly
blue or white gas and HC emissions exceeding upper limit
to the total number of cars with HC emissions exceeding
upper limit.
The respective indices COpass, COno-pass, fCO, ?CO,
DetCO,aur , DetCO,nas and DetCO, vis for the CO emissions
are defined in a similar manner. All indices defined above
have been derived for both idle and 2000 RPM. In Tables
2a, 2b and 2c it is shown that a large number of catalytic
cars exhibit both HC and CO emissions exceeding legal
limits. This is also depicted in Table 3, where it can be seen
that a catalytic car exceeding emission limits emits roughly
9-14 times more HC and 20-70 times more CO than the
average catalytic car with emissions within limits.

TABLE 2a
Number and percentage of cars exceeding legal emission levels for all valid measurements in Thessaloniki .

VEHICLE
CATEGORY

VALID
MEASUREMENTS

EXCESSIVE
HC
AT IDLE

EXCESSIVE
HC
AT 2000 RPM

EXCESSIVE
CO
AT IDLE

EXCESSIVE
CO
AT 2000 RPM

A

135 (100%)

16 (12%)

15 (11%)

26 (19%)

35 (26%)

B

156 (100%)

23 (15%)

23 (15%)

35 (22%)

42 (27%)

C

423 (100%)

125 (30%)

137(32%)

46 (11%)

85 (20%)
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TABLE 2b
Number and percentage of cars exceeding legal emission levels for all valid measurements in Katerini.

VEHICLE
CATEGORY

VALID
MEASUREMENTS

EXCESSIVE
HC
AT IDLE

EXCESSIVE
HC
AT 2000 RPM

EXCESSIVE
CO
AT IDLE

EXCESSIVE
CO
AT 2000 RPM

A

258 (100%)

44 (17%)

31 (12%)

87 (34%)

98 (40%)

B

181 (100%)

49 (27%)

49 (27%)

55 (30%)

65 (36%)

C

718 (100%)

375 (52%)

407(57%)

133(18%)

243 (34%)

TABLE 2c
Number and percentage of cars exceeding legal emission levels for all valid measurements in Preveza.

VEHICLE
CATEGORY

VALID
MEASUREMENTS

EXCESSIVE
HC
AT IDLE

EXCESSIVE
HC
AT 2000 RPM

EXCESSIVE
CO
AT IDLE

EXCESSIVE
CO
AT 2000 RPM

A

409 (100%)

71 (17%)

56 (14%)

117 (28%)

120 (29%)

B

318 (100%)

75 (24%)

- (-%)

77 (24%)

77 (24%)

C

964 (100%)

351 (36%)

308 (32%)

116 (12%)

201 (21%)

TABLE 3 - Contribution factors for the Thessaloniki measurements
(the respective values for Katerini are shown in brackets and for Preveza in parentheses).

VEHICLE
CATEGORY
A
B
C

fHC
AT IDLE
6.48

[5.16]
(12.5)
3.60
[4.02]
(4.03)
9.51
[14.1]
(7.32)

fCO
AT IDLE
3.78

[5.34]
(4.10)
5.62
[7.91]
(6.38)
72.1
[30.4]
(38.7)

The following observations can be drawn from Tables 2a, 2b, 2c and 3:
• In all categories more vehicles in Katerini are worse
polluters than the corresponding ones in Thessaloniki or Preveza. This could be due to worse maintenance practices in Katerini or due to being older in
age than the corresponding ones in Thessaloniki. It
is especially a striking fact that over 50% of the
catalytic cars in Katerini (category C) have HC
gases that exceed the legal limit!
• The non-catalytic cars (categories A and B) have
much higher CO values than HC values as compared
to the legal limits.
• In contrast, the catalytic cars (category C) have
much higher HC values than CO values as compared
to the legal limits.

fHC
AT 2000 RPM

fCO
AT 2000 RPM

5.80

3.84

[6.39]
(5.27)
3.41
[4.60]
(0)
9.22
[11.6]
(6.13)

[4.55]
(4.45)
4.89
[6.06]
(4.45)
40.2
[19.5]
(28.4)

In Table 4 are shown the average values of the measured pollutants. It can be seen that the non-catalytic cars
(categories A and B) have HC emissions on average below the legal limits (which is 800 for category A and 500
for category B). This does not hold true for the catalytic
cars (category C) that surpass on an average the legal
limit of 60. Again it should be noted that the Katerini cars
show consistently much higher emission values.
Based on the average values in Table 4 one can observe that the average catalytic car in Thessaloniki emits 7
times less CO exhaust gases and 7 times less HC exhaust
gases than the non-catalytic car bought before 1986. In
Katerini the average catalytic car emits 8 times less CO
exhaust gases and 3 times less HC exhaust gases than the
non-catalytic car bought before 1986. Also, the newer
non-catalytic cars (category B) emit about 30% less pollutants than the older non-catalytic cars (category A).
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visual observations could successfully “pinpoint” the noncatalytic cars that exceed the legal limits. Specifically,

The large values of the contribution factors from Table 5 indicate that there are few cars that are the main
contributors to the vehicle pollution. In the non-catalytic
cars there is 1 car out of 7 that pollutes as much as the
other 6 together! Whereas, in the catalytic cars there is 1
car out of 37 that emits CO as much as the other 36 together, and 1 car out of 10 that emits HC as much as the
other 9 together. This could be the result of an improper
operation of the ?-sensor in the catalytic cars that result in
the operation of the engine with inefficient amount of air
(below the stoichiometric value).

§ With the aural observations at idle or alternatively,
with the visual observation of the blue color of the
exhaust gases one can calculate detection indices
from 0.28 to 0.56. In other words, from 3 to 6 “suspicious” non-catalytic cars out of 10 actually emitted
HC exhaust gases above the legal limit.
§ In the case of the catalytic cars there is no sensory
observation that could successfully “pinpoint” the
worst polluters. This is not surprising because of the
following facts: a) the legal limits of pollutants for
the catalytic cars are quite low, and b) a good sensory “picture” of a vehicle does not necessarily
guarantee low emission levels.

Analysis of the sensory detection measurements was
performed only on the Katerini data. With respect to the
sensory detection of gross polluting cars in Katerini, as
can be shown in Table 6, it is noted that the aural and

TABLE 4 - Average values of measured pollutants for all vehicle categories in Thessaloniki
(the respective values in Katerini are shown in brackets and for Preveza in parentheses).

VEHICLE
CATEGORY

HC [ppm]
AT IDLE
556

A

CO [%]
AT IDLE

[601]

2.83

(550)
323

B

[469]

2.35

(391)
71.8

C

[198]
(79.3)

0.37

HC [ppm]
AT 2000 RPM

[4.11]
(3.34)

443

[3.49]
(2.60)

250

CO [%]
AT 2000 RPM

[485]

3.07

[3.96]
(3.59)

[373]

2.36

[3.31]
(2.49)

0.44

[0.51]
(0.33)

(400)
(273)

[0.51]
(0.33)

72.8

[187]
(58.7)

TABLE 5 - Contribution factors of the HC and CO polluters in Thessaloniki
(the respective values in Katerini are shown in brackets and for Preveza in parentheses).

VEHICLE
CATEGORY
A
B
C

?HC
AT IDLE
7.1

[6.4]

?CO
AT IDLE
4.9

(3.0)
4.1

?CO
AT 2000 RPM

6.6

4.6

(4.9)
[5.8]

5.6

(5.1)
9.1

[5.6]

?HC
AT 2000 RPM

[13.5]
(7.4)

[7.2]

4.2

(6.6)
37

[6.6]
(2.8)
[7.5]

5.6

(5.2)
[31]

9.7

(35)

[2.0]
(5.8)

[4.6]

27

(7.4)

[18]
(30)

TABLE 6
Successful detection indices of pollutant HC for all vehicle categories in Katerini.

CATEGORY

DetHC,aur

DetHC,nas

DetHC,vis

A

0.43

0.25

0.56

B

0.28

0.14

0.34

C

0.07

0.09

0.06
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considerably more than the corresponding cars in Thessaloniki and Preveza. This could be due to: a) worse maintenance practices of the cars in Katerini, and b) more cars
that have not adequately warmed up in Katerini.
Sensory qualitative observations could hardly be used
alone as proof for direct enforcement-except for exceptional cases, e.g. very smoky or very noisy tailpipe gas.
The entire set of sensory observations has been compiled
not by a single team. Although all teams have been
trained to make meaningful sensory observations, considerable fluctuations are believed to be present in the data
recorded, due to the highly subjective nature of such an
observation. It should be noted, however, that the sensory
measurements were more successful in Katerini due to,
perhaps, of a greater familiarity of the team members with
such measurements.
These reservations aside, the proposed novel test is a
promising not-resource-intensive detection method for
selecting "suspicious" vehicles to undergo a proper exhaust gas control. The method has been shown to exhibit
an obvious potential as a filter tool for detecting gross
polluters, both non-catalytic and catalytic spark ignition
cars, provided that the team of officers is trained in making meaningful sensory observations. This will hopefully
enable the enforcement agencies to target their efforts
more effectively. Furthermore, police offices could prove
keener in enforcing control measures, because the challenge in winning the bet of catching a polluting car could
act as a strong motivation.
The authors of this paper believe very strongly that
the attainment of the good quality of urban air can be
achieved on a much smaller degree on enforcing lower
and lower exhaust limits on the car engine manufacturers.
Instead, pinpointing and enforcing the law on the worst
car polluters can achieve much easier the goal of a healthy
urban environment.
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MEASUREMENTS OF SULFUR POLLUTANTS
AND VOC CONCENTRATIONS IN THE ATMOSPHERE
OF A SUBURBAN AREA IN GREECE
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*

NCRS “DEMOKRITOS”, Environmental Research Lab., 153 10 Ag. Paraskevi Attikis, Greece
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SUMMARY
Two air pollutants monitoring campaigns were conducted in August and November of 2000, in a suburban
area, near an industrial zone, 70 km away from Athens. The
sulfur species investigated include H2S, CH3SH, COS, CS2
in the concentration range of 0.33-10700 ppb(v), while the
VOCs detected were benzene, toluene, ethylbenzene, m-,
p-, o- xylenes, heptane and octane, in concentrations between 0.05 ppb(v), and 12.07 ppb(v).

esses. Since 80% of man-made emissions come from
petrol-fuelled vehicles, higher levels of benzene are recorded in urban areas. Benzene concentrations are highest
along urban roadsides.
These two classes of air pollutants play an important
role in air quality since:
a) sulfur species lead to the formation of sulfate aerosol and contribute to the acidity of precipitation and
VOCs contribute to the built-up of ground-level
ozone, which causes photochemical smog,
b) some of these compounds (particularly hydrogen
sulfide and benzene) are toxic and/or carcinogenic.

KEYWORDS:
Sulfur species, volatile organic compounds (VOCs), Tenax.

INTRODUCTION
Sulfur compounds constitute a very important class of
atmospheric species, which exhibit significant toxicity
and distinct odorous smells at very low ambient air concentrations (c.a. 2 ppb). Reduced sulfur compounds are
emitted by several industrial plants, such as Kraft mills,
refineries, and other combustion units, that process large
amounts of raw materials containing sulfur compounds.
Most common sulfur compounds that have been monitored in the atmosphere, are sulfur dioxide (SO 2), hydrogen sulfide (H2S), carbonyl sulfide (COS), dimethyl sulfide (DMS), carbon disulfide (CS2), and methyl mercaptan (MeSH).
Volatile Organic Compounds (VOCs) is a class of
primary air pollutants emitted directly to the atmosphere
from petrol evaporation and incomplete combustion, leakage of natural gas from distribution systems and evaporation of solvents, used in paints or industrial degreasing proc-

The primary emission sources of sulfur compounds
and VOCs in the atmosphere are mainly anthropogenic [1].
The rapid increase of anthropogenic activities over the
recent years has resulted in the accumulation of significant amounts of these pollutants in the atmosphere. In
addition, emissions from vegetation is another important
source of atmospheric hydrocarbons [2]. The petroleum
industry (both refineries and distribution including transportation and filling-stations) is one of the major contributors to sulfur and VOC emissions from stationary sources.
Refinery process emissions arise from fuel combustion,
flaring of hydrocarbons, vacuum-system discharges and
fugitive emissions from process units.
These air pollutants may have harmful effects to humans, especially to workers and inhabitants of the area, as
well as to the local ecosystem.
Monitoring and recording of ambient air concentrations of hazardous criteria pollutants is a common international practice for the protection of the atmospheric environment in large industrial plants. In general, more attention was given to criteria pollutants and toxic volatile
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organic compounds (VOCs), while very little attention
was paid to sulfur compounds such as H2S, COS, and
mercaptans. This is mainly due to the fact that sulfur
compounds are very reactive species, and their atmospheric residence times are much shorter than those of
VOCs. The main aim of this work was to simultaneously
record the levels of several reduced sulfur compounds and
VOCs in the atmosphere of a suburban area.

the volatile hydrocarbons were thermally desorbed
(Chrompack thermal desorption unit) from glass tubes
and determined by gas chromatography and FID detection
(Hewlett Packard 5890 GC).
A portable GC (Photovac PE), equipped with a PID
detector was used for the field measurements of the hydrogen sulfide.
The meteorological station of NCSR “DEMOKRITOS” was installed at the sampling location and meteorological data (wind speed, wind direction and temperature)
were recorded.

MATERIALS AND METHODS
Sampling

The measurement campaigns were performed in two
seasons, August and November of 2000, in a suburban
area, near an industrial zone, 70 km away from Athens.
The sampling was carried out every six (6) hours during a
week for both periods.
Air samples were collected in 5-liter Tedlar bags and
transported to the Demokritos analytical laboratory for the
analysis of the reduced sulfur compounds. The time period
between sampling and analysis was reduced to three hours
in order to avoid secondary reactions. The bags were stored
in opaque containers at ambient temperature in order to
minimize exposure to U.V. radiation of the samples.
Furthermore, air samples were passed with the aid of
personal pumps (Gillian) through preconditioned glass
tubes filled with Tenax TA (Chrompack) at flow rates of
about 100 ml/min. The tubes were transferred to the laboratory for VOCs analysis.
Analysis

Reduced sulfur species that were quantified during
the two campaigns included, hydrogen sulfide (H2S),
methyl mercaptan (MeSH) carbon disulfide (CS2) and
carbonyl sulfide (COS). A modified version of EPA
Method 15 (3) was utilized for these measurements. The
analytical procedure for the analysis of the reduced sulfur
compounds was based on cryogenic purge and trap
method, followed by gas chromatographic separation and
flame photometric detection (FPD, Varian 3400), while

RESULTS AND DISCUSSION
Sulfur compounds

The average, maximum, and minimum ambient concentrations of sulfur compounds during the two sampling
periods are presented in Table 1. The higher ambient
concentrations were recorded for methyl mercaptan
(MeSH 0,80 -10700 ppb, mean: 240 ppb) and Hydrogen
sulfide (H2S 0.80-2856 ppb, mean: 57 ppb) while COS
(0.49 –17.1ppb, mean: 1.36 ppb) and CS2 (0.33 –19.8 ppb,
mean: 1.29 ppb) were detected at lower levels. Table 2
presents the fluctuations in the ambient air concentration
of H2S, MeSH, COS and CS2.
Hydrogen sulfide and methyl mercaptan were by far
the dominant compounds identified among the reduced
sulfur compounds (Fig. 1). The highest concentrations of
MeSH and H2S were recorded in the summer period,
while the average ambient concentrations of COS and CS2
revealed no considerable variation (Fig. 1).
The ambient air concentrations of H2S and MeSH species recorded at all sampling sites showed a significant
seasonal fluctuation. The highest concentration of H2S was
recorded at station 3 during the summer period, while the
concentrations recorded at the other sites were much lower.
(Fig. 2). Moreover, a high concentration of H2S was recorded during the winter period at station 4.

TABLE 1 - Statistical analysis of atmospheric concentration of
sulfur compounds at all stations during the summer and winter sampling period.

H2S (ppb/v)

MeSH (ppb/v)

Summer Winter Summer

COS (ppb/v)

CS2 (ppb/v)

Winter

Summer

Winter

Summer

Winter

Average

57

20.1

240

5.00

1.36

2.08

1.29

1.27

Max

2856

636

10700

8.00

17.1

4.32

19.8

3.68

Min

0.80

2.00

0.80

2.00

0.49

0.53

0.41

0.33
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FIGURE 1
Seasonal variation o f mean ambient air concentrations of Sulfur compounds during the sampling period.

TABLE 2 - Mean ambient air concentrations of sulfur compounds
at five sampling sites (St.1, St.2, St.3, St.4, St.5) during the sampling periods.

Station 1
Station 2
Station 3
Station 4
Station 5

H2S (ppb/v)
Summer Winter
2.58
*
3.03
5.00
263
4.29
3.34
37.1
*
10.1

MeSH (ppb/v)
Summer Winter
2.99
*
24.8
3.75
1044
4.14
0.80
4.87
*
4.55

COS (ppb/v)
Summer
Winter
0.97
*
1.01
1.00
2.55
2.18
0.73
2.18
*
2.17

CS2 (ppb/v)
Summer
Winter
0.81
*
0.97
1.31
2.66
1.18
1.01
1.38
*
1.17

* There are no measurements
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Atmospheric concentrations (ppb)

40

37.1

35
30

August

25

November

20
15
10
5
0
Station 1

Station 2

Station 3

Station 4

Station 5

FIGURE 2
Variation of mean ambient air concentrations of H2S the sampling periods.
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The seasonal variations of MeSH concentration for
the five sampling sites are presented in Fig. 3. The highest
MeSH values were observed during the summer at stations 2 and 3, which could be attributed to the operation
of the industrial plant. No significant variation in MeSH
concentration was recorded among the different stations
2-4 during the winter period.
COS concentrations did show considerable variation
in the summer period, except station 3. Atmospheric concentrations of COS were similar during the winter period
at stations 3-5 (Fig. 4), while the average COS atmos-

Moreover, at stations 4 and 5 higher COS values were
observed during the winter period.
CS2 ambient air concentrations were in the same levels, during both the sampling periods at the sampling sites
1, 2, 4 and 5. The average CS2 atmospheric concentration
at station 3 during the summer period was higher than that
observed during the winter.

1044

40

Atmospheric concentrations (ppb)

pheric concentration at station 3 was slightly higher in the
summer period, compared to the concentrations recorded
during the winter.

35
30
25
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20
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15
10
5
0
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FIGURE 3 - Variation of ambient air concentrations of MeSH during the sampling periods.
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FIGURE 4 - Variation of mean ambient air concentrations of COS.
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FIGURE 5 - Seasonal variation of mean ambient air concentratios of CS2.

Volatile Organic Compounds (VOCs)

Table 3 shows that the concentration levels of BTEX
(benzene, toluene, ethylbenzene and xylene) were in the
same order of magnitude during the two campaigns. The
concentration of benzene was lower than the EU-margin
limit of 10 µg/m3 (mean annual value).

TABLE 3
Mean and range values of atmospheric concentrations (µg/m3) of
BTEX on the suburban area during the two measuring campaigns.

Benzene
Toluene
Ethylbenzene
m-,p-Xylene
o-Xylene

The highest BTEX concentrations were observed at
12:00 during the summer and at 18:00 during the winter
campaign (Figs. 6 and 7).

August 18-25, 2000
Mean
Range
0.65
0.22-2.36
2.18
0.08-12.07
0.41
0.07-1.91
1.36
0.14-5.34
0.55
0.07-2.32

November 18-25, 2000
Mean
Range
0.68
0.1-2.60
2.13
0.49-8.77
0.23
0.05-0.83
0.80
0.14-3.15
0.44
0.09-1.72
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FIGURE 6 - Diurnal variation of concentration of BTEX during the summer campaign.
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FIGURE 7 - Diurnal variation of concentration of BTEX during the winter campaign.

CONCLUSIONS
H2S and MeSH were the dominant sulfur compounds
in all stations during the sampling periods. The highest
atmospheric concentrations for H2S and MeSH were obtained during the summer period at station 3, the closest
to the refinery. Moreover, during the summer period (August) high temperature (about 40 0C) and low wind speed
(2.9 m/s) were recorded. High H2S concentrations were
recorded in November at stations 4 and 5. These high ambient air concentrations for H2S and MeSH, mainly due the
operation of the industrial plant, do not show a significant
correlation. In contrast to H2S and MeSH, no significant
variations in COS and CS2 concentrations were observed
among the sampling stations. As it is shown, the industrial
plant has a significant contribution to the atmospheric concentration of H2S and MeSH around the industrial area.
The concentrations of BTEX, which were measured, were
those expected for a suburban area like this.
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SECOTOX & RECETOX
7th Meeting of the Central and Eastern European
Regional Section
TRENDS AND ADVANCES IN ENVIRONMENTAL
CHEMISTRY AND ECOTOXICOLOGY”
October 14 – 16, 2002 Brno, Czech Republic
SECOTOX (SOCIETY OF ECOTOXICOLOGY
AND ENVIRONMENTAL SAFETY) and RECETOX
(Research Centre for Environmental Chemistry and
EcoTOXicology), Masaryk University, Brno, Czech Republic, TOCOEN, s.r.o. Brno, Czech Republic
“Trends and Advances in Environmental Chemistry and Ecotoxicology - The Relationships Between
Environmental Pollutants And Their Biological Effects From The Science And Research To Management And
Legislation”

of methods for the determination of environmental pollutants and the study of environmental processes;
III) Advances and Trends in Ecotoxicology and
Ecological Risk Assessment (Session Chairs: Prof. Dr.
Paul Vasseur, Prof. Dr. Colin Janssen, Dr. Miroslav
Machala)
Studies to further elucidate and quantify the subtle effects of environmental pollutants on humans and wildlife,
mechanisms of harmful effects including molecular modelling of biodegradation, transformation and toxicity
mechanisms; studies of phytotoxic effects of chemicals
and their effects on soil microbial populations and soil
fauna; bioavailability of chemicals in terrestrial and
aquatic ecosystems; advances in toxicity testing; effects
of real environmental mixtures;
IV) Environmental Safety; Environmental Policy,
Regulations, Enforcement (Session Chairs: Prof. Antonius Kettrup, Prof. Dr. Jirí Matoušek)

MEETING OBJECTIVES
The Brno Meeting will have an unofficial motto:
"The environmental chemistry and ecotoxicology of environmental chemicals is a fascinating, multidisciplinary,
active and energetic area of current science". Our common interest will help the development of environmental
chemistry and ecotoxicology in the countries of Central
and Eastern Europe and the New Independent States. For
these reasons we welcome and encourage the participation of experts from around the Globe.
MAIN TOPICS
I) Advances and Trends in Environmental Chemistry (Session Chairs: Prof. Dr. Kevin C. Jones, Prof. Dr.
Michael McLachlan, Prof. Dr. Ivan Holoubek)
More detailed, sophisticated and refined studies on
environmental inter-phase exchange; measurements of the
physicochemical properties of environmental chemicals at
different environmental conditions as a basis for the validation of environmental models; studies on the form,
bioavailability/sequestration and remediation of pollutants
in soils, sediments and ground waters; studies of the environmental fate of traditional and new environmental pollutants; global scale inventories, budgets and models;
measurements vs. modelling - advantages, disadvantages,
limitations;
II) Advances and Trends in Environmental Analytical Chemistry (Session Chairs: Prof. Dr. Harun Parlar, Dr. Anton Kocan, Assoc. Prof. Dr. Aleš Hrdlicka)
Further improvement of analytical methods to identify and quantify new or hitherto unknown compounds,
notably metabolites, stereoisomers and more polar chemicals; development of new methods or new combinations

MEETING PROGRAMME
The 7th Regional SECOTOX Meeting will take place
in the Hotel Santon, Brno, Czech Republic, October 1416, 2002. Platform and poster sessions will provide information on key topics from environmental chemistry
and ecotoxicology. The meeting exhibition will be a suitable platform for contacts with industry, publishers, and
consultants and will inform about new publications, software, products, and services in the fields of environmental
chemistry, ecotoxicology and risk analysis. The abstracts
of all platform and poster presentations will be published
in Symposium Proceedings and selected contributions
will be published in a special issue of the Fresenius Environmental Bulletin.
MEETING VENUE
The Meeting will be held in Brno, a metropolis in
South Moravia. Brno is the second largest city in the
Czech Republic with population of more than 400 000
and it is the administrative, cultural and economic centre
of the region. The Meeting venue is located hotel Santon,
Brno. The official language of the Meeting and the Proceedings is English.
TRAVEL TO BRNO
Brno is located between Prague and Vienna (Austria)
and has convenient connections. By air, daily to Prague or
Vienna and from there by bus or rail to Brno (approximately two and half-hours). By road, Brno is linked by
motorway to Prague and Vienna (about 200 km from
each). Limited connection by air also exists.
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REGISTRATION FEE
The registration fees will be EUR 130 (members),
EUR 150 (nonmembers) and EUR 75 (students).
The registration fee covers published Meeting document, coffee breaks, lunches and invitation to the Welcome party.
ACCOMMODATION
Prices for accommodation in the Hotel Santon (three
stars) is for double room EUR 40 and single room EUR 30.
The price is including breakfast and taxes. The prices are
approximately (in EUR), we are not responsible for currency fluctuations.
KEYNOTE SPEAKERS
Selected keynote speakers will be invited from various countries to present current overview in rapidly
emerging/changing areas of environmental chemistry and
ecotoxicology.

FOR FURTHER DETAILS CONTACT
Prof. Ivan Holoubek, Ph.D.
Chair RECETOX - TOCOEN & Associates
Kamenice 126/3, 625 00 Brno, Czech Republic
Phone: +420 5 47 121 401
Mobil: +420 602 753 138
Fax: +420 5 47 121 431
e-mail: holoubek@recetox.muni.cz;
tocoen@tocoen.cz
http: www.recetox.muni.cz/konference/secotox/
secotox2002.htm
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