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Abstract. Recent studies show that surface ozone levels afl Introduction
rural sites in Greece are generally high when compared with

rural ozone measurements at northern European sites. Th&mospheric ozone plays an important role in the physico-
area of SE Europe, including Greece, is not very well mon-chemical processes of the troposphere but it has also strong
itored regarding rural ozone in comparison to central andgxidant properties, which at certain ambient concentration
northern Europe. In order to have the best possible picturgeyels may cause damages to humans, animals and vegetation
of the rural surface ozone climatology in the area, basedFinlayson-Pitts and Pitts, 1997; Bates, 1994). The problem
on the available data-sets of long-term continuous monitor-f tropospheric ozone has changed dimensions about fifteen
ing stations, the 10-year measurement records (1987-199§jars ago, when it was realized that increased surface ozone
Of the AthenS periphel’al Station Of LiOSSia, (12 km N Of the is not On'y a |Oca| urban prob'em as an a|most g|oba| in_
city center) and the urban background station of Geoponikicrease of surface rural ozone concentrations, especially in the
(3km W) as well as the 4-year record (1996—-1999) of the ru-northern hemisphere, has been observed during the 20th cen-
ral station of Aliartos (100 km NW of Athens), are analyzed tyry, which is attributed primarily to photochemical produc-

in this paper. The data for Liossia and Geoponiki stationstion (Volz and Kley, 1988). In central and northern Europe
are screened for cases of strong airflow from rural areas (N+here are many rural air pollution stations, providing a sat-
NE winds stronger than 5m/s). The variation characteristicSsfactory picture of the spatial distribution of surface ozone
of the average rural ozone afternoon levels (12:00-18:00)¢oncentrations but there are only a few systematic measure-
with the best vertical atmospheric mixing, are mainly ex- ments covering the Mediterranean basin and especially its
amined since these measurements are expected to be repggstern part (Beck and Grennfeld, 1994; Scheel et al., 1997).
sentative of the broader area. In all three stations there ighe high levels of solar irradiation observed in the Mediter-
a characteristic seasonal variation of rural ozone concentrargnean, in combination with the emitted anthropogenic and
tions with lowest winter afternoon values at about&Bm*  piggenic ozone precursors, might favor photochemical ozone
in December—January and average summer afternoon valugtoduction. High surface ozone values have been already
atabout 12Qug/m® in July—August, indicating that high sum- reported at western and central Mediterranean sites in Italy
mer values are observed all over the area. The rural summeynd Spain (Millan et al., 1992; Bonasoni et al., 2000). Con-
afternoon ozone values are very well correlated between thgerning the eastern Mediterranean, several intensive short-
three stations, implying spatial homogeneity all over the aregerm measurements including aircratft flights have been car-
but also temporal homogeneity, since during the 13-year perjed out in Greece, around the urban area of Athens and over
riod 1987-1999 the rural afternoon ozone levels remainedpe Aegean Sea during the past decade, which recorded high
almost constant around the value of J2@/m°. surface ozone values (Kallos, 1995; Ziomas, 1998; PAUR
report, 1998; Kourtidis et al., 2002; Kouvarakis et al., 2002;
Traub et al., 2003; Roelofs et al., 2003). In Greece, few sys-
tematic rural ozone measurements outside the greater Athens
area have been published so far covering time-periods of sev-
eral months to 2-3 years (Kourtidis et al., 1996; Glavas,
Correspondence td?. D. Kalabokas 1999; Kouvarakis et al., 2000). In previous works efforts
(phatmcli@otenet.gr) have taken place to extract the information about rural ozone
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1140 P. D. Kalabokas and C. C. Repapis: Rural surface ozone in central Greece

mwee maes The data of the last two stations (Liossia and Geoponiki)
' T o were screened for cases of strong airflow from rural areas.
For this purpose only measurements under strong northerly
winds (NNW to ENE) with daily mean value greater than
5m/s, were retained for further processing. The strong north-
ern 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. This is a result of a combination of the high-
pressure system over the Balkan peninsula and the low pres-
sure system over the middle-east. The resulting winds, called
1 o “Etesians” (annual) winds, affect most of the area covered by
' the Aegean Sea (Repapis et al., 1977).
1 woo The rural station of Aliartos is located in the Copais plain,
at an altitude of 110 m above sea level. Continuous ozone
s measurements started in 1996. The station is operated by the
Ministry of the Environment to monitor background pollu-
e tion (EMEP project). In addition to the continuous ozone
measurements in Aliartos there is also a several year record
of manual measurements of nitrogen dioxide on a 24-hour
& “*‘*“- ST basis measured by a wet chemical method (MinEnv report,
2000). The ozone measurements are made by a commer-

. ) . ! : cial analyser and average values are recorded every hour.
Fig. 1. Map of Fhe area mclt_Jdlng the rural statlon_of Aliartos and Between Athens and Aliartos there is a topographic barrier
the Athens basin with elevation contours at 200m intervals. The lo- . . .
cations of the Liossia and Geoponiki stations in the Athens basin ar€°Mposed of several mountains (Fig. 1) and the SE winds
marked with a black cycle and a triangle respectively. ResidentiaWhich could possibly transport polluted air from Athens to
areas are indicated by stippling. Aliartos are very rare.

The station in Liossia, where the highest ozone values in

the Athens network are recorded, is operated by the Ministry
levels around the city of Athens based on the measurementsf the Environment and has monitored ozone continuously
of the Athens urban peripheral stations. The analysis of sevsince 1987 until 1997, when the Ministry of the Environ-
eral years ozone records show that the rural ozone levels sument was obliged to relocate the station. In this work the
rounding the Athens basin are significantly higher than val-complete ozone data-set obtained during the 10 years of op-
ues in northern Europe and the Atlantic ocean (Kalabokaseration (1987—1996) is examined. The station of Geoponiki
et al., 1996; Kalabokas and Bartzis, 1998; Kalabokas et al.is also operated by the Ministry of the Environment and has
2000; Kalabokas, 2001). In this work, in order to have the monitored ozone continuously since 1987. This station is lo-
best possible picture of the rural surface ozone climatology incated at the campus of the Agricultural University of Athens
the area, based on the available data-sets of long-term contirand it is not influenced from direct NGmissions of car ex-
uous monitoring stations, the 10-year measurement recordsausts in its vicinity and therefore can be considered as an
of the rural ozone values obtained at an Athens peripheralirban background station. The same 10-year period record
station, an urban background station and a rural station 10{1987-1996) of ozone and N@nheasurements was examined
cated about 100 km NW (4-year record), are systematicallyfor Geoponiki and for Liossia. The ozone and Nf@easure-
analysed. The diurnal, seasonal and interannual rural ozonments at both Athens stations, are made by using automatic
variations in the area were examined. commercial analysers and the values are recorded every one

hour.

< 3
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2 Methodology

3 Results
The analysis is mainly based on the following surface ozone
records: a) the continuous 4-year (1996—1999) data-set of thin Fig. 2 the average monthly values of rural ozone at Aliar-
rural station of Aliartos located about 100 km NW of Athens tos for the examined 4-year period (1996-1999) are pre-
(Fig. 1), b) the 10-year ozone record (1987-1996) of the pessented, showing a characteristic seasonal variation with sum-
ripheral station of Liossia, located at the northern edge ofmer values being almost double (at Z§m®) than win-
the urban agglomeration (12km from the city center) andter concentrations. The seasonal variation of the daily
c) the 10-year ozone record (1987-1996) of the urban backmean ozone 75th percentiles are also shown, which, from
ground station of Geoponiki (3 km west of the city center). May to August, remain constant at 8§/m°. The daily

Atmos. Chem. Phys., 4, 1139-1147, 2004 www.atmos-chem-phys.org/acp/4/1139/
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Fig. 2. Seasonal variation of average (bold line), 75th percentile Fig. 4. Seasonal variation of 6h rural afternoon (12:00-18:00) av-
(dashed line) ozone and daily mean N(@olid line) at Aliartos for ~ erage (solid line) and 75 percentile (dashed line) ozone at Aliartos
1996-1999. for 1996-1999.
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Concentration (ug/m3)

T T
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Fig. 3. Diurnal variation for July-August rural ozone at Aliartos Fig. 5. Seasonal variation of 6h rural afternoon (12:00-18:00)

(dashed line, 1996-1999), Liossia (bold line) and Geoponiki (solidozone average (bold line), 75th percentile (dashed line) and average

line) for 1987—1996 (only days with north winds and average daily NO> (solid line) at Liossia for 1987-1996 (only days with north
wind speeds-5 m/s were included for the last two stations). winds and average daily wind spees&m/s were included).

average NQ@levels (measured as 24-hour averages) at Aliar-ment of ozone in the afternoon levels (12:00-18:00) in all
tos remain constant throughout the year at low levels, aboustations, especially between Geoponiki and Liossia, which
5ug/mé, which is typical for other rural European sites dispose exactly the same 10-year measurement record. This
(Beck and Grennfeld, 1994; Scheel et al., 1997). time-period of the day exhibits the best vertical mixing of air
Because of the fact that the summer period is the mosimasses in the boundary layer and also the maximum photo-
important for surface ozone production, the diurnal ozonechemistry. Due to the similar levels of the rural afternoon
profile of the rural station of Aliartos together with the pro- (12:00-18:00) ozone values combined with the fact that the
files of the Athens peripheral station of Liossia and the ur-maximum daily values appear during this time-period, a cli-
ban background station of Geoponiki for the typical sum- matological examination of the average ozone values of this
mer months of July and August are presented in Fig. 3. Aperiod of the day in the three stations is performed in the
strong diurnal variation is observed for Aliartos, with the following Figs. 4,5 and 6.
afternoon values being almost 3 times higher than the noc- For the rural station of Aliartos, the seasonal variation
turnal ones. This sharp contrast of ozone between day andf the July—August ozone afternoon levels is presented in
night in Aliartos is likely to be attributed almost exclusively Fig. 4. The shape of the seasonal variation curve of the
to physical processes (ozone destruction by dry depositiorafternoon values is similar with that of the daily average
enhanced by the nocturnal inversion), because the influencealues (Fig. 2) but the concentrations range at significantly
of the chemistry is expected to be minimal as the nitrogenhigher levels (55.g/m® in winter to 120.g/m?® in summer).
oxides concentrations at the site are low in order to destroyit is also remarkable that from April to September the 75-
sufficient ozone quantities (Fig. 2). Despite the importantpercentiles exceed the 14@/m? level, which is the EU stan-
differences in the nocturnal levels there is a very good agreedard for human health protection (EU Directive 92/72/EEC).

www.atmos-chem-phys.org/acp/4/1139/ Atmos. Chem. Phys., 4, 1139-1147, 2004
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Fig. 6. Seasonal variation of 6h rural afternoon (12:00-18:00) Fig. 8. Correlation of 6h average rural afternoon ozone levels
ozone average (bold line), 75th percentile (dashed line) and aver¢12:00-18:00) of the warm period (April-September) 1996 between
age NG (solid line) at Geoponiki for 1987-1996 (only days with Aliartos and Liossia under strong winds (WS m/s).

north winds and average daily wind speedSm/s were included).

300 the common year of operation for all three stations. The 6-
. ooV hour mean rural afternoon (12:00-18:00) ozone values of the

01 . warm period of the year (April-September) of the rural sta-

200 - . tion of Aliartos have been correlated with the corresponding

ozone values at the two Athens stations. In Fig. 7 the scatter-
plot diagram of the 6-hour average rural afternoon (12:00-
18:00) ozone levels of the period April-September 1996 be-
tween Aliartos and Liossia (urban peripheral) are presented
(all days were included). As shown the correlation is not
0 ; ; ; ; ; good especially in the region of high values. The highest
0 % 100 190 20 20 %00 values at Aliartos are around 15@/m? while at Liossia are
approaching 302.g/m*, which is due to the influence of the
Fig. 7. Correlation of 6h average rural afternoon ozone levels urban area, Wh_en the site is downwind of Athens. As a re-
(12:00-18:00) of the warm period (April-September) 1996 betweenSUIt the_ correlatlon_ IS not very strong R0.33). IT only the
Aliartos and Liossia. days with strong winds-5 m/s in the Athens basin are taken
into account (Fig. 8), then the shape of the scatter plot dia-
gram changes significantly. The range of values in both sta-
Figures 5 and 6 show the seasonal variation of the rural aftions becomes exactly the same, and the correlation improves
ternoon ozone (12:00-18:00) measurements at Liossia ansignificantly (R=0.69). The above observation means that
Geoponiki respectively (only observations for days with val- the rural ozone values are quite uniform in the area and that
ues selected under strong northerly winds), which in generainder selected meteorological conditions (strong northerly
seems to be similar with the corresponding rural ozone seawinds) the rural ozone levels of the area surrounding Athens
sonal curve at Aliartos (Fig. 4). The rural ozone seasonakan be monitored at the peripheral station of Liossia. Very
variation at Liossia shows a minor maximum in May and similar findings are observed if a correlation between the ur-
a major maximum in August, while at Geoponiki there is ban background station of Geoponiki and the rural station
a summer maximum in July. Nevertheless these little dif-of Aliartos is attempted. If all values are taken into account
ferences do not affect the general outlook of good correla{Fig. 9) the poor correlation @&0.37) is equivalent with that
tions between the seasonal variation curves in all three stabetween Liossia and Aliartos (Fig. 7). In the case of strong
tions. The average rural ozone levels in July and August inwinds (Fig. 10) the significantly improved correlation coin-
both Athens stations exceed the EU health protection staneides exactly (R=0.69) with the corresponding one between
dard (11Qug/m?3, 8-hour average), like in Aliartos. It has to Liossia and Aliartos (Fig. 8), which clearly reinforces the
be added also that especially for July and August with theabove remarks about the uniformity of rural ozone values in
highest frequency of strong northerly winds, the summer af-the area and indicating that under strong northerly winds the
ternoon Q levels (Kley et al., 1994) are equivalent at both rural ozone levels can be monitored by these two stations in
Athens stations Geoponiki and Liossia (Figs. 5 and 6). the Athens basin, since they give comparable results with the
In order to have a better picture of the spatial homogene+rural station of Aliartos.
ity of rural afternoon ozone, a more detailed investigation on Based on the results of the previous paragraph, an ex-
a daily basis has been carried out based on the year 199@mination of the evolution of the rural ozone levels in the

M o
- .
180 F----mmmmmmmmmm ooty S R,

100 1

Concentration (ug/m3) - Liossia

50 1

Concentration (ug/m3) - Aliartos
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Fig. 9. Correlation of 6h average rural afternoon ozone levels Fig. 11. Evolution of July—August rural afternoon (12:00-18:00)

(12:00-18:00) of the warm period (April-September) 1996 betweenozone levels at Aliartos (gray), Liossia (black) and Geoponiki

Aliartos and Geoponiki. (white) for 1987-1999 (only days with north winds and W5m/s
were considered for the last two stations).
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Fig. 12. Diurnal variation for July of the urban (south winds, black)
and rural (strong north winds, gray) ozone in Athens for 1987-1996
(Liossia: solid line. Geoponiki: dashed line).

Fig. 10. Correlation of 6 h average rural afternoon ozone levels
(12:00-18:00) of the warm period (April-September) 1996 between
Aliartos and Geoponiki under strong winds (W5m/s).

urnal curve occurs at 13:00 in Geoponiki and at 14:00-15:00

area during the 13-year period (1987-1999) is attempted. Ifn | jossia while the rural ozone diurnal maximum occurs at
must be reminded that the first systematic long-term mea17:00 in both stations. From the population exposure point
surements of ozone in Greece started in the Athens basin igf view it is remarkable to observe that the 10-year climato-
1987. It seems that the situation remained practically unjpgical average of urban ozone for the hours 14:00-15:00 at
changed during the afternoon hours in July—August, which is12 km downwind of Athens (at Liossia) is greater than the
the most important period regarding the violations of the air180,,g/m® EU population warning threshold. For the ur-
quality standards. It comes out that the rural afternoon conhan background station of Geoponiki the diurnal July max-
centrations for July—August remain around (2gnPinthe  jmum is about 16%g/m? and occurs 1-2 h earlier than in
three examined stations (Fig. 11) during the 13-year period| jossia. This difference can be explained by the fact that
when 3 or 4-year ozone averages are taken in order to Smooteoponiki lies about half way from the coast than Liossia
the year to year meteorological variability. (Fig. 1) and the available time for photochemical reactions

In Fig. 12 the diurnal variations of the urban (under southin the air mass arriving at the site is shorter. The develop-
winds) and rural (under strong north winds) ozone at Lios-ment of sea breeze under weak pressure patterns as southern
sia and Geoponiki are presented for July, the typical sum-circulation in July occurs for about 25% of the time and is as-
mer month. The ozone diurnal course of these two sectorsociated with high pollution levels. It must be finally added
shows different characteristics. At first, the diurnal variation that in Athens during the months of July and August there
is much more intense for the urban ozone than for the ruraljs almost always sunny weather. The 14-year (1984-1997)
which reflects the differences of the ozone produced in-situaverage of monthly sunshine duration in Athens is-BZ8
being significantly greater in the case of urban ozone. An-and 3515 h for July and August respectively corresponding
other difference is that the maximum in the urban ozone di-to 12 h (July) and 11.3 h (August) daily sunshine duration.

www.atmos-chem-phys.org/acp/4/1139/ Atmos. Chem. Phys., 4, 1139-1147, 2004
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4 Discussion were extracted from fewer days than the corresponding val-
ues of July and August due to the different distribution of
The average monthly concentrations of rural ozone ang NO strong northerly winds, which are more frequent in late sum-
at Aliartos (Fig. 2) as well as their seasonal variation patternmer (Repapis et al., 1977). It must be reminded that for the
seem to be similar with results obtained at central Europeamverages in Aliartos all values were included, which leads to
stations. The characteristic of the high summer values besmoother seasonal variation curves.
ing at the same level with the spring maximum is an indica- It is remarkable that in rural air the EU standard for hu-
tion that the photochemical production of ozone on regionalman health protection (130g/m°, 8-hour average) can be
scale, following the emissions of the man-made ozone prefrequently exceeded during almost all the warm period of the
cursors, is the determining factor in the tropospheric ozoneyear, (the 6-month period from April to September) at noon
budget. and afternoon hours at both stations. The 75-percentile of
As observed in Fig. 3 there is a different diurnal varia- rural afternoon ozone during these months is almost always
tion between the rural ozone values at Aliartos and the rurahigher than 11Q.g/m? and from May to August higher than
ozone values at Liossia. This reflects the different site char120,g/m?, which means that the level of 110 and }2§/m?
acteristics influencing the nocturnal physical ozone destrucare exceeded during at least 25% of the days for the re-
tion to the ground. Aliartos is located in a plain where strongspective time-periods. The situation regarding the vegeta-
night inversions are observed. On the other hand Liossia is aion protection is even worse if the usual standard of AOT40
210 m altitude a.s.l. on a mountain slope and most of the timel0000 ppb*h (accumulation of the hours times the ppb ex-
is not influenced by the surface layer. Furthermore at Liossiaceeding the value 40), for a 6 month growing season, is con-
only days with strong winds are considered, which facilitate sidered (PORG report, 1997). In fact only during winter
the vertical mixing in combination with the local topography. months the ozone levels do not exceed 40 ppbu@en)
The ozone depletion at night is attributed almost exclusivelywhile from March to September during daytime this value
to physical processes as the influence of the chemistry is eXs constantly exceeded. Therefore, serious violations are
pected to be minimal. The reason for that is that nitrogen ox-observed regarding the vegetation protection standard for
ides at the site do not have concentrations high enough in otforests. If an approximate estimation of the exposure is per-
der to influence the ozone curve as the mean monthly valueformed, it comes out that the vegetation protection level is
of the 24-hour averages of N@s throughout the year about exceeded in Aliartos by a factor of 2 and at Liossia by a fac-
5 ng/mé (Fig. 2). Therefore, the basic reason of the low night tor of 3. The above analysis raise questions on the subject
values in Aliartos is the physical destruction of ozone by dry of health risks caused to the population due to the exposure
deposition enhanced by the nocturnal inversion. On the otheto the surface ozone as well as to damages in vegetation and
hand in the urban background station of Geoponiki, which ismaterials. As mentioned in the introduction ozone is a toxic
located at the Athens plain, the nocturnal NEncentra-  gas, which if enters the respiratory track in sufficient quanti-
tions are higher than Liossia (Kalabokas et al., 1999a), as &@es will cause damage. It may also affect plant growth, crop
result of ozone destruction from fresh NO emissions. Con-yield and tree physiology (Bates, 1994).
sequently the ozone nocturnal levels at Geoponiki are lower The problem of population health hazards due to ozone ex-
than at Liossia as shown in Fig. 3. posure is becoming worse if the ozone concentration levels
Despite the lower average ozone values at Aliartos and thevithin the Athens urban plume are examined. In fact con-
distance (100 km) between Aliartos and Liossia, there is astantly high levels of ozone are observed under such condi-
good agreement of the observed levels if only the afternoonions, which violate systematically the European Union air
values (12:00-18:00, period with the best vertical mixing andpollution standard (Kalabokas et al., 1999b). The summer
the maximum photochemistry) are compared. In fact, in bothozone concentrations at the peripheral Athens stations in-
stations there is a clear seasonal variation of the mixing rafluenced by the urban plume reach on the average the 170-
tios of rural ozone with high average summer afternoon val-ug/m® level in the afternoon (Kalabokas et al., 2000). It is
ues, greater than 120/m® in August, and low winter af-  surprising though that 10-12 km downwind of such a dense
ternoon values about 50y/m? in December—January. This urban area like Athens under strong sunshine and high ozone
implies that high summer values are a general characterisprecursor emissions the surface ozone increases on the aver-
tic of the examined area. The important secondary summeage by only 40% of its background level, which means that
rural ozone maximum, in contrast to the very frequently ob-the rural ozone concentrations are on the average the larger
served in most northern European stations spring maximuntontributors of the surface ozone levels even in the periphery
(Scheel et al., 1997), enhances the hypothesis of the longsf Athens, where the maximum ozone values of the entire
range photochemical ozone production and transport duringirban area are usually observed. On the other hand it should
summer, indicating a transboundary pollution problem. Thebe emphasized that the distribution of the ozone concentra-
summer maximum at Liossia seems much more pronouncetons in an urban plume is quite different than that of the
than in Aliartos but this could be attributed to the limits of rural ozone. At the peripheral stations downwind of the city
the screening process at Liossia. The May and June valuehe 180ug/m® hourly standard of population warning (EU

Atmos. Chem. Phys., 4, 1139-1147, 2004 www.atmos-chem-phys.org/acp/4/1139/
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Directive 92/72/EEC) is relatively often exceeded in summerthe precursor emissions in Athens are expected to influence
and the 36Qug/m? hourly standard of alert could be reached the rural ozone levels to the south toward the Libyan coast,
(Ziomas et al., 1998; Kalabokas and Bartzis, 1998). For exwhich is confirmed by aircraft measurements (Kallos, 1995).
ample in 1996, if all over the year ozone measurements arén any case, it is generally admitted already that large-scale
considered, the 8-hour 11@/m® EU health standard was reductions in the emissions of ozone precursors must take
exceeded for about 30% of the days but also about 2% of th@lace in order to control the widespread increase of ozone
hourly values were higher than the 186/m® EU popula-  in continental or global scale while a priority in the N@-
tion warning threshold, which is not observed in rural ozoneduction should be given for large-scale (regional or global)
records. Therefore, the development of photochemical polozone control (Megie, 1996). The development of the best
lution abatement measures is necessary. Nevertheless, all tivest-effective scenario is not an easy task due to the accom-
above observations related with the presence of high ozonpanying socio-economic implications of any decision since
background raise questions about the effectiveness of sucimany practices in the vital sectors of energy use and trans-
local actions. portation have to be changed.

There are other measurements also showing that the high
ozone levels are spread all over the area like the data-set of
the Athens peripheral Demokritos station (Kalabokas et al.5 Conclusions
1996; Kalabokas et al., 2000), which operated for a research
study for three years (1992—1995). Similar results were obBased on long-term rural ozone measurements of three sta-
tained during short-term intensive measuring campaigns ovetions in Central Greece, Aliartos (rural), Liossia (urban pe-
the Aegean Sea (MEDCAPHOT-TRACE campaign in sum-fipheral) and Geoponiki (urban background) the following
mer 1994, PAUR | campaign in summer 1996, PAUR Il cam- femarks could be made:
paign in summer 1999, MINOS campaign in summer 2001) The diurnal variation at the remote station of Aliartos, is
using aircraft and surface measurements (Ziomas et al., 199&onsiderably larger than for the rural values at Liossia. This
PAUR report, 1998; Kourtidis et al., 2002; Kouvarakis et reflects the different site characteristics influencing the noc-
al, 2002; Traub et al., 2003; Roelofs et al., 2003). Recenturnal physical ozone destruction to the ground. Liossia is
continuous 3-year (1997-1999) measurements in the islantpcated on a mountain slope but Aliartos in a plain where
of Crete agree also with the measurements presented abowéong night inversions are observed. On the other hand there
(Kouvarakis et al., 2000). In addition, vertical ozone sum-is @ good agreement of the observed levels if only the af-
mer concentrations measured in this area by ozone soundernoon values (12:00-18:00, period with the best vertical
ings through the whole troposphere, were above dgen mixing and the maximum photochemistry) are compared.
(Varotsos et al., 1993; Varotsos et al., 1994; PAUR report, [nallthree stations there is a clear seasonal variation of the
1998). mixing ratios of rural ozone with average summer afternoon

Due to the complexity of the phenomenon of the increasedvalues at about 120g/m?® in August and lowest winter after-
tropospheric ozone levels, further research is needed for theoon values at about 583/m® in December—January. This
study of the important parameters governing the formationimplies that high summer values exist all over the area.
and distribution of rural ozone in the boundary layer and The fact that the secondary summer maximum in the ru-
the free troposphere in the south-eastern part of the Euroral ozone seasonal variation in the area is stronger than the
pean continent. Similar studies have already determined th&pring maximum (very common in most northern European
impact of North American pollutant emissions on the rural stations) is in favor of the hypothesis of the long-range pho-
ozone levels arriving at the Atlantic coast in Europe as welltochemical ozone production and transport during summer,
as the East Asian influence on the US Pacific coast (Parrisindicating a transboundary pollution problem.
et al., 1993; Jacob et al., 1993; Jaffe et al., 1999). Since For 1996 the common year of operation of the three sta-
in Europe still few similar studies exist so far (EUROTRAC tions a very good correlation between the rural afternoon
report, 1997) continuous monitoring of rural ozone and itsozone concentrations at Aliartos and the corresponding lev-
precursors in the area is important in order to evaluate theels of Liossia and Geoponiki is observed confirming the ho-
export of ozone and its precursors from the European contimogenous distribution of rural ozone in the area.
nent. The reason is that export of ozone and its precursors It comes out that the average rural summer ozone con-
from Europe is expected to occur from the Eastern bound-<centrations during the afternoon remain at the same levels
aries of the continent (EUROTRAC report, 1997) and the ex-at about 12Q.g/m® during the 13-year period 1987-1999.
amined area is located on the most sunshine-abundant part It is remarkable that in rural air the EU standard for hu-
of this boundary. According to the general circulation of air man health protection (130g/m°, 8-hour average) can be
masses over southeast Europe the area surrounding Athensfigequently exceeded during almost all the warm period of
under the influence of north-northeasterly flow during sum-the year, (May to September) at noon and afternoon hours
mer and therefore pollution influence from Eastern Europe isat all three stations examined. The 75-percentile of rural
to be expected in the first place (Furlan, 1977). Consequenthafternoon ozone during these months is constantly higher
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than 11Qug/m3. Serious violations are also observed regard-Kalabokas, P. D., Amanatidis, G. T., and Bartzis, J. G.: Rural ozone
ing the vegetation protection standard for forests (AOT 40, levels atan Eastern Mediterranean site (Attica, Greece), in: Pro-
10000 ppbh for a 6 month growing season). This level is ex- ceedings of the XVIIl Quadrennial Ozone Symposium, edited by

ceeded in Aliartos by a factor of 2 and at Liossia by a factor Bojkov, R. and Visconti, G., L' Aquila, ltaly, pp. 379-382, 1996.
of 3. Kalabokas, P. D. and Bartzis, J. G.: Photochemical air pollution

. . characteristics at the station of the NCSR-Demokritos, during
It has to be noticed that the ozone levels attributed to the . "\\= 0 APHOT-TRACE campaign, Greece (August 20th-

city activities (difference between urban and rural levels) is September 20th, 1994), Atmos. Environ., 32, 12, 2123-2139
only a fraction of the 0zone measured downwind of the urban  ggg. ' ’ o ’
area. For July the city-produced ozone at Liossia is about th&alabokas, P. D, Viras, L. G., and Repapis, C. C.: Analysis of
one third and for Geoponiki about the one fourth of the af-  the 11-year record (1987-1997) of air pollution measurements
ternoon ozone levels measured under southerly winds, which in Athens, Greece. Part I: Primary pollutants, Global Nest: The
underlines the limits of the local efforts for the abatement of International Journal, 1, No. 3, 157-168, 1999a.

photochemical pollution. Kalabokas, P. D., Viras, L. G., Repapis, C. C., and Bartzis, J.
G.: Analysis of the 11-year record (1987-1997) of air pollution
measurements in Athens, Greece. Part Il: Photochemical pollu-
tants, Global Nest: The International Journal, 1, No. 3, 169-176,
1999bh.
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