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SUMMARY 

Air quality data obtained from the Athens air pollution-
monitoring network stations during the period 1986-2000 
were analysed to determine long-term trends in air quality. 
The concentration measurements of atmospheric pollutants 
showed decreasing trends at all monitoring stations. These 
decreasing trends of nearly all the atmospheric pollutants 
examined at ground level are attributed to various im-
provements in pollution sources, such as the renewal of the 
vehicle fleet and the improvement of fuel quality. 

 
Despite the decreasing trends, smoke and carbon 

monoxide concentration levels in the centre of Athens 
remained above the EU and WHO limit values for the 
most part of the examined period.  

 
The analysis also showed that the highest nitrogen di-

oxide concentrations occurred in the centre of Athens. 
The annual percentages of hourly nitrogen dioxide con-
centrations (>200 µg/m3) showed increasing trends during 
the period examined.  

 
Generally, also continuously declining violations of all 

the limits were observed during the greater part of the period. 
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INTRODUCTION 

Athens, a city of about 4,000,000 inhabitants in an 
area of 450 km2, faces air pollution problems like the vast 
majority of big cities worldwide. The high population 
density caused by the accumulation of industrial and 
commercial activities in and around the city, resulted in 
high pollution levels during the last 30 years. Until the 
mid 80’s the main pollutants in the Greater Athens Area 
(GAA) were sulphur dioxide and smoke. Pollution from 
primary pollutants resulted in the Athens photochemical 
smog. In recent years, European Union (EU) and World 
Health Organisation (WHO) air quality standards are 
frequently exceeded in the GAA, especially with respect 
to O3 and NOx [1-7]. 

Athens is considered as a typical example of a city 
suffering from an intense photochemical air pollution. In 
late spring and late summer the development of land-sea 
breeze circulation, in conjunction with a complex topog-
raphy and high solar insolation favours the appearance of 
extreme photochemical air pollution episodes. The health 
of Athens basin inhabitants can be related to the hazard-
ous effect of high levels of secondary air pollutants [8]. 

The city of Athens is located in an area of complex to-
pography within the Athens basin (∼  450 km2), which is 
surrounded by mountains with heights ranging from 400 to 
1500 m at the western, northern and eastern sides (Fig. 1). 
Openings between these mountains exist in the northeast 
and west of the basin, while to the south there is the sea 
(Saronikos Gulf). The Athens’ basin has a southwest to 
northeast major axis and is bisected by a cluster of small 
hills. Most of the industrial activities (textile, cement, chemi-
cal, paint and paper factories) emitting sulphur dioxide 
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FIGURE 1 - Map of the greater Athens’ area with elevation contours at 200 m intervals.  
The urban area (light shaded) and the industrial area (dark shaded) are indicated. 

 
 
 
 

contaminants are located in the southwest of the basin, near 
the Piraeus harbour. Other sources of sulphur dioxide pollu-
tion are the ships in Piraeus harbour at the southwest edge of 
the basin and the airplanes at the Athens International Air-
port (Hellenikon) at the southeast edge. Moreover, outside 
the Athens` basin and to the west of the city lies a big indus-
trial area with refineries, steel works, cement plants and 
shipyards emitting sulphur dioxide contaminants. 
 

The climate of Athens is Mediterranean with wet, 
mild winters and hot, dry summers. The mean daily tem-
perature is 10 °C and 26 °C in winter and summer, re-
spectively. The Mediterranean climate is characterised by 
rainfall deficiency during the warm period of the year. 
Therefore, of the annual mean rainfall, which is 390 mm, 
most occurs in late fall and during the winter months. The 
average daily sunshine duration varies between 4.5 hours 
in January and 12 hours in July. The prevailing winds in 
the Athens basin blow from N and NE in late summer, fall 
and winter, and from SSW and SW in the spring and early 

summer. These NE and SW directions coincide with the 
major geographical axis of the basin. The ventilation of 
the basin is poor during the prevalence of local circulation 
systems, such as sea-land breezes along the major NE-SW 
geographical axis of the basin. The vertical temperature 
gradient is measured at the Hellinikon Airport headquarters 
of the Greek Meteorological Service twice a day at 00:00 
and 12:00 GMT. Various researchers determined the char-
acteristics of inversions and the influence of various mete-
orological parameters on air pollution episodes [9-10]. 

 
Greek authorities, in an effort to protect the environ-

ment from a serious air pollution problem, imposed the 
substitution of gasoline-powered vehicles with three-way 
catalyst ones. It should be noted that the vast majority of 
the vehicles was replaced during 1989-1993. Initially, the 
application of this regulation was a satisfactory solution, 
especially for the heavily polluted urban areas. However, 
the efficiency of catalysts remarkably decreased with time 
and their replacement is, therefore, essential [11]. 



© by PSP Volume 11 – No 12b. 2002   Fresenius Environmental Bulletin    

1121 

DATA USED 

In the summer of 1983, a network of fully auto-
mated stations was established by the Ministry of the 
Environment, Physical Planning and Public Works 
(MEPPPW) to measure CO, NO, NO2, SO2, and O3 con-
centrations. Since 1989, the MEPPPW operated with an 
air pollution monitoring system, continuously measuring 
the above pollutants’ concentrations at automatic sta-
tions. These data obtained by the MEPPPW network 
have already been analysed beforehand by various re-
searchers [2-4, 7, 12-18]. 

 
TABLE 1 - List of stations and related information. 

ID Station Abbreviated  
station name 

Area  

1 "Patission" PAT Centre City - Residential 

2 "Aristotelous" ARI Centre City - Residential 

3 "Piraeus" PIR Centre City - Residential 

4 "Athinas" ATH Centre City - Residential 

5 "Nea Smyrni" SMY Suburban - Residential 

6 "Peristeri" PER Centre City - Residential 

7 "Geoponiki" GEO Suburban - Industrial 

8 "Maroussi" MAR Suburban - Residential 

9 "Lykovrissi" LYK Suburban - Residential 

 
Maximum smoke, SO2, CO and NO2 concentrations are 

observed at central-city residential stations (downtown Ath-
ens and Piraeus) during the cold period of the year. At the 
stations located in industrial and suburban areas the seasonal 

variations of these pollutants are very small [12-17]. On the 
contrary, maximum ozone concentrations are observed at 
suburban residential stations during the warm period of 
the year, while at central-city residential stations, located 
at long streets with heavy traffic, the seasonal ozone 
variation is very small [12-13]. 

The air pollution data used in this study resulted from 
nine monitoring stations of the MEPPPW network for a 
15-year period (1986-2000), being accurately investigated 
in order to estimate observed trends and examine their 
cases. Table 1 provides some additional information con-
cerning the automated stations considered in this study, 
each station representing the location area. 

 
 
RESULTS AND DISCUSSION 

The main pollution sources related with anthropogenic 
activities in the GAA are auto traffic, industry and central 
heating. The main source of carbon monoxide, nitrogen 
oxides, hydrocarbons and smoke in the Athens basin is 
exclusively the automobile traffic [18-19]. 

The analysis showed decreasing trends for almost all 
the air pollutants examined. The annual CO average Fig. 2 
(left) is characterised by a decreasing trend since 1988 with 
a maximum during the cold and a minimum during the 
warm period of the year (Fig. 2, right). The main factor 
affecting the CO levels is the monthly variation in the 
traffic load. Traffic emissions at Patission Street bordering 
the monitoring station "Patission" contribute to the seasonal 
variation of CO concentrations there (Fig. 2, right) [16]. In 
summer (July-September), when most people are in vaca-
tion, traffic and CO concentrations are low. During cold 
periods the cold start emissions of all non-catalyst gasoline 
fuelled vehicles contribute to CO levels [16, 20]. 
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FIGURE 2 
Annual averages (left) and seasonal variations (right)  

of CO concentrations for "Patission" station (1986-2000). 



© by PSP Volume 11 – No 12b. 2002   Fresenius Environmental Bulletin    

1122 

TABLE 2 - Annual CO averages and summary of linear CO trends  
for the main stations of the air pollution-monitoring network in GAA. 

Station Operating 
period 

Average 
(mg/m3) 

St. Dev. 
(mg/m3) 

ASV1 
(mg/m3) 

Change per 
year (%) 

Change per 
winter (%) 

Change per 
warm period (%) 

PAT 1986-2000 6.0 1.1 3.6 -2.3 (*) -2.5 (*) -2.3 (*) 
ATH 1988-2000 4.0 1.0 2.7 -2.6 (*) -2.9 (*) -2.8 
PIR 1986-1998 3.4 1.1 2.5 -4.1 (*) -2.8 (*) -4.0(*) 
GEO 1986-2000 1.6 0.3 1.3 1.9 1.5 1.6 
SMY 1987-2000 1.8 0.2 1.4 -0.3 -0.3 -1.0 
MAR 1990-2000 2.0 0.5 1.4 -1.2 0.2 -0.1 
PER 1990-2000 2.2 0.7 1.5 -4.7 (*) -3.5 (*) -4.5 
LYK 1994-2000 1.3 0.2 1.2 5.0 -1.9 10.8 

1 ASV: amplitude of seasonal variation, (*): statistically significant at the 95% confidence level. 
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FIGURE 3 - Annual averages (left) and seasonal variation of  
smoke concentrations (right) for "Patission" station (1986-2000). 

 
 
 
 
A continuous decrease of CO annual mean concentra-

tions is observed during 1986-2000 due to the increased 
percentage of vehicles equipped with three-way catalysts 
[16]. It can be easily deduced that the CO levels of central-
city residential stations (downtown Athens and Piraeus) are 
significantly higher. Moreover, the seasonal variation of 
CO concentration at these stations reveals more acute 
variation (Table 2). CO concentration levels are higher at 
"Patission" as compared with "Aristotelous", "Athinas" and 
"Piraeus" throughout the year, because of the higher traffic 
emissions in this more densely populated area. 

 
A comparison of the seasonal variation of one resi-

dential station located about 10 km from the centre of 
Athens or Piraeus with the urban case is shown in Table 
2. Both the av. value and the ASV of CO are multiplied at 
the urban densely populated areas when compared with 
the suburban residential area of "Nea Smyrni", "Peristeri" 
and "Lykovrissi". The ASV of CO concentration de-
creased from urban to suburban locations. 

Table 2 also summarises the linear trends observed at 
the stations. The overall linear trends for each station are 
calculated separately for the winter (December-January-
February) and warm (April-May-June-July-August-
September) period. All trends have been tested by the 
Mann-Kendall rank statistics [21]. During 1986-2000 the 
overall, winter and warm period trends per year range 
from -4.7% to 5.0%, -3.5% to 1.5% and -4.0% to 10.8%. 

 
The annual av. variation of smoke concentrations in 

the centre of Athens ("Patission"; Fig. 3, left) showed a 
continuously decreasing trend up to 1991, while during 
the rest of the examined period smoke concentration 
oscillates around the 105 µg/m3. In addition, the seasonal 
variation of smoke concentrations at "Patission" (Fig. 3, 
right) is characterised by a maximum during the cold 
period of the year and a minimum during the warm one. 
The higher discharge rates from central heating systems 
(about 30 m above ground level) during winter in combi-
nation with the shallow atmospheric mixed layer observed 
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during the same period are responsible for such smoke 
variation [9, 17]. Traffic emissions in Patission Street near 
the measuring site contribute to the seasonal variation of 
smoke concentrations in that station (Fig. 3, right). The 
relatively higher value in September at "Patission" may be 
attributed to the frequent temperature inversions during 
this month [9]. 

It can be easily deduced that the smoke concentrations 
levels of central-city residential stations (downtown Athens 
and Piraeus) are significantly the highest and their seasonal 
variation also reveals more acute variation (Table 3). The 
smoke concentration levels are higher throughout the year 
at "Patission" compared with "Aristotelous", "Athinas" and 
"Piraeus" caused by higher traffic emissions and central 
heating in this densely populated area. 

A comparison of the seasonal variation of one resi-
dential station located about 10 km from downtown Ath-
ens or Piraeus with the urban case showed identical ten-
dencies for seasonal variation, av. value and ASV as de- 

scribed with CO (Table 3). These results emphasise the 
importance of local sources on these stations’ measure-
ments and the effect of monthly averages in reducing the 
seasonal variation outcome of the atmospheric proc-
esses, which together with the emissions controls the 
smoke amounts in the atmosphere, on a daily basis at 
ground level. 

Overall [21], winter and warm period trends per year 
have been tested during 1986-2000 and ranged from -3.9% 
to - 0.2%, -4.6% to - 1.6% and -3.9% to 0.8%. 

Annual percentages of 8-h CO concentrations being 
higher than the WHO long-term goal (10 mg/m3) [22] 
during 1986-2000 are shown in Fig. 4 (left), mainly ob-
served during the fall seasons and partly be attributable to 
an increase of surface inversions [17]. Also in this case 
decline during the greater part of the examined period can 
be attributed to the renewal of the vehicle fleet [11-12, 17] 
and the relatively high percentages during 1997-2000 to 
the low rate of catalysts’ replacement [23]. 

 
 
 

TABLE 3 - Annual averages of smoke concentrations and summary of linear  
smoke trends for the main stations of the air pollution-monitoring network in GAA. 

Station Operating 
period 

Average 
(µg/m3) 

St. Dev. 
(µg/m3) 

ASV1 
(µg/m3) 

Change per 
year (%) 

Change per 
winter (%) 

Change per 
warm period (%) 

PAT 1986-2000 113 15 48 -1.9 -3.1 (*) -1.2 
ARI 1986-2000 65 13 39 -3.9 (*) -4.6 (*) -3.9 (*) 
ATH 1988-2000 49 11 33 -0.2 -1.6 0.8 
PIR 1986-1998 45 13 34 -3.1 -3.1 -3.4 

SMY 1988-2000 26 11 32 -1.9 -2.0 -1.5 
PER 1990-2000 27 11 33 -3.8 (*) -3.9 -1.4 

1 ASV: amplitude of seasonal variation, (*): statistically significant at the 95% confidence level. 
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FIGURE 4 
(a) Percentage of 8-hour values of CO concentrations higher than 10 mg/m3 at "Patission" (left) and (b) percentage of daily  

smoke concentrations higher than 250 µg/m3 at "Patission" (1986-2000; the horizontal line indicates EU limit (right)). 
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TABLE 4 
Annual average NO2 concentrations and summary of linear NO2 trends 
for the main stations of the air pollution-monitoring network in GAA. 

Station Operating 
period 

Average 
(µg/m3) 

St. Dev. 
(µg/m3) 

ASV1 
(µg/m3) 

Change per 
year (%) 

Change per 
winter (%) 

Change per warm 
period (%) 

PAT 1986-2000 105 10 35 -1.3 (*) -1.0 (*) -1.5 (*) 
ARI 1994-2000 78 13 17 -5.3 (*) -5.6 (*) -4.3 (*) 
ATH 1988-2000 78 9 16 -1.0 -0.3 -1.3 (*) 
PIR 1986-2000 73 9 10 -1.5 (*) -0.8 -1.4 
GEO 1986-2000 51 10 18 -1.7 -2.1 -2.1 
SMY 1986-2000 44 9 15 4.8 7.7 2.0 
PER 1990-2000 56 7 22 -1.5 -2.7 -1.4 
MAR 1990-2000 35 4 16 -0.6 -1.5 -0.8 

1 ASV: amplitude of seasonal variation, (*): statistically significant at the 95% confidence level. 
 
 
 
Controls and restrictions in oil consumption, having 

been gradually applied to all pollution sources, along with 
the oil quality improvement ever since 1986 caused the 
reduction of smoke levels [14, 17]. In spite of these de-
creasing trends, the level of smoke in the centre of Athens 
remains for the most part of the examined period above 
the EU limit values [24]. According to the requirements 
of the EU directive 80/779 only 2% of smoke concentra-
tion can exceed 250 µg/m3. Fig. 4 (right) shows the per-
centage of daily smoke concentrations found higher than 
250 µg/m3 at "Patission".  

In Table 4 the annual av. NO2 concentrations during 
1986-2000 are presented. NO2 levels of central-city resi-
dential stations (downtown Athens and Piraeus) are sig-
nificantly higher. Moreover, the ASV of NO2 is highest at 
"Patission". This station was situated almost 8 m higher 
than the ground level at the end of a street with high traf-
fic (six traffic lanes; one of them for busses and trolleys 
on the site of the station). This result, once more, empha-
sises the influence of local pollution sources on the meas-

urements at "Patission". For comparison the seasonal 
variations at the other stations of the MEPPPW network 
are shown in Table 4. 

Table 4 also summarises the linear trends observed at 
all stations tested by the Mann-Kendall rank statistics [21]. 
The overall trends range from -5.3% to 4.8% per year, 
while the winter trends range from -5.6% to 7.7% and the 
warm period trends from -4.3% to 2.0%. The slight ame-
lioration of the air pollution situation with respect to NO2 
concentrations may be attributed to the same phenomena 
described above [12, 23]. 

The annual average variation of NO2 in the centre of 
Athens ("Patission"; Fig. 5, left) is characterised by a 
slight decreasing trend during the period examined and 
the seasonal variation (Fig. 5, right) by a maximum in late 
spring and early summer, while the winter values are 
almost similar to those of summer. This is attributable to 
the well-known different seasonal intensities of photo-
chemical transformation of NO to NO2 [12, 25]. 
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FIGURE 5 
Annual averages (left) and seasonal variation of NO2 concentrations (right) for "Patission" station (1986-2000). 
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FIGURE 6 
Seasonal variation of NO2 for "Patission" station (left) and percentage of hourly 
NO2 concentrations higher than 200 µg/m3 at "Patission" (right) during 1986-2000. 

 
 
 
The seasonal variation of NO2 concentrations at "Pa-

tission" (Fig. 6, left) is characterised by a maximum tak-
ing place in winter and a minimum in summer. The aver-
age winter values are almost 70% higher than in summer. 
The summer minimum is mainly due to the reduced traf-
fic in July and August, the "Etesians" winds’ blow and 
nitrogen oxides oxidation because of the intense solar 
activity [25]. 

The annual percentages of hourly NO2 concentrations 
are higher than 200 µg/m3 for the period 1986-2000, but 
with a generally declining tendency since 1992 (Fig. 6, 
right). Increases were mainly observed during the spring 
seasons and can be partly attributed to the increased num-
ber of photochemical pollution episodes [2]. Reductions 
observed can be attributed to the renewal of the vehicle 
fleet [11-12, 17] and slight increases during 1996-2000 to 
the low rate of catalysts’ replacement [23]. 

 
 
CONCLUSIONS 

i) Decreasing trends for all CO concentrations are ob-
served due to the increasing substitution percentage of 
vehicles equipped with three-way catalysts. Despite 
these decreasing trends CO levels remain high in the 
centre of Athens and over the EU and WHO limit val-
ues during the greater part of the period examined. 

ii) Decreasing trends are also observed in most of the 
smoke concentrations, which are caused by the en-
forcement of emission sources control. But also in this 
case the smoke levels remain high in the centre of 
Athens and over the EU limit values during the greater 
part of the period examined. 

iii) The seasonal variations of NO2 concentration show 
maxima in late spring and early summer, while the 
winter values are almost similar to those in summer. 

These variations are mainly due to reduced traffic dur-
ing July-August vacations, enhanced by the blow of 
the "Etesians" winds and nitrogen oxides oxidation 
because of intense solar activity during summer. 

iv) Decreasing trends during 1986-2000 are observed in 
almost all the NO2 values monitored. Despite the de-
creasing trends, the NO2 levels remain high in the cen-
tre of Athens and over the permitted 200 µg/m3 value 
during the greater part of the period examined. 

v) The interannual variations of CO and nitrogen oxides 
show nearly the same pattern and are influenced by 
the same source (auto traffic). 

vi) The significant improvement of the air pollution situa-
tion during 1986-2000 is practically inverted concer-
ning CO and NO2 concentrations. In order to have full 
harmonization with the air quality standards, emphasis 
should be laid on lowering the rate of gasoline-powered 
vehicles not equipped with three-way catalysts. 
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