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Abstract The main objective of this work is the assessment of the annual number
of hospital admissions for respiratory disease (HARD) due to the exposure to
inhalable particulate matter (PM10), within the greater Athens area (GAA), Greece.
Towards this aim, the time series of the particulate matter with aerodynamic
diameter less than 10 μm (PM10) recorded in six monitoring stations located in the
GAA, for a 13-year period 2001–2013, is used. In this study AirQ2.2.3 software
developed by the WHO, was used to evaluate adverse health effects by PM10 in the
GAA during the examined period. The results show that, the mean annual HARD
cases per 100,000 inhabitants ranged between 20 (suburban location) and 40 (city
centre location). Approximately 70 % of the annual HARD cases are due to city
centre residents. In all examined locations, a declining trend in the annual number
of HARD cases is appeared. Moreover, a strong relation between the annual
number of HARD cases and the annual number of days exceeding the European
Union daily PM10 threshold value was found.
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1 Introduction

Various epidemiological studies have shown the significant impacts of urban air
pollution on human health. More concretely, several epidemiological studies have
shown that the adverse health effects are related to both short and long term
exposure to inhalable particulate matter (Dockery et al. 1992; Katsouyanni 2003;
Paliatsos et al. 2006; Pope and Dockery 2006; Nastos et al. 2010). The GAA, like
most metropolitan areas in the world, faces severe air pollution problems due to
high population density and the accumulation of major economic activities in this
region. The contribution of the intense sunshine to the high levels of photochemical
air pollution, especially during summer months, is significant. The air pollution
problems are often exacerbated by factors that favor the accumulation of air pol-
lutants over the city, such as topography (basin surrounded by mountains), narrow
and deep street canyons and adverse meteorological conditions, such as temperature
inversions, low wind speed, high air temperature, extensive periods of dryness
(Larissi et al. 2010a).

In this study, an effort was made to assess the annual number of hospital
admissions for respiratory disease (HARD) due to the exposure to inhalable par-
ticulate matter (PM10), within the GAA, Greece.

2 Data and Methodology

The city of Athens and generally the GAA is located in an area of complex
topography within the Athens basin (*450 km2) being the southernmost capital on
the European mainland. Mountains bound the Athens basin with heights ranging
from 400 to 1500 m at the west, north and east sides. Openings exist between these
mountains at the northeast and at the west of the basin, while the sea extends
southwards (Saronikos Gulf). The Athens basin has a southwest to northeast major
axis and is bisected by a cluster of small hills. The prevailing winds blow from N
and NE in late summer, fall and winter and from SSW and SW in spring and early
summer. The 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 (Larissi et al. 2010a).

For the estimation of HARD cases mean daily concentrations of PM10 used in
this research recorded by the network of the Greek Ministry of Environment and
Energy (GMEE). In the current work the mean daily PM10 concentration values in
six of the GMEE’s network stations are examined during the 13-year period 2001–
2013. Monitoring stations are classified as centre city (CC) or suburban (S) ones, by
their location, and also as traffic (T) or back-ground (BG) ones, by their catego-
rization (Table 1).

In order to estimate the annual number of HARD cases within the GAA, the Air
Quality Health Impact Assessment Tool (AirQ2.2.3) was applied. The AirQ2.2.3
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model is a specialized software that enables the user to assess the potential impact
of exposure to a given air pollutant on human health in a defined urban area during
a certain time period. The model requires the following data (Shakour et al. 2011;
Habeebullah 2013; Jeong 2013; Moustris et al. 2016):

I. The coordinates of the monitoring site.
II. The total exposed population.
III. The number of days in which the mean daily PM10 concentration falls within

categories of intervals of 10 mg m−3 (e.g., 0–9, 10–19, 20–29, etc.).
IV. The annual and seasonal arithmetic mean of mean daily values.
V. The annual 98th percentile of mean daily values.
VI. The annual and seasonal maximum daily values.
VII. The relative risk (RR).

The AirQ2.2.3 model can be used to estimate the cumulative number of cases
per 100,000 persons for each concentration range, the associated relative risk, and
the number of HARD cases (Shakour et al. 2011; Habeebullah 2013; Jeong 2013;
Moustris et al. 2016).

3 Results

The application of AirQ2.2.3 model at the six examined locations showed that the
centre of Athens (ARI) presents the highest annual number of HARD cases.

Figure 1 depicts that in the city centre location ARI the total contribution of
annual HARD cases, during the examined 13-year period, is equal to 69 %. This
may be attributed to the fact that city centre locations characterized by violations
above the PM10’s EU limit values (Larissi et al. 2010b). The contribution of the
CAA’s port (PIR) is about 13 %, then 6 % is MAR and THR and finally about 3 %
is the contribution of AGP and LYK. This contribution is strongly associated with
the local sources of PM10 in each examined location.

On the contrary, the contribution of each location to the annual number of
HARD cases per 100,000 inhabitants is different. The results of the application of

Table 1 List of stations and related information

Station Abbreviated
station name

Area Population Longitude Latitude

Agia Paraskevi AGP S-BG 60,000 37o 59′ 42″ 23° 49′ 10″

Lykovrissi LYK S 31,000 38° 04′ 11″ 23° 46′ 35″

Maroussi MAR S-T 73,000 38o 01′ 51″ 23° 47′ 14″

Thrakomakedones THR S-BG 107,000 38° 08′ 37″ 23° 45′ 29″

Piraeus PIR CC-T 164,000 37° 56′ 36″ 23° 38′ 51″

Aristotelous ARI CC-T 664,000 37° 59′ 16″ 23° 43′ 39″
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AirQ2.2.3 model concerning this magnitude, for all studied locations and for the
whole examined period 2001–2013 reveal that LYK, ARI, PIR and MAR are the
worst areas presenting a number of mean annual HARD cases per 100,000
inhabitants 40 ≤ HARD ≤ 35. The areas of AGP and THR presenting a number of
mean annual HARD cases per 100,000 inhabitants 22 ≤ HARD ≤ 20, respectively.

In order to provide quantitative relations for the temporal variability of the
annual number of HARD cases per 100,000 inhabitants and the annual means of
PM10 concentrations during the examined 13-year period, scatter diagrams were
constructed (Fig. 2a, b).

Figure 2a depicts that, by using the linear model, 91.2 % of the variance
(R2 = 0.912) of annual values of HARD cases can be explained by the evolution of
time. Moreover, for the mean annual PM10 concentrations, using the linear model,
90.1 % of the variance (R2 = 0.901) of means can be explained by the evolution of
time (Fig. 2b). According to the performed analysis, during the 13-year period
started in 2001, strong decreasing trend patterns appear both annual HARD cases

Fig. 1 Percentage of total
contribution of annual number
of HARD cases during the
period 2001–2013, in each
studied location

Fig. 2 Temporal variability of annual HARD cases per 100,000 inhabitants (a) and temporal
variability of mean annual PM10 concentrations (b), during the period 2001–2013 within the GAA
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per 100,000 inhabitants (Fig. 2a) and mean annual PM10 concentration values
(Fig. 2b) all over GAA.

Figure 3 presents the spatial distribution of the mean annual HARD cases within
the GAA in relation to the total population and the activities of each examined
location. From this figure is depicted that the centre of Athens (ARI) is the most
populous and burdened area. Secondary, the port (PIR) follows due to shipping
activities. Finally, all the other locations present a similar low intensity pattern.

Finally, in order to provide a quantitative relation between the annual numbers of
HARD cases and the annual numbers of days where PM10 concentration values
exceed the European Council (EC) threshold of 50 μg/m3 (Directive 2008/50/EC)
was investigated. Figure 4 indicates that by using the exponential fitting model,
77.7 % (R2 = 0.777) of the variance of annual HARD cases can be associated with
the variations of the annual numbers of days with excesses.

Fig. 3 Spatial distribution of
mean annual HARD cases
during the period 2001–2013,
based on the population of
each location

Fig. 4 Scatter plot between
annual HARD cases versus
annual number of exceedance
days ([PM10] ≥50 mg m−3)
in the GAA during the period
2001–2013. The solid line
represents the exponential
fitting model
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4 Conclusions

The main objective of this study was the estimation of annual number of HARD
cases that attributed to PM10 exposure in the greater Athens area and performed by
the use of AirQ2.2.3 model. Results showed that there is a strong relationship
between the HARD cases and PM10 exposure levels. Also, a decreasing trend
during the examined 13-year period concerning the annual number of HARD cases
and the mean annual PM10 concentration values within the GAA simultaneously
was found.
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