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Abstract
The objective of this study is to examine the relationship of the environmental variability
(weather and particulate air pollution conditions) with cardiovascular and respiratory syndromes, in Heraklion city at the northern part of Crete Island, during a Saharan dust episode on
March, 22-23 2008. Daily counts of admissions for cardiovascular and respiratory syndromes
were obtained from the two main hospitals in Heraklion. The corresponding daily meteorological parameters, such as maximum and minimum air temperature, relative humidity, wind speed,
cloudiness and atmospheric pressure, from the meteorological station of Heraklion (Hellenic
National Meteorological Service), were manipulated in multivariate analyses. Besides, the bioclimatic conditions expressed by the Physiologically Equivalent Temperature (PET), based on
the energy balance models of the human body, are analyzed. Dust concentrations were derived
from the SKIRON forecast model of the University of Athens.
The findings showed that the respiratory admissions were 3-fold than the mean daily admissions
on the same day of the emergence of the Saharan dust episode (key day). The admissions concerning the cardiovascular syndromes did not appear any significant change. The analysis of the
bioclimatic conditions on the key day revealed that thermal stress existed and this may be attributed mainly to the geomorphology of the island which is responsible for extreme weather conditions.

1. Introduction
Changes in the frequencies of extreme heat and cold and the profile of local or transboundary air pollution and aeroallergens would directly affect human health. These environmental changes are caused in specific cases by miscellaneous phenomena, such as
Föhn winds - hot and dry winds - associated with extreme bioclimatic conditions and
Saharan dust transport. Crete Island (Fig. 1), being in the Southeastern Mediterranean
basin is affected by frequent Saharan dust episodes, resulting in very high particulate
matter (PM) concentrations, which are associated with either short or long term effects
on human health.
Long-term particulate matter exposure is connected with accelerated heart and lung disease because it contributes to pulmonary and systemic oxidative stress, inflammation,
sybclinical chronic inflammatory lung injury, atherosclerosis and increased risk of
ischemic heart disease and death (Pope et al., 2004; Souza et al., 1998). But besides the
problem of exposure to PM over a long period (months or years), exposures from minutes to hours or days can also affect heart and lung function.
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Short term exposures result in: increased rates of myocardial infraction associated with
hospital admissions or death (Pope et al., 2006; Peters et al., 2001; Sullivan et al.,
2005), heart rate disturbances such as paroxysmal atrial fibrillation or other arrhythmias
(Lipsett et al., 2006; Rich et al., 2006; Grigoropoulos et al., 2009) and reduced lung
function with episodes of acute asthma and bronchitis (Ho et al., 2007; Nastos, 2008;
Monteil et al., 2009). Many studies have shown that short-term increase in mean daily
levels of PM may also precipitate acute cardiac decompensation leading to hospitalization, especially in patients with ischemic heart disease (Wellenius et al., 2005).

Fig. 1: Crete Island, Greece. Heraklion city is indicated by a rectangular frame
The present study evaluates the role of short-term increases of dust concentrations in
daily counts of admissions for cardiovascular and respiratory syndromes at the wider
area of Heraklion, Crete Island, Greece, during a Saharan dust episode on March, 22-23
2008.
2. Data and Analysis
Daily counts of admissions for cardiovascular (acute coronary syndrome, arrhythmia,
decompensation of heart failure) and respiratory (pulmonary infection, acute exacerbation of chronic obstructive pulmonary disease, acute asthma crisis and syncopticpresyncoptic) syndromes were obtained from the two main hospitals in Heraklion, during March-April 2008. The corresponding daily meteorological parameters, such as
maximum and minimum air temperature, air humidity, wind speed, cloudiness and atmospheric pressure, were acquired from the meteorological station of Heraklion (Hellenic National Meteorological Service. Besides, the bioclimatic conditions expressed by
the Physiologically Equivalent Temperature (PET), based on the energy balance models
of the human body, are analyzed (Matzarakis et al., 1999). Dust concentrations were
derived from the SKIRON forecast model of the University of Athens, while daily
composite anomalies (reference period: 1968-1996) of the air temperature and vector
wind from the middle to the lower atmospheric levels (500hPa – mean sea level) on
March, 23 2008, calculated from the reanalysis datasets of the National Centers for Environmental Prediction/National Center for Atmospheric Research (NCEP/NCAR)
(Kalnay et al., 1996).
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3. Results and Discussion
The examined Saharan dust episode affected Crete Island firstly at noon on March, 22
2009 and became more appreciable the next day, as it is depicted in Fig. 2, where the
aerosol optical thickness, the dust concentration (μg m-3) at 10 m and the dry deposition
(mg m-2) over the wider area of Heraklion are presented from the SKIRON forecast
model of the University of Athens.

Fig. 2: Output (dustgram) from SKIRON forecast model of the University of Athens,
concerning aerosol optical thickness, dust concentration at 10m, dry and wet
deposition over Heraklion, Crete on March, 22-27 2008
High values of dust concentrations (252 μgm-3) appeared over the city causing an asphyxiating environment. Moreover, the south-eastern wind blow was the main factor for
extreme bioclimatic conditions, which could be attributed to the Föhn phenomenon, a
normal situation under these synoptic conditions.
The daily composite anomaly (reference period: 1968-1996) of the air temperature from
the middle to the lower atmospheric levels (500hPa – mean sea level) on March, 23
2008 (Fig. 3) revealed that positive anomalies (~ +5 oC at the 500hPa isobaric level, ~
+12 oC at the 850 hPa isobaric level, ~ +7oC at surface) appear. Additionally, high positive daily composite anomalies of south-eastern winds (~ +25 m/s at the 500 hPa isobar-
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ic level, ~ +17 m/s at the 850 hPa isobaric level, ~ +10m/s at surface) show the strong
transport of Saharan dust over Crete area.

Fig. 3: Daily composite anomalies (reference period: 1968-1996) of air temperature
(left graphs) and vector wind (right graphs) for 500 hPa level (upper graphs),
850hPa level (middle graphs) and surface (lower graphs) on March, 23 2008,
calculated from the NCEP/NCAR reanalysis data
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Fig. 4: Daily admissions concerning respiratory (upper graph) and cardiovascular
(lower graph) syndromes at Heraklion, Crete Island, in March-April 2008
As far as the bioclimatic conditions are concerned, the physiologically equivalent temperature (PET), estimated from RAYMAN model (Matzarakis et al., 2007), reached
29.3 oC at 13:00 UTC on March, 23 2008, giving evidence of moderate heat stress at the
beginning of Spring season, when Saharan dust episodes are more frequent (Kosmopoulos et al., 2008).
The daily counts of admissions for cardiovascular and respiratory syndromes, which
were obtained from the two main hospitals in Heraklion city, are depicted in Fig. 4. It is
clear the impact of the Saharan dust episode in the increased incidence of respiratory

240

syndromes, giving evidence that high dust concentrations, which are associated with
high PMs concentrations (Mitsakou et al., 2008), trigger respiratory syndromes outbreak. The daily counts were approximately 5-fold than the mean daily counts (6.6 admissions) on the same day of the emergence of the Saharan dust episode. On the other
hand, it seemed not to be any significant increase in the cardiovascular syndromes attributed to the Saharan episode. Cardiovascular syndromes appeared high variability within the examined period.
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5.

Conclusions

The Saharan dust episode on March, 22-23 2009 affected Crete Island, Greece, establishing moderate heat stress bioclimatic conditions and increased dust concentrations
over Heraklion city (case study). These outdoor factors linked to respiratory syndromes
outbreak, while cardiovascular syndromes were not associated with high dust concentrations resulted from Saharan episode.
References
Grigoropoulos, K.N., P.T. Nastos, G. Feredinos, 2009: Spatial distribution of PM1 and PM10
during Saharan dust episodes in Athens, Greece. Advances in Science and Research 3, 59–
62.
Ho, W-C., W. Hartley, L. Myers, M-H. Lin, Y-S. Lin, C-H. Lien, R-S. Lin, 2007: Air pollution,
weather and associated risk factors related to asthma prevalence and attack rate. Environmental research 104, 402-409.
Kalnay, E. and Coauthors, 1996: The NCEP/NCAR Reanalysis 40-year Project. Bulletin of
American Meteorological Society 77, 437-471.
Kosmopoulos, P.G., D.G. Kaskaoutis, P.T. Nastos, H.D. Kambezidis. 2008: Seasonal variation
of columnar aerosol optical properties over Athens, Greece, based on MODIS data, Remote
Sensing of Environment 112, 2354–2366.
Lipsett, M., F. Tsai, L. Roger, M. Woo, B. Ostro, 2006: Coarse particles and heart rate variability among older adults with coronary artery disease in the Coachella Valley, California. Environmental Health Perspectives 114, 1215-1220.
Matzarakis, A., H. Mayer, M.G. Iziomon, 1999: Applications of a universal thermal index: physiological equivalent temperature. International Journal of Biometeorology 43, 76-84.
Matzarakis, A., F. Rutz, H. Mayer, 2007: Modelling Radiation fluxes in simple and complex
environments – Application of the RayMan model. Int. J. Biometeorol. 51, 323-334.
Mitsakou, C., G. Kallos, N. Papantoniou, C. Spyrou, S. Solomos, M. Astitha, C. Housiadas.
2008: Atmospheric Chemistry and Physics Saharan dust levels in Greece and received inhalation doses. Atmospheric Chemistry and Physics 8, 7181–7192.
Monteil, M.A., R. Antoine, 2009: African dust and asthma in the Caribbean: medical and statistical perspectives. International J Biometeorology 53, 379-381.
Nastos, P.T., 2008: Weather, Ambient Air Pollution and Bronchial Asthma in Athens, Greece.
Advances in Global Change Research (AGLO), M. C. Thomson et al. (eds.), Seasonal Forecasts, Climatic Change and Human Health. © Springer Science + Business Media B.V. 2008

241

ISBN 978-1-4020-6876-8 e-ISBN 978-1-4020-6877-5, DOI 10.1007/978-1-4020-6877-5,
Library of Congress Control Number: 2007942723, 173-188.
Peters, A., D.W. Dockery, J.E. Muller, M.A. Mittleman, 2001: Increased particulate air pollution and the triggering of myocardial infarction. Circulation 103, 2810-2815.
Pope, C.A. III, J.B. Muhlestein, H.T. May, D.G. Renlund, J.L. Anderson, B.D. Horne, 2006:
Ischemic Heart Disease Events Triggered by Short-Term Exposure to Fine Particle Air Pollution. Circulation 114, 2443-2448.
Pope, C.A. III, R.T. Burnett, G.D. Thurston, M.G. Thun, E.E. Calle, D. Krewski, J.J. Godleski,
2004: Cardiovascular mortality and long-term exposure to particulate air pollution: epidemiological evidence of general pathophysiological pathways of disease. Circulation 109, 71-77.
Rich, D., M. Mittleman, M. Link, J. Schwartz, H. Luttmann-Gibson, P. Catalano, F. Speizer, D.
Gold, D. Dockery, 2006: Increased risk of paroxysmal atrial fibrillation episodes associated
with acute increases in ambient air pollution. Environmental Health Perspectives 114, 120123.
Souza, M.B., P.H.N. Saldiva, C.A. III Pope, V.L. Capelozzi, 1998: Respiratory changes due to
long-term exposure to urban levels of air pollution: a histopothologic study in humans. Chest
113, 1312-1318.
Sullivan, J., L. Sheppard, A. Schreuder, N. Ishikawa, D. Siscovick, G. Kaufman, 2005: Relation
between short-term fine particulate matter exposure and onset of myocardial infarction. Epidemiology 16, 41-48.
Wellenius, G., T. Bateson, M. Mittleman, J. Schwartz, 2005: Particulate Air Pollution and the
rate of hospitalization for Congestive Heart Faillure among medicare Beneficiaries in Pittsburgh, Pennsylvania. American Journal of Epidemiology 161(11), 1030-1036.
Corresponding Author’s address:
Assoc. Prof. Dr. Panagiotis Nastos (nastos@geol.uoa.gr)
Laboratory of Climatology and Atmospheric Environment, Faculty of Geology and Geoenvironment, University of Athens, Panepistimiopolis GR 157 84, Athens, Greece

