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SAHARAN DUST 



BACKGROUND 

 

 

 

 Conflicting evidence on health effects of PM from 

Saharan dust in Southern Europe 

 Nicosia, Cyprus: higher effects of PM10 on CVD mortality (Neophytou 

et al. 2013) and hospital admissions (Middleton et al. 2008) during 

dust days VS non-dust days  

 Barcelona, Spain: higher effects of coarse PM, but not fine PM, on 

mortality during dust days (Perez et al. 2008). 

 Same result in Rome, Italy (Mallone et al. 2011) and Madrid, Spain 

(Tobias et al. 2011). 

 Athens, Greece: lower effect of PM10 on mortality during Saharan dust 

episodes (Samoli et al. 2011) 

 Emilia Romagna, Italy: higher mortality during Saharan dust days, 

but no difference in the PM10 effect between dust and no-dust days 

(Zauli-Sajani et al. 2011) 

 

 



 Increasing epidemiological interest (Sandstrom, 

Forsberg: Epidemiology 2008, Editorial) 

 Consolidated methodology to estimate the Saharan dust 

component of PM (Moreno Atm Env 2005; Escudero Atm 

Env 2007; Querol Atm Env 2009) 

 Lack of multi-center studies using standardized 

protocols for dust detection and epidemiological analysis 

 

BACKGROUND 



OBJECTIVES 

 To identify desert dust advections over multiple areas in 

Southern Europe 

 To estimate PM10 concentrations from anthropogenic or 

desert dust sources 

 To describe the occurrence of desert dust events and the 

PM10, PM2.5 and PM2.5-10 concentrations on dust days over 

multiple European cities 

 To study the effects of PM10 from desert and anthropogenic 

sources on mortality and hospitalizations 

 To inform policy makers on the potential impact of PM from 

Saharan dust on health 



Saharan dust: tools for detection 

Surface dust 
concentration maps 

DREAM-BSC 

Integrated dust load 
maps 

SKIRON simulations 

Surface dust, sulfate 
and smoke 

concentration maps 

NAAPS-NRL 



Saharan dust: frequency ef events 

African dust frequency (% over annual days)
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Saharan dust: tools for quantification 



Saharan dust: PM10 contribution 

African dust in PM10 (µg/m3)
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DATA 

  

10 CITIES  
Athens, Thessaloniki, 
Rome, Milan, Turin, 

Bologna, Emilia 
Romagna, Barcelona, 

Madrid, Palermo, 
Marseille 

Mortality 0+: natural, CVD, RESP 

Hospitalizations: CVD 15+, 

RESP 15+, RESP 0-14  

Air pollutants concentrations: 

PM10, PM2.5-10, PM2.5 

Saharan dust data: 
events (0/1), Saharan 
PM, “local” PM 

Meteorological parameters: 
temperature, humidity, barometric 
pressure, wind speed/direction 

Study periods  
between 2003 

and 2010 
(3 ï 7 years)  



METHODS 

 City-specific analysis, followed by meta-analysis 

 Time-series framework: City-specific over-dispersed Poisson 

model, adjusted for time trend (case-crossover «time-

stratified»), low and high temperatures (natural splines), flu 

epidemics and holidays 

 Lags for PM chosen a priori (Samoli EHP 2013 for mortality 

outcomes; Stafoggia EHP 2013 for admissions outcomes) 

 Two-pollutant model with PM from local and Saharan sources 

 Meta-smoothing for concentration-response curves 



RESULTS: Saharan dust days 

City Study period
Days without

desert dust

Days with

desert dust
Total days

Milan 2007-2010 1,277 (87.4) 171 (11.7) 1,461 (100.0)

Turin 2006-2010 1,612 (88.3) 199 (10.9) 1,826 (100.0)

Emilia-Romagna 2008-2010 988 (90.1) 96 (8.8) 1,096 (100.0)

Bologna 2006-2010 1,578 (86.4) 203 (11.1) 1,826 (100.0)

Marseille 2006-2008 882 (80.5) 195 (17.8) 1,096 (100.0)

Rome 2005-2010 1,809 (82.6) 360 (16.4) 2,191 (100.0)

Barcelona 2003-2010 2,518 (86.2) 365 (12.5) 2,922 (100.0)

Thessaloniki 2007-2009 898 (81.9) 110 (10.0) 1,096 (100.0)

Madrid 2001-2009 2,714 (82.6) 446 (13.6) 3,287 (100.0)

Athens 2007-2009 775 (70.7) 282 (25.7) 1,096 (100.0)

Palermo 2006-2009 976 (66.8) 417 (28.5) 1,462 (100.0)



RESULTS: Saharan dust days, by season 



RESULTS: Predicted variations on dust days 

City PM10 PM2.5 PM2.5-10 O3

Air 

temperature

Milan 10.0 ± 2.0 6.1 ± 1.7 2.7 ± 0.8 -2.7 ± 1.8 1.9 ± 0.3

Turin 11.6 ± 2.4 8.7 ± 1.7 - -0.6 ± 1.9 1.4 ± 0.2

Emilia-Romagna 11.0 ± 2.7 5.1 ± 1.3 5.8 ± 0.6 2.5 ± 2.2 2.5 ± 0.3

Bologna 12.3 ± 1.4 7.3 ± 1.2 - -1.7 ± 1.9 2.2 ± 0.2

Marseille 9.4 ± 0.8 4.6 ± 1.0 2.7 ± 0.7 11.4 ± 1.6 2.2 ± 0.2

Rome 8.8 ± 0.8 2.8 ± 0.6 5.9 ± 0.4 -2.8 ± 1.1 2.5 ± 0.2

Barcelona 13.8 ± 0.9 9.7 ± 0.6 4.2 ± 0.6 -1.7 ± 1.1 2.1 ± 0.2

Thessaloniki 10.0 ± 1.8 6.6 ± 1.1 3.9 ± 0.9 -13.6 ± 1.9 1.2 ± 0.3

Madrid 21.2 ± 1.0 9.8 ± 0.7 11.6 ± 0.8 -2.1 ± 0.7 3.2 ± 0.2

Athens 21.7 ± 1.3 8.4 ± 0.7 13.2 ± 1.0 -2.2 ± 1.0 2.3 ± 0.2

Palermo 16.7 ± 0.9 - - -6.1 ± 0.8 2.1 ± 0.1

POOLED 13.4 ± 1.5 6.9 ± 0.9 6.2 ± 1.4 -1.8 ± 1.8 2.2 ± 0.2

Estimates are obtained from a multivariate linear regression model with dust 
advection indicator and dummies for months as predictors  



Desert dust advection episodes Desert PM10 Local PM10

EXAMPLE: Rome, March-September 2008 



RESULTS: Effects of PM10 

Percent increase (95% CI) in mortality and hospital admissions 
associated with 10 μg/m3 increase in PM10 

% IR (95% CI) I
2 ɉ

2

p value

Mortality

     Natural 0-1 0.51 (0.27, 0.75) 22 0.233

     Cardiovascular 0-5 0.66 (-0.02, 1.34) 40 0.084

     Respiratory 0-5 2.01 (0.92, 3.12) 31 0.148

Hospital admissions

     Cardiovascular, age 15+ 0-1 0.29 (0.00, 0.58) 41 0.105

     Respiratory, age 15+ 0-5 0.69 (0.20, 1.19) 32 0.175

     Respiratory, age 0-14 0-5 1.66 (0.93, 2.39) 0 0.475

Outcome Lag

PM10



RESULTS: Effects of two PM10 sources 

% IR (95% CI) I
2 ɉ

2

p value
% IR (95% CI) I

2 ɉ
2

p value

Mortality

     Natural 0-1 0.53 (0.23, 0.83) 32 0.147 0.66 (0.27, 1.06) 0 0.748

     Cardiovascular 0-5 0.47 (-0.39, 1.33) 46 0.045 1.10 (0.15, 2.05) 0 0.766

     Respiratory 0-5 2.43 (0.94, 3.95) 41 0.073 1.28 (-0.42, 3.01) 0 1.000

Hospital admissions

     Cardiovascular, age 15+ 0-1 0.36 (-0.02, 0.75) 59 0.016 0.23 (-0.30, 0.76) 0 0.503

     Respiratory, age 15+ 0-5 0.67 (0.14, 1.19) 21 0.266 0.67 (-0.48, 1.83) 10 0.352

     Respiratory, age 0-14 0-5 1.76 (0.60, 2.94) 24 0.235 2.38 (0.09, 4.71) 9 0.363

Outcome

Anthropogenic PM10 Desert PM10

Lag

Percent increase (95% CI) in mortality and hospital admissions 
associated with 10 μg/m3 increase in anthropogenic/desert PM10: 

Results of two-pollutant models 



RESULTS: C-R shape for natural mortality 

Concentration–response relationship between anthropogenic PM10 (left) 
and desert PM10 (right) with natural mortality, lag 0-1. Values are 
percent increase (95% CI) of mortality associated with increases of PM10 
levels relative to 5 μg/m3 
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KEY POINTS 

 Similar effect of the two sources of PM10 on natural 

mortality and hospitalizations for any causes 

 Higher effect of desert PM10 on CVD mortality, higher effect 

of anthropogenic PM10 on respiratory mortality 

 No evidence of heterogeneity across cities, especially for 

the effects of desert PM10 

 Evidence of linearity in the association between desert PM10 

and natural mortality 

 Since Saharan dust cannot be controlled, there is a need for 

local measures aimed at reducing anthropogenic 

sources, especially on desert dust advection days 

 



FOREST FIRES 



«Studies continue to show that climate change is likely to increase wildfire 

risk in areas where it is already a major issue. These areas include … 

European countries such as France, Italy, Greece, Spain and Portugal» 

(Hennessy et. al. 2006). 

BACKGROUND 

OBJECTIVE for MED-PARTICLES: 

 To estimate the effects of PM during forest fires episodes 

RESEARCH GAPS:  

 Health impacts of smoke from forest fires are not well 

defined, in particular for cardiovascular diseases.  

 More research is needed on the composition of forest fire 

emissions 



DATA and METHODS 

 12 cities between 2003-2010. Cause-specific mortality, daily 

averages of PM10 and meteorological parameters 

 Forest fires: episodes (YES\NO) and intensity (mild-moderate-

severe 

 City-specific over-dispersed Poisson model followed by random-

effects meta-analysis 

 Lags for PM chosen a priori (Samoli EHP 2013) 

 Interaction term between PM10 and FIRES indicator 



RESULTS: Forest fires days 



RESULTS: Forest fires days by intensity 

Intensity was classified as low (black), smoke concentration 8-16 mg/m3, medium (light grey), smoke 

concentration 16-32 mg/m3 or severe (dark grey), smoke concentration above 32 mg/m3 



RESULTS: Effects on mortality 

 Higher cardiovascular mortality on fires days  

 Higher PM10 effect on cause-specific mortality on fires days 

 Results not affected by concurrent desert dust episodes 



Thank you! 


