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Quantifying the contribution of 
desert dust episodes on PM 
concentrations for 
epidemiological analyses 
X. Querol1,  A. Karanasiou1, F. Amato1, A. Tobías1,

A. Alastuey1, N. Pérez 1

Pre-conference workshop: Desert Dust & Sand Storms, 29th October 2018 

First Global Conference on Air Pollution and Health:

Improving Air Quality, Combatting Climate Change – Saving Lives
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• Desert dust outbreaks, relevant patterns for health studies

• Impact of dust outbreaks on PM levels procedure for the 

detection and quantification of natural dust contributions

• Examples of applications of the method

• Final considerations

Outline
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1. Obviously the transport of mineral matter from desert dust
2.   The co-transport of anthropogenic pollutants with dust, both emitted at the source areas 

or entrained during dust transport
3.   The accumulation of locally emitted anthropogenic PM pollutants by:

3.1. A relatively low mixing layer height accumulate local pollutants
3.2. Dust favouring the formation of secondary pollutants (such as nssSO4

2-)

3.3. If ADOs frequency is higher in spring/summer: higher secondary PM pollutants

PM and atmospheric relevant patterns

• Patterns of PM during ADOs that might influence human health are very complex
• These might strongly vary from one region to other
• Not only PMx levels have to be quantitatively contrasted with potential health effects 
• ADOs also favour the occurrence of individual or synergistic effects that might involve:

Meteorology
Anthropogenic co-pollutants

• The impact of this complex mix of PM compounds on human health should be assessed 
in health assessment analysis of ADOs, if possible independently for anthropogenic and 
mineral dust loads  

• It is not only mineral dust that matters for air quality during dust episodes

Considering also bioaerosols
• These might strongly vary from one region to other

http://idaea.csic.es/egar 3/15



id
a

idæid
a

idid
a

idæ
id

a
idæid

a
idid

a
idæ

1-1’ 2-2’

3-3’
2100

1500

500

0

m
 a

.s
.l.

0                               500                           1000                           1500                           2000 2500km

3-3’

China
Japan

Spring

3600

1800

900

0

0                                     500                                 1000                                 1500          2000                    

m
 a

.s
.l.

km

1-1’

France-Spain Sahara

Summer

2100

1500

500

0

0                                             500                                          1000                              1500                                          2000            

m
 a

.s
.l.

km

2-2’
SaharaGreece

Sping

PM and atmospheric relevant patterns

(many coincident with heat waves)

http://idaea.csic.es/egar 4/15

Winter-Spring



id
a

idæid
a

idid
a

idæ
id

a
idæid

a
idid

a
idæ• What should be monitored in 

dust events to evaluate health 
effects?
– Dust load of PMx

– Anthropogenic load of PMx

– Meteorological parameters

• Dust and PM parameters to be 
used in epidemiological (time-
series) studies
– PMx

– PMx (dust)

– PMx (non-dust)

http://idaea.csic.es/egar 5

Design of epidemiology studies
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Dust-air quality evaluation system (EU)

http://ec.europa.eu/environment/air/quality/legislation/pdf/sec_2011_0208.pdf



id
a

idæid
a

idid
a

idæ
id

a
idæid

a
idid

a
idæ Daily PM10 (µg/m3)

87 out of 96 exceedances registered in 21.5 years are 
caused by African dust outbreaks

Daily limit value PM10 2008/50/CE (50 µg m-3) African dust outbreaks
Local dust from Monegros
Forest fires

African dust, regional background NE Spain

Dust-air quality evaluation system (EU)0
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1. Reporting on the detection of episodes and measurement PM10 levels in EMEP-type 
sites:

1.1. Modelling outputs, meteo and satellite imagery tools

1.2. Daily evaluation of PM ambient concentrations recorded in a specific regional 
background monitoring network made of around 25 remote monitoring sites (Spain 
and Portugal)

1.3. Reporting on episodes detected and daily PM10 levels for each station of the regional 

background network

1.4. Three months after the end of the year a reporting on scientifically support the 
occurrence of each episode included in the list

Dust-air quality evaluation system (EU)

http://idaea.csic.es/egar 8
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Modelling 
Aerosol maps

Backtrajectories Satellite

AFRICAN DUST, IDENTIFICATION OF EPISODES

Evaluation of PM concentrations at RB sites

YES NO

QUANTIFICATION OF DAILY CONTRIBUTIONS TO PMx

+

Dust-air quality evaluation system (EU)
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MMMB-BSC-
dust

Identification of Saharan dust outbreaks

SKIRON 
simulations

NAAPS - 
NRL

Dust-air quality evaluation system (EU)

http://idaea.csic.es/egar 10
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HYSPLIT back-trajectories
Calculated for 120 hours at 3 heights: 750, 1500 and 2500 m a.s.l.

Identification of Saharan dust outbreaks

Dust-air quality evaluation system (EU)

http://idaea.csic.es/egar 11
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Impact on surface PMx concentrations: experimental

Reporting on episodes

http://idaea.csic.es/egar 12
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Dust-air quality evaluation system (EU)
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2. Determining the natural contribution ‘net dust load’ for each day of the list of African 
episodes

2.1. Local-regional PM10 contribution (LRC, without African origin) determined to be 

subtracted to the bulk PM10 levels during the episode

2.2. LRC daily calculated from monthly mobile 40 percentile (centring the considered 
day in the middle of the month period) of the PM10 levels excluding the African days

2.3. Then ‘net dust load’ for a given day with African dust influence in one regional 
background station is determined: PM10-LRC

2.4. A list of ‘net dust load’ values for each day and regional background station is 
produced to be used to subtract the natural dust contribution to PM10 during days 

with exceedances of the DLV recorded at the AQ monitoring sites close to this 
specific regional background station. The list is produced by the Ministries of the 
Environment from Portugal and Spain 

Procedure for the quantification of natural contribution to ambient levels of PM

The quantitative approach

http://idaea.csic.es/egar 16
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3. The AQ monitoring networks compile a list of dates with exceedances of the DLV coinciding 
with the African dust outbreaks from the report by the Ministry of the Environment.

4. The ‘net PM10 dust contribution’ for the closest regional background site is subtracted from 
the PM10 levels of list produced in task 3 to discount the natural contribution

5. If after subtraction, the PM10 levels are < DLV (50 µg/m3) then the exceedance will be 

attributed to the natural contribution, otherwise will be attributed to anthropogenic causes

6. PM10 levels of the days where the exceedances was attributed to natural contributions are 
not included in the annual average.

7. The AQ monitoring networks reports on:
7.1. Mean average and total number of exceedances
7.2. List of exceedances attributed to natural contributions (exceedances are not deleted!!!)
7.3. Calculated dust contribution to the annual mean (from the difference of the annual mean-
annual mean with the subtractions of the calculated daily net dust loads).

Determining the anthropogenic and natural contributions to PM in an urban site

The quantitative approach

http://idaea.csic.es/egar 19
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Dust outbreak increases the regional
Background to 31 µg/m3 PM10 (‘net dust load’)

Attributed to African dust inputs
60-31 µg/m3 =29 µg/m3 <50 µg/m3 

Not attributed to African dust  inputs
100-31 µg/m3 =69 µg/m3 >50 µg/m3 

EXAMPLE

Determining the anthropogenic and natural contributions to PM in an urban site

100 µg/m3 PM10 traffic

60 µg/m3 PM10 urban

http://idaea.csic.es/egar 21

Dust-air quality evaluation system (EU)



id
a

idæid
a

idid
a

idæ
id

a
idæid

a
idid

a
idæ

31

9 11

16

22 19

3124

18

% of days
African dust 
2001-2016

29

13 10

13

12

1414

13

Daily average 
African dust 

PM10 
contribution 
during dust 

episodes
2001-2016

(µg/m3)

7.9

1.1 1.1

1.7

2.4 2.4

4.33.0

2.2

599

89 147

214

324 269

322236

303

Max. daily 
African dust 

PM10 
contribution
2001-2016

(µg/m3)

Average 
African dust 

to PM10 
2001-2016

(µg/m3)

12

25

11 14

16

13 20

2018

12

% of 
African dust 

in PM10
2001-2016

32

10 8

10

12

2117

18

Mean PM10
2001-2016

(µg/m3)

18

31

9 11

16

22 19

3124

18

% of days
African dust 
2001-2016

29

13 10

13

12

1414

13

Daily average 
African dust 

PM10 
contribution 
during dust 

episodes
2001-2016

(µg/m3)

7.9

1.1 1.1

1.7

2.4 2.4

4.33.0

2.2

599

89 147

214

324 269

322236

303

Max. daily 
African dust 

PM10 
contribution
2001-2016

(µg/m3)

Average 
African dust 

to PM10 
2001-2016

(µg/m3)

12

25

11 14

16

13 20

2018

12

% of 
African dust 

in PM10
2001-2016

32

10 8

10

12

2117

18

Mean PM10
2001-2016

(µg/m3)

18

http://idaea.csic.es/egar 22

Examples of applications
PM10 and PM2.5 Saharan dust loads over Spain 2001-2016

Querol et al., 2019. In prep
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Pey et al., ACP, 2013
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Pey et al., ACP, 2013
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Examples of applications
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Perez et al., 2012. Epidemiology

local contribution            causing health
                                            outcomes during
                                            African dust 
outbreaks
African dust

PM10 

Dust origin areas and study areas with health 
effects 

 Epidemiological studies: Perez et al., 2008; Jimenez et 
al., 2010; Mallone et al., 2011; Tobías et al., 2011; Sajani 
et al., 2011; Samoli et al., 2011a; Diaz et al., 2012; Perez 
et al., 2012a, 2012b

 Toxicological studies:  Polimenakou et al., 2008

 Inhalation dose:  Mitsakou et al., 2008

 Pregnancy complications:  Dadvant et al., 2011

 Pediatric asthma: Samoli et al., 2011b

 Meningococcal meningitis: Tobias et al., 2011b

http://idaea.csic.es/egar 25
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Examples of applications
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Why in some studies we find health outcomes and not in others?

- Do methods yield some outputs concerning PM contributions?
- A temperature increase much pronounced in some regions
- Microorganisms
- Different source or mix (with anthropogenic PM)
- Other

What causes health effects?

- Temperature increase
- Dust
- Non-dust fraction
- Microorganisms
- Mixed anthropogenic PM
- Other

Major questions still not replied

How might we reduce population exposure to PMduring dust outbreaks?

- Abate resuspension after episodes
- Decrease emissions of local pollutants
- Informing sensible population (How? When?)
- Other ???

Final considerations

Need for harmonization of study designs and exposure control
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