
Air Quality:  
 

Bert Brunekreef, PhD 

Institute for Risk Assessment Sciences 

Utrecht University, NL 





www.who.int/world-health-day/2010 









PM10 





SO2 NOx (NM)VOC NH3 PM2.5 

Proposal 
reductions in 
% of 2005 
emissions for 
2020 

59 42 28 6 22 

Already 
achieved by 
2011 

42 24 20 5 13 





Future research questions 
(just a few…) 

• What happens at much higher 
concentrations? 

• What happens at very low 
concentrations? 

• What’s the role of PM Oxidative 
Potential? 

• Role of PM composition? 
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EH 2012 

EU Limit Value 

http://www.ehjournal.net/content/11/1/60/figure/F1
http://www.ehjournal.net/content/11/1/60/figure/F1
http://www.ehjournal.net/content/11/1/60/figure/F1


EH 2012 

EU Limit Value 
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ESCAPE  
 

European Study of Cohorts for Air Pollution Effects   
 
 

2008 - 2012 

http://www.riskmanagementsolutions.co.za/Escape.jpg


ESCAPE study  

• > 30 existing cohorts 

• Birth and pregnancy outcomes 

• Respiratory morbidity 

• Cardiovascular morbidity 

• Cancer & mortality 

•PM / NOx monitoring & 
modeling in 20 / 36 EU 
areas 

http://www.riskmanagementsolutions.co.za/Escape.jpg


ESCAPE study areas in 
EUROPE 

PM+NOx 

NOx only 
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Air pollution measurements 
~400 PM, ~1,500 NOx locations 

Measurement of nitrogen 
oxides with passive samplers 

 

Measurement of fine particles 
with pump and sampling head 

http://www.riskmanagementsolutions.co.za/Escape.jpg


• PM: 20 sites in 20 areas, 3 * 2 weeks 
hot/cold/intermediate seasons 

• NOx: 40 sites in 36 areas, same frequency 

• Continuous one background site 1 yr/area 

• PM2.5 & PM10 

• PM2.5 & PM10 composition, Black Carbon 
(PM2.5 absorbance) 

• LUR modeling with central & local GIS data 

Exposure modeling 

http://www.riskmanagementsolutions.co.za/Escape.jpg


Exposure assessment:  
Land Use Regression Modeling 

• Data on land use from existing geographic databases 

• Land use data typically: road networks, traffic density and 
composition, residential – industrial – commercial – green space etc. 
land use, elevation 

• Spatial distribution of air pollution concentrations explained by 
regression model 

x         x                    x                                 x 

      x          xx               x                x    xx         x 

x            x         x     x     x                                 x 

    x            xx     xxx        x                               x 

x     x              x      x          xxx           

        x                x      x     x                                 x 

x  x      x        x      x        xx  

            x             xx     xx 



PM2.5 results 

Eeftens, Atm Env 2012 

EU Limit Value 

EPA NAAQS 
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NO2 

results 

Cyrys, Atm Env 2012 

EU Limit Value 
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EFFECTS: 18 hypotheses 
• FOR INSTANCE: air pollution is NOT associated 

with asthma in school children (NULL hypothesis) 

• Emphasis on EFFECT ESTIMATION: relative risks 
with 95% confidence intervals for fixed pollution 
increments 

• Analysis models highly specified IN ADVANCE OF 
ANALYSES 

• For the 18 different hypotheses: 4 – 22 cohorts 
available 

• In total: 170 cohort specific analyses 

• About 9 cohorts per hypothesis 

• Each cohort contributed to about 5 hypotheses on 

average 

http://www.riskmanagementsolutions.co.za/Escape.jpg
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Primary focus of analysis 

•Analysis methods & routines 

developed in advance 

•Cohort specific analysis performed 

locally 

•Meta-analysis of cohort-specific 
effect estimates 

•Pooled analysis in birth outcome 
paper 



Lancet  

Respiratory  

Medicine  

2013;1:695-704 



NO2 exposures in pregnancy outcome cohorts 

EU Limit Value 

http://www.riskmanagementsolutions.co.za/Escape.jpg


Effect estimates for Term Low Birth Weight and 
Birth Head Circumference 

Term low birth weight Birth head circumference 

Pollutant  N RR 95% CI N ß* (cm) 95% CI 

NO2 (per 10 µg/m3) 52,291 1.09 1.00 - 1.19 36,010 -0.08 -0.10 to -0.07 

NOX (per 20 µg/m3) 51,150 1.04 0.97 - 1.11 34,818 -0.06 -0.07 to -0.05 

PM10 (per 10 µg/m3) 40,947 1.16 1.00 - 1.35 25,022 -0.13 -0.18 to -0.09 

PM2.5 (per 5 µg/m3) 40,947 1.18 1.06 - 1.33 25,022 -0.08 -0.12 to -0.03 

PM-C (per 5 µg/m3) 40,914 1.01 0.88 - 1.15 24,988 -0.09 -0.12 to -0.05 

PM2.5 absorbance 

(per 1 10-5/m) 
41,727 1.17 0.95 - 1.39 25,724 -0.18 -0.22 to -0.13 

http://www.riskmanagementsolutions.co.za/Escape.jpg


EU Limit 

Value 



PM10

PMcoarse

Traffic on nearest road

Traffic in 100m buffer

1 2 3

Associations between PM2.5 exposure 
during pregnancy and term low birth 
weight in analyses restricted to levels 
below certain values 

15 µg/m3 

20 µg/m3 

25 µg/m3 

None 

OR for 

PM2.5 per 

5 μg/m3 
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2014;348:f7412 



ESCAPE effects on Coronary Events  

Pollutant Relative Risk (95% C.I.) 

PM10 (per 10 µg/m3) 1.12 (1.01-1.25) 

PM2.5 (per 5 µg/m3) 1.13 (0.98-1.30) 

PM absorbance (per 

m-1) 

1.10 (0.98-1.24) 

NO2 (per 10 µg/m3) 1.03 (0.97-1.08) 

Cesaroni, BMJ 2014;348:f7412 



Pollutant Relative Risk (95% C.I.) 

PM10 full range (per 10 µg/m3) 1.12 (1.01-1.25) 

PM10 below 40 µg/m3 1.15 (1.02-1.30) 

PM10 below 30  µg/m3 1.12 (0.98-1.27) 

PM10 below 20  µg/m3 1.20 (1.01-1.41) 

PM2.5 full range (per 5 µg/m3) 1.13 (0.98-1.30) 

PM2.5 below 25 µg/m3 1.23 (1.04-1.46) 

PM2.5 below 20 µg/m3 1.23 (1.04-1.46) 

PM2.5 below 15 µg/m3 1.19 (1.00-1.42) 

ESCAPE effects on Coronary Events  

Cesaroni, BMJ 2014;348:f7412 



Beelen et al, Lancet 2014;383:785-95 

US EPA 

NAAQS 

EU 

Limit 

Value 



Exposure Relative Risk (95% c.i.) 

NO2  (10 µg/m3) 1.01 (0.99-1.03) 

NOx (20 µg/m3) 1.02 (1.00-1.04) 

PM2.5 (5 µg/m3) 1.07 (1.02-1.13) 

PM2.5 abs (1 10-5 m-1 ) 1.02 (0.97-1.07) 

PM10 (10 µg/m3) 1.04 (1.00-1.09) 

PM coarse (5 µg/m3) 1.04 (0.98-1.10) 

Traffic nearest street 

 (5000 veh.day-1) 

1.01 (1.00-1.03) 

Relative Risk of natural cause mortality 
associated with exposure to air pollution 
and traffic indicators, based on 19 cohorts 
in Europe  
 

Beelen, Lancet 2014 
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Threshold N of cohorts PM2.5 

10 µg/m3 9 1.018 (0.873-1.187) 

15 µg/m3 11 1.042 (0.976-1.113) 

20 µg/m3 17 1.070 (1.012-1.131) 

25 µg/m3 17 1.060 (1.004-1.118) 

Relative Risk of natural cause mortality 
associated with exposure to PM2.5  (per 5 

µg/m3) below various threshold values  
 

Beelen, Lancet 2014 
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Smoke in the Lancet 

• 1881: ‘acidity destroys public buildings and 
statues’ 

• 1890: ‘sewer air is cleaned by fog-air 
with a fairly potent purifier’ 

• 1891-1893: three reports on ‘perfect 
combustion and smoke prevention’ 

• 1901: ‘audiences could not see the actors’ 
• 1903: ‘need smoke be “black” to constitute 

and offence?’ 
• 1925: ‘it may require the death from 

fog of three cabinet ministers before 
any action is taken’ 



London 1952 Smog Episode 

 

 

 



An Anti-Smog Bottle (1) 

‘If sulphuric acid was a major toxic agent in 
smog, the smog could be rendered harmless by 
adding to it sufficient ammonia to neutralize 
the acid’ 
‘It is tempting (...) to apply these results to the 
Smithfield Show, in which scrupulously clean  
cattle suffered and perished whereas pigs and 
sheep in less hygienic surroundings were 
unaffected’ 

BMJ 1955; ii: 1135 



‘E.T. Wilkins (...) has devised an elegant 
alternative to an indwelling pig. By 
means of an adjustable wick in a bottle 
of ammonia the air in a room may be 
kept neutral or alkaline’ 
 
‘(...) patients with chronic bronchitis and 
members of the staff are now trying the 
bottles at home’ 

An Anti-Smog Bottle (2) 

BMJ 1955; ii: 1135 





Rand McNally 1968 

“No subsequent report 
would ever touch on the 
point, but many London  
policemen knew, from their 
own experience, that when 
the smog came down, 
anyone poor, sickly and 
alone was extremely 
vulnerable” 



Monet, Houses of Parliament, London, 1905 

Thank you for  

your attention!! 


