
Key NO2 issues
Bert Brunekreef, PhD

• The changing air pollution mix
• How bad is NO2 all by itself?
• How good as representing an outdoor mixture?
• What about the indoor studies?
• Air Quality Standards for NO2



R2 = 0.83
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E S C A P E
• ~ 30 existing cohorts
• Birth and pregnancy outcomes
• Respiratory morbidity
• Cardiovascular morbidity
• Cancer & mortality
• PM2.5 & NOx monitoring & modeling in ~ 40 

EU areas
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Exposure modeling

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

• NOx: 40 sites/area, same frequency
• Continuous one background site 1 yr/area
• PM2.5 & PM10
• PM2.5 elements XRF, reflectance
• Filters stored for future analyses (PAHs, 

EC/OC, Oxidative stress markers, …..)
• LUR modeling with local GIS data
• Dispersion model output where available
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ESCAPE: annual mean PM2.5, ABS (*10), NO2



NO2 -
PM2.5

NO2 –
PM2.5 abs

Catalunya (N = 40) 0.73 0.90

Munich (N = 20) 0.29 0.86

Ruhr area (N = 20) 0.69 0.89

The Netherlands/Belgium 
(N = 40)

0.56 0.86

ESCAPE Pearson R2 annual mean 
NO2 with PM2.5 and PM2.5 Abs
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JESEE 2007

1986-1994
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ACP 2010

HONO/NO2 Canada 0.02



Env Res 1994

HONO/NO2 Netherlands 0.08





HONO/NO2 UK 0.24

Thorax 2005
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Graphs by country identifier

HONO/NO2 Sweden 0.47
HONO/NO2 Germany 0.55
HONO/NO2 Netherlands 0.44

AIRALLERG QLRT-2000-00073 FINAL REPORT 03 2005



Association between gas stove, HONO and NO2 and wheezing, 
nocturnal dry cough, asthma and eczema among children 
in the AIRALLERG study

Gas Stove
OR* (95% CI)

HONO 
OR* (95% CI)

NO2
OR* (95% CI)

IQR=3.7 μg/m3 IQR=7.2 μg/m3

Wheeze 0.65 (0.37, 1.14) 0.72 (0.54, 0.95) 0.83 (0.65, 1.05)

Nocturnal 
dry cough

0.94 (0.55, 1.60) 0.93 (0.76, 1.13) 0.84 (0.68, 1.04)

DD asthma 0.52 (0.25, 1.09) 0.88 (0.64, 1.21) 0.93 (0.74, 1.19)

Eczema 0.98 (0.60, 1.60) 0.97 (0.81, 1.17) 1.04 (0.92, 1.18)
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Outdoor NO2 is NOT indoor NO2

Location school Outdoor NO2
µg/m3

Classroom NO2

Very urban (n=33)
Fairly urban (n=56)
Non-urban (n=43)

37
30
26

23
13
11

Very busy road (n=27)
Fairly busy road (n=39)
Quiet road (n=44)

47
37
33

24
14
14

Rijnders, EHP 2001



The US vs. EU AQS approach
Source Annual standard 1 hr standard

CAL EPA 2007 57 μg/m3 344 μg/m3

Max

US EPA 2010 100 μg/m3 191 μg/m3

98th percentile

EU 40 μg/m3 200 μg/m3

18 times (99.8 or 95 
percentile??)





1996 - 2000





JAWMA 1992

Source N of children LRI OR per 30 μg/m3

indoor NO2

Melia 1980 103 1.53 (1.04-2.24)

Melia 1982 188 1.11 (0.83-1.49)

Neas 1991 1286 1.47 (1.17-1.86)

Dijkstra 1990 775 0.94 (0.66-1.33)

Combined 1.25 (0.99-1.58)



AJE 1991





Thompson 2008 memo

http://www.epa.gov/ttnnaaqs/standards/nox/data/20081124_thompson.pdf



http://www.epa.gov/ttnnaaqs/standards/nox/data/20081124_thompson.pdf

Average ratio second highest hourly / annual mean: 4.63
Average ratio 99th hourly / annual mean: 4.13
Average ratio 98th hourly / annual mean: 3.80
Average ratio 95th hourly / annual mean: 3.00

Thompson 2008 memo



1 hr recalculated to annual mean

Source RECALCULATED
Annual standard

1 hr standard

CAL EPA 2007 74?? > 57 μg/m3 344 μg/m3

US EPA 2010 50 < 100 μg/m3 191 μg/m3

EU 43 or 66 > 40 μg/m3 200 μg/m3
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