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World-wide increase in IgE-mediated diseases

Eder et al., NEJM 2006



Haahtela et al., WAO 2013

Increase in prevalence of allergic diseases
- allergic diseases in military recruits -



Factors influencing allergic diseases

Living too dirtyLiving too clean



Pollution
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Noise pollution

Air pollution:
SO2

NH3

CO
NOx
O3

PM



London smog: lethality

Bell and Davis, Env Health Persp. 2001



Lim et al., Lancet 2013

Burden of disease attributable to 20 leading risk factors in 2010

- expressed as a percentage of global disability-adjusted life-years, both sexes -



Source:EEA

Time trends of Pollution in Europe
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Nomenclature of Particles
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Source:EEA

Exceeding Current Air Pollution Standards



Sources of PM 2.5



Atmospheric pollutants

Guarnieri & Balmes, Lancet, 2014

and
Off-road 
engines



Sources of pollution
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Sulphur in ship emissions generates clouds

http://www.isgtw.org/feature/clearing-cloudy-view-cloud-formation



Heavy
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Oil
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Switching from light fuel oil (DF) to heavy fuel oil (HFO) 

Increase of Polycyclic Aromatic Hydrocarbons (PAH) in exhaust gas
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Organic composition of the exhaust particles



	

Exposing human cells at the air-liquid interface

	



DF aerosol 

HFO aerosol 

DF gas 

HFO gas 

Genome wide RNA target analysis

- Referenced against clean air - *

>1.5-fold Up-regulated genes

>1.5-fold Down-regulated genes
• about 42,000 genes,

against clean air



	

Diesel Fuel Heavy Fuel Oil



Partikel in der Umluft: Bremen

Diurnal Variation: Bremen (traffic site)
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EU 
Guideline
= 40µg/m3

EU-wide Yearly Values of PM10
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Which Measure to Monitor in Ambient Air
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Animal Experimental Data on Allergy and PM2.5



PM 2.5 
(effects of 2 µg/m3 increase)

NO2
(effects of 10 µg/m3 increase)

Effects of Air Pollution on Childhood Allergic Sensitization

Bowatte et al., Allergy 2015

Outdoor allergens Indoor allergens Food allergens



Manners et al., JACI, 2014

Diesel exhaust particles (DEP) and sensitization

White bars =
with Diesel 

Particles

Allergy
Parameter



Effect of Diesel Particles on allergic asthma

Brandt et al., JACI 2015ECAT= elemental carbon attributed to traffic ( ≈ diesel particles)



Fowler et al., New Phytol. (1998), 139, 11–23

NO - NO2 equilibrium



N O N O

O

O3

UV
oC

O +

25 ppm 1 ppm

Diesel car exhaust

NIOHS life-time limit:

16.3 ppm 0.4 ppm

Atmosphere city
village
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Equilibrium of Nitrogen Oxides (NOx) and Ozone

Fowler et al., New Phytol. (1998), 139, 11–23



NO2 and Allergy

Krämer et al., Epidemiology, 2000



Gruzieva, JACI 2014

Effect of Air Polltion on Allergic disease

Current address

Birth address



McConnel et al., Env. Health Persp. 2006

Distance to a road and allergic sensitization



Conclusions on Air Pollution and Health

1. The most dangerous air pollutant is Particulate Matter (PM) probably from
combustion

2. The next pollutant to target is NOx

3. The easiest way to quickly limit air pollution is to change fuels:
Go for Methane (CNG or LNG) or Ethanol combustion

4.   To monitor pollution effectively, go for smaller PM (like PM2.5 or PM1) 
that monitor elemental carbon (EC) from combustion

5.   Pollen should be included in air quality monitoring
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Increasing proportion of NO2
Meteorol. Z., 20, 2011 I. Düring et al.: A new simplified NO/NO2 conversion model 71

Figure 6: Comparison of annual mean NOx -concentrations, calcu-

lated with OSPM, with observed data from the measurement site

Corneliusstraße in Duesseldorf for the years 1997–2006. NOx b =

NOx background concentration.

Figure 7: Annual mean NO2-concentration from federal highway

measurement sites, including values estimated from different con-

version models. VB = background concentration; GB = total con-

centration. Bächlin ‘08 = BÄCHLIN and BÖSINGER (2008).

2.1 (Manual of Emission Factors, see: www.hbefa.net).
Various sensitive calculations also show that the re-
markable increase in street canyon annual mean NO2-
concentrations after 2003 (7 µg/m3 to 10 µg/m3 in-
crease in comparison to 2003) can not be explained
by an increase of the NO2/NOx ratio emissions, than
by an increase in the total NOx emissions (keeping the
NO2/NOx ratio constant). The reason for this discrep-
ancy could possibly be found in inaccuracies during
the emission determination (percentage of diesel-cars,
amount of traffic, etc.).

4 Simplified chemistry model based on
annual average values

Strictly speaking, the above equations of the chemistry
model can only be used in time series calculations, be-
cause the parameters J and k are dependent on meteoro-
logical parameters. Based on research projects by BASt
(Bundesanstalt für Straßenwesen) (DÜRING et al., 2009)

Figure 8: Top: Annual mean NO2-concentration in µg/m3 from the

measurement site Corneliusstrasse (Duesseldorf), including values

estimated from different conversion models. Bottom: Annual mean

NO2-concentration in µg/m3 from the measurement site Bahnhof-

straße (Cottbus), Including values estimated from different conver-

sion models. VB = background concentration; GB = total concentra-

tion. Bächlin ‘08 = BÄCHLIN and BÖSINGER (2008).

as well as the Landesumweltamt Brandenburg (DÜRING

and BÄCHLIN, 2009), these equations can also be ap-
plied for annual mean concentrations using the follow-
ing parameters:

J = 0.0045 s− 1

k = 0.00039 (ppb s)− 1

τ = 100 s (street canyons) or 40 s (free dispersion)

The input data are the same as for the Romberg
approach:

NOx – annual mean at traffic station (in the model=
calculated value)

NOx – annual mean at background station

NO2 – annual mean at background station

as well as two additional values:

Ozone – annual mean at background station

p = share of primary NO2 emissions for all NOx

emissions.

Düring et al. Meteorol. Z., 20, 2011 



Effect of Aryl Hydrocarbon Receptor (AhR) on Allergic Sensitization

Negishi et al., J Immunol 2005
DNP= nitrated Ascaris protein

Aryl Hydrocarbon knockout
Mice

In this figure:
AhR is NOT Airway Hyperreactivity



HFO
DF

Toxicologic evaluation of particles: More reponses with DF

Transcriptome Proteome Metabolome
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Effect of Air Pollution on Pollen

Beck et al., PLOSone 2013 

Abb.	3	

A	 B	

Source: Buters et al, Allergo J 2015



NO2 treatment of Ambrosia plants

Control NO2

40ppb 80ppb

overlay

40ppb NO2 vs. 80ppb NO2

Stress-
related

Allergen
up-regulated

down-regulated

Zhao et al. 2015 PCE, in revision

U. Frank, PDS4



Öder et al., unpublished 2015
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Effect of Climatic Conditions of Ambrosia Pollen



Testing pollen allergenicity in vivo
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Beck et al., PLoS One 2013





Kiesewetter 2014



Guarnieri & Balmes, Lancet, 2014

Air pollutants and asthma





 Air Pollution

 Air Pollution and Pollen

 Air Pollution and Allergy



 Air Pollution

 Air Pollution and Pollen

 Air Pollution and Allergy

 Motor vehicles
 Wood combustion
 Ships
 Gases vs particles

 more pollen
 new pollen
 changed pollen

 Combustion pollution
 Arylhydrocarbon Receptor (AhR)


