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Summary in English

The background for the project is that traffic-related air pollution may
provoke the onset of asthma. The objective of this pilot study is to
investigate the relation between asthma and wheeze debut and
individually estimated exposure to traffic-related air pollutants with a
validated exposure system (AirGIS).

The project applied the following methodology. A non-smoking cohort
with recently acquired asthma or wheeze as well as matched controls
were identified from a large cross-sectional study. All residential and
working addresses with corresponding time periods for a 10 year period
were successfully identified for all study participants (N=33). Using
AirGIS traffic-related air pollutant levels from both urban background
and street level were estimated for the 10 year study period on an hourly
basis. Individual levels of air pollutants in the years preceding debut of
asthma or wheeze were analyzed using survival analysis.

The project showed that accumulated individual median NO> exposure
(mg/m?3 x hour) for the 10 year study period was 1,145 (asthma cases),
1,268 (wheeze cases) and 1,005 (controls). No significant correlations
between exposure levels and onset of disease or symptom were
demonstrated. A tendency towards higher levels of nitrogen oxides
exposure during the year prior to debut was seen in wheeze cases.
Substantial problems in determining time of onset were encountered.

This pilot study successfully demonstrated the feasibility of using AirGIS
to study correlations between individual traffic-related air pollution
exposure and new onset asthma and wheeze.

It is recommended that the analytic methods developed in this pilot
study are used in a larger prospective cohort to investigate individual
traffic-related air pollutants as a risk factor for the development of new
asthma and wheeze.



Summary in Danish

Baggrunden for projektet er, at luftforurening fra trafik kan fremprovo-
kere udvikling af astma. Formalet med dette pilot projekt er at underse-
ge sammenheengen mellem udseettelse for trafikforurening og nye til-
feelde af astma samt hvaesende vejrtreekning hos voksne. Projektet indgar
som et led af projektet “Risikofaktorer for astma i voksenalderen”, ogsa
kaldet RAV-projektet.

Metodemeessigt tager vi udgangspunkt i en kohorte af ikke-rygere med
nyligt konstateret astma eller hveesen og en matchende kontrolgruppe
identificeret fra et storre tveersnitsstudie. Alle bopeels- og arbejdsadresser
blev identificeret for de 33 deltagere i studiet samt de tidsperioder, hvor
personerne havde opholdt sig pa disse adresser over en tidrsperiode.

Eksponering for trafikrelateret luftforurening pa adresseniveau blev mo-
delleret med luftkvalitets- og eksponeringssystemet AirGIS udviklet af
Danmarks Miljoundersogelser. Luftforureningsniveauet for bade gade-
og bybaggrundsniveau blev beregnet for de relevante tidsperioder inden
for den tidrige periode. Individuel eksponering i drene forud for debut af
astma eller hveesende vejrtraekning blev analyseret med overlevelses sta-
tistik.

Projektet viste, at den akkumuleret individuelle medianveerdi af NO»
eksponeringer (mg/m?3 x hour) for den tidrige periode var 1,145 (astma
tilfeelde), 1,268 (tilfeelde med hveesen) og 1,005 (kontrolgruppe). Der var
ingen signifikant sammenhaeng mellem eksponering og udvikling af
sygdom eller symptomer. En tendens til hojere eksponeringsniveauer i
aret forud for debut blev set for tilfeelde med hvaesende vejrtraekning.
Der var substantielle problemer forbundet med at tidsbestemme, hvor-
nar sygdomsfrembruddet opstod.

Dette projekt har succesfuldt demonstreret anvendeligheden af AirGIS
til at studere sammenheengen mellem individuel eksponering fra luft-
forurening fra trafik og udvikling af astma og hveesende vejrtraekning.

Det anbefales, at de udviklede metoder i dette pilot projekt anvendes i et
starre prospektivt kohorte studie til at undersege individuel eksponering
for trafikrelateret luftforurening som en risikofaktor for udvikling af nye
astma og hveaesende vejrtraekning tilfeelde.



1 Introduction

The incidence and prevalence of asthma has been increasing in devel-
oped countries over the past few decades. This higher prevalence sug-
gests that urbanization and air pollution may be relevant risk factors
(Wong et al, 2004; Byrd et al, 2006; D Amato et al, 2005).

1.1 Air pollution as risk factor for asthma

Several studies have established air pollution as a significant factor asso-
ciated with increased morbidity in asthmatics. Traffic exhaust is one of
the main sources of air pollution, especially in urban areas where popu-
lations are exposed to the highest air pollution levels. Recent epidemi-
ologic studies have investigated the influence of meteorological factors
and traffic-related air pollution on asthma hospitalization. Positive corre-
lations between seasonal variations in hospitalization and traffic-related
air pollutants such as nitrogen oxides, carbon monoxide and fine fraction
particles have been reported (Chen et al, 2006; Migliaretti et al. 2005).
Low ambient levels of traffic-related NO» have been identified as a con-
sistent risk factor for hospital admission rates from asthma in addition to
other covariant risk factors, e.g. socioeconomic, health control, tobacco
smoke and family history (Ramos et al., 2006; Magas et al., 2007).

In experimental studies, nitrogen dioxide exposure has been shown to
elicit inflammatory reactions and muscle tone changes in the airway of
animals (Hussain et al., 2004) and inflammatory reactions in humans
(Blomberg et al., 1999).

Epidemiological studies have attempted to evaluate the effects of air pol-
lution from traffic sources on the prevalence and incidence of asthma.
The results have been inconclusive partially due to difficulties in expo-
sure estimation. Most studies have been performed in children (Nicolai
et al., 2003; Shima et al., 2003; Gauderman et al., 2005; Brauer et al., 2002)
and only a few in adults (de Marco et al., 2002; Modig et al 2006). Focus
has been on fine fraction particles (PMzs or PMyo), diesel exhaust prod-
ucts, O3, NOz and NOx.

1.2 Exposure assessment

Different methods have been used to estimate airway pollutant expo-
sures. These methods range from subjectively experienced traffic load to
partly quantitative studies using distance from main roads as a proxy for
air pollution exposure. Models that interpolate air pollutant monitoring
data and spatial distribution measurements to estimate individual expo-
sure over time have also been applied (Brauer et al., 2002). Recently
models based on Geographic Information Systems (GIS) where residen-
tial addresses are linked to information on road distribution and traffic
counts have emerged (Bellander et al., 2001). In a comparative study GIS-
based models produced more reliable exposure estimates than subjective



assessment when validated with measured air pollution data (Heinrich
et al., 2005).

1.3 Objectives of pilot study

The aim of this pilot study was to test a model for investigating traffic-
related air pollution as a risk factor for the development of new onset
asthma in young adults. A pilot study approach was believed to be nec-
essary to evaluate the bases for a time consuming full-scale prospective
study.

The study used an advanced and validated GIS-based model for estimat-
ing individual air pollution and exposure at address levels based on de-
terministic air quality modelling (Jensen et al. 2001). Hypothesizing an
immediate effect of exposure on the development of asthma or wheeze,
levels of exposure preceding symptom debut were defined and corre-
lated with disease onset in model testing.



2 Material and methods

The study subjects had participated in a clinical investigation as part of a
Danish population-based study of risk factors for asthma in adults, RAV
2002-04 (Skadhauge et al 2005).

2.1 Study subject selection and investigation

The European Community Respiratory Health Survey (ECRHS) screen-
ing questionnaire was sent to an age and sex stratified random sample of
10,000 persons between 20 and 44 years of age in five counties in West-
Denmark. In this pilot study respondents living in four selected munici-
palities with a total of 114,502 inhabitants in the selected age groups
(2002 Danish Statistical Agency) were included. The population of these
four municipalities accounts for approximately 6 % of the initial study
population. Never-smoking responders answering affirmatively to the
question “Have you ever had asthma?” were selected. Focusing on new
onset asthma only those with asthma debut in the preceding five years
(debut year 1997 to 2002) were selected. As only seven cases of asthma
were found the inclusion criteria was extended to include never-smoking
individuals who answered yes to the question “Have you experienced
wheezing in the last 12 months?” identifying 11 additional subjects
(wheeze cases). From the basic population in the four municipalities 29
never-smoking controls without respiratory symptoms were randomly
selected stratified by gender, age and municipality. This extension of the
case population was chosen regarding the primary study aim to establish
a model to analyze air pollution effects on new onset asthma. Wheezing
was regarded as a symptom of possible mild asthma. Analyses of asthma
and wheeze cases were done separately.

From this cohort, 33 persons agreed to participate and were interviewed
by telephone regarding debut of asthma or wheeze as well as all resi-
dences, work places and working hours in the period January 1, 1993 to
December 31, 2002. From these data for each person and for every hour
in the period 1993 to 2002 the location of all home and work addresses
were registered. Transportation times between work and home as well as
leisure time (time out of work) was calculated as time at home address.

Three controls had stayed abroad for shorter periods. These individuals
were assigned exposure levels believed to be representative for condi-
tions abroad. In the case of alternating shifts a working period was de-
fined as a period containing half of both shifts. For one person working
outdoors in alternating locations in his hometown the residential address
for the actual period was used to estimate workplace exposure.

For each individual, the study period was subdivided into new periods
for every change in residence or workplace. Exposure estimates were
generated by multiplying the average concentration of the pollutant per
hour with the number of hours spent at each location for each period.
This was done for two exposure indicators: urban background and street
concentrations at each specified address. In this pilot study summations
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of exposure per calendar year were used as exposure periods in model
testing.

2.2 Modelling of exposure to traffic air pollution

AirGIS was used to model air pollution from traffic exhaust. AirGIS is a
location-based human exposure model system used to support air pollu-
tion epidemiology as well as air quality assessment and management in
Denmark (Jensen et al. 2001). The system is based on the Danish Opera-
tional Street Pollution Model (OSPM) (Berkowicz 2000a), digital maps on
roads with traffic data, buildings with building height data and geo-
coded addresses of study subjects. It applies a Geographic Information
System (GIS). AirGIS estimates ambient air pollution levels at high tem-
poral (hourly) and spatial (address) resolutions. The model system en-
ables estimation of air quality levels and human exposures at a large
number of addresses in an automatic way provided required input data
is available. One of the features of AirGIS is that it is possible to auto-
matically generate street configuration data for the OSPM. Street con-
figuration data includes street orientation, street width, building heights
in wind sectors, etc. The OSPM requires input data on traffic for the in-
dividual street in question, street configuration data, emission factors,
urban background concentration data and meteorological data. The
OSPM has an internal vehicle emission module.

Exposure indicators in the present study were street concentrations and
urban background concentrations at residential and workplace addresses
of each study subject taking into account the time spent at each location.
Traffic emission factors were available for PMio, PM25 and ultra-fine par-
ticles but lack of regional background monitoring data for the study pe-
riod prohibited calculation of urban background and hence street con-
centration for these particles.

Traffic data is not only required for streets where the exposure addresses
are located but also for all other roads since they contribute to the urban
background levels at the address in question. Traffic data include Aver-
age Daily Traffic (ADT) and vehicle composition (passenger cars, vans,
lorries and buses). A national traffic database only exists for state and
county roads managed by the Danish Road Directorate in co-operation
with the 14 counties and goes back to 1990. However, almost all expo-
sure addresses were located on municipal roads and the municipalities
maintain limited traffic databases, if any. Therefore, traffic data for the
residential and workplace addresses in this project were obtained
through telephone and email contact to the relevant municipalities.

The OSPM also requires urban background concentration data that
represents the contribution from vehicle emissions within a larger area.
Urban background levels represent conditions at roof top level in a city,
in a backyard or in a park. Urban background data were modelled with
the Urban Background Model (UBM) - an area source based dispersion
model (Berkowicz 2000b). Traffic data for the UBM model was based on
the aforementioned national traffic database and for remaining road
links on a digital road network where traffic was assigned to all remain-
ing road links based on a statistical top-down approach that distributed
known kilometres travelled at county level to individual road links



based on a number of criteria like road type and population density on a
1x1 km? grid. Emission data was also established on a 1x1 km? grid
based on kilometres travelled and OSPM emission factors. Regional
background concentrations were taken from a regional background sta-
tion close to the border of the model domain.

Meteorological data from one year (1999) were used for all exposure
years since the variation in climate is limited in Denmark. The variation
usually affects annual concentration levels with less than about 10%. The
OSPM and UBM include routines for describing photo-chemical interac-
tions between NO, NO; and O3 (Palmgren et al., 1996).

The output of the model system includes street concentrations as well as
urban background concentrations. For the present study traffic-related
air pollution in terms of nitrogen oxides (NOy), nitrogen dioxide (NO)
and carbon monoxide (CO) was calculated.

2.3 Validation of modelled exposures

The OSPM has been extensively validated against kerb side air monitor-
ing stations not only in Denmark but also in other parts of Europe and
Asia (Aquilina and Micallef, 2004; Berkowicz et al., 1998; 2002, 2005,
2008; Gokhale et al., 2005; Hertel & Berkowicz, 1989; Hertel et al., 2001;
Ketzel et al., 2000; Kukkonen et al.,, 2000, 2003; Ziv et al., 2002;
Vardoulakis et al., 2002; Vardoulakis et al., 2007; Vardoulakis et al., 2003)

The OSPM has also been validated for use in epidemiological studies fo-
cusing on long-term exposure using a large set of NO, measurements
collected in an epidemiological study concerning traffic pollution and
children cancer representing 204 different locations in urban and rural
conditions in the Greater Copenhagen Area (Raaschou-Nielsen et al.,
2000).

For the present study the performance of the UBM was evaluated against
measurement data from the only fixed urban background monitor sta-
tion in the study area — the city of Odense (Figure 3.1). The annual diur-
nal variation is well reproduced by the UBM but the model underesti-
mates observed NOx levels by about 22% (only about 6% for NO2 and Os,
not shown).

11
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Urban Background Odense 2001
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Figure 2.1 Urban Background Odense 2001. Comparison of UBM modelled annual diur-
nal urban background concentrations and NOx monitor data from an urban background
station in the city of Odense. The regional background concentrations are also shown.

2.4 Statistical analysis

A non-parametric analysis (Kruskal-Wallis) was chosen to test the
equality of the populations. Differences in annual median exposures
between subgroups in the total observational period and the year prior
of debut were tested. Analyses were performed on both urban
background and street levels of NOyx, NO2and CO.

For the survival analyses of the influence of exposure in the years prior
to debut logarithmic transformed values of the annual exposure for the
pollutants were used and tested by a Cox regression (Breslow method
for ties). All analyses were performed using STATA Statistical Software,
Release 8.2. (College Station TX, USA).



3 Results

In the following the obtained results are outlined.

3.1 Demographic characteristics of participants

Five subjects with asthma, nine subjects with wheeze and 19 controls
were interviewed by telephone. A total of 822 addresses (home and
work) were registered mapping the whole study period for all partici-
pants. Table 3.1 lists the demographic characteristics of the participants
and shows participation rates (average 70 %).

Table 3.1 Demographic characteristics of the study subjects

Asthma cases Wheeze cases Controls

Number of eligible participants 7 11 29
Number of participants 5 9 19
(Percent in group) (71 %) (82 %) (66 %)
Age range 23-42 21-41 25-44

mean 33.0 32.0 37.2
Gender female 4 4 8

male 1 5 11

Through the telephone interviews a status as asthma or wheezing case
was confirmed but the time of asthma or symptom onset was difficult to
establish.

3.2 Street and urban background concentrations

In Figure 3.1 scatter plots of the association between street and urban
background levels of each pollutant are shown.

As expected urban background concentrations are lower than street con-
centrations as street concentrations include the emission contribution
from the street in question. Urban background concentrations are a re-
sult of the emission contribution from a larger area around the street in
question.

Urban background concentrations vary by a factor of about two while
street concentrations vary by a factor of up to eight. The variation be-
tween urban background levels and street levels for NO: is less profound
than for the non-reactive NOx and CO. NOx and NO; show in principle
the same variation between urban and street levels although moderated
for NO..

13
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Time-weighted average concentration of NO2
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Figure 3.1 Time-weighted average concentration of air pollutants. Scatter plots of ten
years average concentrations of NO,, NOx and CO in urban background versus street.
Units: NO2 and NOx: ug/m®, CO: mg/m?®. Correlation factors: NO.=0.85 NO,=0.44 and

CO =0.50.



3.3 Average exposure concentrations

The time-weighted average concentrations of air pollutants per year at
street and background levels of NOx, NO2 and CO exposures are de-
scribed in Table 3.2. There were no significant differences in concentra-
tions between the subpopulations either using street or background lev-
els even though there was a considerable variation in inter-individual
exposure levels. A tendency towards higher concentrations of NO, was
seen in the wheeze subgroup.

Table 3.2 Time-weighted average exposure concentrations of traffic-related air pollutants

Asthma cases Wheeze cases Controls
Street
NO. range 12.2-16.8 11.8-20.2 10.5-27.0
pg/m® mean (std. dev.) 14.1 (1.90) 15.7 (3.38) 14.1 (3.93)
NOx range 15.7-36.8 15.0-27.8 12.1-85.6
pg/m® mean (std. dev.) 22.5 (8.26) 22.2 (4.58) 22.7 (16.8)
(o]0 range 0.15-0.27 0.15-0.24 0.13-0.53
mg/m? mean (std. dev.) 0.20 (0.046) 0.20 (0.046) 0.20 (0.096)
Background
NO- range 11.1-14.2 11.4-19.1 10.2-17.0
pg/m® mean (std. dev.) 12.8 (1.22) 14.6 (3.74) 12.6 (3.74)
NOy range 12.6-16.9 13.2-23.8 11.6-21.1
pg/m® mean (std. dev.) 15.0 (1.65) 17.5 (5.11) 14.8 (5.11)
(o]0 range 0.13-0.17 0.13-0.24 0.12-0.21
mg/m?® mean (std. dev.) 0.15 (0.013) 0.16 (0.036) 0.15 (0.036)

3.4 Accumulated exposures

Tables 3.3 and 3.4 describe median exposure levels in subgroups for the
total study period for cases and controls as well as exposure in the year
prior to debut of asthma or wheeze cases versus average annual expo-
sure in the entire study period for controls. There were no significant dif-
ferences in exposure levels between subgroups but a tendency (NO,
p=0.08 and NOy, p=0.09) towards higher levels of nitrogen oxides in
wheeze cases in the year prior to debut was seen.

15



Table 3.3 Accumulated median exposure at street level for total period per participant and exposure in the year prior of
debut of NO,, NO, and CO in the subgroups.

Total exposure in 1993-

2003

mg/m® x hour Asthma cases Wheeze cases Controls Probability
NO, 1145 1268 1057 0.15
NO« 1735 2031 1455 0.30
CO 16096 19584 13678 0.31
Exposure in pre-debut

year.

mg/m® x hour per year Asthma cases Wheeze cases Controls Probability
NO- 104.5 143.3 105.7 0.08
NO 140.0 189.6 145.5 0.42
CO 1380.3 1750.6 1367.8 0.27

Table 3.4 Accumulated median exposure at urban background level for total period per participant and exposure in the
year prior of debut of NO,, NO, and CO in the subgroups

Total exposure in 1993-

2003

mg/m?® x hour Asthma cases Wheeze cases Controls Probability
NO. 1084 1011 1024 0.43
NOx 1290 1164 1184 0.46
CcO 12600 11670 11874 0.55
Exposure in pre-debut

year

mg/m?® x hour per year Asthma cases Wheeze cases Control Probabil
NO. 104.5 121.4 102.4 0.08
NOy 120.9 143.0 118.4 0.09
CcO 1199.8 1339.0 1187.4 0.19

3.5 Survival analysis

Survival analysis results based on 14 events (debut of asthma or wheeze)
are shown in table 3.5. No significance differences in hazard ratios re-
lated to air pollutants were demonstrated. However tendencies towards
higher hazard ratios for NOx, and NO; in background but not street lev-
els were seen.

Table 3.5 Survival analysis of risk exposure for NO,, NO, and CO in the year prior to diagnosis.

Street level Hazard ratio (95 % Confidence Interval) P-value for hazard
ratio=1

NO. 3.04 (0.41-22.7) 0.28
NOy 1.20 (0.34-4.21) 0.78
CcoO 1.35 (0.29-6.20) 0.70
Background level

NO- 8.83 (0.78-99.8) 0.08
NOx 7.29 (0.85-62.7) 0.07
CcO 6.96 (0.46-104.8) 0.16

16



4 Discussion

The aim of this pilot study was to test a model for investigating possible
effects of traffic-related air pollutants on provoking new onset asthma or
wheeze in adults. This requires well developed tools for accurately esti-
mating individual air pollution exposures as well as a clearly defined
sizeable study population with newly developed symptoms. Although
this is a small sized study we regard the population sample acceptable
for model testing.

41 Exposure assessment

AirGIS, an advanced and previously validated model for estimating in-
dividual air pollution exposure, was applied in the study. Monitoring
data from one of the participating cities in the present study was avail-
able and correlated well with data generated by the UBM element of the
AirGIS system.

In this study a fixed meteorological year was used in modelling. More
detailed meteorological data might have been used but with regard to
the previously mentioned yearly uniform wind and weather conditions
in Denmark the present procedure was considered adequate. Using de-
but related meteorological data requires well established time of onset of
symptoms.

A basic requirement for using the present model was to identify all home
and working addresses for all participants for the full study period. This
was successful accomplished even though the registration was retrospec-
tive and the method was time consuming and complicated. All addresses
(home and work) were registered for the 33 participants for the 10-year
study period. Assumptions had to be made regarding periods where
study subjects were doing shift work or were working and living abroad
for just a few periods.

In spite of low exposure levels there were still adequate differences be-
tween high and low exposures to provide the necessary exposure con-
trasts - a necessary requirement in planning a full-scale study.

In this pilot study in-door air pollution was not considered.

4.2 Misclassification and selection bias

A potential misclassification bias regarding the self-reported asthma di-
agnosis may exist. The ECRHS question “Have you ever had asthma?”
has been widely used and validated. This question correlates well with
clinical determined asthma (Grassi et al, 2001). Asthma and wheeze cases
were analyzed separately but yielded congruent results contradicting
misclassification. Thus diagnostic misclassification is unlikely.

17
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Establishing the exact date of asthma or wheeze debut using retrospec-
tive data proved to be difficult. Thus registration of debut was restricted
to debut year in this model testing. More accurate identification of symp-
tom debut would be desirable. In a planned follow-up of the basic study
population a prospective determination of time of new-onset asthma
may prove easier using time of medication start, doctor contacts and
clinical examinations. Establishing the specific time of onset would make
it possible to examine different exposure periods directly proceeding
symptoms.

In this population-based study selection bias seems unlikely as all study
participants were randomly selected without regarding air pollution ex-
posure.

4.3 Statistical analyses

Testing the AirGIS system for evaluating traffic-related air pollution in
provoking new onset asthma was the principle aim of this pilot study.
Thus the small study population was considered acceptable. However,
the small study population limited statistical analytic possibilities. Cox
regression was employed in survival analyses as an example of a possi-
ble analysis method, but only 14 events (debut of asthma or wheeze) oc-
curred in this pilot study. Thus the results should be evaluated cau-
tiously.

No significant correlations between new onset asthma/wheeze and traf-
fic-related air pollutants, NOx, NO, and CO, were observed. However, a
tendency towards higher nitrogen oxides (NOx and NO) levels in
wheeze cases in the year prior to debut was seen for both street and
background exposure.

From the results of this pilot study an estimation of necessary sample
size was performed. In comparing mean NO» concentrations in controls
and wheeze cases (power 0.8 and alfa 0.05) a sample of 81 in each group
is required. A test sample of this size is possible using cases of new onset
asthma from the basic study population in a prospective study assuming
annual incidence rate of asthma of one per thousand.



5 Conclusion

This pilot study has demonstrated the feasibility of using the AirGIS sys-
tem to investigate correlations between individual traffic-related air pol-
lution and new onset asthma/wheeze. The AirGIS system is useful in
studying correlations between periods of individual exposure and dis-
ease development, but the model testing illustrated some logistical prob-
lems particular in determination of symptom or disease onset.

No significant associations between new onset asthma or wheeze in rela-
tion to air pollution were demonstrated, but somewhat higher exposure
levels were seen in wheeze cases.

A larger prospective cohort is suggested to handle the problem deter-

mining time of onset using AirGIS to investigate the role of traffic-
related air pollutants in new onset asthma/wheeze.

19



20

6 References

Aquilina, N. and Micallef, A. (2004): Evaluation of the operational street
pollution model using data from European cities. Environmental Moni-
toring and Assessment 95, 75-96.

Bellander, T., Berglind, N., Gustavsson, P., Jonson, T., Nyberg, F., Per-
shagen, G. (2001): Using Geographic Information Systems to Assess In-
dividual Historical Exposure to Air Pollution From Traffic and House
Heating in Stockholm. Environmental Health Perspectives 2001;
109(6):633-9.

Berkowicz, R. (1998): Street Scale Models, In J. Fenger, O. Hertel, and F.
Palmgren (eds.), Urban Air Pollution - European Aspects, Kluwer Aca-
demic Publishers, pp. 223-251.

Berkowicz, R. (2000a): OSPM - A Parameterised Street Pollution Model.
Environmental Monitoring and Assessment; 65(1-2):323-31.and Model
Calculations. Science of the Total Environment 28-10-1996; 190: 259-65.

Berkowicz, R. (2000b): A simple Model for Urban Background Pollution,
Environmental Monitoring and Assessment 2000; 65:259-267.

Berkowicz, R., Ketzel, M., Vachon, G., Louka ,P., Rosant, ].-M., Mestayer,
P.G. (2002): Examination of Traffic Pollution Distribution in a Street
Canyon Using the Nantes99 Experimental Data and Comparison with
Model Results, Water, Air and Soil Pollution: Focus 2(5), 311-324.

Berkowicz R., Winther M, Ketzel M. (2005): Traffic pollution modelling
and emission data. Environmental Modelling and Software, 2005.

Berkowicz, R., Ketzel, M., Jensen, S. S., Hvidberg, M. and Raaschou-
Nielsen, O. (2008): Evaluation and application of OSPM for traffic pollu-
tion assessment for a large number of street locations. Environmental
Modelling & Software 23, 296-303.

Blomberg, A., Krishna, M. T., Helleday, R., Soderberg, M., Ledin, M. C,,
Kelly, F. J. (1999): Persistent Airway Inflammation but Accommodated
Antioxidant and Lung Function Responses After Repeated Daily Expo-
sure to Nitrogen Dioxide. American Journal of Respiratory and Critical
Care Medicine 1999; 159(2):536-43.

Brauer, M., Hoek, G., Van Vliet, P., Meliefste, K., Fischer, P. H., Wijga, A.
(2002): Air Pollution From Traffic and the Development of Respiratory
Infections and Asthmatic and Allergic Symptoms in Children. American
Journal of Respiratory and Critical Care Medicine 15-10-2002;
166(8):1092-8.

Byrd, R.S. and Joad, J.P. (2006): Urban asthma. Current Opinion in Pul-
monary Medicine 2006, 12: 68-74.



Chen, C. H., S. Xirasagar and H. C. Lin. (2006): Seasonality in adult
asthma admissions, air pollutant levels, and climate: A population-based
study. Journal of Asthma 43.4 (2006): 287-92.

D’Amato, G., Liccardi, G., D’Amato, M. and Holgate, S. (2005): Envi-
ronmental risk factors and allergic bronchial asthma. Clinical and Expe-
rimental Allergy 2005 sep;35 (9):1113-24.

de Marco, R., Poli, A., Ferrari, M., Accordini, S., Giammanco, G., Bugiani,
M. (2002): The Impact of Climate and Traffic-Related NO on the Preva-
lence of Asthma and Allergic Rhinitis in Italy. Clinical and Experimental
Allergy 2002;32(10):1405-12.

Gauderman, W. J., Avol, E., Lurmann, F., Kuenzli, N., Gilliland, F., Pe-
ters, J. (2005): Childhood Asthma and Exposure to Traffic and Nitrogen
Dioxide. Epidemiology 2005; 16(6):737-43.

Gokhale, S. B., Rebours, A. and Pavageau, M. (2005): The performance
evaluation of WinOSPM model for urban street canyons of Nantes in
France. Environmental Monitoring and Assessment 100, 153-176.

Grassi, M., Villani, S., Marinoni, A. (2001): "Classification methods for
the identification of ‘case” in epidemiological diagnosis of asthma." Euro-
pean Journal of Epidemiology 17.1 (2001): 19-29.

Hertel, O. and Berkowicz, R. (1989): Operational Street Pollution Model
(OSPM). Evaluation of the model on data from St. Olavs street in Oslo,
DMU Luft A-135.

Hertel, O., de Leeuw, E. A. A. M., Raaschou-Nielsen, O., Jensen, S. S.,
Gee, D., Herbarth, O. (2001): Human Exposure to Outdoor Air Pollution.
IUPAC Technical report. Pure and Applied Chemistry, 73(6), 933-958.

Heinrich, J., Gehring, U., Cyrys, J., Brauer, M., Hoek, G., Fischer, P.
(2005): Exposure to Traffic Related Air Pollutants: Self Reported Traffic
Intensity Versus GIS Modelled Exposure. Occupational and Environ-
mental Medicine 2005; 62(8):517-23.

Hussain, I, Jain, V. V., O’'Shaughnessy, P., Businga, T. R., and Kline, J.
(2004): Effect of Nitrogen Dioxide Exposure on Allergic Asthma in a
Murine Model. Chest 2004; 126(1):198-204.

Jensen, S. S., Berkowicz, R., Hansen, H. S., and Hertel, O. (2001): A Dan-
ish Decision-Support GIS Tool for Management of Urban Air Quality
and Human Exposures. Transportation Research Part D-Transport and
Environment 2001; 6(4):229-41.

Ketzel, M., Berkowicz, R. and Lohmeyer, A. (2000): Comparison of Nu-
merical Street Dispersion Models with Results from Wind Tunnel and
Field Measurements, Environmental Monitoring and Assessment, Vol-
ume 65, Issue 1/2, pp. 363-370

Kukkonen, J., Valkonen, E., Walden, J., Koskentalo, T., Aarnio, P., Karp-
pinen, A. (2000): A measurement campaign in a street canyon in Helsinki

21



22

and comparison of results with predictions of the OSPM model, Atmos-
pheric Environment 35, 231-243.

Kukkonen, J., Partanen, L., Karppinen, A., Walden, J., Kartastenpad, R.,
Aarnio, P. (2003): Evaluation of the OSPM model combined with an ur-
ban background model against the data measured in 1997 in Runeberg
Street, Helsinki, Atmospheric Environment 37, 1101-1112.

Magas, O.K., Gunther, ].T. and Regens, ].L. (2007): Ambient Air Pollution
and Daily Pediatric Hospitalizations for Asthma. Env Sci Pollut Res 14
(1) 19-23 (2007).

Migliaretti, G., Cadum, E., Migliore, E., Cavallo, F. "Traffic air pollution
and hospital admission for asthma: a case-control approach in a Turin
(Italy) population."International Archives of Occupational and Environ-
mental Health 78.2 (2005):164-69.

Modig, L., Jarvholm, B., Ronnmark, E., Nystrom, L., Lundback, B,
Anderson, C. (2006): Vehicle exhaust exposure in an incident case-

control study of adult asthma. European Respiratory Journal 2006;
28(1):75-81.

Nicolai, T., Carr, D., Weiland, S. K., Duhme, H., von Ehrenstein, O., Wa-
gner, C. (2003): Urban Traffic and Pollutant Exposure Related to Respira-
tory Outcomes and Atopy in a Large Sample of Children. European Res-
piratory Journal 2003; 21(6):956-63.

Palmgren, F., Berkowicz, R., Hertel, O., and Vignati, E. (1996): Effects of
reduction in NOx on the NO; levels in urban streets. Science of the Total
Environment, 189/190, 409-415.

Raaschou-Nielsen O., Hertel O., Vignati E., Berkowicz R., Jensen S.S.,
Larsen, VB. (2000): An air pollution model for use in epidemiological
studies: evaluation with measured levels of nitrogen dioxide and ben-
zene. ] Expo Anal Environ Epidemiol. 2000 Jan-Feb; 10(1):4-14.

Ramos, R. G., Tallbott E.O.,Youk, A., Karol M.H. (2006): Community ur-
banization and hospitalization of adults for asthma. Journal of Environ-
mental Health 68.8 (2006): 26-32.

Shima, M., Nitta, Y., and Adachi, M. (2003): Traffic-Related Air Pollution
and Respiratory Symptoms in Children Living Along Trunk Roads in
Chiba Prefecture, Japan. Journal of Epidemiology 2003; 13(2):108-19.

Skadhauge, LR., Baelum, J., Siersted, HC., Sherson, D., Dahl S, Omland,
O. (2005): The occurrence of asthma among young adults. A population-
based study in five Danish counties. Ugeskr Laeger 2005; 7; 167 (6):648-
51.

Vardoulakis, S., Fisher, B. E. A., Pericleous, K. and Gonzalez-Flesca, N.
(2003): Modelling air quality in street canyons: a review. Atmospheric
Environment 37, 155-182.



Vardoulakis, S., Gonzalez-Flesca, N. and Fisher, B. E. A. (2002): Assess-
ment of traffic-related air pollution in two street canyons in Paris: impli-
cations for exposure studies. Atmospheric Environment 36, 1025-1039.

Vardoulakis, S., Valiantis, M., Milner, J. and Apsimon, H. M. (2007): Op-
erational street canyon modelling in the UK - applications and chal-
lenges. Submitted20.

Wong, G.W K. and Lai, C.K.W. Outdoor air pollution and asthma (2004):
Current Opinion in Pulmonary Medicine 2004, 10:62-66.

Ziv, A., Berkowicz, R., Genikhovich, E., Palmgren, F. and Yakovleva, E.

(2002): Analysis of the St. Petersburg Traffic Data using the OSPM
Model, Water, Air and Soil Pollution: Focus 2(5), pp. 297-310.

23



NERI
DMU

National Environmental Research Institute,
NERI, is a part of
University of Aarhus.

NERI’s tasks are primarily to conduct
research, collect data, and give advice
on problems related to the environment
and nature.

Further information:

National Environmental Research Institute
Frederiksborgvej 399

PO Box 358

DK-4000 Roskilde

Denmark

Tel: +45 4630 1200

Fax: +45 4630 1114

National Environmental Research Institute
Vejlsovej 25

PO Box 314

DK-8600 Silkeborg

Denmark

Tel: +45 8920 1400

Fax: +45 8920 1414

National Environmental Research Institute
Grenavej 14, Kalg

DK-8410 Reonde

Denmark

Tel: +45 8920 1700

Fax: +45 8920 1514

National Environmental Research Institute

Danmarks Miljgundersagelser

At NERI's website www.neri.dk
you'll find information regarding ongoing
research and development projects.

Furthermore the website contains a database

of publications including scientific articles, reports,
conference contributions etc. produced by

NERI staff members.

www.neri.dk

Management

Personnel and Economy Secretariat

Monitoring, Advice and Research Secretariat

Department of Policy Analysis

Department of Atmospheric Environment

Department of Marine Ecology

Department of Environmental Chemistry and Microbiology
Department of Arctic Environment

Monitoring, Advice and Research Secretariat
Department of Marine Ecology

Department of Terrestrial Ecology
Department of Freshwater Ecology

Department of Wildlife Ecology and Biodiversity



Nr./No.
653

652

651

650

649

648

647

646

645
644
643
642
641
640
639

637
636

635

634

633

632

631

630

629

628

627

NERI Technical Reports

NERI's website www.neri.dk contains a list of all published technical reports along with other
NERI publications. All recent reports can be downloaded in electronic format (pdf) without
charge. Some of the Danish reports include an English summary.

2008

Control of Pesticides 2006. Chemical Substances and Chemical Preparations.
By Krongaard, T., Petersen, K.K. & Christoffersen, C. 25 pp.

A preliminary strategic environmental impact assessment of mineral and hydrocarbon activities
on the Nuussuaq peninsula, West Greenland.
By Boertmann, D. et al. 66 pp.

Undersgagelser af jordhandler i forbindelse med naturgenopretning.
Af Jensen, P.L., Schou, J.S. & @rby, PV. 44 s.

Fuel consumption and emissions from navigation in Denmark from 1990-2005
— and projections from 2006-2030. By Winther, M. 108 pp.

2007

Annual Danish Emission Inventory Report to UNECE. Inventories from the base year of the
protocols to year 2005. By lllerup, J.B. et al. 182 pp.

Opteelling af agerhens pa Kalg Gods 2004-2007 — metodeafprevning og bestandsudvikling.
Af Odderskeer, P. & Berthelsen, J.P. 38 s.

Criteria for favourable conservation status in Denmark. Natural habitat types and species
covered by the EEC Habitats Directive and birds covered by the EEC Birds Directive.
By Segaard, b. et al. 92 pp.

Vandmiljg og Natur 2006. NOVANA. Tilstand og udvikling — faglig sammenfatning.
Af Boutrup, S. et al. 125 s.

Atmosfaerisk deposition 2006. NOVANA. Af Ellermann, T. et al. 62 s.
Arter 2006. NOVANA. Af Sggaard, B., Pihl, S. & Wind, P. 88 s.
Terrestriske Naturtyper 2006. NOVANA. Af Bruus, M. et al. 70 s.
Vandlgb 2006. NOVANA. Af Bggestrand, J. (red.). 93 s.

Soer 2006. NOVANA. Af Jorgensen, T.B. et al. 63 s.
Landovevagningsoplande 2006. NOVANA. Af Grant, R. et al. 121 s.

Marine omrader 2005-2006. Tilstand og udvikling i miljg- og naturkvaliteten. NOVANA.
Af AErtebjerg, G. (red.). 95 s.

Forvaltningsmetoder i N-belastede habitatnaturtyper. Af Damgaard, C. et al. 46 s.

Sarestaurering i Danmark. Del 1: Tveergadende analyser, Del 2: Eksempelsamling.
Af Liboriussen, L., Sendergaard, M. & Jeppesen, E. (red.). 86 s. + 312 s.

Handbog om dyrearter pa habitatdirektivets bilag IV — til brug i administration og planlaegning.
Af Sggaard, B. et al. 226 s.

Skovenes naturtilstand. Beregningsmetoder for Habitatdirektivets skovtyper.
Af Fredshavn, J.R. et al. 52 s.

OML Highway. Phase 1: Specifications for a Danish Highway Air Pollution Model.
By Berkowicz, R. et al. 58 pp.

Denmark’s National Inventory Report 2007. Emission Inventories — Submitted under the United
Nations Framework Convention on Climate Change, 1990-2005. By lllerup, J.B. et al. 638 pp.

Biologisk vurdering og effektundersggelser af faunapassager langs motorvejsstraekninger i
Vendsyssel. Af Christensen, E. et al. 169 s.

Control of Pesticides 2005. Chemical Substances and Chemical Preparations.
By Krongaard, T., Petersen, K.K. & Christoffersen, C. 24 pp.

A chemical and biological study of the impact of a suspected oil seep at the coast of Marraat,
Nuussuag, Greenland. With a summary of other environmental studies of hydrocarbons in
Greenland. By Mosbech, A. et al. 55 pp.

Danish Emission Inventories for Stationary Combustion Plants. Inventories until year 2004.
By Nielsen, O.-K., Nielsen, M. & lllerup, J.B. 176 pp.

Verification of the Danish emission inventory data by national and international data
comparisons. By Fauser, P. et al. 51 pp.



The objective of this pilot study is to investigate the relation between
asthma and wheeze debut and individually estimated exposure to traf-
fic-related air pollutants with a validated exposure system (AirGIS). A
non-smoking cohort with recently acquired asthma or wheeze as well as
matched controls was identified from a large cross-sectional study. All re-
sidential and working addresses with corresponding time periods for a 10
year period were successfully identified for all study participants (N=33)
and exposure estimated for both urban background and street level. In-
dividual levels of air pollutants in the years preceding debut of asthma or
wheeze were analyzed using survival analysis. No significant correlations
between exposure levels and onset of disease or symptom were demon-
strated. A tendency towards higher levels of nitrogen oxides exposure
during the year prior to debut was seen in wheeze cases. Substantial pro-
blems in de-termining time of onset were encountered. It is recommen-
ded that the analytic methods devel-oped in this pilot study are used in a
larger prospective cohort to investigate individual traffic-related air pollu-
tants as a risk factor for the development of new asthma and wheeze.
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