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STELLINGEN

10.

11.

De stelling dat de luchtverontreinigingsniveaus in steden veel hoger zou zijn dan
daarbuiten is wat betreft PM,, in noord, west, en midden Europa niet juist.
Dit proefschrift

Er bestaat een sterke correlatie tussen de dagelijkse variaties in PM,, concentraties
van verschillende locaties in midden en West Europa.
Dit proefschrift

Voor studies naar de acute effecten van luchtverontreiniging is het noodzakelijk dat
er methoden worden ontwikkeld die het mogelijk maken om adequaat te
corrigeren voor confounding die wordt veroorzaakt door het optreden van acute
respiratoire infecties.

Dit proefschrift

De concentratie van oplosbaar ijzer in PM,, hangt sterker samen met acute
gezondheidseffecten dan de PM,, massa concentratie.
Dit proefschrift

In panel studies naar de acute effecten van luchtverontreiniging moet meer
aandacht worden besteed aan het correct modelleren van tijdstrends in de
afhankelijke variabelen, net zoals dat gebeurt in mortaliteits tijdserie studies.

Dit proefschrift

Het evalueren van confounding gebeurt grondiger wanneer de gevonden associatie
niet verklaarbaar is, dan wanneer deze wel verklaarbaar is.

(J. Schuit. Stellingen bij het proefschrift: Regular physical activity in old age.
Wageningen 1997)

De stelling “...the lack of fundamental data on the physiologic effects of a mixture
of gases and particulate matter over a period of time is a severe handicap in
evaluating the effects of atmospheric pollutants on persons of all ages and in
various stages of health’ is na bijna vijftig jaar onderzoek nog steeds waar.

{Air pollution in Donora, PA. Epidemiology of the unusual smog episode of
October 1948. Preliminary report. Public health bulletin No. 306. Federal security
Agency Public Health Service. 1949. p. 162)

Het beeld dat men krijgt uit de wetenschappelijke literatuur van de acute effecten
van luchtverontreiniging wordt beinvloed door publicatie bias.

De tijdwinst die in epidemiologisch data analyse geboekt kan worden door de
steeds sneller wordende computers wordt te niet gedaan door ‘ook nog even dit te
analyseren’.

Integratie van allochtonen in het arbeidsproces in Nederland wordt bemoeilijkt
door de hoge eisen die werkgevers stellen aan de beheersing van de Nederlandse
én Engelse taal.

Uit het feit dat iemand niet van hardlopen houdt kan men niet concluderen dat de
persoon in kwestie a-sportief is.

Stellingen behorende bij het proefschrift ‘Pollution effects on asthmatic children in Europe. The PEACE
project”.Willem Roemer, Wageningen, 15 december 1998.
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Abstract

This thesis is based upon the ‘Pollution Effects on Asthmatic Children in Europe (PEACE)’
study. The PEACE study is a multi-centre study of the acute effects of particles with a 50% cut-off
aerodynamic diameter of 10 um (PM,,), Black Smoke (BS), SO, and NO, on respiratory health of
children with chronic respiratory symptoms. The aims of the PEACE study were to obtain
comparable data on particle concentrations during winter time in various urban and non urban
locations in Europe, to assess the relationship between short term fluctuations in air pollution
and short term fluctuations in respiratory health in children with chronic respiratory symptoms,
to evaluate if medical characteristics of the subjects are related to differences in response to air
pollution and to evaluate if the composition of the particles is related to the response to air
pollution.

The study was conducted in the winter of 1993-1994 by 14 research centres in Europe.
2010 children, divided over 28 panels in urban and suburban locations were followed during at
least two months. Exposure to air pollution was monitored on a daily basis. Health status was
monitored by daily Peak Expiratory Flow (PEF) measurements and a symptom diary. The
association between respiratory health and air pollution levels was calculated with time series
analysis, adjusting for time trends, temperature and day of the week.

The difference of particle concentrations across countries appeared to be considerably
larger than the difference between the urban and suburban location within countries. PM,, and
BS concentrations in the urban area were on average 22% and 43% higher than the
corresponding suburban area concentrations respectively. PM,, concentrations from all Western
and Central European locations were significantly correlated in time. No clear associations
between PM,, BS, SO, or NO, and moming PEF, evening PEF, prevalence of respiratory
symptoms or bronchodilator use could be detected. There were no consistent differences in effect
estimates between subgroups based on urban vs. suburban, geographical location or mean levels
of PM,,, BS, SO, and NO,. None of the predefined potentially more sensitive subgroups showed
a consistent association between air pollution, PEF and respiratory symptoms. Daily
concentrations of most elemental concentrations in PM,, were not associated with daily
variation in PEF or prevalence of respiratory symptoms or bronchoditator use. However, daily
iron and silicon concentrations were related to daily phlegm prevalence.

No clear relation could be established between changes in PM,,, BS, SO, or NO, and
changes in respiratory health. This lack of response is not in agreement with earlier studies with
comparable levels of exposure to particulate matter. Concentrations of iron and silicon in PM,q
were associated with prevalence of phlegm and were a better predictor of health effects than PM,,
mass concentrations.






Contents

1 General introduction 1
2 The PEACE study: design and protocol 11
3 Wintertime PM,; and Black Smoke concentrations across Europe: 27

results from the PEACE study

4 Daily variations in air pollution and Peak Expiratory Flow in 51
a multicentre study

5 Acute respiratory symptoms, medication use and short-term changes in 67
air pollution in a multicentre study

6 Inhomogeneity in response to air pollution in European children 85
(PEACE project)

7 PM,, elemental composition and acute respiratory health effects in 101
European children

8 General discussion 117
Summary 129
Samenvatting 133
Appendix A: Diary form PEACE study 137
List of publications 139
Dankwoord 141

Curriculum vitae 143






1

General introduction



Chapter 1

History

The effects of air pollution can be chronic as well as acute (1). Elevated levels of
air pollutants with a duration of several days (so-called episodes) can occur both in
summer and in winter. During a summer episode the concentration of ozone (O,)
increases due to photochemical reactions of air pollutants emitted by traffic and
industry. In a classical winter episode increased use of fossil fuel combustion in
combination with stagnant weather conditions can yield high concentrations of sulphur
dioxide (SO,) and particulate matter. In this thesis the focus will be on the acute effects
of winter type air pollution.

In the twentieth century three major wintertime episodes have been
documented which had large acute effects on morbidity and mortality. The three
episodes were characterised by stagnant weather in the winter whereas emissions were
dominated by coal combustion for industrial or domestic purposes.

The first episode occurred between 1 and 5 December 1930 along the Meuse
Valley in Belgium. During five days a fog covered a large part of Belgium and caused
emitted air pollutants to be trapped in the Meuse Valley. Hundreds of people reported
to have respiratory problems and 63 persons died on 4 and 5 December after only a
few hours of sickness, compared to an expected number of 6 deaths. When the fog
finally disappeared on 6 December the respiratory health improved (2, 3). The second
well documented event occurred in 1948 in Donora (Pennsylvania, USA). During the
last week of October a heavy smog settled down over the area surrounding Donora
(smog comes from the combination of the words ‘smoke’ and ‘fog’). Also here the air
was trapped in the valley and air pollution accumulated in Donora. During the next
days 20 persons died, of which 17 on the same day, whereas during that week less than
2 were expected. After the smog had disappeared it was estimated that 43% of the
population had been affected to some degree. Especially the older age groups showed a
higher incidence of respiratory symptoms and more severe respiratory symptoms than
the younger age groups. People with pre existing respiratory or heart disease were also
more severely affected (4). The third major episode occurred when London was
covered with dense fog between 5 and 8 December 1952. Daily average concentrations
of Black Smoke and SO, exceeded 4000 and 3000 ug/m? respectively, due to the low
wind speed and the temperature inversion in the atmosphere. Between 3,500 and
4,000 deaths from respiratory or heart diseases during or directly after the smog period
were attributed to the fog. In addition to people in the higher age categories or with pre
existing respiratory or cardiac disorders, also the very young (below 1 years of age)
were at higher risk (5). The London smog episode of 1952 was in England an important
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inducement to take measures against emissions of soot , which resulted in the Clean Air
Actin 1956.

In later years also in other West European countries measures were taken and in
the next decades the levels of air pollutants such as SO, BS and Total Suspended
Particulates (TSP) gradually decreased. Most important reasons for this decline were the
replacement of coal in industrial processes, house heating and power generation by low
sulphur oil or natural gas. On the other hand traffic intensity increased, which caused
higher levels of NO and NO, in areas with higher traffic intensity. Smog episodes
during winters still occurred in Western Europe, partly caused by long range transport
from Central and Eastern Europe {(6). SO, and BS concentrations as high as in London in
1952 were not reached in Western Europe, but effects on mortality, respiratory
symptoms and lung function still could be shown (6, 7, 8). In Eastern Europe daily
mean SO, concentrations could still go up to 2500 ug/m® during these episodes (9).

Acid aerosols are mentioned as one of the air poliution components associated
with mortality during the 1952 London smog episode (5). In 1952 acidity was not
measured routinely, but measurements during the winters of 1963-1971 showed
median 24 hour sulphuric acid levels of 5.3, with a maximum of 134 ug/m* (10).
Nowadays levels in Europe are much lower. Measurements in Czech Republic and
Germany during the winters of 90-91 and 91-92 showed that the average daily acidity
concentration expressed as sulphuric acid during winter time was at most 0.8 ug/m?,
with a maximum daily concentration of 7.7 ug/m® (11). During measurements in the
Netherlands from 1987 to 1990 acid aerosols expressed as daily sulphuric acid
concentration never came above 5.5 pg/m® (12). Given these lower levels of acid
aerosols, their relevance is probably limited when studying health effects of air
pollution in Europe.

Developments in particle measurements

The 1952 smog episode was a landmark for the studies on the acute effects of air
pollution. Increased levels of BS and SO, were found to be associated with increased
mortality and morbidity. Subsequent studies in Europe used BS or TSP as measure of
particle concentrations. However, both methods have their limitations with regard to
the relevance in the health effect assessment. TSP measures the mass of particles with a
diameter up to 50 um which are suspended in air. Most particles larger than 10 ym are
removed in the mouth or nose prior to entering the lower respiratory tract (13). Thus, in
many cases TSP does not adequately reflect the concentration of particles which reach
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the trachea and lungs. The size of the particles sampled with the BS sampler is below 5
pm (13) but because it measures the reflectance of a sampled filter (14), it does not
account for the portion of particle mass that does not absorb light. In addition, the
formulas which are used to transform reflectance to mass concentrations are based on
older studies in which the air pollution mixture was different from today (15). For these
reasons the mass concentrations calculated from BS do not represent the total mass
concentration of the fraction which can reach the trachea and lungs. BS still can be useful
to characterise the composition of the air pollution mixture as the main fraction of light
absorbing particles in ambient air is formed by elemental carbon (15). To overcome the
limitations of the above mentioned methods a measurement method was developed
which measures the concentration of particles with a 50% cut-off aerodynamic
diameter of 10 um (PM,o). PM,, is the mass concentration of that fraction which can
pass through nose and mouth and is therefore more relevant for evaluation of effects of
air pollution on respiratory health.

PM,, mass concentrations do not give information about the composition of the
particles but by analysis of the sampled.PM,, particles on their elemental content or
other components such as polycyclic aromatic hydrocarbons (PAH) information about the
toxicity can be obtained. - ’

Motive of thesis

In recent years several studies were published which used PM,, as measure of
particle exposure. These studies showed effects of air pollution on respiratory health,
sometimes even below the 1987 WHO guidelines (1) and the US EPA standard (16).
Pope (17) followed a symptomatic and an asymptomatic panel of children. In both panels,
negative associations between PEF and PM,, were found with the strongest association in
the symptomatic panel. Daily concentrations of PM,, went up to 251 wg/m?, but the
associations were also observed below 150 ug/m®. In another study (18) the same authors
followed a school-based panel of children with chronic respiratory symptoms, and a
panel of asthma patients. PM,, ranged from 11 to 195 ug/m®. A negative association
between PEF and PM,, was found in both panels, which remained when days with PM,,
concentrations above 150 ug/m* were excluded. In the Netherlands several studies were
conducted as well. Hoek {19) found reduced FVC, FEV, and MMEF after an air pollution
episode in a general population sample of 7-12 year old children. Maximum 24 hour
concentrations of SO, and PM,, were 105 ug/m*® and 174 ug/m® respectively. During
three consecutive winters between 1988-1990 Hoek and Brunekreef (20) repeatedly
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tested school children with spirometry. During these winters, 24 hour concentrations
were never above 126 ug/m® for PM,,, never above 94 ug/m® for SO, and for NO, never
above 70 ug/m®. PEF and MMEF were negatively associated with PM,, and NO,. Roemer
(21) studied a panel of symptomatic children and found associations between PEF and
PM,, and between PEF and SO,. PM,, 24 hour averages were only one day above 150
ug/m?, reaching 174 ug/m®. SO, 24 hour concentrations were always below 105 ug/m?
during the measurement period. In some of the above mentioned studies (21, 17, 18) or
other panel studies (22, 23) which studied the effects of winter, time air pollution,
incidence or prevalence of respiratory symptoms or the use of asthma medication were
also found to be related to air pollution levels, Reviews on the relation between
particulate matter and various health endpoints (24, 25, 26, 27) concluded that there
was an association.

These results raised questions about the possible acute health effects of current
air pollution levels in Europe. In the last years, several reviews were published which
summarised what is known about the association between particulate matter and
respiratory health. (24, 25, 27, 28, 29, 30). Recently, WHO (31) and the Health Council
of the Netherlands (32) concluded that no judgement could be made of particle
concentrations below which no effects would be expected. In the United States the EPA
decided to add PM, to the standards for particulate air pollution (33).

In Western Europe the levels of coarse particulates and SO, were reduced during
the last decades, but simultaneously the traffic emissions increased. Thus, the
composition of the air pollution mixture had changed and the levels of indicator air
pollutants such as PM,, or TSP reported in earlier studies may not have the same
meaning as nowadays. On the other hand, in Central-East Europe levels of SO, and
particulates were still high because of the widespread use of coal in industry, energy
production and space heating. In addition, in West as well as in Central-East Europe
there was limited or no comparable data available on PM,, levels in urbanised and non-
urbanised locations, and the possible association of PM,, concentrations with
respiratory health,

While earlier studies have suggested that subjects with chronic respiratory
symptoms are more sensitive to air pollution , it is not known which subgroups in this
wide group are the most sensitive. In particular, no previous panel study has conducted
objective medical characterisation at baseline.

Associations between PM,, and respiratory health have been described with
particle mass as the exposure variable. This is mainly because only PM mass
concentrations are routinely available. However, it is unlikely that mass is directly
responsible for the observed health effects. One hypothesis for the mechanism is that
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chemicals on the surface of particles induce oxidative lung injury (34). Data on the
possible association between elemental concentrations in PM,, in Europe and
respiratory health is scarce.

Goal of thesis:

The goals of the study described in this thesis are:

~ To obtain comparable data on particle concentrations during winter time in various
urban and non urban locations in Europe;

~ To assess the relationship between short term fluctuations in air pollution and short
term fluctuations in respiratory health in children with chronic respiratory
symptoms;

~ To evaluate if medical characteristics of the subjects are related to differences in
response to air pollution;

~ To evaluate if the elemental composition of the particles is related to the response to
air pollution.

Study design

A complication in air pollution epidemiology is that the health endpoints under
study have other causes which usually are a stronger cause than air pollution. It is
important that the confounding effects of these other factors are eliminated when
studying the effects of air poliution. This elimination can be achieved among others by
the choice of study design.

For the assessment of short-term effects of air pollution time series studies are
very useful. Time series studies assess the association between two variables distributed
in the same units of time and during the same period. The underlying hypothesis is that
the variation in air pollution levels in the consecutive units of time in a specific place is
related to the variation of heaith indicator values on the same units of time or in closely
following units (35). The main advantage of this design is that each subject serves as its
own control which reduces the noise. Only factors which vary in time can act as
confounder, Very often time series studies use data which are collected routinely such
as air pollution data from measurement networks and hospital admissions or mortality
from public health surveillance systems. Examples of these studies can be found in
various review articles (24, 25, 26, 36). Disadvantage of studies using routinely
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available data is that no individual data are being collected on exposure, confounding
and effect modifying variables.

A special type of time series studies are panel studies. Panel studies involve
repeated individual measurements of the health outcome in a (small, e.g. less than 100)
cohort of people, usually over a relatively short period of time, with commonly
aggregated data on exposure (35). Individual characteristics of the subjects which do
not vary in time can be used to study possible effect modification.

A common problem in the analysis of time series is that there is autocorrelation
present in the observations. This means that the observations of a measured variable are
correlated with each other in time. For example, if the units of time in a certain time
series are days, first order autocorrelation means that the observation on a given day is
correlated with the observation on the next day. An example are respiratory symptoms.
It is more likely that a person reports cough on a day which was preceded by a day on
which he also reported cough than when the day was preceded by a day without cough
report. Also air pollution exhibits autocorrelation. A day with high levels of air pollution
is more likely to be followed by another day with high levels than a day with low levels
because of persistence of weather conditions. Standard regression methods assume
independent observations and when applying these to autocorrelated data, the standard
errors are likely to be underestimated.

Already in 1955 panel studies on the effects of air pollution were conducted in
London by Lawther (37). In these studies diaries were used in which subjects could
note whether they felt better, the same or worse than the day before. The diary studies
were repeated with 5 year intervals until 1968. By plotting the values of SO,, BS and
the diary results along each other Lawther derived that the condition of the patients
worsened when peaks in SO, and BS measurements occurred. Lawther mainly applied
a graphical analysis of the data, probably because the statistical tools to analyse time
series data were limited. In later years Korn and Whittemore developed a two stage
technique in which in the first stage individual regression coefficients were calculated
and in the second stage these individual coefficients were combined (38). With these
and other newly developed statistical techniques it is possible to relate relatively small
changes in respiratory health and air poliution with each other, correcting for the effects
of autocorrelation.

To study the acute effects of air pollution on respiratory health the Pollution
Effects on Asthmatic Children in Europe (PEACE) study was designed. The PEACE study
is a multicenter panel study in children with chronic respiratory symptoms. The
participation of many study centres spread over Europe ensured that a large range of
climatic regions and air pollution mixtures was included. This made it possible to study
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the relation between the composition of the air pollution mixture and the response to
air pollution. Exposure to air pollution was measured on a daily basis. One of the
characteristics of a panel study is the relatively high frequency of health outcome
measurements. These should be easy to perform in order to minimise the burden for
the subjects. In the PEACE study, mini-Wright PEF meters were used for daily lung
function measurements and a diary was used to gather data on respiratory symptoms

and medication use.

Structure/contents of thesis:

Chapter 2 describes the general design and protocol of the PEACE study. This
includes the selection and characterisation of the subjects, health effect measurements,
exposure measurements, quality assurance, data management and analysis. The results
of the air pollution measurements during the study period in the study locations are
described in chapter 3. Chapter 4 describes the association between short-term changes
in air pollution levels and short-term changes in the lung function of the study subjects
and evaluates if differences in association among the study centres can be explained by
characteristics of the air pollution mixture, Chapter 5 evaluates the association between
short term changes in air pollution levels and the prevalence of respiratory symptoms
and medication use. It is attempted to explain differences in association between the
study centres by characteristics of the air pollution mixture. Differences in reaction to
air pollution among individual subjects are explored in chapter 6. By stratification on
individual characteristics of subjects we attempted to identify subgroups of the
population which react differently to air pollution. Chapter 7 describes the association
between elemental concentrations in PM,,, lung function and the prevalence of
respiratory symptoms and medication use. Chapter 8 summarises and discusses the
main results.
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