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STUDY ON CHRONIC RESPIRATORY DISEASES
IN CHILDREN IN RELATION TO AIR POLLUTION

1. BACKGROUND

High peaks of air pollution can have serious effects on mortality and
morbidity from respiratory disease, whereas long-term exposure to low levels
of air pollution has uncertain effects. The possible effects on health of
Jong-term exposure to air pollution have nevertheless continued to attract the
interest of those agencies concerned with the control of environmental
pollutants. A considerable amount of research has been conducted over the
past 20 years into the possible hazards to health from air pollution, particu-
larly where exposure may have lasted for many years. Research has been
directed mainly towards defining the relationship between exposure to air
pollution and the development of respiratory disorders.

Early in these investigations, most of which were conducted on adults, it
became apparent that several factors, for example, cigarette smoking and type
of occupation, could influence the prevalence and incidence of respiratory
disease. These findings introduced an added difficulty when interpreting pos-
sible associations between respiratory disease and exposure to air pollution,
the more so, since it was likely that the effects of air pollution on respiratory
disease would be small in relation to, for example, those of cigarette smoking.
It was seen that these difficulties might, in part, be resolved by studying
children at an age when few would smoke and none would yet be at work.
Several studies involving measurement of indices of respiratory disorder had
already been conducted in children exposed to differing levels of air pol-
lution.

The results of those studies had been sufficiently encouraging for the
WHO Regional Office for Europe to consider organizing an international col-
laborative study on the relationship between air pollution and respiratory dis-
ease in children. The background to this action was a Working Group, con-
vened by the Regional Office in Copenhagen in January 1971, which drew up a
long-term programme on environmental pollution control in Europe. The Work-
ing Group concluded, inter alia, that studies carried out among children would
be the most promising field of research on the medical effects of air pollution.

The Regional Office subsequently convened a Working Group in Copen-
hagen, in February 1972, which reviewed studies on the relationship between
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air pollution and respiratory disease in children that had so far been carried
out in the European Region. The Working Group agreed that new studies
should be conducted within the framework of the long-term programme on
environmental pollution control. Using information from the earlier studies,
the Working Group prepared an outline for a coordinated study of air pol-
lution and its possible effects on respiratory disease in children.

2. DESIGN AND METHODS

2.1 Preliminary decisions

In the preliminary discussions of the Working Group some majot points
regarding the design and methods to. be employed in the studies were agreed.
'They were as follows. .

(1) The design enwsaged choosmg populatlons within partlclpatmg
countries that were exposed to contrasting levels of air pollution. It was
agreed that a population exposed to high air- pollution and another exposed
to low air pollution would be selected. In addition, it was open for some
countries to choose one or more populations exposed to air pollution levels
between the two extremes. The choice of all these areas depended on air pol-
lution measurements being available. :

(2) The populations to be studied would be chlldren Discussion of what
age groups should be included followed. Difficulties in identifying all the pre-
school children in a defined area led to the decision to study schoolchildren,
who could be readily identified from the school register. In addition, children
of school age were old enough to be able to cooperate in tests of ventllatory
function. Only the younger schoolchﬂdren would be studied, i.e., those under
the age of 11 years, who were unlikely to have taken up smokmg to any
extent.

"(3) It was agreed that the clinical indices to be measured would include
evidence of past illness of the respiratory tract, both upper and lower, as well
as current respiratory symptoms. Previous studies on the possible effects of
air pollution on children suggested that such exposure might increase the
risk of respiratory tract illnesses and of respiratory symptoms, such as cough.
These symptoms could be used in the study as indices of possible effects of
air po]lutlon

(4) Ventilatory functlon in chlldren had been shown to be easy to
measure in several studies. The Working Group agreed that such measurements
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should be carried out as a method of checking the validity of answers to
the questionnaire, and also to ascertain if there were any direct effects of
air pollution on the respiratory tract.

(5) To enable data from all the studies to be compared, and pooled for
joint analysis, it was essential that common methods should be used (i) to
measure air pollution, (ii)in defining the populations to be studied, (iii) in
the collection of data on respiratory indices, including medical history and
measurement of ventilatory function, (iv) in the coding and analysis of data
and in the presentation of findings.

(6) Each participating country would fund and staff its own research
team, but the World Health Organization would arrange for coordinators to
be available to visit and advise each research team on the air pollution meas-
urements and on the epidemiological aspects of the study.

(7) In making these decisions, the Working Group was well aware of the
potential advantages of an international collaborative study and also of the
difficulties involved. The advantages were seen to be the following.

Firstly, the scale of the study, in terms of the numbers investigated and the
the range of air pollution exposures experienced, would be greater than could be
readily achieved in a single country. Secondly, the ability to study the effects of
air pollution in children living under different social, economic and geographical
conditions would be enhanced by a collaborative effort by several countries.
Thirdly, cooperation between research groups in various countries can result
in the introduction of new ideas and methods of investigation.

The main difficulties were seen to be in (a) obtaining agreement on the
design of the study and the methods to be used, and in choosing methods
that could be easily standardized; (b) ensuring that the methods were rigor-
ously followed and detecting deviations from them; (c) the inclusion of
research groups who might have had no previous experience of this type of
work, and the absence of the necessary technical support; (d) interpreting
the findings from a study in which there might be substantial uncertainties
about the comparability of data between countries.

2.2 The protocol

With the above points in mind, the Working Group set about preparing
an outline for the study. The first step was to draft a working protocol which
stated the objectives of the study, its design, the areas to be selected for the
study, the population to be investigated, the methods to be used for collect-
ing health and other information by questionnaire and physical examination
and for data recording and processing, and which, finally, contained a large
section on air pollution measurements.



It is worthwhile restatlng here the objectives of . the study. These were:

(1) to investigate the relatlonshlp between chronic exposure to air pol-
lution and indices of chronic respiratory diseases in children living under
‘different social and domestic circumstances in a number of European
countries; - :

V (2) to establish additional criteria for air quality standards if associations
were found between air poltution and respiratory disease.

Implicit in such a study were comparisons between groups of children
exposed to different levels of air pollution. Furthermore, conclusions on air
quality standards called for the pooling of data obtained in the various par-
ticipating countries, and this could be done only when the methods used
were comparable. The need for strict standardization of methods throughout .
the study was therefore recognized.

Having agreed on the objectives, the Working Group proceeded to formu-
late the draft protocol, which was published in the report of the Working
Group in 1972.2

2. 3 Questlormzure and clmrcal exammatron

- Information was needed on the present resplratory status of each child,
including current respiratory symptoms and past respiratory experience, and
on ventilatory function. In addition, as other studies had indicated the in-
fluence of domestic and family factors, information on certain of these, such
as family size, had to be obtained. To enable such data to be collected, a
draft questionnaire and examination form was prepared. Due allowance had
to be made in the questionnaire for any changes in the meaning or under-
standing of items when translated from English, the language .used for the
initial draft; into other languages. Furthermore, items such as the level of
parents’ education required a classification that would apply .equally in all
countries. Considerable time was spent in drafting a questionnaire, and the
agreed version, which inevitably was a compromise, in general appeared to
satisfy most of the criteria thought to be important by the Working Group.
It was deliberately kept short and simple, particularly as the intention was-to
use it in some countries in a self-administered form, i.e., it would be com-
pleted by the parents rather than by an interviewer. The draft questionnaire
produced as a result of this meeting was subsequently modified- and pub-
lished along with the protocol in March 1973 (see Annex I, section D).

2 WHO' Regional Office- for Europe. . The' long-term effects. on health of air pol-
lution: report on a Working Group. Copenhagen, 1973 (document EURO 3114A).
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Regarding the clinical examination, discussion centred on the need for a
test of ventilatory function. Previous studies had shown that groups of children
with current chest symptoms, such as chronic cough, or with a past history of
lower respiratory tract iliness, had lower ventilatory function than children
without such a history. The advantage of measuring ventilatory function was
that it would be possible to check the validity of answers to questions on
chest symptoms in each of the studies. Furthermore, with these measure-
ments the detection of any direct effects of air pollution on ventilatory func-
tion might be investigated.

The advantages of using the same measurements of ventilatory function
in each study were emphasized. The requirements of such a test were that the
measurement was simple, and such that (i) a child could easily cooperate in
its performance, (i) the instrument was portable and robust, as the measure-
ments would be made in schools or clinics, (iii) the instruments were readily
available and not costly, and finally, (iv) the measurement was valid in in-
dicating a disturbance of ventilatory function. The only instrument available
at that time which met these criteria was the Wright Peak Flow Meter. This
instrument measures peak expiratory flow rate (PEFR) and was chosen for
use in the study. Some members of the Working Group expressed a wish to
measure, in addition, forced vital capacity (FVC) and forced expiratory
volume in 0.75 seconds (FEV 0.75). It was agreed that these could be optional
measurements.

Ventilatory function in children is closely related to body size. For this
reason height and weight were to be measured, thus enabling adjustments of
ventilatory function to be made for differences in height and weight.

Detailed instructions were prepared, setting out how height, weight, PEFR,
FVC and FEV 0.75 were to be measured (see Annex I, sections C and E).

2.4 Air pollution measurements

To ensure comparability of air pollution measurements it is necessary to
use the same measuring technique in each study area. In the protocol for the
study two methods for measuring sulfur dioxide and one for standard smoke
are mentioned (see Annex I). The two measuring systems described for sul-
fur dioxide are the acidimetric hydrogen peroxide method and the colori-
metric West and Gaeke method. For standard smoke, the reflectance of dust
spots obtained on filter paper was advised as the standard technique. These
methods have the advantage of being in widespread use internationally, they
are well described in the literature and the apparatus is relatively inexpensive.

To check on the methods being used and the siting of the network, a
small group of air pollution scientists visited several of the study areas. Al-
though it was found that in some study areas different measuring techniques
were in use, it has proved possible to convert these data so that they cor-
respond with the “standard” methods outlined in the protocol.



2.5 Coding, data processing and presentatron of results

‘As the format of the questionnaire and recording forms was to be stand
ard in all the studies, a common coding schedule was drawn up with notes
relating to its use (see Annex I, sections F and G)..

Each country had indicated a wish to analyse its own data. Due to the
wide differences in data processing facilities available to research groups, it
was expected that this aspect of the study might be a major factor in deter-
mining when findings became available. In the event, considerable delays
occurred in the data from some studies becomingavailable. for this report.
Some countries have already published, or are in the process of publishing,
reports on their own national studies, in which somewhat different aspects
of the data may be covered. The data in these reports may not, therefore be
identical to those reported in this document. = ‘

A common format for presenting the.findings was prepared as a result of
the -third meeting of the Working Group held in 1977. These dummy tables
are given in Annex I, along wrth instructions on ad]ustment of PEFR for
height. :

The members of teams part1c1pat1ng in the study in each country are
listed in Annex III.

3. FIELD STUDIES

3.1 Introduction _

The following countries participated in the study: Czechoslovakia, Den-
mark, Greece, the Netherlands, Poland, Romania, Spain and Yugoslavia. -

All used the questionnaire prepared by the WHO Regional Office for
Europe and measured ventilatory function with the Wright Peak Flow Meter.
In the accounts that follow of the studies in each country, attention will be
drawn to various points that arose in.connexion with the design and conduct
of these studies. Owing to the need for pilot studies in some countries, and
the later recruitment of other countries, the main studies could not be con-
ducted simultaneously. For example, a pilot study was carried out in Poland
in September -and October 1972, followed by the main. study in April-
May 1974, and in Greece a pilot.study was conducted in November 1974,
followed by the majn study in March~April 1975. .

3 2 Czechoslovakla

Field work was camed out in Apnl and May 1973. Urban areas only
were chosen. The area of high air pollution was in the vicinity of large thermal
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power plants and included the towns of Teplice and Most. The areas of
moderate to low air pollution studied were the towns of Cesk4 Lipa, Zatec,
Litoméftice and Louny. These areas were chosen as they had a similar climate,
were in the same region and their social structure did not differ.

Air pollution levels for SO, and airborne aerosol were available for all
sites except Ceska Lipa. These data are set out in Table 1. Data on emissions.
of airborne aerosol were obtained from a detailed analysis of sources in the
areas under study by means of a mathematico-statistical model. It can be seen
that the SO, levels in the two areas of high air pollution easily exceed the
minimum laid down in the protocol (i.e., 100 ug/m>), while the levels in the
low air pollution areas, except for Louny in 1972, fall below this standard.

Table 1. Yearly median values of SO, (ug/m>) and
airborne dust aerosol {ADA) (ug/m3)

1969 1970 1971 1972
SO, ADA SO, ADA SO, ADA SO, ADA
Teplice 170 — 130 109 150 - - -
Most 120 - 140 170 170 — — —
Ceské Lipa - - = - - - - 40 -
Zatec - - - 76 - — . 89 -
Litomé&fice - - - 99 - - 75 -
Louny - - — 105 80 - 106 -

The population studied consisted of 8-11 year-olds. 5164 children were
eligible for study and received questionnaires; 888 (17.2%) questionnaires
were either not returned or excluded because of lack of data and/or contra-
dictory answers to questions. 1063 boys and 1043 girls in the control area
and 1159 boys and 1011 girls in the polluted area were available for analysis
(a total of 4276 children, i.e., 82.8% of the initial population). The number
of children studied in the control area represented 3.17% of the total popu-
lation in that area, while the number studied in the area with high air pol-
lution represented 2.06% of the total population.

Field work was carried out in two phases. The basic questionnaire was
sent to the parents for completion. The children were subsequently examined
at school, when height, weight and PEFR were measured, using the Wright
Peak Flow Meter. All the PEFR measurements were made with the child
seated and five expirations were recorded. The mean of the last three expi-
rations, and the maximum, were recorded.



The prevalence of symptoms and past respiratory diseases in the areas of
high and low air pollution, by sex, is given in Table 2. The replies to the
questions, apart from question 36 (others in household with CNSLD), show a
consistently higher prevalence of all the indices, within sex, among children
living in the area' of high air po]lut1on Many of these differences are statis-
tically s1gmﬁcant : -

Table 2 Prevalence (%) of symptoms and history of ‘
respiratory diseases in children aged 8-10 years, by sex and area

Air pollution area

High Low

No. Question
Boys Girls Boys Girls

(1159)  (1011)  (1083) - (1043)
17 Morning cough - - 180 182 987 1067
18 Cough day/night ‘ 35.0 324 21.79 2329
19 Cough most days 7 353 323 287 247
20  Shortness of breath in past - » 79 8.9 68 597
22  Wheezing in past 164 15.6 899 842
24 Shortness of breath with wheezing in past 6.9 4.9 a0b 2.42
26  Blocked or runny nose - - - e
28  Sinusitis in past 8.6 7.9 389 457
30  Asthmainpast 14 1.3 13 1.0
32 Bronchitis or pneumonia in past o 52.3 474 43‘,53 42,9¢

36" Others with CNSLD? e 216 243 204 2041

B 2 Significant within-sex differencés bét\}veeh lon and high areas: p= 0.01.
b Significant within-sex differences betweerj low ahd high, areas: p= 002
€ Significant within-sex differences between low and high areas: p = 0.05.

dChronié nonspecific lung diseases.

Table 3 gives the mean heigﬁt and mean unadjusted PEFR for boys and
girls in the areas of high and low air pollution.
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Table 3. Mean height {cm), PEFR (I/min) {mean of last 3 expirations),
unadjusted for height

Air pollution area

High Low
(a) {b) {c) {d)
Boys Girls Boys Girls
Height (cm) 140.07 139.94 140.42 141.09
sD 7.64 9.34 7.43 8.02
PEFR (I/min) 301.2 290.6 308.7 308.8
SD 49.6 52.7 491 51.8

Mean values differ by (I/min): (a) -17.17; (b) -16.16; {c) -11.69;
(d) -3.28. . ]

Statistically significant difference between (a) and (¢} p=0.05 and
between (b) and (d) p=0.01.

Conclusions

The prevalence of several respiratory indices shows a statistically sig-
nificant higher level in the area of high air pollution compared with the area
of low air pollution. The differences in PEFR between actual and expected
values are greater in children living in the area of high air pollution than in
those living in the area of low air pollution.

3.3 Denmark

The study was carried out in May and June 1973. Three areas were
chosen: two residential districts in Copenhagen, two residential districts in
the provincial town of Odense, and a rural area 12km from Odense. Due to
the generally low air pollution levels in Denmark there were no areas which
had air pollution levels of 100 ug/m® yearly mean for SO, or smoke. The
annual mean values in the area with the highest pollution, i.e., Copenhagen,
can be seen from Table 4 to be well below the value stated in the protocol as
representative for areas of high air poliution.

The numbers of children studied in the three areas are given in Table 5.
The overall response rate in terms of completion of the questionnaire and at-
tendance for examination was highly satisfactory.



" Table 4. Annual meen values of SO, (ug/m?) and
smoke {ug/m3), 1972

Areas
Copenhagen Odense Rural
SO, (ug/m?) 69 28 9
Smoke (ug/m?) 29 17 | | 7

Table 5. Number of boys and girls aged 7-11 years
"by area, in study population

Boys  Girls  Total it e exomined
Copenhagen 963 999 1962 1811 1852
Odense 632 581 1213 1142 - 1142
Rural 31 . 314 665 645 635
3840 3508 3629
(93.7%) (94.5%)

The questionnaire was completed by the parents. The measurements of
height, weight and PEFR were made at school.

Table 6 gives the prevalence rates for selected questions. As can be seen,
there are no trends in prevalence rates in relation to air pollution levels,
apart from those revealed by questions 18 and 22.

Unadjusted mean PEFRs, i.e., the mean of all five forced expirations,
show the lowest values in Copenhagen and the highest in the rural area (see
Table 7). It is possible that the differences in height between the children
living in the two areas may explain the lower values in Copenhagen.
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Table 6. Prevalence (%) of symptoms and history of
respiratory diseases in children aged 8-11 years, by area

No. Question Copenhagen  Odense Rural
17 Morning cough 49 438 19
18 Cough day/night 120 11.0 8.2
19 Cough most days 3.5 3.2 2.2
20 Shortness of breath in past 43 5.6 3.9
22 Wheezing in past 17.3 16.8 12.2
24 Shortness of breath, with wheezing in past 6.6 74 7.0
26 Blocked or runny nose 61.3 62.2 62.9
28 Sinusitis in past 4.2 5.4 4.8
30 Asthma in past 24 23 2.3
32 Bronchitis or pneumonia in past 20.5 213 17.7
34 Others with CNSLD? 14.2 154 11.0

4 Chronic nonspecific lung disease.
Table 7. Unadjusted mean PEFR (I/min) (mean of 5 expirations)

Copenhagen? Odense Rural
Girls 282 289 291
Boys 288 292 295

2 The mean height of the Copenhagen chiidren was 0.5-2 cm less than that of the
Odense and rural children.
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Conclusions

The lack of any consistent trend in prevalence rates between the areas is
notable. Social factors were found to have a major influence upon prevalence
in general. Thus, any differences in symptom prevalence between Copenhagen
and the other areas cannot be ascribed with any certainty to air pollution.
The air pollution contrasts in this study are quite large in proportional values,
although the absolute levels in Copenhagen, i.e., the area of “high” air pol-
lution, are small in comparison with the levels in other countries. A detailed
report of the Danish study has been published.?

3.4 Greece

This study was carried out in March and April 1975, following a pilot
study made in November 1974.

Two districts in the Athens metropolitan area were selected on the basis
of their concentrations of SO, and smoke. The area of highest air pollution
was in the central part of Athens (hereafter called Area 1). It consisted
mainly of blocks of flats of relatively good quality and also included the main
shopping area of the city. The locality with less air pollution (Area 2) lay
within the municipality of Vyron in the foothills of Mount Hymettos, some
3-4km from Area 1. It consisted of blocks of flats and smaller houses in
approximately equal numbers.

The air poltution levels for 1974 and 1975 for Area 1, and for 1974 for
Area 2, are given in Table 8. Consistent differences can be seen between the
two areas in levels of SO, and standard smoke.

The study covered a total of 3347 children aged 8-11 years old in the
third to fifth years of elementary education in 17 schools. Nine of these
schools were in Athens (Area 1), with 1745 eligible children, and 8 in Vyron
(Area 2), with 1602 such children. Of the 3347 children, 2997 (89.5%)
returned the questionnaire. However, of these 2997 children, 520 were not
included in the analysis, thus giving an overall response rate of 74%. Among
the reasons for the exclusions were missing or contradictory answers to ques-
tions and less than 2 years’ residence in the area. It should be noted that
the total of 17 schools cooperating in the study did not include every school
in the 2 areas. It was estimated that the 3347 children in the 17 schools
represented 77% of the child population of this age in the areas studied. Thus,
the 2477 children on which the analysis is based represented 57% of the total
child population.

The prevalence of symptoms is shown in Table 9.

2 Holma, B. et al. Air pollution, hygiene and health of Danish school children.
The science of the total environment, 12: 251-286 (1979).
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Table 8. Air pollution: annual, winter and summer
mean values for SO, and standard smoke

Area 1 Area 2
Central Athens Vyron
1974 1975 1974
SO, (ug/m?)
Annual mean 106 110 53
Winter mean (Nov—Apr) 167 175 85
Summer mean 45 45 26
Standard smoke (COH? units)
Annual mean 16 1.6 0.45
Winter mean 1.9 1.8 0.15
Summer mean 1.3 1.4 0.30

4 coefficient of haze

A comparison of prevalence rates between the two areas shows a higher
prevalence in Area 1 than in Area 2 with regard to questions 17 and 21, in
girls only, these differences being statistically significant (for question 17
the p value is 0.01 and for question 21 the p value is 0.05).

There were no statistically significant differences between boys and girls
in mean height and weight, or between children living in the two areas. There
was a small difference in the unadjusted mean PEFR between boys and girls,
and also between children in the two areas, to the disadvantage of the less
polluted area (see Table 10).

Analysis of certain socioeconomic indices of the population under study
showed differences in levels of education between parents in the two areas.
There were also marked differences in the type of house heating. For example,
while 74.4% of children in Area 1 had central heating, only 39.3% had this
form of heating in Area 2, while 20.7% in Area 1 and 51.2% in Area 2 had
oil stoves or other forms of heating. These differences will be examined later
for their possible effects on respiratory symptom prevalence.

The Wright Peak Flow Meters (new series) gave some trouble. As a con-
sequence of this, and possibly owing to a measles epidemic at the time of the
study, not all the eligible children were examined.
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Table 9. Prevalence (%) of symptoms and
history of‘reSpira‘tory dris‘eases, by sex and area

‘ Area 1

o ) Area 2
No. Question {Central Athens) {Vyron)
s Boys Girls Boys Girls
17 Morning cough 10.0 11.0 98 . 6.5
18  Cough day/night 10.9 11.8 116 10.2
19 Cough most days 2.6 20 28 26
20 Shortness of breath in past 16.9 1717 147 133
22 . Wheezingin past 13.0 1.3 13.0 12,5
24 Shortness of breath with 2.7 14 18 1.5

- wheezing in past ‘ :
26 Blocked or runny nose 74.8 76.0 741 783
28  Sinusitis in past 10.6 161 142 104
30 Asthma in past 27 1.7 4.1 2.7
32 Bronchitis or pneumonia in past 20.9 ‘ 224 23.0 19.5
36 Otherswith CNSLD? 127 137 158 191

'? Chronic nonspecific lung disease‘s.

35 Netherlands‘

Field work for this study was carried out from. April to Juhe 1973. The

area chosen for study was the Westland, a horticultural area with extensive
glasshouses mostly heated by oil, although a small proportion were heated by
gas. Within the Westland two areas were identified where the population had
a similar distribution of type of housing and socioeconomic status but was
subject to different levels of exposure to air pollution.

Air pollution measurements for summer 1972 and winter 1972/73 and

the mean for the yearare given in Table 11. The SO, levels are well above the
standard used to define the hlgh air pollutlon areas in the protocol However,
the smoke levels are very low. -
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Table 10. Mean and standard deviation for height (m),

weight (kg) and PEFR (1/min)}, by sex and area

Area 1 Area 2
Boys Girls Boys Girls
Numbers 513 541 477 471
Height Mean 1.399 1.399 1.380 1.377
{m) sD 0.080 0.089 0.073 0.080
Weight Mean 35.743 35.509 34516 34.630
(kg) SD 8.003 8.304 7.567 8.225
PEFR? Mean? 3845 296.9 279.2 2724
(I/min) SD 494 472 53.7 514
Mean® 291.7 283.1 266.7 258.7
SD 50.8 48.2 53.3 48.1
a Unadjusted for height
b Maximum of all 5 readings
¢ Mean of last 3 readings
Table 11. Air pollution measurements
S0, ug/m® Smoke ug/m?
Air pollution area
High? Low? High? Low?
1972 Summer 104 58 21 9
1972/73 Winter 192 38 38 10
1972/73 Year (mean) 148 48 29 9

4 Mean of 7 stations.

b Single station.
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The population studied consisted of boys and girls aged 9-11 years.
The number of children examined in the two areas is given in Table 12.

Table 12. Number of children, by area

Air pollution area

High Low
Total . 2198 284
Number examined 2104 276
Response rate (%) - 95.7 97.1

It can be seen that the number of children examined in the area of low
air pollution is well short of the desired total.

The field work commenced with the questionnaire being sent to parents
for them to complete. The child was then examined and height, weight and
PEFR were recorded. The last measurement was made using Wright Peak
Flow Meters, with the child standing, and the maximum value of the 5
expirations was recorded. In addition, FVC and FEV 0. 75 MEFV 50 and
MEFV 25 were measured.

Prevalence rates for selected questions by area are given in Table 13.
There is no wholly consistent pattern in the prevalence rates for the 2 areas.

No differences were found in mean PEFR or FEV 0.75 between children
in the areas of high and low air pollutlon A small, statistically significant dif-
ference in mean PEFR and FEV 0.75 was found between children with
positive answers to questions 17, 18, 20, 22, 24, 26, 30 and 32 and those
with negative answers to these questlons

Conclusions

. It proved impossible to examine all the 2000 children in the area of low
air pollution. Due to the small numbers of children examined in this area and
uncertainty as to how representative they may be, no firm conclusions can be
drawn on the relationship between air pollutlon exposure and respiratory
disease in this study.

3.6 Poland

This study was preceded by a pilot study in September and October 1972,
in which 1088 children from 3 areas (2 in the city of Cracow and the other at
Rabka) were investigated.
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Table 13. Prevalence (%) of symptoms and history of
respiratory disease in children aged 9-11 years, by area

Air pollution area

High Low
No. Question Number of children

(2198) (276)
17 Morning cough 54 3.6
18 Cough day/night 8.0 5.0
19 Cough most days 1.7 0.7
20 Shortness of breath in past 4.2 25
22 Wheezing in past 9.2 116
24 Shortness of breath with wheezing in past 38 43
26 Blocked or runny nose 13.8 17.8
30 Asthma in past 1.4 2.2
32 Bronchitis or pneumonia in past 14.2 13.4

The main study took place from 1 April to 30 May 1974. Three areas
with different levels of air pollution had been chosen. Cracow, known as one
of the worst cities in Poland with air pollution, was the main site of the study.
Rapidly developing industry, including steel works and power stations, local
heating installations and large volumes of road traffic, combine with un-
favourable climatic conditions to produce long-lasting periods of smog-type
air pollution over the city centre, where the study was conducted.

Nowy Targ and Limanowa, 2 small towns located about 80 km south of
Cracow in a rural area, served as control areas with a low level of air pol-
lution. There are no special sources of air pollution apart from local heating
installations in these towns.

The air pollution levels for SO, and standard smoke for 1974 and January -
March 1975 in the 3 areas are given in Table 14.

The results of the air pollution measurements confirm that, in general,
the selected areas satisfy the requirements of the working protocol. In
Cracow, the yearly median values (not included in the table) for SO, exceed
100 ug/m® and those for standard smoke exceed 40 ug/m>. In the control
areas median SO, levels were well below the maximum of 100 ug/m?® sug-
gested, although standard smoke exceeded the 30 ug/m® recommended for
such areas. However, the smoke levels in Cracow were 2 -3 times higher than
in the control areas. Thus, major differences exist in air pollution levels
between Cracow and the control towns.
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Table 14. Air pollution measurements -
- {80, and standard smoke), by area

Cracow Nowy Targ " Limanowa
S0, (zg/m? ) mean concentration
Annual - ‘
*Jan — Dec 1974 3 124 b7 41
Summer : ) ‘
Apr — Sept 1974 78 ~ 56 36
~ Winter ' ‘ ‘
Oct 1974 — March 1975 167 86 66
Standard smoke {ug/m?®) mean concentration o ‘
Ahnual ‘
* Jan — Dec 1974 187 82 53
- Summer '
Apr — Sept 1974 110 53 ] 38
Winter )
Oct 1974 — March 1975 262 109 70

The population studied consisted of 8-10-year-old children attend-
ing the first to. fourth years of elementary school in the 3 areas. A total of
5505 -children were identified .in these schools. Of these, a number were
outside the age range for the study or could not be examined. Those remain-
ing, in all 3805 children, formed the population that was ana]ysed - Their
distribution by sex and area is set out in Table 15.

The field work commenced with the application of the questlonnalre
which was completed by the children’s parents. The children were then
examined at school where height and weight were measured, as well as PEFR
using the Wright Peak Flow Meter. All PEFR measurements were made with
the child seated; five expirations were recorded and the maximum of: the
last three was used in the analyses.

Table 15. Number of children studied, by sex and area

_ Craéoy(t : Nowy Tafg Lirﬁanowa, ‘ 'T’otal
Boys 982 664 300 1946
Girls . 939 - . 655, . .265 . 1859

Total 1921 ‘ . 1319 565 3805
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The prevalence (%) of respiratory symptoms by area, for both sexes,
is given in Table 16. A consistently higher prevalence for all the questions
regarding respiration was found in Cracow compared with the two other
towns. For each question these differences were statistically significant.

Table 16. Prevalence (%) of symptoms and history of
respiratory diseases in children aged 8-10 years, by area

Area
Cracow Nowy Targ Limanowa
No. Question Number of children
{1921) (1319) (565)

17 Morning cough 185 12.3 115
18 Cough day/night 26.4 23.2 219
19 Cough most days 19.4 15.0 145
20  Shortness of breath in past 14.7 7.8 104
21 Shortness of breath in last

12 months 12.2 5.8 7.8
22 Wheezing in past 171 19.8 1.7
23 Wheezing in last 12 months 1.1 6.4 6.7
24  Shortness of breath with

wheezing in past 11.0 7.6 9.2
25  Shortness of breath with

wheezing in last 12 months 49 3.2 3.0
26 Blocked or runny nose ever 66.9 594 53.5
27 Blocked or runny nose in

last 12 months 26.7 23.1 25.1
28  Sinusitis in past ) 11.7 8.2 4.6
29  Sinusitis in last 12 months 5.8 4.7 2.7
30 Asthmain past 7.7 4.0 b.b
31 Asthma in last 12 months 3.5 2.1 2.3
32 Bronchitis in past 61.4 48.0 427
—  Pneumonia in past 18.6 121 15.6

36 Others with CNSLD? 16.9 11.3 13.1

2@ Chronic nonspecific lung diseases
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Mean height, weight, unadjusted PEFR and height-adjusted PEFR are
given by area and sex in Table 17. Differences in mean height between children
in Cracow and those in the other 2 areas required PEFR to be ad]usted for
these differences. It can be seen that, after adjustment for height, the mean
PEFR in both boys and girls in Cracow is lower than that in children in Nowy
Targ and Limanowa.

Table 17. Mean heught welght unadjusted PEFR and
height-adjusted PEFR, by sex and area

Boys . Girls
N
Cracow T::;y Limanowa Cracow ltlrc;:\;y Limanowa

Mean height {cm) 136.2 133.6 1339 135.8 133.8 1329
Mean weight (kg) 316 29.2: 294 31.0 29.1 285
Mean PEFR

(I/min) 2849 2864 2859 2714 2756 2745
Mean PEFR

adjusted for i ) :

height (I/min) -279.7 2911 2888 . - 2665 2785 280.5

When the children are further subdivided into those who gave more
positive answers regarding all or most respiratory symptoms and those whose
answers were wholly negative, the differences in PEFR between areas persist
(Table 18).

Table 18. PEFR (I/min) adjusted for height,
by presence of symptoms, sex and area

Boys Girls
Cracow f_\lrca):;y‘ ., Limanowa  Cracow Nr::zy - Limanowa
No symptoms 2824 2929 . 290.9 2686 . 280.1 ‘ 283.9
One or more : : : ‘
symptoms 2775 288.7 2855 . 2645 2758 2734
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Conclusions

The findings suggest that residence in Cracow is associated with a higher
prevalence of respiratory symptoms than that found in the 2 less air-polluted
areas. Also, after allowing for differences in height, boys with no respiratory
symptoms living in Cracow have a PEFR that is, on average, some 10 1/min
lower than boys in the other 2 towns. In girls this difference is, on average,
13 1/min. A detailed report on the study has been published.?

3.7 Romania

Field work was carried out in May and June 1973 and 1975 in 2 urban
areas in the Carpathian mountains. The first of these was a coal-mining
town, Petrogani, which lies at an altitude of 600 m and has high air pollution.
The second, the town of Bragov, 180km to the east, also at an altitude of
600m, has low air pollution. In Brasov, the children studied lived in the old
town, separated from 2 adjacent industrial areas by a low hill.

Air pollution measurements were started in the winter of 1973 in both
areas, and the winter and summer means for SO, and smoke from 1973 to
1977 are set out in Table 19.

As can be seen, there are marked differences in levels of air pollution
between the 2 areas.

The population studied in 1973 initially covered 1974 children in the
area of high air pollution and 1918 in the area of low air pollution. Children
who had lived for less than 5 years in the areas were excluded from the
analysis. The final population in the area of high air pollution consisted of
587 boys and 554 girls, giving a total of 1141 (57.8% of the original sample).
In the area of low air pollution 962 boys and 948 girls were included, giving
a total of 1910 (99.6% of the original sample). The final population studied
in 1975 was 1233 (615 boys and 618 girls) in the area of high air pollution
and 989 (487 boys and 502 girls) in the area of low air pollution.

The questionnaires were essentially self-administered and completed by
mothers, who came to the children’s school in groups of 20-30 at a time and
completed the questionnaire under the supervision of 2 survey staff mem-
bers. These staff used a previously agreed explanation for problems arising
with any questions.

Examination was performed at school and included measurement of
height, weight and PEFR using the Wright Peak Flow Meter. The procedures
closely followed those laid down in the protocol.

@ National Research Institute for Mother and Child. Epidemiological study on
long-term effects on health of air pollution. Research report No. 7a, 1977 (supplement),
Warsaw, 1978.
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Table 19. Seasonal mean values of SO, (ug/m?)
and smoke {ug/m?3), by area

SO, (ug/m*) Smoke (ug/m*)

,‘ ‘ ” ‘ Air pollution area
High - Low High Low
Winter  1973-74 235 9 519 . 53
Summer 1974 88 8 187 21
Winter  1974-75 346 6 564 40
Summer 1976 48 5 123 27
Winter  1975-76 331 5 685 70
Summer 1976 o 72 3 188 o 37
Winter  1976-77 181 3 454 54
3 147 27

Summer 1977 50

'Prevalence rates (%) for selected questions are given in Table 20. There is
a. higher prevalence in the area of high air pollution for all the questions on
respiratory symptoms. However, for questions on certain specific illnesses
or conditions, e.g., sinusitis, asthma, bronchitis and pneumonia, the area of
low air pollution had a higher prevalence. The mean height-adjusted PEFR
was, on average, in the area of high air pollution 13.7 1/min lower for boys
and 11.8 1/min for girls than in the area of low air polution.

Conclusions

_ There appears to be a close relationship between respiratory symptoms
and air pollution. The higher rates for specific respiratory ilinesses reported in
the area of low air pollution are surprising as they do not match the symptom
prevalence rates. There is a need to investigate the extent to which these
findings may be due to differences in diagnostic criteria in the two areas,

3.8 Spain

'The field work for this study was carried out in May and June 1975. Five
areas were chosen for study in and around the industrial city of Bilbao. Bilbao
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Table 20. Prevalence (%) of symptoms and
history of respiratory diseases, by area

Air pollution area
High Low
1973 1975°¢ 1973 19752

No. Question
Number of children
(1141)  (1233) (1910} (989)

17 Morning cough 28.1 29.2 148 13.6
18 Cough day/night 248 26.7 13.6 12.8
19 Cough most days 12.3 12.8 6.1 5.2
20 Shortness of breath in past 211 195 11.2 94
21  Shortness of breath in

last 12 months 14.8 11.1 7.0 5.9
22 Wheezing in past 23.5 209 16.6 134
23  Wheezing in last 12 months 14.2 114 7.4 5.5
24  Shortness of breath with

wheezing in past 10.8 8.4 7.2 54
25 Shortness of breath with

wheezing in last 12 months 6.5 4.8 3.6 23
26 Blocked or runny nose ever 448 432 324 321
27 Blocked or runny nose in

fast 12 months 298 28.2 18.0 22.1
28  Sinusitis in past 4.6 5.7 7.8 12.0
29 Sinusitis in last 12 months 3.2 33 4.1 6.2
30 Asthma in past 2.1 1.9 3.5 3.1
31 Asthmain last 12 months 2.1 1.8 35 2.5
32 Bronchitis or pneumonia in past  43.7 38.6 b3.b 49,0
34 Whooping cough 35.2 29.6 46.6 35.1
35 Measles 88.1 89.6 89.7 89.6
36 Others with CNSLD? 28.6 21.9 25.0 19.4

@ These data were not available at the time the analyses reported in section 4 were
performed.

b chronic nonspecific lung diseases.
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is a port, with an industrial complex concentrated round the port but also
extending into and beyond the city. The city and associated urban districts
lie in a steep-sided valley.

Table 21 gives the available data for SO, measurements for all but the
rural area, Plencia. It can be seen that Erandio is the most heavily air pol-
luted area, while Guecho and presumably Plencia have the lowest levels of
air pollution. No measurements of standard smoke were made.

Table 21. Monthly mean values of SO, (ug/m3), by area?

Bilbao

Erandio . Portugalete . Guecho
city
November } ..., 176 . 133 131 102
December. : 177 166 142 110
April 195 142 120 90
May 1975 201 : 120 118 . o 97
June 117 ) 128 125 103
Mean 185 . 138 127 100

2 For Plencia (the rural area) no measurements of air pollution are available

Boys and girls aged 7-11 years were studied. Table 22 sets out the
number of children by age and sex for whom questionnaires were completed.
This number was less than expected and, owing to the prehmlnary nature of
the data, it has not been possible to calculate response rates

Table 22. Number of children asked to participate in each area of
Greater Bilbao and number for whom a questionnaire was completed

. . - h
Erandio ‘ Bilbao city | Portugalete - Gupe;(;nzi:nd

Asked to participate - * 840_ .+ £1000 + 1000 + 1000
Questionnaire completed 685 878 890 768

_ 3§ @+ & 9 <) Q 3 9
7—8 years - 76 128 135 143 105 125 153 149
9 .years 173 109 _ 135 168 179 131 155 101
10—-11 years 1656 44 137 160" 200 150 97 113
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The questionnaire was completed by the parents. Owing to shortage of
staff it was not feasible for the nonresponders to be contacted and inter-
viewed. A further difficulty arose when the Wright Peak Flow Meters did not
arrive on the expected date. This resulted in a large number of children missing
these measurements. In those children who were seen, height and weight were
measured and, in addition, 5 readings of the PEFR were recorded.

The prevalence rates for selected questions from the questionnaire in the
4 areas are given in Table 23. A preliminary examination of the data did not
reveal any systematic differences in prevalence within each area between age
groups or between boys and girls. The table therefore shows the combined data
for boys and girls and all ages. There is no consistent pattern in the prevalence
rates. However, for questions 17, 18 and 20 the rates are lowest in the least
air-polluted areas, Guecho and Plencia. These differences are statistically
significant.

Table 23. Prevalence (%) for selected questions, by area

Erandio BiI‘bao Portugalete Guecho-and
city Plencia
No. Question
Number of chiidren
(685) (878) (890) (768)
17 Morning cough 242 209 26.9 20.3
18 Cough day/night 21.3 17.9 225 15.8
19 Cough most days 13.4 119 11.0 1.1
20  Shortness of breath
in past 13.2 15.0 15.7 1.1
22 . Wheezing in past 11.0 11.2 115 11.9
24 Shortness of breath
* with wheezing in past 6.2 8.9 7.8 75
26 Blocked or runny
nose ever 427 428 38.3 ‘ 38.6
28  Sinusitis in past 7.0 8.2 84 7.0
30 Asthma in past 4.9 6.8 5.7 44
32 Bronchitis or
pneumonia in past 27.7 28.9 35.2 31.9
36 Others with CNSLD? 229 226 247 27.2

4 Chronic nonspecific lung diseases.
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Table 24 gives the' mean height (cm) and height-adjusted PEFR (I/min,
mean of last 3 expirations), by age, sex and area. In none of these measure-
ments are there statistically significant differences between the mean values'
for children in these 4 areas. : - :

7 Table 24. Height and PEFR (I/min, mean of last 3 measurements)
in boys and girls aged 7-11 years, by age, sex and area

Boys - Girls
. ' Guecho ‘ . Guecho
( eaf ) Erandio Bul‘bao Portugalete © and Erandio Bnl_bao Portugalete  and
years Cocty Plencia - city Plencia
Mean height (cm) Mean height (cm)
7-8 1324 1328 1322 i31.9 1316 1343 . 131.7 1311
9 1347 1353 135.1 1354 1339 1363 1354 134.1

10-11 1377 1376  137.7 1379 1366 1378 1378 1369
Mean PEFR (I/min) Mean PEFR (I/min)

7-8 2643 250.6 2623 © - 260.1 260.1 2557 261.8 255.2
9 2738 265.3 264.7 -25685 . 2585 2595 258.3 258.3
10-11 2788 267.2 2680 2599 2599 2665 261.7 269.5

Conclusions

Interpretation of the patterns of respiratory symptom prevalence in the
five areas is complicated by the uncertain response rates in the study, as well
as the absence of complete data on social class indicators for a substantial
number of the children. Studies elsewhere have demonstrated that differences
in the 'social and educational status of parents can be associated with major
differences in the prevalence of respiratory disorders in their children. The
data that are available.on the distribution of social class indicators suggest
that major differences exist between the study areas. While the data on
respiratory symptom prevalence may reflect possible effects of air pollution,
further analyses of the possible influences of social class are needed and are
now in progress.

3.9 Yugoslavia

The field work w.is carried out in April and May 1975 and measurements
were repeated on the same children in 1976. - '
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The study was conducted in Sarajevo, where air pollution is high each
year from October to April. The town is situated at the head of a steep-
sided and narrow valley and is subject to temperature inversions. It has several
industrial complexes which are a major source of air pollution. Three rural
districts, Olovo, Had?i¢i and Taréin, approximately S0km from Sarajevo,
were chosen as control areas.

Air pollution measurements were available for Sarajevo only. These were
made using the methods recommended in the protocol.

The graph (Fig. 1) gives the monthly mean SO, and smoke (ug/m?®) from
January 1974 to May 1976 at a single site in central Sarajevo.

In central Sarajevo 1096 boys and 927 girls aged 8-10 years at 8 ele-
mentary schools with a total of 8000 pupils were included in the study. In
the rural control areas 963 boys and 933 girls in the same age groups from
3 schools with 4500 pupils were examined. The response rate in Sarajevo and
in the control areas was 100% in 1975 and 95% when the measurements were
repeated in 1976.

The questionnaires were completed by the parents before the children
were examined at school. Examination consisted of height and weight measure-
ment. In addition, the PEFR was measured, with the child seated, using the
Wright Peak Flow Meter. Five expirations were recorded for each child.

The findings from answers to the questionnaire are given in Table 25.
Because some data are lacking, the totals on which the prevalence rates are
based do not correspond exactly to the population examined.

Statistically significant differences exist between the prevalence rates in
the 2 areas, except with regard to questions 26 and 28. Prevalence rates are
higher in the rural control areas with a low level of air pollution than in the
heavily air-polluted urban area, except in relation to questions 30 and 32.

The PEFR measurements (unadjusted for height) are given in Table 26 as
the maximum of the last 3 measurements, and as the mean of the last 3. The
data for 1975 show that the mean peak flow rate in boys and girls was lowest
in the area of high air pollution. The differences were statistically significant.
In 1976, however, the position was reversed and the control areas had the
lowest peak flow rates.

The urban boys were, on average, 4 cm taller than those in the rural areas.
The same differences were found for the girls. The urban children were also
heavier than the rural children. The mean weight of the urban boys was
31.52kg (SD 5.60), that of the rural boys 29.55kg (SD 4.47), that of the
urban girls 30.89 kg (SD 5.80) and that of the rural girls 28.61 kg (SD 4.57).

Conclusions
There is no ready explanation for the reversal of trend in peak flow
between the study in 1975 and that in 1976. The same comment may be made

about the higher prevalence rates found in the rural children for some of the
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Table 25. Prevalence (%) for selected questions, by area

Air pollution area
High Low
{Sarajevo) (Olovo, Hadzici, Tarcin)

Number of children

(2023) (1896)

No. Question Total Prev(z;ne)nce Total Prev(i/ie;nce X?
17  Morning cough 1999 179 1890 24.8 26.837
18  Cough day/night 1999 24.0 1885 28.2 34962
19  Cough most days 1994 6.9 1887 10.0 11.267
20 Shortness of breath

in past 1992 83 1887 12.1 14,742
22  Wheezing in past 1990 93 1886 12.0 7.367
24 Shortness of breath

with wheezing in past 1980 3.2 1886 7.4 33.267
26 Blocked or runny

nose ever 1995 19.1 1889 179 0.78
28 Sinusitis in past 1995 2.3 1886 20 0.17
30  Asthma in past 2000 45.3 1889 11.8 528.132
32 Bronchitis or

pneumonia in past 2006 28.3 1891 19.1 44047
36  Others with CNSLD? 2003 258 1884 30.1 8.942

2 Significant.

b Chronic nonspecific lung diseases.

questions. This may well be a reflection of adverse factors specifically as-
sociated with rural habitation. It is suspected that, in adults, chronic respira-
tory disorders, including cor pulmonale, may be a particular problem in rural
communities. (Data from a recent study in the same area suggest that this is
the case.) Associations between adult and childhood respiratory disorders,
which have been found in recent studies elsewhere, may explain some of
these unusual findings. It should be emphasized that these analyses are of a
preliminary nature and the findings should not necessarily be taken as final.

3.10 Quality control

Although these studies were deliberately kept as simple as possible in
their design and methods, there were inevitably some departures from the
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agreed protocol. Misconceptions often arose because of language difficulties
and varying definitions of terms, but discussions during meetings of working
groups did much to minimize these. Some of the participating groups had
never carried out a study of this type before. For these reasons it was agreed
at the first meeting in Copenhagen in 1972 that a coordinating group should
visit each of the study areas to observe and advise on either the pilot study
or the beginning of the main study. These visits had as their objective to en-
sure that there was sufficient similarity among the studies in both the epidem-
iological aspects and in the measurements of air pollution, so that their find-
ings could be compared and combined in a single analysis. The WHO Regional
Office for Europe organized and funded this work, and visits were made by
an epidemiologist to Poland in 1972 and by a team consisting of an epidem-
iologist and an air pollution scientist to Czechoslovakia, Denmark and Ro-
mania in 1973. A visit to Spain took place in 1974.

These visits proved useful in removing uncertainties on the measurement
of air pollution and the siting of sampling units. In addition, the survey teams
could be observed and advice given, when requested, on the conduct of the
clinical measurements and field work. It was agreed that these visits were an
essential element in the conduct of an international collaborative study of
this nature. They led to a greater degree of comparability of data than would
otherwise have been the case.

4. RELATIONSHIP BETWEEN AIR POLLUTION
AND RESPIRATORY INDICES

4.1 Pooled analysis

The analysis so far has been restricted to within-country comparisons,
and has been made in the knowledge that the methods used for collecting the
epidemiological data and for their analysis have been similar within each
country. As already noted, the range of air pollution levels found in the
various studies is wide. It would be an advantage if data from all the studies
could be pooled to examine whether a general dose-effect relationship exists
between various levels of air pollution and indices of respiratory disease.

One major requirement before pooling data is to be satisfied that they
are sufficiently comparable. The methods used in the study were chosen to
ensure a high level of standardization in the choice of population for study,
the methods for measurement of air pollution and for recording respiratory
and other measurements, and in the analysis and presentation of findings.
It is inevitable in a multicentre international study that there will be some
departures from the agreed protocol. What is important is the extent to which
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such departures may invalidate conclusions drawn from pooling data from
several countries. In the review of country studies certain points have already
been noted. For example, air pollution measurements are not available for the
rural area in Yugoslavia and thus the respiratory data cannot be included in
the pooled analysis. Inspection of the raw data obtained in 5 countries
from the questionnaire indicated that for certain questions, a substantial
amount of data were missing. This inevitably adds uncertainty to the preva-
lence rate found for these questions. The questions so affected are 19, 21, 23,
25, 26, 28, 29, 34 and 35 and these have therefore been excluded from the
fo]]owmg analysis. This leaves questlons 17,18, 20,22, 24,27,30,32 and 36
for the pooled analysis. |

In the previous section, note was made of the use of tests of ventilatory
function to validate some of the questions in the questionnaires. Due to dif-
ficulties of analysis in some countries, it has not proved possible to obtain
data on these. tests. in time. for this report. This leaves open the question
whether the data used in the pooled analysis have an equal validity in each
study, a point that will be discussed later when considering thresholds for
health effects.

In the initial discussions on what data should be collected reservations
were expressed as to the likely validity of answers to the questions on specific
respiratory illnesses, for example, asthma, bronchitis and pneumonia. It was
for this reason that these questions (28, 29, 30 and 32) included reference to
the diagnosis having been made by a doctor. There are wide variations in the
reported prevalence of these disorders. The high rates for bronchitis and
pneumonia found in Czechoslovakia, Poland and Romania have already been
noted, and it may be questioned how far these rates match the true occur-
rence of these illnesses. On the other hand, the mortality rates from res-
piratory diseases in children and young adults? suggests that these countries,
and in particular Romania, have a high mortality from these diseases in com-
parison with other countries in this study which report a lower prevalence of
pneumonia and bronchitis, for example, Denmark and the Netherlands.

A further point to be considered is that children in some study areas
were not always in the age range defined in the protocol. Although preva-
lence of respiratory indices does change with age, it is unlikely that age dif-
ferences of one year would materially affect the prevalence estimates result-
ing from the studies.

The air pollution data likewise have some degree of uncertamty if pooled.
It was not always poss1b1e to obtain measuring instruments that used the
techniques as defined in the protocol. Further, the presentation of the data
was not as uniform as had been expected.

2WHO Regional Office for Europe. Respiratory disease in Europe report on a
Study. Copenhagen, 1974 (EURO 4905(5)). -

32



In all studies sulfur dioxide was measured, but data on black suspended
matter, expressed as standard smoke, were not always available. Because of
these differences it is difficult to find a single indicator for air pollution to
correlate with the data derived from the questionnaire. As nothing better is
available, the yearly mean concentrations of sulfur dioxide and smoke have
been selected. This is acceptable as only chronic diseases, and not acute com-
plaints, are studied.

Taking into account all the problems with the respiratory data and air
pollution measurements, none is sufficiently serious to suggest that it would
be unwise to undertake a pooled analysis.

4.2 Data used in pooled analysis

The air pollution data available for the correlation are the yearly means
of the concentrations of SO, and standard smoke (SS), expressed as ug/m?*,
and the percentage of positive answers to 9 of the questions in the question-
naire. Only those questions dealing with respiratory indices are used, i.e., ques-
tions 17, 18, 20, 22,24, 27,30, 32 and 36.

This material is available for 19 areas and is presented in Table 27, as are
the air pollution data.

4.3 Correlation between air pollution and respiratory indices

Spearman’s rank correlation coefficient has been used to estimate the
correlation between air pollution concentrations and respiratory indices. Sig-
nificance levels for the Spearman’s rank correlation coefficient are given in
the Ciba-Geigy publication, Scientific tables.? A one-tailed test has been used
in this analysis, testing for a significant positive correlation.

Spearman’s rank correlation coefficient between air pollution and
prevalence has been calculated for each respiratory index (Tables 28 and 29).
The number of areas for which there were standard smoke (SS) measurements
was appreciably lower (11) than the number of areas with SO, measure-
ments (19).

Table 28 shows a statistically significant positive correlation with SO,
for questions 17, 18,20 and 36. Table 29 shows a significant correlation with
SS for all questions except 22, 24 and 30. The correlation coefficients for
questions 17, 18 and 20 with SS are much higher than those with SO, . Thus,
it appears that SS has a closer association with respiratory indices than
does SO,. Since SO, and SS are themselves highly correlated (rank cor-
relation = 0.72), it may be that the observed correlation between respiratory
indices and SO, is an indirect association.

2 Diem, K. & Lentner, C., ed., Scientific tables, 7th edition. Basle, Ciba-Geigy, 1970,
pp 181-182.
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Table 28. Spearman’s rank correlation,
found by correlating SO, and respiratory indices

. Number L

No. Question p of areas Significance
17 Morning cough 7 0.65 19 p <0.01
18 Cough day/night 0.49 19 p <0.05
20 Shortness of breath in past 0.41 19 p <0.05
22 Wheezing in past -0.31 19 ns.
24  Shortness of breath with

wheezing in past -0.04 19 n.s.
27 Blocked or runny nose in 7

past year 0.10 15 n.s.
30 Asthmain past 0.16 19 n.s.
32  Bronchitis or pneumonia in past  0.12 19 n.s.
36  Others with CNSLD? 0.56 17 p <0.01

2 Chronic nonspecific lung diseases.

4.4 Regression relationships between air pollution and respiratory indices

The finding of a statistically significant relationship using Spearman’s
rank correlation naturally leads to the need to define the extent of the
relationship. This can best be done by regression analysis. A study of
Figures 2-11, where the percentage of positive answers to each question
has been plotted against air pollution concentrations, suggests a linear re-
lationship. A linear regression line has been calculated to estimate the re-
lationship between the respiratory index and air pollution concentrations.
Graphs have only been drawn, and regression equations calculated, for
questions with a significant rank correlation.

Figures 2-5 give the respiratory indices plotted against SO, concen-
trations. There is a fairly wide scatter of points about a general upward
trend. The regression relationships are significant for questions 17, 18 and 36.
The regression equations are given in Table 30.

Figures 6-11 show respiratory indices plotted against SS concentrations.
There is a strong relationship between SS concentrations and questions 17,
18 and 20, with only a small scatter about the line. For these questions,
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Table 29. Spearman’s rank correlation coefficient found by
correlating standard smoke and respiratory indices

No. - Question p : yfu:r\:;r - Significance
17  Morning cough : 0.97 11 p <Q.01
18 Cough day/night | 0.93 11 p<001
20 Shortness of breath in past 088 11 p <0.01
22 Wheezing in past | 0.40 11 } n.s.
24  Shortness of breath with ‘ ’

wheezing in past o 0.50 11 n.s.
27 Blocked or runny nose |

in past year 0.58 11 - p<0.05
30 Asthma in past 7 3 0.44 11 n.s.
32 Bronchitis in past ‘ 0.76 1 ‘ p <0.01
36  Others with CNSLD? 0.63 9  p<005

@ Chronic nonspecific lung diseases.

between 50% and 85% of the variation in prevalence of cough can be ex-
plained by SS concentration alone. There are also significant regression re-
lationships for questions' 27 and 36, though these are not as strong. The
regression equations are given in Table 31. ‘ ‘

45 Multiplé regression of Vrelationships between SS, SO, and respiratory
indices g : :

As noted above, a statistically significant regression relationship has been
found between SO, and questions 17, 18 and 36, and also between SS and
questions 17, 18, 20 and 36. As SO, and SS are also correlated, these 2 re-
lationships are not independent. The multiple regression equation of the
prevalence rates for questions 17, 18 and 36 on SS and SO, was calculated.
The regression equations are given in Table 32. It can be seen that the joint
regression equation is statistically significant for questions 17 and 18, but not
for question 36. The size of the regression coefficients indicates that the con-
tribution of SO, to the regression relationship is very much smaller than the
contribution of SS. This is also shown by the analysis of variance (Table 33).
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Table 30. Regression relationships between SO, and health

No. Question Regression equation Significance
17 Morning cough y= 4.30+0.101 X SO, p <0.01
18 Cough day/night y = 10.82 + 0.072 X SO, p <0.05
20 Shortness of breath in past y= 6.39+0.041 XSO, - ns.

36 Others with CNSLD? y = 13.77 + 0.062 X SO, p <0.05

2 Chronic nonspecific lung diseases

Table 31. Regression relationship between standard smoke (SS) and health

No. Question Regression equation Significance’
17. - Morning cough y= 5.24 +0.071 X SS p <0.001
18  Cough day/night y = 11.46 + 0.056 X SS p <0.01
20 Shortness of breath in past y= 447+ 0.048 X SS p <0.001
27 Blocked or runny nose

in past year y = 10.69 + 0.057 X SS p <0.05
32 Bronchitis in past y = 25.90 + 0.085 X SS n.s.
36 Others with CNSLD? y = 14.05 + 0.039 X SS p <0.05

2 Chronic nonspecific lung diseases

Table 32. Multiple regression relationships between

standard smoke (SS), SO, and health

Significance

No. Question Regression equation

17 Morning cough y = 5.60+ 0.074 X SS — 0.008 X SO, p <0.001
18 Cough day/night y =11.67 + 0.057 X SS — 0.004 X SO, p <0.05
36 Others with CNSLD?@ y = 13.37 + 0.027 X SS + 0.025 X SO, n.s.

2 Chronic nonspecific lung diseases.
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Table 33. Analysis of variance

. L. . Sum of Mean . Variance L
Vs°“"°,e of variation ‘ dff. _ squares square ratio Significance

Question 17 {(morning cough)

Regression on sfandard

smoke (SS) alone 1 552.62

Introduction of SO, 1 199 - 199 016 = ns.

Regression on SO, and SS 2 554 61 277.30 2175 - p <0.001
- Residual 8 101.96 - 12,75

Total 10 656.57
Question 18 (cough day /night)

Regression on standard .

smoke (SS} alone 1 342.32

Introduction of SO, 1 0.34 0.34 0.001 - n.s.

Regression on SO, andSS © 2 342.66 171.33 4.80 p <0.05

Residual 8 285.79 35.75

Total ‘ 10 62845

This table shows that the variation in prevalence which can be explained by
the joint regression on SO, and SS forms between 50% and 90% of the total
variation in prevalence. However, most of this explained variation can be at-
tributed to a simple regression on SS alone. The extra variation explained by
including SO, in the regression equation is negligible in comparison. Thus it
can be concluded that SO, gives no further information about prevalence
that cannot be obtained from SS alone.

4.6 Thresholds for health effects

The protocol for the study stated two major objectives (section 2.2). The
first of these was to investigate the relationship between chronic exposure to
air pollution and respiratory disease in children. With the various reservations
already noted, there is firm evidence of a general relationship between air pol-
lution, particularly as indicated by SS, and respiratory indices in children.

The second objective of the study was to ascertain if air quality standards
could be derived from these data. The question that would be asked on the
basis of the data would be whether there was a level of air pollution below
which no detectable respiratory effects can be found, or conversely, whether
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there was a level of air pollution above which respiratory effects could
be found and which increased with increasing exposure to air pollution.

Inspection of the plots of prevalence rates in relation to SO, and S8, as
noted earlier, shows a wide scatter, with a general upward trend. The regres-
sion analysis defined this general relationship but cannot be regarded as in-
dicating that air pollution has an effect when reduced to almost zero con-
centrations. There may be a temptation to try to fit curves to some of the
plots, notably those for SS, against questions 17 and 18, where there is a
suggestion of a steep upward curve of prevalence at lower levels of SS which
then flattens off. This would be a mistake. Attention has already been drawn
to some uncertainty in the intercountry comparability of measurements of
SS. A further problem is to ensure that apparent differences in prevalence of,
for example, respiratory symptoms between countries are real and not
caused by subtle changes in the meaning of questions as a result of trans-
lation. The absence of adequately analysed data on ventilatory function has
prevented a comparison between countries of ventilatory function in those
children reported positive, and negative, with regard to the various respiratory
symptoms. Were these data available it would have been possible to see if
relative under-reporting or over-reporting could account for some of the dif-
ferences in prevalence between countries. In the absence of these data it
would be most unwise to draw any but the most tentative conclusions on
threshold levels.

The main area of uncertainty is seen to be at the lower levels of air pol-
lution exposure, i.e., annual mean levels of under 200 ug/m® for SO, and SS,
and this is the range in which the initial effects of air pollution should be
sought. The data from Denmark, a country with low air pollution levels, sug-
gest, however, that there are no air pollution effects at SO, levels below
69 ug/m> and SS levels below 29 ug/m>.

5. CONCLUSIONS

(1) This study has clearly shown a strong association between air pol-
lution and various respiratory indices in children. Of the two air pollutants
studied, smoke appears to have a far greater effect than SO,. Due to the
relatively small number of observations, the uneven spread of air pollution
values, and uncertainties about the relationship between prevalence levels
found in different countries, caution must be exercised in drawing any firm
conclusions on the precise relationship between levels of air pollution and
prevalence of respiratory indices. For these reasons, it is not possible to use
these data alone to ascertain if a threshold for air pollution exposure is
present below which no effects on the respiratory tract occur in children.
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On the other hand, in some areas with low air pollution, for example Den-
mark, no effects of air pollution on the prevalence of respiratory indices
could be found. The findings suggest that the initial effects of SO, and smoke
on respiratory indices of children should be sought in annual mean concen-
trations of under 200 ug/m?>.

- It is unlikely that many countries could, by themselves, mount a study
on the scale of the present one in view of the considerable costs involved and
the need to employ large numbers of highly trained staff.-If further studies
are to be conducted, it would be advisable for these to be conducted in coun-
tries where air pollution measurements are in the range of 50-200 pg/m?®
annual mean SO, and smoke. .

(2) Various lessons can be drawn from this study. Although problems
were expected, the vigorous attempts made to circumvent them were not
wholly successful. The techniques for measuring air pollution were strictly
defined in the protocol, but departures from them could not be avoided.
Much greater attention will be needed in any future studies to ensure that
these measurements are made in a standard way. Similarly, the reporting of the
air pollution data did not always conform to that laid down in the protocol.

(3) The use of a standardized self-administered questionnaire to obtain
information on the respiratory experience of children and:their families
proved highly successful in terms of its acceptability to the populations
studied and to the investigators. However, some problems arose when re-
spondents did not complete all the questions and this led to certain difficulties
in performing a comprehensive analysis of the data. These omissions do not
affect the conclusions that have already been drawn on the relationship be-
tween air pollution and respiratory indices in children.

- (4) The measurements of ventilatory function, particularly peak ex-
piratory flow rate, also proved highly successful in these children. The in-
struments used for these measurements, Wright Peak Flow Meters, were all
calibrated centrally, except in one country, and the conditions under which
the measurements were made were strictly adhered to. In general, the con-
duct of the field work was of a very high order.

(5) For practical reasons it had been agreed that each country would
analyse its own data, using a standard coding schedule and format for tables.
In the event, due to local problems, the analyses suffered serious delays in
some countries. In addition, the agreed format for analysis and tables was
not always followed fully. A major problem was the lack of analysis using the
ventilatory function data and the consequent uncertainties as to prevalence
levels from country to country. A clear lesson to be learned for future studies
is the necessity for centralized coding and analysis of data.
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(6) Since this study was conducted it has become apparent that parents’
chest symptoms and smoking habits, together with the respiratory experience
of brothers and sisters, can be associated with an increased risk of chest illness
in the child. When interpreting any differences in prevalence of respiratory
indices that may be found between groups of children exposed to contrasting
levels of air pollution, due account must be taken of these factors in future
studies.

(7) In spite of the reservations and comments made above, future in-
vestigators should not be dissuaded from conducting further studies on the

effects of environmental factors on respiratory illness in populations of
children.

(8) Finally, to allay possible fears concerning the extent of serious res-
piratory disease in children, it should be pointed out that the respiratory
indices have only been used in this study to indicate whether or not air pol-
lution has an effect on children’s respiratory experience. Although the
questions on cough have been shown to be sensitive indicators of environ-
mental exposure, positive answers do not necessarily indicate that an in-
dividual child has any respiratory disease in the clinical sense.

6. SUMMARY

It has been known for some time that high peaks of air pollution can
have serious effects on mortality and morbidity from respiratory diseases.
Long-term exposure to low levels of air pollution has uncertain effects. The
possible effects on health of long-term exposure to air pollution have never-
theless continued to attract the interest of those agencies concemed with the
control of environmental pollutants and a considerable amount of research
has been conducted over the last 20 years in this area. Early investigations,
mostly conducted in adults, showed that cigarette smoking and type of oc-
cupation could substantially influence the prevalence and incidence of
respiratory diseases. It was felt that further indices of this might be obtained
by studying children at an age when few would smoke and none would yet
have been subject to occupational air pollution.

By 1970, several studies involving measurement of indices of respiratory
disorder had been conducted in children exposed to different levels of air
pollution. The results were sufficiently encouraging for the WHO Regional
Office for Europe to consider organizing an international collaborative study
on the relationship between air pollution and respiratory diseases in children.
In 1971 the Regional Office convened a Working Group which drew up a
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long-term programme in -environmental pollution control in Europe. The
Working Group concluded, inter alia, that studies on children would be the
most promising field for research into the medical effects of air pollution. In
subsequent meetings convened by the Regional Office, studles in thls field
were reviewed and a working protocol was prepared.

Studies were carried out according to the working protocolin 8 countnes
Czechoslovakia, Denmark, Greece, the Netherlands, Poland, Romania, Spain
and Yugoslavia. In each country areas with relatively high and low levels of
air pollution were selected, and investigation of groups of schoolchildren
around the age of 10 years was carried out in these areas. The groups in most
cases consisted of 2000-4000 children. Peak expiratory flow rate (PEFR)-
was measured in all children and a questionnaire on respiratory symptoms
was completed with the assistance of the parents. Air pollution data were
obtained from existing monitoring systems in the areas concerned.

The results of the various national studies were presented at meetings
convened by the Regional Office. These results were not consistent since.in
some countries no relationship between air pollution and respiratory disease
and lung function was found, while the opposite was the case in others.

This report presents an analysis of the pooled results of the national
studies. It has yielded the following results: (1) a close association exists
between air pollution and various respiratory indices in children, and (2) smoke
appears to have a greater effect on health than SO,. However, owing to the
relatively small number of observations and the uneven spread of air pol-
lution levels, no firm conclusions can be drawn regarding the precise relation-
ship between levels of air pollution and prevalence of respiratory indices.

It is not possible to use the data of the study alone to ascertain if a
threshold for air pollution exists below which no effects on respiratory symp-
toms occur in children. However, no apparent effect of air pollution on the
prevalence of respiratory indices could be found in areas with low air pol-
lution. It is likely that initial effects on children’s respiratory indices should
be sought in areas with an annual mean concentration of SO, and smoke of
50-200 pg/m3. The study has not allowed for any conclusions regarding the
possible relationship between PEFR and levels of air pollution.
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Annex I

STUDY ON CHRONIC RESPIRATORY DISEASES IN
CHILDREN IN RELATION TO AIR POLLUTION

A. Working protocol

1. Introduction

Studies have indicated the relationship between respiratory disease in
children and various exogenous factors such as allergens, infections, chemical
and physical agents. In addition, relationships have been found between socio-
economic conditions and respiratory disease and between endogenous factors
and respiratory disease. Although many of these studies have identified
specific exogenous factors, it has proved difficult to estimate their relative
contribution to levels of respiratory disease.

The stimulus for extending the investigation of respiratory disease in
children is the possibility of finding methods for the control and prevention
of their long-term consequences.

Studies on children suggest that exposure to acute and chronic air pol-
lution may have effects upon the respiratory tract. The evidence for an
adverse effect of chronic exposure to air pollution upon children is, however,
not conclusive. One of the major reasons for this has been the difficulty in
separating the effects of other factors from the possible effects of air pol-
lution. Such factors include those associated with socioeconomic status and
domestic environment. The continuing uncertainty about the role of air
pollution in respiratory disease in children prompted WHO to support col-
laborative studies in this field.

2. Objectives of the study

(1) To investigate the relationship between chronic exposure to air pol-
lution and indices of chronic respiratory disease in children living under
different social and domestic circumstances in a number of European
countries.

(2) If associations are found between air pollution and respiratory disease,
additional criteria for air quality standards may become available.
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3. Design of the study

The study should be a cross-sectional (prevalence) study. It should be
organized so that, if required, a follow-up of the same population or subgroups
of the population could be made.

A number of areas will be chosen for.the study.

The choice of areas is discussed in paragraph 4 of this protocol

The study will be carried out in each selected area using similar definitions
and methods, e.g., air pollution measurements, sampling methods, methods of
data acquisition, and data analysis.

The study should, if possible, start and finish on the same dates in all
areas. These conditions will facilitate comparisons of respiratory disease
within countries between children exposed to differing levels of air pollution.
In addition, comparison between countries may also be made.

Within each participating country at least two groups of children will be
investigated, i.e., one group exposed to high levels of air pollution and one
group exposed to low levels of air pollution. Where possible, a group exposed
to moderate levels of air pollution may be included.

Within each pollution exposure group children living under dlfferent
social and domestic circumstances w111 be studied.

4. Selection of areas for study
4.1 Selection of countries

This will be done after ascertaining which countries are interested in this
collaborative study. ‘

4.2 Selection of areas within each country

The areas where the study will be performed, and their precise boundaries,
will be chosen on the basis of their levels of air pollution. For the areas with
high pollution measurements for the past five years must be available. For the
areas with low pollution this is not compulsory. The areas should consist of
towns of sufficient size to yield the required number of chlldren (see para-
graph 5).

It is recommended that for the areas with high pollution -the annual
median SO, concentration should be at least 100 ug/m>. In addition, the
annual median standard smoke concentration should be over 40 ug/m?>.

For the areas with low pollution the annual median SO, concentration
should be below 50 /.tg/m and the annual median standard smoke concen-
tration below 30 ug/m>. ~

Details of air pollution measurements are g;lven in section B. .
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4.3 Selection of subgroups that represent populations with good and bad
social and domestic conditions

The precise social and domestic status of families with children in the
survey will be determined by questionnaire.
The following characteristics will be recorded:

(a) educational attainment of parents — this will be classified into pri-
mary, secondary or higher education;

(b) details of households, e.g., number of rooms available, method of
heating, number of persons living in the household.

Which of these characteristics will be used depends in part on where the
studies will be made. Detailed specification of those characteristics must
therefore await the final choice of areas for the study.

For reasons of selection and comparison of characteristics on air pol-
lution measurements and social and domestic circumstances, it is recom-
mended that an international coordination group should visit the areas under
investigation during the pilot study (see paragraph 8).

5. Populations to be studied
5.1 Age, number

Schoolchildren of 8-10 years of age (i.e., children who have reached
their 8th birthday and not yet reached their 11th birthday) will be investi-
gated, with boys and girls in equal proportion.

For the comparisons to be made in this study, e.g., between children ex-
‘posed to different levels of air pollution and living under different social and
domestic circumstances, it is estimated from other studies that approximately
2000 children will need to be examined in each of the air pollution groups,
i.e., a total of approximately 4000 children in each country.

5.2 Sampling

All 8-10 year-old children registered in schools within the defined area
will come into the study. If the total number of children selected in this way
is more than about 2000, a random sample of schools will be chosen in such a
way that they yield 2000 children in this age range.

In the selected schools all children within the defined age range will
come into the study. Those children attending special schools in the defined
area — for example, schools dealing with educationally subnormal or mentally
retarded children or with children suffering from chronic conditions — who
do not live in the area under study will be excluded from the analysis. This
will also be the case for children living in institutions.
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5.3 Timing

The study would be timed to take place in April and May. The studies
should start in all areas on approximately the same date and should be com-
pleted within two months.

6. Methods ‘

Two methods will be used to collect data in this study. The first will
employ a questionnaire, the second an examination of the child.

It is essential that the prevalence yield for separate questions in the
questionnaire be fully evaluated, e.g., by comparison with objective measure-
ments of ventllatory functlon both within and between countries.

Questionnaire

6.1 Method of use

In the numbers of children we propose, i.e., 4000 in each country, an
interview-administered questionnaire is not feasible because of time, expense
and number of staff needed. Therefore a self-administered questionnaire will
be used in the study.

6.2 Content of the questionnaire

The questionnaire will seek to elicit information about the child’s current
respiratory symptoms and past history of respiratory disease, as well as the
social and domestic circumstances of the family (See section D, Recording
Form 1).

6.3 Cooperation from parents

The questionnaire will be aécompanied by a letter of explanation and
request for cooperation, which will be sent or handed to the parents of each
child. The letter should contain the following points:

(1) this is a study taking place in several areas of this country and also
in other European countries, on “chest” illness in children;

(2) this request for cooperation does not necessanly mean that the child
has anything wrong with the chest.

The letter should not contain any reference to air pollution as the in-
clusion of this fact may introduce bias into the recordmg of respuatory symp-
toms and past history of disease.
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6.4 Completion of the questionnaire

The questionnaire will be completed by the parents of each child in the
study before the child is examined. If possible, both parents should do this
together. Parental consent for the examination may be needed. When required,
this will be incorporated in the questionnaire. Refusal to cooperate by
parents should, wherever possible, be followed by contact to try and persuade
the parents to cooperate. Under certain circumstances it may be necessary
for survey staff to visit parents to obtain completion of the questionnaire. In
that case, detailed instruction will be given about completion of the form. All
cases of refusal to cooperate and all cases where no completed questionnaire
is obtained must be recorded. Absence from examination due to sickness
where no contact was possible must also be recorded and the cause of absence
noted. The questionnaires will be checked and coded locally.

6.5 Translation of the questionnaire

The questionnaire will be translated from English into the local language.
It will be translated back into English by somebody else who will have no
previous knowledge of the questions.

7. Examination

Each child will have height, weight and ventilatory function measured by
trained personnel (see section C). Ventilatory function will be measured for
all children by means of the Wright Peak Flow Meter. In addition, measure-
ments of forced expiratory volume in 0.75 seconds (FEV 0.75) and forced
vital capacity (FVC) can be made using a spirometer. Results of the exami-
nation will be recorded in Recording Form 2 (see section E).

8. Pilot study

A pilot study has to be performed before the main study for the follow-
ing reasons:

(1) to test the field organization, techniques employed (questionnaire,
ventilatory function measurements), data processing and statistical
evaluation, training of staff and costing;

(2) to obtain estimates of prevalence of respiratory indices in children
exposed to high and low levels of air pollution.

Any study relating to methodology, for instance validation of the self-
administered questionnaire, will be encouraged.
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9. Data recording, processing and analysis

As the questionnaire and examination form will be the same in all areas
and countries, a standard code schedule will be used (see section F). This will
enable a central as well as a local analysis to be performed. A duplicate set
of punch cards will be sent to the group performing the central analysis. A
specification for the analysis will be prepared to ensure comparablhty of local
and central analyses.

B. Air pollution measurements
1. Introduction

Air pollution concentrations show daily, weekly and yearly trends.
Therefore, if a population subject to air pollution is to be studied, pollution
concentrations over a period covering all normal variations should be avail-
able. This means that results of measurements should be made available over
periods of at least a year. Because of the fact that chronic diseases will be
studied, air pollution data are needed for the high pollution areas for the five
years preceding the study. For the low pollution areas it is only necessary to
know that pollution has been low during these five years.

The pollutants to be measured are those which are suspected of having
an effect on chronic respiratory diseases. The pollutants which are suspected
of having this effect and are already commonly measured are suspended
particulates. They are considered to be indicators for the reducing type of air
pollution. It will be very useful if data about concentrations of other pol-
lutants are also available, for instance NOx, oxidants, CO. As this will nor-
mally not be the case, it is necessary to use SO, and particulates as tracers
and consider data on other pollutants mentioned as extra information in
those regions where data are available or can be made available without dif-
ficulty. This limits the study to areas with the reducing type of air pollution.

Air pollution occurs not only in the atmosphere, but also inside dwellings,
schools, etc. The concentrations in which indoor air pollution occur are
normally correlated with the condition of the building. For this reason, in-
door air pollution will be part of the housing conditions and will in this way
be included in the domestic factor. In the criteria for selecting regions and
areas, only atmospheric pollution has to be included.

SO, measurements are available in many regions. Though the same
measuring technique is not always used, the data can in most cases be com-
pared without too much difficulty.

Differences in measuring techniques for suspended particulates are much
more important, -as some methods also include particles which cannot pass
through the upper respiratory tract. The method which is most widely used
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and which gives results for particles small enough to reach the lungs is the
filtering method for black suspended material (standard smoke) as used for
many years in the United Kingdom and many other European countries.

The aim should be that the median SO, concentration for the highly
polluted areas will be at least 100 ug/m® (the yearly mean of the SO, con-
centration will in this case be well over 100 ug/m®). The median standard
smoke concentration should preferably be over 40 ug/m>. For the areas
with low pollutlon the medial SO, concentration should be as far below
100 ug/m3 as possible, preferably below 50 ug/m>, and the median standard
smoke concentration below 30 ug/m

2. Pollutants
2.1 Sulfur dioxide

There are two valid methods for determining SO, . The first is the acidi-
metric hydrogen peroxide method. Several variations of this method exist.
The variation using automated sampling and potentiometric titration is to be
recommended. This method is very widely used in western Europe. The
results are expressed as ug SO, /m> air. The method is mentioned in several
variations, among others by OECD (Z) and WHO (2,3 4).

The second possibility which gives comparative results is the West and
Gaceke colorimetric method (7,2,3). This method is more specific than the
first-mentioned method, but in practice the differences in results are small.
Another possibility is the Stratman colorimetric method. As this method
(also described in (Z) and (2)) does not give 24-hourly results, at least not
without special precautions, it should be used only where data are already
available in such a way that 24-hourly concentrations can be derived from
them.

It is also possible that existing measuring networks use instrumentation
and analysing methods of yet another variety. In this case it should be proven
that the existing data can be compared with the acidimetric hydrogen peroxide
method before they can be used in this study.

2.2 Standard smoke (black suspended material)

In the apparatus used in sampling for the acidimetric hydrogen peroxide
method, the air has to be prefiltered. This filter is normally used for deter-
mination of the quantity of standard smoke. This is done by measuring the
reflectance of the dust spots obtained on the filterpaper. By using a cali-
bration curve or a calibration table, the quantity of standard smoke, ex-
pressed as pg/m?, is obtained. This result cannot be compared with results of
measurements for total particulates obtained by weighing filters as these
results are-influenced to a very large extent by very coarse particles.
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The standard smoke measurements only measure the dark-coloured
particles. COH measurements are different because they are using light-
transmission, but RUD measurements can be recalculated to be expressed in
ug standard smoke/m>. .

2.3 Other pollutants

Every item of information about the concentrations of other pollutants
is welcome. In the first place, information about total solid material (by
weight), NOx, CO and oxidants is to be expected.

For NO, the Saltzman method of determination is to be preferred. NO can
also be determined by this method after transformation to NO, by a high
efficiency oxidation method.

For CO the infrared spectrometric method is widely used. It is to be ex-
pected that every measurement of CO elther is done by this method or can be
easily compared with it.

For oxidants many methods are in use. As no calibration with a known
concentration of oxidants is possible, it is common practice to compare all
results of other methods with the results of the neutral buffered KI method.
If this comparison gives good results, the data can be used.

3. Density of the network of stations

The purpose of the measuring network is to obtain a good impression of
the concentration of air pollutants inhaled by a population under study. This
means that representative stations have to be installed in the region. The den-
sity of the network depends on the homogeneity of distribution of the con-
centration over the area.

In places where measurements are already made, information about the dis-
tribution of the pollution over the area is already available. The population
under study should live in an area with a concentration distribution as homo-
geneous as possible. There it is possible to determine whether extra stations
have to be installed or not. In places where no measurements are available, an
experienced scientist can make a reasonably good estimation of the number
of stations needed; if necessary he can make a rapid introductory survey.

4. F requency of measurements

In fact, the frequency of sampling is already determined w1th the selec-
tion of the standard method for measuring air pollution. As the method
selected (SO,, hydrogen peroxide, standard smoke) is normally used with a
sampling duration of 24 hours, the data obtained at the existing networks
will be expected as 24-hourly means. It is preferable to have 24-hourly sam-
pling periods coinciding with calendar days. This calls for automated sampling.
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The normal practice in western European air monitoring networks is to
cover the total time by consecutive sampling periods of 24 hours. In several
US networks sampling is done every third, fourth, fifth or sixth day. This
method may be somewhat cheaper but it will not always furnish the amount
of data necessary for making good frequency distributions of concentrations
over a summer or winter half-year. For this reason the European practice is
to be preferred.

5. Sampling site characteristics

The air sampled at the sampling site should be representative of the air
inhaled by the population under study. This means that in the first place the
stations should be located at about the same height as the breathing height of
the population. Normally, a height between 3 and 6 metres above street level
is a good practice in a living quarter where the population is living in normal
houses (5). The air should be taken by probes not influenced by walls, trees,
etc., and not from enclosed inner courts or other areas without a free cir-
culation of air. The station should be representative of as large an area as
possible. The more homogeneous the area under study, the better.

The air taken by the probe flows to the sampling instrument through a
tube. As many air pollutants (SO, and smoke are no exceptions) are absorbed
by many materials, this tube has to be as short as possible (preferably not
over 3 metres). The material of the tubing has to be as inert as possible.
Teflon and glass are the best materials for this purpose.

6. Reporting of results

The results of the air monitoring network will be reported to the WHO
Regional Office for Europe, Copenhagen, Denmark. The report will consist of
three parts:

Part A. Description of the network, stating location of the sampling
stations, description of the area under study, sources of air pollution in the
area, transport of air pollution from neighbouring areas, population density.
~In this part of the report a description of the measuring techniques has
also to be given if measuring data other than those found with standardized
SO, and standard smoke equipment are given.

Part B. Tables of all available air pollution measuring data. The data
have to be expressed in ug/m?® for concentrations of air pollution. Other data,
for instance those relating to precipitation, have to be expressed in metric units.

If the sampling period is not 24 hours, or if the precision of the measure-
ment differs from the precision of the standardized methods, this should also
be stated.
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Part C. A summary of all results of the measurements should be com-
piled after a longer period, preferably one year. ‘

In this summary monthly minimum, maximum and mean values have to
be given. ‘ ‘

For the summer half-year (April-September) and the winter half-year
(October-March) a frequency distribution of the data will be compiled. For
this purpose the data are divided into groups of 0-24 ug/m?, 25-49 pg/m?,
etc.

From the resulting frequency distribution, the median, the 90-percentile
and the 98-percentile have to be read. The same has to be done for a total
year of measurements by combining the two half-years. More information
regarding this is available in the literature (6,7). For measuring data not
relating to 24-hourly concentrations, a method of presenting the results in a
way comparable to-the method described above has to be used.
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C. Directives for examination
1. Height

~ This will be measured with the child standihg without shoes and socks
and will be recorded in centimetres to one decimal place. The subject must
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stand so that his heels and back are in contact with the vertical surface. The
heels must also be in contact with the ground. The head should be held so
that he looks straight ahead with the lower borders of his eye sockets in the
same horizontal plane as his external auditory meati. During the measure-
ment the subject should be told to take breath and stretch so as to be as tall
as possible. The stretching should be assisted by gentle upward pressure,
applied by the observer, to the mastoid processes of the subject.

2. Weight

This will be measured with the subject wearing light underwear only and
will be recorded in kilograms to one decimal place.

3. Ventilatory function

3.1 Forced vital capacity (FVC}and forced expiratory volumein 0.75 seconds
(FEV 0.75) (Note: these measurements are optional)

(a) Apparatus

Preference is given to the wet spirograph. It is recommended that com-
parisons be made between the performance of all spirographs used in the
study by means of a standard-volume device. The standard-volume device of
the pulmonary function laboratory of the Sophia Children’s Hospital, Rot-
terdam, can be used as the reference volume.

(b) Measurements of volumes

The vertical movement of the spirograph writer is measured in milli-
metres. Multiplication of the number of millimetres by the calibration factor
of the bell determines the change of volume in the bell. This calibration
factor is dependent on the sectional area of the bell and is set down by its
supplier.

(¢) Correction for variations in temperature and pressure

As the temperature of the patient and spirograph vary, the volume of gas
exhaled by the patient will assume a different volume in the bell of the
spirograph than in the patient’s lungs. As the method of measuring is intended
to ascertain data on the content of gas cavities in the lungs, a correction must
be made in order to adjust this difference. At the same time, the volume and
partial pressure of water vapour present in the gas mixture can be taken into
account.
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As the pressure (barometer pressure) in both cavities (lungs and spiro-
graph bell) is practically identical during open glottis and stationary breathing,
any variation here may be disregarded. The prevailing conditions of the gas
volume in the bell of the spirograph are referred to as ATPS conditions (con-
ditions at ambient temperature and pressure, i.e., at prevailing room tempera-
ture and barometer pressure, as well as saturated, i.e., fully saturated with
water vapour at room temperature).

The conditions for the gas volume in the lungs are referred to as BTPS,
i.e., at body temperature of 37°C, barometer pressure at time of measure-
ment and full saturation with water vapour at 37 C.

Using the spirograph the extent of gas volume ATPS is measured. Table 1
will be used for the conversion from ATPS to BTPS.

The calibration factor of the spirograph bell must be multiplied by the
correction factor. The number thus obtained must be multiplied by the num-
ber of measured millimetres registered by the spirograph writer. This multi-
plication will directly give the lung volume in BTPS. Figures will be rounded
up to the nearest whole number in decilitres.

Table 1. Conversion from gas volumes ATPS to gas volumes BTPS’

Tempgratu re Correction Tempfrature . Correction
(¥ . factor C ‘ factor
11 1.149 21 1.097
12 1.144 22 ‘ 1.091
13 1.139 23 1.085
14 1.134 24 1.080
15 1.129 25 1.074
16 1.124 26 ‘ 1.069
17 1.119 27 1.063
18 _ 1.114 28 1.057
19 ‘ 1.108 29 - 1.051
20 . 1.103 30 1.045

7 Gas volumes BTPS = gas volumes ATPS X correction factor.
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(d) Performance of the tests

The patient’s position. The examination will be carried out in the
sitting position.

FVC, FEV 0.75. The nature of the test and the reason for carrying it out
should be explained to the subject in simple terms. It is helpful to explain: “I am
measuring how much air you have in your lungs”. After the spirograph mouth-
piece has been placed in the subject’s mouth and his/her nose clamped, the
subject is requested to inhale as slowly and deeply as possible and to hold this
position for a short period. Then the examiner will indicate that hefshe
should exhale as fast and deeply as possible. It is important that during the
entire examination the subject should keep the glottis widely open. This is
repeated three times. The difference between the various values may not
exceed 50ml. The FVC and FEV 0.75 are registered on fast rotating paper.
For the FVC, the extent of the gas volume exhaled during the fast expiration
is measured. The largest of the three valuesis noted as the final result after cor-
rection from ATPS to BTPS. It should be read to the nearest 10 ml division.

For the FEV 0.75, the extent of gas volume measured during 0.75 seconds
of the fast expiration is measured.

© It is well worth giving the subject a demdnstration using an unattached
mouthpiece. During the initial practice attempt he/she should be watched to
observe any faults and a second practice blow should be made after any
further necessary explanations. The three blows for measurement of FVC and
FEV 0.75 should then be made. If, during any attempt, it can be seen that
the performance is incorrect, the measurement should be rejected and re-
peated. A result should not be rejected, however, simply because it is un-
expectedly low. If the tests were correctly performed, then an “X” should be
placed in the “Yes” square appropriate to “has the child understood the test
and cooperated?”.

If the child made no attempt or the expirations were technically unsatis-
factory, an “X” should be placed in the “No” square.

Common errors in measuring ventilatory function. During practice
breaths the observer should watch particularly for four faults.

(1) The height of the mouthpiece may be incorrect, causing an un-
comfortable posture.

(2) The subject may not take a full inspiration. Often the reason is that
he does not realize that there is no hurry to begin expiration.

(3) There may be hesitation at the beginning of expiration. It should be
emphasized that, once started, the breath must continue as rapidly as
possible without any pause. A demonstration usually corrects this
difficulty.
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(4) The mouthpiece may be incorrectly inserted and the lips not closed
around it. A common fault is to purse the lips in front of the mouthpiece
as if playing a trumpet.

The values given in Polgar’s book/ may be used as a standard.
3.2 Peak expiratory flow rate

This is measured using the Wright Peak Flow Meter. The child must be
sitting comfortably. No nose clip is required. In the performance of the test
it is essential that the subject first takes in a maximal inspiration and then ex-
pires as hard and as fast as he/she can. Any explanation of the test to the
child must include these two pomts It is suggested that the following words
are used:

“This test tells us how fast you can blow air out of your lungs. I want
you to take in as deep a breath as you can and blow into the machine as
hard and as fast as you can, like this.”

. At the same time the technique is demonstrated.

A new disposable mouthpiece is fitted into the Wright Peak Flow Meter
for each child. This mouthpiece must be placed in the mouth behind the
teeth. The observer must ensure that the lips are placed tightly round it.

Five consecutive expirations will be recorded to the nearest 5 1/min
below. If the needle lies on a line, that is the reading to be recorded. If the
needle is between two lines, the reading is that of the line below.

After each technically satisfactory expiration the meter reading should
be written down; no attempt must be made to memorize two or more readings
before writing them down. . ‘

The observer must watch that the performance of the test by the child is
technically satisfactory. The criteria for a technically satisfactory test should
include: ‘

— amaximum inspiration, -
— aforced expiration,
— airtight seal between lips and mouthpiece.

If the performance of an expiration is not technically satisfactory the
meter reading should not be recorded. The child should be told that he/she

1 Polgar, G. & Promadhat V. Pulmonary function testing in children; standards
and technique. New York and London, W.B. Saunders, 1971.
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