




STELL I NG EN

I. Het verdient aanbeveling meer onderzoek

de effecten van stikstof monoxide op de

rl.hthccl t+ol& anto<v

'r'Cy'rvcr*raor

I JuLt $82

te verrichten naar
Iuchtwegen.

2. Bij kortdurende pieken in de luchtverontreiniging dient men

erop bedacht te zijn dat respiratoire symptomen pas na 66n

of meerdere dagen kunnen optreden.

The chief problems of preventive medicj-ne are two:
(i) to prove beyond doubt that such modalities as exercise,
Iow-fat diets, and a 55-mj-le-an-hour speed limit are cost-
effective, and (ii) to persuade a pleasure-1ovlng, affluent,
and undisciplined society to accept the necessary warnings.
(Science 795: 837, 1976) .

termen prospectief en retrospectief duiden onvoldoende
karakter van een epi-demiologisch onderzoek aan en kun-
derhalve beter vermeden worden.

Het verdient aanbeveling bij patiEnten met diffuse long-
aandoenj-ngen van onbekende aard een thoracospie met een

longbiopsle d vue te verrichten.

De oorzaak van het ziektebeeld van de prlmaire pulmonale
hypertensie dient nj-et 1n de longarteriolen gezocht te wor-
den, maar in het longparenchym zelf.

In de gezondheidszorg verdienen nazorgprogrammats voor
patiEnten met chronische obstructieve longaandoenlngen meer

aandacht.

Het is momenteel onmogelijk de ontwikkeling van ernstige
longfunctiestoornissen vroegtijdig te voorspeflen.

4. De

het
nen

q

6.

7.

8.



9. Bij de preventie van kinderastma dienen atopische ouders
geadviseerd te worden omtrent het meest gewenste tijdstip

'van de conceptie.

10. De in de kliniek gehanteerde normaafwaarden zijn slecht
gefundeerd.

11. De feitelijke psychosociale begeleiding van de ziekenhuis-
patiEnt en de opvattingen en verwachtlngen die de patiiint
hierover heef t, komen niet overeen. (t. Soc. Geneesk. j._r:

810, 1976) .

12. Een vaste verzorgster in de eerste rB levensmaanden van een
kind is van kardinaar belang voor zijn psychische en sociafe
ontplooiing.

I3. rn het "Repertorium verpakte Geneesmiddelen" dienen zowel
de prijzen van de genoemde geneesmj_ddefen vermeld a1s ook
de generj-sche namen in het regj_ster opgenomen te worden.

De veiligheid van de zebra-oversteekplaats kan vergroot
worden door de "zebra', negentig graden te draaien en met
reffecterende verf te beschilderen.

A.M.J. Wever 2 maarL 19'77
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SUIPHUR DIOXIDE

0.05 ppm = Q.1<5 mg/ms

0.1 ppm = 0.2g0 mg/m3

0.2 ppm = 0.580 mg/ms

0.3 ppm = 0.870 *g/^3
0.4 ppm = 1.16 mg/ms

0.5 ppm = 1.45 mg/ms
? --* - , ^ , 3t ppm = z.A mg/m

2.5 ppm = 7.2 *g/m3
5 ppm = 14. 5 mg/m3

10 ppm = 29 mg/m3

50 ppn = 745 mg/m3

100 ppm = 290 mg/m3

NITROGEN DIOXIDE

0.1 ppm = 0.188 mg/n3

0.5 ppm = 0. 94 mg/m3
-lnnm='l 3
- 8E,,. _.dd mg/m

2 ppm = 3.76 mg/ms

b ppm = g.4 ng/ms
L0 ppm = 1B.I mg/ms

25 ppm = 47 mg/ms
2

50 ppm = 94 mg/mu

100 ppm = 1 BB mg/ms

OZONE

0.05 ppm = Q.098 mg/ms

0.10 ppm = Q.196 ng/ms
0.25 ppm = Q.eSO mg/ms

0.37 ppm = Q.?25 mg/ms

0.50 ppm = Q.980 mg/m3

a.?5 ppm = L.4? mg/ms

1 ppm = L.96 mg/m3

2.5 ppm = 4.g mg/ms

b ppm = 9.8 mg/ms



SULPHUR

0.100 mg/m3

0.250 mg/m3

0.500 mg/ms

0.750 mg/ms
-3I mg /m

?
1.b mg/m

5 mg /m3
,.)lU mg/m
,3bu mg/m

10a mg/ms

20 0 ,g /r3
300 ng/ms

DIOXIDE

: Q.034 ppm

= Q.0BS ppm

= Q.17 0 ppm

- 0.255 ppm

= Q.340 ppm

= Q.510 ppm

= 7.7 ppm

= 3.4 ppm

= 77 ppm

= 34 ppm

= 68 ppm

= 102 ppm

NITROGEN

?
0.100 mg/m" =

?
U.bUU mg/m =

?
I mg/m =

.35 mg/m- =

10 ,g/ms =
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50 mg/ms =

100 mg/^s =

200 mg/ms =

OZ ONE

0.100 *g/ms =

0.250 ,g/r3 =

0.500 *g/^3 =

0.750 mg/m3 -
-31 mg/m =

,3
z

-3b mg/m =

10 mg/mS

DIOXIDE

0.05 ppm

?'27 PPm

0. 53 ppm

2.66 ppm

5.32 ppm

10.6 ppm

26.6 ppm

53.2 ppm

146.4 ppm

4.051 ppm

a .1 2B ppm

0.255 ppm

0.382 ppm

0.510 ppm

0.765 ppm

1.02 ppm

2.55 ppm

5.1 ppm
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I NTRODUCT I ON

In the autumn of I97 I a severe air pollution episOde Occurred

in the Rijnmond area which is the most polluted area in the

Netherlands because of an established large complex of petro-

chemical industries. Thj-s episode led to many complaints of
malodour and j-rritation of the airways. Public opinion reacted

intensely against the pollution of the environment and many of-
ficial and unofficial voices were heard demanding that respon-

sible industries should be forced to stop their productlon pro-
cesses temporarily and that more forced control- on industries
should be exerted. However, before any far-reaching measures

could be taken it was felt that research should be devoted to
the special air pollution situation in the Rijnmond area. In
order to assess and objectify the medical complaints raised the

Locat Authorities of Vtaardingen, which town experiences the

heaviest air pollution in this area, invited the TNo Research

unit for Epidemiology of chronlc Non-specific Lung Disease to
organize an epi-demiological study with flnancial ald from the
Central- Government, which invitation was kindly accepted.

This present study, which took place in 1973, is a day by day

follow-up study during one year by means of a diary technique
in order to examine a possible association between air pollu-
tion levels and respiratory symptoms and lung function values.
changes in the severity of the manifestations of the chosen re-
spiratory parameters can be considered malnly in relation to a

hyperreactivity of the airways to exogenous non-specific stim-
uli (in this case alr pollutants) which j-s one of the basic
mechanisms of causing the obstructive syndrome of chronj-c Non-

Specific Lung Disease (CNSLD).

It was decided to take as population in Vlaardingen only women.

Most of them being housewives the disturbing effects of expo-
1



sure to occupational air pollution are less than in men. Fur-
thermore, women are more often non-smokers or less severe smok-

ers than men. The dlsadvantage of a female population is, how-

ever, the lower prevalence rate of CNSLD in females as compared

with males, and allergic factors being more pronounced than
bronchial hyperreactivity in females with CNSLD.

To find out whether the respiratory reactions to air pollution
differed accordj-ng to degree of CNSLD the sample taken was di-
vided j-nto four subgroups from no CNSLD up to severe CNSLD.

To elimlnate as far as possible the concomitant effects of me-

teorologicaf condlt.ions a female controf population was chosen

i-n a relatively 1ow polluted district of Rotterdam only I5 kl-
lometers away from Vlaardingen. Matched pairs were formed with
regard to age, smoking hablt, and degree of CNSLD.

The following possible disturbing factors could not be account-
ed for satisfactorily in this epidemiological study:
Erposuz,e to indoor air pollution which varles according to type
of housing and smoking habits of the resj-dents (Biersteker et
aI. , 1965) ;

Erposure to bioLogicaL adr poLLution which is very difficult to
measure qualitative.Iy and quantitatively;
Intey,current L)iTaL respiratot,y infections which are difficult
to objectify in a large scale diary study;
A possible seLf-seLection for medical reasons of the population
living at present in the Rijnmond area.

With this epidemiological
useful information on the
sj-tuation in the Rijnmond
stepping stone.

study, however, it 1s hoped to supply
medical aspects of the air pollutlon
area and to contribute a piece of a



CHAPTER I

AIR POLLUTION

DEFIN]T]ON.

According to a WHO Expert Comrnittee on Environmental Sanitatj-on
(wHo, 1958) air pollutlon can be defined as folfows: "Air po1-
lution is limited to the situations in whlch the outdoor ambi-
ent atmosphere contains material in concentrations which are
harmful- to man or to his environment". In this definition, how-

ever, only outdoor ambient atmosphere is considered as being of
importance, but later it has been shown that the indoor ambient
atmosphere is al-so of importance in air pollution problems
(Biersteker et aI., 1965i Lefcoe and Inculet, 197\t 1975).
A broad definition of alr poflutants has been given by Cham-

bers: "Those substances added ln sufficient concentrations to
the air to produce a measurable effect on man or other animals,
on vegetation or on material. These substances may therefore
include almost any natural or artificial composition of matter
capable of being airborne" (Chambers, 1958) . In this sense two

discrete types of air pollution can be distinguished:
1. Chemical air polLution which is made up of inorganic and or-

ganic materlal, and occurs mainly as a result of lndustri-
alization and urbani-zation. Therefore the term "urban air
pollutlon" wiII be used in this thesis. However, also nat-
ural phenomena such as vulcanlc eruptions, sandstorms, and
forest fires can cause chemical air pollution.

2. Biological aiv, pollution which is formed by organic mate-
rial such as house dust mites, po11en, fungi, actinomycete
spores, animal protej-ns, and viruses. As the biological alr
pollution is beyond the scope of this thesis it will not be

dealt with any further.



Level II:

CRITERIA FOR AIR QUALITY.

Attempts have been made to set out criteria for air quality in
order to determine which level-s of air pollution may be accept-
ed or to what extent levels of air pollution should be reduced
1n order to prevent any adverse effect on health.
In 1963 a WHO Inter-regionaf Symposium on "Criteria for Air
Quali-ty and Methods of Measurement" set out such criteria for
air quality to be presented as four "Levefs" of concentrations,
exposure times, and corresponding effects (WHo, 1964). These

"Levels" are defined as follows:
Level I: Concentrations and exposure times at or below which,

according to the present knowledge, nelther direct
nor indirect effects (including alteration of re-
flexes or of adaptive or protective reactions) have

been observed.
Concentrations and exposure times at and above which
there is likely to be lrritation of the sensory or-
gansf harmful effects on vegetation, visibility re-
duction, or other adverse effects on the environ-
ment.

Level III: Concentrations and exposure times at and above whj-ch

there is likely to be impairment of vital physiolog-
ical functions or changes that may lead to chronic
diseases or shortening of 1ife.

Level IV: Concentrations and exposure times at and above which
there is likely to be acute 1l-lness or death in sus-
ceptible groups of the population.

In the United States of Amerlca the 1967 Amendments to the
Clean Air Act required "the development of such criteria of
air quality as may be requisite for the protection of the pub-
lic health and welfare. Such criteria sha1l reflect the latest
scientific knowledge usefuf in indicating the kind and extent
of all identifiable effects on health and welfare which may be

expected from the presence of an ai-r pollution agent .......".

4



Under this Act "Ait' Quality Critev'ta" have been issued by the
U.S. Department of Health, Education and Welfare for: partlc-

u.Iate matter, sulphur oxides, nitrogen oxides, carbon monoxide,
hydrocarbons, and photochemical oxidants.
For lndustrial purposes Thv'eshoLd Limit Values (TLV) -or Mari-
mum ALLouabLe Concerttrations (MAC)- have been established,
which indicate an "approximate empirical 1eve1 of concentra-
tion of a potentially hazardous airborne aerosol which will
cause no lung disease -or very little- in workers exposed to it
over a period of a working life" (Parkest L974). These thresh-
o1d limit values refer to time-weighted concentrations during
a 7 or B hour working day and a 40 hour working week.
However, one must not extrapolate TLV's to ambient air. The

TLV's should be divided by a safety factor, a "guesstimate",
in order to arrj-ve to ambient air quality standards or Marimum

Imnissable Concentrotions (MIC). A few examples of TLV's and

derived MIC values are given in table I. I.

HISTORY

Smoke was the first pollutant attention was drawn to in publi-
cations when in the l3th century coal was introduced for heat-
1ng as a substitute for wood fuel. In 1ts early introductlon
the use of coal was prohibited in London by an Act whlch was

passed by Parliament in 1273. In the l6th century this 1aw had
apparently been relaxed and the use of coal became more widely
used.
By I600 sulphur was the second pollutant identified in the
burning process of coal and it was thought to cause irritatj_on
of the throat and nose.
In the fate 19th and early 20th century the rising chemj-cal
and metallurglc industries contributed to a large extent to the
increase of sulphur dioxide and other pollutants (e.9. nitrogen
dioxide, hydrogen sulphide, fluorldes, and heavy metals) in the
atmosphere.
In 1863 the first "A1kali Act" was established in Great



Table 1.1. Examples of TLV's and derived MIC's
for some air pollutants.

TLV
?

rn mg/m

MICl)
in pg,/m3

aldehydes:
acetaldehyde
acrofeln
formaldehyde

carhon black
hydrocarbons:

benzene
styrene
xylene

nitrogen monoxide
nitrogen dioxide
ozone
sulphur dioxide

r80
0.25
3

3.5

?n

420

0.1
30

9

o)
I3

1800

L.25
r-5

L7 .5

r50
4200

0.5
300

45

I
55

1)M.riro, Immissable Concentrations given as maximum yearl-y
averaqe s .

(Source: Nota Milieunormen deel 1+2, Gedeputeerde Staten van

de provincie Groningen).



Britain, and it required that "specific trade processes giving
off noxious and offensive gases may not be used or operated un-
less the owner has obtained a certificate of Registratlon and

renewed it annualIy. nven then the best practical means must
be used so as to prevent pollution". This first Alkali Act cov-
ered about 80 works and this number was ralsed gradually to
2200 with about 3500 separate processes in 1962.
After the Second World War new sources of pollution appeared
when motor traffic in conurbations increased gradually espe-
cial1y causing the release of nitroqen oxides and hydrocar-
bons, which gave rise to a particufar type of smog cal1ed
"photochemical smog", fj-rst described in Los Angeles in I943.
This photochemj-caf smog occurs only under certaj-n conditions
( see section 5 . 2 .7 .) .

Although much work and much concern was devoted to the air po1-
lution problem it took several acute alr pollution disasters
(the Meuse Va1ley in 1930, Donora in 1948, London in 1952) to
accelerate both the research on the effects of aj-r poffution
and the efforts in its control. One of the early results that
emerged from all- these efforts was the "Clean Air Act, passed

in Great Brltain in 1956.

The main objectives of the Clean Air Act were:

- The prohibition of "dark smoke" from any chimney subjecL to certain con-
cessions.

- The control of new furnace instal.lations by compulsory notification to
the Local Authority with a system of "prior approval" where appropriate.

- The control of the heights of all new chimneys.
- The restriction of the emission of grit and dust.
- The empowering of Local Authorities to make smoke control areas.

Since the Clean Air Act became effective air pollution in the
major cities of Great Brltain has decreased considerably and

no major smog episodes have occurred.
In the United States of America air pollution control was au-
thorized mainly at State feve1, but in 1967 a federal "Clean
Air Act" for all the States was enforced.
In the Netherlands two Acts deaf with air pollution control,
namely:



1, HtrLderae | (Nuisance Act) of 1952. Under this Act conditions
can be made to lndustries by the Local Authorj-ties to pre-
vent danger, damage or nuj-sance of the environment.

2. Wet irLzake de Luchtoeyontreiniging (air pollutlon Act) of
1970. Under this Act measures can be taken to restrain the
pollutlon of the alr. For example licences are required for
industries which produce air pollution (to be qranted by the
Provinci-a] Administration), and maximum immlssable concen-
trations can be set by the Central Government.

In spite of all- the efforts - both by Governments and Indus-
trj-es - in reducing the concentrations of pollutants in the
atmosphere urban air pollution stil1 remains a problem as in-
dustrialization expands and motor traffic continues to increase.
Although the measures taken nowadays may be sufficient to pre-
vent acute episodes of high pollution one should also take into
consideration the possible effects of lonq-term exposure to or-
dinary leveIs of urban air pollution which may become manifest
only after many years.

4. NATURE OF AIR POLLUTANTS.

4.T. ACCORDING TO THE ORIGIN.

The air poflutants can be divided according to their origin in-
to two main giroups:
1. ttPrrmary y:oLLutants" :

Substances emitted from identifiable sourcesr such as: par-
ticles, and compounds of carbon, sulphur, nitrog:en, and or-
ganic material.

2 . ttSecondaz,g poLLutantstt z

Substances produced in the
more primary pollutants, or
spheric constituents, such
in dropletsrdnd substances

air by interaction among: two or
by reaction with normal- atmo-

as: acid mists, sulphuric acid
formed by photochemicaf reactions

4.2. ACCORDING TO THE PHYSICAL AND CHEMICAL CHARACTERISTlCS



A classification of air pollutants according to their physical
and chemical characteristics ls as follows (Katz, 1961):
1. Particulates or pat,ticulate mattet'z

They make up 10% of aff air pollutants. The foflowing dis-
tinctions can be made:

a. SoLid part-icles.' usually irregular in shape; they exist
either individually or as aggregatj-ons.

b, Liquid pctrticLes (or droplets): usually spherical in
shape.

Often the term aerosoZ is used which refers to a solid
or liquid particle of about 0.01-10 p in diameter, dis-
persed in a gaseous medium (e.9. sulphur trioxide aero-
so1, sulphuric acid aerosol). Particular types of aero-
sols are: smoke, fog, dust, haze, mist, and vapours.

The particulates can also be cfassified according to the
measurement technique used:
a. Deposited partt,cuLate mattev or dustfaLL: particles

greater than 10 p in diameter and not respirable. This
gives a valuable indication of the amount of f1y ash and

dust depos j-ted.

b. Suspended partlculate matter: parLicles of 0.1-10 p in
diameter, usually suspended as an aerosol. The measure-
ment of suspended particulate matter is a most valuable
indicator of clinical relevant particulate matter.

2. Gases:
They make up 90% of alf air pollutants. The most important gas-
es are: sulphur dioxide, oxides of nitrogen, aldehydes, carbon
monoxide, hydrocarbons, and photochemical oxidants.

5. SOURCES OF AIR POLLUTION.

5.I. MArN souRCEs oF ArR poLLUTfoN.

The main sources of air pollution are the domestic heating
(specially 1n former days), the industries, and the traffic.
The "Beaver Committee" in their report (Committee on Air Po1-



lution, 1953) decided "to concentrate in the first place on air
pollution arlsing from the combustion of fuels, as being the
main cause of "smog" of the kind which did so much damage in
London in December 1952 and which is recurring evil in many

large towns". In this report they pointed out that domestic
smoke, being discharged at low level and at low temperature,
has the qreatest effect on forming smog.

As the burnlng of coal for domestic heating has diminished con-
siderably with the introduction of o11 and natural gas, the
maln sources of air pollution now come from the industries and

the traffic in densily populated western communities.

5.2

1.

,

:J.

. EMISSION SOURCES OF INDIVIDUAL AIR POLLUTANTS.

ParticuLa.te mabter:
The particles greater than 10 p originate from burning coal
or incineration processes which are poorly controlled.
The particles less than l0 p originate from burning oil,
petrol, and diesel. Metallurgical processes in lndustries
often cause these small-er particles. The particles may con-
tain metallic elements (e.g. lead, iron, tin, asbestos) and

non-metallic elements (e.9. carbon, sulphur) .

Sulphut dt oride:
Sulphur dioxide (SO2) originates from combustlon processes
of fuels containj-ng sulphur, such as burning of coal and
oil, and smelting of ores.
Nttrogen oxides z

Nitrogen monoxide or nitric oxide (NO) and nj-trogen dioxide
(NO2) are the most important oxides of nitrogen as regards
air pollutants. They emanate from all fuel combustion pro-
cesses that take place at very high temperature (i.e. more

than 2000oF, that is r093oc). About one third of nitrogen
oxides in the air is produced by motor vehicles. Most of the
nitrogen oxides produced is .in the form of No which is sub-
sequently oxidized in the atmosphere to NO2. When NO fevels
are fow (about I ppm or I. 2 mg/m3 ) this oxidation process
is s1ow, but it is accelerated enormously by photochemical

IO



4.

5.

6.

processes. Although man-made nitrogen oxides are greatly
exceeded by natural occurring nitrogen oxides formed by bac-
terial processes, the man-made emissions of nitrogen oxides
are all- concentrated in urban areas.
hydrocarbons:
These pollutants are produced primarily by motor vehj-c1es by

incomplete combustion of petrol.
Many of the hydrocarbons may enter into photochemical reac-
tion processes yielding oxidants and reducing agents. The

hydrocarbons do not react primarily with sunlight but with
oxyqen atoms, excited oxygen, and with ozone.
Hydrocarbons are compounds whose molecules consist of atoms

of hydrogen and carbon onIy, and the following groups can be

di-stinguished:
a. Aliphatic or acAcLic hydrocarbons: carbon atoms arranged

in chains only, such as methane (CH4) . The paraffin, ole-
phin, and acetylene hydrocarbons are classlfied in this
group.

b. ALicycLic hydrocarbons: carbon atoms arranged in rings
other than benzene rings, such as cyclohexane.

c. Aromatic hydrocarbons: carbon atoms arranged in benzene
rings (six-membered carbon ring), such as benzene, sty-
rene, and xylene.

ALdehu de s :

In the photochemj-ca1 oxidation of hydrocarbons and in the
individual reactions of hydrocarbons with ozone and oxygen
atoms aldehydes are formed which are in fact oxygenated
hydrocarbon derivatives .

The maln aldehydes are: formaldehyde (CH2O), acrol-ein (CHZ=

CHCHO), acetaldehyde (CH3CHO) .

In their turn the aldehydes also play a part in photochem-
ical processes.
Carbon monoride:
The principal source of carbon monoxide (CO) is the petrol
engine which produces two third of all CO emissions. Other
sources are all other incomplete combustions of carbonaceous



fuels, cigarette smoke (mainstream smoke contains up to 4?

CO), and poorly fl-ued domestic heating.
7. Photoahemical oridantsz

A composition of secondary poflutants formed by photo-oxida-
tion of hydrocarbons in the presence of nitrogen dioxide and

aldehydes. This photo-oxidatlon process takes place under
the inffuence of ultra-vlolet rays and glves rise to the
formation of ozone and other oxidants such as peroxyacetyl-
nitrate (PAN) . The term "oxldants" is used because these
products will oxidize certain reagents not readily oxidized
by oxygen.
The formation of "photochemical smog" was first noticed in
Los Angeles where the dense traffic, the situation of the
city, and the meteorological conditions which often prevall
in that area favour the formation of this particular type
of smog.

Special conditions which are required in the photochemical
smog formation are: high levels of nitrogen oxides and hy-
drocarbons, 1ow wind speed, temperature inversion, and suf-
ficient sunlight.

6. A]R POLLUTION AND THE ATMOSPHERE.

6.1. METEOROLOGICAL CONDITfONS AND AIR POLLUTION.

The levels of air pollution that wifl eventually be reached in
ambient aj-r depend not only on emissions from sources, but a1-
so for a great deal on the atmospheric conditions present. In
fact, the atmosphere plays an important part in cfeansing the
air from the air pollutants (Neiburgrer, 1967). The two most

important factors in this cleanslng mechanism are:
1. Wind uelocity: the wlnd is a transport factor of the air

pollutants. The stronger its veloclty, the more turbulent
fluctuations will occur -both horizontally and vertically-
which results in a dispersion of the pollutants.

2. VerticaL temperature gradientz wiLh increaslnq altitude the
temperature decfines and this glves rise to vertlcal con-
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vection currents resulting in a vertical diffusion of the
pollutants .

In a situation when cofd air is near the ground and warm

air is aloft, there wil-f be no vertj-cal air movements and

the pollutants will not be diffused vertically. This sltua-
tion is usually referred to as "inversion".

At high latitude inversions occur mainly when an anticyclone is pre-
sent (winds being light or absent), particularly during colder parts
of the year. In an anticyclone the air sinks and gets warmet' by com-
pression, and air near the ground cools by radiative heat loss espe-
cially at clear sky.
At low latitude inversions occur mainly in summer when a semi-permanent
anticyclone is present over the oceans with air descend.ing on its east-
ern side, so that the western continental coastal,regions are mainly
affected by inversions (e.g. Los Angeles, San Francisco).

After being diffused into the atmosphere the pollutants are
removed from it by the following mechanisms (Wexler, I961):
Grauitational settling (mainly large particles) ;

Impaction on surfaces on the earth (particles);
Precipitation after being accumulated in ralndrops (particles,
gases);
AbsorpLion in the oceans, seas, and lakes (gases).

6.2. CHEMICAL AND PHYSICAL REACTIONS OF AIR POLLUTANTS IN THE

ATMOSPHERE.

This problem has been studied for many years and sti11 not
everything yet is known about the i-nnumerable processes which
take place in the atmosphere, not only between air poflutants
and the ambient air but afso between the air pollutants them-
selves.
Some examples of known reactions in the atmosphere are:
a. SOr: During incineration processes this gas is partly oxi-

dized to SOr:
2SO2t02u2SO3,
when emitted this compound is converted to sufphuric
acid:
SO3 + H2O - H2SO4 .

The sulphuric acid in aerosol form gives rise to bluish
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coloured smoke.

In the atmosphere the remainder of the SO, is slowly
oxidized to sulphuric acid or sulphates.

b. NO: By various processes this gas is oxidized to NO, some-

ti-mes s1ow1y, sometimes more rapidly.
c. NO2: This brownish gas is gradually converted to nitric acid

(HNO,) :

4NO2+02+2H2O+4HNO3.
Nitrj-c acid will eventually be removed from the atmo-
sphere in rain droplets.
Also, No, is dlssociated into No and atomic oxygen un-
der the lnfluence of ultra-violet rays.

d. Hydrocarbons: The maln reaction of these pollutants is
photo-oxidation yielding aldehydes and peroxy-
compounds.
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CHAPTER I I

EFFECTS OF AIR POLLUTION ON THE AIRWAYS

INTRODUCTION.

To evaluate the effects of air pollution on the airways two

main types of investigation can be distinguished: experimental
(laboratory) studies on the pathological and physiological ef-
fects of air pollutants in animals and man, and epidemiological
studies on the effects of air pollution in populations.

Erperimental studies have been carried out to investigate the

effects of individual air: pollutants as well as combinations of
air poltutants when inhaled by animals and man. Though animal

studies may provide us with basic information on effects of
air pollutants on airways, one should be very cautious in ap-

plying the results to human beings because of the anatomical
and physiological differences between animals and man. Further-
more, in these animals such concentratj-ons of pollutants were

frequently used in combination with such exposure times as are

likely never to be experienced by human beings in the ambient

urban atmosphere.
Therefore, to get better and more useful information on possi-
ble effects of aj-r pollutants on the human airways, exposures

in man are much more important. However, ethical considerations
have put a limitation to the actual studies carri-ed out and

most of the human data available are a result of experiments

i-n volunteers.
The review of the animal studies will be restricted to more

general conclusions because of the different exposure times,
the different concentrations of pollutants, and also the dif-
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ferent species of animals used such as mice, rats, guinea Pi9s,
rabbits, dogs.
The experimentaf studles will be reviewed according to the type

of air pollutant.

EpidemioLogicaL studies on the effects of air pollution have

been carried out in poputations in several parts of the world
and have provided most useful information on the possible ef-
fects of air pollution on the airways, and the possible rela-
tionship between alr pollution and respiratory dj-sease. How-

ever, when comparing different epidemiological studies, it must

be borne 1n mind that there are international differences in
populations, in pollution composition, ln length of exposure,

and in level- of exposure, while the composition of urban air
pollution is so complex that it is almost impossible to denom-

inate a specific air pollutant as being the cause of the ef-
fects found.
The epidemiological studles wifl be reviewed according to the

type of air pollution exposure, i.e.: short-term exposure to
high 1eve1s of urban air pollution, and long-term exposure to
a general level of urban air pollution.
The review of the literature on experimental and epidemiolog-
ical studies on effects of air pollutlon on the airways will
be restrlcted to studies which can serve as background infor-
mation to the present study. For further details and other
studies the reader is referred to the General Literature on Air
Pollutlon.
A11 concentrations will
1000 ug) .

be expressed in vq/m3or mg/m3 (1 mg =

conversion tables from mg/m3 to ppm and

given in Appendix A for sulphur dioxide,
ozone.

2. DEFENSE MECHANISMS OF THE AIRWAYS TO

This subject has been reviewed by Green

the defense mechanisms of the airways as

r6

from ppm to mg/m3 are
nitrogen dioxide, and

INHALED A]R POLLUTANTS

(I970) who considered
forming a protective



umbrella against a hostile environment while every man may be

characterized by his own individual umbrella.
The defense mechanisms to inhaled gases and particles will be

discussed successively.

2.7. INHALED GASES.

The defense posslbllities of the airways to inhaled giases are

smalf and consist of either absorption of the gas on the molst
surface of the upper respiratory tract, or a detoxification
process. The latter can take place either by chemical combi-
nation with pre-existing lung substance, or by an antagonlst
or inhibitor.

2.2. INHALED PARTICLES.

The defense possibilities of the airways to inhaled particles
are more extensive and adequate than those to gases and they
conslst of either an aerodynamic filtration or a physical re-
moval of the partj-cles.

2.2.I. AERODYNAMIC FILTRATION OF PARTICLES.

Many particles even as small as I u are deposited i.n the nose

during normal breathing (Proctor et a1., 1969) whj-ch demon-

strates that nose-breathing is a very efficient mechanism for
filtering particles.
In general the deposition of particles j-n the airways depends

on the sedlmentation, impaction, and diffusion of the individ-
uar particles which are functlons of their aerodynamic diam.

"t"r=1) 
(Muir, Lg72), while the amount of particles inhaled is

proportional to the mlnute ventilation (Muir and Davies, 1967) .

Particfes greater than 10 U are mainly deposited in the naso-
pharynx, particles of 2-10 u are mainly deposited in the tra-

l)̂ 'The aerodynamic diameter (or size) of a particle expressed in microns (U)

is equivalent to the diameter of a sphere of Unit Density (1 g,/ml) which
falls in air with the same terminal setting velocity as the particle.
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cheobronchial tree, and particles of 0.5-2 tt and less than

0.25 u are mainly deposited in the terminal airways. Particles
of 0. 25-0.5 p are mainly exhaled and their probability of being

deposited is about 25?.

Two examples of theoretical cafculations of the regional depo-

sition of inhafed particles made by the Task Group on Lung

Dynamics (1956) are shown in the figures 2-L. and 2'2'

2.2.2. PHYSICAL REMOVAL OF PARTICLES.

The physical removal is by mechanical clearance and by detoxi-
f i-cation processes.
T:ne mechanical cLecLrance of particles from the airways is be-

lieved to consist of two phases: a rapid phase, representing
the removal of particles from the ciliated regions by means of
the mucocj-liary transport mechanism, and a slow phase, repre-
senting the removal- of particles from non-ciliated regions, i.e.
the terminal bronchioLes and alveoli (Albert et aI., 1967;

Morrow et aI., 1957).

In the t,apid phctse a half lifel) of particles from about 19

minutes up to 4 hours in normal subjects has been observed (A1-

bert and Arnett, 1955; Toigo et al., 1963; Albert et al., L967;

Morrow et aI., L967; Luchsinger et a1., 1958; Thomson and Short,

1969; Pavia et a1., l91O; Thomson and Pavia, L913). The differ-
ences in the half life of particfes found is likely to be due

to the differences in nature and size of the partlcles used'

The mucociliary transport mechanism i-s thought to be affected
in patients with obstructive pulmonary disease and Toigo et aI.
(1963) found slower cLearance rates in pati-ents witi-t chronic
lung disease (ha1f life more than 4 hours). However, Luchsinger

et a1. (1968) and Thomson and Short (I969) could not confirm
this and later Thomson and Pavia (1974) found even faster
clearance rates in patients with chronic bronchitis compared

with a group of normal subjects which may be due to impairment

of deep penetration of particles into the lungs of bronchitics.

1)nrLf life: 50? of the particles cleared.
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Another factor that may act upon the mucociliary transport mech-

anism is the smoking of cigarettes. The effect of smoking a few

ciqarettes seems to be a stimulatlon of the clearance rate (AI-
bert et a1., 1975). Also, a slowlng of the mucoclliary clear-
ance rate was observed in smokers when they abstain from smok-

ing (Camner and Phillpson, L972; Afbert et a1., 1973) and re-
suming smoking after abstaining caused an increase in clear-
ance rat-e (Albert et a1-, 1975). As a chronic effect of smoking

cigarettes a general decrease in the clearance rate has been

reported by Albert et a1. (1969), LourenQo et al. (191I), and

Bohning et a1. (1975), while Luchsinger et aI. (1968) and

Thomson and Pavia (I973) found no differences in the clearance
rate between smokers and non-smokers.
The mechanical clearance of particles from the non-ciliated
regions - the slout phase - is believed to take place after phago-
cytosis by alveolar macrophages at three different levefs:

- an alveolar fluid flow (ha1f life of particles about 24 hours);

- an interstitial fluid flow (ha1f Iife of particles about 100

hours);
- a perivascular clearance of particles by cell breakdown (half

life of particles about 60 to 100 days) .

The in situ de torift catt-on of particles may take place by the
following mechanisms: phagocytosis, non-phagocytic pto..=".=1),
immunological processes, and the formation of granulomata
(Green, 1970).

3. EXPERIMENTAL STUDIES IN ANIMALS AND MAN ON THE EFFECTS OF

AIR POLLUTANTS ON THE AIRWAYS.

3. 1. INTRODUCTION.

Studies on the following air pollutants wj-11 be reviewed: par-
ticulate matter, sulphur dioxide, nitrogTen oxides, hydrocarbons,
aldehydes, ozone, carbon monoxide, and photochemical oxidants.

1\
"Wetting of particlesf aclion of surface enz)rmes and interferon-
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As a reference to the possible concentratlons of some air pol-
Iutants in the ambient atmosphere the reader is referred to
table 6.4. rp. 10f .

3.2. panrrcuLATE MATTER: carbon particles and smoke.

3 .2 . I. INTRODUCTION.

In general particulate matter may be effective in the following
ways (Air Quality Criteria for Particulate Matter, 1969):

- the particle may interfere with the clearance of other inhaled
toxic materials;

- the particle may act as a carrier of an adsorbed toxic sub-
stance, and hence produce a potentiating effect or occasional-
ly reduce the toxiclty of a second pollutant;

- the particle may give rlse to a pathological or physiological
response;

- the partlcle may be intrinsically toxic, due to its inherent
chemlcal and/or physical characteristics, for example beryl-
lium and asbestos leading to Berylliosls respectlvely Asbes-
tosis, and sulphuric acid aerosols.
Studies on the effects of the intrlnsically toxic particles
wilL be excluded from the review.

3 -2.2. sruDrES rN ANTMALS.

Patholog icctl e f fects.
In exposures for short periods (up to about 3 days) pulmonary
oedema and blocking of the airways were observed when anlmals
were exposed to high concentrations of smoke (over 200 mg,/m3)

(Pattle et a1., 1959). Lower concentrations of smoke showed no

toxic effects and after three months only phagocytosis and

clearance from the lung were seen (Pattle and Burg:ess, l95i;
Salem and Cullumblne, I96L).
In exposures for prolonged periods Schnurer and Haythorn (I937)
found fibrous reactions around carbon particles (smoke concen-
trations of 4410 particles,/m3). However, Nau et al. (1962)

could not demonstrate any toxic effects using concentrations
of 1.6-2.4 m9/m3, and Vintinner and Baetjer (1951) observed
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no increase in susceptibility to infections -

PhysioLogicaL ef f ects.
An increase 1n flow resist..rcal) was observed in several ex-
periments in which aerosols were used (Amdur, 1958; Amdur and

Corn, 1963; Amdur and Underhill, 1958). The effects were de-

pendent on the particle size, the aerosol concentration, and

on the number of particles (Amdur and Corn, 1963) -

The increase in resistance after inhalation of partlculate
matter is thought to be a vagal reffex bronchoconstrlction via
lung irritant receptors with vagal afferent fibres (widdicombe

et al. , 1962) .

3.2-3. sruDrES rN MAN.

Dubois and Dautrebande (l-958) found an increase in airway re-
sistance2 ) in healthy persons after inhalation of dust parti-
cles, with no effect on the total lung capacity and the vital
capacity; however, in patients with pulmonary disease a de-

crease in vital capacity was observed. An increase in airway
resistance was also observed by Mc Dermott (1962) when coal

dust clouds were inhafed in concentrations of 19 mg/m3 or more

for 4 hours, lower concentrations showed no effects on the air-
way resistance.
This increase in airway resistance in man reflects a broncho-

constriction presumably due to a reflex (Widdicombe et a1. ,

1962; Simonsson et a1., L957) .

3 .2 . 4. s UMMARY .

Both in animal and human experiments an increase in lung re-
sistance3) ,.= found which is thought to be due to a reffex
bronchoconstriction via parasympathetic pathways. The effects

1)alo* resistance: totar rung resistance, measured by means of the pressure
flow method.

')oi.ra, resistance: totar rung resistance minus tissue res.istance, measured
by means of a body-plethysmograph.

3) 1roa.t1 Iung reslstance: airway resistance plus tissue resisLance.
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were dependent on the concentration, the size, and the number

of particles. As the response 1n man showed a great variation
there may exlst an individual sensitivity to inhaled particu-
late matter.

3.3. SULPHUR DTOXTDE ( SO2 )

3.3. T. STUDIES IN ANIMALS.

PathoLogical e i'fects.
trrihen animals were exposed to such concentrations of SO, (rang-

ing from about rTOO-14.000 mg/m3) that death occurred the main

pathological changes seen were occlusion of bronchioles and

venous congestion in animals with a short survlval, and pulmo-

nary oedema in animals with a long survival (Leong et aI ',
L96r).
Changes in the mucosa of the trachea and bronchi with increasj-ng

number of mucus secretlng cefls and thickening of the mucus

blanket were observed by Dalhamn and Rhodin (1956) and by Reid

(I963) in long-term exposures to so, (concentrations ranging

from about 3O-1I60 mg/m3). From later experiments Dalhamn

(I96I) reported reversible cessation of ciliary beat'

PhusioLogica'L effects'
several observers reported an increase in flow resistance of
the lungs, using concentrations of SO, ranging from 460 Ug/m3

Lo 2400 mg,/m3 (Amdur, l95l; Salem and Avlado, 196I; Amdur,

L966) . An increase in nasal resistance was observed by Frank

and Speizer (1965), using concentrations of 2O-660 mg/m3-

The increase in resistance after exposure to so2 is thought to
be caused by a reflex bronchoconstriction via parasympathetic

pathways in both upper and fower respiratory tract'
Strandberg (1964) found that the absorption of so, by the nasal

mucosa was Iess efficient at low than at high concentrat.ions
of so} and Amdur (I966) obtained a straight line dose-response

relationship when the absorptlon data obtained by strandberg

were applied, relating the increase in pulmonary flow resis-
tance to the concentration of so2. The data obtained by strand-
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berg (1964) and Frank et al. (1957) show that at high concen-

trations so, is absorbed for 90% or more by the nasaf mucosa.

A sumrnary of the experlmental studies is given in table 2'1'

3.3.2, sruDrES rN MAN.

After inhalation of SO, an lncrease in respiratory freguency

was found by Amdur et aI' (1953) using concentratlons of 3-23

mg/m3, which could not be conflrmed by Lawther (1955). an in-
crease in lung resistance -e.ither measured as pulmonary flow
resistance or as airway resistance- was observed at concen-

trations ranging from about 3-87 m9/m3 of SO, in exposures of
short duration (Frank et a1., 1962; Spei-zer and Frank, L966).

These experiments showed an individual sensj-tivity to SOr, and

the increase in resistance seems to be related to the concen-

tration of so, used and not so much to the duration of exposure.

When SO, was administered by the nose the increase 1n lungi re-
sistance was less than when administered by the mouth (speizer

and Frank, 1966) which observatj-on was thought to be due to a

greater absorption of the SO, by the nasal mucosa (Frank and

Speizer , L964; Speizer and Frank, 1966) . This latter phenomenon

was also observed in animal studies.
Lawther and Wa1ler (I973) showed that in quiet breathi-ng SO,

is largely absorbed in the upper respiratory tract and that

deep breathing is necessary to elicit effects (i.e. an increase

in airway reslstance). Their experiments in man showed that

there is a wide range of indj-vidual sensitivity to SO2 '

Andersen et al. (7974) found a decrease in FEV,.O tt concen-

trations of So, as low as 2.9 mg/m3 and sugqested an exlstence
of a nasobronchial reflex.
Gbkemeijer et a1. (L973) found marked bronchoconstriction in
patients wj-th CNSLD after lnhalation of 29 mglm3 of SO2 for
three minutes which effect could largely be blocked by a beta-2
receptor stimulating drug. Later Gokemeijer (1976) reported a

dose-response relation using concentrations of 14.5, 29, and

43.5 mg/m3 of SO, in patients with CNSLD, while at these con-

centrations subjects without any signs of CNSLD showed no bron-
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chocons tr ic tion .

However, no effects were reported by

inhalation of about 3-9 mg,/m3 of SO,

Gokemeijer (L976) after inhafation of
for three minutes.
A surnrnary of the experimental studj-es

3.3.3. SUMMARY.

Burton et aI. (1969) after
for thirty minutes, and by

So, of Iess than 7 mg/m3

is given in table 2.2.

fn animal studies pathological changes were observed, the dura-
tlon of exposure and the concentration of SOZ - which was in
general very high - playing an important part.
As a physiological effect an increase in lung resistance in
animals and in man was observed, which 1s believed to be caused

by a bronchoconstriction due to a reflex (Nadef et a1., 1965;

Simonsson et a1., 1967). G6kemeijer et al-. (1973) observed in
patients with CNSLD effects indicating an interaction of SO,

with either alpha- or beta-receptor enzyme systems. The phys-
iological effects seem to be related to the concentratlon of
SO, used, and besides there are strong indications of an in-
dividual sensitiv.ity to SOr.

3.4. COMBINATIONS OT SULPHUR DIOXIDE AND PARTICULATE MATTER.

3.4.T. STUDIES IN ANIMALS.

PaLhoLog'tcuL ef f eats.
An increased mortality in mice and guinea pigs was found by

pattle and Burgess (I957) when SO, was administered in combi-

nation with particulate matter. salem and Cullumbine (196I)

found a variable effect of smoke on the toxicity of so2 depend-

ing on the animal species used. Gross et al . (),96'7 ) found ce1-

lular thickening of the alveolar wall, which was not observed

when smoke alone was administered.
No increased susceptibility to pufmonary infections could be

demonstrated when using a combination of particulate matter and

SO2 (Vintinner and Baetjer, I951).

Phg sioLogicaL effects.
In the experiments in guinea pigs by Amdur (1957; 1963; I968)

2'7



it was demonstrated that some aerosols could potentiate the ef-
fect of SO, as measured by pulmonary flow resistance. The par-
ticle size (the smaller particles possibly have a greater syn-
ergistic effect than the bigger particles because of a deeper
penetration into the lungs), the particle concentratj-on, the
sulphur dioxide concentration, and the humldity of the respi-
ratory tract (McJilton et a1., 1973) were found to be impor-
tant factors.
The aerosols that seem to have a potentiating effect on sulphur
dioxide are those aerosols of soluable salts which dissolve SO,

and afso possibly catalyze the oxidatlon of sulphur dioxide to
sulphuric acid which is more irritant to the respiratory tract
than So, (Amdur, 1958; Amdur, 1968). However, Corn et a1. (1972)

could not confirm Amdur's findings ln cats uslng sodium chl-oride
aerosofs .

3.4.2. sruDrES rN MAN

Snell and Luchsinger (I969) reported a slight potentiating ef-
fect of a distilled water aerosol on the response to sulphur
dioxide while a saline aerosol exerted no effect. Other in-
vestigators also found no potentiating effects of saline aero-
sols on the response to sulphur dioxide (Frank et a1., 19641

Burton et a1., 1969).

3.4.3 S UMMARY

In some animal species a potentiating effect of certain aero-
sols on the response to sulphur dioxide could be demonstrated,
but studies on man failed to demonstrate a conclusive effect
possiLrly due to the lower concentrations of sulphur dioxide
used in these experiments.

3.5. NrrRocEN oxrDES (No_.)

3.5.I. INTRoDUCTIoN.

The nitrogen oxides to be discussed are nitrogen monoxide (NO)

and nitrogen dioxide (NO2). When NO is present in high concen-
tratlons in the atmosphere it is rapidly converted to NO2, so

it i-s difficult to control concentrat.ions of NO in experimental

2B



studles. Therefore, many more studies are carried out on the
effects of NO2. A review of the effects of the nitrogen oxides
will be given wi-th regard to the respiratory system only-

3.5,2. NrrRocEN MoNoxrDE (No) .

In animals no adverse effects on the respiratory function were

observed at concentrations up to 94 mg/m3 of NO (tuturphy et aI.,
1964).
As far as known no studies of experimental exposure to nitroqen
monoxide on man have been reported.

3.5.3. NrrRocEN DroxrDE (No2 )

3.5,3.1. sruDrES rN ANTMALS.

PaLhoLog'icttL eIf ec Ls.

Concentrati-ons greater than 190 mg,/m3 of NO, are fethal to most

animaf specj-es. In most cases pulmonary oedema was found (La

Towsky et a1., 1941) .

Acute - reuers't-ble - pathoLog'ical changes of the pulmonary tis-
sue have been observed after short-term exposures to nitrogen
dioxide using concentrations ranglng from 940 pg7m3-r90 mg/m3.

The severity of the changes tends to lncrease with increasing
concentration of NO, and seems to depend less on the duration
of exposure. The following changes were observed:

- mast cell degeneration (Thomas et al., 1961)i

- hyperplasia of bronchial epithelium (Kleinerman and Cowdrey,

r968);
- removal of cilia from the termlnal bronchiolar epithelium

(Bi1s, 1974) i

- acute inflammatory reaction of bronchiaf epithelium (Kleiner-
man and l{right , L96l) ;

- basal membrane damage and intra-alveolar oedema (Dowell et
a1., 1971).

Chronic pathoLogicctl changes of the pulmonary tlssue have been

observed after long-term exposures to nitrogen dioxide, either
continuously or intermittently, using concentrations rangj-ng

??
from 940 pq/m'-47 mg/m'. The severity of Lhe changes seems to
be a function of the product of concentration and exposure time

29
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(Freeman et aI., I969). The following changes were observed:

- lesions of the terminal bronchiolar epitl.relium (Freeman et
dl., r96Ba);

- pneumonitis and early focal emphysematous lesions (Blair et
af ., 1969);

- emphysema like lesions (Ereeman and Haydon, 1964; Freeman et
aI., 196Bbi Fenters et a1., 1973).

Increctsed susaeptibiLitg to erperinentally induced bacterial
infections was observed in both short-term exposures to NO2

(Purvis and Ehrlich, I963; Ehrfich, L966; Gofdstein et aI.,
lg,1 3) and long-term exposures to NO, (Ehrlich and Henry, l969i
Henry et al., 1970). The impairment of the pulmonary antibacte-
rial defense mechanism by nitrogen dioxide is thought to be

due to arveorar macrophage dysfunction (Gardner et al ' ' 1969) '
and occurs when a certain threshold fimit of NO, is reached
(Gofdstein et aI., I973).

Phy s io Logir:aL e f J-e cts.
An increase in the respiratory frequency and a decrease in the

tldal volume was observed after short-term exposures to about 10-
?

95 mg,/mj of No2 (tvturphy et al., I964i Henry et a1 ' ' 1969) and

long-term exposures to about 1.5-17 mg/m3 of No, (Freeman et a1.,
1966; Henry et al., f970). Exposures to NO2 in concentrations

,3of L5-22.5 mg/m- resulted in an increase in pulmonary flow re-
sistance (Davidson et aI., 1967). A reduced peak expiratory
flow rate and a reduced diffusion capacity was observed after
exposure to l.2t mg/m3 of NO2 (in combination with 0.3t mglm3

of NO), while exposure to 0.27 mg/m3 of NO, (in combinatlon'
with 2.05 mg,/m3 of NO) yietded no effect on the respiratory
function (Lewis et aI. , L97 4) .

A summary of the experimental studies is given in the tables
2.3. and 2.4.

3.5.3.2. sruDrES rN MAN.

Accidental exposures to very high concentrations of NO2 have

been reported in silo-fiIlers and in welders causing pneumonia

and pulmonary oedema with subsequent bronchj-olitis fibrosa

)a



obliterans (Grayson, 1955; Lowry and Schuman, I955; Norwood et
dl ., I966).
In volunteers an increase in airway resistance was observed

after inhalation of 9.4 mq/m3 of No2 for r0 mlnutes (Abe, 1967).

3.5.4. SUMMARY.

It has been shown that No2 is probably the most important com-

pound of the ni-trogen oxides.
Acute pathological changes of the bronchial epithelium and of
the alveolar membrane, and chronlc pathological changes at the

Ievel of the terminal bronchiolus with emphysematous Iesions
were found in animals as a resuft of exposure to No2, depending

on concentration and exposure time. Besides, an increased sus-

ceptibility to experimentally induced bacterial infections was

observed. Both in animals and in man effects of exposure to
NO2 -in excessively high concentrations- on the pulmonary func-
tion were observed.

3.6. HYDRoCARBoNS.

The most important property of the hydrocarbons is the possi-
billty to enter into photochemical processes forming products

such as aldehydes (see section 3.7.) and ozone (see section
3. B. ) which are more toxic to the respiratory tract than the

hydrocarbons themselves. As for the toxicity of the hydrocarbons

the reader is referred to the Air Quality Criteria for Hydro-

carbons (l-970) in which the animal and human experimental stud-
ies on hydrocarbons are extensively reviewed.
As a sumrnary of these studj-es one can state that:

- the aromatic hydrocarbons are the most important group of hy-

drocarbons as reqiards adverse health effects;
- the hydrocarbons exert a toxlc effect j-n man at concentrations

from about B0 mg,/m3;

- the main toxic effects of the hydrocarbons are irritation of

the mucous membranes of the eyes and the nose, and irrita-
tion of the upper respiratory tract; at high concentrations
the central nervous system in animals was also found to be

affected;

14



- exposure to hydrocarbons in animals can give rise to an in-

crease in pulmonary flow resistance and in tidaf volume, and

to a decrease in respiratory frequency.

3.7. ar-oruYDES.

As the experimental studies in animals and man are also exten-
sively revj-ewed in the Air Quality criteria for Hydrocarbons

(1970) only the main points will be presented here, the more

so because the first importance of the aldehydes lies in their
participation in photochemical processes:

- the main aldehydes with regard to adverse health effects are

formaldehyde, acetafdehyde, and acrolein;
- the main toxic effects of the atdehydes are irritation of the

mucous membranes of the eyes and the nose, and irritation of
the upper respiratory tract;

- an increase in pulmonary flow resistance and j-n tidaf volume,

and a decrease in respiratory frequency can be found in ani-
mals as a result of exposure to acrolein at concentrations
from 1615 pglm3 (0.6 ppm);

- in man a toxic effect can be expected with exposures to form-
aldehyde at concentrations from about 2460 ltg/n3 (2 ppm), to
acrol-ein at concentrations from about 675 Pq/m3 (0.25 ppm),

and to acetaldehyde at concentrat.ions from about 90 mgr/m3

(50 ppm) ;

- exposure to formafdehyde at hj-gh concentrations can cause pul-
monary haemorrhage and oedema in animals, and serious inflam-
mation of the upper and lower respiratory tract and broncho-

pneumonia in man.

3. B. ozoi.lu.

3.8.1. sruDrES rN ANTMALS.

PathologicaL effects.
Short-term exposures to ozone at concentrations from I960 Uq,/m3

gave rise to desquamative and degenerative epithelial changes

in bronchi and bronchioli and acute pulmonary oedema (scheel et
dl., I959), and to degeneration of alveolar epithelial lininq

35
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(BiIs, lg'74). At lower concentrations epithelial changes in the
terminal bronchioles and proximal alveoli were found (stephens

et aI. , 197 4) .

After intermlttent long-term exposures to ozone at concentra-
tions from 4900 us/.3 morpholog.ical changes of the tracheal,
bronchlal, and bronchlolar epithelium were found (Scheel et a1.,
1959; Werthamer et al., 1970; Penha and Werthamer, 1974).

Long-term exposures to ozone at concentratj-ons from I960 Vg/m3

resulted in morphological changes of the terminal and respira-
tory bronchiolar wafls and epithelium (I'reeman et a1., 1973).

A characteristic fibroblastic activity at the level of the
junction of the respiratory bronchiole and the alveolar duct
was noted by Freeman et aI. (1974).

An increased susceptibility to experimentally induced bacterial
infections was observed in both short-term and long-term ex-
posures to ozone which gave rise to an increased mortality
(l.li1ler and EhrIich, 1958) " This increased susceptibility to
infections is thought to be caused by an lmpairment of the
phagocytic activity of atveolar macrophages resulting in an in-
hibition of the bactericidal activity of the lungs (Coffin et
dI., 1968; Goldsteln et al., l97L; Huber et a1., I91l; GoId-

stein et al., l9':.4), and probably occurs when a certain thresh-
old limit of ozone is reached (Goldstein et a1., 1974).

Easton and Murphy (1967 ) found an lncreased mortality as a re-
suft of an increased susceptibility to histamine after short-
term exposure to ozone.

Phg sioLogt cal effects .

The following physiologicat effects were observed after short-
term exposures to ozone at concentrations ranging from 670-I3700

,3pglm :

- a decrease in tidal volume and an lncrease in respiratory fre-
quency (Scheel et aI., 1959; Murphy et al., 1964);

- an increase in flow resistance (Murphy et al., 1964; Easton

and Murphy, 1967),

- a decrease in lung compliance (Easton and Murphy, t961);
- an increased mortality due to the performance of exercise

during the exposure to ozone (Stokinger, I965).
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A surnmary of the experimental studj-es is given i-n the tabfes
2.5. and 2.6.

3.8.2. sruDrES rN MAN.

The effect of exposure to ozone on the respiratory tract mani-

fests itself in respiratory symptoms and changes in respiratory
function,
Several investigators reported one or more of the following
symptoms as a result of exposure to ozone at concentrations
from 500 Ug/m3: substernal discomforL, cough, wheezing, dysp-
noea, and irritation of the upper respiratory tract (young et
dl., 1964; Bates et af., 1972; Hackney et a1., 1975). The sever-
ity of the symptoms tended to increase with increasing concen-
tration of ozone.
The following changes in respiratory function were observed af-
ter exposure to ozone at concentrations from 7 25 yg/m3 :

- a reduction in forced vital capacity and timed forced expl-
ratory volume (Young et a1., 1964; Hazucha et aJ-., 1973i

Hackney et al., 1975; Kerr et a1., 1915);

- a reduction in maximum flow at 50? of the vital capacity
(Bates et aI., 1972; Hazucha et a1., l'9'73i Hackney et aI.,
1975);

- a reductj-on in maximum mid-explratory flow rate (Hazucha et
d1., L973);

- an increase in airway resistance (Goldsmith and Nadel, 1969;

Bates et al., 1972; Kagawa and Toyama, L975; Kerr et a1.,
t915) i

- an increase in residual volume and in closing capacityl)
(Hazucha et al., 1973).

Kerr et al. (1975) reported that a group of non-smokers had a

greater response to exposure to ozone with regard to respira-
tory symptoms and respiratory function than a group of smokers.

1 )clo=ing capacity

Closing volume:

40

: sum of clos.ing volume and residual volume, expressed
as percentage of total lung capacity

volume of the l-ungs at which the airways at the bottom
of the l-ung start to close, expressed as percentage of
the vital capacity.
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A great individual variation in the response to exposure to
ozone was seen 1n most studies pointing to an individuaf thresh-

old limit (Goldsmith and Nadelt 1969; Bates et al., 1912i Hack-

ney et a1., 1915). Subjects with a history of resplratory symp-

toms tended to respond to exposure to ozone at lower concentra-
tions than subjects wlthout such a history (ttackney et aI.,
1975) . However, Gokemeijer (1976) found no effect on the vis-
cous work of breathing in patients with CNSLD after exposure to
up to 29.4 mg/m3 of orone for 3 minutes.
There is an indication that successive exposures to ozone have

a cumulative effect (Hackney et al., 1975).
A summary of the experimental studies is given in table 2.7.

3.8.3. SUMMARY.

In animals exposure to ozone resulted 1n morphologj-cal changes

of the epithelium of the respiratory tract up to the level of
the proximal a1veo1i, and in physiological changes.

An j-ncreased susceptibility to bacterial infections was found,
probably due to the observed lmpairment of the phagocytic ac-
tivity of the alveolar macrophages as a result of exposure to
ozone.
In man exposure to ozone can give rise to a variety of respi-
ratory symptoms and to a decrement in respiratory functlon.
There is an indication of an indi-vidual threshold limit. More-

over, persons with a history of respiratory symptoms and non-

smokers seem to be more sensitive to exposure to ozone.

3.9. cARBoN MoNoxrDE.

In the experimental studies in animafs and man carbon monoxide

has been found to be inert to the respiratory tract at rela-
tively 1ow concentrations; its main toxicity Iies in the reac-
tion with heamoglobin to form carboxy-haemoglobin (Air Quality
Criteria for Carbon monoxj-de, 1970) . As the afflnity of haemo-

globin for carbon monoxide is about 200 times greater than for
oxygen carboxy-haemoglobin is easily formed when carbon mon-
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oxide is present in the inhaled air, affecting particularly the

central nervous system and the cardiovascular system.

In man exposure to high concentratlons of carbon monoxi-de -
which may occur accidentally (e.9. in gas poisonlng) or oc-
cupationally (e.g. in fire fi-ghters) - can cause pulmonary oe-

dema (Kittredge, l97l; Ogawa et al., 1974), but it is not clear
whether this is due to a direct effect of carbon monoxide on

the pulmonary tissue.

3.I0. PHOTOCHEMICAL SMOG (PHOTOCHEMICAL OXIDANTS).

3.I0.1. INTRODUCTION.

Photochemical- smog is a naturally occurring complex mixture of
air pollutants in which oxidants (ozone, nitrog'en dioxide, and

organic peroxi-des) are present as main compounds together with
hyd.rocarbons and carbon monoxide in h19h concentrations - See

for details on photochemical smog Chapter I, section 5.2.(7).
For experimental purposes photochemical smog can be obtained
either naturally from photochemical- ambient air, or artificially
by irridation of exhaust or by mixing fixed concentrations of
some of these pollutants.

3.I0.2. sruDrES rN ANTMALS.

The following observations in animals were made after exposure

to photochemical smog (at concentrations of "total oxidants"
from 240-lsoo uglm3) :

- pathological changes of the alveolar cell-s and in the alve-
olar wa11s in mice (Bi1s, 1966; Bils and Romanovsky, 1961) i

- an increase in pulmonary flow resistance (nurphy et a1., 1953;

Swann and Balchum, 1956; lVayne and Chambers, 1968; Lewis et
a1. , L97 4) ;

- an increased susceptibility to pulmonary infection in the
Iatter half of the animaf's lifetime (Hueter et a1., 1966),

and an increased mortality from. bacterial pulmonary infection
(Coffin and Blommer, 1967).
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3.10.3. sruDrES rN MAN.

After exposures to a mixture of ozone, nitrogen dioxide, and

carbon monoxide (at respective concentrations of up to 980

vg/m3, 565 ug/m3, and 35 mg,/m3) minor physiological changes were

observed. These changes, however, did not occur consistently
throughout alf exposures (Hackney et al., 1975a, r975b).

3. I0.4. SUMMARY.

Exposures to photochemlcal smog resulted in only minor patholog-
ical and physiological changes in animals, while in man no con-
sistent changes of the pulmonary function were observed.

In the experimental studies on photochemical smogi concentra-
tions were used as measured in the ambi-ent atmosphere. There-

fore, the effects were presumably Iess than after exposures to
the individual photochemical pollutants used in artificially
high concentrations.

3.TI. SUMMARY OF THE EXPERIMENTAL STUDIES

Trre experimentctl stutlies on animaZs have demonstrated that most

of the reviewed urban air pollutants can exert adverse effects
on the aj-rways which manifesL in pathological changes of the
upper and lower respj-ratory tract, in physiologlcal changes,

and in disturbances of the pulmonary defense mechanism.

The effects found were dependent on the concentration of the
pollutants, the duration of the exposure, and on the animal

species used j-n the experiments.
The animal studies can serve as a guide for experimental and

epidemiological studies on man, and they suggest a reaf possi-
bi1lty that exposure to urban concentrations of air pollutants
may damage the human ai rwaYs.

The erperimental studies on man have demonstrated that exposure

to most of the reviewed urban air pollutants can result in re-
sp-iratory symptoms and in a decrement in pulmonary function.
Although most of the exposures were carried out at concentra-
tions much higher than occur 1n acute episodes of air pollution,
some investigators reported also effects on the airways using
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concentrations of pollutants which are occasionally encountered

in an urban environment.
The great varlation in response which was often found forms a

strong indication that there exists an individuaf sensitivj-ty
to particulate matter, sulphur dioxide, and ozone. Furthermore,

there is some evidence that persons with (a history of) chronic

obstructlve pulmonary disease have a greater sensitivity to air
pollutants than persons without such a history.
Except one study on ozone, no differences between smokers and

non-smokers in response to exposures to alr pollutants have

been descri-bed.
Noteworthyisthatthesmokefromcigarettescontainsahigh
concentration of nitrogen oxides (Haagen-Smit et a1'' L959i

Bokhoven and Niessen, L96L) , of which nitrogen monoxide is the

principal component at concentrations ranging from abouL 24-54

uglm3 per puff (450-I000 ppm) (Norman and Keith' 1965) ' About

I0?ofthenitrogenmonoxideisprobablyconvertedintheair-
waystonitrogendioxide(Freeman,l9l5),whichpollutanthas
been shown to be very toxic in experlmental animal studies

causingTamongstotherthingsemphysematouslesions.Indeed,in
man some investigators have found evidence of an association

between a history of smoking and the presence of emphysema in

necropsy materi-al (Ryder et aI., I97I; Auerbach et al" 1972) '

EPIDEMIoLOGICALSTUDIESoNTHEEFFECTSoFAIRPoLLUTIONoN
THE A]RIVAYS.

4 .I . INTRODUCTION.

In the epidemiological approach to the effects of urban air

pollutlon on the airways mortality and morbidity data are used'

Mortality d.ata are obtained from death certj-ficates which are

tabulated in the vital ,".o.d=1) collected in most industri-

alized countries in the worId.

1)ura.l records: records of vitaf events, i.e. birth, death, marriage,
and divorce.
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Morbidity data can be obtained from several sources, the most

lmportant of which are in this context:
- general practitionerrs records;
- hospital records;
- heafth and disease records of special- populations, such as

occupational groups, the armed forces, insured groups. oId
people's homes;

- morbidity studies: prevalence studiesl) and longitudinal
studies2 ) .

Ifi a pteDalence study the objectlve i-s to define the fevel of
disease in a population at one point in time, i.e. the prev-
alence of d"isease.
In a Longt-tudinal study the objectlve is to determine the
frequency of disease over a perj-od of time. The incidence of
a disease can be measured which is the number of new cases of
the disease in a specified period of time.

(MacMahon and Pugh, 1970).

When making national or internatlonal comparisons one should
bear in mind the possibility of lnaccuracy and incompleteness
of the data, differences in definition and classlflcation of
diseases, and lack of standardization of the methods. This
applies to mortality data as well as to morbidity data (Heas-

man, 1962t Reid, 1962; Mork, 1964i Reid and Rose, 1964i Alder-
son and Meade , 1967; Maclr{ahon and Pugh , 1970; Reid, 1975) .

The review of epidemiological studies on the effects of air
pollution on the airways will be classified as follows:
1. Studies on the effects of short-term exposure to high levels

of air pollution, to be subdivided in:
a. studj-es of acute episodes of high pollutionz acute ef-

fects i
b. studies of intermittent subacute episodes of high pol-

Iutionz subacute effects.

1)P.".r.f.rr"e study = poinl- prevalence study : cross-sectional study.
2)r,ongitudinaf study = cohort study = fol-fow-up study.
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2. Studies on the effects of long-term exposure to air po1lu-
tion: chronic effects,

The 1eve1s of the major air pollutants found in a given epi-
demiological study will be expressed in micrograms per cubic
meter (ug/*3 ) as 2A-hour averages, un]-ess otherwise stated.
As a reference to the possible concentrations of some ai-r pol-
Iutants in the ambient atmosphere the reader is referred to
table 6.4., p. I0I.

4.2. STUDIES ON THE EFFECTS OF SHORT-TERM EXPOSURE TO HIGH

LEVELS OF URBAN A]R POLLUTION.

4.2.I. ACUTE EPISODES OF HIGH POLLUTION: ACUTE EFFECTS

4.2.L.!. EUROPE.

THE MEUSE VALLEY, Deaember 1930.

During a severe fog in this valley which lasted five days 63

people died from a refatively small community and many more

were affected wj-th respiratory symptoms. Estimated maxlmum con-
centration of sulphur compounds was about 25,000 urJ/m3 (Fir-
ket, I93l).
L0ND0N, Nouember, 1948.

During an episode of severe fog the maximum smoke level was

27BO 1,rg/m3 and the maxlmum So, 1eve1 2150 pg/m3.

1,1o'r'LaLity z A substantial increase in mortality from a1I causes
was observed during this period (Logan, 1949) .

L0ND0N, Decenber 19 52.

During this episode smoke leve1s reached 4460 ,Sg/m3 and sulphur
dioxide levels 3830 ug/m3 (48-hort average) .

Mot'LcrLiLy: An excess number of deaths (4000) was observed in
this period, especially in people over the age of 45 and in
infants (Ministry of Health, L954) .

Morbldity: An excess number of claj.ms for sickness benefits and

an excess of hospital admissions especially for respiratory
disease was observed (Ministry of Health, 1954) . In a general
practice the number of new cases of upper respiratory infections
doubfed and the number of lower respiratory infections trebl.ed,
which occurred mainly in people with known chronic respiratory
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disease (Fry, I953) .

L0ND0N, Januarg 1956.

Mortalitg: An increase in mortality (about I000 excess deaths)
from a1l causes in a fog episode, when the maximum level of
smoke was 3250 pg/m3 and of So2 r5O0 u9/m3, was reported (Lo-

9an, l-956).
L0NDAN, December 79 57 .

Mot,btddty: During a fog episode, when the maximum concentration
of smoke was 2300 vg/m3 and of So2 1600 pg,/m3, an excess of
applications to the Emergency Bed Service was observed (erad-

ley et al., I95B).
L0ND0N, Decenbez' 1962,

The maximum concentration of smoke was 2000 py/m3 and of SO,

3300 prglm3.

Ma.rtalitg: Maxtjn (1966) reported an excess mortality of about
700 people particularly due to "bronchitis" and cardiovascular
dlsease.
Morbidity z A 50% increase in new cfaims for sickness benef its
was observed (Scott, 1963) . A sudden appearance of "acute
wheezy chests" was reported in a general practice (Fry et aI.,
1962) .

ROTTERDAM (The NetherLands), JanuarA 1959, Decembet' 1962.

lLortalt tg z An excess total mortality was found in the Rotterdam

area during these fog episodes, when the maximum of the smoke

levels reached 500 p9,/m3 and of the Sor levels rr50 ug/m3
(Biersteker, I966).
Morbidity: Dtring the heavy fog in December 1962 an excess of
applications to the Rotterdam City Emergency Bed Servj-ce was

noted (Tesch, 1964; Biersteker, i966) , and a significant in-
crease in the number of absentees from work because of respi-
ratory 11lness was observed in Rotterdam's municipial employ-

ees (Blersteker, I966) .

VLAARDINGEN ( the Nethet'Lands) , Autumn 7969.

The daily SO, values reached up to 400 ug,/m3.

Mo:r,btdity: In a fof f ow-up studY, Van der Lende et aI - (19754)

found that in the majority of the persons lung function val-ues

were lower in the autumn of 1969 than in the autumn of 1972,
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possibly as a result of a severe air pollution episode that hap-

pened to occur when the survey in 1969 took p1ace.

4.2.1.2. uNrrED STATES oF AMERTcA.

D0N0FiA, 0a Lobe r 1948.

Mc;rLaLity. A s1lght excess of deaths was found in the older age

groups. Most of the deaths occurred on the third day of a 5-day

episode of high pollution (Schrenk et al., ]949).
NEt'l Y,'RR LllY, ,looenber 19"i.
The maximum SO, Ievel was 2460 vg/m3.
MortaLitg: A small increase in mortality distributed over a11

age groups was found (Greenburg et aI., )-962) -

Morbidltg z An .increase in attendances for respiratory disease

to the out-patj-ent department was observed j-n three out of four
hospltals (Greenburg et aI. , 1962) .

NEW fORK CITy, llouembet", December'7962,

The maxj-mum SO, level was 2145 vq/m3 .

MortaLity: An association between mortality in the ages of over

45 and SO, tevels was found (MaCarroll and Bradley, 1966).

Morbid't'.tyz A significant increase in the number of resplratory
infections was observed in people Iiving i-n old people's homes

(Greenburg et al., I965).
Nl:;W Y0RK CITY, l,louembcv' 1966.

The maximum SO, leve.I was I45O Ug/m3.
tvloy'tctlity: An excess number of deaths was noted (Glasser et al . ,
1961) .

Morbiditg: Ao j-ncrease in emergency visits for "bronchitis" and

"asthma" was observed j-n three out of seven hospitals (Glasser

et a1., \967) - Data obtained with a questionnaire applied with-
in 24 hours of the air pollution episode in white-collar work-
ers in the New York Metropotitan Area showed an effect on the
prevalence of respiratory symptoms, especially in workers with
present or past history of respiratory dlsease (Becker et aJ--,

r968) .

NEW Y0RK CITY, Summer 7970.

Morbidi Lg: During episodes of high pollution in the summer of
I970 data from telephone interviews showed significant in-
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creases in "irritative" symptoms (eye irritation, throat ir-

ritation, chest discomfort, shortness of breath), when the

Ievefs of so, respectively suspended particulate matter exceed-

ed 320 vg/m3 and 145 vg/m3 (cohen et al., 1974).

4.2.2. TNTERMTTTENT sUBACUTE EPTSoDES oF HrGH PoLLUTToN:

SUBACUTE EFFECTS.

4.2.2. l. EURoPE.

LONDON.

Mortalitg z An increase in daily mortality was found during
periods of heavy fogs between 1954 and 1957 when smoke levels

were above about 2000 pgrzm3 and So, 1eve1s above about 1140

uglm3 (Gore and Shaddick, I958) .

During the winter of 1958-I959 marked changes in mortality oc-

curred above about 750 pg/m3 of smoke with about 7IO ug/m3

of SOr. An lncrease in the death rate occurred with each

abrupt rise in pollution within 24 hours (Martin and Bradley,
I960). This positive correlation, though weaker, was stil1
found durlng the less polluted winter of 1959-1960 (Martin,

r964).
Morbiditg: During several winters between I954 and I960 a

consistent relationship was found between the degree of illness

in bronchltic patients, as assessed by a diary technique, and

the concentrations of smoke and sor. The lowest concentration
of smoke or SO, associated with any definite change in the

patient,s condition was about 600 pg/m3. No relationship was

found with temperature or humidity (walfer and Lawther, 1955;

L957; Lawther et a1., 1970). Lawther et al. (1970) found in
the winter of 1964-1965 and again in the winter of L951-L968

a lower correlatlon coefficient between the respiratory con-

dition of their bronchitic patients and the concentrations of

smoke and so, as compared with their previous diary studies,
admittedly because of reduced levels of air pollution during
these winters. In their studies the minimum air pollution
level leading to any significant response was found to be

about SOO r.,g/m3 of SO, in combination with about 250 1tg/m3 of
smoke.
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R)TTERDAM (the Netherlands),
Mortallty: During the winter months of 1962 and 1963 a very
weak correl-ation was found between SO, leve1s and da11y mor-

tality figures (Biersteker, 1966) .

Morbidity: During the winter months of )'962 and 1963 no cor-
relation coul-d be demonstrated between alr pollutlon and hos-
pital admissions for respiratory disease (Biersteker, L966).

4.2.2.2. ur.rrrBo STATES oF AMERTcA.

NEW v0RK Cr',L',v, 1960-1965.
MorLaLiLyz GLasser and Greenburq (1971) found an association
between the mean number of daily deaths and the daily 1eve1s

of SO, during the years I960-1964 independent of weather con-

dltions, although McCarrolf and Bradley (1956) could only dem-

onstrate such an association for some periods of high pollution
during the years 1962-1964.
Mot,bt-dityz In a folfow-up study in City residents between 1962

and 1965 an immediate effect of SO, w.ith regard to eye symptoms

and a delayed effect of SO, and particulate matter with regard
to the symptom cough was found by Mccarroll et al. (1967).

NEW v0RK CITv, 1962-1965; PHILADELPHIA' 1963-1964; L0S ANGELES'

1962-1965.
MorLaLt-ty= In a comparative study Lebowitz (1973) could dem-

onstrate a refationship between daily mortality, and alr poI-
Iution - weather.
LOS ANCELES.

Mov,taLi.tg: No relationship could be found between mortality
from respi-ratory disease and episodes of high air poflution
levels (Hechter and Goldsmith, I961; Breslow, 1964).
Morbidily: Heimann (1954) reported as main complaints during
smog episodes: eye irritation, excessive tear formation, and

cough, occurring about midday. A significant j-ncrease in the
mean number of attacks of asthma could be demonstrated in asth-
matic patients when oxidant leveIs exceeded 250 pg/m3 (Schoett-
tin and Landau, 196I) . A strong general effect of polLution on

hospitalization (length of stay, frequency of admission) was

observed for respiratory infections and allergic disorders
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(Sterling et al., 1969). In a diary study in student nurses

from I96I-1964 the average daily symptom rates for cough, chest
discomfort, and eye irritation all increased with increasing
maximum hourJ-y oxidant pollution fevefs: from about 200 pg,/m3for

eye irritation, from about 390 Ug/m3 for chest discomfort, and

from about 600 ttg/m3 for cough (Hammer et aI., Lg74). In a

study in schoolchildren in 1966-r967 no significant changes in
peak expiratory ffow rate which correlated with changes in po1-

lution leve1 were found (McMi11an et aI., 1959). In a study in
cross-country track runners an association was found between

oxidant leveIs and athletic performance (Wayne et a1., 1967).

cALrF0RNrA, 197 0-197 1.

MotbidiLy: fn student populations of seven universities an as-
sociation was found between the incidence of upper resplratory
symptoms and air pollutants in particular oxidants, sulphur
dioxide, and nitrogen dioxide. There was an indication that men

and smokers of both sexes were more susceptible than others
(Durham, L974).

4.2.2.3.;apAN:
TOKYO-YOKOI|AMA AREA.

MortaLityz Lebowitz et al. (1973) found a relationship between

daily mortality and air pollution-weather in Tokyo in an anal-
ysis over a 3-yr. period.
Mo:r,br.ditg: Tihe so ca1led "Tokyo-Yokohama Asthma", described in
American Military Personnel and occurring especially in the

heavily polluted autumn and winter months (Huber et aI., L954) ,

could not be demonstrated as being caused by episodes of high
pollution only, but past history of bronchitls and smoking in
combination with air pollutj_on seems to be of lmportance (Phelps

and Koike, 1962; Phelps, I965). Moreover, no evidence of typical
Tokyo-Yokohama Asthma was found in Japanese people (Oshima et
df. , 1964) .

rn Japanese schoolchildren Toyama (1964) found that peak flow
rates varj-ed according to the level of monthly air pollution
measurements in a polluted area.
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4.2.3 SUMMARY

Short-term exposure to hlgh levels of urban air pollution can

give rise to an increase in mortality, particularly from re-
spiratory disease, an increase in respiratory symptoms, and a

decrement in pulmonary function. A certain 1eve1 of air pol-
lution must probably be reached before any effect - immediate

or delayed - can be measured in a population.
Persons with a history of chronic pulmonary disease and persons

in the older age groups seem te be most susceptible- As most

morbidity studies were concerned with special groups one shoufd

be careful to generaLize the resufts.

4.3. sruDrES oN THE EFFECTS oF LoNG-TERM ExPosuRE To URBAN ArR

POLLUT ION : CHRONIC EFFECTS .

4.3. 1. I]ATIoNAL COMPARATIVE STUDIES

4.3.I.1. EUROPE.

CREAI' BRITAIN.

Mot,LczLity: A relationship between mortality from chronic re-
spiratory disease and some direct and indlrect (e.g' fog fre-
quency, urbanization) i-ndices of air pollution was found- This
refationship was shown in London (Hewitt, 1956; Burgess and

Shaddick, 1959), 1n Salford near Manchester (Burn and Pember-

ton, I963), in different areas in Great Britain (Pemberton and

Goldberg, 1954; Da1y, 1959; Stocks, 1959; Buck and Brown, 7964;

Dean, 1966; Ashley, 1969; Gardner et a1., 1969), and also in
postmen (r'airbairn and Reid, 1958).
In a study in children a correlation was found between mortal-
ity from respiratory disease and some air pollution indices,
particularly in the age group of less than one year (CoIIins
et aI., l97l).
I,torbtdi tg: Comparative studies of different areas varying in
air pollution l-eve1s reveafed higher prevalence rates for
chronic respiratory disease i-n the more polluted areas (Fair-
bairn and Reid, I958; Reid, L962). After allowing for differ-
ences in smoking habits the same finding could be demonstrated
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in a study in postoffice workers in London and three county
towns (Holland and Reid, 1965) , and in a postal survey in urban
and rural areas (l-ambert and Reid, 1970) .

In a study of more than 2000 famj-lies in a suburb of London,

Colley and Holland (1967) showed in the mothers and the children
an effect of area of residence on the prevalence of winter
cough, while in the fathers the prevalence of winter cough was

related to smoking and sociaf cfass.
In children several studies have demonstrated associations be-

tween long-term exposure to urban air pollution and the prev-
alence of non-specific respiratory disease and respiratory in-
fections (Wahdan, \964i Douglas and Waller, 1966; Lunn et al.,
t967; Lunn et al., 1970). Colley and Reid (1970) found a con-

sistent rise in the frequency of chest conditlons with increas-
ing loca1 levels of air pollution clearly only among the chil-
dren of semi-skilled and unskilled workers. A consistent and

significant effect of area of residence on the prevalence of
respiratory symptoms and on the peak expiratory flovr rate was

found by Holland et a1. (1969, L9'70) in schoolchildren in Kent.

fn a cohort study of children born in the last week of March

1946, CoIIey et al . (L973) found that at the age of 20 the
prevalence of chronic cough was most affected by smoking ciga-
rettes, while alr pollution and soclal class had only little
effect.
rHE NETHERLANDS .

MortaLitg: Biersteker (f956) reported a higher mortality from

chronic bronchitis in the Rotterdam born than in the Rotterdam
import male popul-ation, possibllz as a result of a longer ex-
posure to air pollution.
Morbidity: Biersteker (1969) found no differences between male

t4unicipal Employees in Rotterdam with symptoms of "bronchitls"
and a group without these symptoms with regard to the number

of years of residence 1n Rotterdam and in non-urban environ-
ments, and with regard to postal district address in Rotterdam.
In a study comparing random samples of the population of the
heavily polluted town of Vlaardingen and of the rural area of
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Vlagtwedde, Van der Lende (1969) found in subjects aged 40-64

a refatj-on between livinq In vlaardingen and the prevalence of
persistent cough and persistent phlegm, but not of dyspnoea.

In men aqed 15-39, Van der Lende et a1. (19734) reported a re-
lation between living in Vlaardingen and the prevalence of dysp-

noea, especially in the cigarette smokers. This discrepancy in
findings was contributed to a self-seJ-ection of the older age-

groups in Vlaardi-ngen. No effect of smoking or Iiving in the
polluted area on the lung function could be demonstrated '
fn comparative studies in chifdren Iiving in high and 1ow po1-

luted areas in the Netherlands a higher prevalence of respira-
tory symptoms was found in the more polluted areas (Kerrebijn
et a1., 1975; Biersteker et a1., l9'76). Biersteker et a1- (1976)

found also lower lung functj-on values in the polluted area 1n

their study, however previous studies by Biersteker and Van

Leeuwen (f970) and by Kerrebijn (1975) did not reveal dlffer-
ences in lung function values.

4.3.I.2. UNITED STATES OF AMERICA.

Mc;v,LaLiLy: A relationship between long-term exposure to sus-
pended particulate matter and mortality from chronic pulmonary

disease among men aged 59-69 was demonstrated in a study com-

parj-ng different parts of Buffal-o and environs (Erie County);
a relatlonship between long-term exposure to sulphates and

mortality from chronic pulmonary disease was found only in the
lowest two of the five economic fevels used (tr{lnkelstein et a1. ,

L951, 1968) .

Morbidity: In a study of a random sample of white women in
Buffafo an association was shown between long-term exposure to
suspended particulate matter and the prevalence of chi:onic
cough and phlegm in non-smokers, and in smokers who had lived
at the same place for at feast five years (Winkelstein and Kan-

tor, 1969) .

No significant differences in school absenteeism from respira-
tory illnesses were found between schools located in dlfferent
areas of Berlin, New Hampshire, with different pollution 1evels.
However, differences were found in lung function values between
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these schools which could be attributed to differences 1n air
pollution exposure (Ferris, 1970) .

In a longltudinal study in Berlin (New Hampshire), Ferris et
al. (l97lt r973) found after standardizing for smoki-ng habits
l-ower prevalence rates of chronic resplratory disease and

slightly higher lung functlon values in the second survey in
1967 as compared with the first survey in 1951. which could
have been the result of reduced air pollution levels. How-

ever, this trend could not be confirmed in their survey in
L973 (Ferris et al., 1976).
fn a comparative study in schoolchildren living j-n high and 1ow

polluted areas in Cincinatti, Chattanooga, and New York City,
Shy et al. (1973) found a consistent relationship between im-
paired ventilatory function and exposure to SO2 plus particulate
matter.
Other comparative studies revealed a higher prevalence of re-
spiratory symptoms (Chapman et aI., 1973) and lower lung function
vafues (Mostardie and Leonard, L974) in the more pofluted areas.
Speizer and Ferris (L973a, 1973b) found in policemen that expo-
sure to traffic pollution, but more so smoki-ng, is a factor in
the development of chronic respiratory disease; no effect of
traffic pollution on the pulmonary functi-on was found.
From a study in children and adults French et al. (1973) ob-
served that exposure to air pollution of three years or longer
was an important component in the lncreased risk for acute re-
spiratory disease.
In contrast to the findings of the above mentioned studies
Hrubec et al. (1973) found in twin pairs no effect of differ-
ences in exposure level to air pollution on the prevalence of
resplratory symptoms, but they did find a strong effect of
smoking. A1so, Comstock et a1. (1973) could not demonstrate
differences 1n symptom prevalence and lung function values
between telephone employees in urban and rural areas.

4-3-r-3 CANADA

Morbidi Ly: Bates (1967) reported fewer chest illnesses, less
severe dyspnoea, and better lung function values in bronchitic
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patients in Winnipeg as compared with simi-far pat-i-ents in three
other more polluted towns.

4.3.1.4. JAPAN.

Morbidily: oshima et al - (1964) found i-n residents of the Tokyo-
Yokohama area higher prevalence rates of chronic cough and

phlegm, especially in the smokers, and lower lung function
values as compared with a control group in a low polluted area.

4.3.2. TNTERNATTONAL coMpARATrvE sruDrES.

4.3.2.I. GREAT BRITAIN / NORWAY.

Morbiclity'. In a study j-n male transport workers in Bergen, a

non-po11uted town in Norway, and 1n London, Mork (1962) found
dlfferences in the prevalence of chronlc cough and phlegm that
coutd be attributed to differences in smoklng habits, but the
differences in the prevalence of more serious symptoms of
chronic non-specific lung disease and j-n ventilatory function
coufd not be eliminated by standardizing for smoking habits,
suggesting an additional effect of air pollution.

4.3.2.2. GREAT BRrrArN / uNrrED STATES oF AMERTcA.

tlorbicl'tLy: In a study in post of f ice and teLephone workers in
creat Britain and the USA, Holland et al. (I965) found higher
prevalence rates of respiratory symptoms and lower lung func-
tion values in the British subjects, which coufd be attributed
to the exposure to higher levels of air pollution.
In a migrant study Reid et aI. (I956) found no differences in
the prevalence of respiratory symptoms between British male

migrants to America and native born Americans, which 1ed to
their hypothesls that removal to the USA was followed by a

reduction in symptoms and resulted in an arrest in the pro-
gression of chronic non-specific lung disease.

4.3.3. SUMMARY.

From the few national mortality studies an association between

mortality from chronic respj-ratory disease and some air pol-
lution indices comes forward.
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The natlonal and international morbidity studies have demon-

strated an effect of area of residence respectlvely air pol-
Iution on the prevalence of respiratory symptoms and lung func-
tion. This effect was most marked in smokers, particularly
clgarette smokers. There is an j-ndj-cation that also social
class plays a role.
It ls not clear from these studies to what extent duration of
exposure to urban air pollution is of importance.

4.4. SUMMARY oF THE EPIDEMIOLOGICAL STUDIES

Studies on the effects of short-term eilposure Lo high leve1s
of urban air pollution have demonstrated an association between
acute and subacute episodes of high pollution on the one hand

and mortality and morbj-dity from respiratory disease on the
other hand. One must keep in mind that 1t may be difficult to
isolate the effect of air pollution from that of weather con-
ditions.
No light has been shed on whether other factors, such as smoking
habit and social cfass are of importance in this association.

Studies on the effects of Long-tet'm erposuv'e lo urban air pol-
lutlon have shown an association between air pollution and

morbidity from chronic respiratory disease, especially i-n cig-
arette smokers, in which other factors, such as socio-econom-
ical, may play a role. There is an indication of an association
between air pollution and mortality from chronic respiratory
disease.
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CHAPTER I I I

GENERAL ASPECTS OF THE EPIDEMIOLOGICAL

STUDY IN THE RiJNMOND AREA

I. INTRODUCT]ON.

The Rj-jnmond area is an area of 614 square kilometers at the
mouth of the rivers Rijn and Maas with a populatlon of just

over one million in 1970. The geographical situation 1s shown

in figure 3.1. This area is heavily polluted because of big oil
refineries and other petrochemlcal industries along the south

bank of the "Rotterdamse Waterweg", which runs from Rotterdam

into the North sea over a length of 30 kilometers and is formed

by the "Nieuwe Maas", the "Scheur", and the "Nieuwe Waterweg'".

For many years the oi1-fired centraf heating systems of the
greenhouses in the "Westland" contributed also to the air pol-
lution in this area but since a few years ago more and more

of these centraf heating systems have changed from oil to nat-
ural gas which gives off far less pollution in its burning
process.
One of the most polluted towns in this area is Vlaardingen
situated to the west of Rotterdam on the north bank of the

"Nieuwe Waterweg" opposite the petrochemicaf industri-al com-

plex. As the prevailing winds ln the Netherlands are south

and west Vlaardlngen is frequently hit by polluted air from

this complex.
Therefore, the populatj-on of Vlaardingen seemed to be very ap-
propriate to study effects of air pollution on the airways in
the Rijnmond area, and a severe air pollution episode occurring
in the autumn of 1971 was the immediate cause to organize this
present study which took place in 1973.
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Fig. 3.1. The geographical situation of the Rijnmond area
(shown by the dotted line) .
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ASPECTS OF THE AIR POLLUTION SITUATION IN THE RIJNMOND AREA.

As already mentioned the petrochemical industries on the south
bank of the "Rotterdamse Waterweg" are the main source of air
pollution in the Rijnmond area to which motor traffic and to a

lesser extent the heatj-ng' systems of the greenhouses al-so con-
tribute.
To give an idea of the emissions by the petrochemical indus-
tries, it was estimated that per day about 580 tons'of sulphur
dioxide, 80 tons of nitrogen oxldes, and I20 tons of hydro-
carbons were emitted j-n the first three months of 1973 (Bier-
steker, L975). However, the average pollution levefs at ground

Ievel are relatively.l-ow in the Rijnmond area because of the

very large chimneys used by the industries for their emissions.
Some examples of the maximum daily air pollution levels measured

in the Rijnmond area by the "Keuringsdienst van Waren" (Food

Inspection Department), Rotterdam. in each quarter of the year
1973 are giiven in table 3.I.

Table 3.1 Maximum daily air pollution level of standard smoke,

sulphur dioxide, nitrogen dioxide, and ozoner €X-

pressed in pg,/m3, measured at any measuring site in
the Rijnmond area by the "Keuringsdienst van Waren",

Rotterdam, in each quarter of the year 1973.

QUARTER

OF T'IIE YTJAR

AIR POLLUTANT

f irst
second
third
fourth

s tandard

=*ok" 
1 )

138

r42
109

B4

sulphur
1)droxrde

564

277

263

ltu

nitrogen
. - 2)droxrde

t43
114

r09
L37

oroar" 3 )

r33
286

L01

240

1) ^"
2\ 2.4-nonr
-. J-frour
J ) 1-hour
( source:

samples; 2B measuring sites
samples; 3 measuring sites
samples; 2 measuring sites, but 1 in first quarter

Kwartaalverslagen, Laboratorium Luchtverontreiniging,
Keuringsdienst van Waren, Rotterdam)
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The severe air pollution episode that occurred in the Nether-
lands in the autumn of 1971 resufted in high air pollutlon lev-
els in the Rijnmond area as well as in big cities elsewhere.
However, only the population in the Rijnmond area complained
of malodour and irritation of the airways, possibly as a result
of the more complex mixture of hydrocarbons locaIly available,
possibly as a result of coincj-dence of fumigations and smog

formation on the same day now and then, possibly as a result
of new chemical hazards due to mixing of sulphur dioxide and

ozone (Biersteker, 1915) . This latter hazard has recently been

studied experimentally by Hazucha and Bates (I975).

3. GENERAL OUTLINE OF THIS EPIDEMIOLOGICAL STUDY IN RELATION

TO CHRONIC NON-SPECII']C LUNG D]SEASE (CNSLD).

3. I. TNTRoDUCTToN

In designing this epidemiological study the folfowing hypothesis
on the basic mechanism involved in the effects of air pollutlon
on the aj-rways was considered: effects of air poflution on the
airways can be assumed as being a consequence of having some

degree of CNSLD. That i-s to say, air pollution is one of the
non-specific exogenous stimuli- whlch can cause respiratory
symptoms and bronchiaf obstruction as a result of an existi-ng
hyperreactivity of the bronchus, whlch is one of the basic
mechanisms in the aetiology of CNSLD (see figure 3.2.).
fn view of this hypothesis the general objectives of the study
could be drawn.

3.2. oBJECTTvES oF THE sruDY.

The objectives of the study were as follows:
a. to study whether there is an association between high leve1s

of air pollutlon of short duration and an excess in respi-
ratory morbidity, using respiratory symptoms and spj-rometric
values as indices,

b. to study whether persons with CNSLD differ from persons
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without CNSLD

c. to study which
effects found.

as regards a,
air pollutant might be responsible for the

2-)

3.3.r

GENERAL ASPECTS OF CNSLD

DEFINlTION OF CNSLD

fn order to improve the national and international compara-

bility of the term CNSLD coverinq the clinical pictures of
bronchial asthma, asthmatic bronchitis, chronic bronchitis, and

emphysema strlct diagnost.ic criteria have been developed grad-
ua1ly vj-a various international conferences and symposia (CIBA,

1959; Orie and Sluiter, 196l; WHO,1963; Orie and S1uiter,
L964; Orie and Van der Lende, I9lA).
At present the term CNSLD is accepted as being applicable when

at least one of the following symptoms is found: chronic or
recurrent cough with expectoration, and paroxysmal or persistent
excessive breathlessness, which are not so1ely attributable to
a number of speclfied diseases (Fletcher, r961). This descrip-
tion of CNSLD is based upon a standard questionnaire.
However, in order to qualify and compare the prevalence of
CNSLD in populations it is preferable to apply a more detailed
descriptlon of the respiratory symptoms and lung function im-
pairments to take into account the severity of CNSLD (Van der
Lende et al., lg73b).

3.3.2. AETToLoGY oE cNSLD.

Clinical and epidemiological studies have shown that exogenous

factors such as smoking and various types of air pollution are
of great importance in the development of CNSLD. From clinical
studies (Orie et af., 195r), and fater from epidemiological
findings (Van der Lende,1969; Van der Lende et aI., 1970) it
gradually emerged that also endogenous factors, such as age,

sex, tendency to al1ergy, and bronchial hyperreactivity, could
have a substantial share in the aetiology of CNSLD.

The development of the final clj-nlcal manifestation of CNSLD can

be hypothesized as is shown in figure 3.2.
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ENDOGENOUS FACTORS

Batic Factors
(metabolic?, hormonal?)

Fandamcnlal Factars
(allergy, hyperreactiv.ity)

Symptoms and signs + Athfldanl Factorr
ofcNsro (virus infections, chronic discases,

social factors, pregnancy)

\,/\,/
C LINI CAL MANI FESTATIOI'

Fig 3.2. The role of various factors in the development
Of CNSLD.

(Reproduced from Bronchitis IIf, p. 55, edited
by Orie, N.G.M. and Van der Lende, R., 1970, by

permlssion of the publishers, Royal VanGorcum,

Assen)

3.4. DISTURBING FACTORS IN THE STUDY ON THE EFF'ECTS OF AIR

POLLUTION ON THE AIRWAYS.

As the present epidemiological study is concerned with the ef-
fects of air pollution on the airways it is of importance in
view of the aetiological hypothesis to minimize as far as pos-
sible disturbing influences of other exogenous factors, and of
endogenous and attendant factors.
In order to achieve this the population under investigati-on
was matched to a control population fiving under the same

meteorological conditions as could be assumed. The matchlng
variables were sex, age, smoking habit, and degree of CNSLD, on

which information was gained by uslng the TNO questj-onnaire on

respiratory symptoms. By studying only women it was tried to
avoid occupational hazards and to reduce smoking influences.
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No conclusive information on the attendant factors was gained,
firstly because some of these factors would be fairly constant
throughout the period of observation, secondly because others
woufd be very difficult to oblectify in this type of study.
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CHAPTER IV

METHODS OF INVESTIGATION

1. INTRODUCTION.

The study was carried out in a sample of the female population
in Vlaardj-ngen aged 18-42 years, which was divided into four
groups according to the deqree of CNSLD. This grouping was based

upon the answers to a standard questionnaire on respiratory
symptoms and upon spirometric vafues. As control population wom-

en 1n Ommoord - a relatively Iow polluted district of Rotterdam

- were chosen who were sampled by individuaf matching.
During the year of investigation a day by day follow-up of re-
spiratory symptoms was assessed by using a diary technique. Lung

function measurements were done weekly during home visits by

tralned staff. Air pollution and meteorological- data were col-
lected in both areas.
In this Chapter the subsequent methods will be discussed'

2. QUESTIONNAIRE ON RESPIRATORY SYMPTOMS.

For obtaining and comparing anamnestic data in epidemiological
studies on respiratory disease (as welI as on other diseases)

the use of a standard questionnaire by trained interviewers is
one of the essentials (Holland et a1., \966; Van der Lende,

\969; Van der Lende and Orie, L912). For this purpose the first
standard questionnaire on respiratory symptoms was devised by

the Medical Research counclf (MRC) in Great Britain in 1960.

After practical experience this prototype was slightly revised
in 1966. A special working group of the European coal and Steel
community (ECSC) brought out a questionnaire in 196I and in
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),961. Both questlonnaires were mainly based upon the MRC-ques-
tionnaire (Minette et a1., 1967).
The TNO Research Unit for Epidemiology of CNSLD of the Dutch
Organization for Heafth Research TNO use in their investlgations
the TNO-questj-onnaire on respiratory symptoms which is as com-

parable with the MRC- and ECSC-questionnaire as could be

achieved. A copy of the complete questionnaire is given in Ap-
pendix B-I.

The populatlon in this study was subdivj-ded into four groups
according to the degree of CNSLD based upon the answers to the
TNO-questionnaire and upon the FEV,.0 expressed as percentage
of the VC as follows:
- grade 0: no indj-cation of CNSLD: no resplratory symptoms and

no impairment of the lung function, i.e. FEV,..?VC
not more than 10? below the predicted value;

- grade I: slight degree of CNSLD: slight respiratory symptoms
and no impalrment of the lung functlon;

- grade 2: moderate degree of CNSLD: moderate respiratory
symptoms and/or slight to moderate impairment of the
Iung function, i.e. FEVI.0ZVC 1.0-202 below the pre-
dicted value;

- grade 3: severe degree of CNSLD: severe respiratory symptoms
and/or moderate to severe impairment of the lung
function, i.e. FEVI.,ZVC more than 20? below the
predicted va1ue.

The diagnostic criteria of the different grades of CNSLD were
made specially for the requirements of this study. F'uI1 details
on these criteria are given in Appendix B-2. Later Van der Len-
de et al. (1975b) published a further refinement of these cri-
teria for general use in epidemiology of CNSLD.

SPIROMETRY

The vital capacity and

second were obtained in
Spirograph D 53, which

the forced expiratory volume in one

both populations by means of the LODE

is a water-sealed spirometer and which
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meets the standards set by the ECSC (Cara et aI', 196I)'
The inspiratory vital capacity was recorded and immediately

after this manoeuvre a forced expiratory volume in one second

was recorded. The best values for VC and FEVI.0 of at least
three manoeuvres were regj-stered at amblent temperature and

pressure saturated with water vapour (ATPS). The advantage of

this type of spirometer 1s that it has a low inertia and re-

sistance of the measuring system, that the inspiratory and

expiratory manoeuvres are written on a chart and that the

curves can be checked immediately for correctness '

4. POPULATION.

4.1. PoPULATToN rN VLAARDTNGEN.

In 1969 the TNO Research unit for Epidemiology of CNSLD con-

ducted a survey in a random sample of the population in Vlaar-

dingen aged t5-39 years taken from the civil Registry. of the

1590 persons who took part in the survey 795 were women. In

1912 a follow-up study was carried out. Between 1969 arld L972

135 women were lost (134 women moved and I woman died) leaving

660 women to take part in this second survey. According to the

mentj-oned diagnostic criteria these women were subdivlded into
the four grades of CNSLD. of these 660 women 536 (81.2?) were

willi-ng to take part in this study, the age range now bei-ng

t8-42 years. Table 4.I. shows that there is only a slight dif-

ference between the percentages of women who were willing to

take part in the different grades of CNSLD, which proved not

to be significant uslng a chi-square test on a 2 x 4 contingen-
cy table (O.I < P < 0.2). so there i-s no lndication that the

willingness to take part in the study has been influenced by

degree of CNSLD.

As the data of the l972-survey were not available in time to be

used in the organization of this study, the subdivision of the

women into the four groups according to the degree of CNSLD was

based upon the answers to the questionnaire taken in 1969 and

upon the spi-rometric values from that survey-
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Table 4. I Percentage of women who
j-n the study according

were willing to take part
to degree of CNSLD.

DEG RE E

OF

CNSLD

NUMBER OF WOMEN

IN 1972 LET'T FROM

THE ST]RVEY IN 1969

NUMBER OF WOMEN

WILLING TO TAKE PART

IN THIS STUDY

grade 0

grade 1

grade 2

grade 3

Total

79.4
84.5
81.6
60.0

81 .2

316

r93
141

10

660

252

16-?

II5
6

536

The totaf number of 536 women who were willing to take part
outnumbered the number of about 400 women that was set as a

total that could be included in the study with regard to man-

power and finances. Consequently, a reduction had to be made

and that only in the subgroups grade 0 and 1 because of their
numbers. This was done by drawing 1ots. After drawing lots the
numbers were as follows: I50 women in grade 0, 155 women in
grade 1, Il5 women in grade 2, and 6 women in grade 3, making
up a total of 426 women. However, in the matchlng procedure 30

women had to be left out (see section 4.3.) so the definitive
Vlaard-ingen population that entered the study consisted of 396

women and was subdivided as follows:

4.2

grade 0: I50 women,

grade 1: 128 women,

grade 2: 1I2 women,

grade 3: 6 women.

POPULATION IN OMMOORD.

In Ommoord the vast majority of the inhabitants of this district
of Rotterdam are registered with the Health Centre's group prac-
tice of six general practitioners. In 19.72 it was found that
the registers of this group practice had 3020 women in the aqe

group 18-42 years. A11 of these women were sent a letter out-
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Iining the study very brlefly and asking whether they were

willing to take Part.
Enclosed was a very short questj-orlnaire containing the major

six questions on resplratory symptoms of the TNo-questlonnaire
in order to obtain an estimate of the number of women i-n each

grade of CNSLD.

The short questionnaire was as follows:
Question l. Do you usually cough during the day -or at night-

for as much as three months each year?

2. Do you usually bring up phlegm during the day -or
at night- for as much as three months each year?

3. In the past three years have you had a period of
cough and phlegm lasting for three weeks or more?

4. Are you troubled by shortness of breath when wafk-
ing up a staircase?

5. Does your chest ever sound wheezing?

6. Have you ever had attacks of shortness of breath
with wheezing (asthmatic attacks) ?

The criteria for a provisional grading were:
grade 0: negative answers to all questions,
grade I: one or two positive answers to the questions 1-5, and

a negative answer to question 6,

grade 2: three to five positive answers to the questions I-6,
grade 3: positive answers to all questions.
Of the 1169 women who replied 1048 women were willing to take
part in the study. The provisional grading of these 1048 women

was as follows: 604 women in grade 0, 332 women 1n grade 1,

I02 women j-n grade 2, and I0 women in grade 3.

In the provlsional grade 0 group irr ommoord the age distri-
bution differed from that in the original sample 1n grade 0 in
Vlaardingen. In vlew of the future matching it was deci-ded to
take a sample per age group by drawing lots in order to equal-
i-ze as far as possible the numbers in the different age-groups

in both subgroups grade 0. (See table 4.2-).
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Table 4.2. Age distribution of the women in subgroup grade 0

according to area of residence.

AGE NUMBER OF WOMEN

IN VLAARDINGEN

IN GRADE O

TN OMMOORD

in original
sample

N, = 3I6t

willing to
take part

tl . = 60I1)
L

after draw-
ing lots

N.,= 309

lB-24 yrs
25-30 yrs
3I-36 yrs
37-42 yrs

rr5 37.2
65 2r.0
63 20.4
66 21.4

n

t22
65

63

66

z

38.6
20 .6
t9.9
20.9

n

1r5
2r0
143

133

z

19 .2
aA o

a) Q

22.r

1)"agc unknown in 3 of the 604 women.

Stil1 only a provlsional gradi-ng was known in the Ommoord pop-

ulation consisting now of a total of 753 women. fn order to
arrive at a definitive grading according to the grading crite-
ria used in Vlaardingen additional investigation was needed.

Of the 753 women called for further lnvestigation 626 women

turned up. Apart from lung functj-on tests and X-ray examination,
the women were asked a few personal questions particularly on

having a job. This revealed that 488 women were living and

staying most days of the week in Ommoord. Then j-t was tried to
visit these 4BB women at home in order to take the TNO- ques-
tionnaire on respiratory symptoms. This was done by two trained
health visitors. In total- 463 women could be interviewed and

accordi-ng to the mentioned diagnostic criteria they could be

subdivided as fofl-ows: I84 women in grade 0, 137 women in grade

L, I31 women in grrade 2, II women in grade 3. When matched

pairs were formed some of the women had to be left out and the
definitive numbers in each grad€ of CNSLD were consequently
equal to those in Vlaardingen, namely:

grade 0: 150 women,

grade I: I2B women,
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grade 2:
grade 3:

lI2 women,

6 women.

4.3. MATCHTNG

To elimlnate the effects of factors that may confound the anal-
ysis of study variables the method of individual matching (Mac-

Mahon and Pugh, 1970) was applied.
The factor CNSLD - apart from being a study variable - was

considered to be also a confounding factor, because different
prevalences of CNSLD in the populations under investigation as

well as a possible different reaction pattern of the subjects
in the different grades of CNSLD to exposure to air pollution
could influence the results.
The other confounding factors in this study were thought to be

smoking habit and age.
The criteria used for the classification of the subjects in the
grades of CNSLD are already described above. The smoking habit
was categorized as follows: present smoker, non-smoker, and ex-
smoker (i.e. stopped smoking for at least one month) using the
data from the questionnaires taken in 1972. With regard to age

1t was tried to match on the years of age per the first of Oc-

tober 1972, or, if this could not be achj-eved, as close as pos-
sible with a maximum age-difference of five years.
To each individual of the study population a control was se-
lected with respect to degree of CNSLD, smoklng'habit, and age.

The matching procedure is tabulated in table 4.3.
As can be seen from this table 30 women in Vlaardingen were

lost because no suitable control could be found either because

of a shortage of controls in the subgroups or because no match-
1ng on age eould be achieved.
Consequently 396 palrs of women entered the study.
It should be mentioned here that a di-sadvantage of applying
this method is that when data of a control are missing during
one or more peri-ods of the investigation the data of the part-
ner are also of no value during that time.
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Tab1e 4 .3 Schematized matching procedure of the women in
Vlaardingen and Ommoord on degree of CNSLD,

smoking habit, and age.

DEGREE

OE

CNS LD

SMOKING

HAB fT

NUMBE R

OF

MATCHED

PA IRS

NUMBER OF WOMEN

AVAILABLE

FOR MATCHING

LOST IN

PROCEDURE

Vl. Om. VI. Om

grade 0

grade I

grade 2

grade 3

Total

non-smoker
smoker
ex-smoker

non-smoker
smoker
ex-smoker

non-smol<er

smoker
ex-smoker

non-smoker
smoker
ex-smoker

69

65

16

52

B6

I7

3I
72

r2

)

3

0

426

B1

69

34

51

63

ZJ

40

7r
20

4

7

0

463

0

0

0

3

24

0

0

)

0

0

0

0

30

I2
4

I8

)

I
6

9

2

B

I
4

0

6'1

69

65

16

49

62

11

3I
69

t2
1

3

0

396

5. CONDUCT OF THE SURVEY.

5. I. DIARY TECHNIQUE.

fn order to assess the daily prevalence of respiratory symptoms

a diary technlque was appJ-ied. The diary was specially designed
for this study, and j-n figure 4. I. a copy of a diary page is
shown.

For each day of the week questions were asked about the ab-
sence or presence of respiratory Symptoms i.e. coughlng, phlegm,

dyspnoea, and wheezing, and of eye-irritation. Although this
Iatter symptom j-s not a respiratory one it was introduced be-
cause it is often encountered in periods of photochemj-ca1 smog.



The questions
column or the
the following

had to be answered by ticking either the NO-

YES-coIumn. The YES-column was subdivided into
five possibilities represented in a code:

-- : much less than usual
- = l-ess than usual
o = as usr.I1)
+ = more than usual

++ = much more than usual

1 )-" ,-,=.,.1- referred to the presence of a symptom for at Ieast five days of
the week.

The home visitors handed out the diaries to the women and in-
structed them personally. Besides, j-n each diary was a separate
sheet with directions for use and a few examples. Every three
months new diaries were hand.ed out to minlmize the risk of
loosJ-ng data. To make a change for the women, the diaries had
a special coloured cover for each season.
The subjective data gained 1n this way were thought to be very
valuable with respect to the objectives of this study, because
Lawther et al. (1970) reported that the results of their diary
studies proved useful in assessing the relative importance of
pollution and weather in producing exacerbations of "bronchitis"

5.2. HOME VISITS

In addition to the subjective data collected by means of di-
aries, the lunq function - as an objective parameter - was

measured s/eekly at the women's homes (see section 5.3.). The

home visits were made by trained female staff and organized in
such a way that each person was visited weekly on the same tj-me

of the same day by the same home visitor, and that the members

of a matched pair were visited on the same day of the week. A

scheme for the visj-ts was made at random in Vlaardingen. If
for some reason a person wished to be visited on another day of
the week, the home visit of her partner switched also to that
day of the week. An added advantage of these home visits was

the possibility to check whether the diary was filled in prop-
erly during the previous week and to collect phlegm that was
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REMARKS t-*,*--l
Cough
PhIegm
Dyspnoea
Whee z i ng
Eye-irri tation

lr{oNpAy 
_l

cough
Phlegn
Dyspnoea
h4xee z ing
Eye-irrj-tation

I TIJESDAY I
uougn
Phl-eqm
Dyspnoea
Wheezing
Eye-irri tation

I ,"r*'.*, I
Cough
PhIegm
Dyspnoea
wheezing
Eye-irritation

YES

o
NO

E

++

++

++

Il.r
-t -I r'-l

++
l-1.

, Tr-:-
I

-1 
, t

Cough
Phl-egm
Dyspnoea
Wheezing
Eye-irritation

++

r.

l.-r*"_--l
Cough
Phl,egm
Dyspnoea
wheezi.ng
Eye-irritation =iL1-f i

TSATURDAY I
Couqh
Phlegm
Dyspnoea
wheezing
Eye-irritatj-on l'

t)

t{eek number
v1 sitor
Day of visit
Hour of visi

r--1
EEtr'l

Lug fmctionf] nuch Iess than usual
less than usuaL

o as usual
+ rcre than usual

+ + much rcre than usual

15

Fig. 4.1. Copy of a diary page.



brought up in the first hour after getting up on the day of
the visit (see sectlon 5.4.).
Apart from gaining data the home visits were considered to be

very important as a stimulus to arrive at an optj-mum cooperation
of the women, especially because Lawther et a1. (1970) found
that people loose interest in keeping a day by day record of
their symptoms, particularly when they do not have complalnts.

5,3. r,ul,rc FUNCTToN MEASUREMENTS.

Lung function measurements were carried out with a portable
spirometer. For this purpose the Monaghan Pulmonary Function
Analyzer Model M403 was chosen as it appeared at first lnstance
very reliable and suj-tab1e. This el-ectronic spirometer has a
thermistor wire in its mouthpiece which is held at a constant
temperature of 20O-220o centlgrades. When an airflow goes

across this thermistor the temperature tends to decrease and

the voltage needed to keep the thermistor at constant tempera-
ture is proportional to the flow rate. The flow 1s integrated
over time to gi-ve volume. The device is calibrated for air
saturated with water vapour at 370 centigrades.
A clinicaf evaluation of this spirometer showed no significant
difference in FVC and FEV'.0 as compared with a Colfins 13.5

liter water-sealed spirometer (Cox et aI., I973).
A total of six Monaghan spirometers were made avallable for
this study by SANDOZ, Uden, the Netherlands (the representatives
of The Monaghan Company, Denver, Colorado), so that each mem-

ber of the visiting team had one Monaghan spirometer and the
serial weekly lung function tests were done with the same in-
strument in the same individuals.
The lnstruments were used as calibrated by the factory. How-

ever, the lnstruments were gauged at intervals to aIlow for
differences between instruments. This gauging was done on the
peak expiratory flow rate connectj-ng the inflow side of the
mouthpiece to the Godard rotameter, using calibrated flows from
I35 to 600 liters per minute. After performing a forced ex-
piratory manoeuvre the FVC, FEVI.O, and PEF (Peak Expiratory
Flow) can be read immediately by pressing the respective push-
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button. In this study at least three forced expiratory manoeu-
vres were done. The values for FVC and FEV... were taken from
the reading with the best FEVI.O and noted in the diary.
At the end of each day the mouthpiece was cleaned as deposits
of particles on the thermistor affects its proper functioning.
However, during the first months of the survey the instruments
proved to be Liable to electrical disturbances and failures
presumably because they were carried around and switched on

and. off very often. Therefore, after three months the.vlrj-ght
Peak Flow meter was also introduced because this instrument was

proven to be suitabfe and reliable in epidemiological studies
(Tammeling et aI., 1969). Each home visitor had one Peak FIow
meter and these meters were afso gauged at intervals for fl-ow

as described with respect to the Nlonaghan spirometer '

It was hoped that weekly lung functi-on measurements could at-
tribute to the objectives of the study as it was organizational-
Iy impossible to do measurements more frequently during the
week. It is however possible that the weekly lung function
values would not shed a light on an association between lung
function and air pollution.

5.4. SPUTUM coLLECTToN

The home visits being organized gave a good opportunity to col-
lect phlegm as we1l, if any. At the start of the survey the
women were handed out fittle sterile sputum jars which could
contain up to 50 ml., and were asked to collect phlegm that was

brought up in the first hour after getting up on the day of the
home visit. fn case any phlegm was brought up the respective
women received clean jars.
The home visitors estimated the vofume, made a judgement on the
macroscopic aspect i.e. mucous, muco-purulent, or purulent, and

noted the results in the diary.
In this way it was attempted to cheek whether an agreement
existed between the answer on the question on phlegm production
and the handing in of sputum on the day of the home visit, and

to determine to what degree intercurrent bacterial respj-ratory
infections occurred,
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6. AIR POLLUTION DATA.

Tn Vlaardingen - being one of the most polluted towns in the
Rijnmond area - four official bodies had air pollution moni-
toring stations in operation in I973, namely the "Dienst Cen-

traal Milieubeheer Rijnmond", the "Keuringsdi-enst van Waren",
the "Rijksinsti-tuut voor de Volksgezondheid", and "TNO". Most

of the Vlaardingen data needed were kindly supplied by these
bodies to the TNO Research Institute for Environmental Hygiene.
The few remai-ning lacking data were adilitionally measured by

this Institute.
In Ommoord there was only one station measurlng sulphur dioxide
and standard smoke (by the "Keuringsdi-enst van Waren"). There-
fore, the "Rijksinstituut voor de Volksgezondheld" specially set
up a monitoring statlon in the top floor of the Health Centre in
Ommoord to supplement the lackj-ng information.
A11 data collection and data reduction for ozone and nitrogen
oxides was done by "TNO".
The following air pollutants were measured and used as indi-
cators of the general level of pollution in the area in order
to try and find an associatlon between air pollution and re-
spiratory symptoms and lung function values: sulphur dloxi-de,
standard smoke, nitrogen oxides, ozone, and aldehydes. Initially
sulphuri-c acid and hydrocarbons were also intended to be 1n-
cluded, but measurements on these pollutants could not be car-
ried out because of technical reasons.
The air pollution data of special interest for this study were

daily average and daily maximum values, with the essentj-al re-
quirement that the data 1n Vlaardlngen and Ommoord wou.Id be

comparable.
Sulphut, dioride was measured 24-hourly and 1-hourly. The 24-
hourly method of measuring SO2 was based on absorption in a

dilute hydrogen peroxide solutj-on, followed by acid titration,
which j-s a standard OECD (Organization for Economlc Cooperation
and Development) method (OECD, 1964) . The l-hourly measurements
of SO, were done by an SO, measuring instrument made by Philips,
Eindhoven, the Netherlands, and the method was based upon a
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. 1)coulometric" princiPle.
In Vfaardingen the l-hourly values were produced automatically
and the mean value of the data received from seven measuring
stations was cal-cufated. If at a particular station more than

seven ]-hourly values were mj-ssing, then the day's data from that
station were considered as missing. If data from more than one

station were missing, no vafues for that day were given. In
Ommoord So, l-hourly values had to be read manually from the
graph on a strip chart recorder. Unfortunately failures in
registratj-on on the strip chart recorder occurred and consequent-
1y all these data had to be considered as inaccurate.
SLandav,d smoke was measured 24-hourly. This was done by means

of reftectometry2) on standard fifter paper (standard oECD

method).
Nt-ttogen orides and ozone were measured l-hourly. The concen-
trations of these pollutants were measured by means of automatlc
measurlng instruments made by Enraf Nonius, Delft, the Nether-
Iands, based on colorimetric3)principles. Whether day's data
were missing was decided by the same procedure as was used

for the l-hourly So, values.
ALdehydes were measured 24-hourly and B-hourly separately by

the MBTH method (methyl benzothiazolone hydrazone) (Hauser and

Cummins, 1964) .

The concentrati-ons of aldehydes as found 1n Ommoord in the fj-rst
six months of the survey were thought to be caused by - as it
later appeared - the recently tarred roof of the Health Centre
from which aldehydes were l-iberated especially during warm and

1\"Coulometry: chemical analysis performed by determininq the amount of a
substance released .in an electrolysis by measuring the num-
ber of coulombs used. The coulomb is the practical Sr unit
of electric charge equal to the quantity of electricity
transferred by a current of one ampdre in one second.
SI: Syst6me International drUnit6s.

,\-'Reflectometry: method of measurinq the reflectance of radiant energy.
3)colorim"try: chemical analysis by comparison of a liquid's colour with

standard colours.
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sunny spells. Consequently, the data on ozone were probably
also unreliable. Therefore, duri-ng the second half of the sur-
vey air was sampled from another spot of the building to measure

aldehydes and ozone.

In tabl-e 4.4. the air pollution data collected in Vlaardingen
and Ommoord which were used in the analysis are sumrnarized.

7. METEOROLOGICAL DATA.

As it was assumed that Vlaardingen and Ommoord were exposed to
similar meteorological conditions an attempt was made to ob-
jectify this. In both areas daily maximum and mlnlmum values
were collected on temperature and relative humidity i.e. the
ratio of quantity of water vapour present in the atmosphere to
the quantity of water vapour which would saturate at the ex-
isting temperature. The measurements on temperature and on

relative humidity were carried out in cooperation with the
KI.lMf (Royal Dutch Meteorological Institute) which kindly lent
the TNO Research Institute for Environmental Hygiene two ther-
mographs and two hygrographs to be placed in Vlaardj-ngen and

Ommoord.
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CHAPTER V

PRESENTATION OF THE DATA AND METHODS OF

STATISTICAL ANALYSIS

INTRODUCTION.

The way thj-s study was set up - a study population matched to a

control- population - constrains an analysis of differences 1n
daily symptom prevalence and weekly peak flow values between
the population in Vlaardingen and Ommoord. The subjects in the
groups CNSLD grade 0 (no CNSLD) and grade 1 (slight degree of
CNSLD) in Vlaardingen were subsampled from the original sample
(see Chapter IV, sectj-on 4.I.), so that the final sample should
be consldered as a stratified sample from the Vlaardingen women

aged 18-42 years. Because the group CNSLD grade 3 consisted of
only three pairs of women, 1t was decj_ded to combine the cate-
gories CNSLD grade 2 and grade 3 (moderate and severe degree of
CNSLD) i-n the analysis as no reductlons were made 1n their
or j-gina1 samples.
To look for a possible association between high air pollution
1eve1s and affection of the airways, the differences in symptom
prevalence and lung function values between the vlaardingen and
Ommoord members of the pairs on <iays when the air pollutlon
leve1s were high in Vl-aardingen and 1ow in ommoord were cornpared
with the dj-fferences on days when the reverse occurred. To take
into account a possible manifestation of effects shortly after
a high pollution leve1 had occurred, the analysis was also
carrj-ed out using a time lag of one day and two days.
The methods which were applied in selecting these days of which
the data obtained in the population were analyzed are described
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in section 3.2. of this Chapter.

2. PRESENTATTON OF THE DATA.

2.I. DIARIES.

Iror each question in the diary a scoring system was made ranging
from 0 to 5 as foll-ows:

Answer Score
NO0
YES: much less than usual I

Iess than usual 2

as usual- 3

more than usual 4

much more than usual 5

rn using this scori-ng system the answers in the diary were given
a weight which will- reflect the severity of a symptom present
on that particular day.
For each day the difference in score of the Vraardingen member
mlnus the ommoord member of each pair was taken for each symptom.
Next, for each day the mean of these score-differences in all
pairs within each CNSLD category was calculated for each symptom.
These daily means are plotted in the figures C I to 5 in Appen-
dix C. In the TABLES C-1.1. to C-5.3. the actual val_ues of the
data presented in these figures are given, and also the number
of pairs from which the data were obtained.

2.2. LUNG FUNCTToN MEASUREMENTS.

As has already been mentioned in Chapter IV, section 5.3., the
Monaghan el-ectronic spirometer M403 is probably not the most
suitable instrument for this type of investigation. The lung
function values obtained in a person on a number of successive
weeks with the same Monaghan spirometer and by the same ob-
server showed rather large fluctuations. In a comparison of the
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peak flow values') *..=trr.d with the Monaghan spirometer and

the wright Peak FIow meter large differences were also observed.

Based upon 1834 pairs of values obtained during 22 weeks by the
same observer and with the same Monaghan spirometer and Wright
Peak Flow meter, an estimated correlation coefficient of 0.69

was derived, which was thought to be very low for para1le1
measurements. If, based upon these lB34 pairs of observations,
a linear predi-ction formula is derived (using the Wright peak

flow value to predi-ct the Monaghan peak flow value) the esti-
mated standard devj-ation of the error is as high as 59.7 I/min.
Consequently, the Monaghan measurements were found insufficiently
reliable and it was thought best to abstain from the data ob-

tained with the Monaghan spirometer and to analyze only the data

obtained with the Wright Peak Flow meter.
The following method of analyzing the peak flow values was ap-
plied to relativize the absolute differences, which are for
example influenced by the individual-'s height.
For each member of a pair the mean of aI1 weekly peak flow
values was calculated. Next. the difference between each sing1e

observation and the calculated mean in a person was formed, and

fina11y, the ratio of this difference and the calculated mean

was determlned ("relative deviation from the mean", or "per-
centage difference from the mean" ) . Then for each pair the dif-
ference in this percentage of the vlaardingen member mi-nus the
Ommoord member was taken for each day of the year that peak

flow values were obtained in both members. Of the pairs who

performed a lung functlon test on a same day the mean of the
differences in "percentage difference from the mean" was de-

termined for that day, according to degree of CNSLD.

In figure C 6 in Appendix C these daiiy means are plotted, of
which the actual values are given in the TABLES C-6-1. to C-6.3.
It should be mentioned that no lung function tests were carrj-ed
out on Saturdays and Sundays, and that by the circumstances the

1l
"Normal peak flow values j-n healthy adult females range from about 300

to 500 liters/min., depending on height.
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peak flow values measured by means of the wright Peak Flow meter

were only available from day 92 onwards, provlding data on in
total 165 days.

2.3 . arn PoLLUTToN DATA.

The following air pollution data -which were available both in
Vlaardingen and Ommoord- were used in the analysis: concentra-
tions of sulphur dioxide (24-hour averages), standard =*ok"1)
(24-hour averages), nitrogen monoxide (dai1y averages and maxima),

nj-trogen dioxide (daily averages and maxima), ozone (daily
averag'es and maxima), and aldehydes (8-hour and 24-hour averages) .

fn the figures D I to I0 in Appendix D these data expressed as

mlcrograms per cubic meter are plotted according to area of
residence for each air pollutant separately. The actual- values
which correspond with the graphs are given in the TABLES D-I.
to D-10.

As mentioned in Chapter IV, section 6. , the daily maximum vaf-
ues of sulphur dioxide during the whole year, and the data on

ozone and aldehydes during the fi-rst six months in Ommoord were

too unrefiable to take into account in the analysls. Consequent-

Iy, these data obtained in Vlaardingen had also to be l-eft out
in the analysis.

2.4 . METEoRoLocrcAL DATA.

The data on temperature (daily maxima and minima) and on rela-
tive humidity (dai1y maxima and minima) that were collected in
Vlaardi-ngen and Ommoord are plotted for the year of investigation
according to area of residence in the figures E I to 4 in Ap-
pendix E. The actual values which correspond with the graphs

are given in the TABLES E-1. to E-4.

1 )rhu ,"t],od of measuring smcke by means of standard paper filters gives
lower readings than when using fibreglass filters.
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METHODS OP STATTSTICAL ANALYSIS.

3. I. INTRoDUCTION.

The matched pairs in each category of CNSLD are considered as

being a random sample of the total population of possible pairs
of women i-n the age-group 18-42 years in that category of whi-ch

the one member flves in Vlaardingen and the other j-n Ommoord.

Because of the applied method of individual matching no a1low-
ance had to be made for differences in age and smoking habit
between the members of a pair.
It was tested whether or not the prevalence (severity) of the
symptoms was higher and whether or not the peak flow values
were lower on days with high air pollutj-on 1eve1s than on days

with low air pollutj-on levels. Thj-s was done in each CNSLD

category (grade 0, r, and 2+3) for each smoking category (smok-

ers, non-smokers, and ex-smokers) , so for nine "CNSLD- smoking
cells" separately. Within each CNSLD category the same test was

applied to all smoking categories combined, and within each

smoklng category to all CNSLD categori-es combined. FinalIy, the
same test was applied to all nine CNSLD-smoking ce11s combj-ned.

A test on a combinatlon of categorles was applied sj-nce it may

reveal an "effect" which is present in all composing categories
but not strong enough to yield a significant result when tested
in the categorles separately. If in any combined problem a sig-
nificant result was found, it was tested whether the "effects"
differed between separate categorles.

3.2. THE sELEcrroN oF THE DAys FoR THE ANALYStS.

As already mentloned in the Introductlon of this Chapter, one

or more days had to be selected when levels of air pollution
were high in Vlaardi-ngen and 1ow in Ommoord, and analogously
one or more days when levels of air pollutlon were low in
Vlaardingen and high in Ommoord.

As the 1eveIs of the individual air pollutants are used as in-
dicators of the general level of ai-r pollution, days were
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selected for each air pollutant separately. Three methods (A,

B, and C) were used in the selectlon procedure, yielding for
each aj-r pollutant a set of selected days in category A, B, or
C depending on the inethod. The categories A and B served for
the analysis of the data on the symptoms. Category B was in-
troduced, because - according to method A - some extremely
polluted days in Vlaardingen would otherwise have been excluded

from the analysis. Category C served for the analysis of the
data on the peak flow measurements.
The selection was carried out by means of percentilesl) of con-

centration values measured during the year of 1973, computed

for the indivj-dual air pollutants in Vfaardingen and Ommoord

separately.
The methods of selecting days were for each air pollutant:
Method A, selecting days with "high pollution levels"
(Category A):
I. the concentration in Vlaardingen being above the 95th per-

centile of Vlaardingen and the concentration in Ommoord

equal to or below the 70th percentile of ommoord being at
Ieast 25? below the concentration in Vlaardingen;

2. the concentration in Ommoord being above the 95th percentile
of Ommoord and the concentration in Vlaardingen equal to or
below the 7Oth percentile of Vlaardingen being at Least 25%

below the concentration in Ommoord.

Method B, selecting days with "peak pollution leveIs"
(Category B):
1. the concentration in Vlaardingen being above the 99th per-

centile of Vlaardlng'en and the concentration in Ommoord at
least 25? below the concentration in Vlaardingen;

2. the concentration .in Ommoord being above the 99th percentile
of Ofi[noord and the concentration in Vlaardingen at least 25%

below the concentration in Ommoord.

'1 ',l-'Percentile: a value which is taken such that
of values is below or equal to it.
Thus, for example, the 95th percentile means
is below or equal to the 95th percentile.

a certain percentage of a set

95 percent of the observations
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Method C, selecting two days (see section 3.4.) from category
A or B (Category C):
1. the concentration in Vlaardingen being highest;
2. the concentration in Ommoord being highest.
The days in category C were selected from day 92 onwards, excluding Satur-
days and Sundays, as otherwise no peak flow values were available.

In addition to these criteria it was required that in each cate-
gory a tlme interval of at least three days existed between the
days in group I. and the days 1n group 2., in vj-ew of a possible
ebbing or lagging of "effects".
Because of this possibility the analysis descrlbed in the sec-
tions 3.3. and 3.4. was also carried out for the days that are
one day later than those in category A, B, and C, and for the
days that are tuo days later than those in these categorles.

3.3. TESTING THE INFLUENCE OF AIR POLLUTION ON RESPIRATORY

SYMPTOMS AND IRRITATION OF THE EYES.

The analysis descrj-bed in this sectlon was performed for the
selected days j-n category A as well as for the selected days
in category B. Whenever 'tselected days" are mentioned in this
section, either those in category A or in category B are meant.
Because matched paj-rs were used in the investigation, only
differences in scores of a respiratory symptom or j-rritation of
the eyes between the members of a pair are considered, dis-
regardlng the scores of the separate members of a pair. The

score of the Vlaardingen member minus the score of the Ommoord

member of one pair on a particular day wiII in the following
be denoted by the "score-dlfference".
In testing the lnfluence of a high level of an air pollutant on

a certain respiratory symptom or on the irritation of the eyes '
for each pair the mean score-difference was calculated over the
sel-ected days with a high level in Vlaarding'en. The same was

done over the selected days with a relatively Iow 1evel in
Vlaardingen (a high Ievel in Ommoord). If the former mean score-
difference in a pair was larger than the latter it was said
that this palr acted in a positive way. If, however the latter
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mean score-difference was larger, this pair was said to have

acted 1n a neg'ative waY.

Now in each CNSLD category (grade 0, I, and 2+3) for eacir

smoklng category Separately (smokers, non-smokers, and ex-

smokers) the number of "positi-ve" and "negative" pairs was

counted. By means of the slgn test the null-hypothesis of no

"effect" of air pollutlon (i.e. equal probabilities for a

random pair to act in a positive or in a neqative way) was

tested against a positive "effect" (i.e. a larger probability
to act in a positive way) .

Combining categories,

Because it was found desirable to make one statement for each

CNSLD category concerning the influence of an air pollutant on

the respiratory symptoms or on the lrritation of the eyes, the

smoking categories within a cNsLD category were combined (num-

bers in different smoking categories were added) and a sign

test was performed for each of the three CNSLD categorj-es

separately. Analogously, the CNSLD categories within one smoking

category were combined (by adding the numbers in the different
CNSLD categories) and a sign test was performed for each of the

three smoklng categories separately.
finally all nine CNSLD - smoking cells were combj-ned (by

adding the corresponding numbers) and the influence of an air
pollutant on a particular respiratory symptom or on the irri-
tation of the eyes was tested again by means of the sign test'

Testing differences in "effecttt betueen categories,

If an association was found between an air pol-lution varj-able
and a particular symptom when all nine CNSLD - smoking ce11s

were combined, it was tested whether the "effect" differed
betueen CNSLD categories or betuseen smoking categories.
Let us denote by pf,i the probability of a "positive etfect"
for a random pair in CNSLD category i (i=0,I,2, Lhe latter in-
cluding category 3) and smoking category h (h=l means smokers,

h=2: non-smokers, h=3: ex-smokers) .

The hypothesis of no difference between the CNSLD categ'ories:
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Pho = Pf,f = Pf,Z (h=1,2,3)

was tested against the alternative:

Piro 5 Pht t Ph2 (h--r ,2,3)

with at least one inequality strict, according to Schaafsma
(1966), Chapter 5.6, formulae (5.20), (5.8), and (5.6).
The hypothesis of no dlfference between the smokers and non-
smoker s:

Pri = P2i (i=0,I,2)

was tested agalnst the afternative:

Pti t P2i (i=0, r,2) or Pri ' P2., (i=0,1,2)

with at least one inequality strict, by using a two-sided ver-
sion of the test described in Schaafsma (1956), Chapter 5.6,
formulae (5.20), (5,8) and (5.6).
If a significant "effect" was found only in smoklng category h

(i-n which the CNSLD categories were combined), it was tested
whether the "effect" differed betueen the CNSLD cateqorles
within this smoking category. The hypothesis and the alternative
are simllar to the above case, but restricted to smoking cate-
gory h. The performance of the test is also similar.
If a significant "effect" was found only 1n CNSLD category 1

(in which the smoking categories were combined), it was tested
whether the "effect" dlffered betaeen the smokers and non-
smokers. The numbers of "positive" and "negative" pai-rs in these
two smoking categories were arranged 1n a 2 x 2 contingency
table and testing was performed by means of Fisher's exact test.

3.4. rnstrNG THE TNFLUENCE op ArR poLLUTroN oN THE pEAK FLow.

The peak flow measurements were carrled out once a week, on the
same day in both members of a paj-r. No measurements were carried
out on Saterdays and Sundays.
To compare the fluctuatlons in the peak flow values of one
person with those of another person, it was thought best to use
the relative deviation of a peak flow value from a person's
average and not the absofute values. Therefore, for each person
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for each day the relative deviation (in the following called
"the score") from the person's average was calculated. Having
matched palrs, only score-dlfferences were considered. By the
score-difference is meant: the score of the Vlaardingen member

minus the score of the Ommoord member of a pair on a particular
day.
Comparing "effects" on several days with high levefs of air
pollutj-on in Vlaardingen with "effects" on several days with
relatively l-ow levefs of air pollution in Vlaardingen could
lead to the comparison of score-differences between days, in
which partly the same pairs and partly different pairs par-
ticipated. Because a statlstical analysis would then become

extremely difficult, if not impossible, it was decided to
select onfy two days, one with a very high level of air po1-
futlon in Vlaardingen, and another one with a relati-veIy 1ow

level of air pollution in Vlaardingen (see section 3.2., Cate-
gory C).
Now, two cases have to be distinghuished: the one case in which
both selected days are on the same day of the week, and the
other case in which both days are on different days of the week.

In the fj-rst case the same palrs are involved on both days,
whereas i-n the second case different pairs are involved.

Case I: both selected days are on the same day of the week.

f'or each pair participating on both days the score-difference
on the polluted day in Vlaardingen minus the score-di-fference
on the relatively low polluted day in Vlaardingen was calculated.
It is assumed that with each participating pair a random variable
is associated of which this value is an outcome. The random vari-
abfes are considered mutually independent and normally dj-stributed,
with equaf but unknown variance. Let us denote the expected vafue
by Uhi rf the pair belongs to CNSLD category i (i=0,1,2, the 1at-
ter j-ncluding category 3) and smoking category h (h=1,2,3, h=l
means smokers, h=2: non-smokersr' h=3: ex-smokers). In each CNSLD

and smoking category the hypothesis of no effect:

ur,i= o
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was tested against the alternative of a negative effect on the

peak flow:
uhi' o

by means of Student's one-sample I test.

case rI: the selected days are on different days of the week.

The score-difference of a pair on one of the selected days is

considered as the outcome of a normally distributed random

variable. The random variables associated with different pairs

are considered mutually independent with a variance which is

equal for all pai_rs and for both days. The expected value is

denoted o, ,rrr t 
" if the score-difference is considered of a

pal-r belonging to CNSLD category i and smoking category h (i

and h as in case I) on the polluted day in Vlaardingen, and by
(2\

Uhit"/ on the relatively low polluted day in Vlaardingen'
In each cNsLD and smoking category the hypothesis of no effect:

( 1) (2)ur,i' '= uhi

is tested against the alternative of a negative effect:
(1)- (2)

rhi ' uhi

by means of Studentrs two-sample t test.

Combining categories.
Case I.
It was found desirable to comblne the different smoki-ng cate-
gorles within a cNsLD category. In each CNSLD category i the

hypothesis of no effect:

uhi = 0 (h=I,2,3)

was tested. against the alternatj-ve:

uf,i i Q (h=1'2'3)

with at least one inequatity strict. The test was performed by

means of the theory of schaafsma (1966), Chapter 4.2, Lheorem 2.

Analogously, the CNSLD categories within a smoking category

were combined. In each smoking category h the hypothesis of no

effect:
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uf,i = 0 (i=0,1,2)

was tested against the alternatlve:

ur,i 5 0 (i=0,I,2)

with at least one i-nequality strict. The test was performed by

means of the above mentioned theory of Schaafsma.

Fina11y, aII nine CNSLD - smoking ce11s were combined

and the hypothesis:

Uhi = 0 (i:0,1,2i h=L,2,3)

was tested against the alternative:

uf,i 1 0 (i=0 ,1,2; h=l ,2,3)

with at least one inequality strict, by means of the above

mentioned theory of Schaafsma.

Case II.
The combination of different smoking categories within CNSLD

category i, now leads to the hypothesis:
(1) (2)

xhi"' = uhi' ([=r,2r3)

and the alternative:
( 1) (2)

Uhi"' . Uhi ([=I,2,3)

with at least one inequality strict. Here the theory of
Schaafsma (1966), Chapter 5.2, theorem 2, was appli-ed.
Combining different CNSLD categorj-es within a partlcular smoking

category h leads to the hypothesis:
( 1) (2)

Uhit" = Urri (i=0,L,2)

and tne alternative:
( 1) (2)

Uhi t -' . Uhi (1=0,1,2)

with at least one lnequality strict. Again the theory of
Schaafsma (1966), Chapter 5.2, theorem 2, was applied.
Finally, a1l nine CNSLD - smoking celfs were comblned

and the hypothes j-s:

unrt') = unr('' (i=0,J.,2i h=r,2,3)
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was tested against the alternative:

,nr t 
" . ,nr t'' (i=0, r ,2i h=t,2,3)

with at least one i-nequality strict, by applying the same theory
of Schaafsma.

Testing differences in tteffeet" betueen categories.
If a negative "effect" was found significant in the combined

test on a smokj-ng category h, or in the combined test on all
nj-ne ce11s, it was tested whether the "effect" increased
with degree of CNSLD.

Case f: in this case the hypothesis of no difference is for-
mulated as:

ut O = Uhr = Uh2 (only for smoking cate-
gory h or for h=\ ,2t3
respectively)

and the alternatj-ve of an increasinq effect:

UfrZ 5 Uht ' UhO (only for smoking cate-
gorY h or for h=l ,2,3
respectively)

with at least one inequallty strict. A test for this situation
is agaj-n given by Schaafsma (1966) Chapter 5.2, theorem 2'

case rI: here the hypothesis of no difference is formulated as:

unot') = uhr( = uhztt'' unot'' = unrt" = unr"' (only

for smoking categorY h
or for h=\,2r3 respec-
tively)

and the alternative of an increasing effect on both days:

,nrt" t 
'n,.(1) 

< uno"'' 
'no(2) 

< unr.t') ' uh2(' (only

for smoking categorY h

or for h=\t2,3 resPec-
tively)

with at least one inequality strj-ct. This test was also performed

according to Schaafsma (I966) Chapter 5.2, theorem 2'

If a negative "effect" was found significant in the combined

test on a cNSLD category i, or in the combined test on all nine
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ce11s, it was tested whether the "effect" differed between

smokers and non-smokers.
Case I: 1n this case the hypothesis of no dlfference 1s formu-
lated as:

ufi = U2i (onl-y for CNSLD category i
or for 1=0r1r2 respectively)

and the alternati-ve as :

uti 1 u21 or Uti ' I21 (onl-y for CNSLD cate-
gory i or for i:=0,I,2
respectively)

with at feast one inequality strict. For the performance of this
test the two-sided version of the test described in Schaafsma
(1966), Chapter 5.2, theorem 2, was used.

Case II: here the hypothesis of no difference in "effect" be-
tween smokers and non-smokers is formulated as:

'rrt" 
= 

'rrtt'' 'r.rt'' = 
'rr"' 

(onry for GNSLD

category i or
for i=0,112
respect ively)

and the afternative of a certain difference as:
(1) (1) (2) (2) (1)- (1) (2)-. (2)

Uri' '' U2i' , pZi '' UIi os U2i t UIi , UIi ' U2i

(only for CNSLD

category i or
for i=0,L,2
respecti-ve1y)

with at least one inequality strict. For this sj-tuation thq
two-sj-ded verslon of the test described in Schaafsma (I966) ,

Chapter 5.2, theorem 2, was afso used.

Special thanks are due to Mr. S. Knijpstra, statistician, TNO Research
Unit for Epidemiol-ogy of CNSLD.

NoLe: For details on the statistical tests used the reader is referred to:
P. Armitage, Statistlcal Methods in Medical Research, Blackwell

Scientific Publications.
tl. de Jonge, Inleiding tot de Medische Statistiek, deef I en II,

Verhandeling xLI en XVLIII van het Nederlands rnsLituut
voor Praeventieve Geneeskunde, Leiden.
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CHAPTER VI

R ES ULTS

1. THE POPULATION.

The actual survey started in the second week of January 1973
when the women were visited at home for instructions and the
diaries were hand.ed out, and consequently the number of women
participating rose steeply in the first few weeks. The !/omen
were asked not to fill in their diarles when going on holidays,
so in the summer months (from the end of June until the middle
of August) there was a temporarily drop j_n the participatlon.
Moreover, no home visits were made in July because of holidays
by the staff. The survey ended in the last weeks of December
r973.
During the year of lnvestigation I05 individuals were 1ost,
which is 13,3E of the initial total population of 792 individ-
ua1s. Of the 105 individuals 53 moved to another area of resi_-
dence and the other 52 withdrew from partlcipation for various
reasons (no j-nterest, 11lness, et cetera). As can be seen from
table 6.1., there are only slight and not conslstent differences
in the number of women lost between Vlaardingen and Ommoord

within each CNSLD category. There is a slight excess of women

lost in the first quarter, mainly because of retracting the in-
itial promj-se to participate. The 105 individuals included I2
palrs, so at the end of the year not 105 pairs were lost, but
only 93 paj-rs. Table 6.2. shows that there are only slight dif-
ferences j-n the percentages of pairs under lnvestigation between
the different CNSLD categories at the end of each quarter, adding
grade 3 because of the sma1l numbers to grade 2. These differ-
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ences proved not to be sj-gnificant with a chi-square test on

2x3 contingency tables.
As only those data cou1d be analyzed that were obtained in both
members of a pair on the same days, 1t was very fortunate that
the women cooperated extremely we1l.

2. DIARY DATA AND PEAK FLOW MEASUREMENTS.

2.L. RESPIRAToRY SYMPToMS.

The figures C I to 4 (Appendix C) show the daily mean score-
differences between Vlaardingen and Ommoord for the resplratory
symptoms according to degree of CNSLD. In the group CNSLD grade
0 the daily mean score-differences fluctuate only sli-ghtly and

are generally abouL zero. The greatest fluctuations of the
daily mean score-differences can be seen in the giroup CNSLD

grade 2+3. In this group there is on the whole a positive daily
mean score-difference for the symptoms dyspnoea and wheezing,
and on the contrary a negative one for the symptoms cough and

phlegm. The group CNSLD grade I is intermediate as regards the
extent of the fluctuatlons and the position of the curve repre-
senting the daily mean score-differences, except for the symptom

cough. For this symptom the position of the curve is above the
other two grades, and furthermore the daily mean score-differ-
ence is nearly always positive.
Comparing the graphs of the respiratory symptoms to the graphs

of the alr pollutants (figures D I to 10) , it can be seen that
only for the symptoms dyspnoea and wheezing in the group CNSLD

grade 2+3 there is a trend that some of the periods of great
daily mean score-differences correspcnd with periods of high
1eve1s of some air pollutants.

2.2. rRRrrATroN oF THE EYES.

The daily mean score-dlfferences fluctuate to about the same

extent in the three CNSLD qroups, and are on the whole slightly
posltive (see figure C 5). In general, no parallelism can be

seen between the fluctuations of the daily mean score-differ-
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ences in the CNSLD groups, except in a few periods. These pe-
riods tend to correspond with periods of high pollution levels
of ozone in Vlaardingen (figures D 7 and B) .

2.3. PEAK FLow MEASUREMENTS.

From figure C 6, presenting the daily mean of the differences
in "percentage difference from the mean" between Vlaardingen
and Ornrnoord according to degree of CNSLD, no distinctive pat-
terns can be traced.

3. SPUTUM COLLECTTON.

Table 6.3. shows the number of times sputum was coffected in
Vlaardingen and Ommoord in relation to the answer on the pro-
duction of phlegm ticked ln the diary on the day of the home

visit, having added together a1l the available data of all in-
dividuals.

Table 6.3 Sputum coll-ection in relation to the answer on the
production of phlegm.

ANSWER TICKED

]N THE DIARY

SPUTUM COLLECTED

VLAARDINGEN OMMOORD

YES

NO

YES

at A

I5

NO

1431

r2939

YES

355

27

NO

r665
r2394

In qeneral, the answer and the collection correspond welI. OnIy
a very few times sputum was handed in while the answer on phlegm

in the diary was NO. However, relatively frequently no sputum was

handed in whil-e the answer on phlegm in the diary was positi,ve.
A reasonable explanatlon for this disagreement is that only
sputum brought up in the first hour after getting up on the day

of the home visi-t had to be handed in.
It appeared that in Vlaardingen 56 women, and in Ommoord 57

women, contributed to the number of times sputum was handed in.
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Furthermore, of these women 24 in Vlaardingen and 40 in Ommoord

ever handed in mucopurulent or purulent sputum, while in total
during the year of investigation 51 times in Vlaardingen and 172

times in Ommoord (muco)purulent sputum was handed in. This
points to the possibility that bacterial respiratory infections
occurred more frequently in Ommoord than 1n Vlaardingen.
However, because of the relatively sma11 numbers lnvolved, it is
not likeIy that intercurrent bacterial respiratory infections
would have been a disturbing factor in this study.

AIR POLLUTION DATA.

From the graphs in the figures D 1 to I0 (Appendix D) it can be

seen that the alr pol-Iution levels in Vlaardingen are generally
above those 1n Ommoord with the exception of the levels of the
aldehydes. In general, the fluctuations of the air pollution
1eve1s in Vlaardingen and Ommoord run parallel. During days of
very high pollution the levels in Vlaardingen are well above

those in Ommoord, particularly those of SO, and NOr. However,

in general the differences 1n aj-r pollution leveIs between
Vlaardingen and Ommoord are less than was expected before the
start of the study.
As an explanation one can propose that the site of Ommoord -
rrortheast of the petrochemical complex along the "Rotterdamse
Waterweg" - and the winds prevaillng west and south can give

rise to a substantial air pollution level in Ommoord, partic-
ularly of aldehydes which are formed in the process of photo-
chemical oxidati-on taking place in the atmosphere some tlme
after the primary pollutants have been emitted.

By means of applying a

data obtalned on those
Vlaardingen and Ommoord

the best opportuni-ty to
respiratory parameters .

statistical method of analyzing the
days that the air pollution leve1s 1n

were contrastive, it was tried to provj-de

detect differences with respect to the

r00



!̂oo..11)o(.)
oHtro.lJord
EO0)o3N6dolrtllooa)
!,oO6!ooEo..1a(.)
il..1]Jq)Ulro

r01

F
-C

O
 no 

o\o 
oco 

o!o 
oo 

rLn 
q4 

or\o 
or

N
r 

.- 
\oco 

i<
+

 
O

r 
con 

H
\() 

m
or 

or 
N

\o
o+

 
d 

loN
 

i 
i; 

N
 

ii 
m

o

rr 
oN

 
oro 

nN
 

rco 
ro 

o0 
or] 

cnd 
sco

(!N
 

nLn 
rLo 

\o$ 
coo 

m
o 

orn 
\oco 

@
Ln rd

.ie 
N

i 
i+

 
i 

3 
-m

<
o 

coco Lnor 
co<

 
c)- 

cnm
 

oo 
r)rl 

Ln$ 
<

\o
3i+

N

rO
O

\ 
cO

$ 
ao 

N
S

 
cO

- 
oN

 
n@

 
l{)l! 

9O
\ 

od
.i. 

N
N

 
LoN

 
d\o 

nsf 
cnr 

tno 
ol tI) 

\gor 
+

r

on 
oO

 
r\O

 
\O

n 
O

rr 
oS

 
C

D
O

 
LO

Ln 
<

$ 
n\O

o!o 
N

N
 

o: 
co$ 

<
'|o 

o\o 
<

rm
 

r9 
6C

O
 

O
rN

m
o 

r\o 
ro 

6.a 
N

<
 

\oo 
or 

qrl 
\oN

 
m

m
ol<

 
;: 

N
+

 
!O

o 
<

<
,,o 

r\O
 

<
N

 
!O

m
 

<
r 

cO
@

coo 
oN

 
o1\o 

r+
 

r\o 
o0 

$m
 

@
!o 

r$
\o+

 
id 

N
i 

$N
 

m
m

 
\oo 

oN
 

!oo 
(rLn 

\o!o

LnO
 

O
O

 
ro.r 

O
N

 
m

C
O

 
cO

O
 

$O
 

6n 
otn 

rO
l

$$ 
cor 

sr 
\o\o 

@
n 

N
$ 

olo 
rtn 

o9 
lf)co

+
N

 
i 

N
: 

N
s 

6s 
N

N
 

<
N

 
N

o 
<

o

Ln01 
\O

LO
 

O
\O

 
cO

i 
<

r- 
N

@
 

$O
 

\99 
$\O

 
tO

+
6d 

i 
ii 

N
N

 
$rr 

N
N

 
m

N
 

N
N

 
O

m

N
O

 
rO

$ 
\O

<
 

aco 
o\r 

;# 
!oo 

6Lo 
\om

 
oLn

N
a 

- 
ed 

O
m

 
iN

 
N

N
 

-N
 

N
N

:33:
ie 

iE
.-rE

 
rE

 
iE

 
iE

 
iE

 
iE

 
rE

:rE
tS

 
rO

 
>

O
 ro 

>
o 

>
o 

>
o 

>
o 

>
o 

>
o

C
JO

ddo0J
o() 

0) 
.; 

...1 
o 

d 
0)

ig'gS
5,5e'i.'ie 

., 
E

 
P

 
E

,
xn 

6n 
iE

l, 
tr3 

ob] 
o, 

o\ 
! 

! 
id

iiit 
E

c,l 
oo 

dE
.;6.;E

 
'u 

E
 

o 
!

.:; 
65 

E
n 

=
.; 

o! 
6.i 

rr 
..r 

>
 

c.)

;id 
- 

A
 

-0 
-X

 
o 

X
 

o 
X

 
0d 

0>
d-c5cdc>

cd>
dciord

lrr 
il 

ord 
irE

 
ord 

oE
 

d 
E

 rd! 
o

E
6 

65 
6>

 
o>

 
o>

 
o>

 
or>

 
al>

.ca 
.c!

A
-i 

ii 
rr; 

ii 
!; 

tr-r 
c.-r 

q.-r 
ar.q q q

5T
 

A
T

 
p..r 

rr-s 
rr.-r 

p..r 
o.-r 

o..r 
(J I 

lJ.c
,+

 
n+

 
.;6 

..r 6 
..r id ..1.d N

 q 
N

 q 
.-rs 

.-r 
I

A
d 

fi&
 

zd 
2E

 
za 

zE
 

oE
 

on: 
<

N
 

<
co

O
o, 

P
d

01 tlO
r

O
La&
01 flAO
o&orlA(-)
o&co tlAU
oc(
rflAU
od\o 

E
l

AU
O

&
n 

r'lAU
advrl

A
T

U
odorI]&o
a&N

fl
01(-)

o&drdA

{H&tszHDF
l

F
l

oAdH

dr!.-.,]

3ott1

.-l
'rJlr166-t..1(n!rd.+

J-r-l
.-1oo!.rtrd6o
.I]\
.rt 

o]
..1E

tr
...,]

c
oc)
.cu
.lJ 

o0
q-{ !
oo

X
(/) 

()
or-l 

^
"IJ 

E
tro
ovotrE
O

tl
pro

o
O

E
-cE
H

O

;F
lmH



5. METEOROLOGICAI DATA.

The graphs in the fj-gures E I to 4 (Appendix E) show that the
temperature and the relative humidity in Vlaardingen and Ommoord

correspond so well that the assumption of similar meteorological
conditions in both areas was warranted.
So it is also justifiable to assume sj-milar wind characteristics
in both areas as well and consequently, although wind has a
great influence on the air pollution levels, they could possibly
not have affected the actual results of this comparative study.

THE SELECTED DAYS FOR THE ANALYSIS.

Table 6.4. shows the percentiles computed for each pollutant in
Vlaardingen and Ommoord by means of which days were selected
for the analysis.
The days were numbered according to the order of sequence in
the year, starting from the first of January (day 1.). In the
tables 6.5., 6.6.. and 6.7. the numbers of the selected days

according to the criteria as set in Chapter V, section 3.2.,
are shown respectively for category A (days with high pollution
levels), category B (days with peak pollution levels), and

category C (days from the categories A and B for the analysis
of the peak flow data) .

In category A a few alternative days had to be selected, as it
was not always possible to fu1fi1 the criteria. fn category
A-1 the numbers 294 and 329 indicate days when the air pollution
levels in Ommoord for standard smoke and afdehydes 8-hour aver-
age were the lowest recorded during the year of investigation.
In category A-2 the numbers 320 and 27 lndicate days when the
air pollution levels in Vlaardlngen for nitrogen monoxide daily
average and ozone daily maximum were the lowest recorded during
the year of investlgation.
In category B-1 no days coufd be selected for nitrogen monoxide

daily average and afdehydes 24-hour average, and 1n category B-2

for nitrogen monoxide daily average, as the set criteria could

ro2



Table 6"5- Ttre, numbers' o,f the se.trected days in category A.

NUMBER.3 OF THE DAYS

AIR FOLX,UTAN:T C.AT.EGOR.Y A-1 CATEGORY A*2

Sulphur di.oJfi-de

24-hour averaqe 217 and 218 43, 54, 6O, 61,
ancl tY

Standa:rd smoke

241-hoqr average 2g4ll 84

Nitrogen monoxide
daily average 155. 256, and 302 32A21

dai).y maximum 248t 382t and 323 6I and 82

Nitroqen dioxide
daily averaqe rO7, 239, 278t 64' 87, and 331

and 279

daily maximum 107, I82, 185, 87 and 89

and 278

OzoRe

daily ave-rlaEe 232, 236, and 239 254

daily maxirnun], 236, 23g t 247 , 250, 272)

and 251

Aldehydes
24-hour alrerage ?7E and 307 2'1 4

8--hour a\relrage 32gL) 22'4, 25g | 260 ,

263, .27,4, and 275

X )A.ttern"tive ilay: tshe d.ay of lo.\4/e6t goncentration in Ornrno'or.d-

2)Alt".o..tj-ve day: the day o.f l-owec,ts coneen,Erallo.1l in vfaardingen-
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Table 6.6. The numbers of the selected days in category B.

NUMBERS OF' THE DAYS

AIR POLLUTANT CATEGORY B-1 CATEGORY B-2

Sulphur dioxide
24-hour average 33, 34, 35, 60 and 64

and 82

Standard smoke

24-hour average 278 and 279 32, 33, and 84

Nitrogen monoxide
daily averagie no day no day

daily maximum 297 82

Nitrogen dioxide
daily averagie 107, 278, and 299 80

daily maximum 107 , 250 t 258, 1-66 and 247

and 278

Ozone

daily average 239 and 248 254

daily maximum 247 and 248 254

Aldehydes
24-hour averaqe no day 227 and 274

8-hour average 248 226, 229, 260,
and 263
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Table 6.7. The numbers of the selected days in category C'

AIR POLLUTANT

NUMBERS

CATEGORY C- 1

OF THE DAYS

CATEGORY C-2

Sulphur dioxide
24-hour average

Standard smoke

24-hour average

Nitrogen
d.aily
daily

Nitrogen
daiIY
da iIy

monoxide
avera9e
maximum

dioxide
average
maximum

2L8

218

302

297

278

r07

23g1 )

241r)

218

2952 )

2533 )

r303)'

3203)

3203)

331

247

?.54

254

274

226

Ozone

daily averagie

daily maximum

Aldehydes
24-hour averaqe
B-hour average

1 )A1t...,-tive day:

2 )art"r.rrtive day:

3 )art".rr-tive day:

the day of highest ozone concentration in Vlaardingen
on which peak flow values were available

the day of lowest aldehydes B-hour average concen-
tration in Ommoord, and on which peak flow val-ues
were available.
the day of Iowest concentration in Vlaardingen,
and on which peak flow values were available.
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not be fu1fi1led and in this category a suitable alternative
approach did not emerge.
In category C a few alternative days were selected as mentioned
in the footnotes in the table 6.7.

7. RESULTS OF THE ANALYSIS.

7.1. TNTRoDUCTToN.

As described extensively in Chapter V, sectioD 3., the testing
on the j-nfl-uence of air pollution on the symptoms and the peak

flow was carried out for separate categories as well as for com-

binations of categories. Consequently, four classes can be

distinguished: "ce11"r "CNSLD category"r "smoking, category",
and "total population". These classes are specj-fied as follows:

"Cell.": nine cells were composed by combining CNSLD and smoking
categories in the following way:

CELL cNsLD cateqory sMoKrNG category
smoker
non-smoker
ex-smoker
smoker
non-smoker
ex-smoker
smoker
non-smoker
ex-smoker

I grade 0

2 grade 0

-l grade 0

4 grade I
5 grade I
6 grade I
7 grade 2+3

B grade 2+3

9 qrade 2+3

"CNSLD categorg": the CNSLD categcries grade 0, grade 1, and

grade 2+3, in which categories the smoking categories are com-

bined.
"Smoking category": the smoking categories of smokers, non-
smokers, and ex-smokers, in which categories the CNSLD categories
are combined.
"TotaL populatron": in which all CNSLD categories and all smoking
categories are combined (aI1 nine ceIls combined) .
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The last three classes can be considered as being combined cefls.
If in any of the cells or combinations of cells a significant
result was found by testlng the influence of a partj-cu1ar air
pollutant on a particular symptom, this means that there is an

association between high 1eve1s of that air pollutant and the
prevalence - severity of that symptom in that cell- or combination
of ce1l,s. In the following such an assocj-ation will be denoted
simply as "association", "association between air poffutant and

symptom", or "effect".

7.2. sYl,lPToMS.

7 .2.1. HrcH PoLLUTToN LEVEr-s .

The tabfes 6.8, 6.9, and 6.f0. show the significant assoclatlons
found by testlng the influence of air pollutants on the symptoms

in the four classes, using the data of the sefected days in
category A with a time lag respectively of 0 day, I da-y, and 2

l-..^qdyi.

To iLlustrate the results an example will be given from table
6.8. with respect to standard smoke. An association is found
between this pollutant and the symptom irritation of the eyes
only. This association is found in the pairs who smoke, and in
the total population in which case all pairs are involved. The

testj-ng on the separate ce1ls and on the CNSLD categorj-es did
not yield any sj-gnif icant resul-ts.

Iine Lag of 0 day:
From tabfe 6.8. it can be seen that associations are found be-
tween particularly nitrogen monoxide, ozone, and aldehydes and

the symptoms. The associatlons within a CNSLD category are found
with regard to the respiratory symptoms in grade .I and grade
2+3 and with regard to irritation of the eyes in grade 0 and

grade I. The associations with this latter symptom occur also
always in the total population. The associations between alde-
hydes and the symptoms are seen particularly j-n the category
of the non-smokers.
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Time Lag of 1 day:
Table 6.9. shows that associations are found between especj-al1y
nitrogen monoxide and ozone, and the symptoms, but also standard
smoke, nitrogen dioxide, and aldehydes show some "effect". The

associations wlthj-n the CNSLD categories are again found in
grade I and grade 2+3, while with respect to the smoking cat-
egories the assoclati-ons are mainly seen in the categories of
non-smokers and ex-smokers. The associations between air pol-
lutants and irritatlon of the eyes are somewhat less pronounced
than with a time 1ag of 0 day.

Time Lag of 2 days:
The associatj-ons between air pollutants and the symptoms when

applying a time 1ag of 2 days (tab1e 6.10.) correspond 1n gener-
al lines with the assocj-atj-ons found when applying a time 1ag

of I day. However, there seems to be a slight change in the
manifestation of the "effects", cough becoming more prevalent
and lrritation of the eyes 1ess.

7.2.2. PEAK PoLLUTToN LEVELS.

Table 6.11. shows the significant associations found by testing
the influence of air pollutants on the symptoms j-n the four
classes according to time lag, using the data of the selected
days in category B.

From this table it can be seen that speclally ozone is involved
in the associatj-on between the air pollutants and the symptoms.

With a time 1ag of 0 day an association 1s found with irritation
of the eyes, and with a time 1ag of I day and 2 days associatj-ons
with the respiratory symptoms are more manifest, specially with
cough and phlegm.
It appears that within the CNSLD categories the associations
with the respiratory symptoms are rather frequently found in
CNSLD grade 2+3.

7.3. PEAK FLOW.

The significant associatj-ons found
and the peak flow are presented in

r08
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The few associations found when applying a time lag of 0 day

and 2 days do not show any distinct pattern, while no associa-
tion at all is found with a time lag of 1 day.

7.4. SUMMARY.

Associations were mainly found between the alr pollutants ni-
trogen monoxide, ozone, and aldehydes on the one hand, and both
respiratory symptoms and irritatlon of the eyes on the other
hand.
The respiratory symptoms cough, phlegm, and dyspnoea were fre-
quently involved in the associations found, and wheezing only
very occasionally.
There is an indication of an immediate "effect" (time lag of 0

day) especially on irritation of the eyes, and of a more deJ-ayed

effect (time lag 1 day and 2 days) on the respiratory symptoms,

particularly on cough.
The associatj-ons found within the CNSLD categories are seen par-
ticularly j-n the subjects with moderate to severe degree of
CNSLD (grade 2+3) .

The associations between aldehydes and the symptoms are seen

above all in the non-smokers. Furthermore, there is a sli-ght
indication that non-smokers and ex-smokers are more affected
than smokers by high levels of air pollution with a tj-me 1ag

of I day and 2 days.
Hardly any associations between air polfutants and the peak

flow are found..

It is noticeable that sulphur dioxide did not yield any as:
sociations, and standard smoke and nitrogen dioxide only a

very few.
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CHAPTER V I I

DISCUSSION

Study deszgn.

This epidemiological investigation was set up to find out
whether there existed an association between high levels of
air pollution of short duration in the Rijnmond area and an

excess respiratory morbidity.
Special features of the study were, that only a female population
was studied, that a control population was individually matched

to the study population wlth respect to age, degree of CNSLD,

and smoking habit, and that attention was paid to whether per-
sons with CNSLD differed "in reaction" from persons without
CNSLD. Furthermore, weekly home visits were carried out to ob-
tain optimum cooperatj-on of the women, and gave the opportunity
to perform a slmple lung function test at the women's homes.

A female population was studied because women are less exposed

to the occupational hazards of pollution than men, are often
less severe smokers than men, and can usually be visited at home

easily.
The method of using matched pairs in an attempt to eliminate
certaj-n confoundj-ng factors proved to be successful as only
refatj-vely few people were lost during the year of investigation.
In this respect the personal contacts during the weekly home

visits were extremely useful and essential in stimulating the
subjects to carry on partlcipating.

For obtaining data on the symptoms a diary technique was used

as was successfully applied by Lawther et aI. (I970) previously.
However, the questions in the diary used in this study were more

extensive and a total of five questions had to be answered each
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day. Because of thls, it was felt essential to keep the filling
in of the diary as slmple as possible' So a diary, specially
designed for this study, was printed in which the women had

simpty to tick the respective spaces. The home visits played
a significant part in the a-chievement of the proper filling in
of the diaries when checked once a week.

During the home visits a lung function test was carried out
initially only with the Monaghan spirometer, later also with
the Wright Peak FIow meter. In this study it was felt that
there is a deflnlte need for weII established si-mp1e lung func-
tion instruments reliabfe and suitable in field surveys, and if
possible with automatic recording. Such lnstruments are now

being developed (Derrett and Brown, 1975) .

The lung function measurements were carried out once a week in
a1I subjects, but 1ike1y more useful data woufd have been ob-
tained by at feast one daily measurement and ideally by more

frequent daily measurements, even if only j-n a subsample of the
population. However, this coufd organizationally not be achieved

For the purpose of this study criteria were designed to be able
to aflocate the subjects to different grades of CNSLD, from no

CNSLD (grade 0) to severe degree of CNSLD (grade 3). Although
the criteria were identical to subdivide the populatlon in
Vlaardingen and Ommoord into the four grades of CNSLD, it is
stilf possible that the members of a pair being matched on de-
gree of CNSLD had different manifestations of CNSLD possibly
leading to a different reaction pattern to air pollution. More-
over, - if the hypothesis is true that alr pollutioir is one of
the exogenous aetiological factors in the development of CNSLD -
it might have been possible that, for example, a person with
CNSLD grade I in Ommoord would have been classified as having
CNSLD grade 2 if that person woufd have lived in Vl-aardingen
because of additional symptoms leading to a higher grading. But
it is not likely that these factors would have influenced the
resul ts .

It is worth mentloning that both in Vlaardingen and Ommoord in
the CNSLD categori-es grade 2 and 3 quite a considerable number
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of non-smoking individuals are found (see Chapter IV, table
4.3. ) . Thj-s supports the hypothesis that smoking Ls onl-y one

of the major factors in the development of CNSLD.

It woutd have been preferable to have had a larger study popu-

tation, because in this study it proved to be difficult to ac-
quire a reasonably large number of women aged 18-42 years in
the CNSLD categories grade 2, and especially grade 3. This was

not beyond expectation (Van der Lende, 1969) .

Later Van der Lende et a1. (1975c) found from a prevalence
study on chronic non-specific lung disease carried out in Vlaar-
dingen in 1972 in the same sample of women aged 18-42 years
that 3.4? had a moderate degree of CNSLD and 1.42 a severe
deg'ree of CNSLD. fn men aged 18-42 years 4.IB had a moderate

degree of CNSLD and 2.58 a severe degree of CNSLD. Although
the prevalence of CNSLD in subjects in the ofder age-groups is
somewhat higher (Zuiderweg, L962; Van der Lende et aI., 1975c)

it was thought better to study people in a younger age-group
because their airways have been less exposed to various exoge-

nous stimuli during their lifetime.
Moreover, Lawther and Wal1er (personal communication) found that
groups of about Ir000 people were needed to lsolate environ-
mental factors from the background "noise" of random illnesses.
However, organizationally a limit was imposed on the extent of
the study.

Data analgsis.

Because matched pairs were used in the study, only those data
could be analyzed that were avai-l.abfe in both members of a pair.
The data in the diary were given a score in an attempt to add

weight to the answer of the respective question, which did not
refer to the prevlous day but to the "as usual" situation. In
this way, only differences in scores between the Vlaardingen
and the Ommoord member of a pair could be taken into account
in the analysis. For each symptom mean daily score-differences
were computed to which both the height of the scores and the
number of participating palrs on that day contributed. In this
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study, it was felt that the use of a scoring system would be

more adequate to reveal possible associations between high

daily air pollution levels and symptoms, rather than the use

of a no-yes answer. system which would yield a mere daily pre-

valence of the symptoms, obscuring the severity or the change

in severity of the symptoms.

As described in chapter V, section 2.1., there is j-n general a

positive mean score-difference between vlaardingen and ommoord

in the group CNSLD grade 2+3 (moderate to severe degree of

CNSLD) for the symptoms dyspnoea and wheezing, and a negative

one for the symptoms cough and phlegm. This may mean a higher

prevalence of the symptoms dyspnoea and wheezlng in the Vlaar-
dlngen members j-n comparison to the ommoord members with GNSLD

grade 2+3, and accordlngly a lower prevalence of cough and

phlegm.
The former findings are in accordance with the findings by van

der Lende et aI. (19734) who found a higher prevalence of the

symptom dyspnoea in vlaardingen 1n the age-group of 15-39 years

as compared with a rural district. The data on the sputum co1-

Iection in this study (see Chapter VI, section 3.) are in ac-

cordance with the latter findings.
In spite of the fact that Ommoord was in a way an ideal dis-

trict to acquire a control population, it was unfortunate that

the air pollution 1eve1s 1n Ommoord were higher than expected,

limiting the analysis of the data to a refatively small number

of days making the results possj_b1y less conclusive. It was

thought best to analyze the data of days with contrastive air
pollution levels in vlaardingen and ommoord implicating that

only days could be involved in the analysis on which air po1-

Iution data were available both in vlaardj-ngen and ommoord.

As a result, it happened that some highly polluted days and

sometimes longer periods had to be Ieft out for a particular
pollutant in the analysis, because either no data were avaifabfe
or the data were unreliable as regards that pollutant'
In view of the possibility of ebbing and Iagging of effects a

time interval had to exist for each pollutant of at least three
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days between the selected days of high pollution in Vlaardingen
and the selected days of relatively low pollutlon in Vlaardingen.
A longer time interval would have been preferable, but unfor-
tunately days of high pollution leveIs in Vlaardingen and Om-

moord were often very close tog:ether, as can be seen from the
graphs in Appendix D. Therefore, a time lag of not more than two
days was used in the analysis of the data. ft occurred that
selected days for one pollutant coincided with sefected days for
another pollutant making it difficult to isolate effects of the
pollutants involved. Occasionally coincidence occurred within a

set of selected days for a particular pollutant which might have
j-ncreased the effects found at one or more of the time lags. How-

ever, alI days that complied with the set crlteria were selected
hoping for a stronger evidence - if any - from the analysis
rather than selecting only two contrastive polluted days. In
this latter case "effects" might be present but not strong
enough to yield a significant result in the testing procedure.

ResuLts.

From the analysis of the data a few interesting findings have
emerged.

It was found that mainly the photochemical pollutants, in par-
ticular nitrogen monoxide, ozone, and aldehydes, were related
to the symptoms, which indicates that photochemical air pol-
lution may play an important part in the Rijnmond area, as was
recently also suggested by Biersteker (I975). In this respect
it is noteworthy that of the nitrogen oxides nitrogen monoxide
produced the most "effects" and nitrogen dioxide only a very
few. This finding needs further investigation because nitrogen
monoxide i-s a major product of fuel combustion processes at very
high temperatures (especially from motor vehicles) and a major
component of the smoke from cigarettes. The more so because the
experimental- studies on nitrogen oxides were mainly carried out
with nitrogen dioxide because the concentration of nitrogen
monoxide is very difficuft to controf as nitrogen monoxide at
hi-gh concentrations is readily oxidized to nitrogen dioxj_de
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(see Chapter I, section 5.2.) .

In this study no associations at all were found between high
leveLs of sulphur dioxide and the prevalence - severity of
symptoms, posslbly because the level-s of sulphur dioxide have

not been high enough during the year of investigation to produce

any effects. In fact, this is not so surprising as the 1eve1s

of sulphur dioxide and also of standard smoke have decreased

considerably in the last decade (Biersteker, 1972), and were

well bel-ow the minimum pollution Ieadlng to any significant
response as was found to be about 500 pg/m3 of sulphur di-oxide
together with about 250 ug/m3 of smoke (24-hour averages) by

Lawther et a1. (1970). Another factor possibly is that in ex-
perimentaf studies on effects of sulphur dioxide in patients
with CNSLD, effects were particularly seen in ind.ividuals with
"asthma" (aIlergj-c patients) (G6kemeijer, I916), whereas in the
study population only a Iimited number of individuals wlth
"allergy" can be assumed. This is based on the findings from an

epidemiologlcal study in 1969 in a random sample of the popu-

lation in Vlaardingen that only 5.72 of the women of correspond-
ing age as in the study population had both eosinophilla in the
blood (more than 330 eosinophilsT*m3) and at least one skintest
positive out of four (house dust, mixed pollen, mixed moulds,
mixed epidermaf products) (Wever-Hess and Van der Lende, l-97I) .

In view of the findings by Biersteker (1972) and Lawther et aI.
(1970) it is conceivable that only a few associations were

found between standard smoke and the symptoms as the 1eve1s of
standard smoke proved to be relatively 1ow in the Rijnmond area.

The respiratory symptoms cough, phlegm, and dyspnoea were fre-
quently involved in the associations found, and wheezing only
very occasionally. There is an indication that high 1eve1s of
air pollution have a more immediate effect on irritation of the
eyes, and a more defayed effect on the respiratory symptoms, in
particular cough. This finding is in accordance with other ob-
servations indicating an immediate effect on irritation of the
eyes and of a delayed effect on the symptom cough by in par-
ticular sulphur dioxide (e.g. McCarrolf et al., L961).
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There is some difference between the results of the analysis of
the data of the selected days with high pollution leve1s (cat-
egory A) and peak pollution levels (category B).
The methods for the selection of the days are described in
Chapter V, section 3.2. The days with peak pollution levels
reveal fewer associations between air pollutants and symptoms,
wh11e fewer resplratory symptoms are involved in these associa-
tions (see the tables 6.8. to 6.1f., p. 109 to p. 113). The

criteria for sel-ecting the days in category B were such that
the peak pollution levels in Vlaarding'en could go with also
high pollution fevels in Ommoord (and vice versa) which proved
often to be the case, possibly obscuring associations between
air pollutants and symptoms as a result of consequent small
score-differences between the members of the pairs. As associa-
tions were stil1 found between air pollutants and particularly
the symptoms cough and irritation of the eyes it is suggested
that these symptoms might be sensitive indicators in assessing
the influence of alr pollution on human well-being.

As, within the CNSLD categories, the associations found between
aj-r pollutants and respiratory symptoms are seen in grade I and
more so in grade 2+3, the theory 1s supported that air pollu-
tants - as exogenous stimuli - exert an effect vla bronchial
hyperreactivity (corresponding with a histamlne hyperreactivity) .

Apart from the hlstamine hyperreactivity, there is the possi-
bility of an existence of an indivldual sensitlvj.ty to air poI-
Iutants by a different mechanism. From experimental studies
there is some evidence that an individuaf sens.itivity exists
to particulate matter, sulphur dioxide, and ozone.
Thirdly, also a pulmonary reaction pattern might be possible
via preexisting pulmonary tissue damage, to which a predis-
position of the j-ndividual is probably less important.

lVith regard to smoklng there is only a slight indication that
non-smokers and ex-smokers are more affected than smokers by
high 1eve1s of air pollution with a time lag of I day and 2

days. 1t is noticeable that the associations between high leve1s
of aldehydes and the symptoms are above al-1 seen in the non-
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smokers. An explanation for these findings might be: a sel-f-
selection of non-smokers as a result of being hyperreactive to
exogenous stimuli, non-smokers producing Iess phlegm and having
therefore a less sufficient defense mechanlsm, and smokers hav-
ing adapted themselves more or less to exogenous stimuli.
However, the resufts from experlmental studies do not shed a
conclusive light on this matter.

No appreciabfe relations of air pollutants to the peak flow
have been found. Thj-s supports the inj-tial query of whether
lung function measurements once a week would be suffj-cient to
reveal a possible association between changes in lung function
and air pollution 1eve1s. In this context it is worth mentioning
that Lawther et al. (rg74a, :-g74b, 7g74c) reported that day-to-
day changes in ventilatory function measured by spi-rometry and

peak flow were not so much related to environmental- factors,
but were affected more by respiratory infections, whose fre-
quency is probably affected by exposure to air pollution (Dou-

glas and Wal]er, L966; Co11ey and Reid, I970). In this study,
however, thls coul-d not be confj-rmed.

Once more it should be stressed that an association found be-
tween a particular air pollutant and a symptom does not ne-
cessarily implicate a cause - effect relationship, because of
the possibility that other unidentified factors - both in the
environment and in the subjects - could have contributed to
this association.

Desidev,ata.

The folfowing items are worth considering and could be processed
from this work.
- To apply a time series anafysis to the data to detect associa-

ti-ons between level of air pollution and symptoms, and using
different time lags to this analysis.

- To study whj-ch individuals contributed most to the results,
and to carry out further investigation in these individuals
as regards the existence of an individual hyperreactivity or
sensitivity.
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- To analyze the data according to a no-yes answer system which
will yield daily prevalences of the respiratory symptoms to
compare with the poi-nt-prevalence data obtained in the (fol-
low-up) studies that are carried out in Vlaardingen by the
TNO Research Unit for Epidemiology.

- To study seasonal fluctuations of the prevalence of respiratory
symptoms when having daily prevalence data available.

- To evaluate whether possi-ble differences between Vlaardingen
and Ornrnoord in health care. medical treatment, and socio-
economic class could have influenced the results.

It is felt that sufficient data can be obtained from this work
to instigate and advance further lines of study and investiga-
tion, 1n vari-ous directi-ons.
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SUMMARY

An epidemiological study was carried out ln the Riinmond area

during one year (1973) in order to examine whether there is an

associatj-on between high leveIs of urban air pollution and re-
spiratory morbidity in this area.
The study population consisted of a random sample of women in
the age-group 1B-42 years in Vlaardingen, which town is pol-

Iuted especially by the petrochemicaf industries in the Rijn-
mond area. To eliminate as far as possible the concomitant ef-
fects of meteorological conditions a control population was

chosen in Ommoord, a relatively low polluted district of Rot-
terdam and situated close to Vlaardingen.

fn Chapter I general aspects are given on air pollution, its
nature and sources, and on the maln air pollutants found in the
urban atmosphere.

Chapter II gives a review of the fiterature on the effects of
air pollution on the airways which served as background in-
formatj-on for this study.
The erperimenta.L sLudies on animaZs have shown that most of the

air pollutants commonly found in the urban atmosphere can exert
adverse effects on the ai-rways resulting in pathological changes
and effects on the lung functi-on. However, in most experiments
such concentrations of air poll-utants in combination wlth such
exposure times were used as are likely never to be experienced
by man in the urban environment.
The erperimental studies on man have demonstrated that exposure
to air pollutants can glve rise to respiratory symptoms and to
a decrement in the pulmonary function. The existence of an ln-
dividual sensitj-vity to particulate matter, sulphur dioxide,
and ozone is suggested. Especially persons wlth some degree of
Chronic Non-Speci-fic Lung Disease (CNSLD) seem to be sensitlve
to exposure to air pollutants. From the experimental studies
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no consistent di-fferences in reactlon between smokers and non-
smokers emerged.
The epidemioLogiaaL studies on the effects of short-term ex-
posures to high levels of urban air pollution have demonstrated
that there is an association between acute and subacute episodes
of high pollution, and both respiratory mortality and morbidj-ty.
With regard to the respiratory morbidity, both an increase in
respiratory symptoms and a decrement in the pulmonary functi_on
have been found, especially in persons with a history of chronic
obstructive pulmonary disease. It has been shown that long-term
exposure to urban air pollution even more so together with other
environmental factors can result in an increased prevalence of
chronic obstructive pulmonary disease, especlally in ci_garette
smokers.

fn Chapter III the general aspects of the present epidemiological
study in the Rijnmond area are discussed and the objectives of
the study are presented.
The objectives were:
a. To study whether there j-s an association between high levels

of air polfution of short duration and an excess in respira-
tory morbidity, using respiratory symptoms and spirometric
values as indices.

b. To study whether persons with CNSLD differ from persons
without CNSLD as regards the objective a.

c. To study whj-ch air pollutant might be responsible for the
effects found.

In this respect special reference is given to the definition
and aetiology of Chronic Non-Specific Lung Disease, because

the hypothesis has been postulated that air pollution is one

of the non-specific exogenous stimul-i that can cause bronchial
obstruction and/or respiratory symptoms as a result of an exist-
ing hyperreactivity of the bronchus, which is one of the basic
mechanisms in the aetiology of CNSLD.

In Chapter fV the methods of investigation are considered.
Before the start of the investigation both the study population
i-n Vlaardingen and the control population in Ommoord were sub-
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divided into four groups according to degree of CNSLD (no CNSLD

to severe CNSLD). The subdivj-sion was based upon the answers to
the TNO questionnaire on resplratory symptoms and upon spirom-
etric values. Matched pairs were formed by the method of in-
dividual matching with respect to degree of CNSLD, smoking

habit, and age. In this way, the effects of these confounding
factors could be removed between the members of a pair. In
total 396 pairs entered the study: 150 pairs in CNSLD grade 0

(no CNSLD) , L2B pairs ln CNSLD grade I (sfight degree of CNSLD) r

112 pairs in CNSLD grade 2 (moderate degree of CNSLD), and 6

pai-rs in CNSLD grade 3 (severe degree of CNSLD).

The day by day fo11ow-up of respiratory symptoms was assessed

by using a diary technique, and once a week a simple lung
function test was carrled out during a home vislt. The home

visits formed an essential part in arriving at an optimum coop-

eration of the women. The lung function test was done initially
only with the Monaghan electronic spirometer, but later the
Wright Peak Flow meter was also introduced.
Both in Vlaardingen and in Ommoord daily air pollution measure-

ments were carried out for the purpose of this study on the
following pollutants: standard smoke, sulphur dioxide, nitrogen
monoxide, nitrogen dioxidet ozor\e, and aldehydes.

Chapter V deals with the presentation of the data and the method

of statisticaf analysis. Because matched pairs were used, the
analysis vras carried out on the differences found between the

Vlaardingen and Ommoord members of the pairs with respect to
each of the symptoms and the lung function values. The data.on
the symptoms and the peak flow are shown as graphs in Appendix
C. The air pofl-ution data and the meteorological data are pre-
sented as graphs in the Appendices D and E. The actual values
corresponding with the graphs are given in the TABLES.

Chapter VT presents the results of the investigation. During
the whole year of investlgation 105 lndividuals from the initial
792 individuals were lost. This caused a loss of 93 pairs which
proved to be independent of degree of CNSLD. The cooperation of
the women was extremely good.
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The assumption which was made that the meteorological conditions
in Vlaardingen and Ommoord were similar proved to be true as
judged by the data on temperature and relative humidity in both
places.
For the analysis a set of days were selected with contrastive
air pollutlon fevels in Vlaardingen and Ommoord for each po1-
Iutant separately (p. 102-106).
The significant associations found are presented in the tables
6.8. to 6.r2. (p. I09-II4).

In Chapter VII a qeneral discussion is given of the study design,
the analysis of the d.ata, and the results. The discussion con-
cludes with a summing-up of items remaininq unsolved.
From this study the foflowing conclusions can be drawn:
1. The diary technique during a whole year can be wefl applied

provided that home visits are made regularly.
2. There is an association between high levels of alr pollution

of short duration and respiratory morbidity.
3. Mainly the photochemical pollutants nitrogen monoxide t ozone t

and aldehydes are related to the symptoms.
4. Individuals with moderate to severe degree of CNSLD seem to

be affected most.
5. High levels of air pollution of short duration exert an im-

mediate "effect" mainly on the symptom irrj-tation of the
eyes. and a delayed "effect" mainly on the respiratory symp-

tom cough.
6. There is a slight indication that non-smokers are more affected

by high l-evels of air pollution of short duration than smokers.
7. Weekly peak flow values showed to be insufficient in demon-

strating any associatlons with high leveIs of air pollution
of short duration.
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SAMENVATT I NG

Een epidemiologisch onderzoek werd uitgevoerd in het Rijnmond
gebied gedurende het jaar 1973 om een mogelijk verband na te
gaan tussen kortdurende pieken in de luchtverontreiniging en

respiratoire morbiditeit in dit gebied.
De onderzoekpopulatie bestond uit een asefecte steekproef van

vrouwen in de leeftijd van 18-42 jaar in Vlaardingen. Deze

stad ondervindt veel hinder van luchtverontreiniging, voorna-
melijk veroorzaakt door de petrochemische industrj-e6n in het
Rijnmond gebied. Om de invloed van de weersomstandigheden zo

veel mogelijk uit te kunnen schakelen werd een controlepopu-
latie van vrouwen gieformeerd in ommoord, een nieuwe buitenwijk
van Rotterdam. Ommoord 1s in mindere mate aan luchtverontrei-
niging blootgesteld, terwijl de weersomstandigheden gelijk aan

die in Vlaardingen kunnen worden beschouwd.

In Hoofdstuk f wordt een algemene beschouwing giegeven over
fuchtverontreiniging. De belangrijkste luchtverontreinigers
die een ro1 spelen in de stedelijke luchtverontreini-ging wor-
den besproken.

Hoofdstuk II geeft een fiteratuuroverzicht met betrekking tot
de effecten van luchtverontreiniging op de Iuchtwegen, dat
diende als achtergrondj-nformatie voor di-t onderzoek
De experimentele onderzoekj-ngen bij dieren hebben aangetoond
dat de meeste luchtverontreinlgers, die gewoonlijk in de stede-
lijke buitenlucht worden aangetroffen, pathologj-sche verande-
ringen van de luchtwegen teweeg kunnen brengen en effecten op

de longfunctie. In de meeste dlerexperimenten werden echter
zeer hoge concentratles van luchtverontrej-nigers gebruikt met

een zodanige lange expositieduur, dat het niet waarschijnlijk
is dat de mens ooit aan zufke omstandigheden za1 worden bloot-
gesteld in het stedelijke m11ieu.
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De experi-mentele onderzoekj-ngen bij mensen hebben aangetoond

dat de luchtverontreinigers aanleiding kunnen geven tot klachten
van de luchtwegen en tot een vermindering van de longfunctie.
Er zijn aanwijzingen dat er een individuele gevoeligheid bestaat
voor gewogen stof, zwaveldioxide en ozon. Vooral personen met

Chronische Aspecj-fleke Respiratolre Aandoeningen (CARA) lijken
gevoelig te zijn bij blootstelling aan Iuchtverontreinlgers.
Uit de experimentele onderzoeklngen komen gieen consistente ver-
schillen naar voren in reactie op de blootstelling aan lucht-
verontreinigers tussen personen die roken en personen die niet
roken.
De epidemj-ologische onderzoekingen naar de effecten van kort-
durende pieken in de luchtverontreiniging hebben aangetoond dat
er een verband bestaat tussen acute en subacute episoden van

luchtverontreiniging aan de ene kant en respiratoire mortaliteit
en morbiditeit aan de andere kant. Wat betreft de respiratoire
morbj-dj-teit, wordt zowel een toename van de respiratoire symp-

tomen gevonden als ook een vermindering van de longfunctie,
vooral bij personen met CARA. Bij langdurige blootstelling aan

stedelijke luchtverontreiniglng, vooral in combinatie met an-
dere milieu factoren, blijkt dat er een toename kan optreden
van de prevalentie van CARA, vooral bij personen die sigaretten
roken.

In Hoofdstuk III worden de algemene aspecten besproken van het
epidemiologische onderzoek in het Rijnmond gebied. De vraag-
stellj-ngen van het onderzoek waren:
a. Bestaat er een verband tussen pieken 1n de fuchtverontreini-

ging en een toename van de respiratoire morbiditeit, waarbij
gekeken werd naar respiratoire :ymptomen en longfunctle
waarden.

b. Verschillen personen met CARA van personen zonder CARA met

betrekking tot dit verband.
c. Kan er een bepaald.e luchtverontreiniger verantwoordelijk ge-

steld worden voor de effecten die gevonden zijn.
Speciale aandacht wordt besteed aan de definitie en aetiologie
van CARA, daar de hypothese aangenomen is, dat luchtverontrei-
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niging 66n van de niet specifleke exogene prikkels is die aan-

leiding kan geven tot bronchusobstructie en/of resplratoire
symptomen als gevolg van het bestaan van een overgevoeligheid
van de bronchiaalboom, welke 66n van de basj-s mechanismen is
in de aetiologi-e van CARA.

In Hoofdstuk IV worden de methoden van onderzoek besproken. De

onderzoekpopulatie en de controlepopulatie werden, voor het on-

derzoek begon, ingedeeld j-n vier groepen naar ernst van CAF{A

(geen CARA tot ernstige CARA). Deze indeling werd gebaseerd op

de antwoorden op een aantal vragen van de gestandaardiseerde
TNO questionnaire naar chronische Iongaandoeningen en op long-
functie waarden. Gebruik werd gemaakt van de methode der 9e-
paarde controles, waarbij a1s relevante kenmerken graad van

CARA, rookgewoonte en leeftijd werden beschouwd, teneinde de

invloed van deze kenmerken binnen het paar ult te kunnen scha-

ke1en. In totaal startten 396 paren in het onderzoek: 150 paren

in CARA graad 0 (geen CARA) , L28 paren in CARA graad I (Iichte
CARA) , l-I2 paren in CARA graad 2 (matige CARA) en 6 paren in
CARA graad 3 (ernstige CARA).

Het dagelljks vervolgen van de respiratoire symptomen werd ge-

daan met behulp van dagboekjes, en eens per week werd een een-

voudige longfunctie test uitgevoerd tijdens huisbezoek. Het

bezoeken van de vrouwen thuis was van wezenlijk belang om te
komen tot een optimale medewerking van de vrouwen. Het long-
functie onderzoek werd aanvankelijk alleen met de Monaghan

electronische spirometer verricht, maar later ook met de Wright
Peak El-ow meter.
Zowel in Vlaardingen a1s in Ommoord werden speciaal voor dit
onderzoek dagelijks de volgende luchtverontrelnigers g'emeten:

standaard rook, zwaveldioxi-de, stikstofmonoxide, stlkstofdioxide,
ozon en aldehyden.

Hoofdstuk V betreft de presentatie van de gegevens en de me-

thode van statistlsche analyse. Daar de methode der gepaarde

controles was toegepast, werd de analyse uitgevoerd op de ver-
schlllen tussen de Vfaardingen en Ommoord feden van de paren

met betrekking tot ieder symptoom afzonderlj-jk en de longfunctie
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waarden. De gegevens van de symptomen en de peak flow worden

a1s grafieken weergegeven in Appendix C. De gegevens van de

l-uchtverontreiniging en de meteorologische gegevens worden als
grafleken weergegeven in de Appendices D en E. De werkelijke
waarden die corresponderen met deze gegevens worden getoond in
de "TABLES".

Hoofdstuk Vf beschrijft de resultaten van het onderzoek. Gedu-

rende het jaar van onderzoek werden 105 personen verloren van
de oorspronkelljke 792 personen. Dit veroorzaakte een verlies
van 93 paren, op welk verlles de graad van CARA niet van invfoed
is geweest. De medewerking van de vrouwen was uitstekend.
De veronderstelling dat de weersomstandigheden in Vlaardingen
en Ommoord dezelfde zouden zi1n, bfeek gerechtvaardigd gezien
de gegevens betreffende de temperatuur en relatieve vochtigheid,
die van beide plaatsen verkregen werd.
Voor de analyse werd een groep dagen geselecteerd met tegenge-
stelde luchtverontreiniglngsniveaus in Vlaardingen en Ommoord,

voor iedere fuchtverontreiniger afzonderlijk (p. 102-106) .

De significante associaties die gevonden werden, worden weer-
gegeven in tabel 6.8. tot en met tabel 6.12. (p. 109-I14).

In Hoofdstuk VII wordt een algehele discussie gegeven betref-
fende de opzet van het onderzoek, de analyse van de gegevens

en de resultaten. De discussie besluit met een opsomming van

items d.ie voor verdere analyse in aanmerking kunnen komen.

Uit dit onderzoek kunnen de volgende concfusles getrokken wor-
den:
I. Een dagboekjesonderzoek gedurende een geheef jaar kan met

succes worden toegepast, mits regelmatig huisbezoek plaats-
vindt -

2. Er is een verband tussen pieken in de luchtverontreinlging
en respiratoire morbiditeit.

3. Voornamelijk de photochemische luchtverontreinigers stik-
stofmonoxide, ozon en aldehyden tonen een verband met de

respiratoire symptomen en prikkeling van de ogen.
4. Personen met een matige tot ernstige graad van CARA lijken

het meest gevoelig te zijn bij blootstelling aan luchtveront-
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5.
reiniging' met D-etrekking tot de resplr,atoire symptomen.

Pieken in de luc.htverontreinlgi.ng g'even een onmiddellijk
'ieffect" met name op het s.]rmptoon prlkke'Xinq rran de ogen,

en een vertraaqd "eff,ect" met name op het symptoonr hoesten.
Er is een lieh-te aanwijzi-ng da.t persone,n ilie niet roken meer

worden aangedaan door pieken in de luchtverontreiniging dan

personen dle roken.
De wekefijkse peak flow waarden bleken niet geschikt om enJ-ge

asgoeiatle aan te, tonel-l tussen pieken in de lueh,tyerontrei-
n.ig1ng en 6e,n verrrinderlng'van de longfunetj-e.

6.

7,
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APPENDIX A

CONVERSION TABLES

I. Introduction.

The conversion from e.g. parts per mi1Ij-on (ppm) to milli-grams
per cubJ-c meter (*g/*3) can be derived as foflows:
Example: ozone (O3)

1 ppm ozone = I 1i-ter ozone per 105 liter (of air)
= to-3 liter ozone per ro3 liter
= to-3 liter ozone p.r *3 (1)

As I mole has a volume of

22.4 x 273 + degreeE_gentigrade (c) l_iter (at r

hence, r 11rer ","". = ,^t'-"';r3]llE e) 
atmosphere)

22.4 x T
Consequently, from (1) and (2):

- 10-3 mole ozone 3I ppm ozone per m
)) t e:--!:--:-Y

273

As I mole ozone has a mol-ecular weight of 48 grams (a = l-6):

10-3 x 48 3I ppm ozone = --------" o 9/m ozone
t .. Z /J f U))...4^--13-

For 25 degrees centigrade at f atmosphere:

. I0-3 x 48 3I ppm ozone =.= _ ZSB Sl* : u.00I963 g/m3 = I.963 mg/m3 =
22'a x ffi L963 yq/m3 ozone

' The general formulae:
. molecular weicrhtI ppm = -------- rr1;-f- m$

22.4 x .--r1T-

22 .4 x ?J++c

?

/m

pmmr mglm3 = mol-ecular weight

r49



2. Conversion table of
phur dt)oxidnl ) (ut

ppm to mg/ms and, mg/m3 to ppm for sul-
25 degrees centigrade and I atmosphere)

ppm to mg/ms mg/ns to ppn

0.05 ppm

0.1 ppm

0.2 ppm

0.3 ppm

0.4 ppm

0.5 ppm

I ppm

2.5 ppm

5 ppm

10 ppm

50 ppm

I00 ppm

0.145
0.290
0.580
0.870
1.16
1.45
2.9
7.2

t4.5
29

145

290

,3mglm
,3mglm
,3mg/m

mg/m
,3mglm
.3mglm

mg/m
,3mg/ m

,3mglm
,3mglm
,3mg/m

m9lm3

0. r00
0.250
0.500
0.750
I
r.5
5

10

50

100

200

300

,3mg/m
)

mg/m
a

mglm
,3mg/m

)
mg/m

,3
mg/rn

,Jmg/m
?

m.g/m
,3

mglm
,3mglm
.3

mglm
,3mglm

0 .034 ppm

0.085 ppm

0. I70 ppm

0.255 ppm

0 .340 ppm

0.510 ppm

1.7 ppm

3.4 ppm

17 ppm

34 ppm

68 ppm

L02 ppm

1)Mol-".,ll.r weight of sulphur dioxide z 64 (32 + 2 x 16)
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3. Conversion table
trogen d.ioxider)

of ppm to mg/ms and. mg/ms

(at 25 degrees centigrade
to ppm for ni-
and I atmosphere).

ppm to mg/m3 mg/m3 to ppm

0.1 ppm

0.5 ppm

r ppm

2 ppm

5 ppm

10 ppm

25 ppm

50 ppm

I00 ppm

0. r88

0.94
1. BB

3 .16
9.4

]B.B
47

94

IBB

mglm3

mglm3
,3

mg/m

mglm3
,3

mglm

mglm3
,3

mg/m

mglm3

mglm3

0. r00

0.500
I

?
10

20

50

r00
200

mglm3

mglm3

mglm3

mglm3

m.g/m3
,3mg/m
,3

mglm

mglm3
,3mg/m

0.05 ppm

0.27 ppm

0.53 ppm

2.66 ppm

5.32 ppm

10.6 ppm

26.6 ppm

53.2 ppm

I06.4 ppm

1)-'Molecular weight of nitrogen dioxide: 46 (14 + 2 x 76)

4. Conversion table of ppm

oronnr) (at 25 degrees
ta mg/ms and mg/m3 to ppm for

centlgrade and 1 atmosphere) .

ppm to mg/ms mg/ms to ppn

0.05 ppm

0. I0 ppm

0.25 ppm

0.37 ppm

0.50 ppm

0.75 ppm

r ppm

2.5 ppm

5 ppm

0.098 mglm3

0.196 mglm3

o .490 mglm3

0.725 mglm3

0.980 mglm3

1.4'7 mg/m3

r.96 mglm3

4.g m9lm3

9 . B mglm3

0.100 m9lm3

0.250 mglm3

0.500 mglm3

0.750 mglm3

I mglm3

1.5 mglm3

2 mg/m3
_35 mglm

r 0 m.g/m3

0 .051 ppm

0. I28 ppm

0.255 ppm

0.382 ppm

0.5I0 ppm

0.765 ppm

I.02 ppm

2.55 ppm

5. I ppm

1) 
Mol".rr., weight of ozone: 48 (3 x 16)
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APPEND I X B-I

THE T.N.O. QUESTIONNAIRE ON RESPIRATORY SYMPTOMS.

cEZO:- DH EIDSORG A N I SA TtE I.N.O.
BEVOI.HI\GSO\DI:RZOEX NAAR CHRONISCHE LONGAANDOENINGEN

D.rlum \rn hcr on(ter7o.l

Uur \iln h.t on([.r/o('li

[:nqucl.ur

No.i

(,c\lilcht:,

IlLrr!. \rrilrl

| . !,1't r ij Li:

Dilgi

Uur:'

(-ode no. !nquelL,ur

l------lr,:,:'.r
tls
E6

Es
Ero

la nen

fT-] 13

t2

ja leo

[-T-_l 14

t2

ja neen

-T--l rs
l2

: cijfer3

l----lr' n,t1

ja nen

TT--l r8
t2

ja neen

-T--l re
I2

Ja ben

rT_-l
t2

: ci.ilers

l__lt,

20

21,22

23

24

J! nen

rT--l
t2

Xlschlen

InkiAing. lk 8r u een rrntill !ftgcn sretlfn. die berrekking hcbbcn op u\! borsr.
Wih u hieroF zo\cel mogetit nrcr ,.ja,,of,,neen,' anrwoorJen.t lts ccn rraap n;er
JurJelijk A. /esr u hct nre d"n

I Hoeslcn

HNst u s $i,ilcrs g€$oonlilt bij hel opilran:,
tlloc\trn bii de eer\k \iEarct. tl bii h!t ntur laitn gtoil, ats positiei dniln.r
*ek. Getil nota rcnilil ton ,,t?tbctnt?tt ol eu cilelc Auih).

Horsr n s uinters gcs@trliik overdag - of \ nachts? -

tGe.n notu nent!il \lil spotadirch hoest?n)

Allcil iildio nth\h'il\ t|til d.t e.\,rsaand! \,rdg.il iltct ..ii \t,,ftjt
lttmr*,r'rJ wilq r il I ttcll]t:

Horil u ro vrilwcl d!!cl,jks, wel drjc n)arndcn ptr jaar.l

Op welte lecttijd benl u begonnen lc hoesent,

tI Sputom

Ceefr u s sinters gesoontlik bij hcl opslaln ftuinren op?
topgewil wn tlilinilil hij de ?ertt( sigilret, ol bij het ildar buit.n pdan. att
posiliel aannerleu. D.brgcslikte llililnu neetelteil. Geen nun ne'ncn von
seneet uit d? neuileelhohe).

Geef! u s sinters ge*mrt{it overdag - of s nachrs - fluimen op?
ll:a"dl 2 ilkitileil per due noteren).

Alleen indieil nin\t.nr iiil dcr vtrgua,:de wdg(n net ,.ia, wtttlt
beann*rd vrilog 7 il I steleil:

Geeft u zo vrijwel dagetijks ftuinren op, wel rlrie maanden per jaar?

Op wrlke leefliid i! het opgeven lan fluimen begonnen?

Heeft u i! de afSelopen 3 jaren sel eeN een petiode gehaat lan (cen toenaDe
van)'r hoesten en opgeven lan fluinreo, die n:jt[tens -] ceken duurde?

lndien d.? yroas nrct,.i(" ||o.dt heut\|oord:

Heafi u dit vaker dan 66n keer gehad?

r-Tl
t2

' Codcriog: zie iDslructies

" Deze fohulering gebruilen loor person€n die gewoonlijl hoe5ten en fluiheo opgeven
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lt

t2

t3

III Koil.demigheld

(De vragcn hcbhcn bclrckkin8 oP de door\Bc toe\lrnd
van de ondcr/ochle pchoon in dc *inter)'

Hier een.,l" invullen, wannccr de ondcrlochte persooD (1oor ecn andere

@uaak dan hail- of tongzieklen n)ocilijkhedcn oodervindl b i het loPen.

JA neen

Heefl u last van koatademiSheid, wanrcer u 2ich op vlak lerrein nroet hacr 
|]

ten, of wanneet u een lichte helling. of ctn Irap ln normalc Jas oplooptl t
(.,necn' - sraad l.,.ia' 'dooqaan) 

ja neen

Heefr u last van kortadenriSheid. $annccr u nlcl andere nlen5en van uu leef_ f-T--.l
tiid io normaal tempo op vlak lerrein loopl? 2
(,,ne.n" Rruad 2, ga ilaor vraag 16. ,,io ' dt\,qaan) 

ia neen

M@t u trel eens stilslaao om oP adem le konlen, wanneer u in ue eiSen fT--l
tempo op vlak terrein *andelt? 3

(,,neu' snad 3. sa naor waus 16.,,in ' dt\ryuail)

15 Bent u in rust kortademiS?
(,.nzen" - graad 1, ga noor waag 16. ,.ia dtiligoorl

l5a Soms of altiid?

16 Op welke leeftijd heefl u bemerkt dat u koriademiS was?

(Het on\oord is aanraoilbaar. indk\t qtet ,.rond deze l.eltiid aor.h 8e'

MlcF.de rdcmhslio8

17 Hecft u ooit last van .,piepen op de borsl gehad:'

Zo ia:

18 Heeft u dit de meesle dagen of nachlen?

zo ia:

lEa Heeft u dil vrijwel alle dagen of nachlen?

V Aslur @vrll.n

19 Heft u wel @os in rust aanvallen van benausdheid nret ,,piepen op de borst'
gehad? ( A s t nlaanwll. n)

Zo ia:

20 Op welke leeftijd heeft u de eersle aanval gehad?

(Het @twood is danvaoilbaar, indicn nt?t .rcnd deze l?eltiid \|odt ee-

21 Op welke leftijd heeft u de laatste aanval gehad?

(Het ant\'oord is aanraardbaor, indien met ,,rond deze leellijd" wordt ge

VI In"Hveheate.

22 Heft bet wer hvled op uw ademhalitrg?
(H@t4 opgeven van lluificn, piepen op de botst, kotlddanigheid).

(Als ,,ia" tc @nvutd?il, indicn bep@ldc *eersotnstandigheden duidelijk en
glr.gcld invlocd hebben ).

la neen

l--F
4

soms altijd

TT--l
56
Codering ' E

2 cijfers

26

ir.
21,2t

,a neeo

rT--l
I

ia neeo

ja ncen

TT-I
3

Codering . E2e
ja neen

n---l ,o

t2

2 cijfers

l-----l"r,,r,
2 cijfers

F,".,,

ja nen

[--l---l,'
t2

' fucring: zie iostructies.
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VII Neuscalorh

Heeft u Ba*@nliik last lan cen lcrsloptc ncus of van een looPneus?

Zo io:

Heefl u dil \rijsel dagclijl\. $cl dric nrundeo pcr irilrl'

Heeft u la\l \an..hooikoort\" (gohrJ)l
(Allecn re oanvardtn t)t,i\dtc slnlkil aukilraand nkt rei.oeil-F?hondcil

Zo ia:

(;at u daarbij nleer fluimen op dan getroonlijk?

Zo ia.

VIll Zicktcn vrn de lu.hlsegef,
,a neen

Hec[l u de laat\tc J,aren een ziette un Je lucht$cgen gchrd. sanrdoor u fT--l
uw gewone scrli/rinlheden gedur('nJc ilrinllcns een $eek niet kon verrichtenl

)a neenr-Tl

,a neen

[F r
t2

ja neen

[--f-l l,
t2

ja neen

[-F *
l:

2

,a tren

[-F 't2
2 ciifeB

I l'srs:

Hocveel lan dergclaike perioden heeft u in de laatste 3 iaren gehad? I Cer. f]
3

2 per. of nreer. I
4

Coderi!8 '
Heeft u mit 6dn of nlecr van de volgende aandoeningen gehad:

a (+) eo ongeluk of cen operatie aan uw borstkas?

b (+) een harhandoening?

c (+) en hartklepaandoenin8?

d (+) verhoogde bloeddruk?

e (+) ccn nicraandocning?

f (x) bronchitis?

I (x) longontsteking?

h (x) pleuritis?

i (+) longtuberculose?

j (x) andere borstaandoeningen?

(+)Cod.tittg 0: ne?n l: ia

(\'t Codeilils 0: neen I : l\ 2 = 2r
-, : _lr,.t, -t.xi.... 9 : 9x ol nteer.

Gaarne nadere preisering bij ieder positieI anl$@rd.

IX Roken

30 R@kt u?

Joa HeefI u vreger gerookt?

3l Op welte leeftijd b€nt u trgomen Sereseld te roken?

E
E
EEfl
E
t_l
E
E
fl
tl

iao

at

42

4l

44

,t5

6
17

,at

tlg

I CoderiDg: zi€ inshctiG.
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EEE

l: Indien u her rolen gcslaalr heelr. hoe IanS is dat geledenl*

l-l lndien u het roken rerninderd oi genaakt hecit, is dal drn gebeurd \eecnt
boFlklachten?

Rontve codetiry'

l,'lr no. onderaoeka

(, al.tiltgsruiilte A.B.W.'

H$haling Petsoons no.a

X Ber@IMaruese

wal is uw huidige beroep? HoelanS heeft u dat uitgcoefend? Welke beroepen
beeft u daarv@r gehad? Hoelang?

d Cod"tbtg: huidise b.rt,ep rn dun +

b Codeting: beroep dar hiem66r geduftnle ntiilttil\ 5 Drkutd?il ttttd ilit'
Rco?lend cil dilw'

. CoLluhg: voornadDrtt brn,ep, lar vr,'egar tenl uitgtoeltnd fi& h Ln
duur '

Komr ol kwam u berocplhalvc in aanrakinS mcl chemische damrn, prikke_

lende lassen, slof of rook?*

Krijgt u borstklachten (verergeren u$ borslklachlen)'"'' door Sassen, slof,
r@k of dampen tijdens uq huidiSe *erkzaanhedeD?*
Was dit bij uw vorige werkzamhedeD hct gevall''

welke opleiding beelt u 8ehad?'

OmschrijviDg vaD dc buidige trerkzarmhedeo

Opmerliogen van de traSensleller wat belrefl de risikos van de huidiSe.n
r@gere werkzaamhedeo

f, F,si$h otrdGEel: a PiepeDde of bromnrende roehi

b V&hti8e ronchi

c VerleDgd exspiriun)

Herhaling volg no. oaderioek
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' Codeailg: zia iDstructi6.

" Formuleaiog afhaDkcliik vao hel al of niet beslaan van bontklachleD.
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APPENDIX B-2

DIAGNOSTIC CRITERfA FOR THE DIFFERENT GRADES OF CNSLD.

GRADE O: no respitatorA sAftPtoms: a clear "no" answer to question 3

(persistent cough), question 7 (persistent phlegm), questi-on 9

(at Ieast one chest illness), question 12 (dyspnoea), question
17 (wheezing), and quest.ion 19 (asthmatic attacks) of Lhe TNo

questionnaire on respiratory symptoms,
and
no impaiTment of the Lung function, i.e. FEV1.O%vc not more

than 10% below the predicted value.

respiratarA sAntptoms: a clear "yes" answer to one or more of
the following questions of the TNO questionnaire on respiratory
symptoms:
persistent cough (q\estion 3),
pet,sistent phlegm (question 7),
one chest illness 1"yes" to questj-on 9, "rro" to question 10),
dyspnoea grade II ('ryes'r to question 72, "no" to question 13),
uheez'ing gvade II 1"yes" to question 17, "no" to question 18),
and
a clear "no" answer to question 19 (asthmatic attacks),
and
no impairnent of the Lung function, i.e. FEv1..%vc not more
than 10% below the predicted value.

Erception: If dyspnoea grade Ir will be found in combination
with two or more "yes" answers to the above mentioned questions,
this combination is placed in grade 2.

respiv.atot'A sAmPtoms I

a. a clear "yes" answer to one or more of the following ques-
tions of the TNO questionnaire on respiratory symptoms:
mare than one chest illness (question 9 and 10),
dyspnoea grade III (question 13),
aheezing grade III (question 18),
asthmatic attacks (question 19).

b. aII other combinations, that do not fulfil the criteria of
grade 1 and 3,

cLnd/or
slight to moderate irnpait:ment of the Lung function, i.e.
FEV1.O%VC LO-2Oe" below the predicted value-

respiTatorA sAmptamsl
a "yes" answer to aLL of the following questions of the TNO

questionnaire on respiratory symptoms:
pel"sistent cough (question 3),
pev,sistent phlegm (question 7),
more than one chest illness (question 9 and 10),
dyspnoea grade fII (question 13),
aheezzng grade III (question 18),
asthmatic attacks (question 19),
and/ov,
maderate to seDere irnpairnent of the Lung function, L.e-
FEV1.O%VC more than 20% below the predicted value.

GRADE 1:

GRADE 2:

GRADE 3:
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APPENDIX C

FIGURtsS C 1 TO 5 SHOWING fEE DAIIY ivIEAN SCORE-DIFFERENCES BE-

TWEEN WAARDINGEN A}ID O,MMO]ORD' F:OR THE RESPIRATORY SY}IPTOMS AND

IRRITATION OF TITE EYES I ACCORDING TO DEGREE, O.F,' CNSLD '

FIGURE. C 6 SHOWING THE DAftY ME.A}I OF TITE DI.FFERENCES IN trPER-

CENTAGE DIFFERENCE FROM THE MEAN'' BETWEEN VLAARDINGEN AND OM-

IVIOORD FOR THE PEAK FI'OW VAIUES, ACCORDING TO DEGREE OF CNSLD.
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FIG. C I. THE DAILY MEAN SCORE_DIFFERENCE WTTH RESPECT TO THE

SYMPTOM caugh ACCORDING TO DEGREE OI' CNSLD.
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FIG. C 2. THE DAILY MEAN SCORE-DIFFERENCE WITH RESPECT TO THE

SYI'IPTOM phLegm ACCORDING TO DEGREE OF CNSLD.
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FTG. C 3. Ti]E DAILY MEAN SCORE-DIFFERENCE WITH RESPECT TO THE

SYMPTOM dyspnoea ACCORDING TO DEGREE OF CNSLD.
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F]G. C 4. THE DAILY MEAN SCORE-DIFFERENCE I{ITH RESPECT TO THE

SYMPTOM uheezing ACCORDING TO DEGREE OF CNSLD.
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trIG. C 5, THE DAILY MEAN SCORE-DIFFERENCE WITH RESPECT TO THE

SYMPTOM írritatíon of the elles ACCORDING TO DEGREE OF

CNSLD.
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FIG. C 6. THE DATLY MEAN OF THE D]FFERENCES IN,'PERCENTAGE

DIFFERENCE FROM THE MEAN'' WITH RESPECT TO THE

peak flou ualues ACCORDING TO DEGREE OF CNSLD.
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IRBITÊTION OF THE EYES

- 
CNSLD GBÊDE O

--- CNSLD GRÊDE 1

--- CNSIO GBFDE 2 + 3

ñt

196

r 1973

0

1

2+3

FLOV

GBFOE

GBÊDE

GBÊDE

i, ià
ï iì.'.'

1,
\,/

-i\.l,Xv



APPENDIX D

F'IGURES D I TO 10 SHOWTNG THE DAILY CONCENTRATIONS OE THE AIR
POLLUTANTS IN VLAARDINGEN AND OMMOORD.
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FIG. D I. THE 24-houy, aÐerage CONCENTRATION OF suLphur dioríde
IN VLAÀRDINGEN AND OMMOORD (]N MICROGR¡US,/¡,T3).
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FIG. D I. THE 24-houy, aÐerage CONCENTRATION OF suLphur dioríde
IN VLAÀRDINGEN AND OMMOORD (]N MICROGR¡US,/¡,T3).
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NITROGEN MONOXIDE
DAILY AVERAGE
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F'IG D 9 " T'HE 24-hour ctuerage CONCENTRATION OF aldehydes IN
VLAARDINGEN AND OMMOORD (IN MICROGRAMS/M3).
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APPENDIX E

FIGURES E 1 TO 4 SHOWING THE TEMPERATURE AND RELATIVE HUMIDITY

IN VLAARDINGEN AND OMMOORD DURING THE YEAR OF INVESTfGATION.
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FTG. E 1. THE maæimum temperatuz'¿ Il{ VLAARDINGEN AND OMMCORD

DURING THE YEAR OF INVESTIGATTON (IN CENTIGRADES).
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FIG. E 2. THE minimum tempeTature IN VLAARDINGEN AND OMMOORD

DURING THE YEAR OF INVESTTGATION (IN CENTIGRADES).
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FIG. E. 3. THE ma.x:imum relatiue humíditg lN VLAARDINGEN AND

OMMOORD DURING THE YEAR OF INVESTIGATION (AS PER_

CENTAGE).
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FIG. E 4. THE minimum relatiue humídíúy fN VLAARDINGEN AND

OMMOORD DURING THE YEAR OF INVESTIGATION (AS PER-

CENTAGE).
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TABLES

SHOWING THE ACTUAL VALUES PLOTTED IN THE GRAPHS IN THE

APPENDICES C, D, AND E.
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LIST OF ABBREVIATIONS

CNSLD Chronic. No.n-specific Lung'Dlsease

FVC 'Forced vital eapacity
vc Vita.l CaPacitY (insPi.ratorY)

FEVf ..0 Fore,ed Explratorl, VolUrne fiedEurEil O\rer one seciond

EEV1.oB Ve FEVI.o exples,sed as a percentage of the obsetved

Vlta1 CaPacitlz
MMFR Maximun Mid-e.xpiratorlr I'low Rate

i*r* .t 5OB VC Maximum flow at 50 per cent of the Qbserveil
Vital CapacitY

No Nitrogen mo4oxide
NO2 Nitrogen dioxide
Soz Sulphur dioxide

ppm part Per mll-Iion
mq/m3 milltgrams, per cubic meter

,3VS/n' microgram€ Per cubic meter

ECSC E,rropea.n Coal and Steel Communitlr

MBC Medl-ea1 Researeh eounc.il
TNO To'egepast Natuurwetenschappelijk onderzoek

(APPli'ed Scientiflc Researeh)

WIIO World Health Organizatio,n
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