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Uitgaande van de gangbare definities, zoals gebruikt in de beschrijving 
van integrale persoonlijke blootstelling aan luchtverontreiniging, kan 
de woning meestal niet gezien worden als een 'micro-environment'. 
(Dit proefschrift) 

2. 

Blootstellingsmaten voor luchtverontreiniging, gebaseerd op de aan- of 
afwezigheid van bronnen van NO2 en respirabel stof in de woning, zijn 
in de regel onvoldoende nauwkeurig voor het gebruik in epidemiologisch 
onderzoek. 
(Dit proefschrift) 

3. 
De observatie dat populaties in verschillende Nederlandse regio's ver­
schillen in longfunctie parameters en CARA. prevalentie, kan niet zonder 
meer verklaard worden door verschil in blootstelling aan luchtverontrei­
niging in de buitenlucht, aangezien er ook regionale verschillen kunnen 
zijn in blootstelling aan luchtverontreiniging in de woning. 
Maas, P.J. van der (1979), CARA bij kinderen. Proefschrift Erasmus 
Universiteit, Rotterdam. 
Lende, R. van der (1981), Buil Europ Physiopath. Resp. 17, 775- 792. 

4. 
Aangezien er nauwelijks inzicht bestaat in het huidige ventilatiegedrag 
van bewoners, noch in de drijfveren daarvoor, en aangezien bovendien 
nauwelijks duidelijk is welk ventilatiegedrag wenselijk is, valt van 
een voorlichtingscampagne ter verbetering van ventilatiegedrag weinig 
effect te verwachten. 

5. 
The suggestion 'that all monitoring programs should be directed toward 
the formulation and validation of indoor air quality models, rather 
than toward the characterization of the (US) housing stock' is 
unjustified. 
Moschandreas, D.J. (1982), J. Air Poll. Contr. Assoc. 22, 904-906. 

6 . 
When reading standard textbooks on statistics or books on computers, 
one may easily gain the notion that a statistical analysis done on the 
computer is a fairly simple one-step operation; however, real life is 
not so simple, since each stage of the analysis uncovers information 
that affects the subsequent steps. 
After: Dixon, W.J. ed. (1981), BMDP Statistical Software, University 
of California, Berkeley. 
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7 . 

De door Toffler beschreven 'demassificering' van de samenleving kan 
in de toekomst voor de milieu-epidemiologie tot gevolg hebben dat het 
retrospectieve en dwarsdoorsnede onderzoek naar oorzaken van chroni­
sche aandoeningen nog moeilijker wordt. 
Toffler, A. (1980), The third wave. Pan Books Ltd., Londen. 

8. 

De besluitvorming rond problemen van verontreiniging in de woonomgeving 
zou kunnen verbeteren, indien, naast een risico-analyse, ook onderzoek 
naar de risico-perceptie van de betrokkenen zou worden uitgevoerd. 

9 . 

In zijn evaluatie van het effect van een pakket thermische isolatie­
maatregelen op de luchtinfiltratie in bestaande woningen,besteedt Meijer 
onvoldoende aandacht aan de mogelijkheid dat bewoners hun (ventilatie)-
gedrag veranderd kunnen hebben nadat de isolatiemaatregelen zijn uit­
gevoerd. 
Meyer, L.A. (1981), Energiebesparing in de soai-ale woningbouw; bespa­
ring op ruimteverwarming in theorie en praktijk. Proefschrift Rijks­
universiteit Groningen. 

10. 

Het verdient aanbeveling om in het onderzoek naar het zogenaamde 'sick 
building syndrome' meer aandacht te besteden aan wat Naisbitt omschreef 
als de 'high tech/high touch balance'. 
Naisbitt, J. (1984), Megatrends. Warner Books Ine, New York. 

11. 

In de reclame voor afvoerloze petroleum-kachels dient de verwijzing 
naar een TNO-rapport, dat de onschadelijkheid van de verbrandingsgassen 
zou aantonen, vervangen te worden door de waarschuwing, dat deze kachels 
de NC>2-concentratie in de woning aanmerkelijk kunnen verhogen. 
TNO Hoofdgroep Maatschappelijke Technologie, rapport nr. 8711-60654, 
Apeldoorn. 
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STRUCTURE OF THIS REPORT. 

The subjec t of a i r po l lu t ion in homes i s of i n t e r e s t for people from 
various backgrounds. Medical d o c t o r s , env i ronmen ta l i s t s , bui ld ing eng i ­
n e e r s , publ ic heal th o f f i c e r s , gas indus t ry and consumer o rgan isa t ions a l l 
have to deal with indoor a i r qua l i t y problems in one way or the o the r . I t 
i s the re fore necessary t o introduce b r i e f l y several i s sues of indoor a i r 
p o l l u t i o n , which may be commom knowledge for some readers but not for 
o t h e r s . 

The r epo r t i s devided in two p a r t s ; one which descr ibes the study and one 
which conta ins the r e s u l t s . The f igures and t ab l e s are separated from the 
t e x t . 
In pa r t 1 , the subjec t of a i r po l l u t i on in homes and the background of the 
study are introduced in chapter 1 . Chapter 2 gives an overview of indoor 
a i r po l lu t ion research methodology and sketches the cu r r en t s t a t e of knowl­
edge. In chapter 3 , the study design i s presented; t h i s chaper i s arranged 
according to the th ree main measurement programs which form the body of the 
s tudy. The s t a t i s t i c a l t echn iques , which were used for the data ana lys i s in 
p a r t 2 , are b r i e f l y introduced in the f inal p a r t of chapter 3 . 

Pa r t 2 p resen t s the r e s u l t s of the s tudy. F i r s t , a de sc r ip t i on i s given of 
some general c h a r a c t e r i s t i c s of the homes which were s t u d i e d . In chapters 3 
to 6 , the measurement r e s u l t s for the p o l l u t a n t s under study are t r e a t e d 
s e p a r a t e l y . In these c h a p t e r s , the a s soc ia t ions between indoor p o l l u t a n t 
l e v e l s and c h a r a c t e r i s t i c s of the homes are described and each chapter ends 
with a summary and d i scuss ion . In the f inal chap te r , a general d iscuss ion 
on a i r po l lu t ion in Dutch homes i s given from the perspec t ive of publ ic 
h e a l t h . 



"The equat ions are not r e l i a b l e when applied to i n d i v i d u a l s , 
as you well know. They only deal with humanity in mass." 

Isaac Asimov; Foundat ion 's Edge. 
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CHAPTER 1. INTRODUCTION 

1 . 1 . General in t roduc t ion 

Due to the "oi l c r i s i s " of 1973, the balance between the need for c lean 
indoor a i r and the need for thermal comfort and p ro tec t ion aga ins t outdoor 
p e r i l s has been d is turbed by increas ing r e s i d e n t i a l energy cos ts .The "oi l 
c r i s i s " led to governmental campaigns by which occupants were encouraged to 
reduce domestic energy consumption. 
A c t i v i t i e s l i k e i n s u l a t i n g homes and sea l ing up the bui ld ing envelopes were 
subsidized by the Dutch government a f t e r 1973. Overly e n t h u s i a s t i c occu­
pants even sealed v e n t i l a t i o n duc t s . More r e c e n t l y , t he re has been a t en ­
dency to change to o the r (and cheaper) heat ing systems, such as wood s toves 
and kerosene h e a t e r s . The a c t i v i t i e s to reduce energy consumption and 
expenses led to new sources of indoor p o l l u t a n t s and simultaneously the 
d i lu t i on of these p o l l u t a n t s was l imi t ed by the reduction of v e n t i l a t i o n of 
the homes. 

Pa ra l l e l to t h i s , new ma te r i a l s and new chemicals which were used for 
c o n s t r u c t i o n , wood conserva t ion , home decorat ion and for the f ab r i ca t ion of 
a wide ar ray of o the r consumer products were introduced in to the homes. 
Concern t h a t these developments might lead to an unacceptable d e t e r i o r a t i o n 
of indoor a i r q u a l i t y was expressed among o the r s in the l a t e Sevent ies in 
p re sen ta t i ons a t the Symposium on Indoor Climate, Copenhagen (Fanger and 
Valbjtfrn 1979) and a t an i n t e rna t i ona l workshop "Health aspec ts r e l a t e d to 
indoor a i r q u a l i t y " , organized by the World Health Organizat ion, Bilthoven 
(WHO 1979). In the same y e a r , the Dutch Minis ter of Public Health and 
Environmental Pro tec t ion addressed the Public Health Council with a reques t 
to advice him on minimal v e n t i l a t i o n requirements in homes, needed for 
acceptable indoor a i r q u a l i t y . 

Although nonoccupational indoor a i r po l lu t ion goes back to the time when 
p r e h i s t o r i c man s t a r t e d to use open f i r e s in enclosed spaces , the systema­
t i c research e f f o r t s in t h i s f i e l d are from a r a the r recent da t e . In public 
heal th l i t e r a t u r e , a i r po l lu t ion has mainly been considered as an outdoor 
phenomenon. In the Dutch Law on Air Po l lu t ion (Anonymus 1973) a i r po l lu t ion 
i s , by d e f i n i t i o n , e x p l i c i t l y r e s t r i c t e d to the ambient atmosphere. 
Besides domestic energy conservat ion and the in t roduc t ion of new ma te r i a l s 
in the home, another fac to r has sh i f t ed a t t e n t i o n from outdoor to indoor 
a i r p o l l u t i o n : the recogni t ion of the e x i s t i n g t i m e - a c t i v i t y p a t t e r n s of 
people in western i n d u s t r i a l i z e d s o c i e t i e s . Most people spend about 16 to 
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17 hours per day in t h e i r home (Szalal 1972, Chapin 1974, Knulst 1978). The 
actual exposure to outdoor a i r po l l u t i on i s thus l imi t ed to shor t per iods 
of t ime. Furthermore, the e a r l i e r s t ud i e s on indoor a i r po l lu t ion have 
shown t h a t indoor l e v e l s could be qu i t e d i f f e r en t from the outdoor l e v e l s , 
depending on type of p o l l u t a n t and c i rcumstances . 
In most epidemiological s tud ies in the p a s t , populat ion exposure es t imates 
were based on ambient a i r po l l u t i on l e v e l s which were measured a t one or a 
few fixed monitoring s t a t i o n s . In some c a s e s , exposure es t imates were based 
on whether people were l i v i n g in an i n d u s t r i a l i z e d or a rura l a r ea . As a 
r e s u l t of r egu la to ry ac t ions based on, among o ther f a c t o r s , the f indings of 
e a r l i e r hea l th e f f e c t s t u d i e s , the c o n t r a s t s in ambient a i r po l lu t ion 
l e v e l s 1n time and place are now smaller than in the f i r s t ha l f of t h i s 
century with i t s more severe a i r po l l u t i on ep i sodes . I t i s , t h e r e f o r e , 
ques t ionable whether the use of t r a d i t i o n a l exposure es t imates i s s t i l l a 
v a l i d approach in epidemiological s t u d i e s , given the time use of people and 
the d i f ferences between outdoor and indoor a i r po l lu t ion l e v e l s . 
In the S i x t i e s , B ie r s t eker and de Graaf(1967) were among the f i r s t to 
recognize the impl ica t ions of indoor a i r po l lu t ion for heal th e f f e c t s t u ­
dies on a i r p o l l u t i o n . I t 1s now genera l ly acknowledged t h a t ob ta in ing 
accura te exposure measures i s one of the most complicated t asks in the 
design of such epidemiological s t u d i e s . 

1.2. The concept of i n t e g r a t e d personal exposure 

Personal exposure to a p o l l u t a n t can be defined as the event when a person 
comes in to con t ac t with a p o l l u t a n t of a c e r t a i n concent ra t ion during a 
c e r t a i n time per iod {Ott 1980). while exposure to a p a r t i c u l a r p o l l u t a n t 
may occur s imultaneously through var ious pathways such as a i r , water , so i l 
and food (Behar 1979), only exposure to a i r po l lu t ion wil l be discussed 
he r e . 

The concent ra t ion of a p o l l u t a n t a t a c e r t a i n loca t ion va r i e s in t ime, and 
d i f f e r en t l oca t ions have d i f f e r en t c o n c e n t r a t i o n s . The de f in i t i on of per ­
sonal exposure impl ies t h a t person and po l lu t ion are a t the same place a t 
the same t ime . People there fore encounter d i f f e r en t concen t ra t ions of 
var ious durat ion a t d i f f e r en t l o c a t i o n s , when moving from one loca t ion to 
the o the r during t h e i r normal da i ly a c t i v i t i e s . The dura t ions ( t ) of the 
exposure of an individual ( i ) to a concent ra t ion (C) over a time period 
( t a ) , i s taken in to acount by the i n t e g r a t e d personal exposure (E) (Bennet 
1982, Ott 1980,1982): 
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E = 0 / t a C ( t ) d t (ng .nT 3 . h ) (1) 

or more convenien t ly , as time-weighed average, 

E =JL . J t a C ( t ) d t (u-g.nf3, during period t a ) (2) 
t a 

This de f in i t i on does not imply any preference for any of the various ways 
in which exposure can be described in exposure-response r e l a t i o n s h i p s . From 
the perspec t ive of poss ib le hea l th damage, other components of exposure to 
a p o l l u t a n t , such as the magnitude of peak concen t r a t i ons , i n t e r v a l s ( r eco ­
very time) between peak exposures , durat ion of the exposure , e t c . , may be 
more appropr ia te t o descr ibe exposure-response r e l a t i o n s h i p s , depending on 
the p o l l u t a n t and the e f f e c t under s tudy. 

Locations with a homogeneous p o l l u t a n t concentra t ion in space and time were 
c a l l e d "microenvironments" by Ott (1980) . Groups of s imi l a r l oca t i ons were 
r e fe r r ed to as "microenvironment type" by Duan (1981), " loca t ion" by Fugas 
(1975) and "environmental mode" by Moschandreas and Morse (1979) . In the 
fol lowing, the term "microenvironment" wil l be used. 
For J d i f f e r e n t microenvironments, the in teg ra ted personal exposure can be 
formulated a s : 

E = Z Ojj . t ^ j ( i ig.m" 3 .h) (3) 
j = l 

or as time-weighed average, 

E = Z Cjj . / z t n -j (u.g.n~ 3 ,during period t j j ) (4) 
j = l 

where Cjj i s the concent ra t ion in microenvironment ( j ) in which an i n d i v i ­
dual ( i ) remained during a time period t^y 

The in t eg ra t ed personal exposure can be assessed d i r e c t l y through measure­
ments with personal monitoring dev ices , a t tached to persons during t h e i r 
normal da i ly a c t i v i t i e s . 
In an i n d i r e c t approach, i n t eg ra t ed personal exposure can be ca l cu l a t ed 
with formula (3) or ( 4 ) , using data about the time people spend in d i f f e ­
r en t microenvironments and about the p o l l u t a n t concentra t ion in these 
microenvironments.Many d i f f e r e n t microenvironments (with dimensions of 
space and time) can be i d e n t i f i e d , but doing so l i m i t s the f e a s i b i l i t y of 
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assess ing time a l l o c a t i o n and p o l l u t a n t concent ra t ion with s u f f i c i e n t time 
r e s o l u t i o n . Moschandreas and Morse (1979), for i n s t a n c e , have i d e n t i f i e d 
s ix d i f f e r en t environmental modes ( the occupa t iona l , the i n - t r a n s i t , the 
r e s i d e n t i a l , the ambient, the o f f ice and the " o t h e r s " ) , but some o the r s 
have used up to 18 mlcroenvironments. 

Data from time budget surveys can be useful to es t imate the time a l l o c a t i o n 
of people in d i f f e r e n t microenvironments, with c e r t a i n assumptions about 
the loca t ions where the r e g i s t e r e d a c t i v i t i e s take p l a c e . 
For the Nether lands , the average time a l l o c a t i o n of 2730 people of 12 yea r s 
and o lder was c a l c u l a t e d from the o r ig ina l data of a time budget survey 
c a r r i e d out in October and November 1980 ( t a b l e 1 ) . 
Table 1 shows t h a t , in the Nether lands , people spend about 90 % of t h e i r 
time indoors , and 70 % 1s spent a t home. J u s t as in many o the r coun t r i e s 
(National Research Council 1981), on the average only one to a few percent 
of the time 1s spent out of doors . 
The time use of spec i f i c populat ion groups may deviate s u b s t a n t i a l l y from 
the average time a l l o c a t i o n of the general popula t ion . Farmers, for i n ­
s t a n c e , wi l l spend more time outdoors than average, while in fan t s j u s t as 
e l d e r l y and d isabled people wi l l spend more of t h e i r time in the home. 

To assess the i n t e g r a t e d personal exposure, research e f f o r t s must be d i ­
rec ted to c r i t i c a l mlcroenvironments. C r i t i c a l microenvironments a re those 
t h a t have a l a rge con t r ibu t ion to the i n t eg ra t ed personal exposure . From 
formula (3) i t can be seen t h a t mlcroenvironments with a high value for the 
product of p o l l u t a n t concent ra t ion with time a l l o c a t i o n can be considered 
as c r i t i c a l mlcroenvironments. 
With the f igures of time use in mind, i t i s evident t h a t , in genera l , 
outdoor a i r po l l u t i on can only have a subs t an t i a l con t r ibu t ion to the 
In t eg ra t ed personal exposure when outdoor p o l l u t a n t l eve l s are s im i l a r t o , 
or many times higher than those encountered in b u i l d i n g s . 

1 .3. Background and ob jec t ive of the study 

In 1980, a study was i n i t i a t e d regarding the i n t e g r a t e d personal exposure 
of people to a i r p o l l u t i o n , with specia l reference to the poss ib le heal th 
e f f e c t s of the exposure . The i n v e s t i g a t i o n was conducted by the Department 
of Environmental and Tropical Health and the Department of Air Pol lu t ion of 
the Agr icu l tura l Univers i ty Wageningen and was began with a l i t e r a t u r e 
survey on indoor a i r po l lu t ion and publ ic heal th (Bole i j and Brunekreef 
1982). 
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The subjec t of t h i s t h e s i s i s the f i r s t s tep in the staged assessment of 
personal exposure. 
The ob jec t ive of t h i s f i r s t s tep was the c h a r a c t e r i z a t i o n of the typ ica l 
p o l l u t a n t l e v e l s ins ide Dutch homes, in r e l a t i o n to p r o p e r t i e s of the home 
and occupants , from a perspec t ive of i n t eg ra t ed personal exposure and 
publ ic h e a l t h . 

The c h a r a c t e r i z a t i o n of a l l known indoor a i r p o l l u t a n t s would be beyond the 
scope of the s tudy. Therefore, the study was i n i t i a l l y r e s t r i c t e d t o : 

carbon monoxide (CO) 
ni t rogen dioxide (N0 2) 
r e s p i r a b l e suspended p a r t i c l e s (RSP) 

The se l ec t ion of these general a i r p o l l u t a n t s was based on the following 
c o n s i d e r a t i o n s . 
F i r s t , these p o l l u t a n t s have known indoor and outdoor sources in the 
Nether lands . Second, these p o l l u t a n t s a re generated by a l imi ted number of 
indoor sources . Third , heal th e f f e c t s of these p o l l u t a n t s have been docu­
mented. In p a r t i c u l a r , indoor exposure to N02 and RSP i s suspected of 
playing a {yet not fu l ly understood) r o l e in the ae t io logy of chronic non­
spec i f i c lung disease(CNSLD). These p o l l u t a n t s were a l so recommended for 
fu r the r study by Working Groups on Indoor Air Po l lu t ion of the WHO (WHO 
1979a,1982). 

La te r , the study was extended to V o l a t i l e Organic Compounds (VOC). The 
i n t e r e s t in VOC stems from the recen t d i scover ies t h a t chemical waste in 
the so i l of urban areas may a c t as a source of indoor a i r po l lu t ion and 
e s p e c i a l l y of VOC. The determination of VOC leve l s in Dutch homes was 
c a r r i e d out in cooperat ion with the National I n s t i t u t e for Public Health 
and Environmental Hygiene, Bi l thoven. In the case of VOC, the study ob jec ­
t i v e was to generate a data base of typ ica l indoor l e v e l s of VOC, aga ins t 
which l e v e l s in homes b u i l t on po l lu t ed so i l could be eva lua ted . 

Additional funds for the study were granted by the Ministry of Housing, 
Physical Planning and Environment. 

1.4. Brief desc r ip t ion of the p o l l u t a n t s under study 

Carbon monoxide 

Carbon monoxide (CO) i s a gas generated by incomplete combustion of f o s s i l 
f u e l s . CO i n h i b i t s the t r a n s p o r t of oxygen in the body by forming carboxy-
hemoglobin (COHb) in the blood. I t s a f f i n i t y to red blood ce l l hemoglobin 
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1s about 240 times s t ronger than t h a t of oxygen. Elevated carboxyhemoglobin 
l e v e l s can cause symtoms such as headache, d i z z i n e s s , nausea and a l so an 
increased r i sk of angina p e c t o r i s in people with coronary a r t e r y d i sease . 
Very high l e v e l s cause asphyxia and death (WHO 1979b). 
The Dutch Health Council (1975) has recommended maximum values for ambient 
carbon monoxide: 40 mg/m3 (1-hour average) i s not to be exceeded more than 
once a week; 10 mg/m3 (8-hour average) i s not to be exceeded more than once 
a month. With CO concen t ra t ions below these g u i d e l i n e s , the carboxyhemo­
globin level s t ays below 2 .5 -3 .0 %, a level considered safe for the general 
popula t ion , inc luding s e n s i t i v e i n d i v i d u a l s . In the per iod from April 1981 
to March 1983 these guide l ine values were not exceeded by ambient concen­
t r a t i o n s measured a t the s t a t i o n s of the National Monitoring Network (RIV 
1981, RIV 1982). In the Nether lands , 1-hour average ambient CO l eve l s of 
l e s s than 5 mg/m3 a re t y p i c a l . 

Nitrogen d i o x i d e 

Nitrogen dioxide ( N O 2 ) i s formed in combination with NO, from atmospheric 
ni t rogen and oxygen in high temperature combustion p rocesses . From the 
po in t of view of hea l th e f f e c t s , NO i s r e l a t i v e l y harmless . N0 2 , however, 
can denaturate the chemical s t r u c t u r e s in pulmonary t i s s u e s due to i t s ox i ­
dizing p r o p e r t i e s . Furthermore, there are i nd i ca t i ons from animal e x p e r i ­
ments t h a t N02 can reduce r e s i s t a n c e aga ins t airway i n f e c t i o n s . Experiments 
with heal thy human volunteers have shown t h a t exposure to N02 can increase 
the airway r e s i s t a n c e and can increase the s e n s i t i v i t y to s t imul i which 
lead to b roncho-cons t r i c t ion (WHO 1977). In s h o r t , N0 2 i s suspected to 
cause , aggrava te , or maintain r e s p i r a t o r y d i s e a s e . 

The proposed Dutch a i r qua l i ty s tandard for outdoor N02 are aimed e s p e c i a l ­
ly a t prevent ing shor t - te rm peak concen t ra t ions (Dutch Health Council 
1979): a value of 150 ug/m 3 (24-hour average) 1s not to be exceeded more 
than one day per y e a r ; the 1-hour average va lue , not to be exceeded more 
than once a y e a r , i s 300 ug/m 3 . 
In the per iod from April 1981 to March 1983, 24-hour average ambient con­
c e n t r a t i o n s of about 30 ug/m 3 were typ ica l in the Netherlands (CBS 1982, 
CBS 1983). Occas ional ly , the proposed s tandard was exceeded a t monitoring 
s t a t i o n s near roads with a high t r a f f i c densi ty (RIV 1982). 

R e s p i r a b l e suspended p a r t i c l e s 

Respirable suspended p a r t i c u l a t e mat ter (RSP) i s the f r ac t ion of a i rborne 
p a r t i c l e s with an aerodynamic s i z e of < 10 urn and, depending on d e f i n i t i o n , 
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a 50 % cu t -o f f a t an aerodynamic s i ze of 2 .5 to 5 urn (ISO 1981). RSP i s the 
s ize f rac t ion which can pene t ra t e in to the lower a i rways . 
Various e f f e c t s of RSP on human hea l th have been descr ibed: chronic non­
spec i f ic lung d i s ea se , mutagenic and carcinogenic e f f e c t s and spec i f i c 
tox ico log ica l e f f e c t s ( e . g . for l e a d ) . Much of the e f f e c t s of RSP depend on 
physical s t r u c t u r e and chemical p r o p e r t i e s . 
The standard for outdoor p a r t i c u l a t e mat ter in the Netherlands i s only 
appl icab le for 'Standard Smoke' measurements and i s r e l a t e d to ambient S O 2 
l e v e l s . According to the US primary s tandard for outdoor p a r t i c u l a t e mat­
t e r , a 24-hour average concent ra t ion of t o t a l suspended p a r t i c u l a t e mat ter 
(TSP) of 260 ug/m 3 should not be exceeded, while the annual geometric mean 
TSP level should not exceed 75 ug/m 3 . In a rev i s ion of the s tandard i t i s 
proposed to replace TSP by an i n d i c a t o r for p a r t i c l e s of l e s s than 10 
um(PM 1 0). The proposed 24-hour average PM 1 Q - l imi t ranges between 150-250 
ug/m 3 , while the annual ar i thmic mean PMj^-limit ranges from 50-60 ug/m 3 

(EPA 1984). 
Typical outdoor TSP l e v e l s in the Netherlands are between 40-90 ug/m 3 (24-
hours average) with occas ionalvalues up to 200 ug/m 3 (CBS 1982, 1983). 

V o l a t i l e o r g a n i c compounds 

The term v o l a t i l e organic compounds (V0C) r e f e r s to a wide range of a i r 
contaminants , from the lower weight , s t r a i g h t - c h a i n s a t u r a t e d hydrocarbons 
to more complicated s t r u c t u r e s a s , for i n s t ance , ch lo r ina t ed aromatic 
compounds. An equal ly wide range of tox ico log ica l e f f e c t s i s described for 
V0C or t h e i r m e t a b o l i t e s . For the most p a r t , the repor ted e f f e c t s are 
derived from animal experiments , or from i n v e s t i g a t i o n s of occupational 
exposures . Among o t h e r s , i r r i t a t i o n of skin and mucous membranes, l i v e r and 
kidney damage and carcinogenic and neurotoxic e f f ec t s have been found for 
s e l ec t ed V0C (National Research Council 1981). 
Ambient concen t ra t ions of most individual V0C remain below 5 ug/m 3 . For 
toluene and xylenes ambient l eve l s of a few tens of ug/m 3 are t y p i c a l , but 
in areas with high t r a f f i c dens i ty , l eve l s of over 100 u g / 3 have been 
found. The ambient l e v e l s of V0C are usual ly o rders of magnitude lower than 
occupational s t anda rds . 
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CHAPTER 2 . INDOOR AIR POLLUTION RESEARCH; AN OVERVIEW 

2 . 1 . In t roduct ion 

Probably the f i r s t person who s tud ied an indoor a i r po l lu t ion problem in 
the Netherlands was Fokker (1884). In publ ic gather ing p l a c e s , he exposed 
r a b b i t s to a i r po l lu t ed with tobacco smoke and determined CO-levels in the 
blood of the animals . Since the m i d - s i x t i e s , indoor a i r po l lu t ion has 
received an increased a t t e n t i o n and more s o p h i s t i c a t e d measurement t e c h n i ­
ques were adopted. In 1972, Benson e t a l . compiled a l i t e r a t u r e review 
which included 77 references of mostly r ecen t ly published work. In the 
following yea r s several hundreds of pub l i ca t ions with relevance to some 
aspec t s of the f i e l d of indoor a i r po l lu t ion have been issued (National 
Research Council 1981). 

In genera l , the f a s t growing body of l i t e r a t u r e on indoor a i r po l lu t ion i s 
compiled from d i f f e r en t d i s c i p l i n e s . The d i f f e r en t pe r spec t ives of, for 
i n s t a n c e , the gas i ndus t ry , v e n t i l a t i o n engineer ing , energy conservat ion 
and public hea l th p ro tec t ion have led to a very fragmentary c h a r a c t e r of 
the l i t e r a t u r e , s ince research o b j e c t i v e , Instrumentat ion and study design 
were ( in p a r t ) determined by the background of the research i n s t i t u t e o r 
sponsor. This hinders a systematic assessment of the l i t e r a t u r e and makes 
i t d i f f i c u l t to compare the r e s u l t s of the d i f f e r en t i n v e s t i g a t i o n s . 

In t h i s c h a p t e r , the indoor a i r qua l i t y research wi l l be c l a s s i f i e d in to 
th ree main approaches, each with a d i f f e r en t emphasis on the f ac to r s i n ­
f luencing indoor a i r p o l l u t i o n . After these th ree approaches have been ou t ­
l i n e d , the c u r r e n t s t a t e of knowledge wi l l be summarized for the p o l l u t a n t s 
under s tudy. 

2 . 2 . Indoor a i r po l l u t i on research methodology 

Research on indoor a i r qua l i t y can be c l a s s i f i e d in a mechanis t i c , case 
study and survey approach, depending on the emphasis t h a t i s put on d i f f e r ­
ent aspec t s of the f ac to r s t h a t cont ro l indoor a i r q u a l i t y , and the sca le 
of the i n v e s t i g a t i o n . The f ac to r s t h a t inf luence the p o l l u t a n t l eve l s 
within a s t r u c t u r e are the a i r q u a l i t y ou ts ide the s t r u c t u r e , a i r exchange 
with the e x t e r i o r , p o l l u t a n t production within the s t r u c t u r e , the geometr i­
cal p r o p e r t i e s of the s t r u c t u r e and the removal of p o l l u t a n t by chemical 
r e a c t i o n s , depos i t ion , e t c . . 
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lance equation (5) i s often used to describe the process of 
generat ion and e l imina t ion of indoor a i r po l lu t ion {National Research 
Council 1981). 

dCi 
V = P - E - Q (Ci - Co) (5) 

V = volume of the s t r u c t u r e (m 3) 
Ci = p o l l u t a n t concent ra t ion in the s t r u c t u r e (ug/m 3) 
P = emission r a t e of the p o l l u t a n t ins ide the s t r u c t u r e (ug/h) 
E = e l imina t ion r a t e of the p o l l u t a n t through chemical and 

physical processes (ug/h) 
Q = a i r exchange r a t e with the e x t e r i o r (m 3 /h) 
Co = p o l l u t a n t concent ra t ion ou t s ide the s t r u c t u r e (ug/m 3 ) 
t = time (h) 

This model app l i e s to a s ing le well-mixed compartment; more e l abora t e 
models conta in f ac to r s for mixing, r e c i r c u l a t i o n and f i l t e r i n g , or r e l a t e 
to multicompartment s i t u a t i o n s . 

In the mechanist ic approach, the i n v e s t i g a t i o n s are c a r r i e d out in the 
l abo ra to ry , experimental room, or in normal homes under c o n t r o l l e d e x p e r i ­
mental c o n d i t i o n s . Emphasis i s put on determination of p o l l u t a n t source 
s t r e n g t h , decay, the e f f ec t of v e n t i l a t i o n and i n f i l t r a t i o n and/or on 
modelling of the whole process of p o l l u t a n t production and e l imina t ion ; the 
inf luence of occupant behaviour i s excluded {Cote e t a l . 1974, Dewerth and 
Himmel 1974, Shair 1974, Hollowell e t a l . 1976, Moschandreas e t a l . 1978, 
Alzona e t a l . 1979, Hollowell e t a l . 1979). Research of t h i s type addresses 
the indoor a i r po l lu t ion p o t e n t i a l . I t answers quest ions such a s : 
- t o what degree i s being indoors a p ro tec t ion aga ins t ambient a i r po l lu ­

t ion? 
- what i s the CO- or N0 2 -production of a cooking range or c i g a r e t t e ? 
- what e f f e c t wil l reduction of v e n t i l a t i o n ( to conserve energy) have on 

indoor a i r qua l i ty? 

In the case study approach, p o l l u t a n t l e v e l s in one or a few occupied homes 
are monitored in de t a i l over several days or weeks under normal l i v i n g 
condi t ions (Cote e t a l . 1974, Moschandreas e t a l . 1978, Stevenson e t a l . 
1979). Emphasis i s put on determination of ( the v a r i a b i l i t y of) indoor 
p o l l u t a n t l e v e l s ( the term i!P-i of the mass b a l a n c e ( 5 ) ) . 

d t 
These s tud i e s supply information about the t r a n s i e n t concent ra t ion pa t ­
t e r n s , d i s t r i b u t i o n of p o l l u t a n t s within the home and about indoor/outdoor 
r e l a t i o n s h i p s . The s tud ies involve bulky and noisy equipment which i s 

9 



more commonly used in ambient a i r po l lu t ion resea rch ; the equipment i s 
mostly placed outs ide the homes in mobile a i r po l lu t ion research l abora ­
t o r i e s . The case study approach i s a v e r i f i c a t i o n under real l i f e condi­
t i o n s of the indoor a i r po l lu t ion p o t e n t i a l s derived from mechanist ical 
s t u d i e s . The d i f fe rences in ins t rumentat ion and study design between mecha­
n i s t i c and case s t u d i e s , however, are not always d i s t i n c t . 

The survey approach i s often used in conjunction with epidemiological 
s t u d i e s ; p o l l u t a n t l e v e l s are determined in a number of homes of (subgroups 
of) p a r t i c i p a n t s in a heal th e f f ec t study (Biers teker 1966, Speizer e t a l . 
1980, Goldstein e t a l . 1979, Kel le r e t a l . 1979). 
The purpose of these s tud ies i s to provide information about the d i s t r i b u ­
t ion of exposure to indoor p o l l u t a n t s among p a r t i c i p a n t s , and to y i e l d or 
ver i fy simple p r e d i c t i v e exposure e s t ima tes based on simple home c h a r a c t e r ­
i s t i c s . 

The survey approach has received increased a t t e n t i o n in recen t years due to 
the development of ins t rumentat ion more s u i t a b l e for measurements ins ide 
homes than the t r a d i t i o n a l ambient a i r po l lu t ion ins t rumentat ion used in 
the mechanist ic and case study approach. In p a r t i c u l a r , the advances in 
personal monitoring devices cont r ibu ted to t h i s development. 

2 . 3 . S ta t e of knowledge on a i r pol 1 ut ion in homes 

Separa te ly , the usefulness of the th ree approaches to make inferences about 
p o l l u t a n t l e v e l s in the general housing stock i s f a i r l y l i m i t e d . The mecha­
n i s t i c and case study approach supply d e t a i l e d information about the e f f ec t 
of the f ac to r s which inf luence indoor a i r p o l l u t i o n , but often y i e l d r e ­
s u l t s with a s i t e - s p e c i f i c c h a r a c t e r . 
The a p p l i c a b i l i t y of l abora to ry derived emission r a t e s of gas appl iances to 
f i e l d s i t u a t i o n s can be questioned (Traynor e t a l . 1983), j u s t as the 
a p p l i c a b i l i t y of the s tandard usage p a t t e r n s of these appl iances developed 
by the gas i n d u s t r i e s i s ques t ionable (Dijkhof and Ogink 1978, Welch e t a l . 
1982). S t e r l i ng and Kobayashi (1981) for i n s t a n c e , repor ted t h a t in 11 % of 
119 dwell ings in a poor neighbourhood in New York, the gas range i s used 
continuously for supplementary space hea t ing , a subs t an t i a l depar ture from 
the average range operat ion time of 1.5 hours repor ted by Welch e t a l . 
(1982). The d i l u t i o n and e x f i l t r a t i o n of indoor p o l l u t a n t s and the i n f i l ­
t r a t i o n and v e n t i l a t i o n of occupied homes i s a l so poorly understood. Anec-
dot ica l r e p o r t s show the complexity of the mat te r : depending on the use of 
windows, the a i r exchange r a t e of a s ing le room may vary between 1 to 20 h" 
* (Phaff e t a l . 1980); in homes with thermal i n su la t ion the doors between 
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