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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 
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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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rooms are l e f t open more f requent ly and v e n t i l a t i o n provis ions are used 
more often than in s imi l a r homes without thermal i n s u l a t i o n (van Raay and 
Vernal1 en 1980). 

The survey approach suppl ies b e t t e r information about the d i s t r i b u t i o n of 
indoor p o l l u t a n t l e v e l s among homes than the mechanist ic and case study 
approach. However, s ince the d i s t r i b u t i o n of the f ac to r s which inf luence 
indoor a i r po l lu t ion i s often only poorly described in the survey type 
s t u d i e s , the a p p l i c a b i l i t y of the r e s u l t s t o other groups of homes i s 
l a r g e l y unknown. Moreover, l i t t l e information i s ava i l ab l e about the d i s 
t r i b u t i o n of these f ac to r s over the e x i s t i n g housing s tock . 

A general desc r ip t ion of the cu r r en t s t a t e of knowledge on a i r po l lu t ion 
ins ide homes i s summarized in t a b l e 2 . 

A systematic appra isa l of indoor a i r po l lu t ion in the general housing stock 
has not been attempted to date t o our knowledge. I t i s genera l ly acknowl
edged t h a t t h i s i s one of the most se r ious gaps in our present knowledge, 
but a l so the most d i f f i c u l t to b r i d g e . (National Research Council 1981, 
WHO 1982). 

2 . 4 . Sources and p o l l u t a n t l e v e l s ins ide homes 

Several indoor sources have been i d e n t i f i e d for the p o l l u t a n t s under s tudy , 
the main groups being f o s s i l - f u e l e d combustion p rocesses , tobacco smoking, 
bui ld ing ma te r i a l s and consumer p roduc t s . For reasons discussed e a r l i e r , i t 
i s d i f f i c u l t to compare the r e s u l t s of the various types of i n v e s t i g a t i o n s 
and to d i scuss them s e p a r a t e l y . Ins tead , a compilation of r e s u l t s i s p r e 
sented in t a b l e 3 . 

The wide range in indoor concen t ra t ions in the presence of indoor sources 
i s apparent in t a b l e 3 . In gene ra l , the measurements under experimental 
condi t ions y ie lded somewhat higher p o l l u t a n t l e v e l s than those under normal 
l i v i n g c o n d i t i o n s . The highes t concen t ra t ions in t ab le 3 , however, a re not 
the r e s u l t of u n r e a l i s t i c experimental cond i t i ons , but have been found in 
normal occupied homes. 

Carbon monoxide 

Carbon monoxide i s produced indoors mainly by unvented gas - f i r ed cooking 
ranges , wa t e rhea t e r s , by gas- or kerosene- f i red space hea te r s and woodfires 
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(Elkins e t a l . 1974, Wade e t a l . 1975, Bartholomeus and Kai jser 1976, 
Hollowell e t a l . 1976, S t e r l i n g and S t e r l i n g 1979, Stevenson e t a l . 1979, 
Moschandreas e t a l . 1980). CO can a l s o be emit ted indoors by tobacco smo
king (Corn 1974, Harke e t a l . 1974, Grandjean e t a l . 1979). Space hea te r s 
with fau l ty f l u e s , automobiles in basement garages , wood s toves and c lo th 
dryers have a l s o been repor ted as occasional indoor sources of CO (National 
Research Council 1981). Most of these i n v e s t i g a t i o n s on indoor CO had a 
mechanist ic or case study c h a r a c t e r . The r e s u l t s i nd i ca t e t h a t , in the 
absence of indoor sources , the indoor CO concent ra t ion equals outdoor 
l e v e l s . 
Tobacco smoking can e l eva t e indoor l e v e l s by a few mg/m 3; occupants wil l in 
general keep CO l e v e l s from smoking below 10 mg/m 3, to avoid the i r r i t a t i n g 
e f f e c t of o ther smoke c o n s t i t u e n t s . Gas appl iances and other combustion 
processes can lead to l e v e l s of a few tens of mg/m 3, and peak l e v e l s of 
over 100 mg/m3 (c f . above r e f e r e n c e s ) . 

Nitrogen d i o x i d e 

Nitrogen dioxide i s emit ted indoors by the same unvented, f o s s i l - f u e l e d 
combustion appl iances t h a t produce CO. I t was, t h e r e f o r e , often subjec t of 
i nves t i ga t i on in the same s tud ies as CO. Since the Palmes diffusion tube 
(Palmes e t a l . 1976), a pass ive sampler for N0 2 , became a v a i l a b l e , survey 
type data for N02 have been gathered in several s t ud i e s in recen t y e a r s . 
In the absence of indoor sources , indoor concent ra t ions a re 20-60 % lower 
than outdoors , due to the r e a c t i v i t y of N0 2 . In homes with gas ranges and 
unvented gas or kerosene h e a t e r s , indoor l e v e l s of several t e n s , sometimes 
hundreds of u 3 , are t y p i c a l . Peak l eve l s of over 1000 ug/m 3 have been 
observed (Cote e t al 1974, E l k i n s e t a l . 1974, Hollowell e t a l . 1976, 
Goldstein e t a l . 1979, Kel le r e t a l . 1979, Moschandreas e t a l . 1979, Palmes 
e t a l . 1979, Speizer e t a l . 1980, Stevenson e t a l . 1979). 

The impact of tobacco smoking on indoor N02 l eve l s 1s not well e s t a b l i s h e d , 
but i s probably small compared to unvented f o s s i l - f u e l e d combustion ap
p l i a n c e s . Good e t a l . (1982) found N02 l e v e l s in homes with smokers only a 
few ug/m 3 h igher than in homes without smokers. 

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

The e a r l i e r s t u d i e s on indoor suspended p a r t i c l e s involved the t o t a l sus 
pended p a r t i c l e concen t r a t ion , i n s t ead of the r e s p i r a b l e f r ac t ion of pa r 
t i c u l a t e ma t t e r . General conclus ions of e a r l i e r s t ud i e s were (Yocom 1982): 
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- indoor suspended p a r t i c u l a t e mat ter has another s i ze d i s t r i b u t i o n and 
composition than outdoor p a r t i c u l a t e ma t t e r , 

- indoor/outdoor concent ra t ion r a t i o s are l e s s than one for the l a r g e r 
p a r t i c l e s due to f i l t e r i n g ; the smaller p a r t i c l e s have a r a t i o of about 
one in the absence of smokers, but much higher in the homes of smokers. 

For RSP the be s t documented and probably predominant indoor source i s 
tobacco smoking. Other repor ted sources are resuspension, condensation of 
vapors , aerosol sp rays , hobby and homecraft a c t i v i t i e s and combustion 
p roduc t s . Most of the data on indoor RSP l eve l s are of the mechanist ic or 
survey t ype . 
In the absence of smokers, indoor RSP l e v e l s are comparable with outdoor 
l e v e l s ; for smoker's homes, l e v e l s of several t e n s , sometimes hundreds of 
ug/m 3 have been repor ted (Moschandreas e t a l . 1978, Spengler e t a l . 1979, 
1980, Repace and Lowrey 1980, Diemel e t a l . 1981). 

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

VOC have numerous indoor sources including b i o e f f l u e n t s , bu i ld ing , f u r n i 
tu re and decorat ion m a t e r i a l s ; furthermore they are emit ted indoors as 
so lven t , p rope l l an t or ac t ive ingred ien t of a wide ar ray of consumer pro
duc t s . Most of these sources are only (poorly) documented in a few mecha
n i s t i c or case s tud i e s (National Research Council 1981). V i r tua l ly a l l 
s t ud i e s i nd i ca t e t h a t many of the VOC have indoor/outdoor concent ra t ion 
r a t i o s considerably higher than one. 

2 . 5 . Personal exposure s tud ies 

A special group of i n v e s t i g a t i o n s r e l a t e d to the f i e l d of indoor a i r po l l u 
t ion i s formed by the personal monitoring s t u d i e s . In t h i s type of study 
(mostly of recent date) the i n t e g r a t e d personal exposure to a p o l l u t a n t i s 
assessed with personal moni tors , and compared with p o l l u t a n t l e v e l s a t 
f ixed monitoring s t a t i o n s ( inc luding the home), which represen t d i f f e r en t 
microenvi ronments. 
From these s tud i e s inferences can be made about the e f f e c t of the home 
environment on personal exposure and about the b ias of exposure es t imates 
based on ambient p o l l u t a n t l e v e l s . 

Ziskind e t a l . (1982) found for t h e i r 10 sub jec t s t h a t on workdays the home 
environment con t r ibu ted 18 % to the personal exposure to CO, aga ins t 40 % 
for the work environment and 23 % for commuting. On weekend days these 
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percentages were 40 , 4 and 10 r e s p e c t i v e l y . These r e s u l t s cor robora te the 
f indings of Cortese (1976). 
Fugas e t a l . (1982) observed t h a t personal exposure of t h e i r 12 volunteers 
to CO as well as RSP in the winter pe r iod , agreed bes t with the exposure a t 
home, but poorly with exposure to outdoor c o n c e n t r a t i o n s . 
The impact of indoor concen t ra t ions on exposure to RSP was a l so repor ted by 
Spengler e t a l . (1980). Personal exposure of 37 p a r t i c i p a n t s was determined 
in p a r t by outdoor l e v e l s , but indoor concent ra t ion and passive exposure to 
tobacco smoke were much b e t t e r es t imates for personal exposure. 
I t has a l so been demonstrated t h a t the indoor N02 l e v e l s have a subs t an t i a l 
con t r ibu t ion to personal exposure (Dockery e t a l . 1980, Ni t ta and Maeda 
1982, Quackenboss e t a l . 1982). Dockery and co-workers concluded t h a t 
personal exposure to N02 could be adequately p red ic ted from the ambient N02 

level and the type of cooking fuel in the home. 
In summary, the personal exposure s tud i e s have demonstrated t h a t a substan
t i a l amount of the var iance in personal exposure to a i r p o l l u t a n t s can be 
explained by the presence or absence of p o l l u t a n t sources (cooking f u e l , 
tobacco smoking) in the home. 
Several epidemiological s tud ies have adopted the approach of using the 
presence or absence of indoor p o l l u t a n t sources as an es t imate for personal 
exposure (Melia e t al 1977, 1979, Kel le r e t a l . 1979, Comstock e t a l . 1981, 
Hasselblad e t a l . 1981, Kauffmann e t a l . 1983, Tager e t a l . 1983). 

2 . 6 . Indoor a i r q u a l i t y i_n the_ Dutch housing stock 

2 . 6 . 1 . The housing stock 

At the time of the s t a r t of the s tudy, there were over 4 .5 mi l l ion homes in 
the Nether lands . A r e g i s t e r of a l l Dutch homes i s maintained by the Central 
Bureau of S t a t i s t i c s . This r e g i s t e r i s a compilation of the National Census 
data of 1971 and data of the homes which were b u i l t a f t e r 1971. However, 
bu i ld ings which have e i t h e r l o s t t h e i r housing function or are demolished, 
a re not removed from the r e g i s t e r . Data aggregated over the whole housing 
stock are not r ead i ly ava i l ab l e from the r e g i s t e r . 

The most recen t and complex overview of the condi t ion of the general hous
ing stock i s provided by a survey on the qua l i ty of the housing stock 
c a r r i e d out in over 1800 homes in about 100 m u n i c i p a l i t i e s (KW0 1977). The 
main ob jec t ive of t h i s study was to compile information about the cha rac te r 
and s t r u c t u r e of the housing s tock , in r e l a t i o n to the q u a l i t y of technica l 
and housing a s p e c t s . The study has suppl ied a wealth of information on the 
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d i s t r i b u t i o n of age, ownership, r en t r a t e s and several bu i ld ing c h a r a c t e r 
i s t i c s of the housing s tock . Yet, the study r e s u l t s do not of fer enough 
de ta i l about the d i s t r i b u t i o n of f ac to r s c o n t r o l l i n g indoor a i r p o l l u t i o n , 
to make inferences about indoor a i r qua l i t y in Dutch homes, or to s e l e c t 
groups of homes t h a t may be of specia l i n t e r e s t from an indoor a i r qua l i t y 
pe r spec t ive . 

2 . 6 . 2 . Indoor a i r qua l i t y r egu la t ions 

There are several r egu la t ions in the Netherlands which are p e r t i n e n t to 
indoor a i r q u a l i t y . For the p o l l u t a n t s under study the most important a r e : 
- NEN 1087 (1975) Ven t i l a t ion of homes Requi rements . 
- NEN 1078 (1978) I n s t a l l a t i o n code for na tu ra l -gas f i r e d app l i ances . 
In a d d i t i o n , the NPR 1088 (1975) Vent i l a t ion of homes;Practical Guidelines 
(1975) and the Model Building Regulations (VNG 1982) provide gu ide l ines and 
examples for cons t ruc t ion d e t a i l s to meet the requirements of NEN 1087 and 
NEN 1078. Other r egu la t ions such as the Commodities Act, Pe s t i c ide Act, 
Housing Act and in fu ture the Chemical Substances Act provide a po t en t i a l 
framework for future regula tory a c t i o n s . 

The v e n t i l a t i o n s tandard for homes (NEN 1087) i s based on the need for a 
fresh a i r supply of 25 m 3 per hour per person per room, from the perspec
t i v e of human physiology. Vent i l a t ion requirements for d i f f e r en t types of 
rooms according to NEN 1087 are given in t a b l e 4 . 
The a i r suppl ied to rooms should be s u f f i c i e n t l y pure; i t i s implied t h a t 
t h i s suppl ied a i r should not been drawn from other rooms. 

The i n s t a l l a t i o n code for gas appl iances (NEN 1078), p r o h i b i t s the use of 
unvented gas appl iances in homes. For cooking ranges , ovens and water 
h e a t e r s , except ions to t h i s ru le are made under c e r t a i n c o n d i t i o n s . The 
code only app l i e s to gas appl iances i n s t a l l e d a f t e r 1978; o lder appl iances 
have to comply with o lde r vers ions of the code. The p a r t of the code which 
covers v e n t i l a t i o n and exhaust of combustion produc ts , aims a t maintaining 
proper a i r qua l i t y needed for human safe ty and proper funct ioning of the 
gas app l i ances . 
Carbon monoxide concen t ra t ions higher than 58 mg/m3 (50 ppm) and carbon 
dioxide concen t ra t ions higher than 3 % (3000 ppm) are not allowed; C0 2 

l e v e l s of l e s s than 1% are considered d e s i r a b l e . 
Combustion products o the r than CO, C0 2 and water vapor (such as n i t rogen 
oxides) are not considered in NEN 1978. 
The code s p e c i f i e s the minimal a i r supply for spec i f i c s i t u a t i o n s . In 
a d d i t i o n , i t s p e c i f i e s the permanent v e n t i l a t i o n provis ions which are 
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needed to a t t a i n t h i s a i r supply. 
For vented appl iances the requi red v e n t i l a t i o n i s 2-4 m 3 a i r per hour per 
kWatt energy c a p a c i t y , depending on the r a t i o of the room volume to the 
capac i ty of the app l i ances ; for unvented appl iances a minimum of 9 m 3 a i r 
per hour per kWatt energy capac i ty i s r eq u i r ed . 

2 . 6 . 3 . Current s t a t e of knowledge on indoor a i r po l lu t ion in the 
Nether! ands 

In the p a s t , only two of the p o l l u t a n t s under study (CO and RSP) have been 
subjec t of i n v e s t i g a t i o n in Dutch homes. 
In 1973/1974 the CO production of natura l gas - f i r ed appl iances was d e t e r 
mined in a f i e l d s tudy. The purpose of the study was to compile information 
about the condi t ion of domestic gas i n s t a l l a t i o n s and maintenance p r a c t i c e . 
Among the i nves t i ga t ed appl iances were 1200 ' g e i s e r s 1 . The ' g e i s e r ' i s an 
ins tantaneous water hea ter which i s usua l ly loca ted in the ki tchen and 
suppl ies the home with hot water and often the shower as w e l l . At p r e s e n t , 
they are used in 70 % of the Dutch homes and are usual ly unvented. 
In t h i s study the so ca l l ed ' t o x i c i t y index' ( the r a t i o of CO to C0 2) in 
the f lue gases of the g e i s e r was determined. The i n s t a l l a t i o n code for gas 
appl iances s p e c i f i e s a maximum t o x i c i t y index of 0 . 0 1 , which i s roughly 
equ iva len t with about 600 mg/m3 CO (36 mg/MJ or 28 mg/min) in the f lue 
ga se s . Eleven percent of the t e s t e d g e i s e r s had CO emission r a t e s which 
exceeded these v a l u e s ; 8 % had a t o x i c i t y index of 0.02 or h igher . Reasons 
for the high emission r a t e s were so i l i ng of the burner and lack of mainte
nance of the appl iances (De Vries and Bartholomeus 1973, Bartholomeus and 
Kayser 1976, Vermllnicht e t a l . 1979). 

Borst (1972) c a r r i e d out an i nves t i ga t i on in the c i t y of Enschede in 237 
homes equipped with a g e i s e r . In 16 % of the k i t c h e n s , the CO level was 
higher than 285 mg/m3 (250 ppm) a f t e r 30 minutes of operat ion of the ge i se r 
under s tandardized c o n d i t i o n s . 
The r e s u l t s of t h i s study prompted the implementation of a s t r i c t e r mainte
nance system for gas appl iances in t h i s c i t y . 

The l e tha l e f f e c t of indoor CO po l lu t ion from g e i s e r s i s i l l u s t r a t e d by 
s t a t i s t i c s of CO poisonings in t ab l e 5 . 
In the S i x t i e s , town gas was replaced by natural gas in the Netherlands and 
coal was r ap id ly abandoned as a home heat ing f u e l . The s t a t i s t i c s on CO 
poisoning r e f l e c t these changes. CO poisoning decreased dramat ica l ly due to 
the abandoning of c o a l , but a t the same time the g e i s e r emerged as a new 
source for CO. The g e i s e r - r e l a t e d f a t a l i t i e s have in common t h a t several 
f ac to r s such as poor v e n t i l a t i o n , prolonged appl iance u s e , inadequate 
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f l u e s , e t c . , a c t concomitant ly , which leads to exceptional high CO concen
t r a t i o n s . T o what ex t en t lower, but s t i l l e l eva t ed , indoor CO l eve l s impose 
a heal th r i sk i s not c l e a r . 

Suspended p a r t i c u l a t e matter (in combination with S0 2 ) was measured by 
Bie rs teker and co-workers (1965) in Rotterdam. At 65 homes, ' s t andard 
smoke' samples (a method to determine the concent ra t ion of suspended p a r t i 
c u l a t e mat ter ) were taken indoors and ou tdoors . On average, the indoor 
s tandard smoke concent ra t ion was about 80 % of the outdoor s tandard smoke 
concen t r a t ion . The indoor s tandard smoke concent ra t ion was p o s i t i v e l y a s so 
c i a t e d with indoor tobacco consumption. 

Long-term average concen t ra t ions of r e s p l r a b l e suspended p a r t i c l e s were 
determined in the Netherlands in an epidemiological study in 84 homes near 
a secondary lead smelter (Diemel e t al 1981, Brunekreef and Bolei j 1982). 
Most of the homes were b u i l t between World War I and I I , were small in s i ze 
and were mainly occupied by people of r e l a t i v e l y low educational and occu
pat ional s t a t u s . In two periods of one month each, the average concent ra 
t i o n of RSP ranged from 20 to 570 ug/m 3 . Compared to l e v e l s repor ted for 
indoor RSP in o ther c o u n t r i e s , the concen t ra t ions were h igh. Levels of the 
f i r s t and second per iod were highly c o r r e l a t e d . In 26 homes for which 
information about the number of smokers was a v a i l a b l e , a c l e a r r e l a t i o n was 
found between indoor RSP level and the number of smokers in the home. 

In summary, the cu r r en t knowledge about a i r po l lu t ion in Dutch homes i s 
s can t . For CO, the p o t e n t i a l l y high production of ge i s e r s was e s t a b l i s h e d ; 
suspended p a r t i c u l a t e l e v e l s were found to be c l e a r l y r e l a t e d to tobacco 
smoking, and long term average concen t ra t ions in 84 homes were high com
pared to the l e v e l s repor ted for o ther c o u n t r i e s . 

2 . 6 . 4 . D i s t r i bu t ion of indoor p o l l u t a n t sources in the Dutch housing stock 

For lack of o ther information, more general information about the d i s t r i b u 
t i o n of known indoor p o l l u t a n t sources in the Dutch housing stock had to be 
used for a f i r s t eva lua t ion of indoor a i r qua l i ty in the Nether lands. 
One group of sources which produce CO, N02 and to a l e s s e r ex ten t RSP, i s 
the group of the f o s s i l - f u e l e d combustion app l i ances . 
Due to the la rge resources of natura l gas in the Nether lands , 90 % of the 
homes i s connected to the gas network and suppl ied with natural gas (Hemri-
ca 1980). In about 85 % of the homes, a gas - f i r ed cooking range i s in use 
and about 70 % of the homes i s equipped with a gas -ge i se r as water h e a t e r . 
Of these g e i s e r s , 18 % rece ives no regu la r maintenance, which makes the 
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burners l i a b l e to s o i l i n g and the re fo re to incomplete combustion (Boonstra 
and Zwetsloot 1981). Open wood s toves are found in 14 % of the (mostly 
p r i v a t e and upperc lass) homes. Unvented na tu ra l -gas f i r e d space hea te r s are 
not allowed in the Netherlands by the gas i n s t a l l a t i o n code. 
Recent ly, unvented ke rosene- f i red space hea te r s have been introduced in the 
Nether lands , but they are not widespread y e t . 

Smoking was one of the o the r i d e n t i f i e d sources of indoor a i r p o l l u t i o n . In 
1979, 52 % of the Dutch males and 38 % of the females of 15 yea r s and o lde r 
were smokers. On average the males smoked 15 c i g a r e t t e s / d a y , aga ins t 13 
c i g a r e t t e s / d a y smoked by the females. Over the y e a r s , t he re i s a decrease 
in the t o t a l number of smokers, but an increase in the t o t a l amount of 
tobacco t h a t i s consumed (De Haas and De Haas 1981). 

L i t t l e information i s ava i l ab l e about the d i s t r i b u t i o n of indoor VOC 
sources in the housing s tock , but i t i s evident t h a t in most homes several 
of the recognized indoor sources are p r e s e n t . 
With the p resen t s t a t e of knowledge i t 1s impossible e i t h e r to t r a n s l a t e 
the r e s u l t s from the few Dutch s tud ies to the general housing stock or to 
make inferences from the foreign l i t e r a t u r e . 
The widespread use of notor ious indoor p o l l u t a n t sources in Dutch homes, 
however, warrants the concern t h a t for the p o l l u t a n t s under s tudy, the 
indoor l e v e l s may be higher than ambient l e v e l s . The quest ions to what 
ex ten t the indoor sources a f f ec t indoor l e v e l s in Dutch homes, how t h i s 
r e f l e c t s the personal exposure of the occupants and whether t h i s indoor 
p o l l u t a n t exposure may have negat ive e f f e c t s on public hea l th cannot be 
answered without fu r the r s tudy. In the next c h a p t e r , the design of the 
study which addresses the f i r s t of these quest ions i s d iscussed. 
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CHAPTER 3 . STUDY DESIGN 

3 . 1 . In t roduct ion 

The aim of the study was: 
- the c h a r a c t e r i z a t i o n of the d i s t r i b u t i o n of p o l l u t a n t l e v e l s ins ide 

Dutch homes, 
- the i d e n t i f i c a t i o n of the f ac to r s which inf luence indoor p o l l u t a n t 

l e v e l s , and 
- the development and evaluat ion of simple p r ed i c t i ve models to es t imate 

human exposure to indoor p o l l u t i o n , for use in epidemiological s t u d i e s . 

The public hea l th perspec t ive of the study had several consequences for the 
study design and ins t rumenta t ion . 
F i r s t , the c h a r a c t e r i z a t i o n of indoor a i r po l lu t ion should cover a wide 
range of d i f f e r en t ( types of) homes under normal l i v i n g c o n d i t i o n s , to 
assess the exposure of the general populat ion to indoor p o l l u t a n t s . Given 
the d i v e r s i t y of the housing stock a survey approach would the re fo re be 
necessary . 
Second, the exposure to a p o l l u t a n t i s not very re l evan t when seen sepa
r a t e l y from the complicated mechanisms through which adverse heal th e f f e c t s 
occur (although these mechanisms are often only poorly unders tood) . There
fore Information was needed about the magnitude of peak c o n c e n t r a t i o n s , the 
i n t e r v a l s between peak concen t ra t ions and the consis tency of indoor po l l u 
t a n t l eve l s over longer periods of t ime . This c a l l e d for a more mechanist ic 
study approach. 

Elements of both the mechanistic and the survey approach were combined in 
th ree r e l a t e d measurement programs which toge ther form the body of the 
s tudy . In add i t ion to the th ree main measurement programs, several smaller 
s tud ies on spec i f i c aspec ts of indoor a i r po l lu t ion were c a r r i e d out within 
the framework of the s tudy, often as graduate work of s t u d e n t s . The l a t t e r 
s tud ies had the c h a r a c t e r of p i l o t s tud ies to assess the f e a s i b i l i t y of 
d i f f e ren t measurement methods and epidemiological study des igns . When ap 
p r o p r i a t e , the r e s u l t s of these s tud i e s wi l l be presented as fa r as they 
are r e l evan t to the c h a r a c t e r i z a t i o n of indoor a i r p o l l u t i o n . 
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3 . 2 . General o u t l i n e of the th ree main measurement programs 

The th ree main measurement programs were: 
- r ea l - t ime monitoring of p o l l u t a n t l e v e l s in d i f f e r en t rooms of a l imi ted 

number of homes, 
- week-long i n t e g r a t e d measurements in a la rge number of homes, and 
- repeated week-long i n t e g r a t e d measurements of p o l l u t a n t l e v e l s over 

d i f f e r en t seasons in a small s e t of homes. 

The f i r s t two programs were c a r r i e d out in the heat ing season (± October -
March), when the v e n t i l a t i o n of homes was expected to be a t a minimum. 

The purpose of the r ea l - t ime monitoring program was to determine the t r a n 
s i e n t concent ra t ion peaks of CO and N02 in r e l a t i o n to the use of unvented 
gas app l i ances , the d ispers ion of p o l l u t a n t s through the home, and the day 
to day v a r i a t i o n in p o l l u t a n t l eve l s over a period of about 7 days. For RSP 
and VOC no r ea l - t ime continuous monitors were a v a i l a b l e . Tracer gas e x p e r i 
ments using sulphurhexafluoride (SF 6 ) were incorporated in both the r e a l 
time and the week-long i n t e g r a t e d measurement program. The t r a c e r gas 
experiments a re described in appendix A; the ob jec t ive of the t r a c e r gas 
experiments was the determination of ki tchen v e n t i l a t i o n , d ispers ion of 
ki tchen a i r to the l i v i n g room, and the determination of the e f f e c t of 
ki tchen v e n t i l a t i o n on indoor p o l l u t a n t l e v e l s . 

The ob jec t ive of the week-long i n t e g r a t e d measurement program was to de
termine the d i s t r i b u t i o n of p o l l u t a n t l e v e l s for a l l the p o l l u t a n t s under 
study in a wide range of homes typica l for the housing s tock , in r e l a t i o n 
to c h a r a c t e r i s t i c s of the home and i t s occupants . 
A measurement per iod of one week was chosen because i t was thought t h a t 
many occupant a c t i v i t i e s which a f f e c t indoor p o l l u t a n t l e v e l s (cooking, 
smoking, v e n t i l a t i o n of rooms, e t c . ) are c a r r i e d out in 24-hour c y c l e s , 
with the exception of weekend days, which have t h e i r own rhythm (shopping, 
r e c r e a t i o n ) . A week-long measurement was the re fo re considered optimal to 
cover much of the regu la r household a c t i v i t i e s . Shor ter per iods would be 
more a f fec ted by chance v a r i a t i o n due to inc identa l i r r e g u l a r a c t i v i t i e s , 
while longer per iods would reduce the number of homes to be included in 
t h i s program, due to l o g i s t i c r e s t r i c t i o n s . 

The repeated measurements were intended to eva lua te 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 wi thin and between d i f f e r en t seasons . This would 
give an impression of the number of measurements necessary to c h a r a c t e r i z e 
p o l l u t a n t l e v e l s in a home, and of the e r r o r s a s soc ia t ed with the use of 
a s ing le indoor measurement to es t imate exposure to indoor p o l l u t a n t s . 
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3 . 3 . Real-time monitoring program; mater ia l and methods 

I n s t r u m e n t a t i o n 

The rea l - t ime monitoring program was performed with conventional a i r po l l u 
t i o n moni tors : a dual range Ecolyzer 2000 to monitor C0~levels , a Bendix 
chemiluminescence N0X monitor and a Wilks in f ra red spectrophotometer to 
determine SF 6 t r a c e r gas concen t ra t ions (see f igure 1 ) . 

Samples for CO and N0X monitors were drawn from 3 indoor l oca t ions ( k i t c h 
en , l i v i n g room and bedroom) and 1 outdoor loca t ion through 15 meter 1/8 
inch Polyflow sampling l i n e s , using Metal Bellow (model MB-21E) pumps. A 5 -
way valve (Hoke type 7941 G 4 Y) with a Ramcon 3B-WP ac tua to r was used to 
switch from one sampling loca t ion to the o t h e r . Thermo couples were used to 
monitor the use of cooking range and g e i s e r . The in f ra red spectrometer 
sampled only ki tchen a i r . 
Data a c q u i s i t i o n and control of the ac tua to r was handled by a Hewlett 
Packard model 85 micro computer. The micro computer was programmed for a 
sampling sequence which f i r s t allowed the sampling l i n e s to be flushed for 
one minute (more than twice the systems response t i m e ) , then the readings 
of monitors and thermo couples were i n t e g r a t e d over the following minute 
and s to red on t a p e . After t h i s , the 5-way valve was a c t i v a t e d to switch to 
the next l o c a t i o n . The indoor l oca t i ons were sampled 8 or 9 times each 
hour. Outdoor samples were taken only once every hour to achieve a more 
frequent sampling of indoor l o c a t i o n s . 

SF 6 t r a c e r gas was emit ted in the ki tchen a t a cons tan t flow of about 1 
ml/min from a 1 l i t e r s t a i n l e s s s t ee l cy l inde r with a Brooks flow c o n t r o l 
l e r (model 8844; needle s ize 2 ) . Thus a cons tan t SF 6 emission could be 
maintained over a per iod of over 7 days. Between homes, the SF 6 emission 
var ied from 165-300 mg/hour. 

C a l i b r a t i o n equipment and procedure 

The f i e l d c a l i b r a t i o n of the CO monitor was c a r r i e d out with an e l e c t r o n i c 
zero signal (and adjustment) and a 12 mg/m3 CO span gas . The CO span gas 
was introduced in to the monitor from a 10 l i t e r Linde P l a s t i g a s bag f i l l e d 
from a c a l i b r a t i o n cy l inde r a t the l a b o r a t o r y . Pe r iod i ca l l y the i n t e r 
ference f i l t e r of the monitor was checked on proper func t ion ing . 

The f i e l d c a l i b r a t i o n equipment for the N0X monitor cons i s t ed of a c y l i n d e r 
with zero a i r , a c e r t i f i e d cy l inde r Spectraseal NO c a l i b r a t i o n gas of 195 
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ug/m , and a Tracor por tab le permeation chamber with a N02 permeation t ube . 
After zero adjustment with zero a i r , the NO and N0X s igna l s of the monitor 
were c a l i b r a t e d aga ins t the NO span gas . Then the permeation device was 
f lushed with zero a i r from the c y l i n d e r , which r e s u l t e d in a N02 span gas 
concent ra t ion between 750-1500 ug/m 3 with t r a c e s of NO. This gas was i n t r o 
duced in to the monitor and the N02 s ignal was adjusted aga in s t the N0X 

reading a f t e r sub t r ac t i ng the NO concent ra t ion (N0 2 = N0X - NO). 
Pe r iod i ca l l y the N0X monitor was checked aga ins t a permanent N02 dynamic 
d i l u t i on system and compared with o ther monitors a t the l abo ra to ry . 

The in f ra red spectrophotometer was c a l i b r a t e d according to the opera t ion 
manual. Cell path length was s e t a t a maximum of 25 meter and the wave
length a t 11.6 um. The measurement c e l l was f i l l e d with zero a i r and 
c lo sed . After zero adjustment, the c e l l i n l e t and o u t l e t were shor t c i r 
c u i t e d and known volumes of pure SF 6 from a P l a s t i g a s bag were in j ec ted 
through a septum in to the known c e l l volume; in t h i s way, sca le readings of 
a t l e a s t 3 d i f f e r en t concen t ra t ions in the range from 0-12 mg/m3 SFg were 
ob ta ined . 
P e r i o d i c a l l y , checks were made by in t roducing c a l i b r a t i o n gases of var ious 
concen t ra t ions in to the c e l l from c y l i n d e r s prepared a t the l a b o r a t o r y . 

S e l e c t i o n o f homes 

People in the neighbourhood of Wageningen were i nv i t ed to p a r t i c i p a t e in 
the r ea l - t ime measurement program by means of a local newspaper a r t i c l e . 
The a r t i c l e expla ined the purpose of the i nves t i ga t i on and offered volun
t e e r s a reward of f 7 5 , - in addi t ion to the refund of e l e c t r i c i t y c o s t s . 
Occupants of over 50 homes volunteered; from these 50 homes, 20 were s e l e c 
ted comprising a v a r i e t y of typ ica l Dutch homes. The s e l ec t i on was based on 
bu i ld ing s t r u c t u r e and age of the home, and on the presence of (unvented) 
gas app l i ances . 

F i e l d o p e r a t i o n 

The equipment of the r ea l - t ime monitoring program was operated by a f i e l d 
team of two people . At an appointed time ( the occupants were b r ie fed about 
the scope of the measurement during the home se l ec t ion procedure) the 
equipment was i n s t a l l e d in an empty room or a t t i c in the home. From t h i s 
room, the sampling l i n e s were run to the k i t chen , the l i v i n g room, one 
bedroom and ou tdoors . The indoor sampling poin ts were placed a t b rea th ing 
h e i g h t . In the k i t chen , the samples were drawn from three d i f f e ren t sam
pl ing p o i n t s . A metal c ross was i n s t a l l e d over the gas cooker in such a way 
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t h a t the branches of the cross were in the flames of the burne r s . One of 
the thermo couples was connected to t h i s c r o s s . When a ge i se r was p r e s e n t , 
the second thermo couple was pos i t ioned d i r e c t l y above the app l iance , in 
the f lue gases . 

After a warming-up per iod of a t l e a s t 12 hours , the instruments were c a l i 
b ra ted and the measurements were s t a r t e d . The monitors were checked and 
c a l i b r a t e d a t l e a s t every second or t h i r d day. Visual inspect ion of s t r i p 
c h a r t recorders and of the p r i n t e d read-outs of the micro computer of 
hourly average values allowed a d i r e c t check on the proper functioning of 
the equipment. 
After several days up to two weeks, the equipment was dismantled and e i t h e r 
i n s t a l l e d in another home or brought back to the l abo ra to ry . 

Data handl ing 

Data c a s s e t t e s of the micro computer were t r a n s f e r r e d to a mainframe compu
t e r and s to red on t a p e . In genera l , a data s e t on a c a s s e t t e comprised 2 or 
3 days. When the in te rva l between success ive data c a s s e t t e s from the same 
home was l e s s than one or two hours and when the gas appl iances were not 
used during t h i s i n t e r v a l , the data s e t s from the c a s s e t t e s were merged to 
form one f i l e . Occasional erroneous data cha rac t e r s were skipped a f t e r 
i n spec t ion . 

All data of each home were p l o t t e d for visual inspec t ion of the m a t e r i a l . 
For t ran programs were used for data reduct ion and a n a l y s i s , a f t e r a l low
ances for zero and span d r i f t were made. 

3 . 4 . Week-long measurement program; mater ia l and methods 

I n s t r u m e n t a t i o n 

The sampling devices for l a rge sca le week-long i n t e g r a t e d measurements in 
occupied homes should be smal l , q u i e t , cheap, able to run unattended over 
the week and should r equ i re l i t t l e maintenance. For N0 2 , RSP and VOC such 
methods were more or l e s s r ead i ly a v a i l a b l e from research in occupational 
s e t t i n g s . For CO and the SF 6 t r a c e r experiments a combined sampling device 
was developed. 
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N 0 2 

For the N O 2 measurements pass ive diffusion tube samplers developed by 
Palmes e t a l . (1976) were used. These are smal l , 8 cm long, 1 cm inner 
diameter a c r y l i c tubes with a s t a i n l e s s s t ee l wire mesh, coated with the 
N02 absorbent t r i e thano lamine , i n s e r t e d a t the c losed end of the t ube . 
Atmospheric N02 i s t r a n s f e r r e d from the open end of the tube to the ab
sorbent a t the c losed end according to Ficks f i r s t law, due to molecular 
d i f fus ion . 

After sampling, the absorbed N02 i s analyzed spec t rophotometr ica l ly a t 540 
nm, 30 minutes a f t e r adding 2 .1 ml Saltzman reagent to the t u b e . Then N 0 2 

concen t ra t ions can be c a l c u l a t e d with Ficks f i r s t law from the amount of 
c o l l e c t e d N 0 2 , the dimensions of the t ube , the sampling time and the d i f fu
sion c o e f f i c i e n t (D; cm 2 / sec) of N02 in a i r : 

A 
Q = - D.C.^ . t 

where Q = quan t i ty of t r a n s f e r r e d N02 (moles) 
D = diffusion c o e f f i c i e n t of N02 in a i r (cm 2 / sec) 
C = N 0 2 concen t ra t ion a t the open end of the tube (moles/cm 3) 
A = c r o s s - s e c t i o n a l area of the tube (cm 2) 
Z = the length of the tube (cm) 
t = time of exposure of the tube (sec) 

The diffusion tubes are used in numerous indoor a i r po l lu t ion s t u d i e s , 
although the only f i e l d va l i da t i on study has been c a r r i e d out in 1 loca t ion 
in 3 homes (Apling e t a l . 1979). Tes ts of the U.S. National Bureau of 
Standards (Cadoff e t a l . 1979) and Warren Spring Laboratory in the U.K. 
(Apling e t a l . 1979) ind ica ted a lower detec t ion l i m i t for the tubes of 
about 600 ug/m 3 over a sampling period of 1 hour (or 4 ug/m 3 over 1 week). 
Accuracy was demonstrated to be b e t t e r than ± 10 %; p rec i s ion was l e s s than 
4 ug/m 3 over one week sampling pe r iod . 

Before and during the use of the tubes in the week-long i n t e g r a t e d measure
ment program, ex tens ive labora tory t e s t s with the tubes were c a r r i e d o u t . 
These t e s t s were a cor robora t ion of the p rec i s ion of the diffusion t u b e s , 
but the c a l c u l a t e d experimental diffusion c o e f f i c i e n t of 0.115 cm 2 / sec was 
c o n s i s t e n t l y lower than the t h e o r i t i c a l value of 0.154 cm 2 / sec which i s 
commonly used. In appendix B these d iscrepancies a re discussed in more 
d e t a i l . The N02 concen t ra t ions in t h i s study were c a l c u l a t e d with the more 
conservat ive value of 0.154 c m 2 / s e c . 
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RSP 

In 1981 an Ad Hoc Working Group of the In te rna t iona l Standards Organization 
repor ted recommendations on s i ze d e f i n i t i o n s for p a r t i c l e sampling, de
f in ing the a lveo l a r f r ac t ion of p a r t i c l e s i . e . the f r ac t ion which pene
t r a t e s the n o n - c i l i a t e d lung airways (ISO 1981). This de f in i t i on of the 
a lveo l a r f r ac t ion i s met by the American Conference of Governmental Indus
t r i a l Hygienists (ACGIH) convention for the ' r e s p i r a b l e f r a c t i o n ' of par 
t i c l e s . According to the ACGIH convention samplers should c o l l e c t 50 % of 
the p a r t i c l e s with an aerodynamic diameter of 3.5 urn and 0 % of p a r t i c l e s 
l a r g e r than 10 urn. 
A convenient and compact instrument which follows the se l ec t ion curve of 
ACGIH i s the 10 mm cyclone presampler, combined with a f i l t e r sampler as 
second s t a g e . At a sampling r a t e of 1.9 l i t e r per minute, the presampler 
removes the non- resp i rab le f r ac t ion of the p a r t i c l e s . 

The sampling u n i t s used in t h i s study cons i s t ed of a Casel la 10 mm cyc lone , 
combined with a c a s s e t t e conta in ing a 25 mm diameter g l a s s f i b re f i l t e r 
(Whatmann ME 44, pore s i ze 5 urn). Air was sampled over the f i l t e r a t a flow 
of 1.9 1/min with a Dupont P 2000 personal sampling pump connected to the 
mains with an adap te r . For noise reduct ion the pumps were placed in a 
wooden box, l i ned with i s o l a t i o n m a t e r i a l . Before and a f t e r sampling, the 
f i l t e r s were humidity condi t ioned and weighed a t 45 % r e l a t i v e humidity. 
Ser ies of dupl ica te samples (n=25) demonstrated a p rec i s ion for the method, 
expressed as c o e f f i c i e n t of v a r i a t i o n , of 5-8 %. 

To get an impression of the magnitude of peak-concentra t ions of RSP, a TSI 
Piezobalance, for ins tantaneous r e s p i r a b l e mass measurements of p a r t i c l e s , 
was used. 

VOC 

VOC were sampled on SKC Inc . sampling tubes packed with 100 mg a c t i v a t e d 
charcoal as absorbent with a back up sec t ion of 50 mg c h a r c o a l . Samples 
were c o l l e c t e d a t a flow of ± 100 ml/min. with Dupont P 200 and P 4000 
personal sampling pumps a t t ached to the mains. Pumps were placed in wooden 
boxes for noise r educ t ion . 
At the National I n s t i t u t e of Public Health and Environmental Hygiene in 
Bilthoven the c o l l e c t e d samples were desorbed by coun te r - cu r r en t e l u t i o n 
with 1 ml CS 2 and analyzed by high r e so lu t ion c a p i l l a r y gaschromatography 
with flame ion i za t i on de tec t ion (Packard 433; column:50 m, 0.32 mm ID. , 
fused s i l i c a , coa t ing 0.4 urn CPsi l5 ; c a r r i e r gas:He, flow 1.2 ml/min; temp. 
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program. 0-180 °C, 2 °C/min; de tec to r FID, de t . temp. 250 "C). For I d e n t i t y 
conf i rmat ion, several samples were a l so analyzed by c a p i l l a r y gaschromato-
graphy/quadrupole mass spectometry. 
With t h i s sampling and ana ly t i ca l method, 45 of the most abundant coe lu t en t 
free VOC in the bo i l i ng po in t range of 70-270 °C could be determined 
q u a n t i t a t i v e l y on a rou t ine b a s i s . The detec t ion l i m i t s of the method were 
between 0.4-4 ug/m 3 for the ch lo r ina t ed hydrocarbons and about 0.3 ug/m 3 

for the o the r compounds. Duplicate f i e l d samples (n=10) showed a c o e f f i 
c i e n t s of v a r i a t i o n for the d i f f e r en t compounds of 15-20 % for the method. 

CO and SF 6 

For the CO and SF 6 measurements a device was developed which sampled a i r in 
10 l i t e r aluminium-polyethylene fo i l bags (Linde P l a s t i g a s ) . The sampling 
bag was connected with a 1/16 inch s t a i n l e s s s t ee l tube to a Charles Austen 
model L12 pump with a 1/16 inch polyethylene i n l e t l i n e . The pump was 
switched on and off by a t imer (S-system e l e c t r o m a t i c , Model SC 185-220) to 
run for one out of every ten minutes over the week-long sampling per iod . A 
Hoke 1335 G 4 B metering valve was used to ad jus t the sample flow a t about 
10 ml/min. 
Laboratory experiments showed v i r t u a l l y no loss of CO and SFg a f t e r s t o r i ng 
the sampling bags for 7 t o 8 days; consequently no desorption of CO and SFg 
was observed a f t e r evacuation of the sample and f lushing of the bag with 
zero a i r . 
The bags content was analysed gaschromatographically on CO ( a f t e r c a t a l y t i c 
reduction to C H 4 ) with flame ion i za t i on de tec t ion and on SFg with e l ec t ron 
cap ture d e t e c t i o n . (CO: Packard 5710 A; column: l m , l / 8 inch , Molsieve 5A, 
40/60 mesh, temp. 110 °C; c a r r i e r gas : H 2 , 30 ml/min; c a t . : Ni, 20 cm, 1/8 
inch(Chrompack), temp. 300 °C; de tec tor FID, de t . temp. 250 'Z.II S F 6 : 
Packard 5710 A; column 1.8 m, 1/4 inch , Molsieve 5A, 40/60 mesh, temp. 70 ° 
C; c a r r i e r gas : N 2 , 46 ml/min; de tec to r ECD, de t . temp. 200 °C) . Detection 
l i m i t s for CO and SFg were 1 mg/m3 and 0.1 ug/m 3 r e s p e c t i v e l y . I n i t i a l 
t e s t s a t the l abora to ry ind ica t ed a c o e f f i c i e n t of v a r i a t i o n for dupl ica te 
samples of about 10 %, but 15 dupl ica te f i e l d samples had a c o e f f i c i e n t of 
va r i a t i on of about 15 %. 

The SFg emission ( in the k i tchen) was s imi l a r to t h a t in the r ea l - t ime 
monitoring program. Ins tead of pure SFg, the cy l i nde r s conta ined a i r with 
15,000 mg/m3 SFg, because compared to the in f ra red ana lyzer , the gas -
chromatographic method has a lower de tec t ion l i m i t . 
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A d d i t i o n a l Informat ion 

For desc r ip t i ve purposes and for the development of a p r e d i c t i v e model for 
indoor p o l l u t a n t l e v e l s , add i t iona l information was needed about the f a c 
t o r s which control indoor a i r q u a l i t y . These f ac to r s can be measured a t 
d i f f e r en t l e v e l s : in I t s s imples t form a measure for such fac to r s 1s the 
presence or absence of indoor p o l l u t a n t sources or of v e n t i l a t i o n p r o v i 
s i o n s . 

A more s o p h i s t i c a t e d level of measurement of indoor p o l l u t a n t production 
( s imi l a r arguments apply to v e n t i l a t i o n ) can be achieved by incorpora t ing 
not only the presence of a source but a lso i t s actual use , for ins tance the 
frequency (and durat ion) of gas cooking or smoking. 
Extensive inspec t ion l i s t s , ques t ionna i res and d i a r i e s were developed to 
determine indoor p o l l u t a n t production and e l i m i n a t i o n , a t d i f f e r en t l e v e l s 
of s o p h i s t i c a t i o n . The addi t iona l information was gathered a t d i f f e r en t 
l e v e l s in order to obta in an optimal p r e d i c t i v e model ( in terms of accuracy 
of the p red ic t ion ) for indoor p o l l u t a n t l e v e l s , with as simple a form of 
Information as p o s s i b l e . 

The inspect ion l i s t contained items about the home: 
- type of home 
- number of f loors 
- number of rooms 
- volume of k i t chen , l i v i n g room and one bedroom 
- type of ki tchen (open or separa ted from l i v i n g room) 
- presence of vented and unvented gasappliances 
- presence of doors , windows and v e n t i l a t i o n provis ions in k i t chen , l i v i n g 

room and bedroom. 

The ques t ionnai re cons i s t ed of ques t ions on occupants and t h e i r a c t i v i t i e s : 
- family s i ze 
- socio-economic s t a t u s 
- use and maintenance of the ge i se r 
- frequency and durat ion of use of gas cooker and oven 
- frequency and durat ion of use of v e n t i l a t i o n provis ions and of i n t e r i o r 

doors between k i t chen , l i v i n g room and bedroom 
- complaints about draught and moisture 
- app l i ca t ion of i n s u l a t i o n and crack sea l ing ma te r i a l s 
- smoking h a b i t s of family members 
- frequency of vacuum c leaning 
- use of so lvents and several o the r consumer p roduc t s . 
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The d i a r i e s were designed to assess the actual occupant a c t i v i t i e s during 
the measurement per iod : 
- number of persons in the home* 
- use of unvented gas appl iances* 
- use of v e n t i l a t i o n provis ions and i n t e r i o r doors* 
- number of hot meals which were prepared** 
- number of c i g a r e t t e s which were smoked** 
- use of the vacuum c leaner** 

* on hourly ba s i s 
** on half a days ba s i s 

S e l e c t i o n o f homes 

Given the a v a i l a b l e manpower and ins t rumentat ion i t was considered t h a t 
200-300 homes could be handled in two w i n t e r s , when in each winter the 
survey would be r e s t r i c t e d to one town. 
F i r s t , a town was s e l ec t ed for the f i r s t winter in the v i c i n i t y of 
Wageningen (from where the measurement program was run) to gain experience 
with the f i e l d work. The town of Ede, with about 50,000 i n h a b i t a n t s , was 
s u i t a b l e for t h i s purpose. The o lder homes in t h i s town, b u i l t before the 
Second World War, however, were not very typica l for the Nether lands . 
Therefore , only post-war homes were se l ec t ed in Ede. 
Second, i t was assumed t h a t o lder homes b u i l t before World War I I , e spe 
c i a l l y in the i n n e r - c i t y of l a rge towns, might deviate unfavourably from 
newer homes with r e spec t to indoor a i r q u a l i t y , due to a d i f f e r en t geo
metr ical design, smal ler volume, crowding and a more frequent presence of 
unvented g a s - f i r e d water h e a t e r s . To incorpora te these types of pre-war 
homes, f ive neighbourhoods in the i n n e r - d t y of Rotterdam were s e l ec t ed as 
study area for the second win t e r . 

In the second win t e r , an addi t iona l group of homes was s e l ec t ed in Ede in 
neighbourhoods b u i l t a f t e r 1976. In t h i s group of homes only v o l a t i l e 
organics were determined; the ob jec t ive was to assess whether new bui ld ing 
ma te r i a l s would lead to higher v o l a t i l e organic l e v e l s than those found in 
o lder homes. 
Both in Ede and 1n Rotterdam homes were randomly s e l ec t ed from the home 
r e g i s t e r of the towns. To avoid non-typical types ;Of homes, only homes with 
th ree to s ix rooms were s e l e c t e d . 
The homes s e l ec t ed in t h i s way cannot be considered as a r e p r e s e n t a t i v e 
sample of the t o t a l housing stock of the Nether lands; they do, however, 
r epresen t the s i t u a t i o n t h a t e x i s t s in la rge numbers of typ ica l Dutch 
homes. 
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Approach o f t h e o c c u p a n t s 

Between October and Apr i l , each week 10 to 20 in t roduc tory l e t t e r s were 
sen t to homes from the se lec ted sample. The l e t t e r introduced the i n v e s t i 
gat ion and i t s purpose to the occupants , and announced the v i s i t of a team 
of two f i e l d workers . After t h i s l e t t e r , the homes were v i s i t e d , a fu r the r 
explanat ion on the scope of the measurements was given and the occupants 
were i n v i t e d to p a r t i c i p a t e . If the occupants volunteered to coopera te , an 
appointment was made to i n s t a l l the equipment. 

When occupants were not contac ted a f t e r th ree home v i s i t s , a t tempts were 
made to con tac t the occupants by phone, i f a door-pla te with the occupants 
name was ava i l ab l e and the occupants were l i s t e d in the telephone book.If 
a l l t h i s f a i l e d , the occupants were l i s t e d as non-responders . 

I n s t a l l i n g and c o l l e c t i n g t h e equipment 

In each week one or two days were reserved to i n s t a l l the equipment in 5 or 
10 homes; one day was reserved to c o l l e c t the equipment. This meant t h a t 
for l o g i s t i c reasons the week-long measurement period covered 5 to 7 days 
including the weekend. 

One of the two f i e l d workers operated the sampling devices and determined 
the flow r a t e s with flow r a t o r s and soap bubble mete r s . After checking the 
proper funct ioning of the samplers , they were i n s t a l l e d in the d i f f e r en t 
l oca t i ons a t b rea th ing he ight away from obvious p o l l u t a n t sources and 
v e n t i l a t i o n p r o v i s i o n s . 
N02 samplers, a v a i l a b l e in la rge q u a n t i t i e s , were used in k i t chen , l i v i n g 
room and bedroom. RSP and VOC samplers were used in the l i v i n g room only . 
The CO/SFg samplers were used in the ki tchen and l i v i n g room. Instantaneous 
RSP measurements were c a r r i e d out with the TSI Piezobalance in the k i t chen , 
l i v i n g room and bedroom. A sketch of the sampling loca t ions (k i t chen , 
l i v i n g room and one bedroom) was made, including the pos i t ion of the sam
p l ing p o i n t s , gas app l i ances , f i r e p l a c e s , doors and v e n t i l a t i o n p rov i 
s ions ; then the inspec t ion l i s t was f i l l e d i n . 

The second f i e l d worker administered the ques t ionna i re ; the occupant who 
did most of the housekeeping was asked to respond. After the ques t ionna i r e , 
the same occupant received the diary forms and a verbal and wr i t t en expla
nation was given about how to f i l l in the d i a r i e s . F i n a l l y , an appointment 
was made to c o l l e c t the equipment 5 to 7 days l a t e r . On average, the 
i n s t a l l a t i o n v i s i t l a s t e d about one hour. 
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When c o l l e c t i n g the equipment, one f i e l d worker delocated the equipment and 
determined the flow r a t e s of the samplers , while the o the r adminis tered a 
shor t ques t ionna i re on the use of poss ib le sources of VOC. The diary forms 
were checked on obvious i n d i s t i n c t or i n c o r r e c t e n t r i e s . 
At both v i s i t s notes were made about the pos i t ion of windows, v e n t i l a t i o n 
provis ions and ( i n t e r i o r ) doors during the v i s i t . 

Data handl ing 

Samples of the inorganic p o l l u t a n t s were analyzed a t the labora tory in 
Wageningen, without information about the sampling per iod or the l o c a t i o n . 
The r e s u l t s of the N02 assay and the weight c o l l e c t e d on the f i l t e r s were 
l a t e r combined with data on sampling time and volume, to give concent ra t ion 
va lues . During the f i e l d work i t appeared t h a t ( in c o n t r a s t to the i n i t i a l 
t e s t s ) the C0/SF 6 sampling u n i t s did not c o l l e c t as much sample as would be 
expected on the ba s i s of the begin and end flow r a t e s . The volume of the 
sample in the bags was the re fo re r a t e d from 1 to 4 . Bags with a score of 
one were discarded as having i n s u f f i c i e n t sample. Differences of more than 
20 % between begin and end flow r a t e s of samplers and SFg emission were 
considered unacceptable . 

The diary information on the use of gas appl iances e t c . were aggregated 
over the measurement per iod and s tandardized on a one week (168 hour) 
b a s i s . The d i a r i e s were r a t ed on a 3 po in t sca le based on i n c o n s i s t e n c i e s , 
u n c l e a r i t i e s or i n s u f f i c i e n t d e t a i l . Diar ies with a score of one ( i n s u f f i 
c i e n t ) were d iscarded. 

All the da ta , inc luding ques t ionna i res and inspec t ion l i s t s were coded by 
hand, card punched, t r a n s f e r r e d to a DEC 10 computer and s to red in 1022 
Data Management Systems-sets and system f i l e s of the SPSS and BMDP s t a t i s 
t i c a l software packages. 

The VOC samples were sent to the National I n s t i t u t e of Public Health and 
Environmental Hygiene for a n a l y s i s . The screened concent ra t ion data were 
received back on computer tape and merged with the o ther data s e t s . 

Data s c r e e n i n g 

Extensive data screening procedures were c a r r i e d out on the data s e t s to 
check on abnormal i t i es and erroneous data e n t r i e s . Among o t h e r s , these 
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procedures cons i s t ed of checks on minimum and maximum values of nominal o r 
ordinal sca le va r i ab l e s ( the dichotomous va r i ab l e with code 1 or 2 cannot 
take the value of 3 ) , checks on o u t l i e r s of in t e rva l and r a t i o sca le 
va r i ab l e s and numerous cross-checks (when the family s i ze i s 2 , the maximum 
number of smokers in the household i s 2 ; when there i s no e x t e r i o r door in 
the k i t chen , the diary va r i ab l e 'use of e x t e r i o r ki tchen door ' cannot take 
a pos i t i ve v a l u e ) . 

Samples of the d i a r i e s were t e s t e d on face v a l i d i t y by comparing the use of 
v e n t i l a t i o n provis ions as noted during the home v i s i t s by the f i e l d teams 
with the frequency and time of use of these provis ions according to the 
d i a r i e s . This crude t e s t revealed no c l e a r i r r e g u l a r i t i e s . 

All unexpected values detected in the screening procedures and subsequent 
data ana lys i s were checked in the o r ig ina l data forms; depending on the 
r e s u l t s of the checks , values were l e f t unchanged, co r r ec t ed or d iscarded. 

3 . 5 . Repeated measurement program; mater ia l and methods 

Ins trumenta t ion 

The repeated measurement program cons i s t ed of week-long i n t e g r a t e d measure
ments of N02 in k i t chen , l i v i n g room and bedroom in 15 homes every o the r 
week over a period of one y e a r . 
In a d d i t i o n , week-long RSP and VOC samples were taken every o ther week 
during hal f a y e a r , in the l i v i n g room in a subgroup of four homes. The 
ins t rumenta t ion for the repeated measurements was the same as for the week-
long i n t e g r a t e d measurement program. CO and SF 6 measurements were excluded 
from t h i s program because the sampling devices were more i n t r u s i v e than the 
samplers for the o the r p o l l u t a n t s . RSP and VOC measurements were r e s t r i c t e d 
by the l imi ted a v a i l a b i l i t y of sampling dev ices . 

A special group of repeated measurements of VOC l e v e l s in newly b u i l t 
homes, before and during occupancy, had the ob jec t ive to d i s t ingu i sh be
tween the impact of bui ld ing ma te r i a l s and t h a t of occupant a c t i v i t i e s on 
VOC l e v e l s . 
The VOC measurements in the unoccupied newly b u i l t homes were c a r r i e d out 
over 8-hour periods with ba t t e ry powered Dupont P 4000 pumps because e l e c 
t r i c i t y was not a v a i l a b l e . The sampling r a t e was 1 1/min. In the occupied 
homes week-long measurements with the common sampling arrangements were 
c a r r i e d ou t . 
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Home s e l e c t i o n 

Employees of the Department of Air Po l lu t ion and the Department of Environ
mental and Tropical Health were asked to p a r t i c i p a t e in the repeated meas
urement program. From the 15 vo lun teers who p a r t i c i p a t e d in the N02 r e 
peated measurements, 2 non-smokers and 2 smokers were i n v i t e d to p a r t i c i 
pate in RSP and VOC measurements. 

For the measurements in newly b u i l t homes cooperat ion was obtained from the 
"Dutch Munic ipa l i t i e s Building Fund", who provided access to 11 homes of a 
bu i ld ing p ro j ec t of government subsidized p r iva t e homes and mediated with 
the future occupants . The 11 homes were a l l i den t i ca l and were cons t ruc ted 
in the same bu i ld ing s tream. 

F i e l d o p e r a t i o n s and data h a n d l i n g 

At the s t a r t of the repeated measurement program the volunteers received a 
b r i e f i ng and demonstration about the opera t ion of the sampling dev ices . For 
RSP and VOC samples the occupants were suppl ied with flow r a t o r s and soap 
bubble mete r s . 
Every o ther week the volunteers received fresh sampling u n i t s , which they 
i n s t a l l e d a t home. After a sampling per iod of one week the samplers were 
brought back to the l abo ra to ry . 

In the newly b u i l t homes repeated measurements were c a r r i e d out a t 6 
phases: 
- in empty homes, j u s t before occupat ion; 
- j u s t a f t e r f l o o r - and wall covering was c a r r i e d o u t ; 
- j u s t a f t e r the homes were furnished; 
- in occupied homes, during the f i r s t week of occupat ion, a f t e r 1 month and 

a f t e r 3 months of occupation 

The samples and data of the repeated measurement program received a s imi la r 
t rea tment as those of the week-long i n t e g r a t e d measurement program. 

3 . 6 . S t a t i s t i c a l ana ly s i s 

The s t a t i s t i c a l ana lys i s of the data was c a r r i e d out with SPSS (Nie e t a l . 
1975, Hull and Nie 1981) and BMDP (Dixon e t a l . 1981) r o u t i n e s . Apart from 
several desc r ip t ive and screening s t a t i s t i c s , the major s t a t i s t i c a l t e c h n i 
ques which have been used were mul t ip le regress ion a n a l y s i s , ana lys i s of 
variance and f ac to r a n a l y s i s . 
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M u l t i p l e r e g r e s s i o n a n a l y s i s 

The mul t ip le regress ion ana lys i s was mainly used for the development of 
models to explain and p r ed i c t the indoor p o l l u t a n t l e v e l s measured in the 
week-long i n t e g r a t e d measurement program ( the dependent va r i ab l e s ) with the 
c h a r a c t e r i s t i c s of the home and occupants ( the independent v a r i a b l e s ) . 
The r e l a t i o n s h i p between a dependent va r i ab le y and n independent explana
tory va r i ab l e s x j , x 2 , x n in a l i n e a r model i s expressed by formula: 

Y = 8 0 + &L + B 2 + + p n + e 

where Y i s the dependent or response va r i ab le and e the e r r o r term. The 
regress ion c o e f f i c i e n t s ( 1 = 0 , 1 n) can be es t imated with the method of 
the l e a s t squares , by b n , . . . , b n , so t h a t the expected value of the depen
dent va r i ab le ( ? ) , given the values of the independent va r i ab l e s can be 
expressed by the following regress ion equat ion: 

Y = b 0 + b jXj^ + b 2 x 2 + . . . . + b n x n 

where b n i s the cons tan t or i n t e r c e p t of the equat ion; b ^ b 2 , b n 

express the marginal e f f e c t of x.j on the dependent v a r i a b l e , i . e . the 
increment in Y which corresponds with an un i t increase in the independent 
va r i ab le x^ when a l l other va r i ab l e s are held co n s t an t . The regress ion 
c o e f f i c i e n t s can a l so be expressed as s tandardized regress ion c o e f f i c i e n t s 
by s tandard iza t ion of the dependent and independent va r i ab l e s to un i t 
var iance ( i . e . s tandard devia t ion of 1) . These s tandardized regress ion 
c o e f f i c i e n t s make i t poss ib le t o compare the r e l a t i v e e f f e c t on the depen
dent va r i ab l e of independent v a r i a b l e s which have been measured on d i f f e r 
e n t u n i t s , for ins tance kitchen volume in m3 and tobacco consumption in 
c i g a r e t t e s per day. 

To obtain an optimal regress ion equation ( in terms of explained var iance) 
with as few independent va r i ab l e s as p o s s i b l e , subsets of a l l independent 
va r i ab l e s were se lec ted in the data a n a l y s i s , using the ' s t epwise ' s e l e c 
t ion procedure of the SPSS 'New Regression' r o u t i n e . In many c a s e s , o ther 
s e l ec t ion procedures , l i k e 'backward e l imina t ion ' were a l s o used, genera l ly 
y i e ld ing the same r e s u l t s as the ' s t epwi se ' procedure. In t h i s t h e s i s , only 
the r e s u l t s of the ' s t epwise ' procedure wil l be presented . 

A summary s t a t i s t i c for the adequacy of the f i t of the regress ion model to 
the data i s the mul t ip le c o r r e l a t i o n c o e f f i c i e n t R. When squared, R2 ex
presses the proport ion of var iance in the dependent va r i ab l e - the po l l u 
t a n t concent ra t ion for ins tance - t h a t can be accounted f o r , or be ex
plained by the independent va r i ab l e s in the model. The R2 s t a t i s t i c s p r e 
sented in t h i s study are a l l adjusted for the number of independent v a r i a 
b les in the regress ion equation and the number of c a s e s . 
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Another important s t a t i s t i c for the eva lua t ion of the regress ion equation 
i s the s tandard e r r o r of e s t i m a t e , SEE. The SEE i s the square roo t of the 
e r r o r va r i ance . I t can be i n t e r p r e t e d as an average e r r o r in p red ic t ing the 
dependent va r i ab l e from the regress ion model. 
In other words, the SEE i s a measure for the accuracy of the p red ic t ion 
expressed in the absolu te un i t s of the dependent v a r i a b l e . 
Without a p r e d i c t i v e model, the bes t p red ic t ion of the value of y , for 
ins tance the N02 concent ra t ion in a home, would be the mean of y over a l l 
homes (assuming a normal d i s t r i b u t i o n of y over the homes). The standard 
devia t ion Oy in the group of homes descr ibes the accuracy of t h i s p r e d i c 
t i o n . The gain in accuracy obtained by using a p r e d i c t i v e ( regress ion) 
model ins tead of the mean of y , can be e s t ab l i shed by comparing the SEE of 
the p r e d i c t i v e model to a v . A measure for the gain in accuracy i s the 
c o e f f i c i e n t of a l i e n a t i o n (CA), which i s the r a t i o of the SEE to c v (Rozen-
boom 1966). The CA i s r e l a t e d to the mul t ip le c o r r e l a t i o n c o e f f i c i e n t R, 
but the CA i s a more d i r e c t measure for the gain in accuracy than the R 2 . 
Due to logar i thmic t ransformation of the dependent v a r i a b l e , the i n t e r 
p r e t a t i o n of the SEE i s not as s t ra igh t forward as described above. There
fore the CA ins tead of the SEE wil l be presented for the regress ion models 
in t h i s r e p o r t , in addi t ion to the R 2 . 
(For backgrounds on mul t ip le regress ion ana lys i s see for ins tance 
Chat ter jee and Pr ice (1977) and Snedecor and Cochran (1980)) . 

A n a l y s i s o f v a r i a n c e 

Analysis of var iance was used to es t imate the v a r i a b i l i t y in indoor po l lu 
t a n t l e v e l s in time and place from a number of repeated measurements in 
homes. 
The observed var iance in p o l l u t a n t l e v e l s (a 2,) from repeated measurements 
can be decomposed in e r r o r var iance ( a | ) , the within-home var iance in 
l e v e l s , and in t r ue var iance ( a | ) , the var iance in l e v e l s between d i f f e r e n t 
homes (Snedecor and Cochran 1980): 

a* = 0 § + of 

The r e l i a b i l i t y c o e f f i c i e n t (RC) expresses the r a t i o of t rue var iance to 
the observed va r i ance : 

4 
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The r e l i a b i l i t y c o e f f i c i e n t wil l be high when the d i f fe rences between 
repeated measurements within homes are small as compared to the d i f fe rences 
in (average) l e v e l s between d i f f e r e n t homes. In t h i s case a s ing le measure
ment wi l l give a good impression of the typica l level for a p a r t i c u l a r 
home; i t makes i t poss ib le to d i sc r imina te between indoor l eve l s in homes 
with l i t t l e e f f o r t . A low r e l i a b i l i t y c o e f f i c i e n t i n d i c a t e s t h a t i t i s 
d i f f i c u l t to e s t a b l i s h d i f fe rences in indoor p o l l u t a n t l e v e l s between homes 
with only one or a few measurements; several r e p e t i t i o n s of the measure
ments wil l be requi red to d i sc r imina te between p o l l u t a n t l e v e l s of d i f f e 
r en t homes. 
The RC can be ca l cu la t ed for a s ing le measurement and for the mean of 
several repeated measurements, the l a t t e r always being h igher . In the case 
of only 2 r e p e t i t i o n s of the measurements ( t e s t - r e t e s t s i t u a t i o n ) the RC 
equals the c o r r e l a t i o n c o e f f i c i e n t between the f i r s t and second measurement 
(Snedecor and Cochran 1980). 

Factor a n a l y i s 

Factor ana lys i s was used to de l i nea t e poss ib le p a t t e r n s in the VOC concen
t r a t i o n s in the homes of the week-long in t eg ra t ed measurement program. The 
r a t i o n a l e behind the fac tor ana lys i s in t h i s case i s t h a t , when several 
compounds share the same source , the use of t h i s source wi l l e l eva t e the 
l e v e l s of a l l these compounds; t h u s , when the source i s powerful enough 
these VOC l e v e l s wi l l be highly c o r r e l a t e d . The objec t ive of the f ac to r 
ana lys i s i s t o iden t i fy f ac to r s by c l u s t e r i n g the highly c o r r e l a t e d com
pounds toge ther in one or a few groups. P re fe rab ly , each fac to r should 
contain compounds which are highly c o r r e l a t e d with each other but not with 
o ther compounds and each compound should be involved in as few d i f f e r e n t 
f a c to r s as p o s s i b l e . The fac to r s the re fore hypo the t i ca l ly descr ibe VOC 
which are produced by the same source or group of sources and may provide 
c lues about the na ture of the sources . The degree of involvement of a 
va r i ab l e in a fac to r i s expressed by the fac to r l o a d i n g s , which can take 
values between 0 (no involvement) and !l (highly involved in the f a c t o r ) . 
(For backgrounds on fac to r ana lys i s see for ins tance Rummel (1967) and 
Frane and Hill (1976) ) . 

D i s t r i b u t i o n o f t h e da ta 

The s t a t i s t i c a l techniques which were used are based on the assumption of a 
(mu l t i va r i a t e ) normal d i s t r i b u t i o n of the d a t a . This assumption i s seldom 
met in survey type indoor a i r po l lu t ion s t u d i e s . More often a lognormal 
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d i s t r i b u t i o n of p o l l u t a n t l e v e l s i s observed, which c a l l s for a logar i thmic 
t ransformation of the data to b e t t e r s a t i s f y the assumption of normal i ty . 

The logar i thmic t ransformation has the disadvantage t h a t the r e s u l t s , 
e s p e c i a l l y regress ion c o e f f i c i e n t s , a re more d i f f i c u l t t o i n t e r p r e t ; in 
a d d i t i o n , the e f f e c t of independent v a r i a b l e s on the dependent va r i ab le in 
regress ion a n a l y s i s i s no longer add i t i ve but m u l t i p l i c a t i v e . The t r a n s f o r 
mation may a l so mask p e c u l i a r i t i e s in the data t h a t may be of special 
i n t e r e s t . 

Although the s t a t i s t i c a l t e s t s which were used are considered robus t , the 
v i o l a t i o n of the assumption of normali ty may r e s u l t in uns table parameters 
dominated by a few extreme va lues ; furthermore i t may produce f l a t t e r e d 
es t ima tes of s t a t i s t i c a l s ign i f i cance and of the amount of explained v a r i 
ance . 

In the process of s t a t i s t i c a l ana lys i s most c a l c u l a t i o n s were ca r r i ed out 
on the crude data as well as on loga r i t hmica l ly transformed d a t a ; sometimes 
rank-order sca le data have been used. To avoid an abundance of informat ion, 
only a s e l ec t i on of the c a l c u l a t i o n s wi l l be p resen ted . In g e n e r a l , the 
r e s u l t s of c a l c u l a t i o n s a f t e r a log t ransformation of the data will be 
presented when the d i s t r i b u t i o n of the data and res idua l s t a t i s t i c s i n d i 
ca ted t h a t a log t ransformation would be a p p r o p r i a t e . 

S i g n i f i c a n c e l e v e l s 

I d e a l l y , the s ign i f i cance level of a l l parameters of a l l c a l c u l a t i o n s 
should be presented so t h a t the reader can make h i s own judgement. Again 
t h i s would lead to an abundance of information. In s t ead , a s ign i f i cance 
level of p s 0.05 has been adopted as a formal c r i t e r i u m . Thus, a s t r i c t e r 
c r i t e r ium was used in c a l c u l a t i o n s over a small number of cases (because of 
many missing values) than in c a l c u l a t i o n s with a l a rge number of c a s e s . 
Furthermore i t should be noted t h a t d i f fe rences which are s t a t i s t i c a l l y 
s i g n i f i c a n t may not always be s u b s t a n t i a l . 
The explora tory cha rac te r of the study ( i . e . the lack of i s o l a t e d w e l l -
defined a p r i o r i hypotheses) , the s e l ec t ion of the presented s t a t i s t i c a l 
c a l c u l a t i o n s and the a r b i t r a r y choices about the appropr ia teness of data 
t ransformation which had to be made, have consequences for i n t e r p r e t a t i o n 
of the s ign i f i cance level of the presented c a l c u l a t i o n s . I t should not be 
i n t e r p r e t e d too l i t e r a l l y as "the p r o b a b i l i t y t h a t a given s t a t i s t i c a l 
r e l a t i o n s h i p would occur by chance a l o n e " . The s ign i f i cance level of 0.05 
i s used more as a convenient fixed c r i t e r ium to s e l e c t information, which 
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may be too s t r i c t or too l e n i e n t in some c a s e s . (For a discussion on the 
s ign i f i cance of t e s t s of s ign i f i cance see Morrison and Henkel ( e d s . ) : " The 
Signif icance Test Controversy" 1970). 
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PART 2 . 





CHAPTER 1. INTRODUCTION 

Par t 2 of t h i s r epor t conta ins the r e s u l t s of the 3 main measurement 
programs which were described in p a r t 1 , chapte r 3 . 
Chapter 2 of p a r t 2 concerns general c h a r a c t e r i s t i c s of the homes and i t s 
occupants , and indoor po l l u t i on production and v e n t i l a t i o n of the homes. 
For the r ea l - t ime monitoring program, the general c h a r a c t e r i s t i c s of the 
homes and i t s occupants are meant as a b r i e f desc r ip t ion of the homes which 
were s tud ied . Pa r t of the i n t e r p r e t a t i o n of the r e s u l t s of the r ea l - t ime 
measurements were based on q u a l i t a t i v e examination of data p l o t s . Since 
p l o t s of the measurements in 1 home over a per iod of 24 hours a l ready 
covers 5 pages , only examples of these p l o t s can be presented . 
The c h a r a c t e r i s t i c s of the homes and occupants of the week-long measurement 
program are presented as a desc r ip t ion of the "study populat ion" and as an 
i l l u s t r a t i o n of the di f ferences between the age-groups of homes. The p r e 
sen ta t ion of data about indoor po l lu t ion production and about v e n t i l a t i o n 
of the homes are r e s t r i c t e d to those f ea tu res which are used for , and may 
con t r i bu t e t o , the explanat ion and p red ic t ion of the measured p o l l u t a n t 
l e v e l s in the homes. Thus the data about use of v e n t i l a t i o n provis ions and 
gas appl iances are presented only for the post-war homes in Ede and the 
pre-war homes in Rotterdam, while for the use of poss ib le indoor sources of 
VOC, data wi l l a lso be presented for the l e s s than 6 yea r s old homes in 
Ede. 

The r e s u l t s of the CO, N0 2 , RSP and VOC measurements wi l l be given respec
t i v e l y in the chap te r s 3 to 6. In each chapter the r e s u l t s of the 3 main 
measurement programs wi l l be t r e a t e d s e p a r a t e l y . When app rop r i a t e , r e s u l t s 
of r e l a t e d s tud i e s wi l l be presented as w e l l , as was mentioned in pa r t 1, 
sec t ion 3 . 1 . 
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CHAPTER 2 . GENERAL CHARACTERISTICS OF THE HOMES UNDER STUDY 

2 . 1 . The r ea l - t ime monitoring program 

D e s c r i p t i o n o f t h e homes 

In 12 of the 20 o r i g i n a l l y se l ec t ed homes succesful measurements were 
c a r r i e d out over periods of 135 to 273 hours . The measurements in the o the r 
homes were cance l l ed or discarded because of malfunctioning of the equip
ment, i l l n e s s of occupants or complaints about the noise of the equipment. 
The measurement period and some c h a r a c t e r i s t i c s of the 12 homes and i t s 
occupants are presented in t a b l e 6. 

All the homes were loca ted in a suburban a r e a , in or near Wageningen. The 
s ing le family homes were semidetached or t e r r aced homes. In these homes, 
the bedroom from which a i r was sampled, was loca ted on the second f l o o r . 
Kitchen and l i v i n g room were loca ted on the f i r s t f loor in a l l the homes. 
Casement windows and/or vent l i g h t s were present in a l l rooms. 

Use o f unvented gas a p p l i a n c e s 

The primary purpose of the data on the use of the unvented gas appl iances 
was to examine the inf luence of appl iance use on the indoor CO and N0X 

l e v e l s . The temperature above the gas app l i ances , monitored with the thermo 
coup les , were p l o t t e d versus time of day and analysed q u a l i t a t i v e l y in 
combination with p l o t s of the p o l l u t a n t l eve l s in the th ree rooms. 
The p l o t s showed t h a t in each home, the frequency and durat ion of a p p l i 
ances use was more or l e s s c o n s i s t e n t from day to day. When d i f f e ren t homes 
were compared, more d i f ferences than s i m i l a r i t i e s were observed in the 
p a t t e r n s of u se . 
In genera l , the gas cooker was used 2 to 6 times a day with a regular day 
to day p a t t e r n . C h a r a c t e r i s t i c of the ge i se r was i t s f requent and i r r e g u l a r 
use of 10 to 35 times a day for per iods of about 1 or 2 minutes . Figure 2 
shows an example of the pa t t e rn of use over 1 day of the appl iances in home 
2 and 3 . 
In home 3 , the p i l o t burner of the ge i se r was used only during the day; in 
the example in f igure 2 , the p i l o t burner was l i gh t ed a t about 7.30 a.m. 
and shut off a t 7 p.m. 
In the o ther homes equipped with a g e i s e r , the p i l o t burner was used day 
and n i g h t . The p i l o t burner of the cooking range was used in none of the 
homes. 
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In home 7, the oven was used to heat up the l i v i n g room {figure 3 ) . The 
heated a i r from the oven was d i r ec t ed to the l i v i n g area with a fan; when 
the des i red temperature was reached in the l i v i n g room, the cen t ra l hea t ing 
i n s t a l l a t i o n was used to maintain t h i s tempera ture . 

Ven t i l a t ion of the ki tchen 

In 10 of the homes, succesful measurements of the SFg concent ra t ion in the 
ki tchen were obtained over per iods of several days. For these homes, the 
SFg concent ra t ion in the ki tchen was p l o t t e d versus time of day; ki tchen 
a i r change r a t e s (ACR) were c a l c u l a t e d from the SF 6 emission r a t e , the 30-
minutes average SFg concent ra t ion and the volume of the k i t chen , as de
sc r ibed in appendix A. THe ACR expresses the number of times per hour the 
a i r in the room i s completely replaced by ( f resh) a i r . The TI expresses the 
e f f i c iency of a v e n t i l a t i o n system in p ro t ec t ing a given pos i t i on in t h a t 
system from exposure to a i rborne contaminants which are r e l eased a t another 
pos i t ion in the v e n t i l a t i o n system. Under condi t ions of complete mixing, 
the TI i s the rec iproca l of the product of the ACR and the volume of the 
room. Thus, the higher the v e n t i l a t i o n and the l a r g e r the volume, the lower 
the TI wi l l be (cf . appendix A). These v e n t i l a t i o n r a t e s were p l o t t e d 
versus time of day in combination with the SF 6 c o n c e n t r a t i o n s . 
In several c a s e s , these p lo t s revealed cyc l i c p a t t e r n s and rapid changes in 
the SFg c o n c e n t r a t i o n s . The rap id changes in SFg concent ra t ion often c o i n 
cided with the use of gas appl iances ( f igure 4 ) . Note t h a t the pa t t e rn of 
the v e n t i l a t i o n r a t e versus time i s smoother than t h a t of the SFg concen
t r a t i o n because the v e n t i l a t o r y r a t e i s c a l c u l a t e d from 30-minute average 
SFg c o n c e n t r a t i o n s . 
From interviews with occupants i t appeared t h a t the rap id changes in SFg 
concen t ra t ions a l so occurred a t t imes when the use of v e n t i l a t i o n p r o v i 
s ions was not changed. This i nd i ca t e s t h a t the changes in SFg concent ra t ion 
r e f l e c t mixing of s t r a t i f i e d ki tchen a i r by human a c t i v i t y and by the use 
of gas app l i ances , as well as changes in v e n t i l a t i o n of the k i t chen . The 
cyc l i c pa t t e rn of the SFg concen t r a t ion , which was observed in several 
homes e s p e c i a l l y during the n igh t , was probably the r e s u l t of convection of 
the ki tchen a i r caused by the heat of the r e f r i g e r a t o r motor. 
The operat ion of the r e f r i g e r a t o r motor was monitored in several homes by 
placing an addi t iona l thermo couple on the s h i e l d of the r e f r i g e r a t o r 
motor. I t appeared t h a t the cyc l i c f l u c t u a t i o n s of the SFg concen t ra t ions 
had the same frequency as the repeated opera t ion of the r e f r i g e r a t o r motor 
( f igure 5 ) . 
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To smoothen the e f f e c t of shor t - te rm f l u c t u a t i o n s in SFg concent ra t ion on 
the ACR, 4-hour average ACR and t r a n s f e r ind ices (TI) were c a l c u l a t e d from 
4-hour average SF 6 c o n c e n t r a t i o n s . Table 7 p resen t s the overa l l mean and 
range of the ACR and the overa l l mean TI of the measurement per iod in the 
10 homes. 
Large di f ferences in the 4-hour average ACR were observed both within homes 
and between d i f f e r en t homes. The h ighes t 4-hour average ACR in a ki tchen 
was about 2-6 t imes the lowest ACR in t h a t k i t chen . The homes with an 
overa l l mean ACR, smaller than 1 h " 1 a l l had an open ki tchen and the re fo re 
a la rge ki tchen volume. When judged on the TI from a hygienic point of 
view, home 10 had the be s t (= lowest) va lue . This home had the h ighes t 
capac i ty to d i l u t e and d isperse p o l l u t a n t s generated in the k i t chen . Judged 
on the ACR however, home 10 i s only the s ix th bes t in rank. 

2 . 2 . The week-long measurement program 

2 . 2 . 1 . Response 

In the f i r s t w i n t e r , in t roduc t ion l e t t e r s were sent to 326 post-war homes 
in Ede. In the second winter 417 inner c i t y pre-war homes in Rotterdam and 
149 l e s s than 6 yea r s old homes in Ede were approached. The response r a t e s 
for the 3 age-groups of homes are given in t ab l e 8 . 
More than 50 % of the occupants which could be con tac ted , agreed to cooper
a t e in the s tudy . In Rotterdam the p o s i t i v e response was def la ted by c i t y 
renovation and renewal a c t i v i t i e s ; 7 % of the homes to which an in t roduc 
t ion l e t t e r had been mailed were empty or demolished. 
In addi t ion several occupants in Rotterdam refused to p a r t i c i p a t e because 
they would leave t h e i r home in the near future due to renovation of the 
home. In 19 of the homes in Rotterdam the occupants spoke the Dutch l a n 
guage unsu f f i c i en t ly to p a r t i c i p a t e in the s tudy. 

Because the homes were v i s i t e d during o f f i ce hours , households with members 
who were a t home during these hours had the h ighes t chance to be con tac ted . 
Households with fu l l - t ime working members wil l the re fo re be underrepre-
sented in the study popula t ion . 

The d i s t r i b u t i o n of several c h a r a c t e r i s t i c s of the post-war homes in Ede in 
the study populat ion could be compared with the o f f i c i a l data from the 
munic ipa l i ty of Ede ( t ab l e 9 ) . Table 9 shows t h a t unmarried occupants were 
underrepresented in the study popula t ion , while married and widowed occu
pants were over represen ted . Pr iva te homes and s ing le family homes were 
overrepresented in the study populat ion by 4 %. These di f ferences between 
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study populat ion and the o f f i c i a l data for the study area were probably the 
r e s u l t of the same s e l e c t i o n mechanisms. 
Married occupants - e s p e c i a l l y those who have young ch i ld ren - and e lde r ly 
(widowed) people had a higher chance to be contac ted during of f ice hours 
than o ther groups of occupants . The p r i v a t e homes in Ede are often of the 
s ing le family type of home. Because these homes are often occupied by 
married occupants , those type of homes are over represen ted . Furthermore, i t 
appeared during the fieldwork t h a t , in genera l , people who owned t h e i r home 
were more i n t e r e s t e d to p a r t i c i p a t e than people who rented t h e i r home. 

2 . 2 . 2 . General desc r ip t ion of the study populat ion 

In t ab l e 10 some general c h a r a c t e r i s t i c s of the occupants and t h e i r homes 
are presented as a summarized desc r ip t ion of the study popula t ion . The 
t ab l e i l l u s t r a t e s some of the many di f ferences between the 3 age groups of 
homes, which are the r e s u l t of ( c u l t u r a l ) d i f ferences between the suburban 
(Ede) and urban (Rotterdam) study areas and of the developments in the 
housing s tock . 
Several of the general c h a r a c t e r i s t i c s were i n t e r r e l a t e d . For i n s t a n c e , as 
mentioned before , p r i v a t e homes are often of the s ing le family type and 
occupied by married people . In genera l , these homes are la rge and more 
often equipped with a range hood, mechanical v e n t i l a t i o n system and (when a 
ge i se r i s p r e sen t ) - a ge i se r vent than o ther homes. 

2 . 2 . 3 . Use of v e n t i l a t i o n provis ions in pos t - and pre-war homes 

In the discussion about v e n t i l a t i o n p rov i s ions , the term v e n t i l a t i o n ap
p l iance i s used to descr ibe mechanical operated appl iances such as the 
window fan and range hood. The term v e n t i l a t i o n provis ion i s used for 
windows and e x t e r i o r doors which can be opened by the occupants . 
Three types of v e n t i l a t i o n provis ions were i d e n t i f i e d in the s tudy: vent 
l i g h t s , casement windows and ou ts ide doors. 
Ven t i l a t ion g r i l l s were t r e a t e d as vent l i g h t s ; sash windows were t r e a t e d 
as casement windows in the data a n a l y s i s . 

In Ede, 8 homes had no v e n t i l a t i o n provis ions or appl iances in the k i t chen . 
These homes were pa r t of a f l a t for e l d e r l y people and had a small e l e c t r i c 
cooking f a c i l i t y . The l i v i n g rooms and bedrooms in Ede a l l had one or more 
v e n t i l a t i o n p r o v i s i o n s . 
In Rotterdam, 1 k i t chen , 5 l i v i n g rooms and 9 bedrooms had no v e n t i l a t i o n 
p r o v i s i o n s . All these rooms had an open connection to o the r rooms which did 
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have one or more v e n t i l a t i o n p r o v i s i o n s . 

Table 11 p resen t s the percentage of homes in Ede and Rotterdam in which 
none of the v e n t i l a t i o n provis ions in k i t chen , l i v i n g room and bedroom were 
a c t i v e l y used for v e n t i l a t i o n during the heat ing season, according to the 
answers of the q u e s t i o n n a i r e s . 
The ki tchen window fan was only used r egu la r ly in about 50 % of the homes 
In which t h i s appl iance was p r e s e n t . The range hood, when p resen t , was used 
r egu la r ly in 80-90 % of the homes. 
Two reasons for not using v e n t i l a t i o n provis ions in a room were often heard 
during the f i e l d work, e s p e c i a l l y in Rotterdam. The f i r s t reason was t h a t 
the room had an open connection with o the r pa r t s of the home where the 
occupants did use v e n t i l a t i o n p r o v i s i o n s . The second reason was draught . In 
Ede 29 % of the respondents often experienced draught , aga ins t 44 % of the 
respondents in Rotterdam. 

The use of v e n t i l a t i o n provis ions during the measurement week were analysed 
as fo l lows. For each v e n t i l a t i o n provis ion in a room, the durat ion of use 
was aggregated over the measurement per iod , s tandardized for a period of 
168 hours (1 week) and expressed as the percentage of time in which the 
v e n t i l a t i o n provis ion had been used. Then, the va r i ab l e ' t o t a l use of 
v e n t i l a t i o n p r o v i s i o n s ' was formed for each room, by summation of the use 
of d i f f e r en t v e n t i l a t i o n provis ions which were p resen t in the room. For 
i n s t a n c e , when the vent l i g h t in the ki tchen was used 30 % of the time and 
the k i tchens casement window was used 5 % of the t ime, the va r i ab l e " t o t a l 
use of v e n t i l a t i o n provis ions in the ki tchen" would take a value of 35 %. 
No allowances could be made for the time of day a t which v e n t i l a t i o n 
provis ions were used or whether windows were se t a j a r or were wide open. In 
some homes, the sum of the use of vent l i g h t and casement window was more 
than 100 %, which means t h a t these v e n t i l a t i o n provis ions were open a t the 
same time during a p a r t of the measurement per iod . 
Figure 6 p resen t s the frequency d i s t r i b u t i o n of the t o t a l use of v e n t i l a 
t i o n s in the 3 rooms in Ede and Rotterdam. This f igure shows a more or l e s s 
bimodal d i s t r i b u t i o n of the use of v e n t i l a t i o n p r o v i s i o n s , which i s most 
pronounced in Rotterdam in the ki tchen and bedroom. This i nd i ca t e s t h a t 1 
group of occupants only used the v e n t i l a t i o n provis ions during r e l a t i v e l y 
shor t per iods of t ime , while another group used the v e n t i l a t i o n provis ions 
(almost) the e n t i r e measurement pe r iod . In Ede, the occupants used the 
v e n t i l a t i o n provis ions during longer time periods than those in Rotterdam, 
e s p e c i a l l y in the bedroom. 
The diary r e s u l t s were in agreement with the ques t ionna i re information, 
from which two kinds of v e n t i l a t i o n behaviour could be i d e n t i f i e d ; one 
group of respondents p r ac t i ced a i r i n g of the rooms during r e l a t i v e l y shor t 
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per iods of t ime , while o thers maintained a more permanent v e n t i l a t i o n by a 
more or l e s s continuous use of v e n t i l a t i o n p r o v i s i o n s . 
The geometric mean and range of the average da i ly use of range hood and 
ki tchen window fan during the measurement period according to the d i a r i e s , 
in the homes equipped with these app l i ances , i s given in t a b l e 12. On 
average, the range hood was used twice as long in Ede as in Rotterdam. This 
i s in agreement with the ques t ionna i re information. The window fan was not 
used in 50 % of the homes in Ede and in 58 % of the homes in Rotterdam, 
which of course af fec ted the geometric mean of the use of these app l i ances . 
The time during which i n t e r i o r doors of k i t chen , l i v i n g room and bedroom 
were open was a lso assessed with the d i a r i e s . Respondents were asked to 
record the per iods when doors were open during more than 5 minutes . Thus, 
the time necessary to pass a door was not recorded. 
The use of i n t e r i o r doors was c a l c u l a t e d in a s im i l a r way as for the use of 
v e n t i l a t i o n provis ions and expressed as the percentage of time during which 
the doors were open. When occupants had removed the i n t e r i o r door (which 
was done qu i t e of ten) t h i s was considered in the data ana lys i s as i f the 
door was open permanently. 
The geometric mean of use of i n t e r i o r doors in the 3 loca t ions in Ede and 
Rotterdam i s given in t a b l e 13 . The range in the use of i n t e r i o r doors was 
from 0 % to 100 % in a l l the l oca t ions in both towns. 
Especia l ly i n t e r i o r doors of the ki tchen were open during a cons iderable 
f r ac t ion of the t ime; the geometric mean was 29 % of the time in both 
towns. The i n t e r i o r doors of the o the r l oca t ions were, on average, open 
during a few percent of the t ime . In Rotterdam, the i n t e r i o r doors of the 
bedroom were on average open twice as long as in Ede. This i s mainly 
because in Rotterdam the bedroom door was removed in 10 % of the homes, 
while in Ede t h i s was only the case in 1 % of the homes. 

2 . 2 . 4 . Use of gas cooker and ge i se r in pos t - and pre-war homes 

The use of the ga s - f i r ed cooking range and ge i se r was determined with the 
ques t ionna i res and d i a r i e s . The ques t ionna i re information, however, had 
only l imi ted use to assess d i f ferences in the use of the gas app l i ances . 
The respondents f e l t i t d i f f i c u l t to r epor t a typ ica l durat ion of use . 
In about 80-90 % of the homes hot meals were prepared v i r t u a l l y d a i l y ; the 
prepara t ion time for hot meals took between 30 to 60 minutes in about 75 % 
of the homes. 

In the d i a r i e s , the use of gas appl iances was only r e g i s t e r e d i f the 
appl iances were loca ted in l i v i n g areas of the home. Appliances (mostly 
ge i s e r s ) in a t t i c s , c e l l a r s or s c u l l e r i e s which were i s o l a t e d from l i v i n g 
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areas were not cons idered , because i t i s un l ike ly t h a t these appl iances 
would a f f ec t the indoor p o l l u t a n t l e v e l s . 
For g e i s e r s , only per iods of prolonged use , for ins tance for the shower, 
were f i l l e d in in the diary forms. 
The duration of use of gas appl iances during the measurement per iod , a c 
cording to the d i a r i e s was s tandard ized for a per iod of 168 hours and 
expressed as the average dai ly use in minutes . 
Table 14 p resen t s the geometric mean and range of the use of gas appl iances 
in Ede and Rotterdam. 
A wide range in use of gas appl iances i s apparent in t a b l e 14. On average, 
the gas cooker was used about 1 hour a day. 
The oven, when p r e s e n t , was used in only 50 % of the homes in Ede and in 37 
% of the homes in Rotterdam during the measurement pe r iod . 
Prolonged use of the ge i se r was on average 16 minutes per day in Ede and 6 
minutes per day in Rotterdam. The dif ference in g e i s e r use between the 2 
towns i s probably the r e s u l t of d i f ferences in hot water supply for the 
shower. 
In Ede 85 % of the ge i se r s suppl ied hot water for the shower, while in 
Rotterdam only 67 % of the g e i s e r s was connected to the shower. 

2 . 2 . 5 . Tobacco consumption in pos t - and pre-war homes 

Three measures were used to describe tobacco smoking in the homes: the 
number of smoking occupants , tobacco consumption according to the ques t ion
nai re and tobacco consumption according to the d i a r i e s . Tobacco consumption 
was c a l c u l a t e d by summation of the number of c i g a r e t t e s , c i g a r s and pipes 
smoked per day ins ide the homes. For convenience, i t i s expressed as the 
number of c i g a r e t t e s smoked per day. 
In Ede 60 % of the homes had 1 or more smoking occupant. In Rotterdam t h i s 
was 66 %. According to the d i a r i e s , the geometric mean tobacco consumption 
was 4 c i g a r e t t e s per day {range 0-75) r e spec t ive ly 6 c i g a r e t t e s per day 
(range 0-51) in Ede and Rotterdam. 
Table 15 p resen t s the r e s u l t s of the dai ly tobacco consumption according to 
the d i a r i e s in the 2 towns, broken down by the number of smoking occupants . 
The t ab l e shows t h a t in non-smoker's homes on average 1 or 2 c i g a r e t t e s per 
day were smoked during the measurement per iod , presumably by g u e s t s . This 
f igure should be i n t e r p r e t e d with some care because fu r the r ana lys i s i n d i 
ca ted t h a t the tobacco consumption in homes of non-smokers was not spread 
regu la r ly over the days of the week, but was concent ra ted on only 1 or 2 
days in most c a s e s . 
The number of smokers in the home explained 60 % r e spec t ive ly 54 % of the 
variance in the logari thm of the tobacco consumption during the measurement 
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period in Ede and Rotterdam. A la rge overlap in tobacco consumption in 
successive groups of the number of smoking occupants was observed (cf . 
t a b l e 15) . 
The squared c o r r e l a t i o n c o e f f i c i e n t (R 2 ) between the logarithm of the 
tobacco consumption according to the ques t ionna i res and t h a t of the d i a r i e s 
was about 0.80 in both towns, i nd i ca t i ng a good agreement of the 2 measures 
for tobacco consumption. 

2 . 2 . 6 . Use of poss ib le indoor sources of VOC in 3 age-groups of homes 

The use of poss ib le indoor sources of VOC during the measurement period was 
assessed by a ques t ionnai re adminis tered a t the end of the measurement 
pe r iod . Questions were asked about the use of a wide ar ray of (consumer) 
products in the home. The ques t ionna i re had an explora tory c h a r a c t e r ; exam
ples of var ious kinds of products l i k e s o l v e n t s , p a i n t , adhes ives , aerosol 
sprays e t c . were mentioned by the f i e l d workers and the responders were 
i nv i t ed to r epo r t the use of any product or mater ia l they might think 
r e l e v a n t . 
For the data a n a l y s i s , the products repor ted by the respondents were com
bined in to groups. Table 16 p resen t s the percentage of homes in which the 
product groups were used during the measurement per iod . Respondents were 
a lso asked to quantify the amount of products used, but a r e l i a b l e quan t i 
f i c a t i o n appeared not p o s s i b l e , among o the r s because the product was used 
by another occupant than the respondent . By consequence, the c l a s s i f i c a t i o n 
of product use i s c rude . The use of solvent for i n s t a n c e , may apply to the 
c leaning of a paintbrush or to the c leaning of a l a rge su r face . 

2 . 2 . 7 . SFg t r a c e r gas experiments in pos t - and pre-war homes 

In Ede successful t r a c e r gas experiments were c a r r i e d out in 72 k i tchens 
and 73 l i v i n g rooms. In Rotterdam these measurements were successful in 69 
k i tchens and 73 l i v i n g rooms. 
From the r e s u l t s of the t r a c e r gas experiments a i r change r a t e s (ACR) and 
t r a n s f e r ind ices (TI) were c a l c u l a t e d as described in appendix A. Table 17 
shows the geometric mean and range of the TI and ACR in the ki tchen and the 
TI in the l i v i n g rooms in the two towns; for homes with an open k i t chen / 
l i v i n g room the ACR of the l i v i n g room was a l so c a l c u l a t e d . 
The geometric mean TI had comparable values in Ede and Rotterdam in the 
ki tchen as well as in the l i v i n g room. As could be expected the TI of the 
l i v i n g room was lower than t h a t of the k i t c h e n s . 
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High ki tchen ACR were observed more f requent ly in Rotterdam than in Ede. 
Kitchen ACR of 15 ( h - 1 ) were observed in 3 homes in Ede and 11 homes in 
Rotterdam. In a l l these homes the i n t e r i o r door of the ki tchen was e i t h e r 
removed or l e f t open during the e n t i r e measurement pe r iod . The ki tchen with 
the h ighes t ACR of 24 ( h _ 1 ) , observed in Ede had an TI of 0.5 (min/m 3 ) , the 
same value as the geometric mean of a l l k i tchens in Ede. The ki tchen with 
the h ighes t ACR in Rotterdam had a TI of 0.2 (min/m 3 ) . In t h i s ki tchen the 
vent l i g h t as well as the i n t e r i o r door were open a l l the time during the 
measurements. These comparisons of the ACR and corresponding TI in the 
ki tchen c l e a r l y i l l u s t r a t e the d i f f i c u l t i e s which occur in determining ACR 
in occupied homes, when the e f f e c t i v e v e n t i l a t i o n volume cannot be de t e r 
mined accura te ly and devia tes from the physical volume of the room. 

Mult iple regress ion ana lys i s with the logarithm of the TI in the l i v i n g 
room as dependent va r i ab l e and the logari thm of the TI in the k i t chen , the 
number of doors between ki tchen and l i v i n g room and c i t y as independent 
v a r i a b l e s showed t h a t the independent va r i ab l e s explained 38 % of the 
var iance in the dependent va r i ab l e ( t a b l e 18) . After adjustment for the 
logari thm of the TI in the k i tchen and the number of doors between ki tchen 
and l i v i n g room the logari thm of the TI in the l i v i n g room was s i g n i f i c a n t 
ly higher in Rotterdam than in Ede, i nd i ca t ing a higher exchange of a i r 
from ki tchen to l i v i n g room in Rotterdam. 

2 . 3 . Repeated measurement program 

The repeated N02 measurements were c a r r i e d out in 15 homes of employees of 
the Unive r s i ty . In a l l homes gas was used for cooking; 3 homes were equ ip
ped with an unvented ge i se r in the k i t chen . Another 3 homes had a vented 
g e i s e r . The repeated RSP and VOC measurements were c a r r i e d out over a 
per iod of half a year in a subsample of 4 of the 15 homes; 2 of these homes 
had smoking occupants . Since the main ob jec t ive of the repeated measurement 
program was to assess the v a r i a b i l i t y of the indoor p o l l u t a n t l e v e l s , a 
d e t a i l e d desc r ip t ion of the homes and occupants i s not considered use fu l . 
The homes could be bes t described as (upper-)middle c l a s s homes. 

50 



2 . 4 . Summary and d iscuss ion 

R e a l - t i m e m o n i t o r i n g program 

In the 12 homes of the r ea l - t ime monitoring program the use of the cooking 
range of 2 to 6 times per day was t y p i c a l . The ge i se r was used 10 to 35 
t imes a day. In 1 home the oven was used for add i t iona l space hea t i ng . 
Judged on the data p l o t s , the pa t t e rn of use of the gas appl iances in each 
home was more or l e s s s t a b l e from day to day. This i s in agreement with the 
r e s u l t s repor ted by Dijkhof and Ogink (1978). In t h e i r study in 38 homes, 
l i t t l e d i f ferences were observed in frequency and duration of use of gas 
appl iances on d i f f e r en t days of the week. 
Dijkhof and Ogink repor ted an average frequency of use of the ge i se r of 31 
times per day, which i s higher than observed in the homes of the r ea l - t ime 
monitoring program. The p resen ta t ion of the r e s u l t s for the cooking range 
by Dijkhof and Ogink do not allow a comparison with the r e s u l t s of the 
r ea l - t ime monitoring program. 

In the t r a c e r gas experiments in the k i t chens , l a rge shor t - te rm f l u c 
t ua t i on s in the t r a c e r gas concen t ra t ions were observed, i nd i ca t ing the 
dynamic and complicated nature of a i r mixing and - t r a n s p o r t in occupied 
homes. Large d i f ferences in 4-hour average ACR and TI were found wi thin 
homes and between d i f f e r en t homes. The overa l l mean ACR over the e n t i r e 
measurement per iod in each home ranged from 0.5 to 9 a i r changes per hour . 
Although these values are not u n r e a l i s t i c and in good agreement with r e 
s u l t s of i n i t i a l t e s t s with the t r a c e r gas experiments (de Haas 1982), the 
ACR may be se r ious ly af fec ted by devia t ions of the e f f ec t i ve v e n t i l a t i o n 
volume from the physical volume of the k i t chen . 

Week-long measurement program 

The pos i t i ve response in the week-long measurement program was s a t i s 
f ac to ry , cons ider ing t h a t occupants had no d i r e c t gain from p a r t i c i p a t i n g 
in the s tudy . Many occupants thought t h a t a i r po l l u t i on was an outdoor 
phenomenon, but volunteered none the less . More than 50 % of the occupants 
which could be contac ted agreed to coopera te . The con tac t r a t e in Ro t t e r 
dam, however, was low, among o the r s because of c i t y renewal and renovation 
a c t i v i t i e s in the study a r e a . Households with a l l members working fu l l - t ime 
were probably underrepresented, because they had l e s s chance to be c o n t a c t 
ed, then households with members who were a t home during of f ice hours . 
Large di f ferences between the 3 age-groups of homes were found with r e spec t 
to the d i s t r i b u t i o n of general c h a r a c t e r i s t i c s of the homes. 
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As fa r as poss ib le the d i s t r i b u t i o n in the 3 age-groups of homes of charac
t e r i s t i c s l i k e home ownership, bu i ld ing type , cooking f u e l , type of water -
and space h e a t e r , was compared with data of the munic ipal i ty of Ede and 
var ious o ther sources for s imi l a r groups of homes. These comparisons 
revealed no se r ious d e v i a t i o n s . 

In the use of v e n t i l a t i o n p rov i s ions , a more or l e s s bimodel d i s t r i b u t i o n 
was observed, with one group of occupants who p rac t i ced a i r i n g and used 
t h e i r v e n t i l a t i o n provis ions during r e l a t i v e l y shor t per iods of t ime, while 
o the r s had the v e n t i l a t i o n provis ions open almost con t inuous ly . In gene ra l , 
t he v e n t i l a t i o n provis ions were used over sho r t e r time per iods in Rotterdam 
than in Ede. 
During the hea t ing season the v e n t i l a t i o n provis ions in the l i v i n g room 
were never used in about 15 % to 20 % of the homes, according to the 
ques t i onna i r e ; for k i tchens t h i s was the case in 5 % of the homes. Ven t i l a 
t ion provis ions in bedrooms were never used in 3 % of the homes in Ede and 
in 15 % of the homes in Rotterdam. Van Beek e t a l . (1981) repor ted t h a t in 
8 % of the 1500 homes in t h e i r study v e n t i l a t i o n provis ions in the l i v i n g 
room were not used. I t i s not c l e a r , however, to which season t h i s f igure 
a p p l i e s . Quest ionnaire information about v e n t i l a t i o n hab i t s during the 
summer, in the homes of the week-long measurement program, ind ica ted t h a t , 
as could be expected, occupants tend to increase the frequency and durat ion 
of use of the v e n t i l a t i o n provis ions in the summer, as compared to the 
w i n t e r . 
Recently, van Dongen (1984) has published the r e s u l t s of a study in 36 
newly b u i l t t e r r aced homes, in which the v e n t i l a t i o n hab i t s were i nves 
t i g a t e d using d i a r i e s . He observed t h a t on average the v e n t i l a t i o n p rov i 
s ions in the bedrooms were used during about 25 % of the day. In Ede and 
Rotterdam the median of the use of v e n t i l a t i o n provis ions in bedrooms was 
42 % re spec t ive ly 7 % of the t ime . The d i f ferences between the average use 
of v e n t i l a t i o n provis ions in Ede, Rotterdam and in the homes s tudied by van 
Dongen, in addi t ion to the wide range in the use of v e n t i l a t i o n provis ions 
observed in Ede and Rotterdam, suggest t h a t gene ra l i za t i ons about typ ica l 
v e n t i l a t i o n cond i t ions have l i t t l e meaning as long as the motives for 
v e n t i l a t i o n behaviour are not understood. 

The gas cooker was used on average during about 1 hour per day in both 
towns according to the d i a r i e s . Dijkhof and Ogink (1978) repor ted t h a t the 
most f requent ly used burners of the cooking range were operated about 40 to 
50 minutes per day. This i s in good agreement with the r e s u l t s of the week-
long measurement program, assuming t h a t several burners are used s imul ta 
neously for the prepara t ion of hot meals . 
For ge i s e r s Dijkhof and Ogink repor ted an average use of 28 minutes per 
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day. Since only the prolonged use of the ge i s e r s was recorded in the 
d i a r i e s , a comparison of the diary r e s u l t s with the r e s u l t s of Dijkhof and 
Ogink i s not well p o s s i b l e . 
J u s t as for v e n t i l a t i o n p rov i s ions , a wide range was observed in the use of 
gas appl iances in Ede and Rotterdam. Pred ic t ions of indoor p o l l u t a n t l e v e l s 
based on " t y p i c a l " gas appl iances use , l i k e was done by Welch (1982) and 
Palsma (1982), have there fore l i t t l e value for the p red ic t ion of the d i s 
t r i b u t i o n of exposures to gas-combustion r e l a t e d indoor p o l l u t a n t s . 

The average tobacco consumption in the homes in Ede and Rotterdam was about 
5 c i g a r e t t e s per day; the data of the ques t ionnai re and d i a r i e s were in 
good agreement with each o t h e r . The number of smokers in the home explained 
about 55 % of the var iance in the ( logari thm) of the tobacco consumption. 
Most s t ud i e s on tobacco consumption adress the consumption of individual 
smokers, which does not necessa r i ly takes place ins ide the homes. A compar
ison of the r e s u l t s with o ther s t ud i e s i s the re fo re not p o s s i b l e . 

The use of 8 d i f f e r en t groups of poss ib le indoor sources of VOC could be 
i d e n t i f i e d from the ques t ionna i re information. The most widely used p ro 
ducts were aerosol sprays , which were used in about 50 % of the homes 
during the measurement pe r iod . The c l a s s i f i c a t i o n of product use was crude 
however, because a quan t i f i ca t i on of the amount of products which was used 
was not p o s s i b l e . Reference mater ia l to eva lua te the r e s u l t s of the use of 
VOC sources was not a v a i l a b l e . 

The r e s u l t s of the t r a c e r gas experiments revealed a l a rge range in ACR and 
TI in k i tchens and l i v i n g rooms in both towns. I t i s obvious both from the 
r ea l - t ime monitoring program and from the week-long measurement program 
t h a t the e f f ec t i ve v e n t i l a t i o n volume of a room may se r ious ly deviate from 
the physical volume. This a f f e c t s the value of the ACR in an unknown 
manner. 
The TI i s a parameter , the value of which does not involve the room volume. 
I t d i r e c t l y descr ibes the e f f ic iency in p ro t ec t ing the sampling poin t from 
exposure to the t r a c e r gas , no mat ter how complex the v e n t i l a t i o n system 
i s . The usefulness of the TI to eva lua te v e n t i l a t i o n , however, depends 
heavily on the loca t ion of the t r a c e r gas emission and sampling p o i n t s . 
Careful s e l ec t i on of these p o i n t s , made poss ib le by f l e x i b l e emission and 
sampling tub ing , i s the re fore r equ i red . 
Duplicate SF 6 samples with a c o e f f i c i e n t of v a r i a t i o n of 15 % taken in 5 
k i t c h e n s , 10 l i v i n g rooms and 14 open k i t c h e n s / l i v i n g rooms in the week-
long measurement program, showed t h a t d i f ferences in the loca t ion of the 
sampling po in t s had only a minor e f f e c t on the outcome of the TI . 
There i s l i t t l e reference mater ia l ava i l ab l e for a comparison of the ob-
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served long-term average ACR and TI in occupied homes. Turner e t a l . (1984) 
r ecen t ly published the r e s u l t s of long-term t r a c e r gas experiments in 
occupied homes in the U.S. However, the ACR was expressed for the whole 
house, assuming one s ing le compartment. The d i f ferences in the TI in k i t 
chens and l i v i n g rooms s igni fy t h a t in the Nether lands , most homes cannot 
be considered as one s ing l e compartment. Neither can homes be considered as 
a f ixed conglomerate of several compartments, as can be judged from the 
data on the use of i n t e r i o r doors in the week-long measurement program. 
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CHAPTER 3 . RESULTS; CARBON MONOXIDE 

In t h i s chapter the r e s u l t s of the r ea l - t ime monitoring program and week-
long measurement program wil l be presented for CO. CO measurements were not 
included in the repeated measurement program. In a d d i t i o n , r e s u l t s wi l l be 
discussed of an i n v e s t i g a t i o n of the CO emission of g e i s e r s and of a study 
on CO in exhaled breath as an i n d i c a t o r for indoor CO exposure . 

3 . 1 . Real-time monitoring program 

For a q u a l i t a t i v e examination of the data the CO concen t ra t ions in each 
loca t ion in each home were p l o t t e d versus time of day. In most homes 
e leva ted CO l e v e l s coincided with the use of the gas cooker . Elevated CO 
l e v e l s were a l so observed during the use of unvented g e i s e r s . 
In home 1, 2 , 3 , 8 and 10, the con t r ibu t ion of the unvented ge i se r to the 
CO level in the ki tchen was l e s s than t h a t of the gas cooker . The g e i s e r s 
in these homes were equipped with secundary ae ra ted burne r s . The e f f ec t of 
unvented ge i s e r s on the ki tchen CO l e v e l s seemed more pronounced in home 6, 
11 and 12. These g e i s e r s had primary ae ra ted bu rne r s . Peak concen t ra t ions 
of CO were about the same during the use of gas cooker and during the use 
of the unvented ge i se r in these homes. 
These observa t ions however, are only t e n t a t i v e and based on q u a l i t a t i v e 
examination of data p l o t s . In most cases during per iods of use of the gas 
cooker, a l so the ge i se r was f requent ly opera ted . Th i s , in a d d i t i t i o n to the 
l imi ted number of homes and the many di f ferences between homes, precluded a 
c l e a r d i s t i n c t i o n between the impact of the cooker and t h a t of the unvented 
ge i se r on ki tchen CO l e v e l s . 

Figure 7 shows the p lo t s of the CO level versus time of day in 3 l oca t i ons 
in home 12. The f igure shows sharp peaks in the CO level in the ki tchen due 
to the use of gas app l i ances . These peaks were r e f l e c t e d in the pa t t e rn of 
the CO level in l i v i n g room and bedroom, but in a smoother form. CO l e v e l s 
in these l oca t ions remained lower than in the k i t chen . S imi lar concent ra 
t ion p a t t e r n s were observed on o the r days and in o ther homes as w e l l . In 
some homes d i f ferences were observed in the a i r communication between the 
loca t ions on d i f f e r en t days. In these homes the CO concent ra t ion p a t t e r n s 
in the l i v i n g room and bedroom corresponded well with t h a t in the k i t chen , 
while on o the r days the CO concen t ra t ions in these rooms were hardly af
fec ted by high CO l e v e l s in the k i t chen . 
In the l i v i n g room of homes of smokers s l i g h t l y e leva ted CO l eve l s of a few 
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mg/nr were observed during periods when gas appl iances were not used. These 
p a t t e r n s suggest a moderate impact of tobacco consumption on indoor CO 
l e v e l s . An example of such a pa t t e rn i s shown in f igure 7 (evening hour s ) . 

For the 3 indoor l oca t ions in each home 1-minute and 1-hour average CO 
concen t ra t ions were c a l c u l a t e d and the overa l l mean CO concent ra t ion over 
the e n t i r e measurement per iod was determined. The frequency d i s t r i b u t i o n of 
the 1-hour average CO l e v e l s in the indoor l oca t ions in each home i s given 
in f igure 8 . This f igure a l so conta ins the maximum 1-minute average and 1-
hour average CO concen t ra t ion and the overa l l mean CO concent ra t ion in each 
home. The range in the maxima of shor t - te rm average CO concen t ra t ions and 
in the overa l l mean concent ra t ion are summarized in t a b l e 19. 
The overa l l mean CO level in the indoor l oca t ions was 0 to 3 mg/m3 higher 
than the outdoor l e v e l . Differences between indoor l oca t ions and between 
d i f f e r en t homes were small ( l e s s than 3 mg/m 3 ) . 
When the 1-minute average and 1-hour average CO l e v e l s of d i f f e ren t homes 
were compared, the re appeared to be more di f ferences than s i m u l a r i t i e s . In 
some homes the d i f ferences between the maximum 1-minute average and 1-hour 
average CO concen t ra t ions were l a rge ( in k i tchens sometimes t ens of mg/m3) 
while in o ther homes the d i f ferences were only a few mg/m 3. Differences in 
CO l e v e l s between loca t ions were a l so small in some homes but l a rge in 
o t h e r s . 
Kitchen concen t ra t ions were genera l ly higher than the concen t ra t ions in 
o the r l o c a t i o n s . In home 5 the h ighes t CO l eve l s were observed in the 
bedroom. Examination of the data p lo t s learned t h a t e l eva ted CO l eve l s in 
the bedroom were not typ ica l in home 5 . This s ing l e high value of 48 mg/m3 

(1-minute average CO l eve l ) coincided ne i t he r with e leva ted l e v e l s in the 
o the r l oca t ions nor with the use of gas app l i ances . 
This high CO level might been caused by a puff of tobacco smoke near the 
sampling point in the bedroom. 
Examination of the p lo t s ind ica ted t h a t the r e l a t i v e l y frequent occurrence 
of 1-hour average CO concen t ra t ions in the range of 2 to 6 mg/m3 in the 
l i v i n g rooms of home 1, 4 , 5 , 6 , 11 and 12, were probably the r e s u l t of 
tobacco smoking. In home 6 and 1 1 , however, an e f f ec t of (vented) ga s - f i r ed 
space hea te r s on the CO l e v e l s in the l i v i n g room cannot be excluded. 

According to the proposed a i r qua l i t y s tandard for ambient CO l e v e l s , a 1-
hour average value of 40 mg/m3 should not be exceeded more than once a week 
and an 8-hour average value of 10 mg/m3 should not be exceeded more than 
once a month (Dutch Health Council 1979). The 1-hour average value of 40 
mg/m3 was exceeded once in the k i tchens of home 6 and 11 ; in home 11 the 8-
hour average value of 10 mg/m3 was a lso exceeded once. 
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3 . 2 . Week-long measurement program 

Acceptable CO measurements were obtained in 69 k i tchens and 68 l i v i n g rooms 
in Ede and in 45 r e spec t ive ly 51 k i tchens and l i v i n g rooms in Rotterdam. 
The frequency d i s t r i b u t i o n of the weekly average CO concen t ra t ions a re 
given in f igure 9. 
Typical outdoor CO l e v e l s , obta ined from the neares t s t a t i o n of the Nat io
nal Air Po l lu t ion Monitoring Network and in addi t ion in Ede from occasional 
outdoor measurements with a CO Ecolyser , were 1 mg/m3 or l e s s during both 
wi n t e r s . 
The weekly average CO concen t ra t ions in the 2 towns were comparable to the 
overa l l mean CO l e v e l s t h a t were found in the 12 homes of the r ea l - t ime 
monitoring program. 
In Rotterdam weekly average CO l e v e l s of 1 mg/m3 or l e s s were observed more 
f requent ly in the k i tchens than in Ede. The maximum CO concent ra t ion in 
ki tchen and l i v i n g room of 9 mg/m3 were found in the same home in Ro t t e r 
dam. This home had an open connection between ki tchen and l i v i n g room. 

The poss ib le a s s o c i a t i o n s between indoor CO 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 and i t s occupants were t e s t e d by mul t ip le regress ion a n a l y s i s 
(cf . pa r t 1, sec t ion 3 . 6 ) . 
The logarithm of the CO l e v e l s in the ki tchen were regressed on the i n 
dependent va r i ab l e s 1n t ab l e 20 . These independent va r i ab l e s were s e l e c t e d 
for the regress ion a n a l y s i s , because a po ten t i a l e f f e c t on indoor CO l e v e l s 
was repor ted in the l i t e r a t u r e or because an e f f ec t had been found in 
r e l a t e d s t u d i e s . The independent va r i ab l e s were devided in 2 s e t s : one 
which represented the presence of indoor CO sources and v e n t i l a t i o n a p p l i 
ances and another , more d e t a i l e d s e t , which a lso incorpora ted the use of CO 
sources and v e n t i l a t i o n provis ions and the t r a c e r gas t r a n s f e r in the 
k i t c h e n s . 
The va r i ab l e s 2 to 4 which were r e l a t e d to the presence of a ge i se r were 
en te red in the regress ion ana lys i s as dummy v a r i a b l e s . 
The va r i ab l e s in s e t 2 obtained from the d i a r i e s were s e t to a value of 0 
when an appl iance was not p resen t in the home. Note t h a t the number of 
c a s e s , with a complete data s e t for a l l va r i ab l e s in the equa t ion , i s 
smal l , e s p e c i a l l y in s e t 2 . 
Because of the small number of c a s e s , the independent va r i ab l e s were s e 
l e c t e d in the regress ion equation a t a s ign i f i cance level of < 0 .10, i n 
s tead of 0 .05 . The regress ion equat ions derived from the ana lys i s with the 
va r i ab l e s of s e t 1 i s given in t a b l e 2 1 . In equation 1 in t ab l e 21 the 
burner type of the ge i se r was represen ted by 2 dummy v a r i a b l e s , in equation 
2 only by 1 dummy va r i ab l e for the secundary aera ted bu rne r s . 
Only 15 % of the var iance in the logari thm of the ki tchen CO level could be 

57 



explained by the se l ec t ed independent v a r i a b l e s . 
The va r i ab l e s 'unvented g e i s e r ' and 'secundary ae ra ted burner 1 had no 
s i g n i f i c a n t e f f e c t on the dependent va r i ab le a f t e r the va r i ab le 'primary 
ae ra t ed burner ' was s e l ec t ed in the regress ion equation 1. In equation 2 , 
the e f f ec t of the va r i ab l e 'unvented g e i s e r ' was almost completely undone 
by the va r i ab le 'secondary ae ra t ed burner ' as can be judged from the r e 
gress ion c o e f f i c i e n t s of these v a r i a b l e s . These r e s u l t s i nd i ca t e t h a t the 
e f f e c t of unvented ge i s e r s on the ki tchen CO l e v e l s i s mainly caused by 
appl iances equipped with primary ae ra ted burne r s . 
Both equat ions showed t h a t the presence of smokers in the home was p o s i 
t i v e l y a s soc ia t ed with the CO level in the k i t chen . 

The r e s u l t s of the regress ion ana ly s i s with the independent v a r i a b l e s of 
s e t 2 a re presented in t a b l e 22 . 
The va r i ab l e s ' c i t y ' , 'use of ge i se r p i l o t l i g h t ' and 'use of gas cooker ' 
were s e l ec t ed in the regress ion equation and explained 18 % of the var iance 
in the logarithm of the CO l e v e l s in the k i t chen . To t e s t whether the 
va r i ab l e 'use of ge i se r p i l o t l i g h t ' was only a proxy for the presence of 
unvented g e i s e r s , the regress ion equation was r e c a l c u l a t e d a f t e r adding the 
va r i ab l e 'presence of unvented g e i s e r ' and a dummy va r i ab l e for 'secundary 
ae ra ted burner ' to the independent va r i ab l e s of s e t 2 . 
Indeed the e f f e c t of the va r i ab l e 'use of ge i se r p i l o t l i g h t ' on the 
ki tchen CO l e v e l s disappeared a f t e r these va r i ab l e s were added ( t ab l e 2 3 ) . 
In the equation in t a b l e 23 a l so a p o s i t i v e a s soc i a t i on between tobacco 
consumption and the CO level was observed. The va r i ab l e ' tobacco consump
t i o n ' only reached borde r l ine s ign i f i cance (p = 0.11) in the equation in 
t a b l e 22 . 

To explain the observed d i f ferences in the weekly average CO l e v e l s in the 
l i v i n g room between homes, the logari thm of the l i v i n g room CO level was 
regressed on ' t he logari thm of the CO level in the k i t c h e n ' , ' t he number of 
doors between ki tchen and l i v i n g room 1 , ' the presence of smokers' and 
' c i t y ' as independent v a r i a b l e s . The equation which r e s u l t e d from t h i s 
regress ion a na ly s i s i s given in t a b l e 24. 
No s t a t i s t i c a l l y s i g n i f i c a n t a s soc i a t i on was found between the va r i ab l e 
' c i t y ' and the CO level in the l i v i n g room. The remaining 3 independent 
va r i ab l e s explained 34 % of the var iance in the logari thm of the CO level 
in the l i v i n g room. 
Additional r egress ion a n a l y s i s , incorpora t ing a lso the use of i n t e r i o r 
doors and of v e n t i l a t i o n p r o v i s i o n s , the tobacco consumption and the index 
of t r a c e r gas t r a n s f e r from the ki tchen to the l i v i n g room, did not con
t r i b u t e to a b e t t e r explanat ion of the CO leve l s in the l i v i n g room. In the 
add i t iona l ana lys i s i t was observed t h a t the va r i ab l e ' t r a c e r gas t r a n s f e r 
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index in the l i v i n g room1 had about the same e f f e c t on the CO l eve l s in the 
l i v i n g room as the va r i ab l e 'number of doors between ki tchen and l i v i n g 
room 1 . 

3 . 3 . Related s tud ies on indoor CO po l lu t ion 

P o t e n t i a l CO e m i s s i o n o f g e i s e r s 

To assess the po ten t i a l CO emission of g e i s e r s , a survey type of study was 
c a r r i e d out in November, December 1980 in the towns of Arnhem and Enschede 
(Brunekreef e t a l . 1982). Enschede was se l ec t ed because a special mainte
nance system for ge i s e r s was p r a c t i c e d in t h i s town. 
Arnhem was considered to be more typ ica l for the s i t u a t i o n in the Nether
lands with regard to ge i se r maintenance. 
The inves t iga t ion covered 254 homes t h a t came from a random sample of 815 
(537 in Arnhem, 278 in Enschede), out of a l l homes t h a t 'most probably ' 
were equipped with a g e i s e r . 
In each home the a i r po l lu t ion po t en t i a l of the ge i se r was assessed by 
opera t ing the appl iance cont inuously for 15 min. The CO concent ra t ion in 
f lue gases was measured a f t e r 1 and 15 min. of ope ra t i on , the CO concent ra 
t ion a t b rea th ing he ight (1 .5 m) was measured before and a f t e r the 15 min. 
per iod . All measurements were taken with windows and doors c losed . Perma
nent v e n t i l a t i o n duc t s , however, were l e f t open. The i n s t a l l a t i o n code 
r equ i re s t h a t gas appl iances function properly under these c i rcumstances . 
The CO measurements were performed with Ecolyzer 2000 moni to rs . 
In addi t ion to the measurements, a number of items were recorded by the 
i n v e s t i g a t o r s inc lud ing : age and burner type of the g e i s e r , presence of a 
f lue and ge i se r maintenance. 

The r e s u l t s of the CO measurements were expressed in ppm (1 ppm CO = 1.15 
mg/m 3 ) . 
In 27 % of the i n v e s t i g a t e d homes, CO concen t ra t ions in f lue gases exceeded 
requirements of the local gas companies (300 ppm). The main parameter 
determining CO concen t ra t ions in f lue gases was the type of burner . Of a l l 
the primary ae ra t ed bu rne r s , 32 % reached CO concen t ra t ions higher than 300 
ppm. In case of secondary aera ted burners t h i s was only 3 %. For the group 
of ge i s e r s with a primary ae ra ted burner , the maintenance system appeared 
to. be an important f ac to r to prevent high CO concen t ra t ions in f lue gases . 
In 17 % of c a s e s , CO concen t ra t ions a t brea th ing he ight exceeded a value of 
50 ppm, the i n s t a l l a t i o n code s tandard . In some cases a level of more than 
600 ppm was observed. Presence of a vent and, aga in , type of burner both 
had an e f f e c t on CO l e v e l s a t b rea th ing he igh t . In 3 % of the c a s e s , vented 
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ge l se r s produced CO concen t ra t ions higher than 25 ppm, while in 50 % of the 
homes in which unvented ge i s e r s with a primary ae ra t ed burner were l o c a t e d , 
CO l e v e l s exceeded 25 ppm. In 12 % of the homes equipped with an unvented 
ge i se r with a secundary ae ra ted burner , CO l e v e l s exceeded 25 ppm. In 
addi t ion to the burner type and presence of a vent , the maintenance system 
proved to be important in reducing CO l e v e l s a t b rea th ing he igh t . 

CO i n e x h a l e d brea th 

To e s t a b l i s h the heal th consequences of ge i s e r s with a high CO production 
under normal l i v i n g c o n d i t i o n s , CO l e v e l s in exhaled breath were determined 
from 29 occupants (age 12-72 yea r s ) of 15 f l a t s (Verhoeff e t a l . 1983). The 
CO level in exhaled breath i s d i r e c t l y r e l a t e d to the carboxyhemoglobin 
(COHb) level in the blood and can be used as a measure for the exposure to 
CO. COHb l e v e l s below 2.5 to 3 % are considered s a f e . Above t h i s l e v e l , 
hea l th e f f e c t s have been observed in s e n s i t i v e ind iv idua l s (WHO 1979b). 

All f l a t s were i d e n t i c a l and equipped with an unvented g e i s e r with a prima
ry ae ra ted burner , which had a CO concent ra t ion in f lue gases of over 250 
ppm. Duplicate samples of exhaled breath were taken on 2 days, before and 
a f t e r the cooking and dish washing pe r iod , during which the frequent use of 
the ge i se r i s l i k e l y to occur . After holding t h e i r brea th for approximately 
20 seconds, p a r t i c i p a n t s exhaled through a g lass tube of 225 ml. After 
exhala t ion the tubes were c losed and samples were analysed on CO content 
gaschromatographically a t the l a b o r a t o r y . The overa l l c o e f f i c i e n t of v a r i a 
t ion of s e r i e s of dup l ica te samples was about 7 %. COHb l e v e l s were ca l cu 
l a t e d from the CO concen t ra t ions in the samples using the equat ions of 
Ringold e t a l . (1962) and Peterson (1970). 

Small , but in some cases s t a t i s t i c a l l y s i g n i f i c a n t , inc reases in CO l e v e l s 
in exhaled breath of about 1 ppm were found in both smokers and non-smokers 
a f t e r the cooking/dish washing pe r iod . For the smokers t h i s could a lso be 
due to increased tobacco consumption during dinner t ime . An a s soc i a t i on 
between the CO concent ra t ion in f lue gases and the increase of CO-breath 
l e v e l s was not found. 
In non-smokers COHb l eve l s remained below 2.5 % before as well as a f t e r the 
cooking/dish washing per iod . The majori ty of the smokers had COHb l eve l s of 
over 2 .5 % both before and a f t e r cooking/dish washing. The rank-order 
c o r r e l a t i o n between average da i ly tobacco consumption and COHb l e v e l s 
before cooking/dish washing in 15 smokers was 0.78 (p < 0 . 0 1 ) . 

The r e s u l t s of the study ind ica ted t h a t apa r t from the CO production of the 
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g e i s e r , o the r f a c to r s l i k e ki tchen v e n t i l a t i o n , presence or absence of 
occupants in the ki tchen during appl iance use , e t c . play a c ruc ia l r o l e . 
The frequency of occurrence of b i o l o g i c a l l y s i g n i f i c a n t increases in COHb 
l eve l s due to ge i s e r s with a high CO production i s thus presumably much 
lower than the frequency of occurrence of ge i s e r s with a high CO production 
i t s e l f . I d e n t i f i c a t i o n of a spec i f i c populat ion a t r i s k , by means of a 
general survey, i s the re fo re probably un feas ib l e . 

3 .4 . Summary and discussion 

In the homes of the r ea l - t ime monitoring program, 1-hour average peak 
concen t ra t ions of CO of a few mg/m3 and in some homes of a few tens of 
mg/m3 were observed in the ki tchen and in the l i v i n g room. With the excep
t ion of 1 home, in which 1-hour average CO concen t ra t ions of over 25 mg/m3 

were observed in the bedroom, bedroom CO l e v e l s were only a few mg/m3 

higher than outdoor l e v e l s . 
In 1 home a 1-minute average peak concent ra t ion of over 100 mg/nr CO was 
measured in the k i t chen . Examination of the data p lo t s learned t h a t CO peak 
concen t ra t ions in the ki tchen coincided with the use of unvented gas ap
p l i a n c e s . The data were not considered conc lus ive , due to the l im i t ed 
number of homes and the many di f ferences between homes, to d iscr iminate 
between the impact of d i f f e ren t types of unvented gas appl iances on the CO 
l eve l s in the k i t chen . 
From the data p l o t s and from the r e l a t i v e l y frequent occurrence of 1-hour 
average CO l e v e l s in the range of 2-6 mg/m3 in the l i v i n g rooms of homes of 
smokers i t was in fe r red t h a t tobacco consumption had a moderate e f f ec t of a 
few mg/m3 on the CO l e v e l s in the l i v i n g room. 

Similar CO l e v e l s as were found in the r ea l - t ime monitoring program, have 
been repor ted in o the r coun t r i e s for normal occupied homes equipped with 
unvented gas appl iances (Elkins e t a l . 1974, Wade e t a l . 1975, Moschandreas 
e t a l . 1978, S t e r l i n g and S t e r l i n g 1979, Hawthorn e t a l . 1983, Viala e t a l . 
1983). 
The small con t r ibu t ion of tobacco smoke to the CO l e v e l s in the l i v i n g room 
i s in good agreement with r e s u l t s published by Harke e t a l . (1974), Sebben 
(1977), Fisher e t a l . (1978) and Grandjean e t a l . (1979). 

The value of 40 mg/m3 CO (1-hour average) of the proposed s tandard for 
ambient CO was exceeded in the ki tchen of 2 homes; the 8-hour average value 
of 10 mg/m3 was exceeded in the ki tchen of 1 home.The proposed s tandard was 
not exceeded in l i v i n g rooms and bedrooms. 
In 1980, the US Environmental P ro tec t ion Agency (EPA) proposed to lower the 
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1-hour average s tandard for CO to 25 ppm (29 mg/nr) . This value was almost 
reached in the l i v i n g room and bedroom of 1 home, where the h ighes t 1-hour 
average CO concen t ra t ions were 26 mg/m 3. According to the i n s t a l l a t i o n code 
for gas appl iances (NEN 1078, 1978) the CO level should not exceed a value 
of 50 ppm (58 mg/m 3 ) . This code, however, i s of l i t t l e value since i t does 
not specify the time per iod to which the value of 50 ppm a p p l i e s . 
The Working Group on Indoor Climate of the Dutch Health Council has r e c e n t 
ly expressed the view t h a t the values of the proposed a i r q u a l i t y s tandard 
for CO should preferab ly be lower for indoor s i t u a t i o n s than for outdoor 
air(Dutch Health Council 1984). 
In a s t r i c t sense , the durat ion of the measurement per iod in each home was 
too shor t and the number of homes was too small to conclude whether the 
proposed s tandard for ambient CO was exceeded or no t . The data do warrant 
the conclusion t h a t , i f any, the margin of safe ty between the proposed 
s tandard and the measured CO l e v e l s in some homes wi l l be very smal l . 

In the homes of the week-long measurement program, the weekly average CO 
l e v e l s were s im i l a r to the overa l l mean CO l e v e l s found in the 12 homes of 
the r ea l - t ime monitoring program. 
On average, the weekly average CO level was 2 mg/m3 in the ki tchen and 1 
mg/m3 in the l i v i n g room in both towns. 
The mul t ip le regress ion ana ly s i s with the logarithm of the indoor CO l e v e l s 
showed t h a t the presence of unvented g e i s e r s equipped with primary ae ra t ed 
bu rne r s , smoking of tobacco and the durat ion of use of the gas cooker were 
p o s i t i v e l y a s soc i a t ed with the CO l e v e l s in the k i t c h e n . Contrary to the 
expec t a t i ons , the CO l e v e l s in k i tchens in Rotterdam were lower than those 
in Ede, even a f t e r s t anda rd i sa t ion for the above mentioned independent 
v a r i a b l e s . The reasons for these d i f ferences between the 2 towns are not 
c l e a r , but may be caused by di f ferences in ki tchen geometry, appliance use 
and appl iance maintenance system. 
The weekly average CO l eve l s in the l i v i n g room were p o s i t i v e l y assoc ia ted 
with the CO level in the ki tchen and the presence of smokers. The negat ive 
a s soc i a t i on of the number of doors between ki tchen and l i v i n g room with the 
CO level in the l i v i n g room ind ica t ed t h a t these doors are e f f ec t ive in 
reducing the t r a n s f e r of CO from the ki tchen to the l i v i n g room. 

The e f f ec t of unvented g e i s e r s and burner type of the g e i s e r on CO l e v e l s 
in the k i t chen , was a lso previously found as important determinant of 
ki tchen CO l e v e l s during the use of the ge i se r under s tanderdized condi
t i o n s . After 15 minutes of opera t ion of the g e i s e r s , CO l e v e l s of several 
hundreds of mg/ 3 were observed in some homes. The r e s u l t s of the study on 
CO emissions of ge i s e r s ind ica ted t h a t , although presence of a vent and a 
secundary ae ra ted burner were c l e a r l y a s soc ia ted with lower CO l e v e l s , 
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these f ac to r s a re no guarantee t h a t ki tchen CO l e v e l s wi l l not exceed 25 
ppm. In add i t ion to the presence of a vent and the burner t y p e , the mainte
nance system proved to be an important f ac to r for CO l e v e l s in the k i tchens 
under s tandardized c o n d i t i o n s . 

Under normal l i v i n g condi t ions only s l i g h t , but in some cases s t a t i s t i c a l 
s i g n i f i c a n t , inc reases in COHb l e v e l s were found a f t e r the cooking and dish 
washing per iod in occupants of homes equipped with unvented ge i se r s with a 
high CO product ion . The r e s u l t s of the study on COHb l e v e l s ind ica ted t h a t , 
under normal l i v i n g c o n d i t i o n s , the frequency of occurrence of b io log ica l 
s i g n i f i c a n t increases in COHb l e v e l s due to the use of g e i s e r s i s l e s s than 
the frequency in which ge i se r s with a high CO production i t s e l f are ob
served in the general housing s tock . 
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CHAPTER 4 . RESULTS; NITROGEN DIOXIDE 

In t h i s chapter the r e s u l t s of r e spec t ive ly the r ea l - t ime monitoring 
program, the week-long measurement and the repeated measurement program 
wi l l be presented . Furthermore, the r e s u l t s of week-long N02 measurements 
from 3 r e l a t e d s tud i e s wi l l be r epo r t ed . 

4 . 1 . Real-time monitoring program 

J u s t as for CO, the r e s u l t s of the N02 measurements were f i r s t p l o t t e d for 
a v isual inspec t ion of the da ta . 
Clear ly e leva ted N0 2 l e v e l s were observed in the ki tchen during the use of 
the gas cooker and even more during the use of the unvented g e i s e r . An 
example of the p l o t s of the use of gas appl iances and the simultaneous N0X 

concent ra t ion in the ki tchen of home 2 i s given in f igure 10. 
During the use of the ge i se r the r a t i o of NO to N02 was about 2 . The r a t i o 
of 2 was typ ica l for o the r homes with unvented ge i s e r s as w e l l . The r a t i o 
of NO to N02 during the use of the gas cooker was l e s s cons tan t than during 
the use of the g e i s e r . Figure 11 shows the N0X concen t ra t ion versus time of 
day in the 3 indoor l oca t ions of home 9 , where the gas cooker was the only 
gas app l i ance . In the ki tchen the r a t i o of NO to N0 2 during the use of the 
cooker var ied between about 1 and 2 . This was probably the r e s u l t of 
d i f ferences in fuel input and cooking load . 
The N0X concen t ra t ion p a t t e r n s in the l i v i n g room and bedroom were gene ra l 
ly smoother and peak concen t ra t ions remained lower than in the k i t chen . In 
the example given in f igure 1 1 , the N0X level in the bedroom was hardly 
a f fec ted by the N0X l e v e l s in the k i t chen . 
There were no i n d i c a t i o n s of tobacco smoke having an e f f ec t on the N02 

l e v e l s . On several occasions i t was observed t h a t in the homes of smokers, 
the NO level in the l i v i n g room exh ib i t ed the same pa t t e rn as the CO 
concent ra t ion during per iods when gas appl iances were not used. This sug
ges t s t h a t tobacco smoke might e l eva t e NO l e v e l s . 
Following the same reasoning as for CO, i t should be noted t h a t the obser 
va t ions from the q u a l i t a t i v e examination of the data p l o t s on the r a t i o of 
NO to N02 during the use of gas appl iances and on the impact of tobacco 
smoke on the N0X l eve l s have a t e n t a t i v e c h a r a c t e r . 

For the N02 concen t ra t ions in the 3 indoor l o c a t i o n s , 1-minute average, 1-
hour average and 24-hour average values were c a l c u l a t e d and the overa l l 
mean concent ra t ion over the e n t i r e measurement per iod in each home was 
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determined. The frequency d i s t r i b u t i o n of hourly average N02 l eve l s in the 
12 homes i s given in f igure 12. In a d d i t i o n , f igure 12 con ta ins the maximum 
1-minute, 1-hour and 24-hour average concent ra t ion observed in each home. 
The range of these values over the 12 homes i s summarized in t a b l e 2 5 . 
Espec ia l ly in the ki tchen extremely high 1-minute average N02 concenta t ions 
of several hundreds up to over 3500 ug/m 3 were observed. The highes t 1-hour 
average N02 level was about 2000 ug/m 3 (home 11) . In the o the r homes, the 
maximum 1-hour average N02 l e v e l s were l e s s than 1000 ug/m 3 . Living room 
and bedroom N02 l e v e l s were genera l ly lower than the l e v e l s in the k i t chen . 
1-Hour average N02 l e v e l s of several hundreds of ug/m 3 were observed in 
l i v i n g rooms and bedrooms of some of the homes. 
In 4 homes ( 3 , 4 , 5 and 7) the maximum 1-hour average N02 level in the 
l i v i n g room was about 15 ug/m 3 higher than t h a t in the k i t chen . 
In home 3 the maximum 1-hour average N02 level in the l i v i n g room exceeded 
the level in the ki tchen on a day when an almost uniform d i s t r i b u t i o n of 
CO, NO and N02 l eve l s was observed 1n the ki tchen and in the adjacent 
l i v i n g room and bedroom. Figure 13 shows the p lo t s of the N0X level versus 
time of day in the 3 indoor l o c a t i o n s . During a per iod from about 9.30 h . 
t i l l 13.00 h. the gas cooker was used cont inuously and the unvented ge i se r 
occas iona l l y . On most o ther days the concent ra t ion p a t t e r n s in t h i s home 
were smoother and peak concen t ra t ions were lower in the l i v i n g room and 
bedroom than in the k i t chen . 
Home 5 and 7 had an open k i t c h e n / l i v i n g room. 
The higher maximum 1-hour average N02 level in the l i v i n g room than in the 
ki tchen observed in home 3 , 5 and 7, were probably the r e s u l t of the 
sampling sequence in the r ea l - t ime monitoring program. The time lag of 
about 2 minutes between the samples in the indoor l oca t i ons introduced 
small d i f ferences in the time per iods over which the 1-hour average N02 

concen t ra t ions were c a l c u l a t e d . Given the observed concent ra t ion p a t t e r n s , 
these time lags may account for the small d i f ferences in the 1-hour average 
N02 l e v e l s in d i f f e r en t l o c a t i o n s . 

No sa t i s fy ing explanat ion was found for the high 1-hour average N02 concen
t r a t i o n of 334 ug/m 3 in the l i v i n g room of home 4 . This value was measured 
a t a time when the cooker and vented ge i se r were not used. Figure 14 shows 
a p l o t of the N0X concen t ra t ions in the l i v i n g room on t h a t day. After 
about 14.00 h . , the N02 concent ra t ion in the l i v i n g room s t a r t e d to r i s e 
g radua l ly , while NO and CO l e v e l s remained the same. N02 l e v e l s in the 
ki tchen and outdoors were not e l eva t ed , while the bedroom N02 level reached 
a level of 150 ug/m 3 . At 16.35 h . , the N02 level in the l i v i n g room sharply 
decl ined. This decl ine might have been caused by occupants a c t i v i t i e s , 
because a t the same time the gas cooker and ge i se r were used, which e l e 
vated NO and CO l e v e l s in the ki tchen and the l i v i n g room. A s i m i l a r , but 
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l e s s pronounced b u i l t - u p of N02 was observed on 2 o the r occasions in home 
4 : once in the l i v i n g room between 14.00 h and 17.00 h. and once in the 
ki tchen between 10.00 h . and 12.00 h . . On the l a t t e r occas ion , the N02 

concent ra t ion p a t t e r n in the ki tchen was r e f l e c t e d to some ex ten t in the 
l i v i n g room. Backflow of chimney gases from the space hea te r and from the 
ge i se r might be an explanat ion for t h i s phenomenon, although in t h a t case 
the NO level would probably be e leva ted as w e l l , unless NO would be com
p l e t e l y transformed in N02 during the con tac t with chimney su r face . I n t e r 
ferences from another unrecognized p o l l u t a n t generated indoors might a lso 
be an explanat ion for the observed concent ra t ion p a t t e r n s . The anomalous 
N02 concen t ra t ions were excluded from fur ther data a n a l y s i s . 

Comparison o f indoor N 0 2 l e v e l s w i t h t h e a i r q u a l i t y s tandard f o r outdoor N 0 2 -

As mentioned in p a r t 1 ,sect ion 1.4, the Dutch Health Council has proposed 
a i r q u a l i t y s tandard for outdoor N02 l e v e l s . The proposed s tandard reads as 
fo l lows: an 1-hour average N0 2 concen t ra t ion of 135 ug/m 3 i s not to be 
exceeded during 98 % of the y e a r , while a value of 300 ug/m 3 i s not to be 
exceeded more than once a y e a r ; a 24-hour average N02 concent ra t ion of 120 
ug/m 3 i s not to be exceeded during 98 % of the days, while a value of 150 
ug/m 3 i s not to be exceeded more than once a y e a r . The s tandard i s aimed a t 
the prevention of shor t - te rm peak c o n c e n t r a t i o n s . The 1-hour average value 
of 300 ug/m 3 i s considered as a maximum; the o ther values were derived from 
t h i s maximum, based on the frequency d i s t r i b u t i o n of the hourly and da i ly 
N02 concen t ra t ions under the p reva i l i ng meteorological condi t ions of the 
outdoor atmosphere. 
Since the frequency d i s t r i b u t i o n of N02 concen t ra t ions in homes i s qu i t e 
d i f f e r en t from t h a t in outdoor a i r , only the 1-hour average value of 300 
ug/m 3 i s s u i t a b l e for eva lua t ion of indoor l e v e l s . Table 26 p resen t s the 
r e s u l t s of the comparison between 1-hour average N02 l e v e l s in the 12 homes 
and the value of 300 ug/m 3 . In only 3 of the 12 homes the value of 300 
ug/m 3 was not exceeded in e i t h e r of the indoor l o c a t i o n s . In the ki tchen of 
the o the r 9 homes t h i s value was exceeded during 2 to 22 % of the measure
ment pe r iod . The level of 300 ug/m 3 was exceeded in the l i v i n g room and 
bedroom in 6 r e spec t ive ly 3 homes. 

Day t o day v a r i a t i o n o f i n d o o r N0 Z l e v e l s . 

To a s se s s the da i ly v a r i a b i l i t y of indoor N02 l e v e l s , data were used from 7 
homes in which succesful N02 were obtained in a l l 3 indoor loca t ions over 7 
consecut ive days. The v a r i a b i l i t y of the indoor N02 l e v e l s was expressed as 
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the r e l i a b i l i t y c o e f f i c i e n t (RC, cf- p a r t 1 , sec t ion 3 . 6 ) . The RC was 
c a l c u l a t e d for the da i ly maximum 1-hour average concent ra t ion and for the 
24-hour average concen t ra t ion , using the ' R e l i a b i l i t y ' rou t ine of SPSS. RC 
were c a l c u l a t e d as an index for the r e l i a b i l i t y of measurements of one 
s ing le day, and a lso as an index for the r e l i a b i l i t y of the average values 
over 7 days. 
The c a l c u l a t e d RC are presented in t a b l e 27 . The RC for a s ing le day showed 
t h a t about 50 % ( in the l i v i n g room more than 60 % ) of the var iance in 
the dai ly maxima of 1-hour average concen t ra t ions can be considered as 
random or e r r o r va r i ance . This i n d i c a t e s a cons iderable day to day v a r i a 
t i o n in the peak-concentra t ions wi thin homes. 
The day to day va r i a t i on of 24-hour average concen t ra t ions within homes was 
smal le r ; about 30 % of the var iance could be considered as e r r o r va r i ance . 
The RC c a l c u l a t e d for the average values over 7 days were h igh . About 90 % 
of the var iance in the average values could be considered as ' t r u e ' v a r i 
ance . 

The r e l a t i o n s h i p between s h o r t - t e r m and long- t erm N 0 2 c o n c e n t r a t i o n s . 

The r e l a t i o n between shor t - te rm and long-term average N02 concen t ra t ions in 
the 3 l oca t ions in the homes of the r ea l - t ime monitoring program was e s t a 
b l i shed in a regress ion a n a l y s i s . This was done by c a l c u l a t i n g the squared 
mul t ip le c o r r e l a t i o n c o e f f i c i e n t (R 2 ) and the c o e f f i c i e n t of a l i e n a t i o n 
(CA) of the overa l l mean N02 concent ra t ion with the maximum 1-minute and 1-
hour average concent ra t ion in each home. In t h i s a n a l y s i s , the overa l l mean 
concent ra t ion i s regarded as a p r e d i c t o r for the maximum 1-minute and 1-
hour average N02 concent ra t ion in the homes. Thus, the R 2 expresses the 
percentage of var iance in the shor t - te rm concent ra t ion peaks which i s 
explained by the overa l l mean concen t r a t i on . The CA expresses the gain in 
the accuracy in p red i c t i ng the shor t - te rm concent ra t ion peaks which a r i s e s 
from using the knowledge of the p red i c to r v a r i a b l e , i . e . the overa l l mean 
concent ra t ion (cf. pa r t 1, sec t ion 3 . 6 ) . 
The r e s u l t s of the ana lys i s a re presented in t a b l e 28 . In a l l c a s e s , more 
than 50 % of the var iance in the shor t - te rm concen t ra t ions could be ex
p la ined by the overa l l mean N02 concen t r a t ion . Yet the gain in accuracy by 
using the overa l l mean concent ra t ion in the ki tchen to p r e d i c t shor t - te rm 
concent ra t ion peaks, i s only 30 %. The accuracy of the p red ic t ion of the 1-
hour average peak- leve l s in the l i v i n g room, using knowledge of the overa l l 
mean concen t r a t ion , was 50 % b e t t e r than i t would be without t h i s know
ledge . In the bedroom the gain in accuracy was even b e t t e r . 
The accuracy of the p red ic t ion of the maximum 1-hour average concen t r a t ion , 
expressed in concent ra t ion un i t s ( the s tandard e r r o r of e s t ima t e . c f . p a r t 1 
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sec t ion 3 . 6 ) , was 346 ug/itr in the k i t chen , 129 ug/m in the l i v i n g room, 
and 74 ug/m 3 in the bedroom. 
The r a t i o of the maximum 1-hour peak concent ra t ion to the overa l l mean N0 2 

concen t r a t i on , the peak-to-mean r a t i o , es t imated by the slope of the r e 
gress ion l i n e , was on average 6 in the ki tchen (range 2 .7-19.8) and l i v i n g 
room(range 2 . 5 - 7 . 9 ) , and 4 in the bedroom(range 2 . 0 - 6 . 9 ) . 

4 . 2 . Week-long measurement program. 

The r e s u l t s of the week-long measurements in Ede and Rotterdam are presen
ted in f igure 15. This f igure shows the frequency d l s t r ibu t iom of the 
weekly average N02 concen t ra t ions in the 3 indoor l o c a t i o n s , and in add i 
t i o n , the geometric mean and maximum N02 concent ra t ion in the 2 towns. The 
f igure a l so shows the mean outdoor N02 level during the measurement per iod 
in Ede and Rotterdam. 
The weekly average N02 l e v e l s in the l i v i n g rooms and bedrooms in the p r e 
war homes in Rotterdam were on average about 10 ug/m 3 higher than those in 
the post-war homes of Ede. In the k i tchens ,N0 2 l e v e l s were on average 20 
ug/m 3 h igher in Rotterdam than in Ede. In a majori ty of the homes, ki tchen 
N02 l eve l s exceeded outdoor l e v e l s . Outdoor N02 l e v e l s were frequent ly 
exceeded in the l i v i n g room and, to a l e s s e r e x t e n t , in the bedrooms. In the 
week-long measurement program, the maximum weekly-average N02 level in the 
ki tchen was about 300 ug/m 3 higher than the h ighes t overa l l mean NO2 con
c e n t r a t i o n which was observed in the k i tchens of homes in the r ea l - t ime 
monitoring program. 

Comparison o f indoor N0 2 l e v e l s w i th t h e a i r q u a l i t y s tandard f o r outdoor a i r . 

As mentioned before , only the 1-hour average value (300 ug/m 3) of the 
proposed a i r q u a l i t y s tandard for outdoor N02 i s appropr ia te to evaluate 
indoor N02 l e v e l s . To compare weekly average N02 l e v e l s with the 1-hour 
average value of 300 ug/m 3 , assumptions had to be made about the r a t i o of 
1-hour average peak-concentra t ions to the weekly average N02 l e v e l s . For 
t h i s purpose, the peak-to-mean r a t i o s , o b t a i n e d in the r ea l - t ime monitoring 
program were used, as the be s t ava i l ab l e e s t i m a t e s . I t should be noted, 
however, t h a t these r a t i o s were determined in a l imi ted number of homes and 
subs t an t i a l dev ia t ions a re l i k e l y to occur in o ther homes, e s p e c i a l l y in 
i n n e r - c i t y homes in Rotterdam, where the geometry of the homes was qu i te 
d i f f e r en t from t h a t of the homes of the r ea l - t ime monitoring program. 
Table 29 p resen t s the percentage of homes in which the value of 300 ug/m 3 

68 



was exceeded, assuming a peak-to-mean r a t i o of 6 in the ki tchen and l i v i n g 
room and a r a t i o of 4 in the bedroom. As could be expected from the f r e 
quency d i s t r i b u t i o n of weekly average N02 l e v e l s (cf . t a b l e 15) , the value 
of 300 ug/m 3 was exceeded more f requent ly in a l l indoor l oca t i ons in 
Rotterdam than in Ede. 

A s s o c i a t i o n s between indoor N0 2 l e v e l s and c h a r a c t e r i s t i c s o f the homes and 
occupants 

J u s t as for CO, the a s soc i a t i ons between indoor N02 l e v e l s and c h a r a c t e r i s 
t i c s of the home and i t s occupants were t e s t e d by mul t ip le regress ion 
a n a l y s i s í c f . p a r t i , sec t ion 3 . 6 ) . The ana lys i s was c a r r i e d out on d i f f e r en t 
s e t s of independent va r i ab l e s for the data of the 2 towns separa te ly as 
well as combined, using the stepwise se l ec t ion procedure of the 'New-
Regression ' rou t ine of SPSS, with a s ign i f i cance level of 0 . 0 5 . 
The indoor N02 l e v e l s and several of the independent va r i ab l e s were loga
r i t h m i c a l l y transformed for the regress ion a n a l y s i s . For convenience, the 
phrase ' logar i thm o f wi l l be dele ted throughout the p resen ta t ion of the 
r e s u l t s of the regress ion a n a l y s i s . 
In genera l , the regress ion equat ions for the homes in Rotterdam contained 
l e s s independent va r i ab l e s then those for the homes in Ede. This was proba
bly due to the smaller number of homes in Rotterdam than in Ede, and due to 
d i f ferences in c o n t r a s t s in the independent va r i ab l e s between the 2 towns. 
For i n s t a n c e , in Rotterdam the re were only 2 k i tchens without a gas cooker, 
while in Ede 14 homes had no gas cooker in the k i t chen . 
Although some independent va r i ab l e s in the regress ion models for the k i t 
chen and the l i v i n g room in Rotterdam did not reach the s ign i f i cance level 
of 0 .05 , the regress ion c o e f f i c i e n t s of these va r i ab l e s often had values 
comparable to those which were s e l ec t ed in the models for the homes in Ede. 
When the data of the 2 towns were combined, no s t a t i s t i c a l l y s i g n i f i c a n t 
d i f ferences between the 2 towns were observed in the N02 l e v e l s in k i tchens 
and l i v i n g rooms, a f t e r adjustment for the se l ec t ed independent v a r a i b l e s . 
Therefore , only the r e s u l t s of the ana lys i s on the combined data wi l l be 
presented; d i f ferences between the 2 towns wil l be discussed q u a l i t a t i v e l y . 
The regress ion models for the bedroom wil l be presented for the data of the 
2 towns sepa ra te ly as well as combined. 

Kitchen N02 l e v e l s . 

The N02 l e v e l s in the ki tchen were regressed on 3 s e t s of independent 
va r i ab l e s ( t a b l e 3 0 ) . Set 1 con ta ins simple home c h a r a c t e r i s t i c s l i k e 
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presence of unvented gas app l i ances , and v e n t i l a t i o n app l i ances , while s e t 
2 a l so incorpora ted the use of these app l i ances . Set 3 i s an extension of 
s e t 2 with the va r i ab l e ' t r a c e r gas t r a n s f e r index in the k i t c h e n ' . Note 
t h a t the more d e t a i l e d information in s e t 2 and even more so in s e t 3 was 
only ava i l ab l e for a l imi ted number of homes. 
The regress ion equation r e s u l t i n g from the regress ion an a ly s i s on the 
v a r i a b l e s of s e t 1, i s presented in t a b l e 3 1 . In addi t ion to the squared 
mul t ip le c o r r e l a t i o n c o e f f i c i e n t ( R 2 ) , t a b l e 31 a l so shows the c o e f f i c i e n t 
of a l i e n a t i o n (CA), as an index for the gain in accuracy which i s obta ined 
by using the knowledge of the s e l ec t ed independent va r i ab l e s to p red ic t the 
dependent v a r i a b l e . 
From s e t 1, 6 independent va r i ab l e s were se l ec t ed in the regress ion equa
t i o n : 'presence of unvented g e i s e r ' , 'cooking f u e l ' , 'outdoor NO2 l e v e l ' , 
' k i tchen volume' , ' type of space h e a t i n g ' and 'shower connected to g e i s e r ' . 
Together these va r i ab l e s explained 55 % of the var iance in the ki tchen N02 

l e v e l s . The CA was 0 .68 . For the data of the homes in Rotterdam only 
'presence of unvented g e i s e r ' and 'k i tchen volume' were s e l ec t ed in the 
regress ion equa t ion . These va r i ab l e s explained 40 % of the var iance in the 
dependent v a r i a b l e . 
No s t a t i s t i c a l l y s i g n i f i c a n t a s soc i a t i on was found between the va r i ab l e s 
'presence of range hood ' , 'presence of ki tchen window fan ' and the N02 

level in the k i t chen . Table 32 i l l u s t r a t e s the d i f ferences in ki tchen N0 2 

l e v e l s in homes with and without gas cooker and unvented g e i s e r . The combi
nat ion of presence of an unvented ge i se r and absence of a gas cooker , 
however, i s r a r e l y observed in Dutch homes. 

The r e s u l t s of the ana lys i s on the independent v a r i a b l e s in s e t 2 are p r e 
sented in t a b l e 3 3 . The 7 s e l ec t ed va r i ab l e s explained 61 % of the var iance 
in ki tchen N02 l e v e l s , which i s 6 % more than in the equation for s e t 1. 
Remarkable in the equation i s the p o s i t i v e sign of the regress ion c o e f f i 
c i e n t of the va r i ab l e 'use of v e n t i l a t i o n provis ions in the k i t c h e n ' , where 
a negat ive sign would be expected. 
For the data of Ede, a s t a t i s t i c a l l y s i g n i f i c a n t negat ive a s soc ia t ion was 
found between the va r i ab l e 'use of range hood' and the ki tchen N02 l e v e l , 
a f t e r adjustment for the o the r independent va r i ab l e s in the equa t ion . For 
the data of Rotterdam, only the v a r i a b l e s 'presence of unvented g e i s e r ' and 
'use of gas cooker ' were s e l e c t e d . 

The va r i ab l e ' t r a c e r gas t r a n s f e r index in the k i t c h e n ' of s e t 3 was not 
s e l ec t ed in the regress ion model; from s e t 3 , the same va r i ab l e s were 
s e l ec t ed as from se t 2 . 
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Living room N02 l e v e l s . 

To explain the d i f ferences in the N0 2 l e v e l s in the l i v i n g room between 
homes, a s im i l a r procedure was followed as for the N02 l e v e l s in k i t c h e n s . 
The independent va r i ab l e s which were used in the regress ion ana lys i s a re 
presented in t a b l e 34. 
From s e t 1, the v a r i a b l e s 'k i tchen N02 l e v e l ' , 'number of doors between 
ki tchen and l i v i n g room' and ' type of space hea t i ng ' were s e l ec t ed ( t a b l e 
3 5 ) . The R 2 of the equation was 0 .64 , the CA was 0 .60 . 
For the data of Rotterdam, the va r i ab l e ' l i v i n g room volume' was s e l ec t ed 
in s t ead of the va r i ab l e ' type of space h e a t i n g ' . The ' l i v i n g room volume 1 

was negat ively a s soc ia t ed with the N02 l e v e l s in Rotterdam. 

The regress ion equation r e s u l t i n g from the ana lys i s with the va r i ab l e s of 
s e t 2 was almost i den t i ca l to the one for s e t 1, with only minor d i f f e ren 
ces in regress ion c o e f f i c i e n t s ( t a b l e 36 ) . However, the R 2 of the equation 
for s e t 2 was higher than the one for s e t 1, because, due to missing 
va lues , the regress ion equat ions were not c a l c u l a t e d for i den t i ca l groups 
of homes. The use of v e n t i l a t i o n provis ions and the use of i n t e r i o r doors 
was not s i g n i f i c a n t l y a s soc ia ted with the l i v i n g room N02 l e v e l s . 

From s e t 3 , the va r i ab l e ' t r a c e r gas t r a n s f e r index in the l i v i n g room' was 
s e l e c t e d , in addi t ion to the v a r i a b l e s a l ready s e l e c t e d from s e t 1 ( t a b l e 
37 ) . Together, these va r i ab l e s explained 73 % of the var iance in the N02 

l e v e l s in the l i v i n g room. Again, the va r i ab l e ' l i v i n g room volume' was 
s e l ec t ed in the equation for Rotterdam homes, i n s t ead of the v a r i a b l e s 
' t r a c e r gas t r a n s f e r index 1n the l i v i n g room' and ' type of space hea t ing" . 
When the va r i ab l e 'k i tchen N02 l e v e l 1 was removed from the equation as 
independent va r i ab l e and only simple home c h a r a c t e r i s t i c s were used, only 
30 % of the var iance in the N02 l e v e l s in the l i v i n g room could be ex
p la ined . 

Bedroom N02 l e v e l s . 

The regress ion ana lys i s with the N02 l e v e l s 1n the bedroom as dependent 
va r i ab l e was c a r r i e d out on 2 s e t s of independent v a r i a b l e s ( t ab l e 3 8 ) . 
Tracer gas experiments were not c a r r i e d out in the bedrooms. 
In the a na ly s i s on the combined data for the 2 towns, a s t a t i s t i c a l l y 
s i g n i f i c a n t d i f ference in the bedroom N02 l e v e l s was observed between the 2 
towns for both s e t s of independent v a r i a b l e s . Therefore , the equations wi l l 
be presented for the combined data as well as for the 2 towns s ep a ra t e ly . 
The regress ion models c a l c u l a t e d for the va r i ab l e s in s e t 1 a re presented 
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in t a b l e 39 . For Ede, Rotterdam and for the combined da ta , about 50 % of 
the var iance in the dependent va r i ab l e could be exp la ined . In Rotterdam 
t h i s was so le ly due to the a s soc i a t i on between l i v i n g room and bedroom N0 2 

l e v e l s . 
Table 40 shows the regress ion equat ions from the an a ly s i s on the va r i ab l e s 
of s e t 2 . For the data of the 2 towns combined, the v a r i a b l e s 'number of 
doors between ki tchen and bedroom' and 'use of i n t e r i o r bedroom door' were 
not s e l ec t ed in the model, but reached borde r l ine s ign i f i cance l e v e l s of 
0 .07 , r e spec t i ve ly 0 .08 . No s i g n i f i c a n t a s soc ia t ion was found between use 
of v e n t i l a t i o n provis ions in the bedroom and bedroom N02 l e v e l s . 

When only simple home c h a r a c t e r i s t i c s were used as independent va r i ab l e s 
and N02 l e v e l s in o the r l oca t ions were removed from the equa t ion , only 
about 15 % of the variance in the bedroom N02 l e v e l s could be expla ined. 

R e l a t e d s t u d i e s on weekly average N 0 2 l e v e l s i n Dutch homes. 

N02 measurements comparable to those in the week-long measurement program 
were c a r r i e d out in several r e l a t e d s t u d i e s (Lebret e t a l . 1981, Hoek e t 
a l . 1984, Noy e t a l . 1984, Remijn e t a l . 1984). The r e s u l t s of the N02 

measurements in these s tud i e s are summarized in t a b l e 4 1 , in combination 
with the r e s u l t s of the week-long measurement program. In the above men
t ioned r e fe rences , the N02 l e v e l s were c a l c u l a t e d with a d i f f e r en t d i f fu
sion c o e f f i c i e n t for N02 than was used in t h i s study (cf . appendix B).. For 
comparison, a l l the concent ra t ion values in t a b l e 41 were adjusted to a 
diffusion c o e f f i c i e n t of 0.154 cm 2 /m 3 . The t ab l e shows l i t t l e d i f ferences 
in the geometric mean N02 l e v e l s in k i tchens and l i v i n g rooms between rura l 
and suburban a r e a s . In Vlagtwedde, a rura l a r ea , bedroom N02 l e v e l s were on 
average 10 to 25 ug/m 3 lower than in the homes loca ted in suburban a r e a s . 
The geometric mean N02 l e v e l s in the i n n e r - c i t y homes of Rotterdam were 
higher in a l l 3 l o c a t i o n s , than in the homes in o ther a r e a s . 

Regression ana lys i s with simple home c h a r a c t e r i s t i c s as independent v a r i a 
b l e s and N02 l e v e l s in the ki tchen as dependent va r i ab l e was c a r r i e d out in 
several of the r e l a t e d s t u d i e s . The r e s u l t s were s imi l a r to the regress ion 
equat ions which were determined in t h i s study when the v a r i a b l e s from s e t 1 
were used. In the r e l a t e d s t u d i e s , about 40 % to 60 % of the var iance in 
the ki tchen N02 l e v e l s could be expla ined . 
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4 . 3 . Repeated measurement program. 

The average N02 concen t ra t ions in the 3 indoor l oca t ions of the 15 homes of 
the repeated measurement program are presented in t a b l e 42,broken down by 
d i f f e r en t seasons . Meteorological seasons were defined as fo l lows:winter {1 
December - 28 February) , spr ing {1 March - 31 May), summer (1 June - 31 
August) and autumn (1 September - 30 November). 
In the k i t c h e n s , the N02 concen t ra t ions were h ighes t in the winter and 
spr ing , in te rmedia te in autumn and lowest in summer. No c l e a r seasonal 
p a t t e r n s were observed in the l i v i n g room and bedroom. Average N02 concen
t r a t i o n s in the winter season were about 10 ug/m 3 l e s s than the average N02 

concen t ra t ions which were measured in Ede in the week-long measurement 
program. 

To assess the v a r i a b i l i t y of indoor N0 2 l eve l s in the 4 seasons , an ana
l y s i s of var iance was performed for each loca t ion and each season. Due to 
ho l idays , t he re were a number of missing values in the da ta , e s p e c i a l l y in 
the summer. For the ana lys i s of var iance measurement weeks were s e l ec t ed in 
which the re were the l e a s t missing va lues . As a r e s u l t of t h i s s e l e c t i o n , 
the ana lys i s was performed for 13 homes and 6 weeks in w in t e r , 11 homes and 
5 weeks in sp r ing , 11 homes and 3 weeks in summer and for 14 homes and 5 
weeks in autumn. The v a r i a b i l i t y of the N02 l e v e l s was expressed as the 
r e l i a b i l i t y c o e f f i c i e n t (RC, cf . p a r t 1, sec t ion 3 . 6 ) . Table 43 p resen t s 
the RC, r e s u l t i n g from the ana lys i s of va r i ance , broken down by loca t ion 
and season. In a l l 3 l o c a t i o n s , the v a r i a b i l i t y of N02 wi thin homes was 
small during w in t e r , spr ing and autumn, but l a r g e r during the summer. Less 
than 20 % of the observed var iance during w i n t e r , spr ing and autumn was 
e r r o r var iance according to the RC, i nd i ca t ing t h a t during these seasons 
indoor N02 l e v e l s within homes were s t a b l e . 

4 . 4 . Summary and d i scuss ion . 

Elevated N02 l e v e l s were observed in the indoor l oca t ions of the homes of 
the r ea l - t ime monitoring program during the use of the gas cooker and 
unvented g e i s e r . N02 concen t ra t ions were on average higher in k i tchens than 
in l i v i n g rooms and bedrooms. Concentration p a t t e r n s were genera l ly smooth
e r in l i v i n g room and bedroom than in the k i t chen . On several occasions i t 
was observed t h a t , j u s t as for CO, N02 peak-concentra t ions in l i v i n g rooms 
and bedrooms were v i r t u a l l y the same as the simultaneous ki tchen N02 

l e v e l s , while on o the r days in the same home, l e v e l s in l i v i n g room and 
bedroom were hardly af fec ted by ki tchen N02 l e v e l s . Due to the pa t t e rn of 
use of the g e i s e r , peak-concent ra t ions were often spread i r r e g u l a r l y over 
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the day. 

The r a t i o of NO to N02 in the ki tchen was f a i r l y cons tan t during the use of 
the g e i s e r ; during use of the gas cooker , the r a t i o of NO to N02 va r ied 
between 1 and 2 . These observa t ions were c o n s i s t e n t with unreported r e s u l t s 
of N0X measurements d i r e c t l y in f lue gases of gas cookers and g e i s e r s . The 
observed v a r i a t i o n in the r a t i o of NO to N02 during the use of the gas 
cooker, i s in l i n e with r e s u l t s of l abora tory s tud i e s on p o l l u t a n t emission 
r a t e s of gas app l i ances ; the r a t i o was repor ted to depend on fuel i npu t , 
tun ing , burning time and cooking load (DeWerth and Himmel 1974, Cote e t a l . 
1974, B i l l i ck e t a l . 1984). 
No e f f ec t of tobacco smoking on the N02 l eve l s could be observed in the 
homes of smokers. 

The 1-hour average peak-concentra t ions reached l e v e l s of several hundreds 
of ug/m 3 in a l l indoor l oca t ions in several homes. In 1 home, the h ighes t 
1-hour average N02 concent ra t ion in the ki tchen was 2000 ug/m 3 . The ob
served peak- leve l s of N02 were genera l ly higher than those repor ted for 
homes with gas appl iances in the USA and the UK (Cote e t a l . 1974, 
Moschandreas e t a l . 1978, Stevenson e t a l . 1979). 
The r a t i o of the maximum 1-hour average N02 concent ra t ion to the overa l l 
mean concen t r a t ion , in the homes of the r ea l - t ime monitoring program, was 
on average 6 in the ki tchen and l i v i n g room and 4 in the bedroom. With the 
overa l l mean N02 concen t r a t i on , more than 50 % of the var iance in N02 peak-
concen t ra t ions could be expla ined . The s tandard e r r o r of e s t ima t e , a mea
sure for the accuracy of the p red ic t ion of the maximum 1-hour average N02 

concent ra t ion with the overa l l mean concen t r a t ion , was over 300 ug/m 3 in 
the k i t chen , over 100 ug/m 3 in the l i v i n g room and about 75 ug/m 3 in the 
bedroom. Moschandreas and Zabransky (1982) used s imi l a r regress ion models 
to p r ed i c t 1-hour average maximum N02 l e v e l s from 24-hour average l e v e l s 
measured in 8 k i tchens with gas cookers ; they repor ted a peak-to-mean r a t i o 
of 2 , and a s tandard e r r o r of es t imate of 54 ug/m 3 . One of the reasons for 
the di f ferences between the r e s u l t s of Moschandreas and Zabransky and the 
r e s u l t s of the r ea l - t ime monitoring program i s probably the e f f ec t of 
unvented ge i s e r s on N02 peak-concent ra t ions in the Dutch homes. Another 
reason might be t h a t for the homes of the r ea l - t ime monitoring program, the 
peak-to-mean r a t i o was c a l c u l a t e d with the overa l l mean N02 level and not 
with the 24-hour average N02 l e v e l . In the homes of the r ea l - t ime monito
r ing program, a cons iderable v a r i a t i o n in dai ly maximum 1-hour average N02 

concen t ra t ions and in 24-hour average N02 concen t ra t ions was observed 
within homes. The r e l i a b i l i t y c o e f f i c i e n t of the average value of da i ly 
maximum 1-hour average N02 concen t ra t ions obtained over a per iod of 7 days, 
was about 0 .90 . This i nd i ca t e s t h a t a measurement per iod of several days i s 
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s u f f i c i e n t to e s t a b l i s h d i f ferences in indoor 1-hour average N 0 2 peak-
concen t ra t ions between homes. 

Also in the homes of the week-long measurement program, indoor N02 l e v e l s 
f requent ly exceeded outdoor N02 l e v e l s in a l l 3 l o c a t i o n s , but e s p e c i a l l y 
in the k i t chen . The observed N02 l e v e l s in Ede and Rotterdam were in good 
agreement with the r e s u l t s of the r e l a t e d s tud ies on indoor N 0 2 . In inne r -
c i t y homes in Rotterdam, the N 0 2 l e v e l s were genera l ly higher than in the 
homes in suburban and rura l a r e a s . 
Comparable or somewhat lower (on average by 10 - 20 ug/m 3) indoor N 0 2 

l e v e l s than those observed in the week-long measurement program, have been 
repor ted for homes with gas appl iances in the USA (Cote e t a l . 1974, 
Moschandreas e t a l . 1979, Palmes e t a l . 1979, Speizer e t a l . 1979, Spengler 
e t a l . 1983). Goldstein e t a l . (1979) repor ted mean weekly average N 0 2 

l e v e l s of 210 ug/m 3 in 428 k i tchens equipped with a gas cooker in homes in 
the UK; t h i s i s c l e a r l y higher than the geometric mean of the weekly 
average N02 l e v e l s which were found in the homes of the week-long measure
ment program. 
In homes equipped with unvented kerosene space hea te r s in the USA, t h e . UK 
and Japan, l i v i n g room N 0 2 l eve l s were genera l ly higher than those found in 
Dutch l i v i n g rooms. Concentrat ions repor ted for the homes with kerosene 
hea te r s were comparable to ki tchen l e v e l s in Dutch homes (Atkins e t a l . 
1979, Ni t ta and Maeda 1982, Ri tchie and Oatman 1983, Leaderer e t a l . 1984). 

Regression models explained about 50 to 70 % of the var iance in indoor N 0 2 

l eve l s between homes, in the week-long measurement program. Goldstein e t 
a l . (1979) could account for about 11 % of the var iance in ki tchen N02 

l e v e l s with s im i l a r regress ion a n a l y s i s ; Spengler e t a l . (1983) could ex
p la in 39 % of the var iance in ki tchen N 0 2 l e v e l s and 28 % of the variance 
in bedroom l e v e l s . In homes with and without gas cookers and unvented 
kerosene space h e a t e r s , Leaderer e t a l . (1984) could account for 60 to 65 % 
of the var iance in indoor N02 l e v e l s , with regress ion models incorpora t ing 
diary r e s u l t s about the use of gas cooker and kerosene h e a t e r s . 

The regress ion models for N02 l e v e l s in the k i tchens of Dutch homes showed 
t h a t the unvented ge i s e r s and gas cookers were the dominant N02 sources . I t 
i s not c l e a r whether the a s soc i a t i on between type of space heat ing and N02 

l e v e l s in k i tchens and l i v i n g rooms means t h a t local gas hea t e r s may ac t as 
a d i r e c t N02 source; the va r i ab l e ' type of space h e a t e r ' may a lso be a 
proxy for o the r c h a r a c t e r i s t i c s of the homes or occupants . 
No d i r e c t a s soc ia t ion was found between the var iab le 'use of g e i s e r ' and 
N02 l e v e l s in the k i t chen . However, t h i s va r i ab le was p o s i t i v e l y a s soc ia t ed 
with 'use of gas cooker ' and 'use of p i l o t l i g h t of the g e i s e r ' , which were 
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both s e l ec t ed in the regress ion equat ions and may have incorporated pa r t of 
the e f f ec t of the va r i ab l e 'use of g e i s e r ' . The a s soc i a t i on of the va r i ab l e 
'shower connection to the g e i s e r ' with ki tchen N02 l e v e l s suggests t h a t 
long use of the ge i se r i s indeed a s soc ia t ed with higher ki tchen N02 l e v e l s . 
This va r i ab l e i s considered to be a proxy for increased use of the g e i s e r ; 
when the ge i se r suppl ies hot water to the shower, the ge i se r i s operated 
over longer per iods of time than when i t suppl ies water for o the r uses 
(Dijkhof and Ogink 1978). In the homes of the week-long measurement p ro
gram, the c o r r e l a t i o n between 'shower connection to the g e i s e r ' and 'use of 
g e i s e r ' was 0 . 7 5 . 
The use of ki tchen v e n t i l a t i o n provis ions in the ki tchen was found to be 
p o s i t i v e l y a s soc ia t ed with ki tchen N02 l e v e l s . Apart from chance, t h i s 
might i nd i ca t e t h a t higher v e n t i l a t i o n enhances the pene t ra t ion of outdoor 
N0 2 . In t h a t c a s e , however, i t would would be more l i k e l y to f ind such an 
e f f e c t of v e n t i l a t i o n on the N02 l e v e l s in the bedroom, s ince in t h i s 
loca t ion N02 l e v e l s were genera l ly lower than in the k i tchens and in many 
homes even lower than outdoor l e v e l s . Another explanat ion might be t h a t 
percieved high p o l l u t a n t concen t ra t ions (for ins tance water vapor) from 
unvented gas app l i ances , s t imula te occupants to use the v e n t i l a t i o n pro
v i s i o n s , but the r e s u l t i n g v e n t i l a t i o n increase i s not enough to substan
t i a l l y reduce the N02 l e v e l s . During the f i e l d work many respondents men
t ioned condensation of water vapor in the ki tchen as an incent ive to use 
the v e n t i l a t i o n p r o v i s i o n s . 
The only i nd i ca t i on for a po ten t i a l benef ic ia l e f f e c t of a range hood on 
ki tchen N02 levels . , was found in a regress ion equation for the data of 
homes in Ede. In 2 of the r e l a t e d s tud i e s on indoor N0 2 , a s imi la r a s so 
c i a t i o n was observed between presence/use of range hoods and indoor N02 

l e v e l s . 

In the l i v i n g room, 60 % of the var iance in N02 l e v e l s could be explained 
by the N02 level in the k i t chen , the number of doors between ki tchen and 
l i v i n g room and the type of space hea t i ng . The a s soc ia t ion of the number of 
doors between ki tchen and l i v i n g room with the l i v i n g room N02 l e v e l s , 
i nd i ca t e s t h a t these doors, or the a s soc ia t ed geometry of the home, reduce 
the t r a n s p o r t of N02 from the ki tchen to the l i v i n g room. 
No s i g n i f i c a n t a s soc i a t i on was observed between the use of v e n t i l a t i o n 
provis ions and i n t e r i o r doors, and the l i v i n g room N02 l e v e l s . Neither was 
there an a s soc i a t i on between outdoor and l i v i n g room N02 l e v e l s . Given t h e , 
on average, shor t per iods during which v e n t i l a t i o n provis ions were used in 
the l i v i n g room, i t i s conceivable t h a t no e f f ec t of outdoor N02 l e v e l s on 
the indoor l e v e l s was observed in the l i v i n g room, while in k i tchens and 
bedrooms the outdoor level was p o s i t i v e l y assoc ia ted with the N02 l e v e l s in 
these l o c a t i o n s . 
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The h ighes t proport ion of the var iance (73 %) in the l i v i n g room N02 l e v e l s 
was explained when the va r i ab l e ' t r a c e r gas t r a n s f e r index in the l i v i n g 
room' was added to the regress ion equa t ion . This suggests t h a t a f t e r ad
justment for the previously mentioned independent v a r i a b l e s , d i f ferences 
between homes in the communication of a i r between ki tchen and l i v i n g room 
were r e f l e c t e d in the N02 l e v e l s in the l i v i n g room. 
When ki tchen N02 l e v e l s were not used as explanatory v a r i a b l e , only 30 % of 
the variance in N02 l e v e l s could be expla ined . 

The absence of s t a t i s t i c a l l y s i g n i f i c a n t d i f ferences in ki tchen and l i v i n g 
room N02 l e v e l s between Ede and Rotterdam, a f t e r adjustment for the inde
pendent va r i ab l e s in the regress ion equa t ions , suggests t h a t the d i f fe ren
ces in the frequency d i s t r i b u t i o n of N02 l e v e l s in these loca t ions between 
the 2 towns were the r e s u l t of d i f ferences in the d i s t r i b u t i o n of indoor 
N02 sources and o the r f ac to r s which inf luence indoor N02 l e v e l s . In bed
rooms, N02 l e v e l s in Rotterdam were s i g n i f i c a n t l y higher than those in Ede, 
a f t e r adjustment for independent v a r i a b l e s . This i s probably the r e s u l t of 
d i f ferences in geometry of the homes between towns. In many homes in 
Rotterdam, the bedroom and l i v i n g room were v i r t u a l l y a s ing le compart
ment,often with the l i v i n g room area loca ted between ki tchen and s leeping 
a r e a . This geometry was seldom seen in the homes of Ede. 

The r e s u l t s of the repeated measurement program showed t h a t in a l l indoor 
l oca t ions the v a r i a b i l i t y of weekly average N02 l e v e l s was small during 
win te r , spr ing and autumn, but l a r g e r during summer, when concen t ra t ions 
were lowest . This means t h a t during the g r ea t e r pa r t of the y e a r , indoor 
N02 l e v e l s were c o n s i s t e n t l y d i f f e r en t in d i f f e ren t homes; with 1 o r 2 
week-long N02 measurements these d i f fe rences can be de tec ted . 
About 15 to 20 % of the var iance in indoor N02 during w in t e r , spr ing and 
autumn could be considered as e r r o r va r i ance , due to a . o . measurement 
e r r o r s and di f ferences within homes in occupant a c t i v i t i e s l i k e use of gas 
appl iances and v e n t i l a t i o n p r o v i s i o n s . This proport ion of the var iance can 
there fore never be explained in regress ion models with simple home charac
t e r i s t i c s as independent v a r i a b l e s . In the regress ion equat ions with de
t a i l e d diary information, the proport ion of unexplained var iance was 20 % 
higher than the e r r o r variance of a s ing le week-long N02 measurement. 

When regress ion models (developed with the data of the week-long measure
ment program) are judged on the a b i l i t y to p red ic t indoor N02 (for ins tance 
for epidemiological s t u d i e s ) , the gain in accuracy of the p r ed i c t i ve model 
i s most d i r e c t l y described by the c o e f f i c i e n t of a l i e n a t i o n , CA. The CA of 
the regress ion models showed t h a t the accuracy of the N02 l e v e l s p red ic ted 
with regress ion models was about 30 to 40 % b e t t e r than a p red ic t ion 
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without such a model. A p red ic t ion without a model would mean t h a t the 
(geometric) mean N02 level in Dutch homes would be the bes t es t imate for 
the N 0 2 l e v e l s in individual homes, in o ther words t h i s p red ic t ion would be 
a semi-bl ind guess . 
Since devices for week-long measurements of indoor N 0 2 are cheap and easy 
to o p e r a t e , d i r e c t measurement of indoor N 0 2 should be p re fe r red above 
p red i c t i ve models in epidemiological s t ud i e s on the hea l th e f f e c t s of 
indoor N 0 2 . This i s not only because obta in ing d e t a i l e d information about 
c h a r a c t e r i s t i c s of the home and occupants i s extremely l abo r ious , but a l so 
because i t y i e l d s l e s s accura te e s t ima tes of indoor N 0 2 l e v e l s . 

Both in the r ea l - t ime monitoring program and in the week-long measurement 
program, the 1-hour average maximum value of the proposed a i r q u a l i t y 
s tandard for outdoor N 0 2 was exceeded f requent ly in the ki tchen and regu
l a r l y in the l i v i n g room and bedroom. The r e s u l t s of the repeated measure
ment program suggest t h a t in homes where indoor N 0 2 l e v e l s exceeded the 
s tandard , the exceedance i s l i k e l y to be r e c u r r e n t . However, the assump
t i o n s about the r a t i o of peak-to-mean concen t r a t i ons , needed for the compa
r i son of weekly average N 0 2 l e v e l s to the 1-hour average value of the a i r 
q u a l i t y s tandard , were based on measurements in only 12 homes; the e r r o r of 
the p red ic t ion of 1-hour average peak-concentra t ions with weekly average 
N 0 2 concen t ra t ions was s u b s t a n t i a l . This should be kept in mind when i n t e r 
p re t ing the percentages of homes in the week-long measurement program, in 
which the proposed a i r qua l i ty s tandard was exceeded. 

At p r e sen t , i t i s not c l e a r whether the observed indoor N 0 2 l e v e l s r e p r e 
sent a heal th r i s k . The r e s u l t s of s t ud i e s in t h i s f i e l d are i ncons i s t en t 
(Florey e t a l . 1979, Kel ler e t a l . 1979, Melia e t a l . 1979, Speizer e t a l . 
1980, Comstock e t a l . 1981, Hasselblad e t a l . 1 9 8 1 , Dodge 1982). In only 1 
s tudy, N02 was a c t u a l l y measured in the homes of a s u f f i c i e n t number of 
occupants , to allow a meaningful assessment of the r e l a t i o n s h i p between 
indoor N02 l e v e l s and heal th e f f e c t . In the o the r s t u d i e s , indoor N 0 2 

l eve l s were not measured, but p red ic ted from home c h a r a c t e r i s t i c s . With the 
presen t knowledge about the accuracy of such p r e d i c t i o n s , i t i s quest ionna-
b le whether hea l th e f f ec t s of indoor N02 l eve l s would have been de tec ted , 
i f these heal th e f f e c t s e x i s t . 
Prel iminary r e s u l t s of a recen t s tudy, in which indoor N 0 2 l e v e l s were 
determined in Dutch homes, suggested a negative a s soc i a t i on between expo
sure to indoor N 0 2 and pulmonary function in non-smoking female occupants , 
but not in the smoking women in the homes (Fischer e t a l . 1985). This study 
was c a r r i e d out in Vlagtwedde, a rura l area in which indoor N 0 2 l e v e l s were 
lower than those observed in i n n e r - c i t y homes. The study on pulmonary 
funct ions and indoor exposure to N02 i s now extended to o ther a reas and 
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populat ion groups; the prel iminary r e s u l t s mentioned above need fu r the r 
confirmation from the extended s tudy. 
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CHAPTER 5 . RESULTS; RESPIRABLE SUSPENDED PARTICLES. 

In t h i s chapte r the r e s u l t s of the RSP measurements 1n the week-long and 
repeated measurement program wil l be presented.RSP was not measured in the 
r ea l - t ime monitoring program. Ins tead , ins tantaneous RSP measurements were 
c a r r i e d out in 3 indoor l oca t ions in the homes of the week-long measurement 
program. 

5 . 1 . Week-long measurement program. 

Acceptable RSP measurements were obtained in l i v i n g rooms of 169 homes in 
Ede and in 91 homes in Rotterdam. The frequency d i s t r i b u t i o n , geometric 
mean and maximum of the weekly average RSP l eve l s are given in f igure 16. 
Outdoor TSP l e v e l s , measured a t a cen t r a l monitoring s t a t i o n of the Central 
Environmental P ro tec t ion and Management Agency 'Rijnmond', in Rotterdam 
were on average 45 ug/m 3 . Background 'Standard Smoke' concen t ra t ions d e t e r 
mined by the Provincia l Department of Environment in Arnhem, the nea res t 
monitoring s i t e to Ede, were on average 25 ug/m 3 . Occasional outdoor RSP 
measurements with the Piezobalance during the f i e l d work for the indoor 
measurements va r i ed between 15 and 45 ug/m 3 . 
In Ede, the geometric mean of the weekly average RSP l e v e l s was 5 ug/m 3 

higher than in Rotterdam, the maximum weekly average RSP level in Ede was 
about 300 ug/m 3 higher than in Rotterdam, but the d i f ferences in RSP l e v e l s 
between the towns were not s t a t i s t i c a l l y s i g n i f i c a n t (p > 0 . 1 0 ) . 

As was mentioned in pa r t 1 , sec t ion 1.4, the Dutch s tandard for outdoor 
p a r t i c u l a t e mat ter i s only app l i cab le for 'Standard Smoke' measurements. 
Comparison of indoor RSP l e v e l s to t h i s s tandard i s the re fo re not appropr i 
a t e . 
According to the US primary s tandard for outdoor p a r t i c u l a t e mat te r , a 24-
hour average TSP concent ra t ion of 260 ug/m 3 should not be exceeded, while 
the annual geometric mean TSP level should not exceed a value of 75 ug/m 3 . 
In the proposed rev i s ion of the s tandard , the 24-hour average concent ra
t i o n - l i m i t for p a r t i c l e s of l e s s than 10 um ( P M 1 0 ) ranges between 150 - 250 
ug/m 3 , while the annual ar i thmic mean P M ^ Q c o n c e n t r a t i o n - l i m i t ranges from 
50 - 60 ug/m 3 (EPA 1984). Table 44 shows the r e s u l t s of a comparison of the 
weekly average indoor RSP l e v e l s to the (proposed) values for 24-hour 
average outdoor p a r t i c u l a t e m a t t e r . 
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A s s o c i a t i o n s between Indoor RSP l e v e l s and c h a r a c t e r i s t i c s o f t h e homes and 
o c c u p a n t s . 

To explain d i f ferences in the observed weekly average RSP l eve l s between 
homes, mul t ip le regress ion ana lys i s was c a r r i e d out in a s imi l a r way as for 
the N02 l e v e l s . The 3 s e t s of independent va r i ab l e s which were used in the 
ana lys i s with the logari thm of the RSP level as dependent v a r i a b l e , a re 
presented in t a b l e 45 . In the f i r s t s e t , the tobacco consumption indoors i s 
represented by the number of smoking occupants . In the second s e t , tobacco 
consumption i s represented by ques t ionna i re information about average dai ly 
consumption of c i g a r e t t e s , c i g a r s and pipes in the homes. In the t h i r d s e t , 
diary information i s used as independent v a r i a b l e s . The independent v a r i a 
b le 'pe rson-hours ' in s e t 3 r ep re sen t s the dai ly number of people in the 
home, times the hours these persons spent ins ide the home during the mea
surement pe r iod . This v a r i a b l e , j u s t l i k e the va r i ab l e 'family s i z e ' , i s a 
proxy for indoor a c t i v i t y . As for the regress ion equat ions for N02 l e v e l s 
in k i tchens and l i v i n g rooms, the re were no s i g n i f i c a n t d i f ferences in RSP 
l eve l s between the 2 towns, a f t e r adjustment for the independent v a r i a b l e s . 
Therefore only the equat ions for the combined data of the 2 towns wil l be 
presented and di f ferences in the regress ion equat ions for the 2 towns 
separa te ly wil l be discussed q u a l i t a t i v e l y . 
From s e t 1, only the va r i ab le 'number of smokers' was se l ec t ed in the 
regress ion equation ( t a b l e 4 6 ) . This va r i ab l e explained 40 % of the v a r i 
ance in the RSP l e v e l s between homes; the CA was 0 .77 . 
With the ques t ionna i re information from s e t 2 , 50 % of the var iance in the 
dependent va r i ab l e could be explained by the va r i ab l e s ' c i g a r e t t e consump
t i o n ' , ' c i g a r consumption' and 'family s i z e ' ( t a b l e 4 7 ) . 
The regress ion equation r e s u l t i n g from the ana lys i s on the va r i ab les of s e t 
3 i s presented in t a b l e 48 . Together the va r i ab l e s ' c i g a r e t t e consumption ' , 
' c i g a r consumption ' , ' pe rson-hours ' and 'use of v e n t i l a t i o n provis ions in 
the l i v i n g room' explained 48 % of the variance in the RSP l e v e l s between 
homes. The sign of the regress ion c o e f f i c i e n t of the l a t t e r va r i ab le was 
cont ra ry to the expec t a t i ons . For the data of Ede s e p a r a t e l y , the va r i ab l e 
'pe rson-hours ' was not se lec ted in the equat ion , but reached border l i n e 
s i g n i f i c a n c e . For the Rotterdam homes, the va r i ab l e 'use of v e n t i l a t i o n 
p r o v i s i o n s ' was not s e l e c t e d . 

I n s t a n t a n e o u s RSP measurements 

Instantaneous RSP measurements were c a r r i e d out in k i t chen , l i v i n g room and 
bedroom, i r r e s p e c t i v e of smoking of the occupants . In some homes the mea
surements were obtained during or j u s t a f t e r smoking, while in o ther homes 
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no tobacco had been consumed on the day of the measurements. Smoking during 
or p r i o r to the measurements was r e g i s t e r e d in the q u e s t i o n n a i r e s . 
The geometric mean and range of the ins tantaneous RSP concen t ra t ions in the 
3 indoor l oca t i ons a re presented in t a b l e 49 . Table 50 shows the geometric 
mean RSP l e v e l s in the l i v i n g room, broken down by p r i o r tobacco consump
t i o n . The information about p r i o r smoking explained 53 % of the var iance in 
the logari thm of the ins tantaneous RSP l e v e l s in the l i v i n g room. 

Pearson c o r r e l a t i o n c o e f f i c i e n t s were c a l c u l a t e d between the logarithm of 
the ins tantaneous RSP concen t ra t ions 1n the 3 indoor l o c a t i o n s , to e s t a b 
l i s h the r e l a t i o n between simultaneous RSP l eve l s in d i f f e r en t loca t ions of 
the home. During, or within 0.5 hour a f t e r smoking, the c o r r e l a t i o n of the 
RSP concent ra t ion in the l i v i n g room with t h a t in the ki tchen and in the 
bedroom was 0 .44 , r e spec t ive ly 0.40 (n=75, p < 0 .001) . For a l l homes com
bined, these c o r r e l a t i o n s were 0.57 and 0.64 (n=187, p < 0 .001) . 

5 . 2 . Repeated measurement program. 

Weekly average RSP l e v e l s were determined during 16 weeks between July 1982 
and March 1983 in 4 of the homes of the repeated measurement program. The 
mean and range of the weekly average RSP l eve l s in the 4 homes are presen
ted in t a b l e 5 1 . The homes A and B had non-smoking occupants , home C and D 
had smoking occupants . 
P a r t i c i p a n t s were asked to r epor t the tobacco consumption 1n the home 
during the measurements weeks. After a few weeks, the repor ted tobacco 
consumption in 1 of the smoker's homes was always the same, probably be
cause i t was f e l t t h a t repeatedly keeping t rack of tobacco consumption was 
too t r y i n g . Therefore , i t was not at tempted to c o r r e l a t e weekly tobacco 
consumption with the weekly average RSP l e v e l s . 
Figure 17 shows a p lo t of the weekly average RSP l e v e l s 1n the 4 homes 
versus t ime . During the measurements in week 43 and 47 , a smoking guest 
s tayed in home A. In these weeks, the RSP l eve l s in home A were c l e a r l y 
h igher than in the o the r weeks. In home B, the h ighes t RSP level was found 
1n week 35 , when 15 c i g a r e t t e s were smoked by g u e s t s . 

An ana lys i s of var iance was c a r r i e d out to c a l c u l a t e the r e l i a b i l i t y coef
f i c i e n t for a s i ng l e week-long RSP measurement. Unlike the ana lys i s for 
repeated N02 l e v e l s , the ana ly s i s was not c a r r i e d out for d i f f e r en t sea
sons , s ince the measurements only covered a period of half a y e a r . Due to 
missing va lues , the RSP l e v e l s of 13 weeks remained for the ana lys i s of 
va r i ance . The r e l i a b i l i t y for a s ing le week-long RSP measurement was 0 .69 , 
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i nd i ca t i ng t h a t about 30 % of the t o t a l observed var iance could be c o n s i 
dered as e r r o r var iance and 70 % as t r u e va r i ance . 

5 . 3 . Summary and d i scuss ion . 

In many homes, the observed weekly average RSP l e v e l s in the l i v i n g room 
were considerably higher than the typ ica l outdoor l e v e l s of p a r t i c u l a t e 
ma t t e r . On average, indoor RSP l e v e l s were about 55 - 60 ug/m 3 , but a wide 
range was observed. Instantaneous RSP l e v e l s were h ighes t during and j u s t 
a f t e r smoking. Peak-concentrat ions up to 1000 ug/m 3 were observed. 
Elevated weekly average and ins tan taneous RSP l eve l s were c l e a r l y a s so 
c i a t e d with the tobacco consumption in the homes. The a s soc ia t ion of the 
va r i ab l e s ' family s i z e ' and 'pe r son-hours ' with weekly average RSP l e v e l s 
suggested an addi t iona l inf luence of indoor a c t i v i t y on weekly average 
indoor RSP l e v e l s . 
Weekly average RSP l e v e l s in homes of non-smokers were about 30 ug/m 3 . The 
con t r ibu t ion of tobacco consumption to weekly average RSP l e v e l s in the 
l i v i n g room, es t imated from the regress ion equat ions with ques t ionna i re 
information as independent v a r i a b l e s , was 2 - 5 ug/m 3 per c i g a r e t t e smoked 
per day and about 10 ug/m 3 per c i g a r per day. 

The sign of the a s soc ia t ion between the va r i ab l e 'use of v e n t i l a t i o n p rov i 
s ions in the l i v i n g room' and indoor RSP l e v e l s ind ica ted t h a t long use of 
v e n t i l a t i o n provis ions was a s soc i a t ed with higher RSP l e v e l s . Following 
s imi l a r reasoning as for ki tchen N02 l e v e l s , t h i s might i nd i ca t e t h a t the 
perceived p o l l u t a n t l e v e l s (for ins tance i r r i t a t i n g p r o p e r t i e s of tobacco 
smoke) s t imula te occupants to increase the v e n t i l a t i o n , van Dongen (1984) 
observed t h a t in homes of smokers the l i v i n g room was v e n t i l a t e d twice as 
long as in i den t i ca l homes of non-smokers. In the homes of the week-long 
measurement program, the c o r r e l a t i o n between tobacco consumption and use of 
v e n t i l a t i o n provis ions was low. In d i f f e r en t homes of i d e n t i c a l s t r u c t u r e , 
p o l l u t a n t l e v e l s caused by the smoking of a c i g a r e t t e wi l l genera l ly show 
l e s s v a r i a t i o n than in homes with subs tan t i a l d i f ferences in geometry l i k e 
the homes in the week-long measurement program. I t i s t he re fo re probably 
not tobacco consumption as such, which leads to increased use of v e n t i l a 
t ion p rov i s ions , but the actual p o l l u t a n t l eve l s from smoking. The p o s i t i v e 
a s soc ia t ion between use of v e n t i l a t i o n provis ions and indoor RSP l e v e l s , 
however, suggests t h a t the increased v e n t i l a t i o n i s unsuf f i c i en t to sub
s t a n t i a l l y reduce the indoor p o l l u t a n t l e v e l s caused by smoking. In add i 
t i o n , the re were i n d i c a t i o n s t h a t occupants often use the v e n t i l a t i o n 
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provis ions a t the wrong moment, i . e . during the n igh t (so t h a t the a i r in 
the l i v i n g room i s ' f r e s h ' the next morning), i n s t ead of during the po l l u 
t a n t production in the occupied room, when v e n t i l a t i o n would be most e f f ec 
t i v e . 

A cons iderab le var iance was observed in the simultaneous RSP l e v e l s in 
d i f f e r en t l oca t ions of the home. The ins tantaneous RSP measurements can be 
considered as repeated measurements of RSP a t d i f f e r en t l o c a t i o n s , and the 
regress ion c o e f f i c i e n t of 2 repeated measurements can be I n t e r p r e t e d as a 
r e l i a b i l i t y c o e f f i c i e n t . Thus, the c o r r e l a t i o n c o e f f i c i e n t between s imul ta 
neous RSP l e v e l s Ind ica te t h a t , when ins tantaneous l i v i n g room RSP l e v e l s 
a re used to descr ibe (exposure to) the RSP level in the home, 40 to 60 % of 
the var iance in the RSP level can be considered as e r r o r va r i ance . 

Comparable or somewhat lower indoor RSP l e v e l s than those observed in the 
week-long measurement program, have been repor ted for homes in the USA. 
Moschandreas e t a l . (1978) measured RSP l e v e l s in homes and found 24-hour 
average l e v e l s of 5 - 260 ug/m 3 when smokers and/or small ch i ld ren were 
p r e s e n t , and 1 - 8 ug/m 3 in homes without smokers and small c h i l d r e n . The 
a s soc i a t i on between the presence of small ch i ld ren and indoor RSP l e v e l s 
was considered to r e f l e c t the e f f e c t of indoor a c t i v i t y on ( re)suspension 
of p a r t i c u l a t e m a t t e r . 
Large numbers of indoor samples of RSP were taken in the Harvard Six C i t i e s 
Study (Spengler e t a l . 1980, Dockery and Spengler 1981, Ju and Spengler 
1981, Spengler e t a l . 1981). Annual mean RSP l e v e l s were genera l ly lower 
than 60 ug/m 3 . Indoor l e v e l s were usua l ly higher indoors than outdoors ; a 
c l e a r r e l a t i o n s h i p with tobacco consumption was observed. Dockery and 
Spengler (1981) repor ted a RSP concent ra t ion increase of about 1 ug/m 3 per 
c i g a r e t t e smoked per day in not fu l ly a i r condi t ioned homes. 
Resul ts of a Yougoslavian study showed Indoor RSP l e v e l s between 131 and 
204 ug/m 3 during the winter per iod , in an area where outdoor RSP l e v e l s 
ranged from 151 to 246 ug/m 3 . Regression ana lys i s suggested t h a t a cons ide
rab le pa r t of the indoor RSP was ( re )genera ted indoors (Fugas e t a l . 1982). 
Peak-concentra t ions of RSP in homes in the USA of several hundreds of ug/m 3 

during smoking, were repor ted by Repace and Lowrey (1980). 
In the Nether lands , monthly average RSP l e v e l s were determined in 84 homes 
near a secundary lead smelter (Diemel e t a l . 1981, Brunekreef and Bole i j 
1982). Monthly average RSP l e v e l s ranged from 20 to 570 ug/m 3 , with a 
geometric mean of 120 ug/m 3 . Levels in the f i r s t and second measurement 
period were highly c o r r e l a t e d ( r=0 .79 , n=76); with 2 repeated measurements, 
the c o r r e l a t i o n c o e f f i c i e n t ( r ) can be i n t e r p r e t e d as a r e l i a b i l i t y c o e f f i 
c i e n t (RC)(cf. p a r t 1, sec t ion 3 . 6 ) . A c l e a r r e l a t i o n was observed between 
indoor RSP l e v e l s and the number of smoking occupants . 
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In the homes of the repeated measurement program, the average indoor RSP 
l e v e l s in the 2 smoker's homes were c o n s i s t e n t l y h igher , on average by 
about 60 ug/m 3 , than the l e v e l s in the non-smoker's homes.Highest RSP 
l e v e l s in the homes of non-smokers were observed during the s tay of smoking 
g u e s t s . The r e l i a b i l i t y c o e f f i c i e n t of a s ing le week-long measurement of 
RSP was 0 .69 . Although t h i s RC was c a l c u l a t e d from data of only 4 homes, 
the repor ted high c o r r e l a t i o n between monthly average indoor RSP l e v e l s 
from 2 sampling per iods (which can be i n t e r p r e t e d as a r e l i a b i l i t y c o e f f i 
c i e n t ) , i n d i c a t e s t h a t a lso in o ther Dutch homes the indoor RSP l e v e l s a re 
r a t h e r s t a b l e . The observed e r r o r var iance in weekly average indoor RSP 
l eve l s within homes of about 30 %, cannot be explained by ques t ionna i re 
information about the average tobacco consumption. Regression models incor 
pora t ing the actual tobacco consumption determined by the d i a r i e s , did not 
y i e l d b e t t e r r e s u l t s than those with ques t ionna i re informat ion. The accura
cy of the RSP l eve l s p red ic ted with regress ion models was only about 30 % 
b e t t e r than the accuracy of p r e d i c t i o n s without regress ion models. 

The 24-hour average maximum values of the (proposed rev i s ion of) the USA 
primary s tandard for outdoor p a r t i c u l a t e mat ter were r egu la r ly exceeded in 
the homes of the week-long measurement program. Given the r e l a t i v e s t a b i l i 
ty of indoor RSP l eve l s observed in the repeated measurement program and 
repor ted by Brunekreef and Bole i j (1982), i t i s l i k e l y t h a t a lso the lower 
annual values of the s tandard wi l l be f requent ly exceeded in Dutch homes. 
J u s t as for N0 2 , i t i s unclear to what ex ten t indoor RSP l e v e l s may lead 
to adverse hea l th e f f e c t s . Most hea l th e f f ec t s t ud i e s have dea l t with the 
r i sk of pass ive smoking and not with exposure to indoor RSP as such. In a 
recen t review, Weiss e t a l . (1983) concluded t h a t pass ive smoking leads to 
an increased frequency of acute and chronic r e s p i r a t o r y symptoms i n -
c h i l d r e n . The r e s u l t s of d i f f e r en t s tud ies on the a s soc i a t i on between 
pulmonary function and passive smoking were considered inconc lus ive . Recent 
prel iminary r e s u l t s of a Dutch study on the hea l th e f f ec t s of indoor expo
sure to N02 and pass ive smoking showed t h a t several pulmonary function 
parameters were s i g n i f i c a n t l y a s soc i a t ed with tobacco consumption in the 
homes (Brunekreef e t a l . 1985). J u s t as for N02 these prel iminary r e s u l t s 
need fu r the r conf i rmat ion. 
van Houdt e t a l . (1984) repor ted r e s u l t s of a study on the mutagenic 
a c t i v i t y of TSP, ins ide and ou t s ide Dutch homes (mutagenic a c t i v i t y r e f e r s 
to the a b i l i t y to invoke changes in the genet ic s t r u c t u r e of l i v ing c e l l s ) . 
Using the A m e s - t e s t ( a . t e s t for the mutagenic e f f ec t on b a c t e r i a ) , they 
found t h a t indoors the mutagenic a c t i v i t y ( a f t e r metabolic a c t i v a t i o n ) was 
higher than outdoors ; d i r e c t mutagenic a c t i v i t y lower indoors than o u t 
doors . Cytotoxic e f f ec t s were only found indoors . Tobacco smoke was r e p o r t 
ed as the most important contaminant indoors for mutagenic a c t i v i t y . 
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CHAPTER 6 . RESULTS; VOLATILE ORGANIC COMPOUNDS. 

In chapter 6, the r e s u l t s of the week-long measurement and repeated mea
surement program wi l l be presented . Week-long VOC measurements were c a r r i e d 
out in 3 age-groups of homes: in post-war homes in Ede during the winter of 
1981/82, and in the following winter in pre-war homes in the i n n e r - c i t y of 
Rotterdam and in l e s s than 6 yea r s o ld homes in Ede. 
The repeated VOC measurements were obtained in the same 4 homes in which 
repeated RSP measurements were c a r r i e d o u t . In add i t ion repeated measure
ments of VOC were c a r r i e d out in 11 newly b u i l t homes before and during the 
f i r s t 3 month of occupat ion. The r e s u l t s of the measurements in the newly 
b u i l t homes wil l be t r e a t e d s e p a r a t e l y . 

45 of the most abundant c o e l u t e n t f ree v o l a t i l e organic compounds in the 
bo i l i ng point range of 70 to 270 C were determined q u a n t i t a t i v e l y . 44 of 
these VOC were grouped in 5 c l a s s e s for the purpose of data summarization. 
This c l a s s i f i c a t i o n was based on the chemical s t r u c t u r e of the compounds 
( t a b l e 52) . Resul ts for separa te compounds as well as for the 5 groups of 
VOC wi l l be p resen ted . Limonene was t r e a t e d separa te ly in the data analy
s i s . For reasons which wil l be expla ined in the d i scuss ion , d i f ferences in 
VOC l e v e l s between the age-groups of homes were not t e s t e d on s t a t i s t i c a l 
s i g n i f i c a n c e . 

6 . 1 . Week-long measurement program. 

Successful VOC measurements were obtained in 134 post-war homes in Ede, in 
89 pre-war homes in Rotterdam and in 96 l e s s than 6 yea r s o ld homes in Ede. 
Table 53 shows the percentage of homes with VOC l e v e l s above de tec t ion 
l i m i t , the median and maximum concent ra t ion of the 45 VOC in the 3 age-
groups of homes and outdoors , and a lso the r a t i o of median indoor to median 
outdoor l e v e l s are given in t a b l e 5 3 . Figure 18 shows the frequency d i s t r i 
bution and the geometric mean and maximum concent ra t ion of the 5 groups of 
hydrocarbons. 

VOC were detected in a vas t majori ty of the homes. Compounds which were 
de tec ted in only a minori ty of the homes were: dimethylcyclopentane i s o 
mers, 1-propylbenzene, riaphtalene, 1-methylnaphtalene and, with the excep
t ion of p-dichlorobenzene, the c h l o r i n a t e d hydrocarbons. Indoor l eve l s of 
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most VOC had a wide range and were genera l ly h igher , sometimes orders of 
magnitude h igher , than the outdoor l e v e l s . Espec ia l ly the s t r a i g h t - c h a i n 
hydrocarbons from C9 to C12 had indoor-outdoor concent ra t ion r a t i o s higher 
than 10; limonene had an indoor-outdoor r a t i o of more than 80 . An i l l u s t r a 
t i o n of the d i f ferences between indoor and outdoor VOC l e v e l s i s presented 
in f igure 19, which shows the chromatographic p a t t e r n s of an indoor and 
outdoor sample. 

The measures of cen t r a l tendency of the d i s t r i b u t i o n of VOC l e v e l s had, in 
genera l , comparable values in the 3 age-groups of homes;the geometric mean 
of the t o t a l s t r a i g h t - c h a i n hydrocarbon concen t ra t ion , however, was about 
50 % higher in the group of l e s s than 6 years o ld homes than in the o the r 
age-groups. The median limonene concent ra t ion in the homes of l e s s than 6 
yea r s o ld , was about 20 ug/m 3 higher than in the o ther age-groups. Concen
t r a t i o n s above 100 ug/m 3 for 1 or more of the VOC were found in 14 % of the 
post-war homes, 17 % of the pre-war homes and in 29 % of the l e s s than 6 
yea r s o ld homes. 

I n t e rdependences among VOC l e v e l s . 

From the chromatographic p a t t e r n s i t was c l e a r t h a t e l eva ted indoor l e v e l s 
of several compounds were a s soc ia t ed with each o t h e r ; t h i s was cor robora ted 
by the observat ion t h a t for 17 compounds, maximum concen t ra t ions in the 
group of l e s s than 6 year old homes were found in only 3 d i f f e r en t homes. 
I t was assumed t h a t when several compounds share the same source , use of 
t h i s source (when powerful enough) wi l l lead to c o r r e l a t e d VOC l e v e l s in 
the homes. A measure for the s t reng th of such i n t e r d e p e n d e n c e s among 
indoor l e v e l s i s the squared mul t ip le c o r r e l a t i o n (SMC) of the level of 
each compound with the l eve l s of a l l the o t h e r s . The SMC can take values 
between 0 (no a s soc i a t i on ) and 1 (complete a s s o c i a t i o n ) . 
SMC values were c a l c u l a t e d separa te ly for the 3 age-groups of homes, a f t e r 
logari thmic t ransformat ion of the da t a . Most compounds had SMC values of 
over 0.5 and often of 0.8 and h igher , which means t h a t a l a rge f rac t ion of 
the var iance in the concent ra t ion of one compound could be explained by the 
l e v e l s of the o the r compounds. SMC values of l e s s than 0.5 in one or more 
of the 3 age-groups of homes were found for n-hexadecane, limonene, naphta-
lene and 1-methylnaphtalene, t r i - and t e t r a c h l o r o e t h e n e , and momo-, d i - , 
and t r i ch lo robenzenes . 

Factor ana lys i s was used as an explora tory tool to de l inea te the underlying 
p a t t e r n s of the observed high SMC va lues , by c l u s t e r i n g the highly c o r r e -
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l a t e d compounds in 1 or a few groups, (cf . pa r t 1 , sec t ion 3 . 6 ) . Factor 
load ings , express ing the degree of a s soc i a t i on of a compound with a f a c t o r , 
were c a l c u l a t e d sepa ra te ly for the 3 age-groups of homes by Maximum Likely-
hood Factor Analysis (with obl ique r o t a t i o n ) , a f t e r rank-order t ransforma
t ion of the da ta . In t h i s way, 2 c l u s t e r s , c o n s i s t i n g of more or l e s s the 
same compounds in the 3 age-groups of homes, were t e n t a t i v e l y i d e n t i f i e d . 
In t a b l e 54 these 2 c l u s t e r s a re v i s u a l i z e d by i nd i ca t i ng compounds with a 
fac to r loading of 0.5 or higher with a ' + ' . (A fac to r loading of 0 
i n d i c a t e s t h a t a compound i s not involved in the c l u s t e r , a value of 1 
i n d i c a t e s t h a t the compound i s highly a s s o c i a t e d ) . 

Compounds with f ac to r loadings higher than 0.5 in a t l e a s t 2 of the 3 age-
groups of homes were: 

Clus te r 1 :n-hexane, n-heptane, 3-methylpentane, 2 - and 3-methylhexane, 
cyclohexane, methylcyclohexane and dimethylcylopentanes 

Clus ter 2 :n-nonane, n-decane, n-undecane, xylenes , e thylbenzene, methyl-
e thylbenzene, 1 ,2 ,4- and 1 ,3 ,5- t r imethylbenzenes , n -bu thy l -
benzene and p-methyl- i -propyl benzene 

The c l u s t e r s resemble the VOC mixtures in common petroleum-based so lven t s 
with d i f f e r en t bo i l i ng ranges . 

A s s o c i a t i o n s between VOC l e v e l s and t h e use o f p o s s i b l e indoor s o u r c e s o f 
VOC. 

The e f f e c t of the use of poss ib le indoor VOC sources on the indoor VOC 
l e v e l s was t e s t e d in a s t a t i s t i c a l ana ly s i s with the logari thm of the 5 
groups of VOC and limonene as dependent v a r i a b l e s . Two add i t iona l dependent 
va r i ab l e s were c r ea t ed to represen t the 2 c l u s t e r s of VOC which were des
c r ibed in the previous s e c t i o n . These dependent va r i ab l e s were formed by 
summation of the s tandardized concent ra t ion scores ( z - scores ) of those VOC 
which formed a c l u s t e r . Standard scores of the VOC l e v e l s were used to make 
the con t r i bu t i on of the d i f f e r en t compounds in a c l u s t e r independent of 
t h e i r concent ra t ion ranges . Thus, for each c l u s t e r , a value which summa
r i z e s and rep resen t s the level of 2 groups of several r e l a t e d VOC was 
ass igned to each home. 
The information on the use of poss ib le indoor sources of VOC during the 
measurement per iod was used as independent va r i ab l e s (cf. p a r t 2 , sec t ion 
2 . 2 . 6 ) . Although the measured VOC cannot be considered dominant c o n s t i 
t u e n t s , nor typ ica l i n d i c a t o r s of tobacco smoke, most of the VOC have been 
i d e n t i f i e d in tobacco smoke. Therefore the presence of smokers in the home 
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was used as an addi t iona l independent v a r i a b l e . 

After I n i t i a l b i v a r i a t e a n a l y s i s , mul t ip le regress ion a n a l y s i s was used to 
ad jus t for poss ib le i n t e r d e p e n d e n c e s among the explanatory v a r i a b l e s . A 
s ign i f i cance level of 0.10 was used as s e l ec t i on c r i t e r i u m . 
All independent v a r i a b l e s were dichotomous; a l l dependent va r i ab les were 
loga r i thmica l ly transformed ( c l u s t e r scores were r a i s e d by 10 to avoid 
t ransformation of zero or negat ive v a l u e s ) . 
The r e s u l t s of the regress ion a n a l y s i s , which was c a r r i e d out on the data 
of the 3 age-groups of homes sepa ra t e ly as well as combined, are summarized 
in t a b l e 55 . 
As could be expected from the observed wide range in the VOC l eve l s and the 
crude c l a s s i f i c a t i o n of source use , only a minor pa r t of the var iance in 
the dependent va r i ab l e s could be explained by the s e l ec t ed independent 
v a r i a b l e s . Only for the s t r a i g h t - c h a i n and aromatic hydrocarbons and for 
c l u s t e r 2 , the R2 of the regress ion equat ions exceeded 0 .10, when the data 
of a l l homes were combined. 
Table 56 i l l u s t r a t e s the a s soc i a t i ons of solvent use and presence of smo
kers with the l e v e l s of s t r a i g h t - c h a i n and aromatic hydrocarbons. 

6 . 2 . Repeated measurement program. 

The repeated measurements of VOC r e s u l t e d in 14 v a l i d observa t ions for each 
of the 4 homes. The concen t ra t ions of the d i - and t r ich lorobenzenes of t h i s 
s e r i e s of samples could not be quan t i f i ed r e l i a b l y ; the data for these 
compounds were d iscarded. 
The median and maximum VOC concent ra t ion in each home and the r e l i a b i l i t y 
c o e f f i c i e n t for the repeated measurements are given in t a b l e 57. The VOC 
l eve l s in the 4 homes had about the same range as was found in the week-
long measurement program. The median concen t ra t ions of the higher s t r a i g h t -
chain hydrocarbons in home A, however, were high in comparison to the 
median concen t ra t ions found in Ede and Rotterdam. Several compounds had a 
wide range in some homes, but not in o t h e r s ; e s p e c i a l l y home D had a wide 
concent ra t ion range for many of the compounds. 
The RC of the compounds in the 4 homes var ied between 0.01 and 0 .96 . Most 
of the higher RC were found in the group of s t r a i g h t - c h a i n hydrocarbons. 
This i s l a rge ly due to the r e l a t i v e s t a b l e and high l e v e l s of these com
pounds in home A. On the o ther hand, many of the lower RC were dominated by 
the wide range in the VOC l e v e l s in home D. In t h i s home, many compounds 
had the re maximum concent ra t ion in 1 s ing le week, in which the concent ra 
t i o n s of a t l e a s t 16 VOC were several times higher than in o ther weeks; 

89 



among these were 10 of the compounds from which the c l u s t e r s in t ab l e 54 
were b u i l t up. 

The di f ferences in concent ra t ion l e v e l s both between homes and within homes 
are i l l u s t r a t e d in the f igures 20a,b and c , which show the l e v e l s of n-
undecane, limonene and the t o t a l hydrocarbon concent ra t ion in the 4 homes 
versus t ime . n-Undecane i s an example of a compound with r e l a t i v e l y s t a b l e 
indoor l eve l s in these homes. Limonene, on the o ther hand, i s an example of 
a compound with uns tab le indoor l e v e l s . Figure 20c shows t h a t week 47 in 
home D i s an abe r r a t i on of a l l o the r weeks, with a t o t a l VOC concent ra t ion 
of 2283 ug/m 3 ( the mean of the t o t a l VOC level in home D was 337 ug /m 3 ) . 
This very high level was probably due to hobby and home c r a f t a c t i v i t i e s in 
t h a t week. The limonene level in the 4 homes and the t o t a l VOC level in 
home B, C and D seem lower in August and September, than in the r e s t of the 
measurement pe r iod . This might be the r e s u l t of higher home v e n t i l a t i o n in 
these month with r e l a t i v e l y mild weather . The measurement per iod of half a 
y e a r , however, i s considered too sho r t to discover seasonal p a t t e r n s . 

6 . 3 . Measurements in newly b u i l t homes. 

Successful repeated measurements of VOC l e v e l s in newly b u i l t homes under 
unoccupied and occupied condi t ions were c a r r i e d out in 11 homes. Figure 21 
shows the minimum, geometric mean and maximum concent ra t ion in these homes 
a t d i f f e r en t po in t s in time for the 5 groups of hydrocarbons. The l e t t e r s 
on the hor izonta l axes in t h i s f igure i nd i ca t e the d i f f e r en t phases before 
and during occupat ion , when the measurements were c a r r i e d ou t : 

A :empty homes, before occupation 
B : j u s t a f t e r f l oo r - and wall covering was c a r r i e d out 
C : j u s t a f t e r the homes were furnished 
D, E and F :occupied homes, r e spec t ive ly during the f i r s t week of 

occupat ion, a f t e r 1 and a f t e r 3 months of occupation 

In 2 of the homes, the f l oo r - and wall covering and furnishing were c a r r i e d 
out s imultaneously; the r e s u l t s of the measurements j u s t a f t e r these a c t i 
v i t i e s were c l a s s i f i e d under phase B. 

The median VOC l e v e l s found in the week-long measurement program were used 
as a reference level for ' t y p i c a l ' outdoor and ' t y p i c a l ' indoor concent ra 
t i o n s ; these reference l e v e l s a re ind ica t ed in f igure 21 by the dot ted 
l i n e . 
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The s t r a i g h t - c h a i n and aromatic hydrocarbons, as well as the branched-chain 
and a l i c y c l l c hydrocarbons had s imi l a r concent ra t ion p a t t e r n s . In the empty 
homes (phase A), the s t r a i g h t - c h a i n and aromatic VOC were genera l ly higher 
than the indoor reference l e v e l s , but well wi thin the range found in the 
week-long measurement program, where maximum concen t ra t ions were observed 
of over 1000 ug/m 3.The branched-chain and a l i c y c l i c compounts had concen
t r a t i o n s a t , or below, the outdoor l e v e l s a t phase A. 
The f loo r - and wall covering a c t i v i t i e s (phase B) led to e l eva ted l e v e l s of 
the non-chlor inated compounds, with l a rge di f ferences between homes. 
At phace C, the s t r a i g h t - c h a i n hydrocarbon concen t ra t ions a l ready dropped 
to about the same level as was found in the empty homes. The branched-chain 
and a l i c y c l i c hydrocarbon l eve l s dropped on average to the reference level 
from the week-long measurement program. Aromatic hydrocarbon l e v e l s were 
lower than a t phase B, but remained higher than in the empty homes. 
In the occupied homes, again a wide range in the l e v e l s of the non-ch lo r i 
nated compounds was observed. The s t r a i g h t - c h a i n and e s p e c i a l l y the aroma
t i c compounds had lower l eve l s than a t phase C, but on average remained 
above the reference l e v e l s for indoor concen t ra t ions of 50 ug/m 3 and 75 
ug/m 3 , r e s p e c t i v e l y . Branched-chain and a l i c y c l i c compound l e v e l s in the 
occupied homes f l uc tua t ed around the level a t phase C, which i s comparable 
to the reference l e v e l s from the week-long measurement program. 
Several compounds were only observed a t e l eva ted l e v e l s in the occupied 
homes and not in the empty unoccupied homes. These were : n - t e t r adecane , n-
pentadecane, n-hexdecane, limonene, naphtalene and 1-methylnaphtalene. 

The l e v e l s of the ch lo r ina t ed hydrocarbons did not show such la rge f l uc tua 
t i o n s as the non-chlor ina ted compounds. In gene ra l , the c h l o r i n a t e d hydro
carbons l e v e l s were higher than those found in the week-long measurement 
program. Although the sum of the concen t ra t ions of the c h l o r i n a t e d hydro
carbons was s t a b l e in the 6 phases , the concent ra t ion of the individual 
compounds was no t . In the phases A, B and C the dominant ch lo r ina t ed 
compounds were te t rachloromethane and chlorobenzene, while in the occupied 
homes a t phase D, E and F, p-dichlorobenzene was most abundant .Tet rachloro-
ethene and p-dichlorobenzene were not observed in the occupied homes. 

6 . 4 . Summary and d i scuss ion . 

In occupied homes, v i r t u a l l y a l l VOC had higher indoor than outdoor l e v e l s . 
Most of the measured VOC have been repor ted as indoor p o l l u t a n t s in schools 
and o f f i ces and have been i d e n t i f i e d 1n the head space of bui ld ing mate
r i a l s (Jarke 1979, Berglung e t a l . 1982, Miksch e t a l . 1982, Mtflhave 1982, 
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Kuwata e t a l . 1983, Girman e t a l . 1984, Montheith e t a l • 1984). 
For several VOC, l e v e l s comparable to those observed in t h i s s tudy, were 
measured in 15 f l a t s in Ber l in {Se i fe r t and Abraham 1982) and in 14 homes 
in Northern I t a l y (De Bortol i e t a l . 1984). Toluene and xylene l e v e l s in 
the homes of the week-long measurement program were lower than those repor 
t ed for bedrooms in 39 Danish dwellings (Mtflhave and Mi l l e r 1979). The 
comparisons should be i n t e r p r e t e d with some care because of the di f ferences 
in measurement methodology and s t r a t e g y . 

I t was f e l t t h a t s t a t i s t i c a l t e s t s of d i f ferences in indoor VOC l e v e l s 
between age-groups of homes would not add much to the understanding of 
indoor VOC. 
F i r s t , the age-groups were s e l ec t ed to be d i f f e ren t in age, loca t ion and 
bu i ld ing type , but d i f ferences in a . o . family s i z e , mar i ta l s t a t u s and age 
of the respondents were a l so observed. Even i f d i f ferences in the VOC 
l e v e l s between age-groups of homes would be considered s i g n i f i c a n t , t h i s 
would not provide a c lue to what caused these d i f f e rences , s ince the nature 
of the indoor sources i s l a rge ly unknown a t t h i s s t a g e . 
Second, there i s the question of how to t e s t .Shou ld the age-groups be 
compared on d i f ferences in median or extreme values? Should a l l the obser
ved d i f fe rences be in the same d i r e c t i o n , i . e . higher in one age-group than 
in the o t h e r s ? . The choice of the s t a t i s t i c a l ins t rument , the data t r a n s 
formation procedure and c o r r e c t i o n s for mul t ip le comparisons would be 
l a r g e l y a r b i t r a r y and these choices would a f fec t the r e s u l t s of the t e s t s . 
Apart from chance, the d i f ferences between the groups of homes might r e s u l t 
from lower v e n t i l a t i o n , more frequent use of sources or a higher emission 
from r e l a t i v e l y new bui ld ing ma te r i a l s in the youngest age-group of homes. 

The c l u s t e r i n g of several of the so lvent type compounds suggests the e x i s 
tence of some common sources for these hydrocarbons. I t i s , however, d i f f i 
c u l t to d i s t i ngu i sh between bu i ld ing ma te r i a l s and consumer products as a 
source . For i n s t a n c e , mixtures of compounds s imi l a r to the ones in the 2 
c l u s t e r s have been i d e n t i f i e d as solvent in bui ld ing ma te r i a l s (Mtflhave 
1982, Girman e t a l . 1984), but were a l so found in the head space of consu
mer products l i k e shoepolish and fu rn i t u r e p o l i s h . Toluene, widely used as 
a solvent in bu i ld ing m a t e r i a l s , i s a l so cons t an t ly emit ted indoors from 
the ink of newspapers, magazines and p r in t ed p u b l i c i t y m a t e r i a l . Toluene 
emission r a t e s of 150 to 400 n g . k g _ 1 . h r _ 1 during the f i r s t 3 days have been 
e s t a b l i s h e d for fresh magazines in the l abo ra to ry . I t i s i n t e r e s t i n g to 
note t h a t to luene had fac to r loadings of about 0.4 on both c l u s t e r s in the 
fac to r a n a l y s i s , which might i nd i ca t e some degree of involvement in the 
solvent type of VOC mix tures , - but a l so with o ther sources not r e l a t e d to 
o the r VOC. 
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From the measurements in newly b u i l t homes, i t appears t h a t during the 
f i r s t 3 months of occupation the s t r a i g h t - c h a i n and aromatic hydrocarbon 
l e v e l s are genera l ly higher than in o lder homes; the app l i ca t i on of f l oo r -
and wallcovering ma te r i a l s gave t r a n s i e n t concent ra t ion peaks for the non-
ch lo r ina t ed compounds. 
The maximum concen t ra t ions found in the week-long measurement program were 
much higher than the concen t ra t ions in the new empty homes and than the 
average l e v e l s during the f i r s t 3 months of occupat ion. This suggests t h a t 
these maxima were caused by inc iden ta l occupant a c t i v i t i e s and not by a 
cons tan t high emission from new bui ld ing m a t e r i a l s . The low r e l i a b i l i t y 
c o e f f i c i e n t s of many VOC l eve l s in the repeated measurement program support 
t h i s view. The high and s t ab l e l e v e l s of several higher s t r a i g h t - c h a i n 
hydrocarbons in one of the homes of the repeated measurement program, 
however, i nd i ca t e an important cons tan t source for these VOC. 

I t should be noted t h a t the 45 measured VOC are not the only indoor VOC, 
but the ones which could be quan t i f i ed r e l i a b l y on a rou t ine base . Numerous 
o ther compounds were detected in the gaschromatograms, but were not quan t i 
f i e d . I t should a lso be s t r e s sed t h a t the observa t ions about the r e l a t i o n s 
among indoor VOC l e v e l s and about the a s soc i a t i ons between indoor VOC 
l e v e l s and poss ib le sources of VOC have a t e n t a t i v e c h a r a c t e r and need fur
t he r conf i rmat ion. There was, however, a general consis tency in the r e s u l t s 
of the 3 age-groups of homes and the r e s u l t s of the d i f f e r en t measurement 
programs were in support of each o t h e r . The r e s u l t s of the study ind ica t e 
t h a t most of the measured VOC have both consumer products and bui ld ing 
ma te r i a l s as indoor sources . I t i s thus un l ike ly t h a t a s ing le week-long 
measurement of indoor VOC wil l provide a good impression of typ ica l VOC 
l e v e l s in a p a r t i c u l a r home. Without fu r ther knowledge about the nature of 
indoor VOC sources and t h e i r p a t t e r n s of use , i t i s unclear how often and 
over which time per iod the a i r in homes should be sampled. 

Most of the research on the e f f e c t s of VOC has been c a r r i e d out on i s o l a t e d 
compounds in (animal ) experiments or in occupational s e t t i n g s . L i t t l e i s 
known about the e f f e c t s on the general populat ion of long-term exposure to 
a combination of low level VOC. I t i s the re fo re d i f f i c u l t to evaluate the 
observed VOC l e v e l s from a heal th p e r s p e c t i v e . The measured indoor l eve l s 
were well below occupational s tandards and known e f f ec t l e v e l s , even when 
peak l e v e l s several t imes higher than the weekly average l e v e l s are c o n s i 
dered. Occupational s t anda rds , however, are s e t to l i m i t the exposure of 
heal thy adu l t s to a s ing l e compound during 40 hours per week. These s t an 
dards a re the re fo re unsui tab le to eva lua te the heal th r i sk for the general 
population of exposure to VOC in the home environment. 
M^lhave and co-workers s tudied human r eac t ions during c o n t r o l l e d exposure 
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to low l e v e l s of mixtures of VOC ( 0 , 5 and 25 mg/nr t o t a l VOC l e v e l ) known 
as normal Indoor p o l l u t a n t s (Bach e t a l . 1984, Mohave e t a l . 1984). The 
authors repor ted t h a t performance on a memory impairment t e s t and scores on 
several a spec t s of perceived a i r q u a l i t y (adminis tered by q u e s t i o n n a i r e s ) , 
s i g n i f i c a n t l y decreased during exposure. 
I t has been suggested t h a t indoor VOC l e v e l s may be p a r t of the explanat ion 
of some symptoms of the ' s i ck bu i ld ing syndrom' (Mtflhave 1982, Bach e t a l . 
1984), but the re i s l i t t l e p r a c t i c a l evidence to support or r e fu te t h i s 
view. 
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CHAPTER 7. GENERAL DISCUSSION. 

In the previous c h a p t e r s , the observed indoor p o l l u t a n t l e v e l s have been 
discussed s e p a r a t e l y . In t h i s f ina l chapte r some more general aspec ts of 
the indoor a i r po l l u t i on problem wi l l be d iscussed . 

7 . 1 . Study design and i n t e r p r e t a t i o n of the r e s u l t s . 

For l o g i s t i c reasons i t was decided to determine the d i f f e r en t p o l l u t a n t s 
under study as much as poss ib le in the same homes. This approach had the 
obvious advantage of l im i t i ng the e f f o r t s of s e l e c t i n g and v i s i t i n g homes. 
Furthermore, information from inspec t ion l i s t s , ques t ionna i res and d i a r i e s 
could be used to explain the var iance in indoor l e v e l s of several p o l l u 
t a n t s . A drawback of the approach was t h a t the sampling per iod in the week-
long measurement program was the same for a l l p o l l u t a n t s which were mea
sured s imul taneously . The choice of the week-long sampling per iod was based 
on the assumption t h a t many occupant a c t i v i t i e s l i k e cooking, smoking and 
v e n t i l a t i o n are c a r r i e d out in a da i ly r o u t i n e . The diary information, 
observa t ions of the r ea l - t ime monitoring program and s tud i e s on time bud
ge ts (Knulst and Schoonderwoerd 1983), use of gas appl iances (Dijkhof and 
Ogink 1978) and v e n t i l a t i o n hab i t s (van Dongen 1984) corrobora ted t h i s 
assumption. Furthermore, the repeated measurements of N0 2 and RSP ind ica ted 
t h a t the variance in the l e v e l s of these p o l l u t a n t s within homes i s r e l a 
t i v e l y small as compared to the var iance between d i f f e r en t homes. One or a 
few repeated week-long measurements are the re fore s u f f i c i e n t to e s t a b l i s h 
dif ferences in weekly average N02 and RSP l e v e l s between homes. For CO and 
VOC, the week-long measurement period was probably not op t imal . Weekly 
average CO l e v e l s were low and d i f fe rences between homes were smal l , a l 
though subs t an t i a l d i f ferences in CO peak-concentra t ions were observed in 
the r ea l - t ime monitoring program. For VOC, i t i s d i f f i c u l t to s e l e c t the 
appropr ia te sampling per iod and frequency, s ince the nature of the indoor 
VOC sources i s l a rge ly unknown. 

There was a general consis tency in the r e s u l t s of the 3 main measurement 
programs and the r e l a t e d s t u d i e s . The r e s u l t s of the regress ion an a ly s i s 
showed t h a t the r e l a t i o n s between indoor sources and p o l l u t a n t l e v e l s , 
observed in the r ea l - t ime monitoring program, and in the case of CO .under 
s tandardized c o n d i t i o n s , are not r e s t r i c t e d to a l imi t ed number of s e l ec t ed 
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homes, or u n r e a l i s t i c s tandardized c o n d i t i o n s . These r e l a t i o n s could a lso 
be observed in l a rge groups of homes under normal l i v i n g c o n d i t i o n s . 
The s i m i l a r i t y between the observed N02 l eve l s in the 275 homes of the 
week-long measurement program and those observed in another 700 homes in 
r e l a t e d s tud i e s i nd i ca t e t h a t , although the homes of the week-long measure
ment program cannot be considered to be a r e p r e s e n t a t i v e sample of the 
housing s tock , they do represen t la rge numbers of Dutch homes. 
The assumption t h a t i n n e r - c i t y pre-war homes might devia te unfavorably from 
o the r groups of homes with regard to indoor p o l l u t a n t l e v e l s , was only 
p a r t l y c o r r e c t . Only the indoor N02 l e v e l s in the pre-war homes in Ro t t e r 
dam were higher than those in Ede; a f t e r adjustment for independent v a r i 
a b l e s , N02 l e v e l s in k i tchens and l i v i n g rooms were not s i g n i f i c a n t l y 
d i f f e r en t between towns, but bedroom l e v e l s remained higher in Rotterdam 
than in Ede. 

The repeated measurement program ind ica ted t h a t about 1 5 - 2 0 % of the 
var iance in indoor N02 l e v e l s was within-home or e r r o r va r i ance . For RSP, 
the within-home var iance was about 30 % in the 4 homes. The major pa r t of 
the remaining (between-home) var iance for N02 and RSP could be explained by 
the mul t ip le regress ion models. In the course of the regress ion a n a l y s i s , 
special ca re was taken to de tec t poss ib le c o l l i n e a r i t y among the indepen
dent v a r i a b l e s . (Mul t1 - )co l l1near i ty r e f e r s to the s i t u a t i o n in which 
independent v a r i a b l e s a re highly i n t e r r e l a t e d ; in t h a t c a s e , a regress ion 
c o e f f i c i e n t cannot be considered as the marginal e f f ec t of an independent 
va r i ab l e on the dependent v a r i a b l e . For the va r i ab l e s used in the r e g r e s 
sion a n a l y s i s , t he re were no i n d i c a t i o n s for the ex i s tence of a high degree 
of c o l l i n e a r i t y . Nonetheless , i t should be kept in mind in the i n t e r p r e t a 
t ion of regress ion c o e f f i c i e n t s , t h a t a va r i ab l e l i k e 'use of gas cooker ' 
in the regress ion equation for ki tchen N02 l e v e l s , may incorpora te some of 
the e f f e c t s of 'use of unvented g e i s e r ' , 'use of p i l o t l i g h t of gas cooker ' 
and 'use of p i l o t l i g h t of g e i s e r ' on ki tchen N02 l e v e l s . Likewise, the 
va r i ab le 'number of smokers' may not only r ep resen t the e f f ec t of tobacco 
consumption as such on indoor RSP l e v e l s , but a l so some e f f ec t of indoor 
a c t i v i t y , which in o ther equat ions was represented by va r i ab l e s ' family 
s i z e ' and ' p e r s o n - h o u r s ' . 

Although i t i s d i f f i c u l t to eva lua te the accuracy of the diary information, 
the d i a r i e s were considered a useful tool to assess occupant a c t i v i t i e s . 
After d iscarding the d i a r i e s which were judged as inaccura te during the 
hand coding procedure, no c l e a r d iscrepancies were observed in checks of 
diary information aga ins t information about the pos i t ion of v e n t i l a t i o n 
provis ions and i n t e r i o r doors during home v i s i t s . Also comparisons of the 
r e s u l t s of d i a r i e s judged as ' s u f f i c i e n t ' with those of d i a r i e s judged as 
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' good ' , and comparisons (as fa r as poss ib le ) of diary r e s u l t s with ques
t i o n n a i r e information, agreed w e l l . 
The most prominent e f f e c t of using diary information in the regress ion 
ana lys i s was the reduct ion of the number of homes with a complete s e t of 
da ta . Regression models with diary information could not explain more of 
the variance in indoor p o l l u t a n t l e v e l s than models with l e s s s o p h i s t i c a t e d 
data as independent v a r i a b l e s . Yet the d i a r i e s y i e lded some i n t e r e s t i n g 
obse rva t ions . The wide range in the diary r e s u l t s c l e a r l y demonstrated t h a t 
defining ' t y p i c a l ' occupant a c t i v i t i e s ( for cooking or v e n t i l a t i o n ) i s an 
undue s imp l i f i ca t i on which under ra tes the a c t i v i t i e s of a cons iderable p a r t 
of the popula t ion . Furthermore, the observed p o s i t i v e a s soc i a t i ons between 
use of v e n t i l a t i o n provis ions and N02 l e v e l s in the ki tchen and RSP l e v e l s 
in the l i v i n g room, suggest t h a t indoor p o l l u t a n t l e v e l s as experienced by 
the occupants (water vapor from gas app l i ances , i r r i t a t i n g agents from 
tobacco smoke) may ac t as an incen t ive to increase the use of v e n t i l a t i o n 
p rov i s ions . However, the r e s u l t i n g addi t iona l v e n t i l a t i o n may not be enough 
to reduce the indoor p o l l u t a n t l e v e l s , poss ib ly because the v e n t i l a t i o n 
provis ions are used a t the wrong moment. 

During the f i e l d work of the study some general and q u a l i t a t i v e observa
t i o n s , which have bear ing on the problem of indoor a i r p o l l u t i o n , were 
made. These observa t ions are r a t h e r t r i v i a l , but in the l i t e r a t u r e and 
discuss ions on indoor a i r qua l i t y the re i s often l i t t l e recogni t ion for 
such obse rva t ions , poss ibly because of the general q u a l i t a t i v e n a t u r e . 
-Occupants e x h i b i t a d i s t i n c t and c o n s i s t e n t v e n t i l a t i o n behaviour, but 
most occupants do not often dwell upon the why and how of t h e i r v e n t i l a 
t i o n behaviour . Respondents often f e l t i t d i f f i c u l t to answer ques t ions on 
v e n t i l a t i o n h a b i t s , because they did not r e a l i z e a t f i r s t what these 
hab i t s were. 

-Occupants make many changes in t h e i r home. I n t e r i o r wal ls and doors are 
sometimes removed, v e n t i l a t i o n ducts are plugged or inappropr i a t ly con
nected to a range hood. The loca t ion of v e n t i l a t i o n p rov i s ions , in p a r t i 
c u l a r vent l i g h t s , and the des i red loca t ion of ob jec t s l i ke washing 
machines in the ki tchen and p l an t s in windowsil ls prevent occupants from 
using t h e i r v e n t i l a t i o n provis ions in the way the home designer might 
have in tended. 

-About 20 % of the respondents in Ede and Rotterdam f e l t t h a t the v e n t i l a 
t ion provis ions in ki tchen and l i v i n g room were inadequate to maintain 
the des i red v e n t i l a t i o n . For bedrooms t h i s was 1 % r e spec t i ve ly ± 2 % in 
Ede and Rotterdam. Even in the group of homes of l e s s than 6 years o l d , 
probably a l l b u i l t according to the present bu i ld ing s t anda rds , 20 % of 
the respondents judged the v e n t i l a t i o n provis ions in the l i v i n g room as 
inadequate ( for k i tchens and bedrooms no information i s a v a i l a b l e ) . 
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7 . 2 . Indoor p o l l u t a n t l e v e l s and outdoor a i r qua l i t y s t anda rds . 

Air q u a l i t y s tandards for outdoor a i r p o l l u t a n t l e v e l s provide a framework 
for a f i r s t eva lua t ion of indoor a i r q u a l i t y . In c o n t r a s t with occupational 
s t anda rds , these outdoor a i r q u a l i t y s tandards genera l ly aim a t p ro tec t ing 
the general popula t ion , including s e n s i t i v e i n d i v i d u a l s . There a r e , how
e v e r , some d i f f i c u l t i e s in comparing indoor p o l l u t a n t l e v e l s t o outdoor a i r 
q u a l i t y s t anda rds . 
F i r s t , these a i r qua l i t y s tandards a re often p a r t l y based on epidemiologi
cal s t u d i e s , which attempted to r e l a t e hea l th e f f e c t s t o outdoor p o l l u t a n t 
l e v e l s . The r e s u l t s of t h i s and other s tud ies on indoor a i r p o l l u t i o n , 
i nd i ca t e t h a t exposure to indoor po l lu t ion may have introduced b i a s , which 
can lead to under- or overest imation of the heal th e f f e c t s . This b ias may 
have influenced the s e t t i n g of a i r q u a l i t y s t anda rds . Thus, there i s a 
paradox in comparing indoor l e v e l s with outdoor a i r qua l i t y s t anda rds . 
Second, the cond i t ions of exposure to a i r p o l l u t a n t s in homes may be d i f f e 
r e n t from the condi t ions for which the s tandards were developed. Th i s , for 
i n s t a n c e , may be the case for CO, where the indoor exposure i s probably 
a s soc ia t ed with exposure to e leva ted C0 2 l e v e l s , which may increase the 
r e s p i r a t i o n r a t e , and a l so with exposure to NO, which binds hemoglobin to 
produce methemoglobin. I t has been suggested t h a t many of the adverse 
hea l th e f f e c t s repor ted in the pas t for CO a lone , may be r e l a t e d to the 
combined ac t ion of COHb and methemoglobin (National Research Council 1981). 
Furthermore, the indoor p a r t i c u l a t e mat ter in homes of smokers wil l be of a 
d i f f e r e n t nature than outdoor p a r t i c u l a t e matter and e leva ted RSP l e v e l s 
indoors wi l l be a ssoc ia ted with e leva ted l e v e l s of other c o n s t i t u e n t s of 
tobacco smoke. 

For a fu r the r eva lua t ion of the heal th r i s k s of a i r p o l l u t a n t s , s tud ies are 
needed which incorpora te indoor as well as outdoor exposure to a i r po l lu 
t i o n . 

7 .3 . Indoor a i r pol 1 ut ion and environmental epidemiology. 

The r e s u l t s of t h i s study i nd i ca t e t h a t in the Nether lands , a i r po l lu t ion 
in homes wil l give a s u b s t a n t i a l , i f not dominant con t r ibu t ion to personal 
exposure of the general population to a i r po l lu t ion for the p o l l u t a n t s 
which were s t u d i e d . For N02 , t h i s has r ecen t ly been confirmed in 2 person
al exposure s tud i e s (Hoek e t a l . 1984, Noy e t a l . 1985). 
In the p a s t , with i t s more severe local outdoor a i r po l lu t ion episodes than 
nowadays, crude exposure e s t i m a t e s , based on regional d i f fe rences in out 
door a i r po l lu t ion l e v e l s , have been used with success in epidemiological 
s t u d i e s . Furthermore, the ep isodic cha rac te r of outdoor a i r po l lu t ion made 
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i t poss ib le to study s h i f t s iri da i ly mor t a l i t y and morbidity ind ices 
(Biers teker 1966). Because outdoor l e v e l s of general a i r p o l l u t a n t s have 
decl ined over the l a s t few decades, the importance of exposure to indoor 
a i r po l lu t ion has grown and the nature of exposure has changed. Exposure to 
a i r po l lu t ion has no longer a regional but an individual c h a r a c t e r ; the 
episodic na ture of exposure has changed in to a more chronic one. This c a l l s 
for a more individual approach of exposure in epidemiological s t ud i e s on 
the heal th e f f e c t s of a i r p o l l u t i o n . 

Recal l ing the de f in i t i on of microenvironments as l oca t i ons with a homoge
neous p o l l u t a n t concent ra t ion in space and time (cf. p a r t 1, sec t ion 1.2), . 
i t i s c l e a r t h a t Dutch homes cannot be considered as microenvironments, 
s ince cons iderable d i f ferences between p o l l u t a n t l e v e l s in d i f f e r en t l o c a 
t i o n s of the home have been observed. Evenmore, by t h i s d e f i n i t i o n , a 
s i ng l e room i s not a microenvironment because of the shor t - te rm f l u c t u a 
t i o n s in p o l l u t a n t l e v e l s . The personal exposure of an individual to indoor 
a i r po l l u t i on wi l l therefore l a rge ly depend on a t which loca t ion in the 
home he or she i s during the a c t i v i t i e s which generate indoor a i r p o l l u 
t i o n . However, being in the l i v i n g room during p o l l u t a n t production in the 
ki tchen may not always p ro t ec t the occupant from exposure to peak-concen
t r a t i o n s , s ince the communication of a i r between d i f f e r en t loca t ions in the 
home may vary from day to day. Defining the home as a microenvironment with 
respec t to exposure to a i r po l lu t ion may provide the f a l s e notion t h a t t h i s 
exposure can adequately be described by measuring the p o l l u t a n t l e v e l s a t 
one loca t ion in the home. 

In environmental epidemiological s t u d i e s , mul t ip le regress ion ana lys i s i s 
an often used technique to r e l a t e hea l th parameters of p a r t i c i p a n t s to the 
p o l l u t a n t exposure of the p a r t i c i p a n t s . One of the bas ic assumptions in 
regress ion ana lys i s i s t h a t the independent v a r i a b l e s , i . e . the exposure 
e s t i m a t e s , a re free of random e r r o r , a condi t ion which i s seldom met. (Note 
t h a t the following reasoning s i m i l a r l y app l i e s to the e a r l i e r discussed r e 
gress ion a na ly s i s which was used to explain indoor p o l l u t a n t l e v e l s ) . 
Random e r r o r in the independent va r i ab l e not only reduces the s t a t i s t i c a l 
power of the t e s t ( i . e . reduces the chance to f ind a s i g n i f i c a n t a s s o c i a 
t ion i f one e x i s t s ) , i t a lso in t roduces b ias in the es t imates of the 
regress ion c o e f f i c i e n t s and thus in the es t imated exposure-response r e l a 
t ion (Cochran 1968, 1970). The random e r r o r in an exposure va r i ab le can be 
caused by e r r o r s in sampling and a n a l y t i c a l techniques of the measurement 
method, but a l so by v a r i a b i l i t y of the p o l l u t a n t l eve l s in time and p l a c e . 
The de f in i t ion of the e r r o r in the exposure es t imate must be viewed from 
the perspec t ive of the heal th e f f ec t s under s tudy. For i n s t a n c e , for the 
development of r e s p i r a t o r y disease in pre-school c h i l d r e n , the r e l evan t 
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exposure to N 0 2 and passive smoking covers a per iod of several y e a r s . The 
r e l i a b i l i t y of a s i ng l e exposure measurement i s thus determined by the 
v a r i a b i l i t y of the exposure over t h i s time per iod . The r e l i a b i l i t y can be 
assessed by repeated measurements of the exposure, analogous to the r e 
peated concent ra t ion measurements discussed e a r l i e r . 
In a b i v a r i a t e regress ion model, the b i a s in the regress ion c o e f f i c i e n t i s 
propor t ional to the r e l i a b i l i t y c o e f f i c i e n t of the exposure va r i ab le and 
the re fo re toward ze ro ; the b i a s i s independent of the s i ze of the study 
popula t ion . In a m u l t i v a r i a t e regress ion model, the b ias in the regress ion 
c o e f f i c i e n t s can be toward as well as from ze ro , and the r e l i a b i l i t y of one 
independent va r i ab l e may a f f ec t the regress ion c o e f f i c i e n t of another inde
pendent va r i ab le (Cochran 1968). 
Considering t h a t exposure to peak-concentra t ions of N O 2 , and to RSP/passive 
smoking over a per iod of years may be the r e l evan t exposure for the devel
opment of r e s p i r a t o r y disease and pulmonary function dec l ine , i t i s obvious 
from t h i s and r e l a t e d s tud ies on indoor a i r p o l l u t i o n , t h a t e r r o r s 1n the 
p resen t ly a v a i l a b l e exposure es t imates ( I . e . presence of gas app l i ances , 
smokers, or a s i n g l e week-long indoor measurement) may a f f e c t the r e s u l t s 
of hea l th e f f ec t s t u d i e s in t h i s f i e l d in an unknown manner. Since b i a s in 
regress ion c o e f f i c i e n t s cannot be remedied by increas ing the s i ze of the 
study popula t ion , more r e l i a b l e exposure es t imates are badly needed^ 

7 .4 . Indoor a i r p o l l u t i o n and publ ic p o l i c y . 

In Dutch homes, the indoor l eve l s of the p o l l u t a n t s under study were gene
r a l l y higher than the outdoor p o l l u t a n t l e v e l s . A f i r s t evaluat ion of the 
observed indoor l e v e l s aga ins t outdoor a i r qua l i t y s tandards learned t h a t 
(keeping the e a r l i e r mentioned r e s t i c t i o n s in mind) the l eve l s of CO, N02 

and RSP cannot be considered safe for the general popula t ion . Although the 
r e s u l t s of the few s tud i e s on heal th e f f e c t s of indoor N02 and RSP/passive 
smoking are i n c l o n c l u s i v e , probably not in the l e a s t because of the poor 
r e l i a b i l i t y of the ava i l ab l e exposure e s t i m a t e s , several s tud ies i nd i ca t e 
t h a t the observed p o l l u t a n t l e v e l s such as found in Dutch homes, may r e p r e 
sent a heal th r i s k . 

Recent ly, a Working Committee of the Dutch Health Council has published an 
advise on minimum standards for home v e n t i l a t i o n from a public heal th 
perspec t ive (Dutch Health Council 1984, van der Kolk 1984). The Committee 
concluded t h a t indoor p o l l u t a n t sources could be c l a s s i f i e d as unavoidable, 
i . e . occupants themselves, and avoidable sources , i . e . a l l o ther sources . 
The presen t v e n t i l a t i o n s tandard , providing for a minimum fresh a i r supply 
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of 25 mJ per hour per occupant, was considered adequate to guarantee proper 
indoor a i r q u a l i t y in the presence of the unavoidable sources . The Commit
t ee was not in favor of the promulgation of indoor a i r qua l i t y s t anda rds , 
because of the i m p r a c t i b i l i t y of control of indoor s t andards . 
In the view of the Committee, a l l o the r sources than the occupants should 
be avoided or the source s t rength should be reduced as much as p o s s i b l e . 
Thus, improvement of indoor a i r qua l i t y should s t a r t a t the source; the 
Committee proposed the implementation of product s tandards to l i m i t the 
source s t reng th of avoidable sources . In the s e t t i n g of these product 
s t anda rds , a minimum fresh a i r supply of 5 m3 per hour per occupant should 
be assumed, because many occupants make l i t t l e use of t h e i r v e n t i l a t i o n 
provis ions and wil l not maintain a minimum fresh a i r supply of 25 m 3 per 
hour per occupant . 
The r e s p o n s i b i l i t i e s for proper indoor a i r qua l i t y are shared by govern
ment, home designers and - b u i l d e r s , gas indust ry and -companies, product 
manufacturers , home owners and by the occupants themselves . However, the 
r e s p o n s i b i l i t i e s a re i l l - d e f i n e d and not genera l ly recognized. The major 
r e s p o n s i b i l i t i e s may be d i f f e r en t for the d i f f e r en t p o l l u t a n t s under s tudy. 
For loca l i zed sources l i k e gas app l i ances , local exhaust systems l i k e range 
hoods and vents can be app l i ed , but in the e x i s t i n g housing stock t h i s may 
be d i f f i c u l t to ach ieve . When old gas appl iances need replacement, e l e c t r i c 
appl iances might be an a l t e r n a t i v e , when local exhaust systems cannot be 
app l i ed . Burners with low CO and N02 emissions could a l so improve indoor 
a i r q u a l i t y . For RSP (and other p o l l u t a n t s from tobacco smoke) the respon
s i b i l i t y of the occupants i s qu i t e obvious . In the case of CO, occupants 
a l so have a r e s p o n s i b i l i t y for the proper maintenance and use of gas ap
p l i a n c e s . For VOC the s i t u a t i o n i s r a t h e r complicated. F i r s t , i t i s d i f f i 
c u l t to a s sess the heal th r i s k s of the simultaneous exposure to a combina
t ion of low-level VOC with the p resen t knowledge. Second, VOC are probably 
produced by bu i ld ing ma te r i a l s as well as consumer p roduc t s , which makes i t 
d i f f i c u l t to s e t s tandards for the d i f f e r en t types of sources , when such 
would be judged necessary . 

At p r e sen t , lacking c l e a r hea l th c r i t e r i a for the evaluat ion of indoor a i r 
p o l l u t i o n , a sens ib le and pragmatic approach would be to replace p o t e n t i a l 
ly harmful products and appl iances by not or l e s s harmful ones (Andersen, 
1982, Dutch Health Council 1984). Thus, the o ld adages of environmental 
p o l i c y , i . e . the p r i n c i p l e of ' t he bes t p r a c t i c a l means' and the ' s t and
s t i l l ' p r i n c i p l e may prove valuable again in the evaluat ion of the e l i g i b i 
l i t y of products and appl iances for use in homes. For i n s t a n c e , one could 
reason t h a t , although there i s no s c i e n t i f i c proof (ye t?) for i l l - h e a l t h 
e f f e c t s , unvented kerosene hea te r s are un f i t for permanent use in Dutch 
homes, because these appl iances would fu r ther e l eva te the a l ready high 
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indoor N02 l e v e l s ( v i o l a t i o n of the s t a n d - s t i l l p r i n c i p l e ) and other space 
h e a t e r s , which do not a f f ec t indoor a i r q u a l i t y , are ava i l ab l e ( p r i n c i p l e 
of bes t p r ac t i ca l means). 

As was and s t i l l i s the case in environmental p o l i c y , p o l i c i e s to improve 
indoor a i r q u a l i t y a re l i k e l y to meet oppos i t ion , because they may bring 
about cos t s for the occupants and home owners and i t may th rea ten the 
i n t e r e s t s of product manufacturers and - s u p p l i e r s . A more general awareness 
of the complex indoor a i r q u a l i t y problem seems a p r e r e q u i s i t e condi t ion 
for the d i f f e r e n t groups in soc ie ty to recognize t h e i r r e s p o n s i b i l i t i e s . 
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SUMMARY. 

This t h e s i s deals with a i r po l lu t ion in Dutch homes from a public hea l th 
p e r s p e c t i v e . I t c o n s i s t s of two p a r t s . Pa r t 1 descr ibes the h i s t o r y and 
background of indoor a i r po l lu t ion research and o u t l i n e s the design of t h i s 
s tudy. In p a r t 2 , the r e s u l t s of the study are presented and discussed. 

P a r t 1 . 

Chapter 1 p resen t s the reasons for concern about indoor a i r q u a l i t y : the 
campaigns to reduce domestic energy consumption, i n i t i a t e d a f t e r the "oi l 
c r i s i s " of 1973, the in t roduc t ion of new m a t e r i a l s and chemicals in the 
home, and, in a d d i t i o n , the time 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 . The concept of i n t e g r a t e d personal exposure, 
i l l u s t r a t i n g the importance of the indoor environment for exposure to a i r 
p o l l u t i o n , i s in t roduced. The background of the study i s presented and the 
study ob jec t ive i s s t a t e d : 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 
in 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 e g r a t e d personal exposure and publ ic h e a l t h . 
The p o l l u t a n t s under s tudy, i . e . carbon monoxide (CO), n i 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) and v o l a t i l e organic compounds 
(VOC), are described b r i e f l y . 
Chapter 2 gives an overview of indoor a i r po l l u t i on research methodology. 
Typical for the research in t h i s f i e l d i s t h a t i t o r i g i n a t e d from d i f f e r e n t 
d i s c i p l i n e s and i s marked by the pe rspec t ives of those d i s c i p l i n e s . Three 
major research approaches are recognized and descr ibed: the mechanis t i c , 
case study and survey approach. The c u r r e n t s t a t e of knowledge on indoor 
a i r q u a l i t y in general and, more s p e c i f i c a l l y , for the s i t u a t i o n in the 
Netherlands i s descr ibed . I t i s concluded t h a t the cu r r en t s t a t e of knowl
edge, in p a r t i c u l a r for the s i t u a t i o n in the Nether lands , i s l imi ted and of 
a fragmentary n a t u r e , but i t j u s t i f i e s the concern about indoor a i r q u a l i t y 
in Dutch homes. 
Chapter 3 descr ibes the study design and o u t l i n e s the 3 main measurement 
programs, which toge the r form the body of the s tudy; the study design i s 
summarized in the t a b l e on the following page: 
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Summarized study cfesign 

pollutants real-time 
measurement programs 

week-long repeated 

CO Wageningen 
- 12 homes 
- winter 82/83, 83/84 
- k , 1, b* 

Ece 
- 174 post-war homes 
- winter 81/82 
- k, 1* 
Rotterdam 
- 102 pre-war inner-city homes 
- winter 82/83 
- k , 1* 

NOg Wageningen 
- 12 homes 
- winter 82/83, 83/84 
- k , 1, b* 

Ece 
- 174 post-war homes 
- winter 81/82 
- k , 1, b* 
Rotterdam 
- 102 pre-war inner-ciiy homes 
- winter 82/83 
- k , 1, b* 

Wageningen and environs 
- 15 homes 
- March 82-Febr33 
- k , 1, b* 

RSP Ede 
- 174 post-war homes 
- winter 81/82 
- 1* 
Rotterdam 
- 102 pre-war inner-city homes 
- winter 82/83 
- 1* 

Wageningen and environs 
- 4 homes: 2 non-smokers 

2 smokers 
- July 82-Febr.83 
- 1* 

VOC Ede 
- 174 post-war homes 
- winter 81/82 
- 1* 
Rotterdam 
- 102 pre-war inner-city homes 
- winter 82/83 
- 1* 
Ede 
- 103 homes < 6 years old 
- winter 82/83 
- 1* 

Wageningen and environs 
- 4 homes: 2 non-smokers 

2 smokers 
- July 82-Febr.83 
- 1* 
Ece 
- 11 newly built homes 
- sirnner and autumn 83 
- 1* 

* k = kitchen; 1 = living room; b = bedroom 

104 



Ins t rumenta t ion , s e l ec t i on of the homes which were s t u d i e d , f i e l d operat ion 
and data handling and ana lys i s a re described in chapter 3 . 

The objec t ive of the r ea l - t ime monitoring program was the determination of 
t r a n s i e n t concent ra t ion peaks of CO and N0 2 , the d i spers ion of p o l l u t a n t s 
through the home and day to day v a r i a t i o n in p o l l u t a n t l e v e l s . To determine 
kitchen v e n t i l a t i o n , t r a c e r gas experiments were c a r r i e d out in t h i s mea
surement program, using sulphurhexafluoride ( S F g ) ; the use of unvented gas 
appl iances was monitored with thermo couples . 
The objec t ive of the week-long measurement program was the determination of 
the d i s t r i b u t i o n of CO, N0 2 , RSP and VOC l e v e l s in a wide range of homes. 
In addi t ion to the p o l l u t a n t measurement, t r a c e r gas experiments in k i t 
chens were incorporated in the week-long measurement program. Additional 
information about the homes and about occupant a c t i v i t i e s was gathered with 
inspect ion l i s t s , ques t ionna i res and d i a r i e s . 
The objec t ive of the repeated measurement program was the determination of 
the v a r i a b i l i t y of p o l l u t a n t l e v e l s within and between seasons . 

P a r t 2 . 

Chapter 1 o u t l i n e s the organizat ion of pa r t 2 . 
Chapter 2 p resen t s 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 . 
As far as app rop ia t e , t h i s chapter descr ibes the use of indoor p o l l u t a n t s 
sources , the use of v e n t i l a t i o n provis ions and i n t e r i o r doors , and the 
r e s u l t s of t r a c e r gas exper iments . Emphasis i s put on the p resen ta t ion of 
those f ea tu res of the homes and occupant a c t i v i t i e s t h a t are used in the 
subsequent chapters in the data ana lys i s to explain the variance in the 
observed p o l l u t a n t l e v e l s . 
For the 12 homes of the r ea l - t ime monitoring program, examples are presen
ted of data p l o t s of the use of gas appl iances and of the r e s u l t s of 
t r a c e r gas exper iments . In these homes, the cooking range was used 2 to 6 
times per day; the g e i s e r , when p r e s e n t , was used 10 to 35 times per day. 
Within homes, the use of gas appl iances was more or l e s s c o n s i s t e n t from 
day to day, but l a rge d i f fe rences in appl iance use were observed between 
homes. The r e s u l t s of the t r a c e r gas experiments ind ica ted inhomogeneous 
mixing of ki tchen a i r . Large d i f fe rences were found in the 4-hour average 
values of ki tchen air -change r a t e and t r a c e r gas t r a n s f e r index within 
homes as well as between d i f f e r e n t homes. 
The pos i t i ve response in the week-long measurement program was s a t i s f a c 
to ry ; over 50 % of the occupants which could be contacted agreed to p a r t i 
c ipa t e in the s tudy. However, the con tac t r a t e in the i n n e r - c i t y homes of 
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Rotterdam was low. Households with a l l members working fu l l - t ime were 
probably underrepresented . Comparison of the d i s t r i b u t i o n of c h a r a c t e r i s 
t i c s of the homes of the week-long measurement program, l i k e ownership, 
bu i ld ing type , cooking f u e l , type of water and space hea te r with data from 
var ious sources revealed no c l e a r devia t ions from t h i s reference m a t e r i a l . 
The d i s t r i b u t i o n of general c h a r a c t e r i s t i c s of the homes d i f fered markedly 
in the 3 age-groups of homes. Wide ranges were observed in the use of gas 
app l i ances , v e n t i l a t i o n provis ions and i n t e r i o r doors , tobacco consump
t i o n , and a lso in the r e s u l t s of the t r a c e r gas exper iments . A cons iderab le 
p a r t of the respondents appeared not to use t h e i r v e n t i l a t i o n provis ions in 
the l i v i n g room during the hea t ing season. 

Chapter 3 deals with the r e s u l t s of the CO measurements: the r ea l - t ime 
monitoring program, the week-long measurement program, and two r e l a t e d s t u 
d i e s . 
For the homes of the r ea l - t ime monitoring program, f i r s t some q u a l i t a t i v e 
observat ions are p resen ted , based on data p l o t s . In these homes, the over
a l l mean CO l e v e l s indoors were genera l ly low, 0-3 mg/m3 higher than o u t 
doors , but shor t - te rm peak concen t ra t ions of several t ens of mg/m 3, a s so 
c i a t e d with the use of unvented gas app l i ances , were observed. CO concen
t r a t i o n p a t t e r n s were genera l ly smoother in l i v i n g room and bedroom than in 
the k i t chen . The CO concent ra t ion p a t t e r n s suggested a moderate e f f e c t of 
tobacco smoking on indoor CO l e v e l s of a few mg/m 3. If any, the margin 
between the a i r q u a l i t y s tandard for outdoor CO (proposed by the Dutch 
Health Council) and the observed CO l e v e l s in the homes of the r ea l - t ime 
monitoring program was smal l . 
Weekly average CO l e v e l s in the homes of the week-long measurement program 
were in the same range as the overa l l mean CO l e v e l s found in the homes of 
the r ea l - t ime monitoring program. Mult iple regress ion ana lys i s with the 
r e s u l t s of the week-long measurement program ind ica ted t h a t e leva ted CO 
l e v e l s in k i tchens were a s soc i a t ed with the presence of unvented g e i s e r s , 
burner type of the g e i s e r , durat ion of use of the gas cooker and tobacco 
consumption. Living room CO l e v e l s were p o s i t i v e l y a s soc ia t ed with ki tchen 
CO l e v e l s and tobacco consumption, and negat ive ly with the number of doors 
between ki tchen and l i v i n g room. In the regress ion ana lys i s only a minor 
por t ion of the var iance in CO l eve l s in k i tchens and l i v i n g rooms could be 
expla ined . The observed e f f e c t of ge i se r and g e i s e r burner type in the 
homes of the week-long measurement program was in good agreement with the 
r e s u l t s of a r e l a t e d study on CO production of g e i s e r s under s tandardized 
c o n d i t i o n s . 
The r e s u l t s of a r e l a t e d study on COHb l eve l s ind ica ted t h a t under normal 
l i v i n g c o n d i t i o n s , the frequency of occurence of b io log ica l s i g n i f i c a n t 
increases in COHb l e v e l s due to the use of ge i se r s i s l e s s than the f r e -
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quency of ge l s e r s with a high CO production 1n the general housing s tock . 

Chapter 4 p resen t s the r e s u l t s of the N02 measurements in the r ea l - t ime 
monitoring program, the week-long and the repeated measurement program, and 
in r e l a t e d s t u d i e s . 
After the p resen ta t ion of some q u a l i t a t i v e observa t ions for the homes of 
the r ea l - t ime monitoring program, based on data p l o t s , the 1-minute, 1-
hour, 24-hour average and overa l l mean N02 concent ra t ion in these homes are 
p resen ted . In gene ra l , indoor N02 l e v e l s were higher than outdoor l e v e l s . 
In several homes, 1-hour average peak concen t ra t ions of N02 of several 
hundreds of ug/m 3 were observed in a l l 3 l o c a t i o n s . 
On average, the r a t i o of the maximum 1-hour average concent ra t ion to the 
overa l l mean N02 concent ra t ion was 6 in the ki tchen and l i v i n g room and 4 
in the bedroom. A cons iderable day to day v a r i a t i o n in da i ly maximum 1-hour 
average N02 l e v e l s and in 24-hour average N02 l e v e l s was observed wi th in 
homes. On some days in some of the homes, l i v i n g room and bedroom N02 peak 
l e v e l s were j u s t as high as the simultaneous ki tchen l e v e l s , while on 
o the r days l i v i n g room and bedroom l e v e l s were hardly af fec ted by ki tchen 
N02 l e v e l s . 
In the homes of the week-long measurement program, indoor N02 l e v e l s a l so 
frequent ly exceeded outdoor l e v e l s . The observed l e v e l s were in good ag ree 
ment with the l e v e l s found in 700 o the r Dutch homes in 4 r e l a t e d s tud i e s on 
indoor N0 2 . In the i n n e r - c i t y homes of Rotterdam, N02 l eve l s were genera l ly 
higher than the l e v e l s in homes in suburban and rura l a r e a s . With mul t ip le 
regress ion a n a l y s i s , about 50 to 70 % of the var iance in indoor N02 l e v e l s 
between the homes of the week-long measurement program could be exp la ined . 
Presence of unvented g e i s e r s , presence and duration of use of gas cookers , 
outdoor N02 l e v e l , type of space heat ing and use of v e n t i l a t i o n provis ions 
in the ki tchen were p o s i t i v e l y a s soc ia t ed with ki tchen N02 l e v e l s . Kitchen 
volume was negat ive ly a s soc ia t ed with ki tchen N02 l e v e l s . Although no 
d i r e c t a s soc i a t i on was observed, the data ana lys i s suggested t h a t a l so the 
durat ion of use of the ge i se r was p o s i t i v e l y a s soc ia t ed with ki tchen N02 

l e v e l s . Only for the data of Ede, a po ten t i a l b e n i f i c i a l e f f ec t of the use 
of the range hood on ki tchen N02 l e v e l s was observed. In two of the r e l a t e d 
s t u d i e s , s im i l a r a s soc i a t i ons between ki tchen N02 l e v e l s and range hood 
were found. I t i s unclear whether the a s soc ia t ion between the va r i ab l e 
' type of space h e a t i n g ' and ki tchen N02 l e v e l s means t h a t local gas hea te r s 
sometimes a c t as d i r e c t sources of indoor N02 , or t h a t t h i s va r i ab le i s a 
proxy for some o the r fea ture of the home. The p o s i t i v e a s soc i a t i on between 
the use of v e n t i l a t i o n provis ions in the ki tchen and ki tchen N02 l e v e l s 
might i nd i ca t e t h a t occupants increase the v e n t i l a t i o n , when they perceive 
the indoor p o l l u t a n t l e v e l s as h igh . 
In the l i v i n g room of the homes of the week-long measurement program, 60 % 
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of the variance in N02 l e v e l s could be explained by N02 l e v e l s in the 
k i t chen , the number of doors between ki tchen and l i v i n g room and the type 
of space h e a t i n g . When the va r i ab l e ' t r a c e r gas t r a n s f e r index in the 
l i v i n g room' was added to the regress ion model, 73 % of the var iance in 
l i v i n g room N02 l e v e l s could be exp la ined . 
About 50 % of the variance in bedroom N02 l e v e l s could be explained with 
the N02 l e v e l s in the other l oca t i ons and outdoors , and the number of doors 
between kitchen and bedroom. After adjustment for these v a r i a b l e s , bedroom 
N02 l e v e l s were s i g n i f i c a n t l y higher in Rotterdam than in Ede. 
In the homes of the repeated measurement program, the v a r i a b i l i t y of weekly 
average N02 l e v e l s in the 3 indoor l oca t i ons was small during w in t e r , 
spring and autumn, but l a r g e r during summer. In the k i tchens of these 
homes, N02 l e v e l s were h ighes t during winter and sp r i ng , in termedia te in 
autumn and lowest in summer. In the other l o c a t i o n s , no c l e a r seasonal 
pa t t e rn was observed. The r e s u l t s of the repeated measurement program 
ind ica t e t h a t during the g rea t e r p a r t of the y e a r , indoor N02 l e v e l s were 
c o n s i s t e n t l y d i f f e r e n t in d i f f e r e n t homes; these d i f fe rences can be de tec 
ted with one or a few measurements during the heat ing season. 
The r e s u l t s of the r ea l - t ime monitoring program as well as of the week-long 
measurement program indica ted t h a t the proposed a i r q u a l i t y s tandard for 
outdoor N02 i s f requent ly exceeded by kitchen N02 l e v e l s and r egu la r ly by 
l i v i n g room and bedroom N02 l e v e l s . 

Chapter 5 p resen t s the r e s u l t s of the RSP measurements in the week-long and 
repeated measurement program. In addi t ion to the weekly average RSP mea
surements, ins tantaneous RSP measurements were c a r r i e d out in 3 l oca t i ons 
of the homes of the week-long measurement program. 
Weekly average as well as ins tantaneous RSP l e v e l s indoors had a wide range 
and f requent ly exceeded typica l outdoor RSP l e v e l s . Elevated indoor RSP 
l e v e l s were c l e a r l y assoc ia ted with tobacco consumption. A considerable 
va r i a t i on within homes was observed in the ins tantaneous RSP l e v e l s which 
were simultaneously measured in d i f f e r en t l oca t ions of the home. In the 
regress ion ana lys i s with weekly average RSP l eve l s in the l i v i n g room as 
dependent v a r i a b l e , about 50 % of the var iance in RSP l e v e l s between homes 
could be explained by c i g a r e t t e and c i g a r consumption and by i n d i c a t o r s of 
occupant a c t i v i t i e s . T h e use of v e n t i l a t i o n provis ions in the l i v i n g room 
was p o s i t i v e l y a s soc ia t ed with weekly average RSP l e v e l s , which again 
suggests t h a t occupants tend to increase v e n t i l a t i o n when they percieve the 
p o l l u t a n t l e v e l s as h igh. 
In the homes of the repeated measurement program, the indoor weekly average 
RSP l e v e l s in the 2 smoker's homes were c o n s i s t e n t l y higher (on average by 
about 60 ug /m 3 ) , than the l e v e l s in the 2 non-smoker's homes. In the non-
smoker's homes, h ighes t RSP l e v e l s were observed during the s tay of smoking 
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g u e s t s . The r e s u l t s of the repeated RSP measurements ind ica ted t h a t the 
indoor RSP l e v e l s were r a t h e r s t a b l e . This observat ion i s in good agreement 
with r e s u l t s of another Dutch study in which RSP l eve l s were determined in 
homes. 
Values of the US primary s tandard for outdoor p a r t i c u l a t e mat te r , r espec
t i v e l y the proposed rev i s ion of the s tandard , were r egu la r ly exceeded in 
the homes of the week-long measurement program. 

Chapter 6 p resen t s the r e s u l t s of the VOC measurements in the week-long and 
repeated measurement program. In c o n t r a s t to the o ther p o l l u t a n t s under 
s tudy, week-long VOC l eve l s were obtained in 3 age-groups of homes:pre-war 
homes, post-war homes and l e s s than 6 yea r s old homes. Repeated VOC mea
surements were c a r r i e d out in 4 homes and, in a d d i t i o n , in 11 newly b u i l t 
homes before and during occupat ion. 
Most of the 45 VOC, which could be determined q u a n t i t a t i v e l y , were detected 
in a vas t majori ty of the homes in a wide concent ra t ion range . V i r t u a l l y 
a l l VOC concen t ra t ions were higher indoor than outdoors . The indoor l e v e l s 
of several of the solvent type of compounds were highly assoc ia ted with 
each other in the homes of the week-long measurement program. This suggests 
the ex i s tence of some common sources for these compounds. The nature of 
these sources (bui ld ing ma te r i a l s or consumer p roduc t s ) , however, i s l a r g e 
ly unknown y e t . The use of so lvent and pa in t during the measurement per iod 
and the presence of smokers were s i g n i f i c a n t l y a s soc i a t ed with the l e v e l s 
of s t r a i g h t - c h a i n and aromatic hydrocarbons, but explained only a minor 
f r ac t ion of the var iance in these p o l l u t a n t l e v e l s . 
In the 4 homes of the repeated measurement program, f a i r l y s t ab l e indoor 
l e v e l s were only observed for some compounds in some homes. In the 11 newly 
b u i l t homes, s t r a i g h t - c h a i n and aromatic hydrocarbon l eve l s were genera l ly 
higher before and during the f i r s t 3 months of occupation than the l e v e l s 
measured in the homes of the week-long measurement program. The app l i ca t ion 
of f l oo r - and wall covering ma te r i a l s gave t r a n s i e n t concent ra t ion peaks 
for the non-chlor ina ted compounds. I t was concluded t h a t most VOC have both 
consumer products and bui ld ing ma te r i a l s as indoor sources . The h ighes t 
observed VOC l e v e l s in occupied homes were probably the r e s u l t of occupant 
a c t i v i t i e s . At p r e s e n t , the re i s l i t t l e information ava i l ab l e to eva lua te 
the heal th r i s k s a s soc ia t ed with the observed indoor VOC l e v e l s . 

Chapter 7, gives a general discussion on the s tudy. I t conta ins some r e 
f l e c t i o n s on the study design and i n t e r p r e t a t i o n of the r e s u l t s . The appro
p r i a t enes s of comparing indoor p o l l u t a n t l eve l s with a i r qua l i t y s tandards 
for outdoor p o l l u t a n t s i s discussed and some impl ica t ions of indoor a i r 
po l lu t ion for environmental epidemiology are cons idered . In the f ina l 
sec t ion of chapter 7, indoor a i r po l lu t ion and public pol icy are d iscussed. 
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SAMENVATTING. 

Dit p r o e f s c h r i f t behandel t l uch tve ron t r e in ig ing in Nederlandse woningen van 
u i t he t oogpunt van volksgezondheid. Het be s t aa t u i t 2 de len . Deel 1 be
s c h r i j f t de geschiedenis en de achtergronden van he t onderzoek naar binnen-
l u c h t v e r o n t r e i n i g i n g , en tevens de opzet van het onderzoek in Nederlandse 
woningen. In deel 2 worden de r e s u l t a t e n van het onderzoek gepresenteerd en 
besproken. 

Deel 1 

In hoofdstuk 1 wordt aangegeven om welke redenen de k w a l i t e i t van de b in -
nenlucht aandacht v e r d i e n t : de campagnes t e r beperking van het huishoude
l i j k energie ve rb ru ik , g e s t a r t na de " o l i e c r i s i s " van 1973, de i n t r o d u c t i e 
van nieuwe mater ia len en chemicaliën in de woning en t e n s l o t t e de t i j d s 
bestedingspatronen van de mens in westerse g e ï n d u s t r i a l i s e e r d e samenlevin
gen. Dit hoofdstuk i n t roducee r t het begrip i n t e g r a l e persoonl i jke b loo t 
s t e l l i n g , da t he t belang van de woning voor b l o o t s t e l l i n g aan luch tve ron t 
r e in ig ing i l l u s t r e e r t . De achtergronden van het onderzoek worden besproken 
en het onderzoeksdoel wordt geformuleerd: de k a r a k t e r i s e r i n g van kenmerken
de luch tveron t re in ig ingsn iveaus in Nederlandse woningen, in r e l a t i e t o t 
eigenschappen van de woning en haar bewoners, vanui t het oogpunt van i n t e 
gra le persoonl i jke b l o o t s t e l l i n g en volksgezondheid. Het l a a t s t e deel van 
hoofdstuk 1 geef t een beknopte beschr i jv ing van de veront re in ig ingen waarop 
he t onderzoek betrekking had: koolmonoxide (CO), s t i k s t o f d i o x i d e ( N 0 2 ) , 
inadembaar s tof (RSP) en v luch t ige organische verbindingen (VOC). 
Hoofdstuk 2 geef t een overz ich t van de onderzoeksmethoden voor binnen-
l u c h t v e r o n t r e i n i g i n g . Typerend voor het onderzoek op d i t gebied b l i j k t t e 
z i jn dat he t voort komt u i t ve r sch i l l ende vakgebieden. In de onderzoeksbe-
naderingen z i jn d r i e hoofdstromingen onderscheiden en beschreven: de mecha
n i s t i s c h e , de ' case s tudy ' en de ' su rvey ' benadering. 

De stand van wetenschap op he t gebied van b innenluchtveront re in ig ing in het 
algemeen en meer in het bi jzonder voor de s i t u a t i e in Nederland wordt 
beschreven. Geconcludeerd wordt dat de huidige kennis,met name ten aanzien 
van de Nederlandse s i t u a t i e , beperkt i s . De huidige inz ichten r ech tvaa rd i 
gen bezorgdheid over de k w a l i t e i t van de luch t in Nederlandse woningen. 
Hoofdstuk 3 b e s c h r i j f t de onderzoeksopzet, die b e s t a a t u i t 3 meetprogram
m a ' s . Deze z i jn samengevat in de tabel op de volgende pagina: 
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Samenvatting van de onderzoeksopzet: 

meetprogramma's 
gemsten 'real-time'metingen weekgemiddelce metingen herhaalde metingen 
stoffen 

CO Wageningen Ece 
- 12 huizen - 174 na-oorlogse huizen 
- winter 82/83, 83/84 - winter 81/82 
- k, w, s* - k, w* 

Rotterdam (binnenstad) 
- 102 voor-oorlogse huizen 
- winter 82/83 
- k, w* 

N O 2 Wageningen 
- 12 huizen 
- winter 82/83, 83/84 
- k, w, s* 

Eds 
- 174 na-oorlogse huizen 
- winter 81/82 
- k, w, s* 
Rotterdam (binnenstad) 
- 102 voor-oorlogse huizen 
- winter 82/83 
- k, w, s* 

Wageningen e.o. 
- 15 huizen 
- maart 82-febr.83 
- k, w, s* 

RSP Ede 
- 174 na-oorlogse huizen 
- winter 81/82 
- w* 
Rotterdam (binnenstad) 
- 102 voor-oorlogse huizen 
- winter 82/83 
- w* 

Wageningen e.o. 
- 4 huizen: 2 niet-rokers 

2 rokers 
- juli 82-febr.83 
- w* 

VK Ede 
- 174 na-oorlogse huizen 
- winter 81/82 
- w* 
Rotterdam 
- 102 voor-oorlogse huizen 
- winter 82/83 
- w* 
Ede 
- 103 huizen < 6 jaar oud 
- winter 82/83 
- w* 

Wageningen e.o. 
- 4 huizen: 2 niet-rokers 

2 rokers 
- juli 82-febr.83 
- w* 
Ede 
- 11 nieuwbouwhuizen 
- zomer en herfst 83 
- w* 

* k = keuken; w = woonkamer; s = slaapkamer 
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De i n s t r u m e n t a t i e , de s e l e c t i e van de in he t onderzoek betrokken woningen, 
de u i tvoer ing van de metingen en de wijze van gegevensverwerking van de 
d r i e meetprogramma's worden in hoofdstuk 3 beschreven. 

Het doel van he t programma van ' r e a l - t i m e ' metingen was he t bepalen van he t 
concen t ra t i ever loop van CO en N02 in de woning, het bepalen van de ver 
spre iding van de veront re in ig ingen door de woning en he t bepalen van de 
dage l i jkse v a r i a t i e in de ve ron t r e in ig ingsn iveaus . Ter bepaling van de 
keukenven t i l a t i e in d i t meetprogramma werden t r a c e r gas experimenten u i t g e 
voerd met zwavelhexafluoride ( S F 6 ) ; het gebruik van afvoerloze gasapparaten 
werd bepaald met behulp van thermokoppels. 
Het doel van het programma van weekgemiddelde metingen was het bepalen van 
de concent ra t i en iveaus van CO, N0 2 , RSP en VOC in een groot aantal ver 
sch i l l ende woningen. Naast concentrat iemetingen werden in d i t programma 
t r a c e r gas bepalingen uitgevoerd in keukens en werd aanvullende informatie 
over de woning en over de a c t i v i t e i t e n van de bewoners verzameld m.b .v . i n -
s p e c t i e l i j s t e n , enquêtes en dagboekformulieren. 
Het doel van he t programma van herhaalde metingen was het bepalen van de 
v a r i a t i e in weekgemiddelde concent ra t i en iveaus in ve r sch i l l ende seizoenen. 

Deel 2 

Hoofdstuk 1 b e s c h r i j f t de indel ing van het tweede deel van het proef
s c h r i f t . 
Hoofdstuk 2 b e s c h r i j f t algemene kenmerken van de woningen die onderzocht 
werden. Het gebruik van bronnen van b innen!uch tveron t re in ig ing , het gebruik 
van ven t i l a t i evoorz ien ingen en binnendeuren, en de r e s u l t a t e n van de t r a c e r 
gas experimenten worden (voor zover van toepass ing) behandeld. De nadruk 
l i g t op de p r e s e n t a t i e van dïe gegevens over de woning en bewonersact iv i 
t e i t d ie in de volgende hoofdstukken gebru ik t worden in de gegevensver
werking om de v a r i a n t i e in de gemeten veron t re in ig ingsn iveaus t e ve rk la ren . 
Voor de 12 huizen van het programma van de ' r e a l - t i m e ' metingen worden 
voorbeelden gepresenteerd van gegevens-plots van het gebruik van gasappara
t e n . 
In deze huizen werd het kooktoestel 2 t o t 6 keer per dag gebru ik t ; de 
g e i s e r , voor zover aanwezig, werd 10 t o t 35 keer per dag geb ru ik t . Er was 
r e l a t i e f weinig v a r i a t i e in het gebruik van gasapparaten op ve r sch i l l ende 
dagen in he tze l fde h u i s , maar e r waren grote ve r sch i l l en in het gebruik van 
gasapparaten in ve rsch i l l ende huizen. De r e s u l t a t e n van de t r a c e r gas 
experimenten wezen op niet-homogene menging van de l uch t in de keuken. De 
4-uurs gemiddelde waarden van het ven t i l a t i evoud en de t r a c e r gas t r a n s f e r 
index var ieerden s t e rk zowel binnen een huis a l s tussen versch i l l ende 
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huizen. 
De pos i t i eve respons in het programma van weekgemiddelde metingen was 
r ede l i j k goed; meer dan 50% van de bewoners waarmee con tac t gelegd kon 
worden was bereid om aan het onderzoek mee t e werken. In de binnenstad van 
Rotterdam was ech te r het percentage bewoners waarmee con tac t gemaakt kon 
worden, l a a g . Huishoudens waarvan a l l e leden een vo l led ige baan hadden 
waren vermoedelijk ondervertegenwoordigd in he t onderzoek. Vergel i jking van 
de verdel ing van woningkenmerken, zoals eigendomsverhouding, woningtype, 
kookbrandstof, warmwatervoorziening en ruimte verwarming, in de huizen van 
he t programma van weekgemiddelde metingen met gegevens u i t ve r sch i l l ende 
bronnen, b rach t geen du ide l i jke afwijkingen aan het l i c h t ten opzichte van 
d i t r e f e r e n t i e m a t e r i a a l . 
Wel werden e r grote ve r sch i l l en aangetroffen in de verdel ing van woningken
merken over de d r i e l ee f t i jdsgroepen van woningen die onderzocht werden. 
Een grote spre id ing werd waargenomen in het gebruik van gasapparaten en 
v e n t i l a t i e v o o r z i e n i n g e n , en in het tabaksgebruik; ook in de r e s u l t a t e n van 
de t r a c e r gas experimenten werd een grote spre iding waargenomen. Een be
l angr i jk deel van de respondenten bleek gedurende he t stookseizoen geen 
gebruik t e maken van de ven t i l a t i evoorz ien ingen in de woonkamer. 

Hoofdstuk 3 behandel t de r e s u l t a t e n van de CO-metingen in de programma's 
van ' r e a l - t i m e ' en weekgemiddelde metingen en p r e s e n t e e r t tevens r e s u l t a t e n 
van twee verwante s t u d i e s . 
Eers t worden voor de 12 huizen van het programma van ' r e a l - t i m e ' metingen 
enige kwa l i t a t i eve obse rva t i es beschreven, die gebaseerd z i jn op gegevens-
p l o t s . 
De gemiddelde CO-concentratie over de gehele meetperiode in deze huizen was 
l a a g : 0-3 mg/m3 hoger dan in de b u i t e n l u c h t . Tijdens het gebruik van af-
voerloze gasapparaten werden p iekconcen t ra t i e s van enkele t i e n t a l l e n mg/m3 

CO waargenomen. 
In het algemeen was he t concent ra t iever loop van CO in de woon- en s l aap 
kamer vlakker dan in de keuken. Uit het concent ra t iever loop van CO kon 
opgemaakt worden da t he t roken van tabak de CO niveaus verhoogde met een 
paar mg/m 3. De marge tussen de door de Gezondheidsraad voorgestelde g rens 
waarden van CO in de bu i t en luch t en de waargenomen CO-niveaus in de wonin
gen van he t programma van ' r e a l - t i m e ' metingen was, voor zover aanwezig, 
k l e i n . 
In de huizen van he t programma van weekgemiddelde metingen werden CO n i 
veaus gemeten die dezelfde spre id ingsbreed te hadden a l s de gemiddelde CO 
niveaus in de huizen van het programma van ' r e a l - t i m e ' metingen. Meer
voudige r e g r e s s i e analyse met de r e s u l t a t e n van het programma van weekge
middelde metingen l i e t een samenhang zien van verhoogde CO niveaus in de 
keuken met de aanwezigheid van afvoerloze g e i s e r s , het brandertype van de 
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g e i s e r , he t gebruik van he t gaskooktoestel en met het roken van tabak. Er 
was een p o s i t i e v e samenhang tussen he t CO niveau in woonkamer met he t CO 
niveau in de keuken en met he t roken van tabak . Het CO niveau in de woonka
mer hing nega t ie f samen met he t aantal deuren tussen woonkamer en keuken. 
Met de r e g r e s s i e analyse kon s l e c h t s een gering percentage van de v a r i a n t i e 
in de CO niveaus in keuken en woonkamer verklaard worden. Het waargenomen 
e f f e c t van de g e i s e r en van he t brandertype van de ge i se r op de CO niveaus 
in de huizen van he t programma van weekgemiddelde metingen kwam goed over
een met de r e s u l t a t e n van een verwante s tud ie naar de CO product ie van 
g e i s e r s onder gecontroleerde omstandigheden. 
De r e s u l t a t e n van een verwante s tud ie naar COHb niveaus wezen u i t d a t , 
onder normale omstandigheden, be langr i jke verhogingen ( u i t medisch oogpunt) 
van he t COHb niveau door he t gebruik van afvoer!oze g e i s e r s met een hoge CO 
p roduc t i e , minder vaak voorkomen dan de rge l i j ke g e i s e r s ze l f voorkomen in 
he t Nederlandse woningbestand. 

Hoofdstuk 4 behandel t de r e s u l t a t e n van de N0 2-metingen in de programma's 
van ' r e a l - t i m e ' , weekgemiddelde en herhaalde metingen; ook h ie r worden 
r e s u l t a t e n van enkele verwante s tud i e s weergegeven. 
Na he t beschri jven van enkele kwa l i t a t i eve o b s e r v a t i e s , gebaseerd op gege-
vens -p lo t s van de huizen van he t programma van ' r e a l - t i m e ' metingen, worden 
de in deze huizen gemeten 1-minuuts, 1-uurs en 24-uurs gemiddelde N02 

concen t r a t i e s en he t gemiddelde N02 niveau over de hele meetperiode behan
de ld . In he t algemeen waren de N0 2 -niveaus hoger in de binnenlucht dan in 
de b u i t e n l u c h t . In ve r sch i l l ende huizen werden in a l l e d r i e de vertrekken 
1-uurs gemiddelde piek concen t r a t i e s gemeten van enkele honderden ug/nr 
N0 2 . 
De maximum 1-uur gemiddelde N02 concen t r a t i e in een huis was in de keuken 
gemiddeld 6 keer zo hoog a l s he t gemiddelde N0 2-niveau in de keuken over de 
hele meetperiode; in woon- en slaapkamer was he t maximum 1-uurs gemiddelde 
N0 2-niveau 6 r e s p e c t i e v e l i j k 4 maal zo hoog a l s he t gemiddelde niveau over 
de hele meetper iode. Het dage l i jks maximum van 1-uurs gemiddelde N0 2 -
niveaus en he t 24-uurs gemiddelde N0 2-niveau var iee rde aanz ien l i jk van dag 
t o t dag. Op sommige dagen werden in enkele huizen in woon- en slaapkamer 
N02 piekniveaus gemeten die net zo hoog waren a l s de piekniveaus die ge
l i j k t i j d i g in de keuken voorkwamen; op andere dagen werden in dezelfde 
huizen de N0 2 -niveaus in woon- en slaapkamer nauwelijks door de N0 2 -
niveaus in de keuken beïnvloed . 
Ook in de huizen van het programma voor weekgemiddelde metingen waren de 
N0 2 -niveaus vaak hoger dan in de b u i t e n l u c h t . De gemeten N0 2 -niveaus kwamen 
goed overeen met de N0 2 -niveaus zoals die gemeten z i jn in 4 verwante s t u 
d ies in 700 andere Nederlandse woningen. In de binnenstads woningen van 
Rotterdam waren de N0 2-m'veaus in het algemeen hoger dan in woningen in 
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kle ine s t e d e l i j k e en p l a t t e l a n d s gemeenten. 
Ongeveer 50-70% van de v a r i a n t i e in de N0 2-m'veaus in de huizen van het 
programma van weekgemiddelde metingen kon verklaard worden met behulp van 
meervoudige r e g r e s s i e - a n a l y s e . De aanwezigheid van afvoerloze g e i s e r s , 
aanwezigheid en gebruik van gas -kook toes t e l l en , het N0 2 -niveau in de bu i 
t e n l u c h t , he t type ruimteverwarming en het gebruik van v e n t i l a t i e v o o r z i e n -
ingen hadden een pos i t i eve samenhang met de N0 2 -niveaus in de keuken. 
Hoewel e r geen d i r e c t e samenhang aangetoond kon worden, wezen de r e s u l t a t e n 
van de gegevensverwerking erop da t ook de gebruiksduur van de ge i se r p o s i 
t i e f samenhing met he t N0 2-niveau in de keuken. Een gunst ig e f f e c t van he t 
gebruik van een afzuigkap op het N0 2-niveau in de keuken werd a l leen gevon
den met de gegevens van de woningen in Ede. In 2 van de verwante s tud ies 
werd een s o o r t g e l i j k e samenhang aangetroffen tussen de aanwezigheid van een 
afzuigkap en de N0 2 -niveaus in de keuken. Het i s onduidel i jk of de samen
hang tussen de va r i abe le ' s o o r t ruimte verwarming' en de N0 2-m'veaus b e t e 
kent dat gashaarden een bron van N02 z i j n , of da t deze va r i abe le het e f f e c t 
van een ander kenmerk van de woning weergeeft . 
De pos i t i eve samenhang tussen het gebruik van ven t i l a t i evoorz ien ingen en de 
N0 2 -niveaus in de keuken zou kunnen betekenen dat bewoners ex t ra gaan 
ven t i l e r en a l s z i j de veron t re in ig ingsn iveaus a l s hoog e rva ren . 
In woonkamers van de huizen in het programma van weekgemiddelde metingen 
kan 60% van de v a r i a n t i e in N0 2 -niveaus verklaard worden met de N0 2 -niveaus 
in de keuken, het aantal deuren tussen keuken en woonkamer, en het type 
ruimteverwarming. Indien de va r i abe le ' t r a c e r gas t r a n s f e r index' aan he t 
regressienmodel werd toegevoegd kon 73% van de v a r i a n t i e in N0 2 -niveaus in 
de woonkamer worden ve rk laa rd . 
Ongeveer 50% van de v a r i a n t i e van de N0 2 -niveaus in de slaapkamer kon 
verklaard worden met behulp van de N0 2 -niveaus in andere vertrekken en in 
de bu i t en luch t en het aantal deuren tussen keuken en slaapkamer. Na s t an 
d a a r d i s a t i e voor deze var iabelen waren de N0 2 -niveaus in de slaapkamers van 
Rotterdamse huizen s i g n i f i c a n t hoger dan die in Edese woningen. 
In de 3 vertrekken van de huizen van het programma van herhaalde metingen 
was de v a r i a t i e in weekgemiddelde N0 2 -niveaus gering in de win te r , he t 
voorjaar en de h e r f s t , maar g r o t e r in de zomer. In de keukens van deze 
huizen waren de N0 2 -niveaus het hoogst gedurende de winter en het voorjaar 
en het l a a g s t gedurende de zomer. In de andere vertrekken werden geen 
du ide l i jke seizoensinvloeden waargenomen. De r e s u l t a t e n van het programma 
van herhaalde metingen wezen u i t d a t , gedurende het g roo t s t e deel van he t 
j a a r , de N0 2 -niveaus in ve r sch i l l ende woningen consequent van e lkaar ver 
sch i lden ; gedurende het stookseizoen kunnen de rge l i jke ve r sch i l l en tussen 
huizen met (een) enkele meting(en) bepaald worden. 
De r e s u l t a t e n van de programma's van ' r e a l - t i m e ' en weekgemiddelde metingen 
toonden aan dat de voorgestelde grenswaarden voor N02 in de bu i t en luch t 
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veelvuldig overschreden worden door de NC^-niveaus in keukens; ook in woon-
en slaapkamer worden de grenswaarden regelmatig overschreden. 

Hoofdstuk 5 behandel t de r e s u l t a t e n van de RSP-metingen in de programma's 
van weekgemiddelde en herhaalde metingen. Naast de metingen van weekgemid-
delde RSP-niveaus werden in 3 vertrekken van de huizen van het programma 
van weekgemiddelde metingen ook momentane RSP metingen u i tgevoerd . 
De weekgemiddelde zowel a l s de momentane RSP-niveaus hadden een gro te 
spre id ing binnenshuis en waren vaak hoger dan de niveaus zoals die in de 
bu i t en luch t voorkomen. Verhoogde RSP-niveaus hingen du ide l i jk samen met het 
roken van tabak. De momentane RSP-niveaus die g e l i j k t i j d i g in ve r sch i l l ende 
vertrekken van één woning werden gemeten, var ieerden vaak a a n z i e n l i j k . 
Ongeveer 50% van de v a r i a n t i e in weekgemiddelde RSP-niveaus in de woonkamer 
kan verklaard worden in de r eg re s s i e - ana lyse door he t aantal gerookte 
s i g a r e t t e n en s igaren en door ind ica toren die bewoners a c t i v i t e i t e n weerge
ven. Het gebruik van ven t i l a t i evoorz ien ingen hing p o s i t i e f samen met de 
weekgemiddelde RSP-niveaus, wat e r opnieuw op w i j s t da t bewoners de v e n t i 
l a t i e verhogen a l s z i j de veron t re in ig ingsn iveaus a l s hoog e rvaren . 
In de huizen van he t programma van herhaalde metingen waren de weekgemid
delde RSP-niveaus in de 2 huizen met rokende bewoners consequent hoger 
(ongeveer 60 ug/m 3 hoger ) , dan in de 2 huizen met n ie t - rokende bewoners. In 
de huizen van n i e t - r o k e r s werden de hoogste RSP-niveaus gemeten gedurende 
he t v e r b l i j f van rokende gas ten . De r e s u l t a t e n van de herhaalde RSP-metin
gen wezen u i t dat binnenshuis de RSP-niveaus tamel i jk cons tan t waren. Dit 
komt goed overeen met r e s u l t a t e n van een andere Nederlandse s tud ie waarin 
RSP-niveaus binnenshuis gemeten z i j n . De waarden van de Amerikaanse norm 
voor zwevend s to f in de b u i t e n l u c h t , r e s p e c t i e v e l i j k van de voorgeste lde 
wi jz ig ing van die norm, werden regelmatig overschreden in de huizen van het 
programma voor herhaalde metingen. 

Hoofdstuk 6 behandel t de r e s u l t a t e n van de VOC-metingen in de programma's 
van weekgemiddelde en herhaalde metingen. In t e g e n s t e l l i n g t o t de andere 
veront re in ig ingen z i jn de weekgemiddelde VOC-niveaus bepaald in 3 leef 
t i jdsgroepen van woningen: in vooroorlogse, in na-oorlogse en in na-oor log-
se woningen van minder dan 6 j a a r oud. Herhaalde metingen werden ui tgevoerd 
in 4 huizen, en bovendien in 11 nieuwbouw woningen, vóór en t i j d e n s bewo
n ing . De meeste van de 45 VOC's die kwan t i t a t i e f bepaald konden worden, 
werden in een grote meerderheid van de woningen aangetroffen , in concentra
t i e s die een gro te spre id ing vertoonden. Vrijwel a l l e VOC-niveaus waren 
binnenshuis hoger dan b u i t e n s h u i s . De niveaus van ve r sch i l l ende oplosmid
de lach t ige verbindingen vertoonden een s te rke samenhang in de woningen van 
het programma van weekgemiddelde woningen. Dit w i j s t er op dat er voor deze 
verbindigen enkele gemeenschappelijke bronnen z i j n . De aard Van deze 
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bronnen (bouwmaterialen of consumentenartikelen) i s ech te r nog grotendeels 
onbekend. Het gebruik van oplosmiddelen en verf en de aanwezigheid van 
rokers hing s i g n i f i c a n t samen met de niveaus van onver takte en aromatische 
koolwaters tof fen , maar verklaarde s l e c h t s een gering percentage van de 
niveaus van deze ve ron t re in ig ingen . 
In de 4 huizen van he t programma van herhaalde metingen werden s l e c h t s voor 
enkele verbindingen in een enkel huis min of meer s t a b i e l e VOC-niveaus 
gemeten. Vóór en gedurende de e e r s t e 3 maanden van bewoning waren de n i 
veaus van onver takte en aromatische koolwaterstoffen in het algemeen hoger 
in de 11 nieuwbouw woningen dan in de woningen van het programma van 
weekgemiddelde metingen. Het aanbrengen van v loe r - en muurbedekkingsma-
t e r i a l e n ging gepaard met een t i j d e l i j k e verhoging van de niveaus van 
ongechloreerde verbindingen. Geconcludeerd werd da t de meeste VOC's 
binnenshuis zowel consumentenartikelen a l s bouwmaterialen a l s bron hebben. 
De hoogste gemeten VOC-niveaus in bewoonde huizen waren waarsch i jn l i jk he t 
gevolg van a c t i v i t e i t e n van de bewoners. Tot op heden i s er vrijwel geen 
informatie voorhanden voor de e v a l u a t i e van eventuele gezondhe ids r i s i co ' s 
van de waargenomen VOC-niveaus b innenshuis . 

Hoofdstuk 7 geef t een algemene d i s cus s i e over he t onderzoek. Dit hoofdstuk 
bevat een aantal overwegingen over de onderzoeksopzet en over de i n t e r p r e 
t a t i e van de r e s u l t a t e n . De geschiktheid van grenswaarden voor ve ron t 
r e in ig ing van de bu i t en luch t voor de e v a l u a t i e van de gemeten binnenlucht-
veron t re in ig ingsn iveaus wordt besproken en enkele consequenties van binnen-
luch tve ron t r e in ig ing voor het mil ieu-epidemiologisch onderzoek worden be
handeld. In he t l a a t s t e gedeel te van hoofdstuk 7 wordt he t (overheids) 
be le id ten aanzien van b innenluchtveront re in ig ing besproken. 
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APPENDIX A. Tracer gas experiments to eva lua te v e n t i l a t i o n and a i r 
i n f i l t r a t i o n 

In t roduct ion 

The process of a i r i n f i l t r a t i o n (uncont ro l led leakage of a i r through cracks 
in the bui ld ing envelope) and v e n t i l a t i o n in bu i ld ings has been i n v e s t i 
gated ex tens ive ly during the pas t decades, but i s s t i l l poorly understood. 
In t h e i r l i t e r a t u r e survey on a i r i n f i l t r a t i o n in b u i l d i n g s , Ross and 
Grimsrud (1978) quote from unpublished mater ia l of the Ohio S t a t e Univer
s i t y , USA ( r ep r in t ed in an appendix of t h e i r r epor t ) a l i s t of 15 s i g n i f i 
can t parameters which are requ i red to analyse 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 phenomena. 
The most important parameter a f f ec t ing the v e n t i l a t i o n of homes (and the 
l e a s t unders tood) , i s the a c t i v i t y of occupants ; few s tud i e s have addressed 
the e f f e c t of t h i s parameter on the v e n t i l a t i o n of homes. Consequently, 
models which adequately descr ibe v e n t i l a t i o n in occupied homes do not e x i s t 
up to now. 

Di rec t methods to determine the ven t i l a ion of a room are the t r a c e r gas 
techniques such as the ra te -of -decay method and the cons tan t flow and 
cons tan t concent ra t ion method (Sherman e t a l . 1981). These techniques 
involve the emission of a t r a c e r gas in the room and the subsequent mea
surement of the t r a c e r gas concent ra t ion in the room; then , the v e n t i l a t i o n 
of the room can be c a l c u l a t e d from a mass balance equa t ion . The v e n t i l a t i o n 
of a room i s commonly expressed as the a i r change r a t e per hour (ACR): the 
number of times per hour the a i r in the room i s completely re f reshed . An 
ACR of 2 ( h _ 1 ) in a room with a volume (V) means t h a t an a i r volume of 2 
times V has passed the room in 1 hour. In genera l , when the v e n t i l a t i o n of 
a room i s expressed as ACR, cond i t ions of ideal mixing of the a i r in the 
room are requi red and the volume of the room must be known. 
To evaluate the v e n t i l a t i o n of the ki tchen and the t r a n s f e r of ki tchen a i r 
to the l i v i n g room in occupied homes in a survey type of s tudy, the con
s t a n t flow method i s most a p p r o p r i a t e . With t h i s method, average v e n t i l a 
t i o n r a t e s can be determined over time periods of several days or longer . 
The measurements can be c a r r i e d out with r e l a t i v e l y simple and cheap equip
ment, which can be l e f t unattended over periods of a week or longer (Sher
man e t a l . 1981). 
With the cons tan t flow method, t r a c e r gas i s emit ted in a room of volume V 
(m 3) with a known and cons tan t flow, P (mg/h), during the e n t i r e measure
ment per iod , and the average t r a c e r gas concent ra t ion during the measure
ment per iod , C (mg/m3) i s determined in the room. 
Under cond i t ions of ideal mixing of the a i r in the room, the average ACR 
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can be c a l c u l a t e d from formula 1. 

ACR = J L . ( h - i ) (1) 
V.C 

A disadvantage of the use of ACR to descr ibe the v e n t i l a t i o n of a room in 
occupied homes i s t h a t condi t ions of ideal mixing are seldom met. The 
e f f e c t i v e volume of a i r which p a r t i c i p a t e s in the a i r exchange i s t he re fo re 
not always the same as the physical volume of the room. Air in corners and 
under the c e i l i n g may not communicate well with the r e s t of the a i r in the 
room, and doors to o the r pa r t s of the home may be c losed or open during the 
measurement pe r iod . The e f f ec t ive room volume i s the re fore d i f f i c u l t to 
a s s e s s . Furthermore, the a i r exchange between 2 rooms, i . e . between ki tchen 
and l i v i n g room, cannot be described e a s i l y in terms of ACR. 

A quant i ty to describe the v e n t i l a t i o n condi t ions in a room, or between 
rooms, which does not suf fer from the uncer ta in ty about the e f f ec t ive room 
volume i s the t r a n s f e r index {TI) . 
The TI descr ibes the exposure to a t r a c e r gas a t a c e r t a i n p o i n t , a f t e r 
r e l ea se of the t r a c e r gas a t another point in the room, or in another room. 
In o the r words, i t expresses the e f f i c iency in p ro t ec t ing a given pos i t i on 
from exposure to a i rborne contaminants , r e leased a t another point in the 
v e n t i l a t i o n system {Lidwell 1960). 
With the cons tan t flow method, the average TI can be c a l c u l a t e d from formu
la 2 . 

TI = t (h/m 3 ) ( 2 ) 

P 

Thus, the higher the v e n t i l a t i o n of the room and the l a r g e r the room 
volume, the lower the TI wi l l be . Under cond i t ions of Ideal mixing and a 
known e f f ec t ive room volume, the TI i s the rec iproca l of the product of the 
ACR and e f f e c t i v e volume V. 

A disadvantage of the TI i s t h a t i t descr ibes the v e n t i l a t i o n r e l a t i o n s h i p 
between 2 po in t s in a v e n t i l a t i o n system. Under cond i t ions of incomplete 
mixing, the TI the re fo re depends on the choice of the t r a c e r gas emission 
and sampling p o i n t . In a d d i t i o n , the concept of the TI with i t s dimension 
of the rec iproca l of volume per time u n i t , i s more d i f f i c u l t to i n t e r p r e t e 
than the more c u r r e n t concept of ACR with the dimension of a i r -changes per 
hour, in p a r t i c u l a r for people who are not f ami l i a r with typica l values for 
the volume of rooms in Dutch homes. Therefore , the ACR and TI were both 
used in t h i s study to evaluate v e n t i l a t i o n condi t ions in the homes. 
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The t r a c e r gas experiments 

In t h i s s tudy, t r a c e r gas experiments in k i tchens were incorporated in the 
r ea l - t ime monitoring program and in the week-long measurement program. 
Sulfurhexaf luor ide (SF 6 ) was se l ec t ed as a t r a c e r because i t has several 
p r o p e r t i e s which make i t very s u i t a b l e for t h i s purpose: SFg i s not a 
normal c o n s t i t u e n t of a i r , i t i s s t a b l e , not t o x i c , non-flammable, and i t 
can be measured with high s e n s i t i v i t y and a wide dynamic range by e l ec t ron 
capture d e t e c t o r s . In addi t ion i t can be monitored cont inuously by an 
in f ra red spectrophotometer . Furthermore, equipment and e x p e r t i s e for rou
t i n e measurements of SFg concen t ra t ions was a v a i l a b l e . 

In the r ea l - t ime measurement program, SFg was emit ted in the ki tchen and 
the SFg concent ra t ion in the ki tchen was monitored cont inuously by an 
in f ra red spectrophotometer . In the week-long measurement program, the t r a 
ce r gas was emit ted in the ki tchen and t ime- in t eg ra t ed samples were taken 
in ki tchen and l i v i n g room to determine the average SFg concent ra t ion in 
the 2 rooms. The emission and sampling point in the ki tchen were loca ted a t 
b rea th ing he igh t , a t opposi te s ides of the ki tchen a t p laces where the a i r 
was considered to communicate well with the area in which the occupants 
would move. Corners, alkoves and l oca t i ons near windows, doors , v e n t i l a t i o n 
ducts and -appl iances were avoided as well as p o s s i b l e . The sampling point 
in the l i v i n g room was loca ted in a s im i l a r way. Thus, the TI can be 
considered as an index of the capac i ty of the l i v i n g area in the ki tchen 
and l i v i n g room, to t r ap p o l l u t a n t s which were generated in the k i t chen . 

From the data of the r ea l - t ime measurement program, ki tchen ACR were ca l cu 
l a t e d from the SFg emission r a t e , the 30-minute average SFg concent ra t ion 
in the ki tchen and the physical volume of the k i t chen , using formula 1. In 
k i tchens without an open connection to the l i v i n g room, the net physical 
volume was used, by sub t r ac t ing the volume of l a rge ob jec t s l i k e ki tchen 
s ink , r e f r i g e r a t o r , etc .from the t o t a l ki tchen volume. In homes with an 
open k i t c h e n / l i v i n g room, the physical volume was the sum of ki tchen and 
l i v i n g room volume.The ki tchen ACR were p l o t t e d versus time of day for 
visual inspec t ion of the da ta . To reduce the amount of data and to smoothen 
the e f f e c t of shor t - te rm f l u c t u a t i o n s in the SFg concen t r a t i on , 4-hour 
average ACR and TI were c a l c u l a t e d from the 4-hour average SFg concent ra 
t i o n s in the k i t chen , using formula 2 . 
For the week-long measurement program, average ACR were ca l cu l a t ed with 
formula 1, for the ki tchen and for homes with an open k i t chen , a l so for the 
l i v i n g room. With formula 2 , average TI were c a l c u l a t e d for the k i tchens 
and for the l i v i n g rooms. 
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APPENDIX B. N02 measurements 1n homes with the Palmes diffusion tubes 

In t roduct ion 

Palmes diffusion tubes (Palmes e t a l . 1976) a re used in an increas ing 
number of s t u d i e s as a convenient sampler for N02 i ndoors . These pass ive 
samplers are 8 cm long, 1 cm inner diameter , a c r y l i c tubes with s t a i n l e s s 
s t ee l wire mesh, coated with the N02 absorbent t r i e thano lamine , i n se r t ed a t 
the c losed end of the t ube . Atmospheric N02 i s t r a n s f e r r e d from the open 
end of the tube to the absorbent a t the c losed end according to Ficks f i r s t 
law ( equa t i ons ) , due to molecular d i f fus ion . 

Q = - D . C . l t (1) 
Z 

where Q = quant i ty of t r a n s f e r r e d N02 (moles) 
D = diffusion c o e f f i c i e n t of N02 in a i r (cm 2 / sec) 
C = N02 concen t ra t ion a t the open end of the tube (moles/cm 3) 
A = c r o s s - s e c t i o n a l area of the tube (cm 2) 
Z = the length of the tube (cm) 
t = time of exposure of the tube (sec) 

After sampling, the absorbed N0 2 i s analyzed spect rophotomat ica l ly a t 540 
nm, 30 minutes a f t e r adding 2 .1 ml Salzman reagent to the t ube . N02 concen
t r a t i o n s can be c a l c u l a t e d with equation 1 from the amount of c o l l e c t e d 
N0 2 , and the diffusion c o e f f i c i e n t (D=0.154 cm 2 / sec) of N02 in a i r . 

T h e o r e t i c a l l y , the e f f e c t of temperature on the sampling r a t e i s propor
t iona l to the square root of T (°K); the mass t r a n s f e r i s i n s e n s i t i v e to 
p r e s s u r e . Turbulence, due to high a i r v e l o c i t i e s a t the open end of the 
tube may shorten the diffusion path length and increase the sampling r a t e . 
According to Palmes e t a l . (1976), a i r v e l o c i t i e s below 0.5 m/sec have no 
apprec iable e f f e c t on the sampling r a t e . 

The diffusion tubes were t e s t e d by the U.S. National Bureau of Standards 
(Cadoff e t a l . 1979) and by Warren Spring Laboratory in the U.K. (Apling e t 
a l . 1979). A lower de tec t ion l i m i t of the tubes of about 1200 ug/m 3 over 1 
hour sampling per iod (or 4 ug/m 3 over one week) was e s t a b l i s h e d . Accuracy 
was demonstrated to be b e t t e r than ±10 %; p rec i s ion was b e t t e r than 4 ug/m 3 

for a one week sampling pe r iod . 
Even though the use of the diffusion tubes in indoor a i r po l lu t ion s tud i e s 
i s wide spread, only one f i e l d - v a l i d a t i o n study with N02 reference measure
ments has been published to date to our knowledge. In t h a t s tudy, diffusion 
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tubes were exposed over a one week per iod in the ki tchen of 3 homes. A 
Bendix N0X chemiluminescence monitor was used as reference method. The 
di f ferences in N02 concen t ra t ions obtained with two methods were wi thin the 
p rec i s ion range of the monitor (±7 %) (Appling e t a l . 1979). Recently Hoen 
e t a l . (1984), repor ted a good agreement between average r e s u l t s of d i f fu
sion tubes and continuous monitor . This was, however, not a d i r e c t compari
son, because the average N02 concen t ra t ions of the tubes were c a l c u l a t e d 
from a regress ion model for the per iods of hea te r u se . 

Since 1979, the N02 diffusion tubes were used a t the Agr icu l tu ra l Univers i 
ty Wageningen in survey type s tud i e s on N02 po l lu t ion in homes. Before and 
during the use of the tubes in t h i s study labora tory t e s t s with the tubes 
were c a r r i e d out and the performance of the tubes was compared with the 
r e s u l t s of a Bendix chemi luminescence monitor in 10 homes. The labora tory 
t e s t and the performance t e s t in the homes wil l be discussed s e p e r a t e l y . 

Laboratory t e s t s 

Experimental 

The labora tory t e s t s were c a r r i e d out in an exposure chamber of 240 l i t e r s , 
in which the t e s t tubes were exposed to N02 concen t ra t ions of about 300 
ug/m 3 during per iods of 20 to 75 hours . The N02 concen t ra t ions were gener
a ted by a dynamic d i lu t i on system; p ressur ized a i r was passed through 
columns of a c t i v a t e d charcoal and molecular s ieve (5A flesh) and mixed with 
N02 from a N02 permeation chamber. 
The N02 concent ra t ion in the exposure chamber was monitored cont inuously 
with a Bendix chemi luminescence monitor during the t e s t runs . Rela t ive 
humidity in the exposure chamber was l e s s than 5 %. In each of the 10 runs 
a minimum of 10 tubes were exposed. 

The tubes were prepared and analysed according to the method described by 
Palmes. After zero adjustment with zero a i r from the d i l u t i o n system, the 
N02 monitor was c a l i b r a t e d aga ins t 250 ug/m 3 NO from a c e r t i f i e d cy l inde r 
of Spectraseal NO c a l i b r a t i o n gas and aga ins t the known N02 concent ra t ion 
in the mixing chamber of the dynamic d i lu t i on system. P e r i o d i c a l l y , the 
monitor was c ross - re fe renced aga in s t o ther monitors and c a l i b r a t i o n systems 
a t the l abo ra to ry . 

In a l a t e r phase, the t e s t s were continued with humidity cond i t ion ing . In 
the same experimental design, water was dripped and evaporated in a round-
bottom f l a s k , through which the a i r was passed before i t en te red the expo-
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sure chamber. 
Again, the N02 concent ra t ion in the chamber was monitored with the Bendix 
N0X moni tor . 
A t o t a l of 41 succesful humidity condi t ioned t e s t runs were c a r r i e d out in 
the range of < 5-85 % r e l a t i v e humidity, determined in the chamber with a 
Lambrecht thermohydrograph. 

Unfortunately , the humidity condi t ioned exposure experiments could not be 
c a r r i e d out by the same a n a l y s t . 
The exposure t e s t s without humidity conditoning and the f i r s t 12 humidity 
condi t ioned runs were c a r r i e d out by 1 ana lys t (R.H. range 5-85 %) . A 
second ana lys t performed 12 succesful humidity condi t ioned runs in the 
range of 37-80 % R.H.. The l a s t 17 runs in the R.H. range of 5-50 % were 
performed by a t h i r d a n a l y s t . 

Resul ts 

T e s t s w i t h o u t humidi ty c o n d i t i o n i n g 

In the winter of 1981/1982 10 successful t e s t s were c a r r i e d o u t . From the 
known exposure (concent ra t ion x time) of the t u b es , the experimental d i f fu
sion c o e f f i c i e n t D was c a l c u l a t e d with formula 1; the r e s u l t s a re presented 
in t a b l e 1. The c o e f f i c i e n t of v a r i a t i o n of D over the 10 tubes in each run 
ranged from 4 to 11 % with an average of 7.5 %. The c o e f f i c i e n t of v a r i a 
t ion of the average D from the d i f f e r en t runs was 6 %. 
The experimental D with an average value of 0.115 cm 2 / sec was c o n s i s t e n t l y 
lower than the value of 0.154 cm 2 / sec used by Palmes as the be s t es t imate 
for the diffusion c o e f f i c i e n t of N02 in a i r . 

At the t ime, no good reasons for the di f ferences between the experimental 
and t h e o r e t i c a l D were found, although such di f ferences in diffusion c o 
e f f i c i e n t s derived in d i f f e r en t ways a re not uncommon (Reid and Sherwood 
1966). 
During the course of the p r o j e c t , several poss ib le explanat ions for the 
d i f f e r en t D were brought forward. 
F i r s t , a temperature e f f e c t on the performance of the tubes was repor ted by 
Girman e t a l . (1983). They observed t h a t a t 15 "C, the c o l l e c t i o n e f f i c i e n 
cy of the tubes was 15 % l e s s than a t 27 °C, probably due to a l i q u i d - s o l i d 
phase t r a n s i t i o n of the t r i e thanolamine absorbent a t 21 "C. During our 
exposure t e s t s , the temperature in the exposure chamber was always 22 °C or 
a few degrees h ighe r . A tempertaure e f f e c t i s t he re fo re not a probable 
explanat ion for d i f ferences between experimental and t h e o r e t i c a l D. 
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Second, s t a rva t i on may occur a t the open end of the tube a t very low a i r 
v e l o c i t i e s . Under these c o n d i t i o n s , an external boundary l a y e r , in which 
N02 t r a n s p o r t i s c o n t r o l l e d by d i f fus ion , wi l l lengthen the diffusion pa th . 
With formulas by Tompkins and Goldsmith (1977) and Brown e t a l . (1981) a 
s t a r v a t i o n e r r o r of about minus 12 % was c a l c u l a t e d for the experimental 
cond i t ions during the t e s t runs , with a i r v e l o c i t i e s between 0 .05-0 .1 
cm/sec. This s t a r v a t i o n e r r o r i s not l a rge enough to explain completely the 
observed d i f ferences in experimental and t h e o r e t i c a l D. 
Third , humidity e f f e c t might be respons ib le for the d i f f e rences . To our 
knowledge, t e s t s of the e f f ec t of humidity on the performance of the d i f fu 
sion tubes have not been repor ted to da te . For t h i s reason, the humidity 
condi t ioned exposure t e s t s were c a r r i e d o u t . 
t h e p rec i s ion of the tubes did not change under the inf luence of humidity. 
The c o e f f i c i e n t of v a r i a t i o n over the tubes in each run were comparable to 
those found in the f i r s t 15 t e s t s . 
To t e s t a poss ib le e f f ec t of humidity on the accuracy of the t u b es , the 
data of the th ree ana lys t s were t r e a t e d s e p a r a t e l y . From the r e s u l t s of the 
f i r s t ana ly s t (R.H. range 5-85 %) the following regress ion l i n e was c a l c u 
l a t e d : 

D = 0.125 + 0.00038 R.H. (R 2 =0.85; F=58.6; d . f . = l , 10; p < 0.001) 

From the data of the second ana lys t (R.H. range 37-80 %) no s i g n i f i c a n t 
a s soc i a t i on between D and R.H. could be observed. With the data of the 
t h i r d ana lys t (R.H. range 5-50 %) the c a l c u l a t e d regress ion l i n e was: 

D = 0.116 + 0.00045 R.H. (R 2 =0.60; F =22.1 ; d . f . = l , 15; p < 0.001) 

In f igure 2 the r e s u l t s of the 3 ana ly s t s are p l o t t e d t o g e t h e r . The r e g r e s 
sion l i n e f i t t e d through these data was: 

D = 0.120 + 0.00038 R.H. (R 2 =0.65; F =73.4; d . f . = l , 39; p < 0.001) 

Discussion 

The p rec i s ion of the diffusion tubes in the labora tory t e s t s was comparable 
with f indings repor ted by Apling e t a l . (1979) and Cadoff e t a l . (1979). In 
dry a i r , the exper imental ly derived D of 0.115 cm 2 / sec was sys temat ica l ly 
lower than the value of 0.154 cm 2 / sec used by Palmes e t a l . (1976). Par t of 
t h i s difference may be due to s t a r v a t i o n because of low a i r v e l o c i t i e s . 
Although the r e s u l t s of the humidity condi t ioned t e s t s a re not considered 
conclus ive because of poss ib le ana ly s t b i a s , t he re i s the suggestion t h a t a 
humidity e f f e c t on the performance of the tubes does e x i s t . 
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The important quest ion of course i s , how the d i s t r i b u t i o n of d i f ferences in 
a i r v e l o c i t y , humidity and temperature in homes wi l l a f f e c t the performance 
of the diffusion tubes for indoor measurements. Changes in temperature from 
15-25 °C and in R.H. from 30-80 % between d i f f e r en t rooms, and in a s ing le 
room over a measurement per iod of several days, are r e a l i s t i c condi t ions in 
Dutch homes. Furthermore, l i t t l e i s known about a i r v e l o c i t i e s near the 
ob jec t s and surfaces to which the tubes are normally a t t a ch ed . Stagnant 
cond i t ions a t the sampling loca t ion may not be uncommon and s t a r v a t i o n may 
in f ac t occur in some c a s e s . 
I t was the re fo re decided to use the opportuni ty to compare the performance 
of the tubes with the r e s u l t s of the r ea l - t ime monitoring program (cf . p a r t 
1, sec t ion 3.3 and p a r t 2 , sec t ion 4 . 1 ) . 

Performance t e s t s in^ homes 

Experimental 

In the r ea l - t ime monitoring program dupl ica te diffusion tubes were placed 
near the sampling po in t s in l ivingroom, bedroom and outdoors . In the 
k i t chen , dupl ica te tubes were placed near the most cen t r a l of the 3 sam
p l ing p o i n t s . 
I t should be noted t h a t the r ea l - t ime monitoring program was not designed 
to t e s t the performance of the t u b e s , but merely offered an opportuni ty for 
compari son. 

R e s u l t s 

In the f i e l d t e s t s , the c o e f f i c i e n t s of va r i a t i on of the s e r i e s of dup l i 
c a t e samples were about the same as in the labora tory t e s t s . The r e s u l t s of 
the simultaneously measured tube and monitor concen t ra t ions are given in 
t a b l e 2 . Tube concen t ra t ions were c a l c u l a t e d with the t h e o r e t i c a l diffusion 
c o e f f i c i e n t of 0.154 c m 2 / s e c . 
The overa l l c o r r e l a t i o n c o e f f i c i e n t for a l l measurements was 0 . 9 3 , while 
the c o r r e l a t i o n c o e f f i c i e n t s for the var iuos l oca t ions var ied between 0.83 
and 0 .95 . The c o r r e l a t i o n was even b e t t e r when home 8 was considered as an 
o u t l i e r and not taken in to account . The overa l l c o e f f i c i e n t of v a r i a t i o n 
between a l l tube and monitor measurements was 14 %; without home 8, t h i s 
was 10 %. 
In a l l k i t c h e n s , the r e s u l t s of the tubes were higher than those of the 
monitor . The r a t i o was on average 1.33. For the l i v i n g room and bedroom, 
the r a t i o averaged 0 .88 , r e spec t ive ly 0 . 8 5 . Outdoors, the average was 1.03. 
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Discussion 

One of the explanat ions for the observed di f ferences in tube/monitor r a t i o s 
may be an unrecognized systematic b i a s in the r e a l - t i m e monitoring equ ip
ment and sampling arrangements: 
- the monitor may underest imate the N02 concent ra t ion because of quenching 

by water vapor (Matthews e t a l . 1977). The high humidity in the ki tchen 
during the use of gas appl iances and N02 p roduct ion , might be the reason 
for the high r a t i o in the k i t chen ; o the r (indoor) l oca t i ons with lower 
R.H. would be l e s s a f fec ted . 

- a higher N02 concent ra t ion a t the most cen t ra l sampling point in the 
ki tchen where the tubes were p laced , than a t the o the r 2 sampling po in t s 
due to inhomogenicity would a l so r e s u l t in a tube/monitor r a t i o higher 
than one in the k i t chen ; the o the r l oca t i ons had only one sampling p o i n t , 
adjacent to the t ubes . 

Another poss ib le explanat ion for the dif ferences between tubes and monitor 
1s the ex i s tence of a tempera ture , humidity or s t a r v a t i o n e f f ec t on the 
t u b e s . A d i f f e r en t d i s t r i b u t i o n of these parameters over the 4 sampling 
loca t ions would explain the d i f ferences in tube/monitor r a t i o s between the 
l o c a t i o n s . I t cannot , however, expla in the high r a t i o in the k i t chen . 

Whatever the reason, or combination of reasons , for the di f ferences between 
tubes and monitor i s , both methods have been commonly used for N02 measure
ments in homes. 
The temperature e f f ec t repor ted by Girman e t a l . (1983), the poss ib le 
humidity e f f e c t and the lack of knowledge about a i r v e l o c i t i e s in homes 
suggest t h a t the often quoted accuracy f igure (< 10 %) from the s tud ies of 
Apling e t a l . (1979) and Cadoff e t a l . (1979) i s too op t imi s t i c for the use 
of the tubes in homes. 
Fur ther research i s needed , in p a r t i c u l a r on the poss ib le e f f ec t of humidity 
on the performance of the N02 diffusion t u b e s . For the time being , the more 
conserva t ive t h e o r e t i c a l value of the diffusion c o e f f i c i e n t of 0.154 
crrr/sec seems the be s t choice for c a l c u l a t i n g the r e s u l t s of diffusion tube 
measurements in f i e l d s t u d i e s . 
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Table 1. Laboratory experiments; experimental diffusion c o e f f i c i e n t s (D) 
from 10 exposure experiments a t a r e l a t i v e humidity of l e s s than 
5 % 

Run Concentration Exposure D 
(ug/m 3) time (h) (cm z / sec) 

1 314 45 0.105 
2 301 53 0.104 
3 310 21.5 0.116 
4 308 74 0.106 
5 310 73 0.105 
6 305 29 0.124 
7 306 70 0.115 
8 297 48 0.121 
9 295 66.5 0.123 

10 305 26 0.119 

137 



Table 2 . N O 2 concen t ra t ions ( in ug/nr) a t four sampling loca t ions during 1 0 
per iods in 9 homes, measured simultaneously with dupul icate d i f fu
sion tubes and a chemiluminescence monitor 

home n r . and sampling per iod k i tchen l i v i n g room bedroom outdoors 

home 2 monitor 188 74 54 42 
4 days tubes 229 56 46 43 

r a t i o 1.22 0.76 0.85 1.02 

home 3 monitor 146 81 53 58 
7 days tubes 185 73 46 68 

r a t i o 1.27 0.90 0.87 1.17 

home 4 monitor 54 43 30 37 
7 days tubes 64 43 25 37 

r a t i o 1.18 1.00 0.83 1.00 

home 5* monitor 36 32 22 26 
12 days tubes 42 37 25 38 

r a t i o 1.17 1.16 1.14 1.46 

home 6 monitor 52 39 15 50 
8 days tubes 61 40 15 41 

r a t i o 1.17 1.03 1.00 0.82 

home 7* monitor 93 92 40 76 
7 days tubes 105 90 34 68 

r a t i o 1.12 0.98 0.85 0.89 

home 8 monitor 63 35 34 40 
3 days tubes 116 16 29 40 

r a t i o 1.83 0.46 0.85 1.00 

home 8 monitor 89 39 40 36 
5 days tubes 174 17 25 28 

r a t i o 1.96 0.44 0.63 0.78 

home 9* monitor 40 33 22 25 
4 days tubes 45 30 22 27 

r a t i o 1.13 0.91 1.00 1.08 

home 10* monitor 156 116 91 52 
8 days tubes 207 132 44 54 

r a t i o 1.33 1.14 0.48 1.04 

* homes, with open k i t c h e n / l i v i n g room 
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FIGURE 1. Experimental diffusion c o e f f i c i e n t s c a l c u l a t e d from the r e s u l t s 
of 41 humidity c o n t r o l l e d labora tory experiments a t var ious 
r e l a t i v e humid i t i e s . 
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