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I NTRODUCT ION

. A maior paf! of exposure 9f people to cormon air pollutants such as carbon monoxide,
nitrogen djoxide and.particulate matter is often occurring inside homes. llot only do
peopìe in I'lestern industrialized society spend much more time inside their homes
(about 70%) than outsidebut the concentration levels to which they are exposed in-
doors are also of_ten highen than outdoors. One problem in assessing dose-räsponse
relations for health effects of air pollution lies therefore in the determinâtion- realìstic popylation exposures to a polJutant ; çentral outdoor monitoring
-, stems are usual 1y insufficient for that purpose.
. Already in the sixties Biersteker et al. (1967) suggested that indoor air pollution

might be a neglected variable in epidemiology. Since then, studies have indicated
that there are.probably health effects of indoor pollution by N02, forualdehyde and
by passive smoking but there are still a lot of uncertainties abõut the implications
of air pollution inside premises on health (nRS, 1981).

At the t'lageningen Agricultural University the Department of Air Pollution and
the Department of Environmental and Tropical Health started a study in 1980 to
characterize air pollution in Dutch homes, as a step toward total exposure assessment
The poìlutants of concern are primarily carbon monoxide, nitrogen dioxide and
respirable suspended particulate matter (RSP). In cooperation wlth the llational
Institute of Public Health, volatile hydrocarbons are also studÍed.
In this paper we will report some of the results of otir studiês¡ Th€ different pollu-
tants will be discussed separately. The data presented here were nainly gathered in
2 surveys: in October - December 1980 the C

levels were measured in about 300 houses ì
was conducted in 175 houses in Ede between
average levels of RSP, NOz and volatile h
of the measurement occupañts kept diaries
gas appTiances; vacuurfi cleaning and tobacc
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Arnhem/Enschede survey, and house seìection and respcnse figures of both surveys have
been described elsewhêie (Brunekreef et al,19824, Bole'ij et a1, 1982).

CARBON MONOXIDE

Carbon monoxide was one of the first recogn'ised indoor a'ir pollutants in the llether-
lands with coal fjred space heaters and town gas as important sources. Between 1961
,¡970 over n'ine hundred îatal C0 po'isonings were registered. The change to natural gas

as domestic energy source in the m'id-sixt'ies,'inproved the situation. However, the
geiser, an instañianeous gas-fired waterheater, came qP as q leu, indoor source of C0.

if,is wás caused by the type of burner (primary aerated) used in most natural gqs

ge1sers; we wìll i^efer tô'this later. This type of waterheater is now present in 70%

óf tfre Dutch homes and is usually unvented.
In the Arnhem/Enschede survey we measured the source strength of 254 of these

appììances. The results of the C0 concentration measurements in flue gases of the
gäìsers are summarized in Table 1 (CO.tlue gas concentration in ppm, and i!.Tg CO/MJ'

ãi.un1iñg u-guiinput of 20 l/minute and a COl-concentration in flue gas of 6%).

TABLE 1. Frequency distribution of CO-concentration 'in_f'lue gases (ppm) of geìsers
and'C0 sóurce strength (mg/MJ). Indoor a'ir pollution survey Arnhem/Enschede
1 980,

C0 concentration (PPm)

In 27% of the cases the level of 300 ppm C0 in flue gases was exceeded. This is the
level above which the local gascompanies requjre maintenance.

The source strength of thã geisärs was largety determined by burnertype-a¡d mainte-
nun.ä-ryiiem. The rõ0 ppm C0 lãvel was exceeded by 32% of the applìances.wìth primary
aerated-burners. Thìs i,väs only the case for 3% of the secondary aerated burners. The

rãi¡t.nunce system proved to -be'important in_reducing the C0 source strength of the

i- ,urv aeratäd burirers (Brunekreef et al, 19824).' In ä¿¿ltion C0 levels at breathing height u,ere measured after operating the ge'iser
for 15 m.inutes. Doors and windows of the kitchens were closed during measurement but
permanent vent j I at'ion prov_i s i ons were I ef t open.F- 

in lly" of thelcases'C0 levels above 50 ppin (the installation code standard) were

reached in the kìtchen.

TABLE 2. Distribution.of cases according t9 9O level at breathing height,.burner lyPe'
c.ity, p.et.n.. of a geiser flue. Indoor air pollution survey Arnhem/Enschede

1 980.

C0 source strength (mg/MJ ) n lo
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day
non-smokers

I

smokers

day
non-smokers

2

smokers

before
after
two sample t-test

0.24
1.29
>.05

(12) 3
4

76
34
05

( 17) 0.17 (10)
0.69
>.05

3
3

22
59
05

(15)

Ljnear ìogit analysìs showed a s'ign'ificant effect of the presenæof a geiser flue and

of burner type on the C0 levels jñ the kitchen. The second-order interaction between

cìty, burner'type and C0 level 'is probably due to the better maintenance system 'in

Enräñ.ãò (Ct. "Table 2). Since the'measurêment conditions u/ere experimental, these
were only potentiaì C0 levels.

To eval uate C0 exposure under normal co
C0 in exhaled breath (Van der Velde and Ve

on criteria for potentially high C0 levels
a primary aerated burner and a C0 level in
C0'concentration in exhaled breath to esti

e cooking/dishwash'ing period, a period of
s were aiked to exhale through a 250 ml

0 seconds. The tubes were sealed after
zed by GLC. COHb values were calculated

l'ffii:h:[:,":'$.i:ïi ì [:?:$"1?"ñË'T:i:i
ndard for C0 is based. 0nly small and insig-

nificant COHb increases were found after the cooking/dishwashing period (Table 3).

TABLE 3. % C0Hb before and after cooking and dishwashing.
Number of partìc'ipants in parentheses'

The f.ind.ings of this study srlggest, lhat under..normal conditions of use,the probabil ity
óï-¡igr,-cô"ùptate in thesä tcilðrreni is snnl]. Nevertheless there are still several
fatal-geiser' related C0 poisonings each year.

NITROGEN DIOXIDE

Ngc.is qenerated indoors by combustion processes in unvented appliances. In the
ruetüðílåñ¿Ë-tñ.ie-áre the coo-king range, oven and geisgr. Bg:ults from NOc em'issionr --"'r'' tes (oeúertñ, 1974, cote et ali nlq,

N02/MJ for range burners and 3 - 7 cm3

akeñs (1972)and-Van de Linden et al,(tg0g)
cm3/MJ for ovens and 2 cm3/MJ for geisers.
ion by geisers, we arrive at a source

strength of 2.5 cm3 NO2/l'lJ.-- 
rô"r.usure thã u.tuái N02 levels that exist in Dutch houses we used Palmes diffus'ion

tubes in the rr"v.yr of Arnñem/Enschede and Ede. t'leekly average N02 concentrations
*ð.ã-r.ârured ìn kitchen and living room and in Ede also in one bedroom per house.

ïñä-t.ðõrðnãv ¿iri"iurtion of the iesults from the survey in.Ede i:,9lugl-in-Figure 1.

1,e coriespoiding weekly mean outdoor concentrations averaged 44 ug/m3 (range zb -
7? vg/n').'- 

Ã"þi"iimlnary stepwise multiple resression anal.ysis of the N9a-l9y9l: li..!h:"kitchen
in E¿ã wi6 simÞle hbuse characteristics, resulted ìn a model coñtaining five indepen-

dent variables (Tabìe 4).
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ABLE 4. Regression coefficients and Beta values of regression model with the
logarithm of the N02 levels (ppb) in the kitcñen as dependent variable.
Indoor aìr poìlutioñ survey Ede, winter 81/82.

ndependent variable

utdoor I'102 l eveì ( ppb )
resence of unvented geiser (no=,l, ¡les=2)
ooking fueì (electricity=1 ¡ gas=l)
ì tchen voì ume (m3 )
resence central heating system (no=l r ¡reS=l)

onstant

5,155 = 46.2 ; p < .0001 ;

he model explained 60% of the variance in the logarithm of the NOz concentration in
he kitchen. The impact of geiser and cooking fuel on the N02 concäntration is
emonstrated in Table 5., assumi!9 a kitchen volume of 15 m3r-an outdoor N02 level of
4 ''-lm3 and assuming absence of central heating system(values predicted Ui tne mode1).

ABLE 5. Predicted kitchen N02 levels (ug/m.)

No unvented geiser
Unvented geiser

In the living room, 68% of the variation in the log N02 level among houses was
ccounted for by the log N02 level in the kitchen, the nufuer of doors between kìtchen
nd the room and by the typë of space heating. Simularly 59% of the variation in bed-
oom concentrations could be explained by these variables, in corùination with the
,utdoor and living room concentration.

The t'102 concentration levels we found in Ede, as well as the factors influencing
.hese leüels are in line with the earlier findings in the Arnhem/Enschede survey
Boleij et al, 1982).' )contrast to C0, there are no regulations for N02 as an indoor pollutant.
,ccording to the gas installation code, howçver, C02 õoncentration of 1% is allowed
n kitchens. Given an emission ratio of 10-+ mg NOz/nq C02 for geisers, levels of about
.8 mg/m3 (t ppm) NOZ may occur at this level. If üe compare the observed weekly

:VêFôgê N02 levels with the proposed Dutch N02 standard for ambient air, assuming a
¡ne hour peak to weekly mean ratio of 5, it is clear thet the 99.7 percentile of
50 ug/m3 (24 h average), as well as the 99.99 percentile of 300 ug/m3 (1 h average)
s frequentìy exceeded in Dutch houses.

IESPIRABLE SUSPENDED PARTICULATE }IATTER

Respirable suspended particulate matter (RSP) is a type of air pollution with a
ride range of sources. Several studies have indicated higher indoor than outdoor
:oncentration of RSP, clearìy relating high indoor concentrations with the presence
¡f smokers in the house. In the survey in Ede bre measured weekly mean RSP concentration
n living rooms.

Sampìes were collected on glasfibre filters with a flow of 2 1lnin. The non-respira-
rle fraction was removed by Cãselìa cyclones (2.5 um 50% cut-off). The sampling units
rere placed'in the living room at approximately breathing height. Duplicate samples
:aken in 8 houses, indicated a coefficient of variation of 5% for sampling plus analy-
;is. The frequency distribution of the measured RSP concentration is given in Figure 2.
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The geometric mean concentrat'ion was 61 ug/m3.
To explain d'ifferences ìn RSP concentrat'ion between houses, several house and

household characterìstics were used in a mu'ltiple regression analysis. In some cases
a'logarithmjc transformat'ion of a variable was carried out after inspection of the
variable d'istribution and of the residuals of the models. The variables selected in
the regression model were the logarithm of the number of cigarettes smoked
total of person=hours spent 'in the house durìng the measurement period as a

forindoor act'iv'ity. Together these variables accounted for 55% of the vari

and the
n'indicator
ation in

the logarithm of the RSP concentration:
log RSÞ conc. = 1.29 + 0.3 (log N cig.) + 0.025 (100 person hours)
F 2,L51 = 90.5 ; p < .0001). l.lith a mean of 420 person-hours, a background concentra-
t'ion can be calculated from the model of 25 ug/m3 if no cigarettes were smoked.
Other variables such as ventilation system, cooking or heating fue'|, frequency of
vacuum cleaning and the use of ventilation provisions, could not significantly improve
the model.

The influence of smoking on the RSP concentration is consistent with the findings
of others. Dockery and Spengler (1981) reported a concentration increase of 0.9 ug/m'

ouses. From our model we calculate a ¡nean
garettes per day are smoked and of 1.8 ug/
are smoked. Given differences in house

ings are fairly close. Moschandreas (1978)
ith children of 7 years or younger, which
door activìty on RSP concentration levels.

The concentrations measured in Ede only covered one week per house 'in the winter
pe¡iod. Therefore u,e cannot compare the results with the annual mean value - 75 u9/m3 -
ôt tfre US Ambient Air Quality Standard for total suspended particulate matter.

preliminary results from a prograrn in which we measure RSP concentration every
second week iir 2 smokers and 2' noñ-smokers homes and the ì ong-term average concentra-
tions of suspended part'iculate matter measured by Brunekreef and Bolgij (lgAZ) in Dutch
houses, suggest, however, that the annual mean value of 75 ug/m3 will be exceeded
reguìarly'in Dutch houses.

VOLATILE HYDROCARBOI.|S

The interest'in volatjle hydrocarbons indoors was triggered in the Nether'lands by

cases of soil pollution. Volatjle hydrocarbons from chemical spills'in the soil were
found to peneti^ate into houses. Reference material was badìy needed to interprete
findings in such houses.
parallõl to the other measurements in Ede we therefore sampled volatile hydrocarbons
on charcoal tubes with a flow of 100 ml/min. Sampìes vì,ere taken in the ìiving room

eek.
collected on three sites with a varying
sed on constituents in the boil'ing-point
ilìary gas chromatography and flame
lso analysed by capillary gas chromatogra-

phy/quadrupol e mass spectrometry.' -Tde resi¡lts reported here concern the occr¡rence of hydrocarbons and chlorìnated
hydrocarbons 'in iiving rooms in relation to the outdoor concentration.

The outdoor concentiations at the three sites were comparable within 40%, which was

considered sufficient to treat the average ambient air pollution within the area of
investigation as homogeneous. The d'istributìon of the measured concentration of 45

componeñts together with the indoor/outdoor ratio is shown in Table 6.
The straight éhain saturated hydrocarbons, components of paint, varnish and ink, were

dominant ðonstituents. The indôor concentration of all measured straight chain.hydro-
ðãr¡ôñi wás trigher than outdoors expecially from C9 on (ratios_of more than 10).
The elevation was typ'ical for the vast majority of the investìgated l'iving rooms. A

similar pattern was iôund for branched chain saturated hydræarbons. Another class
of saturäted hydrocarbons are the aticyclics of which the cyclohexanes were the most

abundant. Theii concentrations were also higher indoors.
Important representants of unsaturated non-aromatic cyclic_constituents are the

terpenes, components of plant_origin. Limonene was genera.lly found in the living rooms

iñ ãgn..ñtrations approximately 50 times higher than outdoors. Apart from limonene also
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TABLE 6. Distribution oi the hydrocarbon and chlorinated hydrocarbon concentrations
(ug/mt) over 133 liv'ing rooms and the mean indoor/mean outdoor ratio.
Indoor aìr poìlution survey Ede, wìnter 81/82.

n-hexane
n-heptane
n-octane
n-nonane
n-decane
n-undecane
n-dodecane
n-tri decane
n-tetradecane
n-pentadecane
n-hexadecane

3-methyl pentane
2-methyì hexane
3--ethyl hexane

cycl ohexane
methyl cyc'l ohexane
dimethyl cycl opentane 'isomer

dimethyl cycl opentane i somer
dimethy'l cycl opentane i somer

I imonene

benzene
tol uene
xy'lenes
ethyl benzene
n-propyl benzene
ì -propyl benzene
o-methyl ethyl benzene
m-methyl ethyl benzene
p-methy'l ethyl ben zene
1 .' 3-trimethy'lbenzene
1,-,4-trimethyì benzene
1, 3,5-trimethyì benzene
n-butyì benzene
p-methyl - i -bu tyl benzene
naphtal ene
1 -methyl naphtal ene

tetrachl oromethane
tri chl oroethene
tetrachl oroethene
chl orobenzene
m-dichl orobenzene
p-dìchl orobenzene
1,2,3-trichl orobenzene
1,2,4-trichl orobenzene
1, 3, 5-tri chl orobenzene

("
,r'| - a'n

mean
outdoor

i ndoor/
cutdoor Ratio50-pct 90-pct 95-pct max. mean

i ndoor

12
5.8
4.4
2.9,l.6

21
5.0
3.5

14
32
16
6.5

54
13
8.7
5.5
3.7
0.8

6
9
1

1

3

3
8
6
3
7

<4
<1

6
<0
<0

25
<0
<0
<0

t38

13
14
11

16
20
26
83

150
57

26
160

79

.5

.8

.4

.6

.8

.8

.B

107
68
60

270
430
190
120

19
8.
3.
2.

150
700
180
45
27
11

72
165
77
40

280
99
40
32
14
2.2

<4
106
f 2oS
<0.4

9.1
140

2.7
15
8.3

0

6
9

8
3
8

22
50

2
2
7

?16

100
54
44

7.3
5.3
5.2

18
31
13
4.5
1.9
2.1,l.5

<0 .3

2.0
2.9
0.3

<0.3
1.0

0
I
7
4
I
0
3

<4
<l

2
<0
<0

7
<0
<0
<0

5
5
4
6
2
I
I
8

38

4.9
4.3
3.4

9.9
55
21

5
1

0

4
I
4
2

14
3
2
1

1

<0

.6

.3

.6

.0

.3

16
10
2.9
0.s

<0.3
0.9
2.1
0.9
0.5
0.6
0.8

<0 .3
<0 .3
<0.3
<0 .3

<4
<1 .5
3.5

<0.4
<0.6
<0 .6
<0.8
<0.8
<0.8

9
9
8
1

6
8
3
3
3
3
3

3
1

0

1

1

0
<0
<0
<0
<0
<0

0.s
1.0

<0 .3
<0 .3
0;5

0.7

6.7

2.5
2.1
1.8

54

23

I

>12

2
3
7

16
19
16

>15
>6
>7
>5

2
2
2

4
3

>l

2

1

3
2
2
4

>2

5
4
4
5

5
>8
>5
t:

4.2
2.7
2.2
4.4
9.5
5.2
1.6
1.2
2.0
1.5

<0.3

26

7

40
12

3
1

0

1

3
1

I
6
I
0
0

<0
<0

1

5
3
3
7

0
0
3
8
5
6
4
4
5
9
7
3
3

<4
<1

<2
<0
<0

1

<0
<0
<0

1

2
2
2

1

1

<0

.8
,4
.0

5

4
6
8
8
8
8

<0.
0.

103

l6
98
40
I
3
1

I
t5

7
4

25
5
5
2
2
0

<4
<1

5
<0
<0
14
<0
<0
<0

11

11

9
32
58
30

9
4
3
2
1

?
4
5
7
0

4

I
3
3
7

4
5

4
6
I
6
6

5
6
4
6

I
I
I

7.5
8.6
6.8

4.6
4.7
1.1
0.8
2.1



terpenes fike cr-pìnene, ß-p'inene and to a lesser extent sabinene were detected, but
becäuse of coelution of saturated hydrocarbons theìr concentrations could not be

quantìfied rel iably'Aromatic hydrocaibons are widely used as solvents. Nowadays the benzene content of
most solventi is quite small. Th'is possìbìy is the reason for the comparable benzene
po'llutìon indoors'and outdoors and the three tìmes_h'igher concentration of toluene,
the main constituent of many aromatic solvents. All other investigated alkylated
aromatics had indoor concentrations several times higher than outdoors.

The generalìy occurring chlorinated hydrocarbon 'in the Ug/m3 range.was
p-d'ichiorobenzêne, which-is applied as air refresher. The indoor outdoor ratio was at
ieast 12. The solvents trichloroethene and tetrachloroethane were only found occacion-
a1'ly 'in elevated concentrations. The same appìies to the trichlorobenzenes.

Aimost all hydrocarbons investìgated and at least one of the chlorinated hydrocarbons
appeared in muðh higher concentratìons indoors than outdoors. This iust'if]es further
'ihvest'igation to exþtore the influence of smoking, consumer products, build'ing
materiais and ventiiation on the concentration level of volatile organics.

CONCLUDING REMARKS

In summarV, ô'ir pollution inside Dutch houses was often much higher than the.common

outdoor levéÍs'in the Netherlands. In several houses existing or proposed standards
for ambient air t^,ere exceeded. To what extent the health of specific population groups

further study.
dies concerning the effects of indoor N02

sonal exposures of a I imited number of
results of these studies will be presented

at the conference.
0n the basis of the results obtained so far, we do have the impression that indoor

air quäiiiy in several cases needs to be improved. Improvement of indoor air qual ity
ihout'd pre?erably start at the source. For some localized sources such as gas

applianäes, local exhaust systems can be appf ied.'For 
RSp ánd to a lesser eitent for C0, the role of the occupants in maintaining

indóor a.ir quality is quite clear, since smoking and maintenance of gas appliances
are ìmportant tactors determining indoor concentrat'ion levels.

For itgr and volatile hydrocarbóns the situation is different. For hydrocarbons we

stiil fraie to identify the major factors govern'ing the concentration levels.
Ãi tar ãs ru02, instaliing range hoods and ge'iser flues jn existing houses to reduce

lloe levels ii advisable 6ut oiten d'ifficult to realise because of the construction
of 'the bui ì d'ings.

REFERENCES

IIution indoors: a neglected variable in
eneeskunde 45, 74'77.
, B'ierstekerfK. (tgeZ): Indoor N0¡
posium, Ivlaastricht, The Netherl ands ,
Comp., Amsterdam.
Bol'eij, J.S.trl., Lebret, E. (,l982): Indoor

nds. Eñvironment International (in press).
g-term average suspended particulate

concentrations in smokers homes. International Archives of Occupational and

g74): Study of indoor air quality - final

from domestic gas fired app'liances. In:
s Research and Technology, Session V,

or-outdoor relationships of resp'irable
nvironment ,l5, 335-343.
(1980): Exþired air carbonmonox'ide: A

ke. Brit. Med. Journal 281, 484-485-
(tgOg): Prevention of ãìÏ pollution

(in Dutch), Gas 88, 455-474.

¡ iut
7



l'loschandreas, D.J., Stark, J.lll.C., McFadden, J.E., ltlorse, S.S. (tgZg): Indoor air
pol1ut'ion ìn the residcnt'ial envìronment. Geomet. Inc.

Nat'ional Academy and Sciences (1981): Indoor Pollutants, National Academy Press,
tla sh i ngton , D. C.

Peterson, J.E. (lgZO): Post exposure relationsh'ip of carbonmonoxide in blood and
expired air. Arch. Environ. Health 21, 172-173.

Spengler, J.D., Dockery, D.ld., Turner,T.A., Wolfson, J.M., Ferris, B.G. (tgZg):
Long term measurement of respirable sulfates and particles inside and outside
homes. Atmospheric Environment 15, 23-30.

Takens, l,l. (lglZ): Prevention of ãir pollution (in Dutch), Gas 92,83-94.
Traynor, G.['1., Anthon, D.tJ., Hoììowell C.D. (1979): Indoor a'ir qual ity: gas stove

emissions. Lawrence Berkeley Laboratory, Berkeley, Ca., USA.
Velde, van der H., Verhoeff, A. (1982): The effect of carbon monoxide emissions of

unvented water heaters on human COHb levels (in Dutch). Vakgroep Gezondheids'leer,
VAR 82 - 131, l{ageningenr The Netherìands.

number
120

t tivingræm

N kitchen

ø bedroom

80

0
0 r.0 80 1æ il 2m 2(0 2æ læ >320

F9/m3
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