
\..) 

All.® #=8lo 
.... ": 1 1981 R. J. W. MELIA ET ALIA 29 

,. I 

lndoo Air Po utio nd its Effects on 
.e * 

R. J. v-1.··MELIA, c. du V.'FL(j . :rINN, B. . GOLDSTEIN,1 A.G.~- BR9qKs,~ 
H.! H" JOHN,3 D. CLARK,4 l'.f 'f , • EAD3 and X. WE:J3STER3 

• · : . • • 

9epartment of Community Medicine, St. Thomas's Hospttlll Medical Schooi, , ,. ,. 
.London, SEJ 7EH · . · . " . . . ' 

INTRODUCTION · TABLE I 

TH&{'~St research into ' tf1~ 'e . 'e ( 1.n tltiealth from 
Summafy'of some indoor air pt? Ju lanls, their soo/ce's and potential 

effect ' \)n health · · : 

air poll(\ti~n Hls conceotrat~cl·10 1~f ~ ·· .t'Cl~;io · pollut~ . Pollutant Source !'· 
nts. In ~Ille U.K. attention wa 'crtaW_n 'to th~ prob- . ,., " 1 

~ 11 • d I ~ Asbestos ' Building · n criafs · tern of high levels of atm.OSJ?he~ c; stn<?, e 'n su ps1· r . Carbon .· .' t Gas appliances 
dioxide (S02) by r~ e r p1d met~. _ !!1~ or~: ~l\y . ~n~ monoxide ·r ,. ··• Tobac o smoke 

Potential iefiect 
on nealth 
Cancer 
Hypo~h1 ' 

morbi.dity rat !ii~ b~ h o cu u~·l'f! 'flu.ring ~/?1 09_e,s · o~ · Formaldehydt<1:i, ~\', u!lding •l1'ia cri 
'sm g ,~in.i. try ' o'f~He~lth, ! 954 " '.Majqr ~sa~ters ,o'f 1,.. ,.,, N' :.~\'\ Ga· ap

9
liances 

1 i ·1atro·n o eye 
' and re$.nib tory tract 
· Resi:iihffu1'Y ill ess this kind 1a e not ansen trom ' 1p ll io 1 ms1de the ' .' nrogen , 

1
. . Oil fires· 

home and the indoor tmvi:;onmetit' ·.,yas thm;ght to •1; .. Tob:ic~·smoke 
provide _protection fr r.1 11p<?Hution 01;tside., S~2 for Rn on · \,,., Buildin&.materials 
example ts abso bed 'by fab - ~ and sort tnrmsh~hg5 so Suspended . · Co:il fires 
unless there is an indoor source the concentra:hons of particulates ' Tobacco smoke 
SOz tend to be . lower inside than out (Benarie et al., 
1974; 'Bie ~ eker e al. , 196 ) .. However i~ i~. now 
realized tha t 'ndoor ources of pollution can: ~ 1 us 
higher level of certain .tpo!lu ~nt~ uch as ox~~es f 
nitrogen and carbon monox1d m_s1de than lllSJOe the 
home (Goldstein et a l., 19 '7.9)' \i ade t al. ,.197 5). The 
leve ls of atmospheric ·moke · d S0 2 i!l the U .K. have 
been 4 cJin ing over several'til.ecades (W a h rley et al., 
1976) and th ·r ffe9- s ~:m ' ·espira~ory ' i!lnes are no 
longer easi ly detected oy eptde m o logtc _ l n ethods 
(Lawther et al.,.1970; Lunn et al., 1970). It is therefore 
possible that c ffi St-s "om indoar pollu 'On may become 

· mo re ppa ent 'b "n-i)1 t,h·, p ·r: Amon_g the pcllUtants 
whic c . uld be a~~; ciate&w ' ·11 . ..s. iratory disease are 
t~o e ~~j l ar! ~ fro m .t bacc0 · smo~!ng, _and the 
oombu .t~ · of ~s an 0 11 (Table I) . Coal fires may· 
have beei a t·ori~ . ime as 1r 1;; of indoor p lluf~t1 but 
changes_, , th~ tyJie.of fi r s and so id fuel'have 1 e lpccl to 
reduce t 1c, le 1eTh ·c f poll ti n fro'.! this so rce. in the 
home. oil :t'o n from h he · in oo r. so recs are also 
potentially an f 11• tb e fth' (Table l ). ·Asbesto used 
for thermal insufaf h aritl ratlo1 'tm 'tted- from building,' 
materi' I• . '1 h b zard· us.ji the· o.n~ erm because of· 

• •pce5e11 ed &t tho seminar "H • I;h in tlttl. H me" or,&1>'rii ~~ :.1 by ttie. 
Charccred fo stitu ion of Servir. E ngine . ·1111 I tF c· ~oyill Soc;cty of 
Heal!li oa 7 tl'I Ma)•, 1980, al the E lectri<:ity Counc.il Rcsear ;n~enm:, 
Chester. . 

! . Coll g.c ~f Mc:dicine.and Oe;n[istry of NeYo( Jc;sey, R~:get· M~ \i al 
School, Unr~crq1ty Heights, Pi· ataway.1 e1>.• .lersey 0 854-0SA. 2 ... 

'·MRC Toxioo'ld~y Uni1 (elinicti! Section), f:ii, ar 1e1m.::w's Hosp'ital 
: Medical oUc:g Charlerhouse 1u111e., Lond 11, E":' J M 6BQ. 3. 

Cleveland Are'O Hea!l 1 Aulhorl y, Marto Ho11sc, & rough Road, 
Mlddlc~bl'OIJgh , C leveJ.;il.)d, TS4 ,2E, .- ,- 4 . . ~it!d!~sPi~ ugh · Borough 

.:{founcil. ,v" merit I ~e,itp · $i11tt6f , \ ... : kq!iu~.b\".'fJou;se, Cel)-
l~t Me ll.. , Ti; ~ , id csbrougl'l0,~ l.1eve1al ~~l lf?,S, ,• 
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TABLE Ill . 
· The Cleveland Respiratory Study 

The frequency(%) of one or more respiratory condi tions in boys and 
girls from hom~s where only electricity was used for cooking and 1 

from homes where only gas was .used grouped according to the ! 
weekly 1wera&e level of NO, in the children's bedrooms (ppb) (total 
number of children given in brackets). . 

Boys 

Girls 

Electric 
cooking 
.homes 

40 
(42) 
47 

(34) 

• I 
Gas cooking homes; . 
level of NO, (ppb) 

4-19 • 20-39 40-169 
c 58 0 

(23) (19) . (13) 
44 60 75 . 

(25) (15) (8) 

\ 
kitchen did not provide an appropriate measure of 
levels to which the children were being exposed in their 
homes or peak levels of N02 may relate more closely to 
the frequency of respiratory illness than average levels. 
Alternatively another environmental agent or social 
conditions associated with the use of gas may be the 
cause. We are currently;studying the possibility that gas 
cooking may be associated with high humidity in the 
home which may lead to condensation, increased venti­
lation and low temperatures. The fact tlJat .no relation 
was found between respiratory illness in the parents , . 
and 8as cooking or levels of N02 is not surprising since ' 
children tend to suffer from more illness and may be 
more susceptible to the effects of indoor pollution than 
their parents. Indoor pollution from tobacco smoking 
by members of the family did not appear to be related 
to respiratory illness in the children from Middles­
brough. This may indicate that the effect from gas 
cooking is more important than that from smoking on 
primary schoolchildren . In a study of children 
followed-up from birth to age five (Colley et al., 1974) 
an association between parents' smoking habits and the 
incidence of bronchitis and pneumonia was found only 
during the first year of life and disappeared as the 
children grew older. The effect of gas C<>J>king was not 
investigated in this study. 

samplers and questionnaires. Measurements of N02 

were taken by two samplers placed for one week in the 
kitchen of each home and in a random 25 per cent of 
homes a third sampler was placed in the child's bed­
room. Information on · respiratory symptoms and dis­
eases experienced by the child .and on the characterisJ 
tics of the home was collected in a questionnaire 
completed by the child's mother. Data were obtained. 
for 66 per cent of the sample. The levels of N02 in the 
kitchens were considerably higher where gas was use9 
for cooking (range 5-317 ppb; mean 112·2 ppb) than 
where electricity was used (range 6-188 ppb; mean 
18 ppb ). Levels in the bedroom were also higher in CONCLUSIONS 
homes with a gas cooker (range 4-169 ppb, mean THERE IS a variety of pollutants in the home which are 
31 ppb) than in homes with an electric cooker (range potentially harmful to health. If ventilation rates are 
3-37 ppb, mean 14 ppb). ~educed to conserve energy the risk to health may 

The relation between respiratory illness and type of increase as the levels of pollution are raised. Changes in 
fuel used for cooking was similar to that found in the the ind.oor environment and its effects on health should 
National Study. The risk of having one or more be carefully monitored. Some pollutants are difficult to 
respiratory conditions was higher in homes with a gas study because their effects on health will take some 
,7ooker than homes with an electric one (p = ·06) · time to develop or because suitable monitoring instru-
mdepen<lcnt of effects from age, sex, social class and ments are not available for use in surveys of health. In 
:smoking in the home. However no relation was found preliminc,try investigations the effects of pollution may 
between the frequency of respiratory conditions and · · be studied indirectly u ing their sources to identify 
levels of N02 in the kitchen or between lung function g~oups of the population who may be exposed to 
and levels of N02 in the kitchen or bedroom. Only one different levels of pollution. Pollution arising from gas 
·findi.ng indi~ted that .le~els of N02 might be related to cooking has been studied in this way. If pollution from 
respiratory illness. W1th10 gas cooking homes the fre- gas combustion is indeed harmful to health it might be 
quency of respiratory conditions was higher in homes simply dispelled by improving ventilation in the 
with high levels of N02 in the bedroom than ·homes kitchen. This could be done by opening the windows 
with low levels (Table III). After allowing for the while cooking or an aid to ventilation such as an air 
~ffocts of age, sex, social class and number of smokers . vent, cooker hood or even a flue could be employed. : 
in the home the ~elation between respiratory illness and ' : ' · 
levels .. of N02 in the bedrooms of homes with gas ,· 1 ACKNOWLEDGEMENTS 
cookers was statistically significant at the 10 per cent . OUR INVESTIGATIONS into gas cooking were funded 

.~evel. No relation was found between respiratory illness ' . by gr~nt~'wfrom the Department of Health and Social 
m the parents and the type of fuels used for cooking in Security. e are grateful to Professor W. W. HolJand 
the- home or levels of N02• • who ii;iitiated and directed the National Study of Air 

DISCUSSION 
AN .ASSO CIATION between ga cooking and respirat­
ory 111.ness h~s now been found in three different groups 
of children m the U.K. Although no association has 
been found in ~ome studies from the U.S.A. (Lutz et 
al., 1974; United States E nvironmental Protection. 
Agency, 1976) Speizer an d colleagues (1979) have · 
reported .a relation in schoolchildren between use of gas 
for cooking and both a history of respiratory illness 
before lhe age of two and poor lung function. The 
suggestion that indoor pollution is the cause of the: 
association needs to be investigated further for the 
results. from. the ~Jeveland Respiratory study show 
some mcons1stenc1es. An association was found bet,. 
ween respir!ltory illness and levels of NO, in the , 
bedroom but not .the kitchen. Possibly the levels in the 

Pollution .. and who has encouraged us in our work. 
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effects on health of ome pollutants are difficult to 
study epidemiologically becau e we do not have suit­
able measuring in. truments for use in large surveys. 
However preliminary i1westigation may be conducted 
by u ing sources of pollution to identify groups of the 
population exposed to different levels of pollution . . 
Both tobacco smoking (Colley et al., 1974 · Leeder et 
al., 1976) and fuel u ed for cooking in the home 
(Meli<t et al. 1977; Melia et al., l 979) have been 
employed in thi way. The main disadvantage of this 
method of research 1s that several types of pollutants 
may arise from one source so further work is required 
to identify which of them may be causing ill-effects on 
health. Other pollutants cannot be studied by their 
source because the population cannot easi ly be divided 
into exposed and non-exposed groups. 

The re ·ults of invest1gations into the association 
between re ·piratory illness in primary schoolchildren 
and use of gas for cooking in the home illustrate the 
type of epidemiological tudies which may be con­
ducted. 

INVESTIGATIONS INTO THE EFFECTS OF GAS 
COOKING 
The National Study 
An a sociation between respiratory illness and use of 
gas for cooking in the home was fir ·t observed in a 
National Study of Air Pollution. Six to 11 ye1-1r olds 
from selcctetl primary ·chools in a rnndom sample of 22 
English and six Scottish meas were studied annually 
from 1973 to 1977. fnformation on the pr sencc of 
cough wheeze, colds g ing to the chest and history of 
asthma and bronchitis was collected in a questionnaire 
completed by the mothers. Questions were al ·o a ked 
about socio-economic characteristics of the home such 
as the father's social class, and indoor ources of 
pollution such as the types of fue l used for cooking and 
heating, and in 1977 only the numbe.r of mokers in 
the home. As new children entered the study each year 
when they reached the age of six and older children left 
when they moved on to secondary chool the popula­
tion examined in 1977 differed from that examined in 
1973. The association between gas cooking and 
respiratory illnc was studied in both groups of chil­
dren to see if it was repeatable in two different popula­
tions (Melia et al. 1977; Melia et al., 1979). The 
re ults from both years were compared by calculating 
the risk of having one or more respiratorx conditi?ns in 
homes where only gas was u ed for cooking relative to 
the risk in homes where only electricity was used (Table 
II). In each group of children the risk wa greater in 
homes with a gas cooker than homes with an electric 
cooker. After allowing for differences in age and social 
class between gas and electric cooking homes this 
relative risk in boys wa found to be similar in both 
years but the relative risk in girls was greater in 1973 

TABLE II 
The National Study 

The risk of having one or more respiratory conditions in primary 
schoolchildren f~om homes where gas was used for cooking relative 
10 the ri k in children from homes where electricity wns used after 
allowing for differences In age and social class given by sex and year 
of examination. -

Boys 

Girls 

Year of examination 
1973 1977 
1·29 1·25 

(p < ·05) ' (p < ·05) 
1·40 1·19 

(p < ·001)' (p"" ·07) 

than 1977. In further ana lyses io 1977 the association 
wa observed to be indepeodent ;ot the effects of age, 
social class, the number of smokers in the home and 
latitude of the areas but it was only statistically signific­
anl in urban areas (for boys p < ·005; for girls p ~ ·08). 

As the gas cooker is an unflued appliance we sug­
gestetl that indoor air pollution might be the cause of 
the association. Among the many pollutants which arise 

. in the emissions of gas combustion N02 was suspect. 
N02 has been found to cau e increased susceptibility to 
respiratory infection in animals exposed to levels of 
about 500 ppb for three months. (Ehrlich and Henry, 
1968) and pulmonary oedema in man exposed to much 
higher levels in industrial and agricultural accidents 
(Becklake et al., 1957; Grayson, 1956). Furthermore, 
wee~ly average concentrations of N02 in kitchens wit.h 
a gas cooker have been shown to be above the maxi­
mum annual mean level of 5 ppb recommended by the 
United States Environmental Protection Agency 
(Wade et al., 1975). At the time of writing our first 
report (Melia et al., 1977) a smal l personal sample-f for 
N02 became available which wa highly ·uitable for use 
in surveys (Palmes et al., 1976). Defore we embarked 
on a large study of the re lation between N02 and 
re piratory illness we first tested the reliability of the 
sampler. · .·'I 
SAMPLER EXPERIMENT 
The sampler consists of an acrylic tube about 3 in. long 
wilh an internal diameter of j in. which contains iln 
absorhant specific lo N02 . The sampler depends on the 
molecular diffusion for the collection of gas so no pump 
or electrical supply is required. The totul amount of 
N02 which has been absorbed over a measured period 
of time is determined by spectrophotometry to obtain 
an average measure of the concentration in the atmos­
phere. In a designed experiment conducted in two gas 
and two electric kitchens we found that the reliability of 
the ampler was hight):' sati factory the measurement 
error being l ·2 ppb (Melia et al., 1978). When the 
measurement from the sampler wa compared with the 
measurement taken by the chemiluminescent method it 
was concluded that the accuracy of the sampler was 
better than ± l 0 per cent when used in domestic 
kitchens (Apling et al., 1979). 

THE CLEVELAND RESPIRATORY STUDY 
The main aim of the study was to investigate whether 
lung function was related to levels of N02 in the home 
(Florey ct al., 19'.79). We chose to study young primary 
schoolchildren coming mainly from the manual social 
classes and living in an urban area of northern England 
with a high risk o( developing respiratory disease. 808 
six to seven year olds who b th lived and attended 
school within a defined area of local aut hority housing 
in Middlesbrougli were included in the study in Febru-
ary 1978. Outdoor air pollution might have interfere.cl 
with our results but levels of smoke and S02 which 
were already being measured at two sites in the area 
were low (annual means ~30 µ.g/m 3

). Outdoor levels of 
NO~ which were measured at 75 sites set up in the study 
area by staff of the Middlesbrough Borough Council for 
one week in February were found to be low and similar 
across the area (range: 14 to 24 ppb). Height, weight 
and lung function were measured on each child at 
school by trained fieldworkers from St. Thomas's Hos- • 
pita!. Lung function was measured using the McDer­
mott Dry Spirometer supplied by the MRC Toxicology 
Unit. School nurses from the Cleveland Arca Health 
Authority were responsible for the distribution of N01 
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Members are reminded that annual subscriptions wer.e due on 1st January l981. 
I ' 

". The current rates are as follows. 
£ 

Fellow 
Member 

17.00 
11.00 

Associate Member 
Affiliate 

£ 
9.00 
7.00 

These rates have not been increased since January 1979, in spite of a general rate 
of inflation of about 34% since that date. The subscriptions have been held steady 
only by exercising the greatest economy in _managing the affairs of the Society. 

Prompt payment of subscriptions is helpful to the Society in planning future 
activities, and avoids the necessity for costly reminders ,(postage rates are expected 
to rise again in the near future). 

Members who wish to pay by Banker's Order may obtain the necessary forms 
from the Secretary. This method of payment save.s time and trouble, and ensures.' 
that payment will not be overlooked. 

Members are re.minded that tax relief may be claimed in respect of subscriptions 
paid to the Society. 

North America 
Subscription rates for Fellows and Members in North America are as follows: 

Fellow $50 Member $35 
As the Society is an educational body and a non-profit making organisation, 

members are usually able to claim that the.ir dues are tax-deductible . 
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