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ABSTRACT The paper reponts the results perlaining 1o perception of indoor air pollution as expenienced
by 1,724 residents selecied randomly from 56 localives of Caleutta Municipal Corporation. The findings
clearly indicate that househelds manly using coal ovens andfor kerosene stoves tend o eaperience grester
perceniages of inconvenkence ciused by smoky roome than households using gas or electric heaters, Indoor
wir quality was perceived as quite bad by slum dwellers who wene reported 1o be wing mosaly coal ovens.
Mo sssociation was found between index of indoor sir quality snd number of sick persons m the housshold.
Almost the same resull emerged for number of asthms patients, Although the healih hazard of indoor air
pollution i not clearly bome out of the study, the results suppon the nesd for veniuation mprovement for
users ol coal evens in kitchen Indoor cigarete smoking was alio found w have almost no association either
with indoor air pollusen or with any health problems, Some of the implications of the findings are discussed.

There are numeious studies on behavioral
aspects of outdoor pollution, a review of which
appears in Evans and Jacobs (1981). Yet, very
few published stedies could be located in the
area of people’s awareness and perceplion of
indoor air quality. Howewver, quite a few studies
indicate that the air within homes and other
buildings can be as seriously polluted as the
outdoor air in any city, Indoor pollution sources
such as kerosene oil, cooking gas and coal
ovens release gases or particles into the air.
These pollutanis are the primary causes of
indoor air quality problems in homes. In a
rural howsehold survey conducted by NCAER
(1981), a little over 35 per cent of the
respondents complained of smoking kitchens
and eye problems related o smoke. A litle
over 11% complained of breathing problems
as well. A higher prevalence rate of chronic
bronchitis has been noted by Pandey (1984)
even among nonsmokers in cerain regions of
Mepal who cook than among those who do
nol, indicating domestic stove smoke 45 a possi-
ble etivlogic factor, The prevalence of chronic

bronchitis was nearly equal in men and women
inspite of the higher smoking rates among men,
The result was cxplained in terms of the
increased time women generally spend in
smoke rooms while cooking.

Mohan et al. (1992) recently reporied a
siudy on the physical assessment of indoor
air quality at selected locations in Pune city.
They found that while the sulphar dioxide (503)
and nitrogen oxides (N0, ) concentrations were
within the permissible limits of ambient air
standards, the respirable fraction of the
suspended particulate matter (RSPM) which
may be carcinogenic was beyond the permissi-
ble limits at most of the sampling sides. In
other siodies, houschold smoking from
domestic coal consumption, firewood, dung
and other cooking fuels has been found 1o be
a substantial contribulor o personal cxposurcs
to wndillferentiated respirable size particles
(RSP). The most common harmful compounds
found in indoor air pollution include Nitrogen
Dioxide, Carbon Monoxide, Formaldchyde,
Asbestos and vanous solvents. Earnth rock
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beneath the howse, well water and building
materials may also give rise o Radon, another
polluwant which may be related to lung cancer.
The major sources of domestic air pollution
in India are biomass, combustion and use of
kerosene lamp and stove for lighting and cook-
ing purposes. These cften result in high
concentrations of Carbon Monoxides in kilchen
and high exposure to total suspended articulates
(TSP) by household cooks (Ahuja and Joshi,
1986; Ramakrishna, 1987).

Indoor pollution from smoke fires in poorly
ventilated huts in the highlands of Papua New
Guinea has been found to be “*the major and
maost preventable factor™ underline the preval-
ence of chronic nontubercular lung disease
{Ahuja, 1985). Padmavati and Arora (1976)
also came to the conclusion that domestic air
pollution is the cause of chronic cor pulmonale
(a discase of the cardio-respiratory system) in
women and its onsel al younger ages. A study
conducted by the MNational Institute of
Occopational Health, Ahmedabad found a
statistically significant association between
cooking with smoky fuels and the incidence
of cough, dyspocnca and respiratory discases
(NIOH, 19800, Application of the results of
occupational epidemiological studies in the
United States to indoor exposures, either
directly or using recent advances in lung
dosimetry, suggests that the average indoor
concentration entails a lifetime risk of lung
cancer of about 0.4 %, contributiong about 10%
of the total risk of lung cancer from radon
decay products (Nero, 1988).

Since people normally spend most of their
time at home, their risk o health may be greater
because of exposure (o indoor rather than
outdoor air pollution. This is especially true
for housewives, children and older people.
Indoor air pollution now is gaining the serious
attention it deserves in the health community.

Although indoor air gquality (IAQ) contains
hundreds of chemical componenis, a majorty
of the indoor air contaminants in public
buildings are odorous (Burglund et al., 1982),
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From the detection of odour which generally
gives rise to some kind of discomfort and
annovance, one can easily indicate the
mallunction of the ventilation system and
contamination of indoor air quality. When
indoor air quality is contaminated by smoke
from coal oven and kerosene stoves as well
as by cigarette smoking, some assessment of
indoor air quality can be done just by visual
inspection and odour detection. Since the odour
of the indoor can not be predicled easily from
the chemical composition of the air, sensory
analysis especially based on olfactory evaloa-
tion {(smell sensation) has been used by a large
group of Swedish researches (Lindvall, 1970,
Burgland et al., 1984) in the studies of indoor
air quality. Barker (1976) listed six cues that
individuals generally uwse in deweciing the
contamination of air quality, These include
poor visibility, dust accumulation, odour nuis-
ance, discolouration of building as also ma-
terial damage, eyve imitation and respiratory
suffocation.

Instead of simultaneously measuring the
physical indoor (home) and outdoor concen-
trations of pollutants, subjective judgments
were taken as the prime data in the present
study. Each respondent rated the indoor air
guality of histher residence in terms of (g)
freshness of air inside the house, (b) difficulty
in breathing inside the house and (c) presence
of smoke, soot and dust particles inside the
house. Based on their ratings, an TAQI has
been developed.

The level of indoor air quality in Calcutta
proper has been studied here in relation to
possible emissions from kerosene stoves, coal
ovens, electric heaters and gas ovens, as
reported by male and female respondents. We
specifically atlempt 1o answer some quéstions
#s 10 how the perception of the indoor air qua-
lity is associated with the type of oven and
fuels mainly used for cooking purposes. s it
truc that use of kerosene healer or coal oven
can &0 contaminate the indoor air quality that
it could be detected and reflected in the
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respondent’s assessment of the freshness of
air inside the house? How do the residents of
Calcutta proper who use gas stove, coal ovens
or kerosene stove for cooking purposes gener-
ally rate the indoor quality of air 7 Is there
any association between types of fuels used
for cooking and indoor air quality 7 Do the
empirical data indicate that those using coal
oven of kerosene stove tend 1o perceive the
air quality inside the house w be more stully
than those using gas stove 7 If so, what are
the socieconomic comelates of coal consump-
tion. Similarly, we can question whether the
lewvel of perceived indoor air pollution 15 any
way associated with the perceived magnitode
of cigarette smoking inside the house. If these
are associated, them what is the relationship
betwesn (a) indoor air quality and (b) reparied
amount of cigarelte smoking inside the house,
on the one hand, and (¢) number of sick persons
in the household and (d) number of family
members suffering from asthma, on the other
hand ? In an attempt to answer each of the
above questions, we present in this paper the
results of an intensive analysis of the data
collected from 1,724 residents of Calcutta
proper who were personally interviewed for
their opinigns, perceptions and  attitudes
connected with cutdeor and indoor pollution.

MATERIAL AND METHOD

The sampling plan, the main contents of
the interview schedule which was employed
in the study and the data base are all described
in a previous peblication (Mukherjee, 1993),
The survey was conducted in 56 localities
within the jurisdiction of the Calcutta
Municipal Corporation (CMC) which were
selected i the first stage by simple random
sgmpling without replacement (SRSWOR)
from a total of 5,787 NSS blocks of Calcutta
proper. From each of the selecied 56 blocks
(listed in Table 2}, a preassigned perceniages
of male and female adults (18 yrs and above)
were selected in the second stage from each
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stratum by SRSWOR procedure after the adult
population of Calcutta proper was stratified
into (&) illiterate, (b} literate and {¢) educated
groups. The stratification was based on door-
to-door house listing. The details of the sampl-
ing procedure are discussed in a previous
publication (Mukherjee, 1993). Completed and
coded guestionnaires properly scrutinized were
available from a total of 1,724 adult respon-
dents, 719 females and 1,005 males, These
were processed by a main-frame computer and
subjected to different types of statistical analy-
ziz, both univariate and multivariate.

For assessing the sample respondent’s
perception of indoor air quality, the following
three guestions were asked w all respondents
in the following sequence:

1. What is the extent to which you find it
easy Lo breathe freely while at home ?

2. How frequently do you find smoke, dust
particles or soot inside your house?

3. How do you feel about the freshness of
air inside your house?

The above-mentioned three questions
pertain specifically 1o the following three
aspects of indoor air quality: (a) breathing
discomfort, (b) dirt accumulation and (¢) stuf-
finess and sialeness. Answers o the first and
last questions could be coded in terms of three
graded response calegories. Residents not find-
ing any trouble in breathing or always finding
the air to be fresh inside the house, were given
ascore of one each for these answers. Similarly,
those who said that they felt frequently roublad
while breathing at home in response o the
first question, were given a score of three. In
the same way, those who answered that they
found the air to be always stale and stuffy in
responss o the thind guestion were given a
score of 3, For this question, a score of 2 was
given W answers indicating some stulfiness.
Stmilarly, a score of 2 was assigned for re-
sponses indicating some trouble in breathing
with reference o the firsi question.

In the case of the second question, those
who never found any dust particles, smoke or
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sool inside their house were given a score of
ong, Those who always found any of these
dirts were given a score of four only, The
indoor air quality index, hereafter referred o
as, TAQI, is the unweighted sum total of scores
received on the alore-said three questions. The
theorgtically possible range of this index is
therefore 10-3 = 7. A score, say as high as 7
or above i indicative of bad guality of indoor
air quality whoreas a score as low as 4 or 3
rcflects tolerably good indoor air quality.

For obtaining some idea as to how the indoor
air pollution is contributed by cigareite smok-
ing, the following question was asked o each
sampled resident:

“How many cigareties do you/your spouss
and other members of your houschold generally
consume on the average per day inside your
house 7 The exact number of cigareiles 5o con-
sumed was recorded for a parametric anaysis.

In addition o these questions, an inventory
was laken of the type of ovens generally used
in the sampled resident’s houss and the fuel
mainly wsed there for cooking purposes.
Qucstions were also asked as o the number
of sick persons and number of family members
who were suffering from asthma,

RESULTS

Analysis of the data obtained from a total
of 1,724 residents of proper Calcutta revealed
that although about 40 per cent of them reported

BISHWA NATH MUKHERIEE

that they had no trouble in breathing freely
inside their house, a large percentage
complained about occasional troubles. About
11 per cent reporied that they frequently
experienced trouble to breathe freely while at
hame. About 625 of the residents complained
about the frequent presence of  dust
particles/sooysmoke inside their rooms. Nearly
64% of the residents felt that the quality of
air inside their houses was somelimes quite
stale and swffy. About 9% of the sampled
residents complained that their rooms were
always stuffy becanse of indoor air pollution,

Stratum-wise Differences in the TAQ Compo-
nenes

Table 1 shows the siratum-wise percentage
of households where the sample respondents
complained about the cleanliness, stuffiness
and troublesome nature of indoor air quality
in their respective houses, These three aspects
of indoor air quality are moderately correlated
with each other, the average inter-comrelation
being 0.52. It is seen from table 1 that
respondents from educated stratum in gencral
made less complaints about all the afore-said
three aspects of indoor air quality than illiterate
and just literate respondents. This is so because
in the case of households of the former stratum,
gas oven is generally used whereas in the case
of the latter, either coal, wood and/or kerosens
are the main fuels used for domestic cooking,
For example, coal is consumed only in 32.27%

Table 1: Percentage of houscholds complaining shout breathing trouble due to bad indoor air qualily, perceniage
always finding smoke'soot inslde and percentage reporting stulfiness/sialeness inside: By Stratum

Componend of indoor air quality

Srratum mome and sample size

lilirerate  [iliterate  Literate  Literate  Educated Educared Total
Male Female Male Female Male Female Sample
(W=l4d) (N=I6¥) (N=87] (N=87) (N=78d) ([(N=483) [N=I724)
Percemage frequently woubled 1192 21.30 1134 12.64 B.54 B.42 1140
Percemage always finding 14.58 37.87 17.53 2874 1649 3024 2280
aoolfdust
Percemage somelimes finding 6597 6568 6E.04 4828 Ti12 4068 63.70
staffiness
Mesn indoos Quality Index (TAQT) 6,76 6,594 LX) 619 622 612 6,33
5.0 of TAQL 1.56 1.52 1.54 1.1 1.41 1.58 1.53
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Talvle Zu: Percentage of different types of inconvenlence
(a5 reflected in the answers to three questions
un Indoor air quality): As experienced by four
types ol oven-users
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Table Ih: Percentage of responses to three gquestions on
Indoor alr quallty indlcating wnsatlsfactory
state of affalr as expressed by households using
different types of fuels' for domestic cooking

Vypes af oren Frogueaily Always Sometinaes
wred” Trowiled Jinding slhalel stagfy
soolidist

N7} (W3R}  [(N=1008)
Coal oven TH1T 7837 12T7
Kerosene sove 65448 T5.03 732
Elesaric heawer 20 2.54 264
(iax oven 1218 2239 2067

1. The categones of different types of ovens used are not
muiually exclesive, Le., there are many households using
bl coal oven a8 well a5 kerosens stove. For this reason,
the percentage shown in any column do not sdd up to 100
bt much more than that, The sample sizes shown in the
parantheses ane the number of residents experiencing a
paricalair iype of inconvenience, as expressed in their
respoiscs 1o thiee questions on indoor i guality.

of the houscholds in the educated stratum
whereas the corresponding percentage is
46,00% in the households belonging to people
of illiterate and just litcrate strata.

Experience of Indoor Alr Qualirty as a Funce-
tion af FuelsiOvens [sed

Results reported in table 2a clearly show
that the greatest percentage of inconvenience
is reported by those respondents who use coal
oven and/or kerosene stove in their houses,
About B0% of the coal oven users reported
their inconvenience by the impure nature of
indoor air quality. About the same percentage
complained about the presence of dust parti-
clesfsoolsmokes inside their house, In the case
of users of mainly kerosene stoves, nearly the
samepercentagecomplained about thestalensss
or sluffiness in the rooms, In contrast 1o these
groups, the users of electric heaters are almost
trouble-free so far as indoor air quality is
concerned. Only about one-fifth of the
houscholds using gas ovens are found 1o make
some complaints aboul the staleness/stullingss
of the indoor air.

_— e e,

Types of fuel  Angwers to three idependent guestion

mainly wsed on air guality
for cocking oo cusnily  Alway Nt fresh
troubied ol el )
(N=197) (N=303)  (N=1206)
Coal 47,7 .57 48.57
Wood, gartbage 3.05 1.27 247
Briquesie 15.74 541 13.77
Beroiene ol 20,30 3435 1560
Electric 0.50 0.00 016
Marural gas 10,05 2061 17.60
Mot applicable .54 1.T& .53

1. Mutually exclusive categacses af fuel types such that each
column icial should show 100 per cent of the sample
hausehalds.

More or bess the same conclusion is reached
from the results reported in table Zb. It is scen
that among those 197 respondents who
complained of frequent troubles in breathing
while at home {(because of impure indoor air
quality), the highest percentage {(aboul 48%)
are mainly using coal as the domestic fuel
Only 20.30% are reported o b2 using kerosene
oil Tor cooking purposes. Similarly, among the
1,256 respondents who complained that the
indoor air was not fresh, about 48.6% of them
wore using coal. As fuels for domestic cooking,
only 17.6% and 15.6% were users of liquid
gas and keroseng oil, respectively. Thus,
consumption of coal for cooking purposes is
found 1o be the most important contributor in
polluting the indoor air guality in respect of
its freshness, cleanliness and stufliness.

The results of separate analysis of variance
(ANOVA) reported in table 3 shows along
with the resulls of able 4 that in terms of all
the afore-said aspects of indoor air quality,
there is a statistically significant {p < (01
dilference between those using coal ovens and
those using gas stoves. A multivariate analysis
of variance (MAMNOVA) using all the three
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Table 3: Resulis of Separate Unlvarlate Analysls of Varlance (ANOVA) one each of the three separate aspects of
indoor air guality Tor testing the mean dilference betwesn howsehalds classified by types of oven mainly

used for domestlc cooking

Aspecir af indoor Sum of squares’ Mean sum af squares Main ANOVA resudi
air qualiy Between Within Batween Within F statistic  Probability
Freshness 14,833 551,425 6,278 0321 19.580 L0040
Sinffiness 20390 728594 6.797 0,424 16.045 0.000
SoatiSmoke/Dusl 15,378 1211.181 5126 0.704 7279 0,000
Tndoor Air Cuality 143,928 862,035 47.976 1245 21.362 0,000
Index

1. The degrees of freedom associated with berwesn 5.5, and within 5.5. are 3 and 1720, respecuvely. The groups
compared here are (1) Coal oven users, (2) Users of kercsene stoves, (3) Electmic hester users and (4) Gas oven wsers.

variables jointly also revealed a significant
over-all difference between groups classified
on the basis of ovens used frequently for cook-
ing. The multivariate F statistic corresponding
e Hotelling's wace criterion of 0.0488 turned
out to be 9309 which for 9 and 5150 degrees
of freedom (df.) is statistically significant
beyond the 001 level,

Indoor Air Quality Index

The sample respondents’ scores on all the
three aspects of air quality were combined in
view of their positive intercorrelations by just
summing them. The average intercorrelations
being (.52, as stated already, the standardized
item reliability of the TAQI wmed out to be
0.7647 which as measure of Cronbach intemal
consisiency reliability is satisfaciorily high,

The afore-said unweighted IAQI also
showed, asexpected, asignificant overall group
difference. Respondents using mainly coal
owvens were found in general wo score higher
on this index than respondents using gas or
electric heaters, For example, as many as 526
out of 1,062 coal users scored 7 or above on
IAQI while among the gas users, only 116 out
of 383 scored such high TAQI. Since a high
score on IAQI is indicative of bad indoor air
quality, the results suggest that coal oven users
gencrally experience more inconvenience with

respect o their indoor air quality than users
of gas ovens,

The results of ANOVA of the index are
displayed in the last row of table 3. The results
together with those shown in the bottom panel
of table 4 clearly indicate that as compared to
the households mainly depending on gas stoves,
the hooscholds mainly using coal ovens and
keroseneoil have, in general, significantly mone
unsatisfactory TAQI, The gas users as a group
received the lowest mean score on this index
while the coal oven users were found to have
the highest mean indicating that the latter group
expressed more inconvenience with the indoor
air quality than the former group. These groups
differ substantially because the 95% confidence
interval (CI) of the means for the two groups
do not show any overlap, as can be seen from
tahle 4. However, the difference between the
coal oven users and kerosene stove users does
not appear to be statistically significant even
at the 0.05 level, The descriptive swatistics for
the groups classified in terms of the main types
of cooking ovens are shown in table 4 and
they amply indicate that all the distributional
assumptions for running an ANOY A and other
parametric analyses connected with TAQI are
fully satisfied, The results displayed in tables
3 and 4 also indicate that consumptions of
coal and kerosene for cooking purposes appear
to be the most impornant contributors polluting
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Table 4: Cumulative percentage distribution and descriptive statistics of inooor air quality Index derlved for 1724
respondents of houscholds classifled by types of fuels malnly used for cooking purpose

Value of fndoar Electric Crax Coal Kerosene Teotal
Air Qualily fndex (N=17) {N=383) [N=1062) (N=242) (IN=I724 )

3 54 T 24 211 24

4 10.8 04 i5 65 1.1

5 9.7 413 228 bl 273

& 649 [ 50.5 570 560

7 Th.4 856 T8 2.2 804

] P45 P63 QLG LEN 3 24

9 13 Q8.4 956 LS| %

10 10000 10000 1000 10000 1000

Mesn 6. 180 5802 6513 6380 6.3

5D 1.543 1.543 1508 1.398 1.525

G549 1 B04-6.35 5.65-5.96 BuA2-6.60 6.21-6.55 b6 640

the indoor air quality, Thus, coal ovens and
kerosene heaters can contaminate indoor air
50 badly that it is reflected in the respondents”
subjective assessment of the air quality.

The afore-said conclusion is  further
supported by the resulis reported in wrms of
the pie charts of figure 1. Based on the [AQI
(unweighted sum of scores or ralings obtained
onthreeaspectsof indoorairguality asdiscussed

abowve), the sample respondents were classilied
into two groups. Those 44 per cent of the
respondents whose ratings were 7 or above on
the TAQI were grouped as bad while those
scoming Gorless were classed as tolerable group.
The pie chart on the right hand side represents
the tolerable group while the: one at the left
hand side siands for the respondents whose
TAQI was found to be 7 or above (bad group).

Gas Blove
T
#e Gas Showes
né

§ Mos Applicabla Hal Applicable

Fd 13

Caal Ovan
B28

Casl Ovan Karasans Hesmar Kerasang Hoales

R 1] 3B 164

Tolarable Indoar Alr Chuality

Bad Indoor Alr Cuallty

Fig. 1. Pie diagrammes showing Tuels mainly used by houschalls having bad and telerable Indoor Alr Quality
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Table 5 Frequency of houscholbds with Indoor Alr Quality Index above and below the cut-off point of LAQI: By

types of locality
Croup abave Frequency of howseholds in differend types of localitics Total fre-
ar below Cul- . . . . quancy af
off JAQ Index Kesidential Cowumercial Irfusirial Mixed Sl p hold
Helow 6.1 575 pa 65 216 84 945
Above 6.1 315 0 T3 198 153 75
Column Total 1] 45 138 414 237 1724

The ehi-square vest of bomogeneay of the two distnbutions below and above the cut-off pednt of 6.10 yizlded & chi-square
walue of TAZY which for 4 d.f. is statistically significant at the (0001 level.
The Mantel test of trend also showed & chi-square valoe of 64.62 which for 1 d.f. is significent st the 001 level

It is seen that the proportion of coal oven
comsumers in the two groups differ substanti-
ally, the percentage being much higher
{69.30%) in the bad group than in the tolerable
group (55.54%).

Sowme Correlates of TAQ!

The TAQI was found o show statistically
an overall straum difference (F= 11.09 which
for 5 and 1718 df. is significant beyond the
{001 level). In general, both educated male
and female respondents as well as just literate
male respondents reported significantly betwer
indoor air quality at their houses than illiterate
respondents. The indoor air quality showed
statistically  sigmificant relauonship  with
respondent’s edocation, occupation, family
expenditure and gender. Since houwscholds
which are economically well-off generally use
gas ovens and those which are relatively not
sowell-off use coal ove.as, woods and kerosene
fior cooking purposes, significant correlations
arg found between various indicators of econo-
mic status such as assels, family expenditure,
average monthly electric bill, number of rooms,
and condition of the respondent’s house, on
the one hand, and indoor air quality on the
other. However, occupational status did not
show any significant relationship with indoor
air quality. The results are more or less the
same for both males and females.

Indoor air quality was found to be quile
bad in the slum areas in general than in other

areas of Calcunta proper as can be seen from
table 5. Among the 237 respondents respond-
ents residing in slum areas, about 65 per cent
of them were found wo have unsatisTactory TAQI
{7 or above). The corresponding figure in the
residential areas is about 35 per cenl. In the
non-slum areas, a score of 7 or above in the
IAQI was found in the case of exactly 606
residents out of 1,487 resident (40.75%). Thus,
there is a significant association between type
of locality and indoar air quality (x* = 74.29
which for 4 df. is significant beyond the 0.001
level). In terms of the mean level of TAQI
algo, the slum areas scored T.063 with a 95%
confidence interval (CI) ranging from 6.865
w 7.261. In the case of non-slum areas (N =
1,487}, the mean was found to be 6.213 with
a CI ranging from 6.137 1o 6..288. The differ-
ence between the two gronps of residential
areas with respect 1o the mean level of [AQI
is statistically significant at the 001 level (r
= 8.126).

Some localities of Calcunta proper were
found o have significantly higher indoor qual-
ity index than others. A good deal of variation
was observed in this respect from one locality
to another. Of all localities, residents of Tar-
panghat Road in South-east Behala and Thal
Basti of Dhakuria were found in general w
complain more often about the unhealthy stale
of indoor air quality in their houses. In thess
two lpcalities, the mean TAQI turned outl 1w
be 8.67 and 8.20, respectively (out of the
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maximum possible score of 10). The mean
index ranged from 7.00 to 7.38 for households
located at Muktaram Babu St. in North
Calcutta, Tiljala Masjid Bari Road, Vanga
Mahalla, Sahitya Parishad Bast area, and
Rambagan slum area. In contrast, the mean
TAQI for Jadu Colony, a posh locality in
Behala, was found to be 4,18 only. The results
indicate that localities inhabitated by high
middle class familics in gencral were found
1o have a fairly good air quality inside their
houses, Instead of using coal ovens, most of
these families in such localities almost invaria-
bly use gas stoves for cooking purposes, As
against this, respondents living generally in
slum areas andfor localities dominated by poor
section of the society were found to complain
about all the three aspects of indoor air quality.
As stated already, coal and kerosene oil are
found to be main fuels for them for domestic
cooking.

Some Correlates of Coal Consumption

A significant point biserial comrelation of
.1526 was found between coal consumption
and TAQI When households mainly using coal
as the fuel were scored as 1 and those not
using it were scored as zero, the product-
moment correlation with number of family
assets  (r=-0.3939), condition of the
respondent’s howse (r=-0.3001), hiz lavel of
education (r=-0.2989), number of rooms (r=
<0,2349), family expenditure per month {-0.1230)
and average monthly electric bill (r=-0.2631).
The findings are comparable for males and
females. Thus, the percentage of houses using
mainly coal oven for domestic cooking is
substanitially higher for those houses which
are economically not so0 well off than those
owned by families with high socio-economic
sLaus,

Coal ovens were reported w be used by
about 61.6 per cent of the sampled households
in Calcutta proper. About 68 per cent of the
respondents from  illiterate stratum  stated
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during the interview that coal oven was still
then being used for cooking purposes in their
residence. In the case of literate and educaicd
strata, the corresponding figures were 56.52%
and 53.79% respectively. Interestingly, more
males (61.39%]), reported about the use of coal
oven than females (51.32%). Other gender
differences in the area of perceived air quality
will be reported in a subsequent paper.

When the sample respondents were asked
as o whether they were willing to switch over
to briquette burming from coal, if cost and
supply were not factors, about 23.5% expressed
their willingness for such a change. More than
one-third of the respondents, however,
expressed their inability. About the same
percentage reported that they had just switched
over w briguette burning from coal. A similar
question was asked regarding the possibility
of switching over 1o gas oven from coal oven,
About 48% of the wial respondents exprassed
their inability in this regard, their main reason
being fear of accident (15.5%) and lack of
space (15.7%:).

From the results of the present survey, it
is found that not many residents of Calculta
proper are in [avour of banning coal burning,
Although 73.5% of the sample respondents
agreed with the statement that “‘coal burning
makes it difficult for people with respiratory
problems™”, only about 37 per cent of them
endorsed the attitude statement that **coal burn-
ing for domestic purposes within Calcutta city
must be stopped by legal measures™, Inter-
estingly, those who more often endorsed the
later statement also reported more ofien the
presence of at least one elderly asthma patient
in the household (r=0.06, prob.=0.01), Dcspite
these findings, about 46.1% of the respondents
agreed with the statement that *‘coal burning
for cooking should be allowed becauwse the
amount of air pollution it causes 15 small as
compared to other sources such as lorrics,
trucks and buses™. Aboutl 34 per cent of the
respondents could neither agree nor disagree
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with the above statement. They were just
undecided,

Indpor Tobacco Smoking and Its Correlates

Although indoor cigaretie smoking has been
found in previous studies w be an imponant
polluter of air inside the house, the present
study failed to find any conclusive evidence
of it. As can be seen from table 6, the number
of cigareties repontedly consumed on the aver-
age per day has litle relationship with any of
the three aspects of indoor air quality which
were examined in this study. It 15 true that
good ventilation might be reducing exposure
i environmental cigarctic smoke o many of
our respondents but il generally does not totally
climinate it. Because smoking produces large
amounts of pollutants, natural or mechanical
ventilation procedurcs do not necessarily
remove them from the ar inside the rooms
as quickly as they build up. Yet, the data of
the present study indicate that the smoke
arcund the rooms resuling from indoor cigar-
ele smoking may be disappearing without
causing much inconvenience 1o the respondents
and hence, they did not complain of any indoor
pollution resulting from cigarette smoking
inside the house.

Table 6: Product moment correlation between different
aspects of Indoor sl pollution and tatal
number of indoor clgarette smoking (N = 1,

T4
Correlalion berween
Freshneszr  Suffi- Soodf TA
nesz  Smoke
No. of cigrette

smoking per day =03 04 04 L]

Interestungly, indoor cigarctie smoking
showed a positive relationship with economic
status only in the case of male respondents,
the higher the economic status, the more the
number of cigaretles smoked indoor. This
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relationship 15 otally absent in the case of
females.

The results of the present survey showed
no association between number of cigareties
reporied 1w be consumed indoor and number
of persons reported wo be sick due to air pollu-
tion as well as number of asthma patients in
the houschold. The results are more or less
the same for both genders,

Indoor Alr Quality and Health Problems

Since perceived indoor air quality is
believed to be not so satisfactory in the slum
darcas in comparison o residential areas, as
has actually been found in the present study,
it was cxpected that there would be higher
incidence of health problems in the former
areas as compared 1o the lawer, TAQI in the
present study showed a statstically significant
correlation of (.06 with total number of asthma
patients in the housshold Although the
obtained correlation based on N=1724 iz
significant at the 0.01 level, sull it is very
low. Similarly, the type of locality (slum=1,
non-slum=0) showed quite a low biserial
correlation of -0.057 with number of elderly
asthma paticnis.

The average number of sick persons in the
slum households was found to be 0.10 as
compared to 0.11 in the non-slum areas, the
difference being statistically not significant
even at the 0,10 level. A similar result was
obtained with respect to the total number of
asthma patients in the houschold. Thus, the
cxpectation that there would be more number
of sick persons and/or more number of asthma
patients per household in the case of slum areas
as comparéd 1o non-slum areas is not supported
by the findings of the present survey.

Equally interesting was the result concern-
ing the lack of relationship between indoor
air quality and health variables. No significant
association emerged when the number of sick
persons in the houschaold were cross- whulated
against [AQL In no case, the product-moment
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correlation between these two variables wrned
out to be significantly different from a zero
correlation.

Mo gender difference was found with respect
to the correlations between IAQL and number
of sick persons in the houschold, An exactly
similar finding emerged with respect w the
correlation between number of asthma patients
and IAQL All the obtained correlations were
found 1w be statisucally no way different from
a zero correlation.

Howewver, the results indicated that most
of the people complaining respiratory troubles
due to air pollution generally live in houses
where there is always some trace of soot dug
to bad indoor air. Similarly, out of the 179
residents who reported the presence of one or
more asthma patienis in the household, ahout
68% frequently found smoke, dust particles
or soot inside their house. The data also
revealed a strong association (x* = 15.05 with
2 d.f, prob, =00054) between the number of
asthma patients in the houschold and degree
of rouble experienced by residents due to bad
indoor air. Among the 71 households whers
at least ome elderly asthma patients resided,
58 (about 81%) of them-complained of unclean
and troublesome indoor air quality. Similarly,
out of 104 sample households complaining
some kind of respiratory troubles among the
houschold members dee to air pollution, 79
houscholds (about 76%) reported that the air
ingide their house was frequently stale and
stuffy. Among the 219 sample residents who
reported that either they or their family
members were actually affected by air pollu-
tion, a total of 151 (about 69%) of them
admitted that they experienced at least some
occasional troables in breathing while at home
due to indoor air pollution. The product-
moment correlation between number of elderly
asthma patienis and experience of trouble in
breathing inside the room was found to be
0.0823 which although low is statistically
significant at the .01 level. Those using coal
ovens reported on the average 0.048 elderly
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asthma patients in the household while those
not using it reported on the average only 0,025
elderly asthma patients, the mean difference
being statistically significant at the .05 level
(r=2.146 which for 1722 d.f, is significant a1
the (032 level). A similar result was found
with respect w number of sick persons in the
household.

DISCUSSION

The present investigation based on a sample
survey of Calcotta residents shows clearly a
sirong association between indoor air quality
and the type of fuelsfovens mainly uvsed in
the kitchen. Households mainly using coal
ovens andfor kerosene stoves were reporied
to be experiencing in greater percentages the
inconvenience caused by smoky rooms than
houscholds uwsing gas or electric stoves for
cooking purposes.

Indoor air quality was alzo found in the
present study to vary from one type of residen-
tial area o another, Agexpected, it was reported
to be quite bad in slum areas than in residential
areas. Respondents belonging to some localit-
ies were found to have reponted significantly
higher indoor air quality index than other
suggesting that they experienced in greater
proportion the stuffiness of indoor air, uneasi-
ness in breathing and dirts as also soots inside
the rooms, OF all the 56 localities which were
surveyead, residents of Tarpanghat in Southeast
Behala and Jhil Basu of Dhakuria in the
southern part of proper Calcutta were found
in general to complain more often about the
inconvenience caused by indoor air pollution.
In contrasi, residents of Jadu Colony expressed
in greater proportion their satisfaction abowt
the freshness of air, both inside and outside
the house. In general, residents living in localit-
ies where the majority hailed from well-to-do
families, reported more often about a trouble-
free indoor air. Instead of using coal ovens,
most of these families were using gas ovens
rather than coal ovens. Residents living in



256

slums or in some localities where the majority
of them were from low socio-economic class,
tend 1o report in greater proportion of the
unhealthy state of indoor air quality. In most
cases, they were found to be using coal oven,
wood, dry garbage andfor kerosene stoves for
domestic cooking. For this reason, residenis
of slum arcas tend to complain about stuffiness
of the indoor air, frequent troubles in breathing,
and accumulation of dust, sool and other
particles inside their rooms.

A substantially high percentage (61.6%) of
Calcutta residents were found to be sl using
coal as a domestic fuel. Despite the availability
of liguid gas cylinders, even 53.8% of the
residents belonging to the educated stratum
were using coal for cooking purpose. Unless
the price of cooking coal is nol excessively
increased, Calcutta residents, particularly those
living in slum areas will continue 10 usé coal
ovens, Because of easy availability and fuel
energy efficiency factor, coal is still being used
as a domestic fuel and people have not inter-
nalized the norm of not using coal. The survey
findings indicate that this is true even though
about 74% of them are found 10 be aware of
the fact that smoke from coal bumning can be
dangerous for asthma patients. Very few
households, especially in slum areas can afford
a smokeless or ventilated ‘chullak’ or gas. For
this reason, there 15 a need for ventilation
improvement especially in homes located in
the densely populated areas of Calcutta,

When we consider factors affecting ventila-
tion such as the area of opening, permeability
of walls and roof, the wind velocity and the
direction of the wind ete., we can still imagine
the condition of smoky kitchens in the poorly
built houses of residents who are economically
it 50 well-off, Despite this possible hazardous
condition of the kitchen, there is no significant
difference in terms of the average number of
sick persons or asthma patients in slum areas
where the mean level of indoor air quality is
relatively worse as compared to the non-slum
areas, Motwithstanding this fact, the lack of
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any relationship between IAQI and health
problems suggests that the coal oven is
frequently wsed outside the residential place
especially before it is ready for cooking. This
is supported by the survey findings that about
50 per cent of the residents in slum areas lit
the movabe coal-oven in the open space. Only
about 16% are complelled to wse it inside the
kitchen. Therefore, one can nat expect much
problem of a continued exposure o indoor
air pollution in the case of slum dwellers. For
possibly this reason, no evidence was found
concerning a significant relationship between
number of persons sick in the family (or number
of asthma patients) and the indoor air quality,
as expected.

However, if domestic coal consumption is
going 1o contings in Calcutta proper, then some
effort should be made (o sengilize the residents
with the need for improving ventilation condi-
tion in the kitchen (Ahuja, 1985, p.19). They
should also be sensitized with the possible
hazards of coal burning and use of kerosene
stoves, Although a little more than one-third
of the residents reported that they had just
swilched over from coal 1o briquete burning,
a more or less same percentage expressed their
inability for such a change over, Through mass
media and actul intervention of local youth
clubs, these groups of residents should be
pursuaded to switch over W brigueiic burning
for domestic cooking. Since about 23 per cent
of the sampled Calcutta residents were always
finding soot, dust particles and smoke inside
their houses, thess facts should be brought to
their attention in order W impress upon them
the personal cost of air pollution in Calcutia
proper. Similarly, those complaining about
breathing difficulties due w bad indoor air qual-
ity must be made aware of their personal health
problems ariging from pollution. Television
programmes can neatly document these facts
and thereby the effects of both indoor and
outdoor air pollotion could be demonstrated
to the masses to arouse on their part sufficiant
degree of concemn (Mukherjee, 1993).
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The data of the present study indicated
almost a wial lack of relationship between the
index of indoor air quality and the total number
of cigareies reported © be consumed in the
houze, Mo evidence was also found for the
support of the frequently stated hypothesis of
an association between health status of family
members on the one hand and the quality of
indoor air, on the other, especially when it is
polluted by smoky ovens and cigaretie smoking
inside the room. However the data indicated
& strong association between number of elderly
asthma patients in the houschold and degree
of trouble experienced by the resident due o
bad indpor air. It appears that in many cases,
the smoke around the kitchen and other rooms
cawsed by indoor smoking does not remain
there for long even though the houses in most
localitics in Calcutta proper are not so well
ventilated, especially if they are located in the
ground floor of houwses in the densely populated
areas. Inany case, the finding suggests that indoor
cigarciie smoking may not be preceived as a
cause of indoor air pollution. But smokes coming
[rom coal ovens or kerosene sioves are cortainly
found to be important source of indoor air pollu-
tion, These are also perceived o b unhealthy
by residenis in whose house there 15 at least
one asthma patient.

The perceived magnitude of indoor smoking
was found to be no way related 1o health
problems, especially among young adults,
Although no single compound is responsible
for the sensory elfects of indoor air, the effects
being the resull of complex interactions
between compounds and host related factor
{(Berglund et al., 1984), some studics have
shown a clear association between reported
number of medical symptoms and bad air qual-
ity indoors. In the present study, it was there-
fore, expected that residents experiencing bad
indoor air quality will not only complain about
the immediate health effects of indoor air pollu-
tion such as eye, nose and throat imitations,
headaches but also some symploms and
diseases which are believed o be the resultant

257

of a long series of repeated exposures o bad
indoor air pollution, such as asthma, emphy-
scma, heart discase and cven cancer. Epide-
miological studies suggest a relationship
between air pollution, both indoor and outdoor,
and the incidence of human lung cancer, as
already pointed out in the introductory section,
Thus, although household smoking has been
found to be a substantial contributor 1w RSP
exposure which is hazardous for health, no
such association could be clearly cstablished
on the basis of the results of the present survey,
It appears that the data on health problems
collected in this survey arc not cxtensive
cnough 1w reflect the sickness swtus of
individual members of the household. More
information is required in order 1w idenily
different kinds of health problems which might
arize out of indoor air pollution. As such, the
relationship between indoor air quality and
indoor smoking on the one hand and health
problems of family members, on the other hand,
could not be clearly eswablished. This i3 one
distinct research area which future studics in
indoor air pollution should deal with,
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