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The use of t rad i t iona l  biomass l ike wood, ca t t le  dung cake and bushes 
as a fuel for cooking and house heating purposes is the only source 
of energy especial ly for poor fami l ies  of underdeveloped and developing 
countr ies including India, and wi l l  continue to meet the need for cooking 
energy in the coming decades. Though use of fossil fuels such as coal, 
kerosene and l iquid petroleum gas (LPO) are not uncommon, the supply 
is l imi ted and also rest r ic ted to urban centres only. Hence urban poor 
and most of the rural  population mainly depend on t rad i t iona l  biomass 
for their  source of cooking energy. Most of the cooking using biomass 
is done on ex t remely  simple devices like - three rocks; U-shaped hole 
in a block of clay, mud or bricks; and a pit in the ground. In India 
al l  such devices are named 'chulha'. The energy e f f i c iency  of such 
stoves (chulha) is very poor and emi t  large amounts of air pol lutants 
in the form of smoke. The use of a stove named 'Sigri '  is a very common 
device for the fuels coal and charcoal. Coal is general ly f i red in 
'Sigri '  keeping i t  in an open place l ike a courtyard, corr idor or street  
unt i l  the cessation of visible smoke. Then i t  is shif ted to the ki tchen 
for cooking. Wick or pressure stoves for kerosene or s imi lar  type of 
fuels, and the stoves wi th two gas burners for LPC; fuel are commonly 
used. Few studies have been carr ied out character is ing levels of benzo(a) 
pyrene in par t icu la te  organic mat ters (POM) from such houses (Aggarwal 
et ah f982; Smith et ah 1983; Patel et ah 1984; Dave 1984; Deshpandey 
et ah 1984). Indoor levels of p r io r i t y  polycyc l ic  aromat ic hydrocarbons 
(PAHs) in the houses using wood fuel in Kenya and ISambia have been 
reported by WHO (1987, 1988) but none of  them has character ised 
the levels of PAHs in the indoor air  of  the houses using various type 
of  cooking fuels. The Nat ional  Inst i tute of Occupational Heal th undertook 
a study to generate baseline data on indoor exposure to PAHs in sincjle 
room homes using various types of cooking fuels. The study was in i t ia ted 
in 1987. Results of pre l iminary  findings are discussed in this paper. 

MATERIALS AND METHODS 

At the onset of the programme, s ixty households were randomly selected 
f rom an urban agglomerat ion at Ahmedabad, of which each group of  
10 households were using e i ther  ca t t le  dung, wood, admix of wood 
and ca t t le  dung, coal~ kerosene or LPG as a cooking fuel. Houses using 
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biomass fuels (cat t le  dung, wood and admix of both) were made of 
mudwall  and had an iron roof. The houses using coal, kerosene or LPG 
were pukka (br ick)houses.  None of the houses had separate kitchens 
and cooking was carr ied out wi th in  the house al l  year. Airborne part i -  
culate samples were col lected on glass micro f ib re  f i l t e r  paper (EPM- 
1000, Whatman, 50 mm dia) Which were previously dried in an oven 
at I05~ for three hours, kept in desiccator for 24 hours, numbered, 
and preweighed on a micro balance accurate to 0.1 mg (Sartorius, 
Model MP 1608). Air was drawn at a suction rate of 15 Ipm for the 
ent i re cooking period, which was normal ly 45 to 60 minutes (duration 
of  one si t t ing).  Samples were col lected from the centre of the house 
and at the height of 80 cm (breathing height in squatt ing posture). 
Air  suction was started 10 minutes a f te r  l ight ing the fuel in the dome- 
stic stove (i.e. chulha, kerosene stove or LP(3 stove) or shi f t ing of 
a l ighted 'Sigri '  to the kitchen. The purpose of this t ime lapse was 
to al low build up of pol lutants to the equi l ibr ium level. At the end 
of the sampling period each dust laden f i l t e r  paper was carefu l ly  deta- 
ched, folded and packed in a PVC bag. The sample f i l t e r  papers were 
kept in a desiccator at least for 24 hours before weighing. The d i f fe-  
rence in weight was evaluated for to ta l  suspended par t icu late (TSP) 
levels. The samples were kept in a dark and cool place t i l l  the analysis. 
The samples were ext racted wi th spectroscopy grade benzene in a 
l ight protected soxhlet ex t rac to r  for 8 hours. The ext rac t  was f i l te red 
through (3-4 grade sintered glass funnel. One drop of keeper solution 
(ethylene glycol)  was added to the ex t rac t  and i t  was then concentrated 
to r~ j  0.5 ml at 60~ using vacuum rotary  evaporator. Isolation of 
the PARs f ract ion from the benzene soluble concentrate was accom- 
plished by preparat ive thin layer chromatography (TLC) and the result ing 
sample was analysed using HPLC as described by 3ani et al (1991). 
External  standard technique was used for quant i ta t ion of the samples. 
Reference standard mix ture  NBS-16b,7 (10 ul) was charged on TLC 
plate along wi th the samples and used as an external  standard for 
the samples t reated on the same plate. Individual PARs were obtained 
from Sigma Chemicals, USA; PAH reference standard mix tu re  NBS-1647 
was obtained from Nat ional  Bureau of  Standards, USA. 

RESULTS AND DISCUSSION 

There was no marked d i f ference in room volume of the study houses 
using d i f fe ren t  categories of fuels which ranged from 33 to 37 cu 
m. Fami ly  size was in the range of 4 to 8 persons/ fami ly.  

Mean, median and range for individual PAHs and TSP found in the 
present study are given in Table 1. Mean levis of  TSP in the houses 
using ca t t le  dung (6.95 mg/cu m), wood (5.73 mg/cu m) or mix ture  
of both (6.22 mg/cu m) were much higher than those in houses using 
fossil fuels - coal, kerosene and LPQ which were 1.16, 0.74 and 0.61 
mg/cu m respect ively.  Amongst the houses using biomass fuels, t i le 
levels of to ta l  PAHs were re la t i ve ly  much higher where ca t t le  dung 
was used alone (3.56 }Jg/cu m) or in combinat ion with wood (3.46)Jg/cu 
m), compared to the levels in houses using only wood (2.01)Jg/cu m). 
The levels of  to ta l  PAHs in houses using coal, kerosene and LPQ were 
0.55, 0.25 and 0.13 ,iJg/cu m respect ively.  It would be wor thwhi le  to 
mention that outdoor level of TSP was 0.8/4 _+ 0.15 mg/cu m. Hence 
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TSP levels in the houses using kerosene and LPG could be presumed 
to be mainly a contribution of the outdoor environment. 

The highest mean levels of PAH compounds in different categories 
of houses were for benzo(a)pyrene in the houses using catt le dung (462 
ng/cu m)l dibenz(a,h)anthracene in the houses using admix of cattle 
duno and Wood (477 ng/cu m) and wood alone (5 10 ng/cu m)I and pyrene 
in the houses using coal (120 ng/cu m), kerosene (57 ng/cu m) and LPG 
(21 ng/cu m). Mean levels of benzo(a)pyrene in these houses were 462, 
375, 399, 56, 17 and 13 ng/cu m respectively. Looking to intra-concen- 
f.ration profile of PAHs for each category of houses it could be, in 
general, observed that levels of high molecular weight hydrocarbons 
(MW ~25Z~ compound No. 10-16) were major components in the smoke 
of biomass fuels, whereas levels of low molecular weight hydrocarbons 
(MW ~228, compound No. t-9) were major components in the smoke 
of fossil fuels. On comparing the levels of individual PAHs with those 
observed in houses using LPG as an yard-stick, levels of PAHs in the 
houses using biomass fuels were higher by a factor of 5 to L15; by a 
factor of 2 to 10 in houses using coal, and by a factor of 1 to 7 in 
the houses using kerosene. 

In assessment of human exposure and dose, be t te r  information can 
be gathered from 24 hours personal sampling studies carried out for 
a number of subjects and sampling stations (Meyer and Hartley, 1982). 
Neverthless, it is useful to attempt some rough estimation of total 
exposure and resultant dose in order to compare the relative hazards 
of different activit ies and locations. 

Table 2. Airborne benzo(a)pyrene concentrations and dose estimates. 

Type of fuel/ Concentration 
source (ng/cu m) 

Cattle dung 462 
Admix of cattle 375 
dung and wood 
Wood 399 
Coal 56 
Kerosene 17 
LPG 13 
Outdoor air of 12.7 
study area 
Cigarette smoker 
(Bridbord et al. 1976) 
Proposed USSR 1.0 
ambient standard 

Daily expo- Daily exposure Estimated 
sure to smoke to ambient air daily dose 

(hrs.) (hrs.) (ng) _ 

3 21 1033 
3 21 870 

3 21 914 
3 21 272 
3 21 198 
3 21 191 
continuous 190 

400 ng/pack One pack of cigarette 400 
perday 

continuous 15 

This has been calculated (Table 2) by estimating exposure durations 
and breathing rates for benzo(a)pyrene as an index pollutant with the 
assumption that the reported mean concentrations and exposures were 
representative and uniform throughout the exposure period for each 
group of .subjects. The average cooking time per day was estimated 
to be 3 hours, meaning that the inhabitants were exposed to smoke 
generated from cooking fuels for that duration only, and inhaled air 
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Figure 1. Corre lat ionship between to ta l  suspended par t icu la tes (TSP) 
and total PAHs measured from the houses using various cooking fuels. 

of general ambient  qual i ty  for rest of  the day. The inhalat ion volume 
was assumed to be 1.5 cu m of air  per day. The results of  these esti- 
mates showed that households using t rad i t ional  biomass fuels were 
daily inhaling benzo(a)pyrene equivelent  to smoking 2 to 2.5 packs 
of c igaret tes.  The exposed populat ion is not general ly composed only 
of adults of middle age and in good health. In general, the cooking 
women (whether  young, old, pregnant, il l or in f i rm) and other  fami ly 
members like infants, chi ldren and the ill are exposed to such high 
levels of pol lutants. Indeed re la t ive ly  few workers in rather  obscure 
occupat ions would receive the doses approaching the levels seen in 
this study. 

The corre la t ion of total  PAHs wi th  the TSP levels ( i r respect ive of 
type of fuels) was highly s igni f icant  (r :0.96, Fig. l). This shows that 
the indoor buil t  up of PAHs depend on the amount of smoke generated 
in the use of d i f fe ren t  types of  fuels. Hence, in e f fo r ts  to solve the 
high indoor exposure problem associated wi th  biomass fuel use, the 
greatest  considerat ion needs to be given to adopt new types of  improved 
biomass stoves (chulhas) wi th chimnies and in improving home vent i -  
lat ion. However,  improved stoves wi th  chimnies only help to d iver t  
the smoke .emission from wi th in the house to the general environment.  
Thus, although the indoor levels are reduced~ the problem of  the commu- 
n i ty  env i ronment  and general ambient exposure levels remains unsolved. 
Biomass stoves designed to reduce smoke generat ion alongwith increased 
heat ing e f f i c iency  would ideal ly solve the problem. A l te rnat ive ly ,  
as charcoal produces less amount of smoke (Patel et al. 1984), supply 
of charcoal or charcoal pel lets should be made avai lable at compet i t i ve  
rates, and use of cat t le  dung and wood as a cooking fuel must be phased 
out. This would result in improvement  of combustion character is t ics  
wi th increased e f f i c iency  and f lex ib i l i t y  by way of  upgrading the t rad i -  
t ional biomass fuel into high qual i ty fuel, and reducing the air pol lut ion 
exposures. With the present patterns of fuel use, it is cer ta in that 
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the resultant exposures are not compatible with achieving a higher 
quality of life which is the overall goal of all development efforts. 
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