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Danestic air pollutial in rural :rmia :results mainly fran the l:m:nirg of 
bianass cooking fuels; pollutant levels are determined by a l1lJl1iJer of factors 
that are cultural, tecin'Dlogical, am envira1mental in nature. arlef anagst 
these are stove, fuel, am ventilatial. 'lhis study investigates these am other 
parameters affecti.rq danestic air pollutial in ale mrth :rmian am two south 
:rmian villages with the abject of relating the cultural am envira1mental 
distil'd:iCllS between these ~ to the cb3erved levels of air pollutial 
exposures. 'lhe study also evaluates the effectiveness of inproved ooakstoves in 
reducirg exposures. 

Data were gathered al air pollutial exposures by usirg personal notltorirg 
devices; survey questiamaires were used to collect infonnatial al fuel use 
patterns am prefm:etlCeS, cooking practices, am perceptiCllS of danestic air 
pollutial. 'lhe first provided a quantitative imicatial of the magnituie of 
exposures am the secom gave qualitative infonnatial essential for tnErst.arxting 
the realities of the situatial, that is, the ol:Etacles to charge as well as the 
QRX>rtunities for actial. 

Air pollutial exposures proved to be very high in all lnlseholds regardless 
of the type of stove in use. Inproved ooakstoves did oot 0a1Sistently produce 
statistically significant reductiCllS. Certain characteristics of kitdlen 
oaistructial am locatial proved ~ in ~ exposures bit the 
effect of several other variables such as fuelirg rate remains lDlClear. 'lhis 
urx:mtainty my be resolved if future field sb.dies are designed to CXlllHJSate 
for the high degree of variability in the data. 'lhe present design sOOwed the 
need for large am carefully stratified sanples. 

'lhe study also shat.1ed the ilrpntaooe of custanizirg disseminatial pnxp:ams 
to suit the cultural am resource characteristics of a given area. '!here can be 
oo stamard dissaninatial pi:cgi:am just as there is oo universal stove design. 
~le an uniform di 9'!E'Di natial strategy canoot be reo>11•erlled, progiam design 
slnll.d be guided by the spatial variatiC11S in diet, cooking practices, fuel base, 
am financial ability within the project area. Measures that may in:::rease the 
soooess of disseminatial that have been tested in other developieit am health 
projects irclu.ie irx::reasirg the participatial of iJltenjed users am establ.ishirg 
pathways for feedmck between stove designers, extensial 'WOI'kers, am users. 

~le danestic air pollutial is oot the roost urgent issue in rural :rmia 
today, it is synptanatic of larger 1..JOOerlyirg prci>lems. It brirg; together 
prd>lems of developielt am enviranental. quality in rural areas that canoot be 
aa!ressed in piecaneal. fashial. At the same time, the specificity of causes 
inplies that pi:qa;ed solutiCllS DllSt be sensitive to the particular 
characteristics of place am regial. 
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<Jlaptel:' 1 

I ~ • t • t 

"Plus ca c::haRJE!, plus c'est la me.me chose." 

Today's is a rapidly changin;J wrld: new t:ec.tloologies am new awlicatioos 
crad the city. Towns are only a step behird, am even the villaqe is mt what 
it used to be. In fact, it has been argued that the urbmjrural dicOOtany is no 
lCDJer valid; such distil'ci:ioos seem to fade as circuitous linkages p.t.11 even the 
renDte l:Bckwaters of the wrld into the glc:tal. ecaony (~, 1987). '!his is 
the way the wrld awears to thJse livin;J in urbm centers where evide!De of this 
vast network can be witnessed daily. 

Not all the wrld. is readily swept into this maelstran of pt:'Ogiess. '!here is 
resistaooe in many quarters am oowhere is this :mre ~ than in the rural 
Imian kitchen. Cblerves Agarwal ( 1986) , "it is noteworthy that in the heart of 
Imia's green revolutien, viz PUnjab, while there have been cxn;iderable 
inprovements in the technology harxlled by men, in the fonn of tractors, 
threshers, cxmi:>ines, etc., there has been little :iJrprovement in the ~'s 
kitdlen apparatus, even in the ecxn:ni.cally well-off families." Arn, irneed, ale 

is struck by the aura of timelessness particularly in rural south :rmian ki tdles1s 
where the spatial arrangement of stove am cooking parapienalia, am the design 
of the stove has mt altered in centuries, the cooking utensils have been passed 
en frau ale generatien Of cooks to the next I am the kitdlen iS still the center 
of family life as well as, en oocasien, of social am religioos activities. 
Perhaps the fact that the rural kitchen is often the \<0Dall1 S danain while 
ecaoni.c decisioos are likely to be the prerogative of male :tn.Jseh>ld memtms 
does inhibit innovatioo. 'lhe different rates of progress in educatien between 
males am females may also play a role. Perhaps, too, cooking habits am diet 
are deeply rooted am require extraordinary circumstaooes am irDentive to 
dlan;Je. 

In any case, it remains true that IOOSt people in the lll.10rld today ooak as 
they have cble for centuries, en sinple Did stoves, mt llllCh :mre than shielded 
fires, am l:m:n lDlpiocessed bianass fuels such as 'WOOd, animal dllrg, am crop 
residues. 'Ibis is mt an insignificant statistic t:hcu#l the energy value of the 
fuel involved (in tens of coal equivalent, for exanple) may mt be i.npressive. 
Seventy-five percent of the human popll.atien depetm 00 this fuel am these nmes 
of cooking. In Irxiia, 60 percent of all rural energy use is for cooking 
p.irposes, larger even than the i.npits to the agricultural. sector (CSE, 1982). 
!b3t of the biofuels are gathered rather than 1:xu1ht am the proportien of crop 
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residues am dl.nJ bei.rg used seems to be irx:reasi.rg. '!be "WOOd that is used is in 
the fonn of twigs am brush; logs are seldan bnned. 

'!be alOOl.Dlt of time spent in fuel oollectial am ooaking varies widely f:ram 
place to place. '1hese tesic survival activities, in:::l\Dirg water oollectial, 
occupy a major partial of every day in sane parts of the world (Smith, 1987b). 
SUdl is mt the case yet in Irdia save pet:haps in the H:iJnal.ayan foothills am 
parts of Rajasthan. Nevertheless, ooaks may sperd three to foor 00\lrs daily at 
the stove am me to two 00urs gatheri.rg tuel. 

In the past Sldl cxnlitiCX'lS ceased to exist gradually blt a1Ioost 
autanatically as the ecaonic benefits of i.mustrializatial were realized. am 
fossil fuels were adopted widely. Now it awean; that Sldl a transitial is 
neither assured oor feasible in the sl'x>rt-tenn for the majority of the world's 
rural households. Fossil fUels are no lmger cheap am easily available as they 
were duri.rg the irdustrializatial of what are oow called nore develq>ed 
OOlD'lt.ries. '!here are no imicatiCX'lS that this state of affairs will c::barqe in 
the inmediate future. '!be transitial to cleaner, mre efficient fuels will have 
to be delayed for quite sane time ( Smi. th, 1987a) • 

'!be bJmirg of unprocessed biofuels in sillple, unvented oookstoves causes 
poor air quality in the ooaking area. Many anec:xiotal. accnmts have noted the 
snckiness of rural Irdian kitdlens in the past am related varia.is health 
problens to the smke (Cl'lamra, 1964; Raju, 1953) blt 1.Dltil recently there had 
been no systematic investigatial of the dimensiCX'lS of the problem. '!be need for 
such '(NOrJc is clear CX>l'lSideri.rg that the reliance al biofuels will continue in the 
forseeable future am preliminary field sttdies imicate that household ooaks are 
exposed to high 0011Ce1rtratia1S of varia.is ~llutants. '!be nature of these 
~llutants am their health effects are mt well-known despite the lcng 
experience humans have had with these fuels. Both ~licy makers am the general 
p.lblic have been in:::lined to deeqnasize the associated health hazards because of 
this familiarity blt the air ~llutial literature shows that this oatplacenoe is, 
in fact, unwarranted. Rather I the available epidemiology am health statistics 
imicate that there is rea.salable cause for oonoern. 

Since there has been so little systematic sb.dy, tesic infonnatial regarding 
geogralili.c am seasma1 variatiCX'lS in exposures is lacking. QuestiCX'lS that 
nquire answers in:::ll.De: What is the extent am severity of exposures? Are they 
restricted to certain poptlatiCX'lS, places, or seasCX'lS? What ameliorative actial 
can be or has been taken? Ibl effective have these measures been? 

'lhis dissertatial aMresses these issues in the rural Irdian OOl'ltext. '!be 
cxnlitiCX'lS in me north :rmian am two south Irdian villages are used as 
illustratiCX'lS.' Field sites were chosen in north am south :rmia with the aim of 
exploiti.rg the cultural contrast in order to highlight the differences in the 
pattern of danestic air ~llutial. Broadly, this dissertatial seeks to relate 
the cultural am envirannent:al. characteristics to the cb:lerved pattern of 
danestic air ~llutial. !t>re specifically, this dissertatial examines the 
effectiveness of me solutial to danestic air ~llutial, the i.nproved ooakstove. 
Measurements of the cook's exposure to am kitchen ocn:art:ratiCX'lS of two 
imicator ~llutants were taken in households usi.rg different stoves am fuels in 
a variety of kitchen arrargements. Usi.rg these data, infonnatial al fuel 
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utilizatiat, am the ooakirg-related characteristics of each place, the 
dissertatioo tries to identify cultural, enviramental., architectural, am policy 
factors that influeooe the ptttem of danestic air pollutiat am to arrive at an 
estimate of their relative influeooe. '!he major factors investigated are stove 
type I fuel type I kitd'len lcx::atiat am oonstructi.at materials I am ooakirg pl:'OCeSS 
am practices; the eq:hasis is at stove type. 

Inproved ooakstoves awear to be the logical sbxt-term solutiat to danestic 
air pollutiat am may have sane beneficial effects by irx::reasirg fuel eff icien::y. 
Inproved ooakstove pr:ogzams are beirg inplenented widely by cpveznments am 
l'D'l-'qove:iiiBrtal. organizatiats in sooth Asia am in other devel.q>irg reqiats. In 
light of these cira.nnst:an:'8S, the inp>rt:aooe of the foll~ questiats beoo111es 
evident: lbtl effective (lilnited here to effectiveness in :reducirg danestic air 
pollutiat) are these iqJroved ooakstoves in the field? illat determines their 
effectiveness? lbtl may their perfarmaooe be inproved? '1hese questiats farm the 
focus of the dissertatioo; two iqJroved ooakstove pr:ogzams with different 
d:>jectives am disseminatiat strategies are cxqm-ed to help in fird:iDJ sane 
arm. 'lhese pr:og:cams, their stru:::ture, stiesigths, am weaknesses are 
dj SCl'&Ssed in Olapter 5. 

T1V'"OY'¥' COOkstoyes in Irxlia 

COokstoves cane in varioos shapes, sizes, am materials. In !Mia, the 
major differeooes between traditiatal am iqJroved stoves are that the latter 
usually have enclosed caiblstiat dlaniJers, daq>ers are sanetimes iool\ded to 
allow the user greater ca1trol over the rate of 1:::mnin;J, am flues are often 
provided to re!IDVe sndce fran the inmediate vicinity of the cook. In ad:li.tiat, 
provisiat for nultiple ooakirg pats is made in sane inproved ooakstove designs 
am mffles my be installErl to inprove the efficiency of heat transfer. Finally, 
traditiatal stoves are alloost invariably lJlld oonstructi.ats ~ inproved 
ooakstoves are frequently metal or ceramic. '!he iqJroved ooakstoves in the sb.dy 
areas were, :t:la.Never, both lJlld stoves. Inproved ooakstoves, then, are generally 
designed to achieve higher efficiency am in sane cases also to reduce air 
pollutiat in the ooakirg area. 

It is, 1.D'lforbmately, entirely possible to increase efficierx:y am 
si.nul.taneously increase emissiats or, oawersely, reduce emissiats am decrease 
efficiency as well. '!his is because of the way in whidl the two mrpcuents of 
overall therllB1 efficierx:y, caiblstiat efficierx:y am heat transfer efficiency, 
interact. JtJst iqJroved ooakstove designs enclose the caiblstiat d'lamer so as 
to increase heat transfer efficiency. '!his has the ocn::urrent effect of :reducirg 
air flow am hence OCllb.Jstiat efficiercy because of JXX>rer turtulenoe am a lower 
air:fuel ratio. '1.herefore, the net result can be elevated overall thennal 
efficiency as well as emissiats (Ahuja et al., 1987; Smith , 1987b). 

'!his is a difficult tradeoff to deal with am ate that many inproved 
ooakstove pcog:cams have foum troublesane in the past. To briefly review 
iqJroved ooakstove history in !Mia, Smith (1987a) identifies three main periods 
which reflect evolving fcx::i am tec:tmology. '!he early period whidl is termed the 
Classic Period was characterizErl by a cxn:ern for better h}'giene in rural 
kitchens am the stoves developed durirg this period were "SJOOk.eless" in the 
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sense that the Sl'IDke was ~ fran the ooaki.rg area by means of a flue. 'lhe 
designers enployed .i.ntuitim rather than peroeptive en;Ji.neerirg suwart:ed by 
reliable data in their work (Prasad, 1983) am the disseminatim ptogzams were 
often organized by l'D'HpJeI'l1llB organizatims ocn:mned with waoen's welfare 
or rural develqneut. 'lhe 1970S, the oil enbJrgo, the ensui.rg erergy crisis, as 
well as the irx::reasirg CDD!l."11 reganli.rg deforestatim ~ an awareness of 
the need for erergy cxn;ervatim. 'lhis secxni period, called the Energy Period, 
saw the develqneut of stoves that had ircreased fuel efficieooy. 'lhese designs 
'W19t'e I in germ al I soo00er tedmically am urder:went laboratory t.estilq • M:Jst Of 
the F.nergy Period stoves did mt eqilasize smke reductim. 'lhe present 
generatim of the stoves, developed in the :Eb>enix Period, are based m an 
amlgamatim of oaicems. Besides .i.nproved efficieooy, these stoves are designed 
to achieve me or mre of the followir¥j: health inprovanent, time savin.J;, 
OCl1Vellienoe, or inprovanent in the quality of life. 'lhe najor targible goals are 
ira'eased fuel etficieooy am redooed exposures. 

'!here are a1nrJst as many .i.nproved oookstove programs as there are .i.nproved 
ooakstoves. 'Ibey differ in oojectives, ~, organizatim, am basic 
pulosqny. 'Ibey vary in magnitme fran the natimal. am state .i.nproved 
ooakstove programs (which intern to install an .i.nproved oookstove in every rural 
housetx>ld) to small pilot ptogzams run by research institutims to test am 
inprove the viability of their stove designs in the field. sanewhere alaq this 
oootinwm lies the third major groop involved in i.nproved ooakstove 
disseminatim, the rai-govemmenta1 or voluntary organizatims which frequently 
~11.de .i.nproved oookstove disseminatim anaq their other activities. 

It is estimated that by Man:h 1987 three millim .i.nproved ooakstoves had 
been blilt urrler the Natimal. Piogz:am m Inproved Coakstoves in Irdia (Garg, 
1987). '1here are inrn.nnerable sneller progzans. 'DxuJh CD!p!fdia of .i.nproved 
oookstove designs are available (TERI, 1981; de I.speliere et al., 1981), a 
similar oatpilatim of disseminatim programs has mt been ma.de so no aoourate 
figure can be given of the mmi:Jer of progzams operatm) at present. In terms of 
the mmi:Jer of stoves installed, the Natimal Program m Inproved Coakstoves is 
certainly the lazgest am roost active program. sane l'Ol-<plerumeutal. 
organizatims have installed large lllllliJeis of stoves aver a considerable period 
of time. A ~ exanple of me such organizatim is the Gamhiniketan Ashram in 
Madurai, Tamil Nadu. Beb.1een 1974 am 1984 it produced am sold 12,000 stoves 
(stewart am Yang, 1984). 

Alt.hol¥]h .i.nproved ooakstoves have been frequently pra1Dted in the past m 
the sUength of their SllDkelessness, the actual reductim in <bnestic air 
pollutim as a result of their intrcxiuctim had mt, until recently, been 
documented. 'lhe focus of dissadnatim p:ogr:ams am of air pollutim research, 
in general, has been elsewhere. Infonnatim regardirq air pollutim in rural 
areas of developirg OOlD'ltries is alDrJst nm-existent am data m imoor or 
danestic air pollutim are scarcer still. 'lhis is partly a fu!rtim of the focus 
of air pollutim research which has been alDrJst exclusively urban, imustrial, 
am ootdoor. 'Ibis, in turn, is related to the limitatims of the instrumentatim 
available until about 10 years ~-
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Patterns of air pollution 

Air pollution has traditionally been studied, l:7j geograpiers am others, in 
centers of m:hm am irdustrial growth where it has been seen as a ~ 
conoanitant with econanic developnent. '1he focus of these studies has been air 
pollution in occupational am p.lblic (outdoor) settings. Cl'lly lately has 
attention turned to danestic am iOOoor settings. Acoatpanying this d'laB]e has 
been the realization that air pollution is also an inp>rtant prct>lem in rural 
areas of developing 00tmtries where biofuels rather than fossil fuels are the 
primary energy source for J1DSt processes am activities (Smith et al. I 1983) o 

}t)st of the air pollution sanpling done to date has been in m:hm irdustrial 
outdoor settings where concentrations of critical pollutants have been measured 
on the top; of p.lblic tuildings am on street corners. '1he usefulness of these 
measurements for estimating health inpacts has been increasingly questiCXled. Air 
pollution can be measured at various points: the emissions (llllit of pollutant 
produced per mti.t TNeight of fuel bJrned) can be natl tored at the source, or the 
concentration (llllit of pollutant present per mti.t voltDDe of air) in a specific 
envirooment, or the exposure (concentration over time) to an imi vidual in a 
p:uticular envirornnent, or the dose (llllit of pollutant inhaled or absorbed l:7j the 
body). Figure 1 illustrates the relationship; am distinctions between these 
points. If the object of the enquiry is to relate air quality to health effects, 
as is usually the case, then the point of measurement nust be dlOSen with that in 
mind. Measuring ambient air quality does not give an acx::urate estimation of 
exposure or dose since IOOSt people sperrl nDSt of their time irrloors (Szalai, 
1972; Michelson, 1979). 

In rural areas of developing COlllltries a larger portion of time is maybe 
spent outdoors rut, as shall becane evident, certain irrloor envirornnents in these 
villages can be so sm.:>ky that they daninate the exposures of irrli viduals who nust 
"WOrk in these environments, olEcuring the influence of ambient levels.1 Clearly, 
in 1:x>th IlDre developed am in developing OOtmtries, a better measure of exposure 
than that provided l:7j the measurenent of ambient air quality alone was needed. 
Pollutant concentrations vary spatially am temporally am people's activity 
patterns affect the exposures received. Total exposure assessment, at least in 
conceptual form, is oooprehensive in nature am takes these variations into 
consideration (ott, 1985; USNAS, 1985). '1he basic premise is that exposure of a 
pop.llation cannot be extrapolated from a single micro-envirornnent or from ambient 
measurements alone (Budiansky 1980). Following this shift in focus, nany studies 
\Vere done in whidl irxloor air quality was nDnitored. A classic example is the 
survey l:7j Repace am I.Dllrey (1980) whidl measured pollution levels in a variety 
of irxloor environments ranging from offices to restaurants am homes. 'Ibey fourrl 
that pollutant levels -were high, especially when sm.:>kers -were present am 
concluded that previous studies that had calculated exposures based on ambient 
readings had prob:sbly reported underestimations. SUb;equently, IlDre detailed time 
l:udget studies am further IlDilitoring of irrloor air quality has led to a 
redefinition Of OOth 11exposure11 am "environment. II 

'lhis progression of thought is best represented in medical geograpiy l:7j the 
"WOrk of Annstrong (1973, 1976) who has studied the "specific envirornnent" within 
whidl exposures oocur. By this method, an irrlirect estimate of the pop.tlation 's 
risk is derived l:7j determining its exposure to a specific envirornnent rather than 
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EMISSIONS~CONCENTRATION~EXPOSURE~~~~~~~--.DOSE~~~~~~~HEALTI-1 EFFECTS 

• 
0 0 

• • 0 

• 
0 

0 • • 0 • 
0 • 0 

0 • 

Figure lo The points at which air pollution can be described, measured, and controlled 
(Adapted from Smith, 1987b) 
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by measurirg its exposure to a hazard within or related to that envir:ament. Itis 
a place-centered irxlex of enviroomental quality, parallelirg the imirect 
estimation of persalEll exposure in total exposure assessment though the latter 
usually incl00es area natltorirg as well as the keepirg of activity logs. Each 
awroacti has its uses am special qualities. '1he advantage of the 
specific-enviraunent awroad1 is that it is inexpensive relative to direct 
personal narltorirg in the breathing zone am is useful in situations where the 
relationship between exposure am risk is well-established, tut the pop.tlatial at 
risk remains unidentified. '1he ma.in disadvantage is that it does not give a 
direct measure of exposure. It is, 1:'x7Never, sensitive to the inter-relationship; 
between pop.tlatial, behavior, am habitat. If the "specific envirooment" of the 
kitchen or ooakirg area were adequately c::haracterized, for exanple, then it is 
oonoeivable that extensive field measurements of exposure ~d not be necessary, 
si:nply an acoamting of the aJIDlD'lt of time spent by im.ividuals in that specific 
envirooment. 

Related to this, the need for time-hDJet sb.rlies especially in develq>irg 
OCU'ltries has becxn! clear. Little is 1mJwJl of :OOW rural wanen in develq>irg 
OCU'ltries sperrl their time, where it is spent, or in '1.hat activities. As the few 
sb.rlies dale so far sl'X7tl, the results can be surprisirg. Table 1 sumarizes the 
firrl:iR16 of time-hDJet sb.rlies in several parts of :rmia. A major portial of 
every day is spent in oollecti.rg fuel am water am ooakirg food, rargirq fran 
1.5 to 6 boors/day with an average of 3.8 boors/day. 'lhese figures are relevant 
for planning developnent ptUJians which often make assunptions regardirq 
alternative uses of time, am, in the c:art:ext of this dissertatial, for 
detenn:ininJ the exposures of a large sectial of the rural pop.ll.atial to the 
varioos pollutants produced durirg the oatb.Jstial of biofuels. 

'!here have not been many field sb.rlies of imoor air quality in rural areas 
of develq>in:J cnmtries. '1he earliest field sb.rlies were dale in Kenya am Pap.la 
New Guinea am measured ocuceutrations of total susperrled particulates (TSP) am 
polycyclic organic matter (:R>f) (TSP ooly in the case of Pap.la New Guinea) within 
huts where q>en wood am oowdurg fires were kept bJmin;J for Dlldl of the day am 
night for space heatin:J am ooakirg (a>ffmarm am Wymer, 1972; Clifford, 1972; 
Cleary am Blac:kbJrn, 1968; Amersat, 1975). '1he cxn::eutrations fam were 
extra:nely high, al the order of 1.5-7 .8 ng/mJ in Kenya am 5-10 ng/m3 in Pap.la 
New Guinea. Table 2 gives glcDll. am :rmian stamards which are used for 
catp:'risaa in the ab:;eoce of oawenient alternative points of refererx::le. Sane 
years later, the Natiaial. Institute of cn:upatiaial. Health made measurements of 
TSP, sulfur dioxide (&>2), am nitrogen dioxide (?«>2) oax::entrations in kitdlens 
where biofuels were bein:J l::mned in traditiaial. stoves. 'Ibey fam that TSP 
levels were nuch higher than the &>2 am :002 levels (INICll, 1980) (Table 3). More 
recently, MerD1 (1988) has sb.rlied the diffusial of pollutants within village 
h:lnes. 

'1he first field sblly of exposure was oadJct.ed in 1981 in the western 
:rmian state of Gujarat. 'lhis pilot sb.dy measured the exposure of ooaks to TSP 
am the oa1ce11tratial of carba111D10Xide (CD) in the ooakirg area. In acHitial, 
the TSP filters were analyzed for BaP (Smith et al., 1983). '1he fimi.rg:; 
oalfinned previoos hypothetical calculations that village ooaks are, iR:ieed, 
exposed to high pollutant levels al a regular tesis (Smith et al., 1981). '!here 
was oo statistically significant differerx::le between TSP exposures or CD 
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Table 1. SUlllDary of Time Blrl:Jet studies fran Varioos Parts of Rural Imia 

Time spent (boors/day) 

Cooking F\lel.~ Fet.dli.rg 
Place oollectiai water Ref erenoe 

uttar Pradesh Agrawal, 1981 
Patharhat 1.5 1.2 
Hariharpir 4.3 1.2 
Hazip.Jr 5.1 1.0 
Pimari 6.4 3.8 
Naraic:h 3.3 3.9 

Gujarat (4 villages) 2.9 Smith et al. I 
1983 

Kamataka AS'IRA, 1982 
Arjunahalli 4.2 0.4 1.2 
Hanchipira 3.8 0.8 1.4 
Keelara 3.6 0.5 1.2 
Pura 3.0 0.9 1.3 
~li 3.2 0.6 1.3 
UBJra 4.3 0.5 1.0 

Note: AlEerlce of figures deootes that data were rot gatherOO. Keelara (in l:x>ld 
letters) was aie of the field sites for the present sttdy. 

Table 2. Imian am Global Air ~ity stamards 

U.S. 

Area A Area B Area C PUblic Ocaipatiooal. 

TSP (ng/m3) 
0.25(0.18)b Daily mean 0.1-0.15 

Eight-hour mean 0.5 0.2 0.1 5.0 

CD (ng/m3) 
Eight-hour mean 5 2 1 10 10 50 
Qle-hour mean 40 40 

a Area A = i.mustrial am mixed use; Area B = residential am rural; Area c = 
sensitive areas such as toorist resorts, natiooal. parks, animal saootuaries, hill 
statiais, am natiooal. m:nnnents. 
b Proposed u. s. inhalable particulate stamards. 
Based al Smith, 1987b. 
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Table 3. Air ()Jality Measurements in Kitchens Nlel'e Varioos Biofuels are 
in Use 

Coakin;J fuel TSP (ng/JD3) 9:>2 (ng/JD3) BaP/l'SP (ng/g) 

COii duRJ 16 0.24 0.56 
(9.6-20) (0.29-1.1) (0.21-0.74) 

WOOd 7.2 0.17 0.19 
(4.7-11) (0.02-0.79) (0.15-0.22) 

WOOd am COii duRJ 21 0.27 0.53 
(10-58) (0.03-1.3) (0.07-1. 7) 

soorce: INIClf, 1980; ~ et al., 1982. 

CD)CenlJ:atioos between traditimal stoves am inpuved ooakstoves (smith, 1987b) 
(Table 4). People cooked inkx>rs .irwariably b.tt ventilatioo cxnlitioos did vary 
over the year sime, durin;J the Da1S0a1 seasoo, skylights am openirgs in the 
walls am roof of the kitdlen were blocked. smith et al. (1983) feud extremely 
high TSP exposures (peak of 56 ng/JD3) umer these cxnlitioos. 'lhe seascnal 
variatioos in exposure, then, can be quite sul:Btantial. 

Reid et al. (1986) worked in two mi<tile-hill villages am ooe 
higher-elevatioo village in Nepal where iDprOWd. ooakstoves have been ilatrod1Drl. 
'Ibey feud statistically significant redlx:tioos in both TSP exposures am CD 
ml0el1tratioos in haJsel'x>lds where the new ooakstoves were in use. In these 
areas of Nepal, two types of traditimal stove are in use: the agena (open 
fires) am the dmla ( eoolosed fireplace) • Reid et al. feud that the inproved 
ooakstoves :redlxm TSP exposures by a factor of 3.5 ~ ocmplZ'ed to agenas am 
by a factor of 2. 3 cxmplr0d to dmlas. carboo DODd.de cxu::eutratiais were even 
DDre drastically :redlorl (factors of 3.6-5.6). Table 5 sunmari7.eS the results of 
this stlKiy. 

Table 4. catpsrisoo of SnDke Exposures to Cooks Usin;J Traditialal am 
Inproved COokstoves in 'IW Gujarati Villages a 

Traditimal Dlp'oVed 
ifJ Pollutant n mean n mean 

TSP (ng/m3) 21 6.4 14 4.6 n.s. 
BaP (BJ/m3) 21 3700 14 2400 n.s. 
BaP /l'SP (l.g/m3) 13 830 8 570 n.s. 

a Data taken in dry winter season by smith et al., 1983. 
b '!W-tailed T-test msed oo calculaticns usin;J sanple statistics. n. s. = oot 
significant, i.e., p<0.05. 
soorce: Smith, 1987b. 
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Table 5. TSP Exposures am oo eoooentratioos in Two Nepali Villages 
rm-in:J COOkir¥J with Traditiooal. am Inproved COOkstoves 

N 
TSP exposure (ngjm3) 
coefficient of variatial 

N 
00 oalCetrtratial (ng/m3) 
coefficient of variatial 

Source: Reid et al. ' 1986. 

Traditiooal 

22 
3.1 
84% 

27 
410 

70% 

27 
1.1 
61% 

26 
92 

170% 

p 

<0.05% 

<0.01% 

JoseJ;il et al. (1985) also worked in Nepal tut in sinulated oooking 
cxnlitioos. 'lbeir area :natltorin:J of oo durin:J oooking usin:J improved am 
traditiooal. ooakstoves showed 00 levels to be lowest in Innes with well-installed 
am maintained inproved ooakstoves with flues ( 100 gm) , as ~ with all 
improved ooakstoves c 400 i:pn) am traditiooal. stoves c 600 gm) • 

Boleij et al. (1987) measured ocracentratioos of :respirable particulates am 
nitrogen dioxide in 36 households in Kenya where oooking was done al open fires 
usin:J firewood as fuel. 'Ibey foum a mean particulate oaxaltratial of 1.4 ngjm3 
am ?«:>2 levels of 90 RD· Analysis of variaJDe showed no oorrelatial between 
pollutant oalCetrt:ratioos am lnlsin:J dlaracteristics. '!be txmx}elaeity of the 
stmy area nay have contrib.rt:ed to the awarent lack of oorrelatial. 

Finally, Smith am Durgaprasad (1987) collected TSP exposure am oo 
ooocetrt:ratial data in Innes with am witlnlt improved ooakstoves in Gujarati 
villages (Table 6) • '!be TSP exposure data slx:IW' that there are no <i:JVioos 
reductioos in mean exposures experierad by cooks usin:J improved ooakstoves 
ocqJared to their neighbors usin:J traditiooal stoves. In fact, t.ln4l oot 

Table 6. TSP Exposures am 00 CcxlCetJ.tratioos in Gujarati Villages Durin:J 
COOkir¥J with Traditiooal. am Inproved Coakstoves 

Traditiooal. Inproved Tl'-

N 21 23 
TSP exposure (ng/m3) 3.6 3.9 n.s. 

N 27 30 
00 ooocetrtratial (ng/JD3) 140 50 <0.05% 

a 'IW-tailed T-test l:ssed al calculatioos usin:J sanple statistics. n. s. = oot 
significant, i.e., p<0.05. 
Source: Smith am Durgaprasad, 1987. 
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statistically significant, the means show a reverse trerrl. 'lhe near-stove CX> 
caicetitrations, llc7Never, do show a significant inprovement (p<0.05%). Mean 
concentrations decreasei by a factor of 3. 2 ( 34 ng/m3 cxmpared to 110 ng/m3) • As 
well, the variability of mean concentrations was sutstantially reduced. Smith 
am J:mga.prasad ( 1987) also used passive natl tors to measure formaldehyde (HOD) 
am nitrogen dioxide (002) concentrations. '!here were too few natl tors to make 
unequivocal statements b.rt both kitchen am bedroan HOD means were lCMar in 
haoes with improved coakstoves, a trerrl shown only by kitchen 002 values. '!here 
seemed to be no clear difference bebJeen kitchen am bedroan values within each 
house type. A c:aiparison with WOO guidelines SUCRSSts that these two p:>llutants 
by themselves are pratably not as significant as TSP as causes of ill health. 

Eviderx;e on the Health Effects of ~ to Biof uel Snpke 

'!he inplications of these field data for health, enviroomental. quality, am 
future action are many. 'lhe health inplications are difficult to estimate 
because IOOSt epidemiological research has focused on the health effects in urlJan 
poµllations of exposure to air p:>llution resulting fran fossil fuel COllb.Jstion. 
'!hough many of the p:>llutants produced during fossil fuel am biofuel COllb.Jstion 
are the same there are sane inp>rtant differences. In particular, 002 is not a 
significant COITlpOJ'lellt of biofuel SllDke, whereas it is of fossil fuel SRDke. !bst 
of the health effects literature treats TSP in tamem with 002; it is difficult 
to extract fran this information the pratable effect of exposure to TSP alone. In 
aalition, the nature of the exposures stuli.ed has been different fran those 
experienced in the developing-country situations of interest here. In general, 
chronic exposures to low p:>llutant concentrations or acute exposures to high 
p:>llutant ooncentrations such as might oocur during air p:>llution episodes have 
been investigated. In contrast, the exposures occurring in rural kitdlens are 
chronic exposures to the COllblstion byproducts of biofuels rather than fossil 
fuels I am resenDling occupational rather than µJbliC exposures o '!here is little 
direct evidence on the health effects of these sorts of exposures. 'lhe 
literature is largely anecdotal am speculative. 'lhe few stuli.es done so far 
have focused on characterizing the exposure rather than on investigating its 
effects. Further, researchers have not attempted to measure am oorrelate both 
exposure am health effect. Qtly two stuli.es have a~ched such integration 
am used time spent in the kitchen as a surrogate measure of exposure. 'lhe first 
study oorrelated exposure with the prevalence of chronic bronchitis (Pardey, 
1985) am the second with the incidence of acute respiratocy infections (ARI) 
(Farney et al., 1985b). '!here is nuch irrlirect evidence am lessons can be drawn 
fran the literature on fossil fuel COllblstion byproducts am td:Booo SRDke. 
(Biofuel SllDke am tobacco SllDke share many similarities in ca1iposition). '!he 
vastness of this literature am the nuntlE!r of caveats that awly to any 
extrapolations make the use of irrlirect evidence onerous. As well, this irrlirect 
evidence has been reviewed am assessed recently (Smith, 1987b; Smith am 
Ramakrishna, in press> am so shall not be repeated here. Instead, the direct 
evidence will be presented in stmlllaIY, organized by geograptlc area. 

Irxli.a: Padmavati am Arora (1976) stuli.ed the incidence of chronic oor 
p.tl.nDnale (heart disease secoroary to lung disease) in hospital patients in Delhi 
over a period of 15 years. '!hey fourrl the incidence to be similar anDl¥1 men am 
'WOlD9Il inspite of the fact that 75 percent of the male patients SllDked while only 
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10 percent of the female patients did. Normally, the incidence of chronic cor 
p.il.nDnale follows the pattern of SltDking. In discussing this aronaly, Padmavati 
am Arora (1976) otserve: 

'lhe wanen are ••• exposed to SIIDky primitive fireplaces from childhood ••• 

Inccq>lete oxygenation of animal dung cakes leads to production of 
carbon IOOllOXide I carbon dioxide I nitrogen dioxide am sulfur dioxide I 
sane of which are respiratory irritants. ~ am coal used in these 
fireplaces are just as SIIDky. Exposure to such fune; eventually leads 
to ltnJ damage am frequent respiratory infections, JOOStl.y 1.mtreated 
because of :poverty am lack of medical aid. Right ventricular 
hypertroply am heart failure result. Exposure to such fun&; in girls 
arrl wanen must be considerably greater than in men. 

Fran this sb.lly it appears that in Delhi danestic air pollution is 
probably the cause of the higher prevalence of cor :r;:ulnalale in women 
than in men am the early exposure of the younger age of onset. 

other ol:Eervers have made similar carments aOOut the incidence of 
chronicbronchitis in rural areas am have attrib.Ited the unexpectedly high rates 
am::mg women to exposure to SIIDke from aookstoves or heating fires (Wig et al. , 
1964; Vishwanathan, 1964). 

Nepal: Nepal lems itself to the study of the health effects of exposure to 
biofuel SIIDke oot only because these fuels are widely used rut also because the 
variation in altitude am hence climate produces a range of exposures. At the 
higher elevatiais, fires for space hea.trnJ h.trn for many hours in aci:tition to the 
cooking fires; the houses are also nDre tightly b.lilt to conserve heat. In the 
Terai am le7Ner elevations, there is no need for heating am houses are better 
ventilated. Natural controls for exposure are thus easily available. A series of 
studies that take advantage of these variations are bein,J comucted. 

A survey of boo villages outside Kathmarrlu revealed a prevalence rate of 
18.3 percent for chronic bronchitis am rates of 3.1 percent am 1.5 percent for 
enpiysema am COr µ.ilnDnale (Parxiey I 1984a) • Rates were higher aJIDng SJ'IDkers am 
ex-SIIDkers than non-SllDkers am rates were similar am::mg men am wanen even 
though fewer of the latter were SllDkers (Pardey, 1984b). 'lb test the hypothesis 
that the carparable prevalence am::mg women was due to exposure to cookstove 
snuke, data were collected on the 111.lltiler of hours per day spent near the stove. A 
statistically significant relationship was fourxl between prevalence of chronic 
bronchitis am hours spent near the stove (Parrley, 1984b). 

In addition, Pamey et al. (1985b) measured ltnJ function in SltDking am 
non-snoking wanen of ages 30-44 years in various exposure categories am f O\.Dld a 
significant positive correlation between deterioration of ltnJ function am 
danestic SllDke exposure. '!he declining treOOs in ltnj function were significant 
anong SllDking wanen rut oot anong non-sllDking wanen which ~ a possible 
synergistic effect. 

Finally, a sb.lly of the incidence of ARI anong 1000 infants am children of 
0-5 years is being carried ait in a rural area of the Hill Region of Nepal. cnce 
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again, irx::idenoe is beirq related to OOl.1rs spent near the stove am preliminary 
data sOOw' a statistically significant associatioo between DWJderate am severe 
cases of ARI in 0-2 year olds am this measure of exposure (Parxiey et al. , 1985a; 
Parxiey I 1985} • 

snutJleast Asia; Anag many of the southern Chinese li virq in Soot.beast 
Asian coontries such as Malaysia as well as Taiwan, atlna, am ltnJ Keo}, there 
has been ooted a high irx::idenoe of ~ carrer (~} (Annstrag, 1978; 
Smith, 1987b}. Many of these sb.dies have ~ am later disocurt:ed 
mwented coakstoves as a risk factor for ~. '1he CXl1SerlSUS awears to be that 
exposure to ~ Sl1Dke is a sumidiary factor at roost in the aetiology of 
~. Recent evidenoe imicates that salted fish in the diet may be related to 
excess ~ (Yu et al. , 1985}. '1hese f~ are relevant in CX11Siderirq the 
stlKiy of~ irx::idenoe in Kenya wdl is described briefly in the followirg 
pages. 

PeQpl.e's Reg.Jblic of China; Extremely high lUBJ carrer rates were foorn in 
the mid-1970S in XUan Wei oamty, even aDDn3' "WaDet1 tl1ou:Jh less than cne percent 
of them SllDked. Since these high rates could oot be aocounted for by cigarette 
sndtiRJ or oocupatialal exposures, He et al. (1986} oancl\Xied that danestic use 
of SllDky coal was the prcbible cause. Mlmford et al. (1987} later reported a 
statistically significant asscx::iatioo between lUBJ carrer rates am SllDky coal 
use in XUan Wei. 

Pawa New Guinea; Since the 1960S when a high prevalence of dlratlc 
bronchitis was documented in the highlams of Pap.ia New Guinea (H«;} (Woolocx:k 
am Blacktm:n, 1967; Cleary am Blackbn:n, 1968} I several sb.dies have been 
urxiertaken to investigate the aetiology of the disease am have examined exposure 
to danestic wocxi SllDke as a possible risk factor. unfortunately, 20 years later, 
there are oo definitive oanclusiC11S. 

Woolocx:k et al. ( 1970} reported that chronic lUBJ disease is cu111Ull in the 
a«; highlams tut that it was sanewhat different in nature fran that foorn in 
Ellrope. Prevalence was equal aDDn3' men am wanen SlqJe5ting a cu111Lt1 c:hratlc 
irritant such as wocxi Sl1Dke. '1he nature of the disease was different as well. 
Specifically, l'IDre fibrosis was fooni in m:;, a ocnlitioo that Woolocx:k et al. 
linked to 'WOOdsnDke exposure. 

Master (1974} examined 94 people of different ages for dlratlc lUBJ disease 
am fooni a high prevalence of p.llllDnary aln>nnal.ities in both sexes am at all 
ages. He oancl\Xied that a Illlltiplicity of factors were prcbibly respoosible for 
the high rates tut that "air pollutants fran SllDky fires in poorly ventilated 
huts rerain the major am roost preventable factor" (Master I 1974} • 

COoke am Toogood (1975} report oo a path>logical stlKiy of 47 l1.JR3S d:Jtained 
at post nmtem. 'Ibey fooni several cases where the patient had had chronic lUBJ 
disease tut there were oo carbon deposits in the lUBJ; oo the other ham, they 
fooni enpiysema cases with significant carbon deposits. 'Ibey detected oo 
difference in carbon deposits between highlam am lowlam patients am the 
degree of carbon pigmentatioo of the l1.JR3S did oot awear to be significantly 
mre than that foorn in autop:;ies in I..aDJn. COoke am Toogood ( 1975} decided 
that repeated respiratory infectiC11S were a major factor in the aetiology of 
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chrmic lURJ disease in RI; am that exposure to danestic 'WOOd SllDke was of 
secxmary i.np>rtaooe. 

Arnersal (1978) canpared respiratory atnonnalities am ventilatory 
capacities aI'IDl'¥J coastal am highlam school children who had different exposures 
to danestic 'WOOd SllDke. He foum no significant differerx::es up to the age of 
ten. later, Amerson (1979a) sb.rlied a pop.il.ation of al.IOOst 1300 in the a«; 
highlams am reported that lURJ function decreased frau middle age moong both 
males am females. He also foum that these decreases am chronic respiratory 
symptoos were not associated with tabacx:x> sndtlng. He writes: 

'lhe question of 'WOOd SllDke pollution may be clarified in the future l:7j 
epidemiological sb.rlies of taNnspeople livirg in pollution-free houses. 
At present, hor.Never, it a:wears reasonable to conclude that since the 
principal chronic lURJ disease is known in other contexts to be caused 
l:7j a variety of inhaled sumtances, am since there is good evidence on 
which to exclude tabacx::o sndtlng, 'WOOd SJ'IDke pollution nust remain a 
major aetiological possibility. 

Research on these issues continues. A recent survey of the prevalence of 
chrmic nonspecific lURJ disease in the Eastern Highlams of a«; foum carparable 
prevalence between men am YJOm911, increased prevalence with age' b.lt a 
significant excess prevalence only in the over-60 year age group (smith, 1987b). 
Personal natltorirg of exposure to air pollutants am the keepirg of activity 
logs might help resolve this ongoirg debate. Cbriously, there are sane vital 
piE!Cles of infomation that epidemiological research has not revealed so far. A 
better umerstaming of the spatial am tenp>ral variations in air pollution is 
probably required. 

Africa: Sane of the earliest air pollution IlDlitorirg sb.rlies cane frau 
Kenya where an elevated incideooe of NPC was sb.rlied (Clifford, 1967). Hoffmarm 
am Wyrder (1972) am Clifford (1972) foum the concentration of polycyclic 
aranatic hydrocarbons (PAH) in village huts was correlated with elevation am 
that the incideooe of NPC was correlated with elevation as well. 'lhe 
relationship between NPC am exposure to PAHs remained UIX:lear, however, am it 
was suggested that perhap; other factors such as soil am water which are also 
related to elevation were influential in detennining NPC rates (Clifford, 1972). 

MJre recently, Kossove (1982) canpared respiratory synptats aI'IDl'¥J Zulu 
infants exposed to SllDke frau ooakfires for different lengths of time. He 
divided the group into "exposed" am "non-exposed". Exposure was detenni.ned l:7j 
oral survey am the "exposed" group had an average exposure period of 7. 4 hours 
while the period for the "non-exposed" group was 6 hours which is not a 
statistically significant difference. He foum 70 percent of those with 
respiratory symptoos had been exposed in oanparison with 33 percent of those 
without synptats. In weighirg the evideooe, Kossove (1982) noted that poor 
ventilation calt>ined with crONded li virg oomitions may lead to an increase in 
the l:Bcterial am viral airboJ:ne pathogens. F\Jrther, "there is a prOOably 
synergistic effect of the SllDke irritant on host vulnerability to respiratory 
pathogens." An earlier study in Nigeria (Sofuluwe, 1968) arrived at a similar 
conclusion. 
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'Ihe results of these studies are confus~. No clear picture of health 
effects emerges. '!his is particularly hue of the research in R«;; that is 
discourag~ since the issue has been studied there lorqest am in the nDSt 
systematic manner. Perhap; what is needed is sinul.taneous measurement of 
exposure am health impact within the frame'WOrk of an intervention stuiy where 
reductions in exposure am short-tenn health impacts "'10Uld be discei:nable. 'Ihese 
are, hc:JINrever, efforts beyond the p.n:view of this dissertation. For the p.irposes 
here, it is assumed that daily exposure to such high levels of IX>llution catld 
not possibly be conducive to human health arrl welfare. 

study Site Selection am Organization of the Dissertation 

'lhe search for field sites was guided by two main criteria: that the 
village should have both old (traditional) am new (improved) stoves in 
sufficient numbers to allow a comparison of perfo:rnance; that one village should 
be in a Hindi-speaking area of north Irrlia, am the other in a Kannada-speaking 
area of south Irrlia. 'lhe second criterion allows a comparison to be made between 
two places that are str~ly different especially in tenns of diet am c:ookirg 
practices. 

Keep~ the first criterion in mind, I started visi~ villages identified 
with the help of various improved stove dissemination organizations. 'lhese were 
usually non-governmental organizations involved in several rural developnent 
projects, of which the stove program was only one. My main oontact in the north 
was the All India Women's Conference (~), am in the south, the Centre for the 
AWlication of science am Technology to Rural Areas (ASIRA). 'Ihe major 
difficulty proved to be in f~ a village with oore than a harrlful of 
opera~ improved stoves. 

Eventually, Garhibazidpur, Haryana, am Keelara am Pallerayanhalli, 
Karnataka were selected because: 

* their locations offer a good geograpti.cal oontrast. A major part of 
tmderstanding the patterns of domestic air IX>llution, once they have been 
described, consists of delineat~ the influences of culture arrl 
envirormelt. 'lhis dissertation attempts to illuminate these relationship; 
by compar~ two vastly different geograpti.c areas. 

* they have been participants in improved cookstove progra115 in the recent 
past am thus allow a useful comparison to be made between the traditional 
stove am the new stove. 'Ihe effectiveness of the nDSt COltllDI11.y proposed 
solution to domestic air IX>llution is examined in two very different 
se~. 

* although not renvte by any means, they are still largely agricultural 
villages arrl hence fairly representative of Irrlian villages in general. 

* they are relatively accessible, an important characteristic, consider~ 
the type of air IX>llution oonitor~ equipnent in use. 
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* the spoken languages were Hindi arrl Kannada, both familiar to me, which 
made the 5UrVe'f portion of the study easier arrl m::>re effective. 

'!he original intention was to focus on one village each in the north arrl the 
south. However, due to logistical prcblems in the south during the nonsoon 
m::>nitoring session, some measurements had to be taken in Pallerayanahalli, a 
village that is m::>re acx::essible than Keelara. 'Ihese Pallerayanahalli households 
were m::>nitored again during the "summer" m::>nitoring session arrl surveyed along 
with the Keelara households. Pallerayanahalli is a village of lowrer-caste, 
itinerant peddlers who have recently established pennanent residences. '!hough 
social differences exist between Keelara arrl Pallerayanahalli, the stoves arrl 
kitchens are 11'P.1Ch the same. 

'!he variables of interest in all three villages were kitchen location arrl 
construction material, type of stove, type of fuel, cooking practices, diet, arrl 
ambient air pollution levels. Fa.ch of these affects exposures in some way. '!hough 
the available infonration is inadequate to precisely quantify these influences, 
the general direction of the effect can be sunnised. Table 7 surrrnarizes the 
characteristics of the specific enviromnent within which exposure occurs in these 
villages as well as imicates their probable effect on TSP exposures. During 
fieldwork, data were gathered to verify these a.ssmnptions. 

Field testing of inproved cookstoves for effectiveness in reducing danestic 
air pollution has not been a staOOard canponent of dissemination programs though 
many have coOOucted limited field testing for improved efficiency. 'lherefore, 
the few field data available (Smith et al., 1983; Reid et al., 1986) were 
collected in pilot research projects. Laboratory testing for emissions 
reductions has also been done only recently (Jimal arrl Prasad, 1987) arrl there 
are not many exanples of simulated field testing (Smith et al., 1984; JoseP'l et 
al., 1985; Ahuja et al., 1987). '!he evidence is by no means conclusive. Field 
perf onnances usually do not match laboratory performances arrl are sometimes lONer 
to the point of being oanparable to those of traditional cookstoves. '!he 
performance of improved arrl traditional cookstoves also vary sutstantially from 
operator to operator, from place to place, arrl over time. Deloonstrated 
improvement urner controlled corili.tions does not guarantee similar success in the 
field. Imeperrlent of technical considerations of stove design, the 
dissemination strategy employed is critical to the acceptance of improved 
cookstoves. Keeping these considerations in mirxi, the effectiveness of the 
improved cookstoves in reducing domestic air pollution was examined in each of 
the study areas. 

'!he effect of fuel type was also studied; this has not been done 
systematically in field situations bJt existing infonration TNOUl.d lead to the 
hypotheses that exposures TNOUl.d be greatest in households using dung, 
intennediate where crop residues are blrned, arrl lowest where 'WOOd is the cooking 
fuel (INICII, 1980). 'lb test these asstmptions, fuel type was noted during each 
air pollutioo :roonitoring session arrl later included as a variable in the analysis 
of variance. 

'!he effect of different kitchen locations arrl construction materials has not 
been studied earlier either though the effects of differences in ventilation 
comitions has been investigated (Smith, 1987b). It was expected that an outdoor 
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Table 7. Expected Effect of Various Environmental am CUltural Factors at TSP 
EKposures 

Factor 

Kite.hen 

stove 

Cooking fuel 

Irxkx>r, protected, outdoor; 
seasonal changes in 
locatiat (D) 

Old-U-sha.ped clay stove, 
fixed am portable, si.DJle 
port (I) 

New-high-mass fixed clay 
stove, two ports, front 
am chinney aanpm;, flue 
(D) 

Acacia nilotica, wastes fran 
nrustard, sesame, am other 
crop; I dung (I) 

Cooking process Rotis are mainstay of diet, 
am diet close supervisiat of ooak 

required (I) 

KeelarajPallerayanahalli 

Irxkx>r am erx::losed; 
locatiat fixed (I) 

Old-high-mass fixed clay 
stove I three ports (I) 

New-high-mass fixed clay 
stove, three ports, flue am 
erx::losed fuel box (D) 

Old with hood-high-mass fixed 
clay stove, two or three 
ports I set \J1'rler a hood-like 
chimney (D) 

Coconut wastes I assorted 
fuel~, dung in the sunmer 
(I) 

Rice am ragi staples, ooak's 
presence near stove rd 
required ( D) 

(Increase) or (Decrease) = Expected direction of effect at exposure. 

kite.hen or one constructed fran thatch or sane similar permeable material \\1001.d 
argue for lower exposures than VJOU!d an irnoor or erx::losed kitdlen in a 
nui-am-stone house. 

Another parameter that has rd been examined previously is diet am, in 
relatiat to that, cookiB} practices. Cooking processes that require the ooostant 
or close attentiat of the ooak might be expecte1 to lead to higher exposures. 
'Ibis is a .t:asic north-saith cultural distinctiat, so one \\1001.d expect exposures 
to be sanewhat higher in Garhibazidp.lr am slightly lower in Keelara am 
Pallerayanahalli. 

Finally, if ani:>ient or l:ackgrourxi TSP levels are high, TSP exposures may 
also irx::rease ~ the locatiat of the stove also has a beari.DJ at this. '!here 
is evidence that ani:>ient TSP levels are, in general, likely to be higher in north 
Irrlia than in south Irrlia (Smith am Durgaprasad, 1987). 'Ibis \\1001.d have the 
effect of increasi.DJ exposures slightly in Garhibazidp.lr. 

'Ibis is a siJtt>listic, linear view of how these factors affect exposures. 
Beyorrl these direct relationship; there are many other possible interactioos 
wch are rd easy to identify am very difficult to quantify. Perhaps with mre 
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elaborate instrumentation, a larger research team, arrl a lcn;Jer time period in 
each sb.rly site this could be achieved. For the present, only the direct 
relationship; are considered arrl a crude system of weighting is attempted. 

'1he extent to which these expectations or speculations on the nature of 
these relationship; are actually root in this particular set of data is discussed 
in Olapter 4. A DDre detailed description of all three villages, Garhibazidp.tr, 
Keelara, arrl Pallerayanahalli is given in the next dlapter. '1he methodology is 
described in Qlapter 3 which also discusses the assunptions made, arrl the merits 
arrl disadvantages of specific data oollection techniques. Olapter 4 presents the 
analysis of data arrl results of the air pollution narl.torin1 as well as the field 
survey of opinions regarding fuel use, stove perfonnance, arrl air pollution. '1he 
inplications of these f irxlings for inproved oookstove dissemination programs are 
discussed in Olapter 5 arrl the results placed in the oontext of the dissemination 
strategies enployed in the sb.rly areas. Finally, the ooncludirv;J dlapter draW'S 
together the various elements of the dissertation, StD1111arizes the firxlings, arrl 
suggests directions for future action. 
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(])apter 2 

'!he General Enviromnent: Place arxi People 

Garhibazidp.lr is in Haryana, about 50 km southwest of Delhi (Figure 2). '!he 
terrain arourrl the village is flat; the only topograpucal feature of interest is 
the Aravalli range which is visible in the mid-distance. '!he hills here are, in 
the words of Spate arxi Learnonth (1967), "little echelonned ridges, half-b.Jried 
in the Indo-Gangetic alluvium" arxi oovered by sparse scrub. Spate arxi Learnonth 
(1967) quote Aldous Huxley in oonveying the general ambience of the area: 

cn::e in every ten or twenty yards, some gray-green plant, deep-rooted, 
arxi too thorny for even camels to eat, tenaciously arxi with a kim of 
desperate vegetable ferocity struggles for life. And at longer 
intervals, draining the iooisture of a rood of lam, there rise, here 
arxi there, the little stunted trees of the desert. Fran close at hand 
the sparseness of their distantly scattered growth is manifest. But 
seen in depth down the long perspective of receding distance, they 
seem - like the in fact reroc>tely scattered stars of the Millty way -
numerous arxi densely packed. Close at hand the desert is only rarely 
flecked by shade; b.It the further distances seem closed with a dense 
dark growth of trees. 'lhe foreground is always desert, b.It on every 
horizon there is the semblance of shadowy forests (Huxley, 1927). 

'Ibis admirable passage was written of Rajasthan, b.It it applies to much of the 
Irrlus Plains (arxi of Australia), arxi, with larger trees arxi a less dead 
foreground, to vast areas of those of the Ganga arxi the Peninsula. 

Average annual rainfall is 35-40 cm; nDSt of this precipitation cx::curs in 
June-August though there are brief winter showers. Peak temperatures occur in 
May (42-45°C). Winters are known for their low night arxi early ioorning 
temperatures (8-10°C) arxi atJoositieric inversions. water for drinking arxi 
irrigation, is a problem in Haryana as the water table is low arxi wellwater when 
available is often brackish. ''Nevertheless," otserve Spate arxi learnDnth (1967), 
"the sarrly loams are remarkably drought resistant arxi crop failure is less 
frequent than might be expected oon.sidering the low rainfall." '!he principal 
crop:; in Garhibazidp.lr are wheat, nustard, barley, arxi sesame. less ilrp>rtant 
crop:; are grams (leguminous plants such as the chickpea that are grown for their 
seeds) , sugarcane, arxi sorghum. 

Garhibazidp.lr has 285 families; JOOSt of these are involved in agricultural 
activities. '!he urtan influence is readily a~, hor.vever, arxi will prombly 
grow in the future. Several families have one mentJer who works in a "city" job, 
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Figure 2. 
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that is, travels to Gurgaon (district headquarters) or Delhi everyday am is 
employed as a clerk, driver, factory TNOrker, or policeman. Ahirs make up the 
largest caste group in the village; there is also a fairly large Harijan 
OOOlllmity as well as sane Muslim families. Many of the Harijan households have 
family meni:iers in the Border Security Force or the anned forces. 'lhe average 
family size in Garhimzidplr is 6.8. '!here are several joint families rut the 
trerrl seems to be towards divided households am nuclear families. F\Jrther, 
tllou3h a joint family may occupy ate house or live aroum ate oourtyai:d, it is 
mrusual. for them to share ate hearth. 

Village lore has it that Garhibazidplr was originally ate of Aurangzeb's 
garrisoos. 'lhe walls Of the old fortification still staJd am many Of the houses 
incorporate the stone blocks in their structure. '!here is a variety of housirq 
styles rargirq from simple one-roan thatch-roofed dwell~ to elaborate ''haveli" 
style houses which have central courtyards encircled l:7j' roatLS. 

'lhe fields surroum the houses which cluster together. 'lhe village is about 
4 km from the highway that oonnects Gurgaon am Sahna (block headquarters) • 'lhe 
road leading to the village was recently paved am there is a hJs service bebJeen 
Garhimzidplr am Gurgaon twice a day. 'Ihe nearest town, Sahna, is 11 km away. 
'lhe village is cx:>nnected to the electricity grid rut suwly is extremely erratic 
am llllpredictable. In aali.tion, several households (particularly the 
thatch-roofed hanes) do not have oonnections. Wells am hamp.mp; provide the 
water stJR:>ly. Wells within the village itself yield brackish water which is not 
used for dri.I'lkinJ. Hence, dri.I'lkinJ water is normally carried in from hampmp; 
on the outskirts of the village. Irrigation water is scarce, as there are no 
canals am rainfall is uncertain am generally law'. Many households have 
irrigation p.nnps rut their use is constrained l:7j' the sporadic electricity suwly. 

Garhibazidplr has a primary am midlle school. '!here is a rural health 
center 6 km away. When the center is adequately staffed, a doctor am a nurse 
coOOuct clinics in the village once a week. '!here are three small sOOp; in the 
village which operate on a cash, credit, am barter system am suwly the woole 
spectrum of incidental needs. For major suwlies, mst people travel either to 
Sahna (also the location of the nearest kerosene sl'x>p) or to Gm-gaal. 

Keelara am Pallerayanahalli are in soothem Kamataka, 'l\miku:r district I 
north of Mysore am about 115 km west of BanJa].ore (Figure 3) • Spate am 
Learllart:h (1967) quote the followirg description of the plateau or "Maidan" that 
makes up Jllldl of peninsular Kamataka from the Mysore Gazette ( 1908) : 

'lhe Maidan coosists in general of rollirq plateaus risirq in the east 
(between 'l\Jmkur am Kolar) into disjointed granitic hills of 
fantastically irregular plan am elevation. But there is a great deal 
of local diversity. ''lhe level plains, of blackish soil, in the north, 
are covered with plantations of sugar-cane am fields of rice; ~ 
irrigated l:7j' tanks have groves of cooalllt am areca palm; the 
high-lyirq tracts of red soil, in the east, yield ragi am other 'dry' 
crop;; the stooy am widespreadirVJ pasture grruOOs, in the caitral. part 
of the c:nmtry, are stretches of coarse grass, relieved l:7j' shady groves 
of trees' , anag which acacia am wild dates are praninent. 
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Like southeastern Haryana, this is a semi-arid area; average amual rainfall 
is 75 cm. '!here are b.u peaks in rainfall, one cxx:urrirg in May, am the other 
in Sept;eni)er • In NovenDer I there iS a sharp decrease in precipitation am 
Decesrber thrcu3h April are relatively chy narths. Peak tenperatures (35-38°C) 
occur in February, March, am April. Cooler teq>eratures oormal.ly aooarpmy the 
rains. '!his part of Kamataka is prone to ~t. Dry lam .harvests are often 
meagre or even alEent due to lack of water. Keelara has had a bel01r1-average 
harvest since 1984. As Keelara is at the em of a nebNork of irrigation canals 
fran Marconahalli Dam, this source of suwly is irregular depeOOirg on the anomt 
of rainfall upstream am the magnitooe of the surplus generated. 

'1he soil can be characterized as sarxly clay loam with pockets of black clay. 
'1he chy lam crop regime is only interrupted where tank or canal irrigation is 
available. In these spots, coconut groves, pacliy, high yielding varieties of 
ragi (Eleusine coracana), am sugarcane can be seen. '1he pr~iptl crop; grown 
are ragi am pacliy. SUbsidiacy crop; ~llrle sugarcane, pigeonpea, castor seed, 
am horsegram. 

Keelara has 200 families IOOSt of whan, like Garhibazidp.Jr residents, are 
involved in agricultural activities. '!here is oo ~ work force here as 
there is in Garhimzidp.Jr as the distances are too great. Many of the yourger 
people, :l'lavever, go to Bangalore in search of enployment after CCIIpletirg high 
school am remain there as factory workers. '1he majority of the people are 
Vokkaligas; there is also a fairly large scheduled caste am tri.hil poptlation. 
'lhe average family size is 6.5. 

Like GarhibazidµIr, Keelara has a nucleated settlement pattern. '1he older 
houses in the center of the village are of stone am Ill.Xi am are very poorly 
ventilated. NarrcM alleys separate clusters of houses. Houses often have CXiiiiUl 

walls, hence sanetimes the only inlet for light am air is the front ent.rarx:e. 
'1hese are generally one-roan dwellings with low walls which separate the livirg 
area fran the kitchen am the livestock pen. '1he kitchen is at the rear of the 
house, with small skylights for ventilation. Even in this older part of the 
village, the \\1eal thier larrlc:Mners have spacioos courtyards where their animals 
are stabled. '!batch am nud dwellings are fairly camDn; these houses also lack 
wiOOows tut the thatch provides egress for SllDke fran oookirq stoves. Sane of 
the nu:i-am-stone houses are now uooocupied am thatch houses are bec:aninJ less 
cu111D11 as the central government's low-cost 00\lsirg scheme gathers nonentum. 
'1hese new houses are oonstructed at the fringes of the village am are usually 
high-roofed, sirgle-roan b.ri.ldings with a low wall to partition the kitchen fran 
the livirg area. 'lhe stove is generally oorth-facirg in accordance with 
tradition. Wimows in ewosite walls provide cross ventilation. In caitrast to 
the older hanes, these are well lit am airy. '1he improved cookstove is oot 
always a part of the package tut people often choose to have inproved coakstoves 
b.ri.lt in the new house urrler the sulEidy pi:ogram. 

Keelara S'tra&ll.es a road that links TUmkur am Marrlya (both district 
heacqJarters) • '!here is a :rus service between Keelara am Bangalore fair times a 
day. '1he nearest town is Huliyurdurga, at a distarx:e of about 15 km. Sane 
facilities (post office, health center, am so on) are available at Ye1avani, a 
smaller town, only about 5 km away. '1he village is oonnected to the electricity 
grid; suwly is m:>re reliable here than in Garhibazidp.Jr. '!here are still many 
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l'Ones withrut oamectia'IS o As in Garhibazidp.Jr I wells arrl haOOp.mp; provide 
drinkir¥) water SlJR>lY. 'lhe Keelara tank SUR>lies water for washin;J arrl other 
danestic needs, as well as for irrigatial. 

Keelara has a primary arrl mick!le school. '!here are several small stqx; in 
the village as well as a oooperati ve store where subsidized ratiais arrl kerosene 
are available. For other SUR>lies, people mmal.ly <p to m.il.iyurdurga. 

Pallerayanahalli is J:Ol¥1h!Y 6 Jan fran Keelara. It has aboot 60 families, 
mst of~ are peckllers wtx> still walk the circuit rut now return frequently to 
their resideooes in Pallerayanahalli. Many own lam rut these are invariably dry 
lams so the harvest yields are always uncertain. None of them are full-time 
farmers. Many are weavers, sane are in seric:ulture, sane are bcnBi labor, arrl 
many of the YQDJ men work as farnilal'x:E at the Irdian Institute of Sciel'D!'s 
(IISc) extensial center which is less than a kilaneter away. Many of the \\1aDE!l'l 

make day trips to neighborin;J villages al a regular basis, often ~ ten 
miles a day I to pecklle b.Ittoos I thread, l:Jargles am other small itens • Jb;"t Of 
the l'Ones are new brick-am-tile oanstructi.ais, Wilt Ul'X3er the auspices of the 
goverrnoent IS low-cost ha:Jsin;J scheme. 

'!be Spcific E)Jyixa mg rt; Kitchen, stove, FUel, Piet, arrl Coakim 

Practices 

'!here are, then, sane similarities rut many nDre disparities in place arrl 
people between the villages bein;J stulied. Qle similarity that might be 
mentiaied is that bath Garhibazidp.Jr arrl Keelara are villages in transitial. 
'!bough they retain their agricultural mse, this is bein;J eroded slowly by the 
migratial of YQDJ men to the city am by the fragmentatial of joint family 
laOOholdinJs. 'lhis process is :mre evident in Gartrlbazidp.Jr prOOably because it 
is closer to an urbm center arrl because Haryana is mre affluent than Kamataka. 
'lhese are enviromnents arrl societies in change, arrl the precedirg descriptial 
presents a snap;hot view. 

'lhis general descriptial of the villages gives the broader context within 
which imoor air pollutial occurs arrl was stulied. A mre detailed examinatial 
of the specific environment within which exposures actually occur is needed. 
"Specific envira'lment" here refers to the structure arrl locatial of the kitchen, 
stove(s) used, coaking fuel(s) b.lrned, coaking practices followed, arrl the diet 
of the people. 

'1he relatial of stove arrl fuel to imoor air :r;x>llutial is quite dJvious. 
Kitchen locatial arrl structure are of interest mainly because of its inpict al 
ventilatial in the cooking area. Diet influences coaking practices arrl 
prooesses. 'lhese in tum determine to a large extent the exposure of the cook. 
How close is she to the stove? How lorg does she stay near the stove? 

Another iitp>rtant task is to identify the pop.ilatial at risk. '1he questiais 
here are ''Who cooks?" arrl "Is anyone else present while the cook is at the 
stove?" Within the hierardl.y of the household, the task of coaking usually falls 
to the mst recently-married daughter-in-law wtx> may or may not be the wife of 
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the eldest son. In her ab3ence, the coak is the daughter of the house if she is 
old enough, or, by further default, the senior female household meniler who may be 
the wife or the nother of the household head. '1he secarrl question of who else is 
present in the kitchen while the stove is bein;J operated was difficult to answer 
because our presence often caused a great influx of visitors to the kitchen. 
Based on oonversations with CX>Oks though it 'WOUld seem that, in general, infants 
arrl young children stay by their nothers especially durin;J the colder winter 
ItDirt:.hs • 

GarhibaziQwr: In Garhil:azidplr, only the nore affluent have fo:anal 
kitchens. It is nore likely that the stove is in the courtyard arrl is protected 
by a thatch roof arx:i perhaµ; one or t\\10 lCM walls. '1he location of the kitchen 
can be broadly categorized as indoors, in a protected rut oot catpletely eoclosed 
space, or outdoors. '1he location of the stove may change many times in the 
course of a year arrl scmetimes even in the course of a day. '1he climatic 
variations experieoced are responsible for this. Winter no:rnings can be bitterly 
cold whereas the afternoons are pleasant arxl the evenings chilly. SUnmer 
afternoons, on the other harxi, are usually unbearably hot. Same stoves are 
portable; others are broken arrl reb.tllt in different locations with oo 
significant change in design. 

A survey of 62 Garhil:azidplr households (sample selection arrl survey 
procedure described in <l'lapter 3) showed that in the winter about 30 percent cook 
indoors, a slightly smaller percentage cook in a protected area, arrl a still 
smaller percentage coak outdoors (Table 8) . About 13 percent keep both an indoor 
arrl an outdoor kitchen operational arrl alternate between the t\\10 deperrling on 
iltmediate comitions. In the smmner, about 35 percent maintain an outdoor 
kitchen, about 30 percent a protected one, arrl approximately 22 percent maintain 
ooth indoor arrl outdoor kitchens. In the m:msoon there is a wholesale 11DVe l::ack 
to indoor kitchens (50 percent), 24 percent continue to have protected kitchens, 
arrl al.IOOst 20 percent keep both indoor arxi outdoor kitchens. '1he nunbar with only 
outdoor kitchens is negligible in this season. As might be expected, the major 
ioovement is between indoor arrl outdoor kitchens. '1he percentage of households 
usin;J protected kitchens remains fairly constant. 

'1he traditional or old stove is a U-shaped clay stove. '1he fire is b.li.lt 
inside the "U" which acts both as a fire shield arrl as a support for the cooking 
pot. Fixed arrl portable versions of this stove are foum in IOOSt households. '1he 
fixed U-shaped stove is ubiquitous; in fact, sane households have t\\10 or 
three-one in the indoor kitchen, one in the outdoor, arrl so on (Table 9). '1he 
portable U-shaped stove is less widespread, rut still nore cu11ilJl1 than any other 
stove type in the village. '1he secarrl IOOSt cu11ilJIU.y fourd stove in Garhibazidplr 
is the newly introduced improved chula (Hindi term for 'stove') which is a 
high-mass fixed clay stove with a chimney. '!his stove is equiwed with frart: arrl 
dlinmey dampers arrl the provision of t\\10 ports allows t\\10 dishes to be prepared 
sinultaneously (Figure 4) . '1he kerosene stove is alIOOSt as cu11ilJl1l.y foum as the 
new chula. '!his is rarely used for meal preparation rut many households keep it 
for emergency use arrl for making tea. '!here are a few gas arrl electric stoves in 
the village rut the I1lJlli:lers are negligible arrl in oo case are they the primary 
means for cooking. Besides the traditional stove, IOOSt households also have a 
'hara'. '1he hara is a large l:XJwl-like receptacle or hollCM in the grouOO. which is 
lined with pieces of dried chm;J; these dung pieces once ignited SllDUl.der for 
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Table 8. Kitchen Location by Season in Garhimzidp.Jr 

Winter SUnaner }b'}soon 
Location n % n % n % 

Indoor 19 31 5 8 31 50 
Protected<i 17 27 18 29 15 24 
cutdoor 16 26 22 35 1 2 
Protected am cutdoor 2 3 3 5 1 2 
Indoor am cutdoor 8 13 14 23 12 19 
Indoor am Protected 1 2 

a A protected kitchen is one that is at least partially exposed to the elements. 
Usually, these had roofs am bJo or three walls. 

Table 9. stove Type by Season in Garhimzidpur 

Win~ SUnaner M:>nsoon 
stove type n % n % n % 

Fixed U-shaped 48 77 48 77 30 48 
Portable U-shaped 3 5 8 13 21 34 
One port w/chimney 2 3 3 5 
Sahayog 14 23 12 19 15 24 
Kerosene 3 5 2 3 11 18 
Electric 1 2 
Gas 1 2 1 2 
'lhree-brick 1 2 1 2 

a Colunm percentage totals do not add up to 100 because some households ~ 
using ncre than one stove type regularly. Total n = 62. 

hours. '!his device is used for simmering milk am for slow cooking. 'lhe survey 
showed that 60 percent of the households have both fixed am portable haras am 
only about 10 percent have neither. 'lhe praninence of this particular cooking 
device is quite umerst:amat>le given the importance of milk am milk products in 
the diet. 

In the course of the smvey, cooks ~ also asked whidl stove they 
ex>nsidered their "all-purpose" stove, that is, on whidl stove they did IOOSt of 
their cooking (Table 10). M:Jst people answered the fixed U-shaped stove (74 
percent). A little over 10 percent said the new dlula. 'lhe portable U-shaped 
dlula am a nr:xlified fonn of the new dlula aocomrt:ed for another 10 percent. 
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I I I 

Note: Taken from advertising material produced by Swarajya 
Bharati 0 

Figure 4. The Sahayog chula 
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Stove type 

Fixed U-shaped 
Portable U-shaped 
Two p:>rt 
One port w/chimney 
Sabaroa 
Kerosene 
Electric 
Gas 
Three trick 

aTotal n = 62. 

Table 10 

Stove Use by Purpose er Task in Garhibazidp"Lr 

All 
purpose 
nB j 

46 74 
4 6 
1 2 
3 5 
8 13 
1 2 

Ro ti 
making 
n j 

2 3 

Large 
nm be rs 
n j 

1 2 
1 2 

Coffee/ 
tea 

n j 

10 16 
2 3 
1 2 

Bad 
weather 
n j 

3 5 
16 26 

1 2 
5 8 
8 13 
1 2 

1 2 

Good 
weather 
n j 

9 14 
5 8 

1 2 

When in Abandoned 
h"Lrry 
n j n 

2 2 

1 2 
6 10 

2 3 2 3 
1 2 

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier



Residues f:ran the sarsoo (JlllStard) am til (sesame) crop; are inp>rtant 
cooking fuels in Garhiba.zidplr. Keekar (Acacia nilotica) is the other major 
fuel. cut logs are rarely used as cooking fuel. 'Ille keekar is generally in the 
form of thorny twigs. Dung is also b.trned in the cooking stove tut generally in 
coot>ination with crop residues or keekar. It is b.trned l:1:r' itself only 
occasionally to prepare dishes that require slow cooking. Seldan is a sinjle 
cooking fuel used. A coot>ination of h«> or three different types of fuel is the 
oorm. Keekar with durg, am keekar with sane type of crop residue are the roost 
ca11110J1 coot>inations. 

'Ihere are seasonal changes in fuel use. In the winter, the smvey showed, 
74 percent of the households use keekar. A 111.lCh smaller nuntJer of households 
(about 20 percent) use durg am guar (cyoopsis tetragonolam) (Table 11). In the 
sunmer, the first position is taken over l:1:r' sarson (70 percent), S1JWlemented l:1:r' 
keekar ( 50 percent) am durg ( 28 percent) • 'Ille gap between sarsoo am keekar is 
reduced in the 11D11SOOJl (58 am 56 percent) am the nuntJer of households usin:J 
durg decreases ( 13 percent) • Different crop residues are praninent in different 
seasons. In winter, guar am til are roost ca11110111.y used. Sarsat, whidl is a 
winter crop am is harvested later I is used mainly in the sunmer am JID1S0011. 

Generally, people obtain cooking fuels f:ran their own lams or gather them 
f:ran roadsides; only a few families b.ly cooking fuel. 'Ille survey showed that 56 
percent of the households gather fuel~ (Table 12). A further 30 percent 
collect it f:ran the borders of their fields am f:ran their own property. Qtly 
about five percent of the households b.ly fuel~. Another foor percent b.ly as 

Table 11. Cooking FUel Use l:1:r' Season in Garhiba.zidplr 

Winter SUnlDer blsoon 
Cooking FUel n %<l n % n % 

Keekar1> 46 74 32 51 35 56 
Dung 13 21 9 28 8 13 
Guar 12 19 
Sarsat 10 16 44 71 36 58 
Til 9 14 
crop residues 3 5 2 3 
Kerosene/electricity 3 5 
Dlairdla 2 3 

a ColUllll percentage totals do not a<ki up to 100 since roost households use nDre 
than one type of fuel in eadl season. 
b Keekar =Acacia nilotica; guar = cyoopsis tetragonolam; sarson = JlllStard; til 
= sesame; daiirha = Seshemia bispinosa. 
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Table 12. Means of ProcurinJ Cooking F\lel in GarhihlzidµJr 

F\lelwood Crop residues 
Source n % n % 

O#n 19 31 40 64 
Buy 3 5 
Gather 35 56 2 3 
Buy arxi gather 2 3 
O#n arxi gather 3 5 
Given (gratis) 12 19 
Given (service) 4 6 
Not a_wlicable 4 6 

well as gather fuelwood.. Alioost all of the fuelwood. gathered in this manner is 
keekar. '!here are a feM khathis or carpenters in the village who sell wood., 
basically remnants fran their trade. 'Ihe species c:xmoonl.y so sold incltde neem 
(Azadirachta in:lica) arxi banyan (Ficus bengalensis) • 

'Ihe average distance travelled for fuelwood. collection is 4 km (one way) • 
Most households fim time durinJ slack agricultural. "WOrk periods to gather 
fuelwood. on several consecutive days, arxi blild a stockpile that will last for a 
feM weeks. Sane families collect fuelwood. everyday in the winter when the 
weather is IIDre favorable to these expeditions. Only a feM nake the trip on a 
daily or near-daily basis. In JOOSt households, the cook herself or other female 
household meni:>ers are responsible for gatherinJ the cooking fuel. 

People, for the IOOSt part, collect crop residues fran their own fields. 
'!here are, however, arrangements made whereby larxiless families are able to 
obtain residues. Usually this involves an exchange of labor for a fraction of 
the residues fran the harvest. 

'Ihe diet consists alJOOSt invariably of roti (1.lllleavened bread) arxi subzi 
(vegetable dish), regardless of econanic class. 'lhe quantity consumed varies, of 
course. Qle-pot hara meals may be prepared in the sunmer arxi saoetimes in the 
IIDlSOOl'l. '!his usually consists of grain arxi milk cooked slowly alaig with brown 
sugar. 'Ihe type of vegetable chaB}es over the year arxi milk, yogurt, lassi 
(diluted yogurt), am ghee (clarified b.ltter) are i.np>rtant carpnents of the 
meal particularly in the sunmer. 'lhe cooking process, however, remains nDre or 
less the same all year rourn. 

'lhe roti-nakinJ process requires that the cook sit l:7j the stove the entire 
cooking period. 'lhe dough is rolled out in ~y circular forms arxi p.rt; on a 
tava or metal gricille. After a minute or two on the tava, the roti is renDVed 
arxi pro.wed against the inside wall of the cati:ustion chaniler, close to the 
radiant flame. 'lhe hot air causes the roti to p.iff up; the cook rotates it 
ooc::asiona.lly wle keepinJ an eye on the roti on the tava arxi pa:ttinJ out a new 
roti. 'lhe roti-nakinJ process in the average family takes anywhere fran twenty 
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minutes to half an hour. 'Ihe usual procedure is for the ooak to prepare the 
subzi first. NU.le this oooks slowly oo a durg fire, the cook kneads the cb.J3b 
for the rotis. By the time the first rotis are cooked, the family is often 
gathered am ready to eat. 

Today, the rotis are made fran wheat flair. Twenty years aqo it was 
custanary to eat bajra (b.llrush millet) rotis in the winter 11D1ths. Bajra is 
harvested in Au;1ust or SepteniJer, whereas wheat is ready for harvest in late 
Mardi or early April. Bajra rotis are ooosidered heartier am are a "hot" food, 
hence good to eat in the winter. 'Ibey are, however, heavier than wheat rotis am 
take JILdl lager to ooak. Jobst of the yourxJer generatioo eat wheat rotis all year 
:rourrl. 

'Ihe custan of feeding agricultural labor durirg harvest am sowing seems to 
have becooe less m111vn as well. Jobst people have adqJted the time-savin;J optioo 
of pa.yirg their ~kers extra llDlleY instead of providing them with meals. Hen:le, 
the cooking schedule does oot change radically with the agricultural cycle. Meals 
may be cooked earlier or later in the day, am the noon cooking sessiat may be 
anitted, blt the quantity am type of food cooked remains the same. 'Ibis is in 
contrast to the practice in the south, where the traditioo of feedirg 
agricultural labor is maintained. 

'Ihe rn.miJer of ooaking periods per day varies over the year. AlJoost all 
hausel'x>lds cook thrice a day in the mmmer. Similarly, the village oorm in the 
winter is two cooking sessions a day. In the ItDnSOal, however, there is J'lm'e 
variatiat. Sirx::e sane people have space constraints, the cooking schedule often 
varies depending at the weather at any given day. Hen:le, thOl.¥]h many families 
oontinue to ooak three times a day (64 percent), about 30 percent ooak ooly twice 
a day. 

Keelara am Pallergyanahalli: Unlike Garhibazidp.Jr kitchens, the kitchens 
am stoves in Keelara am Pallerayanahalli are a fixed am pennanent part of the 
hausel'x>ld. People invariably ooak imoors-except when cooking for large mmilers 
or prepa.rirg non-vegetarian dishes. As mentiooed earlier, the kitdlen is usually 
at the very rear of the house am is quite closed off fran the outside ~ld. 
Even at mi<lily, the kitchen is often dark am CX>Ol. Sitting 1:7.r' a stove hlilt 1:7.r' 
the present oook's nDther-in-law, say thirty years aqo, surrowded 1:7.r' tall stacks 
of shiny, black storage pots, am cooking utensils that date fran a similar 
period, it is easy to believe that, of all places, change canes mst slowly to 
the rural kitdlen. 

'Ihe traditional stove either has two ix>rts or three ix>rts depending at the 
size am econanic status of the family. It is a high-mass fixed clay stove. 
Usually, the oarblstiat chantl0r or central ''U'' has oormect:irg passages to two 
flanking ix>rts. 'Ihese IX>rts have :rourxied pot rests so that they can aco 11111ooate 

cooking pots of various shapes am sizes. 'Ibis also means, however, that the 
pots do oot fit snugly into the ports am so nuch heat am smke is released into 
the kite.hen. '!hose with brick am nortar kitchens often have a hood-like chinney 
over the stove. As in Garhibazidp.Jr, the stove is constructed at grourxl level so 
the cook squats when cooking. 'Ihe newly introduced improved stove here is also a 
high-mass fixed clay stove (Figure 5). 'Ibis ole (Kannada term for "stave") has 
three ports am a chiJrney. Its design is such that, theoretically, it can be 
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operated as a closed system once the fire is established; there is very little 
heat lost to ootside air. '1he three ports are in line, am an increasirqly 
narrow passage leads fran one to the next. '1he grate is bebJeen the first am 
secom port. 'Ihe chimney is located beycni the third port. '1he fuel inlet slopes 
dc7Nnwards slightly towards the first port am grate, am is provided with a lid 
which can be shut once the fire is established. '!here is a small aperture which 
acts as a seoormry air inlet above the grate. '!here is also a gap below the 
grate for the remval. of ash; this is nonnally covered l:1f a metal flap. '1he 
three ports are sized ac:x:x>rding to the ItDSt catl1Dl1l.y used cooking pots in the 
house. '!here is, or should be, no gap bebJeen the side of the cooking pot am 
lip of the port. 'lbere is also a U-shaped stove which is similar to the one used 
for cooking in Garhibazidplr except here it is larger am sturdier am is used 
for heatirq bathwater, making castor oil, etc. , rather than for cooking. 

About half the households surveyed had the new ole (Table 13). About a 
quarter of the people had the traditional stove with three ports am another 
quarter had the same stove with the hood-like chimney above. Roughly 15 percent 
had the traditional stove with b.o ports am another 15 percent had kerosene 
stoves. As in Garhibazidplr, sane households had nr:>re than one stove, therefore 
the total does not add up to one hurrlred. 

Here, too, CX>Oks were asked which stove they oonsidered to be their 
"all-p.u:pose" stove (Table 14). lt>re than 40 percent answered the new ole. 
'l\Nenty percent said they relied on the traditional stove with three ports, am 
slightly :mre said they depended on the same stove with the hood chimney. About 
11 percent use the traditional stove with b.o ports. 'Ibol.l;Jh sane households in 
the village have kerosene am electric stoves, these are not used for cooking 
usually. As is the practice in Garhibazidplr, the kerosene stove is used mainly 
in emergencies am to make coffee or tea. 

'Ihe ItDSt i.np>rtant cooking fuel in Keelara am Pallerayanahalli' regardless 
of season, is oooonut wastes (Table 15). Forty-five percent of the people 
surveyed said they used oooonut wastes in the smtmer as well as the 
DD11SOOJ'l/winter. ('lhe temency is to collap;e these b.o seasons together as the 
cold lrt1eather generally coincides with the rains). All parts of the coconut tree 
are used: f:rorxls, stalks, inflorescence, husk. other crop residues such as 
Illllbeny, castor, am pigeon pea wastes are used b.It to a lesser degree. '1he 
secom ItDSt CUlllVll fuel used in the Sl.DllDeI' is dlmg ( 32 percent) • In winter 1 

''whatever fuel is stored" is secorrl ItDSt cu111D111.y used fuel ( 23 percent). cut 
ft.10od of various types occupies the third position in all seasons (17 percent in 
the SUlllller, am 22 percent in the winterjnDnsoon) • People use a greater variety 
of fuelft.10od in the south; larger pieces of ft.10od are blrned nr:>re frequently also. 
camat fuelft.10od species include acacia nilotica, prosopis juliflora, ficus 
bengalensis' pagainia glabra' am madhuka longifolia. 

People in Keelara am Pallerayanahalli deperd on their own sources for 
cooking fuel am relatively few families tuy any sort of cooking fuel. Alloost an 
equal percentage of households gather fuel or obtain it fran their own property 
(33 percent am 29 percent) (Table 16). Seventeen percent said they bought their 
cooking fuel. '1he remaining twenty percent or so deperlled on a carbination of 
sources for their cooking fuel, the largest group beirq those who rely partly on 
their own sources of fuel am partly on p.irchased fuel ( 8 percent) • 
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Figure S. A cross-section of the ASTRA ale 
(from ASTRA, 1987) 
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Table 13. 'fypes of stoves in Use in Keelara arrl Pallerayanahalli 

stove type na % 

Traditional one portb 35 35 
Traditional t\\10 port 16 16 
Traditional three port 26 26 
AS'mA 52 52 
Electric 2 2 
Traditional one port w/ 

dlimney 2 2 
Traditional t\\10 port w/ 

dlimney 3 3 
Traditional three port w/ 

chimney 23 23 
Kerosene 15 15 
'lbree brick 1 1 

a 'lbtal. n = 100. '!he column totals do not add up to 100 since sane households 
use oore than one stove regularly. 
b 'Ihese stoves are usErl primarily of heating bathwater arrl tasks such as making 
castor oil, rarely for cooking. 

}b;t people travel a distance of 2 km (one-way) to gather their cooking 
fuels. '!his is usually not a trip made specifically to gather fuel; people often 
gather cooking fuels on their way back fran the fields or when herding animals. 
lb;t people gather fuel t\\10 or three times a week. About 20 percent said it was a 
daily chore. lb;t often the cook herself is responsible for gathering fuel. 
others who share the respoosibility are the head of the household or the son or 
daughter of the family. Daughters-in-law are rarely sent on fuel-gathering 
missions. 

Q1e difference bebJeen these villages arrl Garhibazidplr is that there is a 
market for crop residues, in the sense that ooconut shells arrl husks are bought 
arrl sold .l:7j the cartload. '!here is a oooonut "trade" as there is a great denarrl 
for terder green ooconuts in towns arrl cities. '!he use of crop residues is m:re 
prevalent in the stmlll9r when a wide variety of residues are availabl~r 
twigs arrl pigeai pea wastes are llDSt arumant. AlllDSt 60 percent of the 
households obtain residues fran their own fields. Fifteen percent said they were 
able to obtain crop residues fran large larDowners free of cost. About 10 percent 
said they b.1y crop residues (these are generally people b.lying ooconut husks). 

Rice, ragi balls, arrl sanblr (curcy) are the staples in this area. lb;t 
people cook twice a day. Breakfast is prepared on a regular basis only in a third 
of the households. '!he others let their ~rk schedule detemine their mrnirg 
meal arrangement. Nonnally, the cooking of breakfast (when it is preparai) arrl 
the noon meal is catt>ined. 'lhe survey showed that 63 percent of the households 
prepared rice, ragi, arrl sant:ar in the mrnings, 28 percent p:reparai ragi rotis 
(similar to the rotis of Garhibazidplr, except that these are not made fran 
wheat arrl these do not have to be placed next to a radiant flame for the last 
P1ase of cooking), 10 percent made rice arrl sanblr, arrl so on (Table 17). }b;t 
people (85 percent) do not cook at noon. 'lhose who do nonnal.ly prepare rice, ragi 
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Table 14 

Stove Use by Purpose er Task in Keelara and Pallerayamhalli 

All Cooking Heating Coffee/ Large Occasional When in Abandoned 
purpose meat bathwater tea nmbera use hurry 

Stove type na j n j n j n j n j n j n j n j 

Tradi ti oral one port 3 3 32 32 
Tradi ti oral two port 11 11 2 2 1 1 
Traditional three port 20 20 3 3 1 1 3 3 
.ISDl 111 II 1 2 2 6 6 
Traditional one port w/ 

chimney 1 1 1 1 2 2 
w Traditional two port w/ 01 

chimney 2 2 1 1 
Traditional three port w/ 

chimney 23 23 
Electric 1 1 
Kerosene 5 5 8 8 3 3 
Three trick 1 1 

8 Total n = 1 00 • 
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Table 15. Cooking Fuel Use by Season in Keelara am Pallerayanahalli (n = 100) 

Fuel type winter)llD11SOOJ1il SUnmer 

Cocx>rnrt:?> 43c 46 
stored fuel 23 
cut wood 22 17 
A.al.ad 16 13 
Hongay 13 12 
Basri 10 9 
GOOli 9 7 
Bew 8 6 
'!Wigs 7 9 
Roja 5 
Dung 32 
Gathered fuel 15 
castor twigs 6 

a winter am IlDllSOOl1 are collapsed into one category since cold weather usually 
coincides with the rains. 
b All parts of the cooonut tree are used: fronds, stalks, husk, am 
inflorescence. 
c Column totals do not add up to 100 since many households deperrl on I1Dre than 
one fuel in each season. 
d Aala = Ficus bengalensis; hongay = Pongamia glabra; basri = Ficus retusa; gobli 
= Acacia nilotica; bew = Azadirachta i.rrlica; :roja = lantana. 

Table 16. Means of Procuri.nl Cooking Fuel in Keelara am Pallerayanahalli (n = 
100) 

Source 

(),Jn 

Buy 
Gather 
ONn am ruy 
Buy am gather 
Given (gratis) 
Buy am given (gratis) 
(),Jn am given (gratis) 
ONn am gather 
Not applicable 

Fuel wood 

29 
17 
33 

8 
3 
1 
1 

5 
3 

Crop residues 

59 
9 

3 
1 

15 
2 
1 

10 

001.ls, am samb:ir. 'Ihe evening meal differs fran the nmning meal in that no 
breakfast items are beinJ prepared. Instead, those who have prepared enough 
sambar in the I!Drnings only have to cook rice am ragi in the eveninJs (16 
percent). 

As mentioned earlier, landowners in Keelara feed their agricultural. lal:x>r 
duri.nl transplantinJ am harvest. 'lhirty percent of those sm:veyed said that in 
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Table 17. Dllly Diet in Keelara arrl Pallerayanahalli (n = 100) 

Food item 

Breakfast item 36a 
Rice 2 
Ragi 1 
sanmr 
Rice arrl ragi 2 
Rice arrl samtar 10 
Ragi arrl samtar 8 
Rice, ragi, arrl samtar 63 
~rot oook 3 

Noon 

1 

14 
85 

Evening 

3 
2 
1 

16 
5 
5 

65 
5 

a Column total adds up to rore than 100 since rore than one meal is being 
prepared in the JOOrning in sane households. 

this Ii1ase of the agricultural cycle there is no c.hanje in the type of meals 
preparErl or in the cooking schedule rut that the quantity of food cooked 
increases. Another 21 percent repliErl that they -were larrlless arrl that durin;J 
these periods they cooked very little. 'lhe remaining people said they prepare 
sane breakfast item in the rornings (for the family as 'Nell as the laborers), 
rice, ragi, arrl santar at noon, arrl again in the evening. '!here seems to be a 
distinct noon cooking period at least am:>ng the larger larrlowners durin;J these 
heavy agricultural 'WOrk periods. 

In conclusion, then, one can say that there are sane major differences in 
al.Joost all aspects of the specific environment between the northern village am 
the southern villages. Firstly, the kitdlen has a rore epiemeral. nature in the 
Garhil::azidplr, that is, its location changes with seasai arrl often even with time 
of day. 'lhe Keelara arrl Pallerayanahalli kitchens, in oontrast, are very 
established am permanent. 'Ibey are also en::losed spaces as ewosed to 
Garhil::azidp.lr kitchens which are nuch better ventilated. 'lhe stoves, leaving 
aside the newly introduced inproved cooking stoves for the naoent, are quite 
similar, though the Garhiba.zidplr stove has a sin;Jle port arrl the southern stove 
has three ports. 'lhey are msically shielded fires. 'lhe primary cooking fuel in 
Garhib:lzidplr is a scrub-like acacia, while in the Keelara arrl Pallerayanahalli 
it is coconut wastes. In lx>th places, crop residues are inp>rtant cooking fuels. 
Dung is an important supplementary fuel in the north arrl perhap3 ~ so in 
the south. 'lhe use of cut 'wood is limited am very few people hly their cooking 
fuel. 1tJst people continue to gather their cooking fuels f:ran roadsides arrl field 
bourmries. Diet arrl hence cooking practices are quite dissimilar in the two 
places. In GarhibazidµJr, the making of rotis daninates the cooking routine arrl 
detennines rot only the cook's novements for the duration of the cooking period 
rut also, to a certain extent, the type of stove that can be usErl arrl is 
acx::eptable. Keelara arrl Pallerayanahalli have rice- arrl ragi-hlsErl diets. 'Ibis 
type of cooking (boilin;J mainly) does rot require the clooe attention of the 
oook. However, the type of fuel usErl here as in Garhibazidplr is quick-blrning so 
this does place sane restrictions on the cook's ItDVements. Finally, there are 
seasonal variations in the cooking schedule in GarhibazidµJr rut the variations 
in Keelara am Pallerayanahalli are JOOre influenced by the agricultural cycle. 
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CJmpter' 3 

In this chapter, the methods of data collection am their evolution are 
described. As with IOOSt field research, the procedures actually followed varied 
fran the ones proposed in the original research design. 'lhe reality of the field 
is always, it seems, oore OC11plex than cne anticipates, am the cx:uplications 
arise in unexpected quarters. 'lhi.s is prOOably so regardless of the preparations 
am precautions of the researcher: in this case, it was Itrf first field 
experierx:e so there was l'llJCh to learn. 

I had the benefit of two suwcrt institutions, the Tata Energy Research 
Institute in New Delhi am the Imian Institute of SCierx:e in Ban:jal.ore. With 
their assistance, the first few JOOl'lths were spent in locatirq field assistants, 
organizirg transportation, am other practical necessities, as -well as in 
selecting field sites. 'lhe latter pl'.'ooess was described in 01apter 1. 'lhe focus 
here will be on the sulEequent step;. 

My main criteria in selecting research assistants were fluency in the local 
l~ as 'Well as ability to oammmicate in En}lish, willingness to learn the 
blsic operation of the air pollution narl.torirg equipnent, am willingness to 
sperrl considerable aJD.Ul1:s of time in the village. ~le workirq in 
Garhibazidplr, -we normally stayed in the village four or five days am returned 
to New Delhi for two. 'lhese trip; to New Delhi, tlnlJh disruptive, were 
necessary in order to charge the mtteries of all the air pollution equipnent am 
to "Weigh filters. In BarKJalore, the distances were greater am the electricity 
StJR>lY oore reliable so the village stays were exterxied ( 10 days to two weeks) • I 
slept at the Imian Institute of ScieBJe's extension centre about 5 Jan fran 
Keelara; ideally, I would have stayed in the village itself am for longer 
periods in both places. '!hat would have given me a better enpathetic 
mllerstarrling of life in the village. But a catpeanise had to made between such 
illlnersion in village life am activities am a relatively systematic 
quantification of air pollution concentrations am exposures. 

Sanple selectial for air pollutial IOODitorw am qpinion survey 

A village house-list was obtained am every fifth household was visited. 
Infonnation collected durirg this preliminary BUrVe'f irx::llded.: 

* nunt>er of family medJers 

* nuni:ler, type(s), am use(s) of stove(s) 
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* kitchen type (i.e. location, ventilation characteristics, am construction 
materials) 

* catllDJll.y used cooking fuels 

* cooking schedule am seasonal variation in schedule 

* diet am seasonal variation in diet 

en the msis of the results of this survey, a sanple was chosen for llDl'rltoring of 
air pollution within kitchens. 

In Garhibazidp.Jr, the variables l:7j which the sample was organized were 
kitchen location, kitchen construction material, am stove type. 'Dle diagram 
below shcfNs how this worked out: 

DlllOC& IITClll 
luclla Pucca 

Old 

llTCHElf LOCATION AND CONSTRUCTION !IATERIAL 

As everyone cooks irrloors in Keelara, the main variables there were 
construction material of the kitchen roof am stove type. '!he diagram below 
shcfNs the sample in Keelara: 

AS?BA ole 

~ 
,.. Traditional 

e 
C/l 

Trad1t1onal 
11itb bood 

'!'He ltud :'!l&tcb. 

ROOF nl'E 

In the first roum of data collection ( sunmer season data) , three readings were 
taken in each cell. 'Ihis was exparded to five readings in the :mnsoon season 
data collection as the variation anDnJ readings was foom to be large. In the 
third roum of data collection (winter season data) five readings per cell were 
taken as well. 'Ibis increase in sample size did mt OC11Pletely mtp::nsate for 
the variability in the data rut time am finarx::ial constraints prevented any 
further expansion of sample size. 

Altogether, 45 households were :nari.tored in Keelara, ten in 
Pallerayanahalli, am 42 in Garhibazidp.Jr. '!he total IlUlli:>er of :nari.toring 
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sessiais was as follCMS: Keelara, 83; Pallerayanahalli, 21; arrl Garhil:azidplr, 
87. N:xx>rding to the study design, an opinioo survey was to be carried out in 
100 lnlseholds in the oorthern arrl southern villages. 'Ibis survey was oomucted 
in all the lnlseholds in whidl air pollutioo natltoring was done. '1he remaining 
lnlseholds were rarxianl.y chosen fran the village house list. D.te to logistical 
problems in the oorth ally 62 of these surveys were ooopleted. In the south, the 
lnlseholds in Pallerayanahalli that were nonitored made up part of the 100 
lnlseholds surveyed. 

Air pollution npnitorirg prtxmge 

'1he first a~lication of persooal. air pollutioo nonitoring in a rural 
developing camtry setting occurred in 1981 when a pilot study of irrloor 
(danestic) air pollutioo in Gujarati villages was done (smith et al., 1983). '1he 
air pollution nonitoring protocol used here is very similar to the one used in 
that study. '!he major differences are that in Gujarat the sanple sizes were 
smaller, there was oo stratified sanpling for l'lousel'X>ld selection, the entire 
cooking period was not measured, stationary sanpling was not done, there was oo 
attenpt to collect seasonal data, arrl the m.miJer of i.nproved oookstoves tested 
was small. '1he Gujarat filters were subjected to chemical analysis for 
benzo(a)pyrene. '1he abject in Gujarat was to detennine if imoor air pollution 
is indeed a problem in rural areas of developing countries. '!he aim here is to 
describe the cultural arrl environmental parameters affecting exposures to TSP arrl 
(X). 

'!he oonitoring procedure that was followed is outlined belCM arrl discussed 
at greater length in the follC1tling pages: 

1) '!he cook was asked to set aside the fuel that she expected to use to 
prepare the meal. '!he -weight was ooted arrl any adlitional fuel used 
sub3equentl.y was -weighed as 'Well. 

2) An anenaneter was placed outside the house to record wir:Kfspeerl arrl the 
temperature arrl htnnidity in the cooking area were noted. 

3) '1he stationary sanplers were positioned adjacent to the cook. 

4) '1he cook was fitted with the gravimetric sanpler. 

5) '1he enpty cooking vessels were -weighed (Keelara arrl Pallerayanahalli 
only). 

6) When the cook ignited the fire, the sanpler arrl stationary nonitors were 
switdled on. 

7) '1he stationary oonitor readings were recorded every 60 secoms. '1he 
cook's ItDVemeilts arrl her operation of the stove were noted. 

8) When cooking was oarpleted arrl the cook had extinguished the fire, the 
sanpler arrl stationary oonitors were switdled off. 
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9) '1he remainirg fuel am the pots containing the cooked food "VJere weighed. 

10) '1he anem::meter readirg am the terpezature am hl.Dllidity in the oooking 
area "VJere noted once again. 

11) '1he filter cassette containing the exposed filter paper was closed am 
sealed. 

A personal gravimetric sanpler (Gilian, !biel 113) was used to measure the 
exposure of the cook to TSP. '1he cook wore the sanpler punp at her waist; the 
PJIDP p.ll.led air fran her breathing zone t.hro\41 a 37nln Pallflex teflm-ooated 
glass fibre filter paper. '1he filter paper was held in place l:7j a cassette 
holder whidl was pinned to the shoulder of the cook's blouse. '1he cassette 
holder was used in the open-faced JOOde to ensure isakinetic sanpli.rq.2 '1he p.mp 
has an inb.tllt :rotameter am the flow rate was set at 3.0 lpn to collect as large 
a sanple as possible. 'lhe p.mp was turned oo as sooo as the cook ignited the 
cooking fire. Sanpli.rq continued until cooking was completed am the fire 
~shed. '1he filter paper was weighed before am after sanpli.rq; the 
difference in weight gave the mass of susperrled particulate matter collected. A 
set of control filters was kept to natltor any chanje in filter weights 1.D'lrelated 
to air pollutioo natltori.rq. 

'1he control filters "VJere treated in exactly the same way as the experimental 
filters except they "VJere oot used. 'Ibey "VJere equilibrated am weighed alag with 
the experimental filters am they "VJere taken to the "field". 'lhere "VJere seven 
control filters for every group of 33 experimental filters. A total of 400 
filters "VJere taken to Irrlia - 70 of these "VJere controls. '1he average chanje in 
weight in each set of control filters was used to adjust the al:served chan}es in 
weight in the oorrespomiDJ set of experimental filters. 

Data oo concentrations of TSP am oo in the cooking area "VJere ootained usi.rq 
stationary natl.tors. 'lhe 00 detector (Gastech <Xr82) used an electrochemical 
cell am had a liquid crystal digital display, am the TSP ioonitor's (Miniature 
Real -time Aerosol 1't>ni tor, M:xiel F[J.1-3 , GCA Co:rp. ) operati.rq prilx::iple was l:Bsed 
oo the detectioo of scattered infrared light. 'lhese natltors "VJere placed 
adjacent to the cook at about her squattinJ breathing-height. 00 ~ were 
taken at 6o-seocni intervals. '1he TSP natl tor was capable of gi vi.rq a 
time-weighted average at the em of the measurement period. 

'1he gravimetric sanpler was calibrated every day usi.rq a bltble meter. '1he 
electronic TSP natltor was cleaned am the zero checked am reset periodically. 
'1he 00 natltor was calibrated periodically usi.rq span gas ootained in New Delhi. 

'1he cook was asked oot to alter her nonnal behavior as far as possible. 
'Ibis, of coorse, was ma.de difficult l:7j our presence am the \.D'lfamiliarity of the 
measuri.rq devices. No restrictioo was placed oo the type of cooking fuel used. 
Whenever possible, the measurement was repeated at least once in every 'tnlsehold. 

In all, three rourx:Js of data "VJere collected each in Garhi.bazidplr am 
Keelara (Figure 6) • '1he natltori.rq sessions in Garhi.bazidplr "VJere ocniucted 
duri.rq April, August-Septentler, am Deceni'.Jer-January. In Keelara, the sessions 
"VJere cxn:lucted in July, Ck:tober-Novent>er, am February-Mardi. In Garhi.bazidplr, 
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NORTH: Site selection 

Garhibazidpur monitoring 
session (early summer) 

SOUTH: Site selection 

-

-

Keelara monitoring session_ 
(late summer) 

Garhibazidpur monitoring • 
session (monsoon) 

Keelara monitoring -
session (monsoon/winter) 

Gorhibazidpur monitoring -
session and survey (winter) 

Keelara monitoring session -
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Garhibazidpur survey -
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Field study schedule, February 1985-April 1986 
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this schedule coin:::ided with the early smrmer, late l'IDilSOOll, arrl winter seasons. 
In Keelara arrl Pallerayanahalli, the correspcnlir¥J seasons were late sunmer, late 
rain/Winter (secorrl rainfall peak), arrl early stmmer. Sin:e rainfall was ver.y 
low in both places that year, there was oo real charge in the type of fuel bein;J 
used or in the nDisture content of the fuel as might have been cD3erved in a 
"oormal" year. 

lastly, once the measurements were oanplete, a decisiat had to be made 
regardin] which set of filter weights was to be used in the analysis. All the 
filters were weighed in Honolulu prior to departure sin:e the availability of a 
precise et'XU]h (able to weigh to a thousamth of a gram) balance in the field was 
not certain. As it turned out, access to sufficiently precise balances was not a 
problem in either Delhi arrl Bargalore. llel'v:e, the filters were weighed twice in 
the field, once inmediately before usage arrl ance inroedi.ately after. All the 
filters were weighed for a fourth time at return to lblolulu, at the original 
balance. 

cne of the problems of field measurements of TSP exposures usin;J persaial 
gravimetric samplers is the time lag between pre-weighin;J, exposure, arrl 
post-weighin;J. '!here is concem that the filter may gain misture (though the 
teflcn-ooated filters are 98-percent misture resistant), or that they may be 
contaminated in saoo way or lose collected material in han:il.in;J, storage, arrl 
transportation. 'lb minimize the risk of the latter, the filters were sealed 
irxlividually in plastic bags arrl stored in airtight containers inroedi.ately after 
the postweight was taken in the field. 'lb ~te for the possibility of 
misture ab3orption, all the filters were equilibrated before each weighin;J. '!he 
filters were placed in a tray lined arrl oovered with aluminilDD foil. '!he awer 
had small perforations to allow the passage of air while protecting the filters 
fran settlin;J dust. '!his tray cart:aining filters was kept in an air-caxlitiated 
roan for 24 hours before each weighin;J. '!his was to allow the filters to reach 
equilibril.Dll before weighin;J. 

'!here were, then, four weighings for each filter: lblolulu ~ight, field 
~ight, field postweight, arrl lbx>lulu postweight. '!he questiat of whidl set 
of figures should be used arose. If the dlarge in filter weights aocordirg to 
the lbx>lulu measurements (lbx>lulu2-lbx>lu1Ul) is CXllpll"ed to the d'lan;Je 
aocordirg to the field :measurements (Field2-Fieldl), it is clear that though the 
a<}31'.egate d1an;Je for the lbx>lulu weights is greater, the variability is smaller 
(Table 18). '!be advantage of usin;J the field weights is that there is a sOOrter 
time lag between ~ghin;J, exposure of the filter, arrl postweighirq, arrl herx:e 
less awortunity for contamination of the filter. '!he data seem to i.rdicate, 
however, that the field balances were not very accurate am that they "drifted" 
considerably durin;J the study period. AT-test for matched pairs was dale arrl 
this stX7NS that the t\\10 sets of weights are irrleed significantly different. Based 
on these considerations, it was decided to use the lbx>lulu weights in reportin;J 
the results. It might be a&ied that the results arrl cxn:::lusiatS do not d'lan;Je 
depel'dinj at the set of weights used though the confidence level does alter. 

~inial survey 

'!he survey used a written questiamaire Wt the interview was not fonnal arrl 
took the fonn of a conversation rather than an interrogatiat. ttJst of the 
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Table 18. Analysis of Variation in Filter Weights 

Honolulu posb.leight
Honolulu preweight 

(g) 

GartrlbazidpJ:r 
n 
mean 
stamard deviation 
coefficient of 
variation 

93 
0.00058 
0.00030 

0.52 

Keelara arrl Pallerayanahalli 

n 
mean 
stamard deviation 
coefficient of 

variation 

a 'l,\\o-tailed T-test. 

103 
0.00061 
0.00041 

0.67 

Field posb.leight -
Field preweight 

(g) 

93 
0.00053 
0.00034 

0.66 

103 
0.00049 
0.00043 

0.88 

p<0.05 

p<0.01 

questions -were open-erxJed. 'Ihe questionnaires used in the north arrl south -were 
slightly different arrl -were adapted to irx:llde queries al:xxit cooking practices 
arrl fuel use patterns unique to each place. 'Ihe questionnaire was pre-tested in 
each place arrl char¥JeB nade aooord.in;J to the finlin;Js. COpies of both 
questionnaires are awerrled (~ A) • 

Initially, a team of two oorrlucted the survey, myself arrl an assistant. 'Ihe 
assistant ~d carry on the conversation, I ~d record the answers, 
interjecting occasionally for clarification or further cnmoent. When I became 
oonfident of my ability to ooom.micate, arrl the assistant of hisjher ability to 
cxniuct the interview imeperrlentl.y, we 'INel1t inti vidually to households. 'Ihe 
"interview'' usually lasted 20 minutes to half-an-hour arrl everyone present in the 
house came to listen arrl oontri.blte their opinians. 'Ihe advantage of such 
participation was that it encouraged discussion without any praopting fran the 
"interviewer". en the other han:i, there was also the danJer of a less assertive 
"interviewee" being overwhel.merl by majority opinion. 

'Ihe questians concerned fuel use preferences arrl patterns, uses of the 
stove, cooking practices, diet, perceptions of air p:>llution, arrl remedial action 
taken by householders to alleviate air p:>llution. 'Ihe "informational" questions 
-were quite straightfo:rward, easy to pit, arrl people seldan hesitated in answering 
them. 'Ihe perception questions ( "~ Sl'IDke fran the stove bother you?") \Ere 
less easy to ooom.micate. Often, the initial response was ''No" l::l.It later on, when 
the question "Do you f i.rxl that Sl'IDke fran the stove is helpful in sane ways?" was 
pit, the wanen respoOOed by ernnnerating the various disbenefits of having Sl'IDke 
in the house. For exanple: "Of OOlll'Se, it is IDt a benefit. li:Jw can it be? It 
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blackens the walls arxi irritates the eyes! It is a prablm not a benefit." 'lhe 
strategy in oorduct:irX} the smvey soon became to leave the answer to the question 
"Does SllDke fran the stove bother you?" unrecorded until the question on the 
benefits of SllDke had been asked. 

Previous studies have fourxi that people associate air pollution with visible 
deterioration of erwiroomental. quality arxi think of health i1lplCts only when 
questiooed specifically about it: 

fb;t people did not define air pollution in tems of a health hazard 
until asked specifically if it was harmful to health. An overwhel.mirq 
majority then said yes. He (Crowe, 1967) suc;Rests that the DDre 
~ible arxi ci:servable features ( eg. , SllDke, dirt) may be ma.skirq a 
DDre al:stract, tut real, ooncem regarding the possible effects of air 
pollution (Barker, 1976). 

'!his is pralm>ly chargin:J in DDre developed countries as people becaoe nm-e 
health conscious. In the case of danestic air pollution in developin:J countries, 
however, the shortterm health impacts are quite obvious arxi people needed no 
~to relate them. 'lhe lCDJ-tenn health i1lplCts are less easy to discern 
arxi no attenpt was made to estimate them usin:J this questionnaire. 

Besides these relatively fonnal meth:>ds of tryin:J to tnU!rstarrl 1nr people 
perceive air quality arxi related matters, there were also the very infonnal 
CDWerSations that took place with the cooks arxi other ~ durin:J the 
natltorin:J sessions. cnce the equipnent was set up arxi the coakirg routine 
urrlerway, there was often plenty of time to talk. 'lhe ocnversation was 
spontaneous arxi generally revolved arourd the ~'s life arxi work in the 
l'xlusehold arxi in the field. SUnmaries of the relevant portions of the 
conversation were recorded on the natltorin:J session data sheets (for a sanple of 
this sheet, see AWerrlix B) • 

critigye of ~ 

'lhe usual temency in field studies of air pollution is to focus either on 
the quantitative details of the nature, oonce1tration, arxi distribition of the 
pollutants or on a description of the erwironmental, cultural, arxi social 
circumstarres that oontril:ute to the prd:>lm. SUch restriction of focus may be 
necessary sime gainm] an adequate urrlerstamir¥J of either facet of the problem 
is difficult eroqi in tems of marshallin:J the time, energy, arxi resruroes 
needed. 'lhe practical inplications of such an investment became clear in the 
coorse of the field stlrly. 

Inevitably, a degree of detail arxi thor'olqmess is sacrificed when a 
oatprehensive ~ is adopted. In return, however, ale may OOtain a broader 
view of the prd:>lm \ll'rler stlrly, of the various elements arxi their 
i.ntercamections. 'Ibis was the nctive for tak:irg such an awroadl· '!here will be 
many junctures in the data analysis section (Cl'lapter 4) where the inadequacies of 
this ~ will be evident. 
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'!he difficulties of oollec:ting qualitative as well as quantitative data were 
cnnpoorxied by having two field sites a thousarrl miles apart. It added travel time 
arrl expense to the study. On the other ham, the oaiprisoo of the two places, so 
very disparate in many ways, was useful arrl helped clarify the variables of 
interest in each place. It was also, as it hawened, a good strategy to have 
these breaks in the data oollectioo schedule: it gave our "subjects" Ill.lCh-needed 
respites fran us arrl our activities. 

'!he major problem with air pollution natl torin;J lay in CX)J1ducting repeat 
narltorin:J sessions in hooseholds. OJr presence in kitdlens for two to three 
hours was an intrusioo. Besides the inconvenience, people often objected for 
reasons that I was not quick to perceive. ~ the households were selected, the 
sessions proceeded oo a rarxian schedule. When the time arrived for the first set 
of repetitions, we met with resistance in :mre households than I had expected. In 
all these hooseholds, our initial weloane had been warm arrl even enthusiastic. My 
assistant then pointed out that we had in our first rourrl of natltorin:J 
alternated freely between high arrl low caste houses, a practice unacceptable to 
lOOSt high caste households. 'lhis sort of faux pas could have been avoided had I 
been :mre sensitive to the realities of village society. As it was, schedulin;J 
narltorin;J sessions became a Ill.lCh oore c::ooplicated arrl time-consuming activity 
arrl the study suffered due to it. 

A problem associated with seasonal or longitulinal studies is that it is 
difficult to oontrol all the variables of interest throughout the study period. 
We tried to return to the same households as far as possible in different seasons 
arrl natltor the same cook usin:J the same stove. 'lhis turned out to be 
unexpectedly c::ooplicated. Besides the reasoos already mentioned, the lNallail with 
the primary respausibility for cooking was not always the same, as~ 
periodically returned to their maternal banes or married arrl m::wed away. 'lhe 
operator of the stove was often different every natltorin;J sessioo. Apart fran 
the need for a seasonal overview, measurements were repeated to allow cooks to 
becaoo oore accustaned to the equipnent in the expectatioo that their behavior in 
sub:;equent sessions lNOUl.d be oore spontaneous arrl natural. 'lhis was a hypothesis 
that could not be tested, however, as the cooks kept changin:J. 

Another consideratioo in the nari.torin:J routine related to the diurnal 
variations in ant>ient air pollutioo arrl micraoeteorology which might affect 
ooming arrl evenin:J sessions differently. Originally, the plan was to repeat each 
house once in eadl season to OOtain cne nmnirg arrl cne evening-meal read.m;J. 
'lhis was done in the first room of data oollectioo in Keelara arrl oo otservable 
difference could be foum between ooming am. evening readings. SUb3equently, the 
repetitioo in each season was abandoned as an added bn:den. 

Finally, though the measurin;J devices used were specifically designed for 
the PJrPOSe of measurin;J oocupational exposures, they had their limitations which 
affected the method of data oollectioo as well as the quality of data. 'lhe 
shortcomings of usin;J a f ilter-equiwed gravimetric sampler have already been 
discussed. F\Jrther, despite the device's portability it is an obtrusive 
instrument to use. 'lhe lNallail ooaking has to TNear the sampler p.nnp at her waist 
which can be uncanfortable as IOOSt cooks squat on the grourxi. '!he p.mp is ooisy 
so it is difficult for the person TNearin:J it to forget its presence arrl to behave 
naturally, cooperative though they may be. Against these disadvantages ltl.JSt be 
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weighed the fact that usin} the gravimetric personal sampler is the IOOSt 
effective way presently available to measure personal exposure to TSP. 

'lhe stationary samplers for area m:>nitorin} presented different problems. 
Both the CX> am TSP natl tors proved to be extremely sensitive to their placenwant 
in relation to the stove am to the ventilation facilities am to minute changes 
in the micraneteorology. 'Ibis was particularly true of the CD nari.tor whidl, it 
was discovered, is also sensitive to light. Finally, it was difficult to 
stamardize their placement due to the variety in kitchen design am the lack of 
space in many kitdlens. 'lherefore, the area :ronitorin} data Jll.JSt be viewed with 
SCID9 caution. 

As far as the opinion survey is concerned, the principal i.nprovement that 
c:xx.ll.d be made is in the questionnaire. Inspite of ~, the questionnaires 
were not as streamlined as they might have been. Several :redl.uUmcies came to 
light as the survey was carried out. Sane infonnatiaial questions (for exaq>le, 
the seasonal pattern of crop residue use) yielded uni.fem answers am c:xx.ll.d have 
been eliminated franthe final questionnaires. Q-1 the other harrl, it is evident 
oow that the perception questions c:xx.ll.d have been developed further. Attitmes 
are very difficult to characterize on the basis of answers to a fe« brief 
questions. A 00111p1unise had to be reached, horNever, between the length of the 
questionnaire am the quality of the data oollected. 

CJ:seryed Discrepancies Between Mea§llM"ffllt am Perception 

'Ibis study tried to oollect data on both the piysical mnif estations of 
irrloor air pollution as well as people's :perception of it. 'Ihe difficulties of 
the latter portion of the study relate basically to the discrepancies between 
measurement am :perception, am the pitfalls of oollectin} infonnation on 
perception. 'I\«> major discrepancies between measurement am perception are 
awarent in the data. First is the issue of fuel use. As Cllapter 4 shows, the 
weighin} of fuel durin} the nari.torin} sessions revealed :oo differerx::e in fuel 
use between the old am the new stove in the :oorth am only a slight one in the 
south. 'lhe oooks in the south, llc7.rJever, were unaniioous in their opinion that the 
new stove used less fuel. Why the disagreement between measurement am 
perception? A possible explanation is that sirx:e people terned. to associate the 
smvey with the :rmian Institute of Science extension centre, they may have 
assumed we wished to hear positive cxmnents aboot the stove' am proceeded to 
tell us what we ostensibly wanted to hear. Alternatively, people may be inclined 
to vie« the new stove J1Dre favorably sirx::e it does not use mre fuel than the old 
one, it is mre effective in renovin} SllDke fran the cooking area, am it is 
currently in place in the kitchen. Havin} decided to adopt the new stove, 
householders may be disposed to ~te its qualities or assign it ones it 
does not possess. Another explanation might be that our measurement techniques 
were faulty am we overestimated the 0011SUil¢ion of fuel in the inproved 
cookstove. 'lhat is unlikely, horNever, sirx:::e the same measurement techniques were 
applied in all households, regardless of the type of stove in use. 

A secxni measurement versus :perception issue is the perception of air 
pollution. '!hough the measurements show that ooncentrations of am exposures to 
air pollutants are high, there is :oo parallel unanimity of response to the 
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question "~ the Sl'IDke OOther you?" (65-75% answered in the affinnative). 'lhe 
explanation that acnes IOOSt readily to mim is that imoor air pollution in rural 
areas of developing 00\ll'ltries is such a longstaming oondition that it is part of 
the .backgrourll, a circumstance that people acx:ept as inescapable arrl ignore IOOSt 
of the time. Another explanation for the lack of agreement is the fact that apart 
fran the tenp>rary irritation of watering eyes, people do mt perceive the 
ill-effects of air pollution. 'lhe time lag between exposure arrl any health effect 
is so lag that no connection is made ard, heoc-e, the seriousness of air 
pollution when seen against all the other hazards that people have to face in 
rural areas seems quite minimal. 

Sources of Bias 

As has been ol:Eerved by many researchers in the past, by studying a 
~or situation we often change its nature. In this study, for example, 
the fact that fuelwood is being weighed ard questions are being asked about snDke 
fran the stove will affect people's behavior. If people think one is interested 
in snDke, they may p.JrpoSely make the kitchen snDky. Conversely, they may 
perceive that one vi~ the snDke as UJ'rlesirable an1 en1.eavor to make the kitchen 
less SIOOky. 'lhis sort of participant bias is mt only difficult to control rut 
difficult to measure. Much deperrls, of course, on the objectivity with which the 
study is oorrlucted. No matter how non-ocmni ttal the interviewers are, it is 
difficult mt to corwey sooe impression of personal opinion am prejldice am to 
avoid researcher bias. FurthentDre, it is difficult in reb::ospect to determine 
the extent am direction of these influences. How was the response of a cook 
using a new stove influenced? How did this differ fran the bias of a exx>k using 
an old stove? We made an effort to be evenharrled in our dealings with households 
using all types of stoves by mt speaking in favor of any stove type am by 
making it clear that we had mt been involved in the dissemination of the new 
stove. Given these oonditions, it is just as likely that the cook will try to 
dem:>nstrate that her new stove is efficient am snDkeless as the reverse. Ql the 
other harxi, it was mt a blirrl study - we knew which were the improved 
CXX>kstoves am which were mt. SUbconsciously' this knowledge may have affected 
our behavior. As there can be no certainty or strict quantification of bias, 
perhaps the best that can be done is to be cautious in interpreting the data. 

If the abject of the exercise is to obtain as integrated a view as possible 
of a problem such as this, with so many J;ilysical, social, am cultural variables, 
one JlllSt utilize qualitative as well as quantitative methodologies. 
Unforb.mately, sanetimes the requirements for the one create suboptimal 
oonditions for the implementation of the other. Nonetheless, an i.npR'fect 
amalgamation of the two results in a riC'her data set than either one alone. 
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MJCh time arrl lalx>r were investErl in data collection, as descril::ei in the 
methodology sectioo, tut the eventual sanple sizes were still relatively small, 
am these proved to be insufficient to overcane the large natural variability in 
the data. 'Ibis limited the kims of analysis that could be performed arrl the 
conclusions that could be drawn. Analysis was limited to descriptive statistics, 
analysis of variara!, tests of correlatioo, arrl T-tests. '1hese pi:ocedures did 
not always yield conclusive results tut the exercise was instructive in itself, 
makinJ the characteristics of the data as well as its limitations clear. 
'Ihe.refore, the process of analysis, possible explanations of the results, arrl the 
prd>lems of analysis are presented here. Variability of data, awarent!Y an 
inherent feature of field stulies such as this (smith arrl Durgaprasad, 1987), has 
iDp>rtant i.Dplications for the design of future studies which will be di SoJSsed 
in C1'lapter 6. 

'!he data were analyzed with the purpose of tcyirg to relate measured TSP 
exposm-es arrl CD ocxrentratians to the ~ enviroomental. arrl cultural 
characteristics of each of the st.my areas. '!he object was to tcy to arrive at a 
quantitative esti:mte of the influerre of such factors as stove type, kitdlen 
locatioo, kitchen constructioo materials, roof type, arrl fuel type. Elements of 
the microenvi.rcrBnen such as relative humidity arrl ant>ient t.es•perature were also 
considered. Not measured tut recognized as inp>rtant were wim speed arrl 
operator behavior. '!he latter was difficult to characterize ard quantify b1t 
could conceivably be reduced to quantifiable COitpments of behavior such as 
feedilq rate of the fire. '!he same prooeinre was follOiNed in analyzirg data fran 
Garhihlzidp.Jr arxl fran the southern villages since the data were gathered 
similarly arrl shared ex1111011 characteristics. 

'!he initial intentioo was to follow the same households through three 
measurement periods ooverirg SUlllDBr, llD'lSOal, am winter seasoos so as to gain an 
overview of seasooal. variatioo. 'lhis proved to be extremely difficult for a 
variety of reasais. :tb;t householders were cooperative durirg the first 
measurement sessioo tut it was difficult to cawey to them the need for 
sub;equent JDlitorirg sessions. sanetimes schedul.irg prd>lems could oot be 
overoane. In a few houses, the dcmestic situatioo was such that sessions could 
oot be arraIVJErl. }t)thers-in-law arrl husbaOOs often had ci>jections to ~twas, 
after all, an intrusioo into the household ard a disruptioo of the routine. 
Finally, sane did oot ~iate the fact that JDlitorirg was dale raOOanl.y 
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regardless of caste. Several of the households were repeated in ho measurement 
periods. sane -were repeated in the same measurement period ( alioost all these 
repetitions oocurred in measurement period 1) to determine whether there was ~ 
difference between l1Dn'linj am evening measurements. 

Figures 7 arxi 8 show the particulars of the sanple in the northern arxi 
southem villages in each measurement period. It 1llJSt be pointed rut that sane 
unavoidable changes occurred in the households over time. In the oorth, kitchen 
locatioo often dvm;Jed between measurement periods arxi in both the oorth arxi the 
south, the stove arxi the cook often were different in oonsecutive measurement 
periods for various reasoos. 'lhese changes are part of the oonnal routine that I 
wanted to disrupt as little as possible and which, in any case, were lD'lavoidable 
in sane instances. '1he replicates were ''true'' replicates (i.e., with oo c.barqe in 
the variables of interest) only in the case of three households in the oorth am 
six in the south. Even i.rx::ludi1'¥3' households 'ithere sane dlarge occurred, 
measurements were taken in all three periods in only 10 households in the oorth 
arxi in 17 households in the south. 

'1he whole sanple (n=103) was oot used in the analysis for the southem 
villages si.ooe <X> readings were missing for b.o records and the ootl.ier detector 
test identified ate ootl.ier in the data. ~' the analysis for the southern 
villages was limited to ate hl1rnred recmds. All the records fran the northern 
village (n=87) were i.rx::luded in the analysis. 

Descriptive statistics were caipiled for both these data sets arxi the 
results shoW' highly skewed arxi kurtotic distrib.Itions of TSP arxi a:> ('!ables 19 
arxi 20) • A natural log transformatioo was used to correct for this. Half of the 
detE£ti.oo limit of the measurirq devices was used where there were zeros in the 
data. It was foorn that the data mre nearly awroached a oonnal clistrihltioo 
when a constant was a<tied to each data point before carrying rut the log 
transformatioo (this am:xmt was again subtracted after l:Bck transformatioo when 
ooop.1ting descriptive statistics) • Various constants were tested arxi it was 
foum that skewness was mst reduced when a CX1'1Stant of 1 ng/m3 was a<tied to the 
data fran Garllitezidplr arxi a constant of o. 5 ng/m3 a<tied to the data fran the 
southem villages. Si.ooe the ooject of the exercise was to arrive at a oormal 
distrib.rtioo so that various analytical tests could be carried rut, the 
log-transfomed data with the constant were used. '1he stages of these 
manipulations for the Gartrll:Bzidplr data can be seen in Figures 9 arxi 10 which 
sl'DI the differerx::es in skewness arxi kurtosis between the raw data, the 
log-transfonned data, the data with a constant of 0.5 ngjm3 aa:ied before log 
transformatioo, arxi the data with a constant of 1 ngjm3 aa:ied before log 
transformatioo. 

A further prct>lem that had to be resolved regarded the legitimacy of using 
repeated measurenert:s. s~ several measurements were taken in sane households 
it was questiCllable whether all the measurements could be treated as i.mepeRient 
data points. Tables 21 am 22 smmnarize the results of an analysis of variaooe 
of TSP data fran Gartrll:Bzidplr, arxi fran Keelara, arxi Pallerayanahalli. In both 
cases, the analysis stOt.1ed that variatioo within households, i.e. , between 
SlDOesSive measurements in the same household, was greater than variatioo mlg' 
households. Hen::e, it was oc:n::luded that the measurements could be treated as 
i.mepeOOent data points. 'Ibis iq>lies that measurements taken in ate time period 
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Figure 7. Garhibazidpur samples in the three measurement periods 
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Figure 8. Keelara and Pallerayanahalli samples in the three measurement 
periods 
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Table 19. Distritution of original TSP am oo data in Garhibazidplr 

TSP 00 

Salrple size 87 87 
Maxilll.nn 8.05 ngjmJ 35 ng/m3 
Mininum 0.01 0.04 
Arithmetic mean 3.1 7.9 
stamard deviation 1.8 6.1 
Skew o.ao 1.38 
Kurtosis 0.52 1.9 

Table 20. Distrih.rt:ion of original TSP and 00 data in Keelara and 
Pallerayanahalli 

TSP 00 

Semple size 100 100 
Maxilll.nn 10 ng/m3 150 ng/183 
Mininum 0.01 0.02 
Arithmetic mean 2.6 14 
stamard deviatioo 2.0 19.0 
Skew 1.76 3.55 
Kurtosis 3.29 15.02 

in a given .household canoot be used to predict TSP levels at later time periods 
in that same hoosehold am that, possibly, taking measurements at different times 
in the same l'lalseOOld can be equated with taking measurements in different 
hooseholds in the same tine period. 'Ihese are inp:>rtant oonsideratioos in 
designinJ future sbxlies am in a~ to urnerstam the natural variability 
of the data. 

Resul.ts of Air Pollutiai Mer:lf?,U:sqents 

Table 23 am Figures 11, 12 I 13 I and 14 sunnarize the data by stove type. A 
general llDdel analysis of variance was carried out oo these pollutant data am 
the results are shown in Tables 24, 25, 26, am 27. As might be expected, the 
general IOOdel explained very little of the variatioo in the TSP or 00 data fraa 
Garhibazidp.n: (R2=.20, .35). 'lhere were abu'iously unmeasured factors such as 
wirxl speed am operator behavior that were prcbibly playing an inp:>rtant role. 
'!be IIDdel oanstructed for the data fran Keelara am Pallerayanahalli explained 
:mre of the variatioo, particularly in the case of the 00 data (R2=.44, .65). 

'lhe ci:>ject of the analysis of variame was to see if the variaooe in the TSP 
exposures am oo con:::entratians could be explairlen by the type of stove bein} 
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VARIABLE: TSP '.INTERVAL> 
SIEW ( z03/n) . 80 
rURTOSIS (itt4/n)-3 .52 

i. Original field data 

HISTOGRAH 
Hidpoint freq % 

0.58 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 9 IO 
1.73 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[{[[[[[[[[[[[[[[[f[[[[[[[[[[[[[[[[[[[[[[[[{[[[[[[[[[[[[[[[[ 23 26 
2.88 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 26 30 
4.03 [[[[[[[{[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 15 17 
5.18 [[[[[[[[[[[[[[[[[[[[[[[[ 6 7 
6.33 [[[[[[[[[[[[[[[[ 4 5 
7.48 [[[[[[[[[[[[[[[[ 4 5 

VARIABLE: LOGTSP <INTERVALi 
SIEW (ztt3/n) -3.27 
KURTOSIS (ztt4/n)-3 12.08 

ii. Natural log of original data 

HISTOGRAH 
Hidpoint freq % 
. -4.13 [[[([[[ 3 3 

-3.17 0 0 
-2. 22 0 0 
-I.26 [[[[[ 2 2 
-0.3 [[[[[[[[[[[[[ 5 6 
0.65 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 36 41 
1.61 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 41 47 

Figure 9. Garhibazidpur TSP data transformations 
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VARIABLE: LNTSP {INTERVAL> 
SKEW (ztt3/n) -1.08 
KURTOSIS (ztt4/n)-3 1.86 

Hidpoint 
-0.47 [[[[[[[[[[[[[[[[ 
-0.07 [[[[ 
0.33 [[[[[[[[[[[[[[[[[[[[ 

iii. Constant of 0.5 added before log transformation 

HISTOGRAH 

0.74 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 
1.14 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 
1.54 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 
1.94 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 

VARIABLE: TESTTSP !INTERVAL> iv. Constant of 1.0 added before log transformation 
SIEW {ztt3/n) -.65 
KURTOSIS (ztt4/n)-3 .83 

HISTOGRAH 

freq % 
4 5 
1 1 
5 6 

16 18 
27 31 
?? 25 LL 

12 14 

Hidpoint freq % 
0.17 [[[[[[[[[[[[[[[[ 4 5 
0.48 [[[[[[[[ 2 2 
0.79 [[[[[[[[[[[[[[[[[[[[[[[[[[[[ 7 8 
1.11 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 26 30 
1.42 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 27 31 
1.73 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 12 14 
2.05 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 9 10 

Figure 9 (continued). Garhibazidpur TSP data transformations 

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier



U1 
O'I 

VARIABLE: CO <INTERVAL> 
SKEW (z**3/n) 1.38 
KURTOSIS (ztt4/n)-3 1.90 

i. Original field data 

HISTOGRAH 
Hidpoint freq % 

2.13 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 37 43 
6.32 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 27 31 

10.52 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 11 13 
14.72 [[[[[[[[[[[[[[ 5 6 
19.Ql [[[[[[[[[[[[[[ 5 6 
23 .11 [[ l 1 
27.3 [[ 1 1 

VARIABLE: LOGCO <INTERVAL> 
SKEW (zU3/n) -1.17 
KURTOSIS (ztt4/n)-3 1.64 

ii. Natural log of original data 

HISTOGRAH 
·Hidpoint freq % 

-3.01 [[[ 1 1 
-2.03 [[[[[[[[[ 3 3 
-1. 05 [ [[ [[[ 2 2 
-0.06 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 12 14 
0.92 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ lB 21 
1.91 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[{[[[{[{{[[[[[[[[[[[[[[[f[[[[([[[[[[[[[[[[[[[[[[([[[[[[[[[[([[[[[[[[[[[[[[[[[ 33 38 
2.89 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 18 21 

Figure 10. Garhibazidpur CO data transformations 
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VARIABLE: LHCO (INTERVAL) 
SKEW (ztt3/n) -.3l 
KURTOSIS (ztt4/nl-3 -.67 

iii. Constant of 0.5 added before log transformation 

HISTOGRAH 
Hidpoint freq % 

-0.35 [[[[[[[[[[[[[[[[[[[[[[[ 5 6 
0.23 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 10 11 
0.81 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 12 14 
1.38 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 15 17 
1.96 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[{[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 23 26 
2.53 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[{{[[[[[[[[[[[[[[[[[[[[[[[[ 14 16 
3.11 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 8 9 

VARIABLE: TEST~n !INTERVAL) iv. Constant of 1.0 added before log transformation 
SKEW (ztt3/n) -.1& 
KURTOSIS (ztt4/n)-3 -.86 

HISTOGRAH 
Hidpoint freq % 

0.27 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 8 9 
0.75 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 12 14 
1.24 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 15 17 
1.72 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 14 16 
2.21 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 19 22 
2.69 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 13 15 
3.17 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ 6 7 

Figure 10 (continued). Garhibazidpur CO data transformations 
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Table 21. >KNA oo 'ISP data f:ran Repeated lblseholds in Garhi.bazidplr 

Total SS 

Between SS 

Within SS 

F21,27 = 2.03 

SUms of 
squares 

7.9834 

4.3166 

3.6668 

Degrees of 
f reedan 

N-1=48 

K-1=21 

N-K=27 

&:;timate of 
varian:ie 

0.20555 

0.13581 

F 

1.5135 

Table 22. MCJVA on TSP data fran Repeated Houseb:>lds in Keelara ard 
Pallerayanahal.li 

Total SS 

Bewteen SS 

Within SS 

F23,31 = 1.89 

sums of 
squares 

17.038 

9.709 

7.328 

Degl::ees of 
f reedan 

N-1=54 

K-1=23 

N-K=31 

EStimate of 
varian:ie 

0.422170 

0.236395 

F 

1.7858 

used or by other enviraDnental anj cultural factors such a5 DJm rate I fuel type I 
kitdlen oonstructioo material ard locatioo, roof type, cooking practices ard 
diet. 'IbJugh it~ that these factors have varyin] degrees of influeix::e on 
OCserved exposures ard ooncentratiCl'lS, it was clear that quantifyin} the extent 
of this influence would be extremely difficult. None of the variables irx;ltJded 
in the NVJA ai the TSP data f:ran Gartli.bazidp.Jr ~ to be respasible for 
the variations in TSP exposures while the NfKNA a'l the ex> data sOOwed stove type 
to be of ~· Similar analysis of the TSP data fran the soot:hern villages 
revealed roof type, $toVe type, season arrl t:eqlerature to be inp>rtant in 
explainin] the variatioo in the data ard the same factors were inp:)rtant in 
explainin,J variation in ex> oancentratioos except for season. 

'1hese relatiaiship; were investigated further using T-tests. ttbe :results of 
these tests are SunJDBrized in Table 28. To take the results fran Garhibu:idp.tr 
first, as might have been expected fran the out:care of the >B:NA, there was no 
statistically significant difference in TSP exposure or ex> ooooentration based an 
stove type or kitchen oonstructim material (P<0.05 - this cutoff point for 
statistical significan:::e is used th:rolqhout the analysis); kitchen location, 
~, aRJeBrB to be inp>rtant in detennining 00 ooncentratioos. '1hese were 
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Table 23 

Summary of Data by Stove Type 

· Measurements Persona Percent Percent Sampling Burn Hean TSP Ex~oaure Hean CO Concen. 
,. TSP co Cooked For in Outdoor Time Rate (mg/m3 (mgtm3> 

Stove type (n) (n) (n) (n) Evening Kitchens (min) (kg/h) Ari th. Geom. Arith. Geom. 

Garhibazid1;1ur 

Sahayog 22 36 36 6.3 47 22 53 1 .4 2.9 2.5 6.2 4.2 
Traditional 34 51 51 6.2 45 22 46 1 .4 3.3 2.9 7.2 5.0 

U1 TOTAL OR WEIGHTED '° AVERAGE 56 87 87 6.2 46 22 49 J .4 3 .1 6.7 

Keelara and Pallera1anahalli 

ASTRA 20 38 38 6 .1 50 0 58 2 .1 2.5 2.0 9.4 4.6 
Traditional 24 38 38 5.7 53 0 60 1 .9 3.2 2.6 20 12 
Traditional v/hood 16 24 24 6 .II 50 0 68 2.0 1.7 1 .4 5.8 2.7 

TOTAL OR WEIGHTED 
AVERAGE 60 100 100 6.0 51 0 61 2.0 2.6 12 
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Figure 11. Total suspended particulate exposures in Garhibazidpur 
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Figure 12. Carbon monoxide concentrations in Garhibazidpur 
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Figure 14. Carbon monoxide concentrations in Keelara and Pallerayanahalli 
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Table 24 

General Model ANOVA for Garhibazidpur TSP data 

Dependent variables : TESTTSP 
Independent variables: CONstant C"AT KLOC STYPE KGPC KGHR FTYPE SEASON TE"P RH T 

I"E A"P" P"EAL 
Nulber of cases is S7 

Su11ary ANOVA Table Dependent Variable is TESTTSP 

OF Sui-of-Squares "ean-Square F-Value Prob Rsq 
~ode l 18 3. 83 . 21 . 95 1 . 20 
Error 68 15.29 .22 
Corrected Total S6 19 .12 
iProbabilities set to 1 when F or t-value is less than 1) 

Dependent Variable is TESTTSP 
S&URCE ordered 

Df Su1-of-Squares-l F-Value Prob Rsq Adj-Rsq 
C"A T 2 . 41 . 92 1. 00 . 02 . 00 
KLOC 2 .13 .28 1.00 .01 .00 
STY PE . 50 2. 24 .14 . 03 . 00 
KGPC .02 .07 1.00 .00 .00 
KGHR .OS .23 1.00 .00 .00 
FTYPE 3 .41 .61 1.00 .02 .00 
SEASON 2 1.62 3.61 .03 .08 .00 
TE"P . 04 .17 1. 00 . 00 . 00 
RH .13 .58 1.00 .01 .00 
TI"E .23 1.03 .31 .01 .00 
A"P" 2 .27 .60 1.00 .01 .00 
P"EAL .01 .06 1.00 .00 .00 
(Probabilities set to 1 when F or t-value is less than 1) 

SOURCE si1ultaneous 

Df Sui-of-Squares-3 F-Value Prob Rsq Adj-Rsq 
C"AT , 2 .00 .00 1.00 .00 .00 
KLOC· 2 .00 .00 1.00 .00 .00 
STYPE 1 .43 1.89 .17 .02 .00 
KGPC 1 .02 .10 1.00 .00 .00 
K GHR 1 . 03 . 13 1. 00 . 00 . 00 
FTYPE 3 .20 .29 1.00 .01 .00 
SEASON 2 .12 .27 1.00 .01 .00 
TE"P .00 .00 1.00 .00 .00 
RH . 13 . 56 1. 00 . 01 . 00 
TiltE .04 .20 1.00 .00 .00 
A"P" 2 .23 . 51 1.00 .01 .00 
PltEAL 1 .01 .06 1.00 .00 .00 
{Probabilities set to 1 when F or t-value is less than 1) 

64 

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier



Table 24 (continued) 

General Model ANOVA for Garhibazidpur TSP data 

PARAltETER situltaneous 

b Sui-of-Squares F-Yalue Prob 
COHstantO 1.28 1.08 4.82 .03 
C"ATl - .17 .00 .DO 1.00 
C"AT2 .04 .00 .00 1.00 
C"AT3 .DO .DO .DO 1.00 
KLOC! .13 .00 .DO 1.00 
KLOC2 .DO .OD .DO 1.00 
KLOC3 .OD .DO .DO 1.00 
STYP£l .16 .43 l.89 .17 
STYPE2 . 00 . 00 . DO 1. OD 
l6PCO -.41 .02 .JO l.00 
KGHRO .08 .03 .13 1.00 
FTYPEl - .09 . 06 . 26 1.00 
FTYPE2 -.13 .12 .S2 1.00 
FTYPE3 . 06 . 02 .11 1. OD 
FTYPE4 .DO .00 .00 1.DO 
SEASON! .18 .04 .16 1.00 
SEASOH2 -.23 .09 .38 1.00 
SEASON3 .DO .OD .00 1.00 
TE"PO . 00 .DO . 00 l. 00 
RHO .DO .13 .56 1.00 
TIMED .DO .04 .20 l.00 
A"P"l - .01 .00 .DO 1.00 
A"Plf2 .22 .23 1.03 .31 
A"P"3 .DO .00 .DO 1.00 
PPl£ALO .01 .01 .06 1.00 
(Probabilities set to 1 when For t-value is less than 1) 

Notes: CMAT = kitchen construction material 
KLOC = kitchen location 
STYPE = stove type 
KGPC = fuel use per capita 
KGHR = fueling rate (kg/hr) 
FTYPE = fuel type 
SEASON = time of year 
TEMP = temperature 
RH = relative humidity 
TIME = length of cooking period 
AMPM = time of day 
PEMAL = number of persons at meal 
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Table 25 

General Model ANOVA for Garhibazidpur CO data 

~ependent variables : TESTCO 
Independent variables: CONstant C"AT ILOC STYPE IGPC CGHR FTYPE SEASON TE"P RH T 

IltE A"P" P"EAL 
Nulber of cases is 87 

Su11ary ANOYA Table Dependent Variable is TESTCO 

DF Sui-of-Squares !lean-Square F-Value Prob Rsq 
"°del 18 21.37 1.19 2.07 .02 .35 
Error 68 38.98 .57 
Corrected Total 86 60.36 

Dependent Variable is TESTCO 
SOURCE ordered 

Df Sui-of-Squares-I F-Yalue Prob Rsq Adj-Rsq 
C"AT 2 1.71 1.49 .23 .03 .00 
ILOC 2 4.43 3.86 .03 .07 .00 
STYPE 1 1.32 2.29 .13 .02 .00 
IGPC 1 . 92 1.60 .21 .02 .00 
IGHR 1 .67 1.17 .28 .01 .00 
FTYPE 3 .23 . .13 1.00 .00 .00 
SEASON 2 3. 95 3.44 .04 .07 .00 
TE"P 1 4.16 7.26 .01 .07 .00 
RH 1 .91 1.58 .21 .02 .00 
TillE 1 . 96 1.67 .20 .02 .00 
A"Ptl 2 2. 03 1. 77 .18 .03 .00 
PllEAL 1 .09 .16 1.00 .00 .00 
(Probabilities set to 1 Mhen F or t-value is less than 1) 

SOURCE si1ultaneous 

Df Sut-of-Squares-3 F-Yalue Prob Rsq Adj-Rsq 
C"AT 2 .00 .00 1.00 .00 .00 
ILOC 2 .00 .00 1.00 ·.oo .00 
STYPE 1 3.61 6.29 .01 .06 .00 
IGPC 1 .10 .17 1.00 .00 .00 
IGHR 1 .94 .08 1.00 .00 .00 
FTYPE 3 .18 .11 1.00 .00 .00 
SEASON 2 2.07 1.81 .17 .03 .00 
TE"P 1 2.07 3.61 .06 .03 .00 
RH 1 .87 1.52 .22 .01 .00 
TlltE 1 .75 1.31 .26 .01 .00 
A"P" 2 2.04 1.78 .18 .03 .00 
PltEAL . 1 .09 .16 1.00 .00 .00 
(Probabilities set to 1 Mhen F or t-value is less than 1) 

66 

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier



Table 25 (continued) 

General Model ANOVA for Garhibazidpur CO data 

PARAJtETER si111ltaneous 

b Sui-of-Squares F-Yalue Prob 
COMstantO -.67 .29 .51 1.00 
CftATl 4.60 .00 .00 1.00 
CllAT2 5.02 .00 .00 1.00 
CKAT3 .00 .00 .00 1.00 
noc1 -4.40 .oo .oo t.oo 
ILOC2 -5.11 .00 .00 1.00 
ILOC3 .00 .00 .00 1.00 
STYPEI .48 3.61 6.29 .01 
STYPE2 . 00 . 00 . 00 1. 00 
K6PCO .88 .10 .17 1.00 
16HRO -.10 .04 .08 1.00 
FTYPEl -.03 .01 .01 1.00 
rTYP£2 .05 .02 .03 1.00 
FTYPE3 .16 .15 .27 1.00 
FTYPE4 .00 .00 .00 1.00 
SEASON! .08 .01 .01 1.00 
SEASON2 -1.11 2.07 3.60 .06 
SEASON3 .00 .00 .00 1.00 
TEMPO .06 2.07 3.61 .06 
RHO .01 .87 1.52 .22 
Tit£0 .01 .75 1.31 .26 
AKPttl .03 .01 .01 1.00 
AKPtl2 .65 2.04 3.55 .06 
AKPtt3 . 00 . 00 . 00 1. 00 
PllEALO - . 03 . 09 .16 1. 00 
(Probabilities set to 1 ~hen F or t-value is less than 1) 

NOTES: CMAT = kitchen construction material 
KLOC = kitchen location 
STYPE = stove type 
KGPC = fuel use per capita 
KGHR = fueling rate (kg/hr) 
FTYPE = fuel type 
SEASON = time of year 
TEMP = temperature 
RH = relative humidity 
TIME = length of cooking period 
AMPM = time of day 
PMEAL = number of persons at meal 

Significant factors are underscored. 
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Table 26 

General Model ANOVA for Keelara and Pallerayanahalli TSP data 

Dependent variables : LMTSP 
independent variables: CONstant RTYPE STYPE l6PC l6HR FTYPE SEASON TEHP RH TIHE 

AHPH PHEAL 

Mutber of cases is 100 

Su11ary ANOYA Table Dependent Variable is LNTSP 

DF Sui-of-Squares Hean-Square F-Yalue Prob Rsq 
Kodel 16 16.04 1.00 4.04 .00 .44 
Error B3 20.60 .25 
Corrected Total 99 36.64 

Dependent Variable is LKTSP 
SeURCE ordered 

Df Su1-of-Squares-l F-Yalue Prob Rsq Adj-Rsq 
RTYPE 2 1.73 3.48 .04 .05 .00 
STYPE 2 4.10 8.25 .00 .11 .00 
l6PC 1 .37 1.48 .23 .01 .00 
K6HR 1 1.20 4.84 .03 .03 .00 
FTYPE 3 . 72 . 96 1. 00 . 02 . 00 
SEASON 2 4.91 9.90 .00 .13 .00 
TEHP 2.27 9.14 .00 .06 .00 
RH .05 .22 1.00 .00 .00 
TIHE .67 2.70 .10 .02 .00 
AHPH .02 .06 1.00 .00 .00 
PHEAL 1 .00 .00 1.00 .00 .00 
(Probabilities set to 1 when For t-value is less than 1) 

SOURCE si1ultaneous 

Df Sui-of-Squares-3 F-Yalue Prob Rsq Adj-Rsq 
RTYPE 2, 1.81 3.64 .03 .05 .00 
STYPE 2 5.89 11.86 .00 .16 .00 
l6PC 1 .03 .10 1.00 .00 .00 
l6HR 1 .20 .82 1.00 .01 .00 
FTYPE 3 .71 .95 1.00 .02 .00 
SEASON 2 2.35 4.73 .01 .06 .00 
TEHP 1 1.10 4.13 .04 .03 .00 
RH 1 .00 .01 1.00 .00 .00 
TillE 1 .24 . 98 1.00 .01 .00 
AHPH 1 .01 .06 1.00 .00 .00 
PHEAL 1 .00 .00 1.00 .00 .00 
(Probabilities set to 1 when F or t-value is less than 1) 
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Table 26 (continued) 

General Hodel ANOVA for Keelara and Pallerayanahalli TSP data 

PARAttETER si1ultaneous 

b Sui-of-Squares F-Yalue Prob 
COMstantO -2.17 .62 2.49 .12 
RTYPEl .15 .26 1.06 .31 
RIYffZ .~~ l.~! ~.21 .01 
RTYPE3 .00 .00 .00 1.00 
STYe[l .36 1.43 5.75 .02 
sneEz 6Q ! !6 lZ 9Z ,QO 
STYPE3 .00 .00 .00 1.00 
f6PCO -.21 .03 .10 1.00 
K6HRO .14 .20 .82 1.00 
FTYPEl -.09 .08 . 34 1.00 
FTYPE2 .41 .54 2.18 .14 
FTYPE3 -.09 .08 .32 1.00 
FTYPE4 .00 .00 .00 1.00 
SE6~Qtf 1 -.49 l.35 5.44 .02 
~U~OHZ -.35 1.00 4.02 .OS 
SEASOH3 .00 .00 .00 1.00 
TE"PO .09 1.10 4.43 .04 
RHO .00 .00 .01 1.00 
Tlll£0 .00 .24 . 98 1.00 
A"Pftl .OS .01 .06 1.00 
A"P"2 .00 .00 .00 1.00 
P"EAl.0 .00 .00 .00 1.00 
(Probabilities set to l when For t-value is less than 1) 

Notes: RTYPE = roof type 
STYPE = stove type 
KGPC = fuel use per capita 
KGHR = fueling rate (kg/hr) 
FTYPE = fuel type 
SEASON = time of year 
TEMP = temperature 
RH = relative humidity 
TIME = length of cooking period 
AMPM = time of day 
PMEAL = number of people at meal 

Significant factors are underscored. 
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Table 27 

General Model ANOVA for Keelara and Pallerayanahalli CO data 

Dependent variables : LNCO 
Independent variables: CONstant RTYPE STYPE 16PC 16HR FTYPE SEASON TEHP RH TIHE 

AHPH PHEAL 
Nulber of rases is 100 

Su11ary AHOVA Table Dependent Variable is LNCO 

DF Sui-of-Squares Hean-Square F-Value Prob Rsq 
Hodel 16 88.83 5.55 9.50 .00 .65 
Error 83 48.49 .58 
Corrected Total 99 137.32 

Dependent Variable is LNCO 
SOURCE ordered 

Df Su1-of-Squares-1 F-Yalue Prob Rsq Adj-Rsq 
RTYPE 2 10.57 9.05 .00 .08 .00 
STYPE 2 32.27 27 .62 .00 .23 .09 
K6PC 1 .82 1.40 .24 .01 .00 
K6HR 1 7.03 12.03 .00 .OS .00 
FTYPE 3 2.10 1.20 .32 .02 .00 
SEASON 2 9.66 8.26 .00 .07 .00 
TEHP 1 25.38 43.44 .00 .18 .03 
RH 1 .04 .06 1.00 .00 .00 
TillE 1 .08 .13 1.00 .00 .00 
AHPff 1 .48 .83 1.00 .00 .00 
PHEAL 1 .41 .71 1.00 .00 .00 
(Probabilities set to 1 when F or t-value is less than 1) 

SOURCE siaultaneous 

Df Sua-of-Squares-3 F-Value Prob Rsq Adj-Rsq 
RTYPE 2" 8.42- 7.21 .00 .06 00 
STYPE 2 33.99 29.09 00 .25 10 
K6PC 1 .07 .13 1.00 .00 .00 
16HR 1 .79 1.36 .25 .01 .00 
FTYPE 3 2.79 1.59 .20 .02 .00 
SEASON 2 1. 94 1.66 .20 .01 .00 
TEHP 1 9. 02 15. 44 00 .07 00 
RH 1 .17 .29 LOO .00 .00 
TIHE .46 .79 1.00 .00 .00 
AHPH .30 .51 1.00 .00 .00 
PllEAL 1 . 41 . 71 l. 00 . 00 . 00 
(Probabilities set to 1 when F or t-value is less than 1) 

70 

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier



Table 27 (continued) 

General Model ANOVA for Keelara and Pallerayanahalli CO data 

PARAKETER situltaneous 

b Sui-of-Squares F-Yalue Prob 
CONstantO -5.89 4.54 7.77 .01 
RTYPEl . 27 . 85 1. 46 . 23 
RTYPE2 .84 7.57 12.26 .00 
RTYPE3 . 00 . 00 . 00 1. 00 
STYPEl .70 5.29 9.06 .00 
STYPE2 1.52 28.70 49.13 .00 
STYPE3 . 00 . 00 . 00 1. 00 
KGPCO -.36 .07 .13 1.00 
IGHRO .27 .79 1.36 .25 
FTYPEl -.27 .71 1.21 .27 
FTYPE2 . 73 1.68 2. 88 .09 
FTYPE3 -.21 .40 .68 1.00 
FTYPE4 . 00 . 00 . 00 1. 00 
SEASON! .19 .21 .36 1.00 
SEASON2 -.45 1.73 2.95 .09 
$EASOH3 . 00 . 00 . 00 1. 00 
TE"PO .25 9.02 15.44 .00 
RHO -.01 .17 .29 1.00 
TillEO . 01 . 46 . 79 1. 00 
AtlPtll . 23 . 30 . 51 1. 00 
A"P"2 .00 .00 .00 1.00 
PllEALO - . 07 . 41 . il 1. 00 
(Probabilities set to 1 when For t-value is less than ll 

Notes: RTYPE = roof type 
STYPE = stove type 
KGPC = fuel use per capita 
KGHR = fueling rate (kg/hr) 
FTYPE = fuel type 
SEASON = time of year 
TEMP = temperature 
RH = relative humidity 
TIME = length of cooking period 
AMPM = time of day 
PMEAL = number of people at meal 

Significant factors are underscored. 
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Table 28. SUl1ltlary of T-test Results al Air Pollutial Data 

Variable Pollutant 

stove type TSP 

Roof type TSP 

Kitchen locatial 00 

Exposures higher with Ul1111Xlified 
traditiooal. staves than with 
traditiooal staves wjhoods 

Orcelrl:rations higher with 
U1'1110iif ied traditiooal staves 
than with traditiooal staves 
wjhoods 

p 

P<0.001 

P<0.001 

Higher exposures in kitchens with P<0.04 
nui roof than in tile roofed 
kitchens 

Higher cxn:e11tratiais in kitchens P<0.01 
with nui roofs than in tile 
roofed kitchens 

Higher ocn::entrations in i.moor 
kitchens than in protected 
kitdlens 

P<0.01 

Higher oonoetrtratiais in i.moor P<O. 03 
kitchens than in a.rt:door kitchens 

significantly higher in i.moor kitchens than in protected kitchens (P<0.01) or in 
ootdoor kitdlens (P<0.03). 

In the southern villages, statistically significant differeices in exposures 
am CXXJCetrl:rations based al stove type am roof type were detected. 'lhe 
diffeteioe in exposure bebJeen the traditiooal stove am the inproved stove was 
mt statistically significant bJt there was a reductial 1:7.f a factor of 1. 3; the 
reductial in 00 oonoetlt:ratial was nme dramatic (a factor of 2. 7) am was 
statistically significant (P<0.001). A point worthy of mt:e is that le7Ner TSP 
exposures am oo c:iorrentratioos were fourn in southern banes usin;J traditiooal 
ooakst.oves placed mner fireplace-like Mods (TSP exposures decreasecl 1:7.f a factor 
of 1.8 am oo cn1centratiais 1:7.f a factor of 4.3) CXllplred to banes where 
traditiooal staves were bein;J USEd. '1hese differei:ces were statistically 
significant (P<0.001 for 00 as well as TSP). A similar reductial in TSP 
exposures was mt detectable \\tlen oalplrin;J banes usin;J the inproved stove am 
the traditiooal oookstove, tha¥]h there was a significant decrease in 00 
cn1ce11b:atioos. '1he 00 data suwart ~t the TSP data show except that the 
reductial in 00 ooncerrt:tations in houseOOlds in the south \ttbere new stoves are in 
use is nme prann::ed. '!he :reascn for this is mt clear bJt JJBY be related to 
the problems of usin;J statiooary lDlitors in field situations. TSP exposures am 
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Table 29. Specific F'Uel Ctl'lsUnption of Keelara am Pallerayanahalli stoves 

Persons Cookinj Bum Fuel Specific 
cooked for time rate use fuel 

stove type (n) (min) (kq/hr) (kg/pc) CXX'lSUllption 
(kg/kg) 

A9lRA (n - 40) 

Mean 6.1 58 2.05 0.37 0.365 
stardard deviatiai 2.2 15 0.53 0.17 0.146 
Coefficient Of 

variatiai 0.36 0.26 0.26 0.47 0.4 

Traditia1al. (n = 39) 

Mean 5.7 59 1.94 0.38 0.345 
stardard deviation 2.3 19 0.49 0.20 0.099 
COef ficient of 

variatiai 0.41 0.33 0.25 0.53 0.29 

Traditiooal. w,IOOod (n = 24) 

Mean 6.4 68 1.98 0.38 0.362 
stamard deviation 2.4 25 0.52 0.183 0.121 
coefficient of 

variatiai 0.38 0.37 0.26 0.48 0.33 

CD oonoentratioos were higher in llli-roofed houses than in tile-roofed houses 
(P<0.04, P<o.01) am also in thatch houses bJt here the diffe:reroe is oot 
statistically significant. 'lhe average CD levels were higher in the south largely 
because of l.ilnitai ventilation in the kite.hens of older haJses. '!his prci>lem 
might resolve itself as the older houses are replaced by new constructions that 
allow light am air to enter the kitdlen. 

'lhe >B:NA oo the TSP data fran the southern villages .shc1Ned "season" to be 
an iDpntant factor, a firxtir¥J that was rather inexplicable since there was in 
fact very little climatic variatiai durirg the measurement periods: the DOISOOl'l 
failed in both stldy sites that year so that though relative humidity~ 
duri.nJ the secxni measurement period, no rain actually fell durinq :measurement 
sessioos. '1he "seasonal" variatiais oormal.ly seen such as cha1'K)eS in 100isture 
cart:ent of fl.X!l, in fl.X!ls used, in cooking schedule, and so at were were either 
absent or less marked. In any case, the >B:NA did oot reveal relative humidity 
ard fuel type as being critical in explaining varian::e in the data. A further 
check was dale by ~ a Wilcoxon signed-ranks test oo data fran l:xxlseOOlds 
for which "true" replicates existed, that is, houses in wtlid'l there was no chal¥}8 
in stove type or cook hetween measur:ement periods. '1he results slXJW that there 
are no significant seasonal variations in TSP exposures. 

An:>ther factor that a.wears influential msed on the results of the 1'KNA 
for the southern villages was teqlerature in the cooking area at the beginning of 
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cooking which ooirr=ided with the start of the measurement period. A positive 
oorrelatial exists between te•petature ard TSP exposures (0.40) ard between 
telipe:tClture ard 00 ca1centratioos (0.53). '1he ~ in both TSP ard 00 per unit 
~in te1•1ecature seems to be small. In all the villages, TSP exposures ard 
00 cax::enb:atioos were positively correlated though this associatial was 
sb:atger in the southem villages (0.64) than in GarhibazidpJr (0.30). 

'1he efficiency of the i.nproved ooakstove in the southern villages was 
det:erminecl usirg specific fuel ooosunptial (SFC) as a measure. SFC is expressed 
as the units of fuel 1:mned per unit of cooked food. '1he SFC of the three stove 
types was quite similar (Table 29) ard m oorrelaticm ~to exist between 
exposures ard SFC. 

A brief digressial my be in order here to discuss the role ard measuz:eneut 
of efficiency in the evaluatial of ooakstove perf~. '!here exists an 
established intematicmal protocol far t:.estm;J oookstove efficiency (VITA, 1985) 
agreed upal after intensive experimentatial am diso>ssial anag the varioos 
group; involved in i.nproved oookstove design. 'lhe ncst cu•1a:nly used measure is 
the water-boilirg test where the leD]th of time ard the weight of fuel required 
to brirg a given quantity of water to a boil is recorded. '1he strer¥fl:hs of the 
test are its :n!p[oducibility ard catpmlbility. '1he main disadvantage is that it 
does not, in ncst cases, mimic the cooking process very well ard herO! DBY not be 
a realistic measure. SFC, al the other hand, measures the perf~ of the 
stove durirg the actual cooking pzooess. It is not, l:xM!ver, readily 
tepzoducible or cxmprable. Witiaial reservatioos am.it SFC ioollde the fact 
that it does not distirguish between different types of food ard al.so d:>es not 
aocxurt: far the nuniJer of dishes cooked. '1he SFC data in Table 29, then, stn.lld 
be viewed with these ·1imitatioos in mini. 

Resu1ts of survey 

'1he survey results were cross-tabllated. '1he baseline data al types of 
stove used, fuel use patterns, am oooking practices were reported in Qlaptm' 2. 
'1he renainirq part of the survey focused al fuel use preferemes, peroepU.oos of 
cbnestic air pollutial, ard al evaluatial of the i.nproved oooking staves. '1he 
questions were similarly worded in Garhibazidp.Jr am in the southem villages. 
Tables 30 ard 31 sunnarize the x:espames to the queries al fuel use preferences 
in the north ard the sart:h. ~ were asked to select fran aJDcnJ the fuels they 
cx1•1•ally use the cmes that they ooosider to be the Slldd.est, the least SllDky, the 
quickest in carpletin} the task, ard the slowest. It is i.nt:erestin;J to note that 
in Garhibazidplr the majority of the wanen identified a particular type of fuel 
~ respcn:linJ. '!here was ovenmel.mirg acp:eement that keekar (Acacia nilatica) 
is the least SDDky ard quickest cooking fuel. '1he slowest fUel category had the 
greatest diversity of answers tut the general respoose of "crop residues" formed 
the largest groop (36%). In the southem villages, wanen nomally associated a 
fuel characteristic with snddness, na'l-Sllddness, etc. , rather than a particular 
type of fuel. For exanple, a1Joost half of the ~ said that wet or fn!Sh wood 
is the sndciest fuel, ard abrut 40 peroerrt in:licated that large pieces of wood 
'Wall.d be the least SDDky. 'lltis differeooe in respooses between Garhibazidplr ard 
the southern villages may be because oooking fuels are tmned sirgly :mre 
frequently (52 percent) in the former than in the latter (24 pe:roent) providirg 
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Table 30. Peroeptioos of FUel Quality in Garllihlzidplr 

Type of fuel Jb;t SDDkey Isast sndcey ()lickest Slowest 
(n) (%) (n) (%) (n) (%) (n) (%) 

Guar 25 40 12 19 
DuB} 14 23 10 16 
Aakhada 8 13 3 5 
Crop residues 7 11 22 36 
Keekar 59 95 56 90 
5arsG11 5 8 8 13 
I..arge pieces 3 5 
other 4 5 3 5 3 5 7 11 

Note: n = 62; Guar, cynqsis tet:raga¥>ld:Ja; Aakhada, calotrq>is prooera; Keekar, 
Acacia nilotica; sarsoo, DJStard 

Table 31. Peroepticns of FUel Quality in Keelara am Pallerayanahalli 

Type of fuel Jb;t S11Dkey I.east SllDkey ()lickest Sle7NeSt 
(n) (%) (n) (%) (n) (%) (n) (\) 

wet/fresh wood 46 46 20 21 
Twigs 23 23 41 43 
Aala 19 19 8 8 
eooonut wastes 18 18 17 18 
DuB} 11 11 
large pieces 39 39 30 30 
Dey wood 32 32 17 17 
Gct>li 16 16 29 29 
cut wood 14 14 10 10 
Bew 13 13 12 12 
~y 12 12 
Hi way 12 12 
Basri 6 6 

I:kHl't knovi 5 5 8 8 8 8 10 11 
No respaise 4 4 4 4 3 3 4 4 

Total l1Ul'li:ler of 
respmielits 100 100 99 95 

Note: Many Jll.lltiple respa 1SeS were received so the ex>llDDl"l totals am percentages 
oo oot add up perfectly. Aala, Ficus l:len;1a].ensis; Gd>li, Acacia nilotica; Bevu, 
Azadirachta imica; ~Y, Pct'qamia glalra; Hiway, Madhuka larqifolia; Basri, 
Ficus retusa. 
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Table 32. Perceptioos of Smke fran Cdakstaves in Garhibazidpur 

Snoke does mt bother 
Blackens pots 
Blackens walls 
Irritates exes 
causes oose to nm 
causes ooughirg 
causes headaches 
other 

No response 

Total rn.miler of 
respcnients 

n 

8 
9 

15 
47 

7 
10 

5 
9 

3 

62 

% 

13 
14 
24 
76 
11 
16 

8 
14 

5 

Note: Many nul tiple re6pc:llS0S were received so the 0011.Dlll tatals am peroentaqes 
do mt al:ii up perfectly. 

nore awortunities for Garhi 'WaD9ll to observe the prqlerties of particular types 
of fuel. A cx::m1L11 feature of respcmses fran all villages was that people 
generally identified the same fuel or fuel dlaracteristic 'When nam:irg the 
SIIDkiest an:l the Slowest fUel arxl, Similarly I when selectiBJ the least SDDky arll 
the quickest fuel. 

Another set of questioos related to whether the \QIEl1 viewed imoor air 
pollutioo as a problem, arxl if they did, whether they had taken any measures to 
alleviate it, am~ they saw any benefits to havin;J SIOOke in the cxxl1d.ng 
area or hoosehold. 'l1le :respalS8S to these questioos are SU111Darized in Tables 32 
am J3. In all the villages, JtDre than two-thirds of the 'WaDel'l assooiated f1'je 
irritatioo with snrJky cxxl1d.ng stoves. In the southern villages, 45 percent also 
mentioned headaches resul.tirg fran exposure to imoor air pollutioo. 'Ibis is in 
carpirison to eight percent in Garhibazidplr where better-ventilated kitchens are 
nore prevalent. Blac.keni.lq of walls an:l cxxl1d.ng pots were other prd:>l.ens 
mentioned. 

In Garhibazidpn:, 17 percent felt imoor air pollutiai is D?t a prd>lem 
while in the southern villages, 24 percent had this q>inioo. ~ asked if they 
had taken any steps to reduce imoor air pollutiai, 40 percent said they had 
tried the new stove, 35 pe:roent replied in the negative, an:i 11 percent said they 
avoided Slooky fuels. In the southern villages, a larger percentage said they had 
taken oo aneliorative measures (52 peroe1rt). A further 20 percent ead'l said they 
had either adopted the new stove or had a OOod over their traditiooal. stove. 
'1ba.l]h people are cbviously aware of the relative SUD1dness of various :fUels, in 
neither place did they appear to l1Bke oooscioos efforts to procure am use less 
Sllllky fuels. Finally, the majority of the people in Gaxbil:azidpur said they oould 
see m benefits to havirg snrJke in the bJuse ( 79 percent) ; this reactioo was less 
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Table 33. Pel:ceptialS of SnDke fran Cookstoves in Keel.ara am Pallerayanahalli 

q>iniat 

SnDke does rXJt bother 
Blackens pots 
Blackens walls 
Irritates eyes 
causes nose to nm 
causes oooghinJ 
causes headaches 
other 

Total rnmt>er of 
respc:ments 

n 

24 
13 
39 
68 
21 
17 
45 

1 

100 

% 

24 
13 
39 
68 
21 
17 
45 

1 

Nate: Many nlll.tiple respaises were received SO the OOlUDl'l totals am percentages 
do rXJt ac:tt up perfectly. 

ovenmeI.m:irq in the southem villages where a substantial percentage of people 
perceived the smke as beneficial in repellin;J naquitoes (39 percent) am 
~ thatch fran termites am other insects (28 percent). 

A further series of questialS tried to gather reactialS to the inproved 
ooakstoves. 'lhese respaises are shown in Tables 34 am 35. Qtly 65 percent of 
t00se whose q>inialS were surveyed in Garhibazidp.Jr am 48 perCESlt Of those in 
southern villages had inproved ooakstoves; hence ally their :respooses are 
ioolOOed in these tables. '!he JOOSt stri.kinJ differs~ between Garhibazidp.Jr 
am the southern villages relate to the opposite estimatiais of stove 
performarx:e. '!he ally agieement is in the assessment by those usinl the inproved 
ooakstoves regularly that both stoves rechx::le the annmt of SllDke in the coakirg 
area. ~ the measurements of TSP exposure am CD oau:::ntratialS in:licate 
this rXJt to be the case, these peroeptialS are of interest as they deno1Sl:rate 
av;:,e again the iJlprecisiai with whlc:h human senses detect enviranental hazards. 
'!he other measures of perfonnarx::e whlc:h were ioolOOed in the questiamaire -
fuel cxmsunptioo, coakirg time, am health effects - altha.¥1h by oo means free 
of the need far subjective jlD]ement, are perhaps less prooe to error in 
assessment. A further ocmplicatiat is the t:emen:y far the expectatialS of the 
persoo ocniuctirvJ the survey to influence the zespaises elicited fran people, 
inspite of efforts to avoid Stx::h bias. Peihap; the waoen sensin;J the interest in 
the sndd.ness of stoves tailor their replies acxx>niiDJly whereas researcher bias 
for the other measures of perfor.marce llB!f rXJt have been as d::Ni.oos. 

Discipioo 

~ Keelara an:i Pallerayanahalli have repeatedly been referred to as the 
"southern villages" it is rXJt the intentioo to illply that these fi.n:lirg; are 
representative of the situatioo in south Irrlia. Nor is Garhibazidp.Jr meant to be 
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Table 34. Evaluatia'l Of the Inproved COokstove in GarhibazidpD: 

Frequerx:y of use 

Always 
Frequently 
5aDetimes 
Never 

F\Jel caisumptiai 
n 

I.sss 3 
same 8 
MJre 7 
Not awlicable 20 
~'t know 2 

Perceived inplct at health 

No effect 
FE!'er colds 
Eyes less irritated 
Decreased CCl¥Jh.in1 
~headaches 

% 

7.5 
20 
17 
50 
1 

Reasons for irregular use or diS1JSe 

Higher fuel caisumptioo 
Higher time requiranent 
Difficult to start fire 
SIOOkier 
Difficult to DBke rotis 
Faulty oonstructiai 
lnaRJC'Opriate locaticri 
Disintegrated in 11D'lSOOl'l 
Dem>lished 
other 
Haven't used 

n 

7 
7 
6 

20 

n 

12 
1 
6 
1 
1 

8 
2 
3 
4 
6 
5 
7 
7 
7 
3 
2 

% 

17 
17 
15 
50 

8ID1dness 
n 

15 
1 
2 

20 
2 

% 

38 
2.5 
5 

50 
1 

60 
5 

30 
5 
5 

31 
8 

11 
15 
23 
19 
27 
27 
27 
11 

8 

Time requirement 
n % 

5 12 
6 15 
7 17 

20 50 
2 1 

Note: n = 40, that is, 40 Of the 62 :tnlsetx>lds surveyed had the new stave. Many 
nul.tiple respCX1SeS were received so the oolUlll'l totals arxt percentages cb mt di 
up perfectly. 
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Table 35. Evaluatioo of the Improved Olokstove in Keelara am Pallerayanahalli 

n % 
Frequeooy of use 

Always 37 77 
Frequently 4 8 
sanetimes 3 6 
Never 3 6 
No response 1 2 

F\Jel oonsunptioo, snddness, time requirement 

F\Jel oonsunption SllDkiness Time requirement 
n % n % n % 

less 38 79 35 73 41 85 
same 5 10 6 12 3 6 
Jot>re 0 0 3 6 0 0 
Not awlicable 3 6 3 6 3 6 
No response 2 4 1 2 1 2 

Peroei ved inp:lct on health 

n % 

No effect 20 42 
Eyes less irritated 22 46 
Decreased~ 6 12 
Feiwer headaches 11 23 
other 2 4 

Note: n = 48, that is, 48 of the 100 households sw:veyed had the new stove. Many 
llllltiple responses were received so the rollDTll'l totals arrl percentages do not adi 
up perfectly. 

representative of north Irrlia. 'lhis is not a regional study of domestic air 
i:x>llutioo. CUltural am enviromental a:nlitions vary too widely in north am 
south India for generalizations to be made on the msis of data rollected in one 
or two villages. c::acparisons am contrasts have been made betvJeen the two study 
sites as a means of highlighting firdings rather than to draw conclusions for a 
larger gaJgJ:aptlc area. If anything, this field study has shown that the natural 
variability in air i:x>llution data makes it exb:emely difficult to extrai:x>late 
fran the specific to the general. '1hese are, essentially, site-specific 
<Dservations web may be a:wlicable to sanewhat larger geograpuc tmits than the 
villages themselves b.Jt certainly not to all of northern or southern Irrlia. 
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'!here was a readily ol:servable contrast between the environment ard culb.Jre 
of Garhibazidplr ard the southern villages. Sane of these differences are 
reflected in the picture of danestic air pollution that can be constructed f:ran 
the data. 'lhe kitchens in the southern villages are located to maximize privacy 
ard, unfortlmately, this is often achieved at the expense of adequate 
ventilation. 'lhe higher CD concentrations ob;erved in the sooth are prOOably 
related to this dlaracteristic of cooking areas. In ocq>arisoo, cooking areas in 
Garhibazidplr were scnetimes open-air ard a1JOOSt always well-ventilated. 
Consequently, CD oonoentrations were lower. '1he effect of ventilation an TSP 
exposures is less easily quantified bised an these field data. 

Since cooking practices differ greatly between the study sites it was 
expected that sane effect of this might be disoernabl.e in the measured exposures 
ard concentrations. 'lhe basic ptocess in preparinJ roti, the staple food of the 
north involves roasting it on a grick:lle ard then exposinJ it to a radiant flame. 
Rice ard ragi, the mainstays of the southern villages, require boilinJ. 'lhis 
difference in the cooking pi:ocess detennines not only the annmt of time the ooak 
spems near the stove :rut also her proximity to it. In Garhibazidplr, the cook 
needs aooess to the oanblstion chamber ard remains by the stove till roti-makinq 
is oat1>leted. Ragi ard rice preparation do not call for such close attentiai ard 
the cook is able to take care of other household tasks 'While waitinJ for the pots 
to cane to a boil. Based only an these differences, one might expect that 
Garhibazidplr cooks w:W.d receive larger TSP exposures. 'lhis, OOweveZ', proved 
not to be the case. 'lhe average TSP exposures in both places were on the order 
of 2. 6-3 .1 ng/mJ. 'lhe disruption caused by our preserDe may have overwhelmed the 
influence of cooking process on exposures. Besides ourselves, a groop of 
neighbors ard spectators often gathered in the ki tdlen. Also, other factors such 
as the size of fuel ard the rapidity with wilidl it b.lrns might dictate the cook's 
m::wements, overridinl the requirements of the cooking pi:ocess. 

'lhe types of fuel used in the two study sites offered a oontrast too -
specifically the greater use of dung in Garhibazidplr - wilich were expected to 
lead to variations in exposures ard concentrations. since the type of fuel used 
was not controlled durinJ the measurements (in order to preserve routine 
practices as far as possible) it was fourxi that cooks often use a mix of various 
fuels - incluiing crop residues - ard it was difficult to separate the 
contrihltion of irxiividual fuels. Even when fuel usage is aggregated into three 
broad categories, wood, crop residues, ard dung, oo a~ diffezeuces emerge. 
It awean; that in the field where various types of fuel are being bJrned uOOer 
rudi.Jnentary oon:litions, the diffezenc::es in catblstion ard ventilation cx:n:litions 
may mask the effect of the specific fuels in use. overall, then, there were not 
striking differences between exposures am. concentrations in Garhibazidplr ard 
the southern villages. 

'Ihe TSP exposures ard CD concentrations measured in this study are not 
radically different from previous measurements (Tables 3-6 in Cllapter 1). 'lhe CD 
ooncentrations fourxi are perhaps la.Ner than those foorn previously :rut this may 
be partially due to the anple provisions for ventilation in many kitchens in 
Garhibazidplr especially in coopu-isoo with the southern kitchens am the 
kite.hens investigated in other sb.llies. 
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Within eadl village, the variation in exposures arxi oarentratia'1S is quite 
high. T-tests oonfinned that sane differences by stove type exist blt the 
rab:tioo brought alx:JlJt by iq:roved coakstoves is not strikirq. '!here was no 
statistically significant difference by stove type in GarhimzidpJr am in the 
southern villages the reductiOl'E in 'hol.EeOOlds using the traditional stove umer 
a :tx>od dli.mey "'8re greater than in h::Alseholds usir¥3' the newly introdlJCed 
iq:roved ooakstave. 

'!his irrligenous response to the irooor air pollutioo prd>lem a:wears to be 
an exb::emely effective method of rencving SllDke fran the kitchen. 'lhe major 
advantage of the hood dli.mey is that it seens to be iqlervioos to user 
idiosyrx::racies. An qJerator using a traditiaial. stove urder a wel.1-blilt 1x>od 
may do just abwt anything - alter the hm1 rate or leave ports uooovered - am 
have very little effect oo the ano.mt of Sl1Dke escapirg into the kitdlen. '!here 
is no need for the oook to m:xlify bar behavior or charqe the ooaki.nq pi:ooess. In 
its present fonn the 1'¥Jod, :massive am expensive, is available ally to the DDre 
affluent rural pq11].atiai. '1be hoods canoot be acxai11Diated in thatch dwellir¥18 
am it is difficult to retrofit kitchens with them. 'lhe design pr:'iooiple of the 
1x>od is sinple, :tnr.eveI-, ard hoods cn.tld prctlably be incozporated into any new 
government-sutsidized hcusin}. In aalitioo, the JxJods ooold be c::a'lStz\x:t:e of 
sane cheaper, light-weight material makirq them affordable to a larger sectiai of 
the pqu!aticm. A feasible alternative, especially in the north Mm'e a seasaia1 
shift in kit:.dlen locatiai is custaoary, maybe the OClli>inatiai of a portable 
bp:oved (metal) ooakstave ard a light-iweight h:xxi. 

'1he redlctiais in CD ocn::eut:catia'1S in banes with the new stoves was DDre 
marked than the :recilctiais in TSP exposures. '1he reasais far this d:isc:::repm::y is 
not entirely clear. Since persooa1 natltoring of <X> was not ocmucted, the 
possibility that there were shifts of the ratio of CD/ISP emissiOl'E c:anmt be 
discoont.ed. Also, the TSP narltors did not distinguish 8JIDlq particles of 
various sizes so, possibly, dlarqes in the backgrourd dust levels affected the 
measurements. 

'!here are many possible :reasoos for the mixed perf0Il1lal'D! of .inproved 
coakstoves. A ocmtribltirg factor may be the relatively frequent ~ of 
grourxi-level tetp:!Iature inversioos in north Irxiia. 'lhe mean ani:>ient TSP 
0011Ce1atratioo in Garhibazidp.Jr was 1.1 ng/m3 c:apred to a mean oaicent:catioo of 
0.15 ng/m3 in the southem villages. Where inversiais exist, a significant 
porti.ai of the SIOOke escapin} frail flues may reenter the ooaki.nq area (smith, 
1987b) • '1here is little doobt that SllDke fran the stoves is resultin;J in 
elevated ani:>ient TSP OOllcentratiais. Smith am DJrgaprasad (1987) did an air 
pollution "transect" of ooe of their sb.dy villages. cne of the autmrs walked 
f:ran the center of the village to the ~ fields ooldir¥3' a Miniram TSP 
DD1itar (infrared scatterirq) recording oaJCe11tratioo every five paces. 'lhe 
resultinJ transect sOOwed relatively high amient TSP levels am a sharp 
transitiai at the village bourdary. A similar transect was dale in Garhi.mzidplr 
(Figure 15) except it ran frail ale em of the village to the other. Again, there 
is a shazp decrease in levels at the village perimeter b.1t there are also lower 
cxxJCe11ltatials at the vi 11 age center. Perllap; this is because there are several 
oammity activity blil<iin1s located in that area ard the l'nlsin;J density is 
lower. 
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Figure 15. Ambient TSP concentrations in Garhibazidpur--A village transect 
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In 8rrj case I the fact remains that the iqlroved oookstoves investigated in 
the sb.dy were not significantly better than traditiooal stoves in tems Of TSP 
exposures an:l ()) CXllCE!lrtratioos. '1he relatively poor perfonaan:ie of .i.np:owd 
st.aves in redlc.inj exposures raises amther issue: are iqlroved smkeless stoves 
:realistic laqt:eim solutioos to high TSP an:l CX> exposures? Even the traditiaial. 
stave umer a hood does not trin) exposures to within the levels stipulated by 
the Imian ani>ient air quality stamards ( o .1-0. 5 ng/m3) altlnlgh these are tased 
at lager averagirg times. 'lhis will diso'Ssed further in the next chapter. 

Apart frail stove type, the kitchen looatiat, roof type, an:l talp!rature were 
also fani to play a role am their effect has already been discussed. Factors 
that were expected to have an effect at TSP exposures am()) m1cenb:atiais am 
proved not to were kitdlen cxmst:ru::tiat mterial, bim rate, lerqt:h of oookin;J 
period, time of meal preparati.at, inter alia. It should be E!lllhasized that the 
lack of associatiat may be related to the dlaracteristics of this data set am 
stn.ild not be interpreted as an ~ Of relatiatShip. 

A variable that needs to be examined further is operator behavior. It seems 
reasaiable to assnne that the ooak will att:alpt to :redlD! Sllddness as far as 
possible b.lt this stn.ild not be taken for granted. She my well have other 
priorities S\x::h as reclucin) oookin;J time or minimizin) fuel cxxisupptiat (5arin, 
1987b) • Her peroeptiat of snddness my not be an accurate measure of the 
hazard. '1he pollutants that human senses are able to detect are not necessarily 
the cmes IOOSt hanaf'u1 to human health. fbDanS react relatively quickly to TSP 
am fomaldehyde b.lt the same is not true of oo, for exanple. '1hi.s points to the 
need for field measuremesd:s of both exposures am pezceptiais in order to 
detennine the seriousness of the hazard, to gall]e pEq>le's willin:;e;s to :redlD! 
it, an:l to dJtain a sense of their priori ties. 

'1he survey sOOwed that people oo imeed perceive danestic air pollutiat to 
be a prd:>J.an am that sane had experimented with the iDprOYeCl ooakstoYe in the 
b::>pe that it wwld be an effective means of eliminatin) the SllDke. 'Ibis is in 
keepin) with the firdi.nJs of earlier surveys (Bajracbarya, 1983; Josepi, 1987~ 
Sarin, 1987b) which fcum that people often place nme lllp::u:tame at redlcin} 
irDx>r Sldce oa1CE111b:atioos am exposures than at llp:oved efficiency am their 
reasais for adoptirg the stove my have nme to oo with the fm:mer than the 
latter. Fuel scaroity in IOOSt of south Asia is not as acute as it is in nu:fl Of 
Africa. 'lbcu;#l peq>le may be travell.inj lager distarres to collect their 
ooa1cinJ fuel am thcA.¥#1 they may be forced to sul:stitute crop residues or dun) 
for 'WOOd, they are generally still not in the desperate situatiat where a major 
portiat Of eadl day :mst be spent in ~ for oookin;J fuel. In Edlitiat, in 
the stuiy ar88S, at least, the mjority of the people cxmtinue to gather fuel 
rather than b.ly it. llero!, efficiency am ocnservatiat are frequently not the 
major oa1Cet.ns. 

'1he survey also stXlWeCl that tlnlgh people might think that snd.e fran the 
oookstove is a prd:>lem, the mjority have not taken aey active measures to dlan}e 
the situaticm. 'Ibis is irxlicative not atly of people's priori ties b.lt also · 
pemap; of the decisicn-maki.n;J structure within the lolseh:>ld where tlnK3h the 
kitchen is unarguably the wanan's damin, actioos that involve sutstantial 
expamture usually require the ocn;ent Of the DBle head of l'nlsetx>ld. Neither 
of the stmy sites had lllltriardlal societies: it 'WWld, incidentally, be 

83 

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier



intrigu.irq to examine the situation in places where sudl a system is followed. 

'1he difficulty in arrivirg at a quantitative estimate of the infl1.Je1Ce of 
the various cultural am environmental factors an TSP exposures am oo 
oaicentratims oculd be explained in several ways. 'lhe natural variability of 
the data prdJably accounts for it at least in part. It is also possible that 
ooaks work to achleve a minilll.Dn level of caofort am do so bj manip.ila~ sane 
of these same factors. 'Ibis oculd be tested bj focusing an q>erator behavior, 
breakirg it down into manageable cxl111aeits, when t:akiDl :measurements of 
pollution levels. 

Regardless of these issues, the data show quite clearly the relative 
performarx::e of the traditional am i.nproved ooakstoves. It is also awarent that 
in the field the new stoves do oot show as Illld'l improvement as expected. 'lbeir 
present performanoe am possible future role is di soJSSed in the ocm:.ext of 
dissemination pcogzmns in the next chapter. 
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(])apter' 5 

'Ihe field data show that the performarx:e of the inproved oookstove in tenilS 
of decreasirg danestic air pollutiai was not vastly superior to that of the 
traditional stove am, in the case of Garhi.l:Bzid?Jr, the inprovement was not 
statistically significant. 'Ihere could be several reasons for this. 'Ihe first 
consideratiai is a technical defect in stove design b.Jt this is improbible since 
toth stoves were tested rigorously in the laboratory (I.okras et al., 1983; JiOOa.l 
am Prasad, 1987). A seocni possibility which is explored here relates to the 
characteristics of the disseminatiai programs. A recent study of adoption of 
smkeless 'WOOdstoves in Rajasthan foum that disseminatiai pi:ogzam policies 
rather than the acceptor's personal characteristics were critical in attaining a 
high level of aroept:aooe (Fraser, 1987). It a:wean; that the importarx::es of 
designirg disserninatiai programs carefully cannot be overeqi1asized. 

Diss@nj natioo Srngnarized. 

Improved coakstove programs are not new to the rural Irxiian larrlscape. 'Ibey 
were p:ralDted in the 19505 by Gamhian am other vol1.mtary organizations 'NOrkin"] 
to inp:uve the general quality of life in villages am later by various 
government ~ies am private group; interested in alleviatirg health problens 
am fuel scarcity (Raju, 1953; HERL, 1968). 'Ihe relation.ship:; between cookstoves 
am health, am cookstoves am deforestation were not investigated 
systematically. It was assumed that an inproved coakstove "WOUld inprove the 
health of rural wanen, ease fuel scarcity, am curb deforestation. Many 
disseminatiai strategies were att:enptai with varyirg degrees of sucx::ess. At 
first these efforts were not well-documented am it is inpossible to estimate how 
many inproved coakstove programs came am \Vellt • Of late I though, there has been 
a spate of surveys, reports, discussions, am evaluations of inproved coakstove 
dissemination programs (Foley am MJss, 1983; Manibog, 1984; Agan/al, 1986; 
Josept, 1987; FWD, 1987) in Irxiia am elsewhere. Several conclusions emerge fran 
this literature, the principal ones beirg 

* I:np:oval coakstove t.edn>logy is mt as sinpl.e as it Dli.cjlt awear, am 
its <n1plexi.ty arises largely fian the social ard cultural. CD1text 
within Wli.dl it q>erates. 

- an understarrling of this context is crucial to organizirg an 
effective disserninatiai pi:ogzam. 
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- a program that ignores these realities cannot achieve its goals or 
sustain changes that it generates. '1hese often site-specific social 
arxi cultural conditions are as critical as the design of the stove or 
the technical aspects of the progi::am. 

* An effort DUSt be &Ide to integrate the .i.rnJvation am diffusion p:c cesses 
so that there is an exchaRJe of inf o:anation between the disseminators arxi 
potential adopters arxi the resulting improved ooakstove design 
incorporates l:x>th the needs of the latter arxi the efficiency arxi/or 
pollution concerns of the foner. 

* 'Ibe designer/dissem:inatar's frequent assamption that the potart:ial 
~'s p:iarities are identical to his or her own is genetally 
lD1Warr811ted. f.t)st improved cookstove programs could benefit by carcying 
out some market research before attempting to design an improved cookstove 
or intrcxlucing such a stove. 

* qJeratac' education, follow-up am extension services, am DDli.t.arlnj am 
evaluation are critical o "IO'IE!llls of the d.i..sseminat:i p:UJlaa. '!he 
dissemination effort cannot end with the installation of the improved 
CXX>kstove. Operator education, follow-up arxi extension services, arxi 
nonitoring arxi evaluation all have important roles to play if any 
pernanent change is to c:nne al:x>ut. 

* lb3t inproved cookstove pnxji'.aDS are <k>inJ DDre than inlt• dnc.inj a new 
stave or a piece of equipEllt. '!hey seek to chaRJ0 the way people cook. 
Food habits, like other personal habits, are deeply rooted arxi are not 
easily altered. It should not be surprising, therefore, if improved 
CXX>kstove programs meet with resistance. Change canes slowly arxi may not 
occur within the project's life time. 

* I:qroved cookstove p:ogtans slnlld be explicit in statinJ their cpll.s am 
selectllg their lllE!BSUl'eS of SlDJf!Pi. at the a.rt:set so that evaluation is 
facilitated. Stoves may be designed to maximize efficiency, to minimize 
pollution, or to achieve some canbination of the two cbjectives. It is 
imperative that the relative enpmsis placed on eadl. of these goals in the 
design of the improved cookstove arxi the dissemination program be the 
result of a deliberate arxi conscious decision; in the al:Eence of such an 
explicit statement of goals, evaluation of program results becanes 
difficult. It would not be mrusual to dismver at the prUJtam's end that 
neither of the cbjectives has been met or that one has been achieved at 
the expense of the other. 

* 'Ibe dissemi.natim p:ogtam slnlld be st:zub.1tal to avoid pl.acinj umue 
eqilasis en me portion of the p:UJlam at the cost of otD:!rs, even if it 
is less easy to produce tangible evidence of the importance arxi need for 
some J;i1ases of the program (for exanple, follow-up arxi extension services, 
noni taring arxi evaluation) . 

* l.im}e-scal.e di.sseminati.on pt'UJldliS are bani p:wscd to cx•ulzol quality am 
sinultanewsly p:e;ecve their flexibility. Arguments can be made in favor 
of large-scale or small-scale dissemination programs b.rt, in general, it 
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is DD.re difficult in larqe-scale programs to maintain stamards am 
cart:rol quality am, at the same time, presezve a measure of flexibility 
so that the pcogzam :remains respa.sive to the particular requirements of 
cultural graips am piysical envirannents. 

Many of these points can be illlDllinated by describin] the disseminatioo 
"'pI"'"OgI"'"'"'m-ns""' 'lll'X8: wdl the improved oookstoves in Garhibazidplr, Keelara, am 
Pallerayanahalli "Were Wilt. In fact, the fimings presented in Chapter 4 l1llSt 
be viewed in light of these differ:ences in the disseninatioo pcogtains. 'lhe 
prograins used different aR;JI'OaChes to reach very different goals. 'lhese 
differerces in d'laracteristics are discussed in the next sectioo. 

Shdy Area Pj5§f"'jM:tiaJ PlpgtaJ!§ 

'lhe improved c:oakstove pcogtam in Garhibazidplr aimed to irx::rease fuel 
efficiav::y as well as exposures. 'lhe improved ooakstove was designed with tmse 
intentions. 'lhe seoan port as well as the erx::losed caiblstioo dlantler am the 
teffle am daqers are meant to inprove efficiency Wile the flue is suwcsed to 
vent the SltDke. 'lhe improved coakstove in the southern villages was designed 
with the intentioo of maximizin] efficiency, the argument beinj that improved 
efficiency inplies DD.re catplete caiblstioo am herx:ie less pollutioo. Also, a 
fuel-efficient stove is likely to require less cooking time Wich wool.d reduce 
the ano.mt of time the cook has to sperxi near the stove am, thus, her exposure. 

'lhe improved oookstove progzam in Garhibazidp.Jr, a precursor of the National 
Progtam oo Inproved Coakstoves, was part of the Natiooal Project on the 
Denalstratioo of Inproved Coakstoves am might be considered to constitute the 
test piase of the Naticntl Program oo Inproved Coakstoves. 'lhe AS'lRA ale, the 
improved oookstove Wilt in Keelara am Pallerayanahalli, was developed by a 
research group (AS'IRA - Centre for .AR>licatioo of Science am Technology to 
Rural Areas - which is part Of the Inllan Institute Of Science, ~ore) am 
the stoves "Were oonstructed in a pilot disseminatioo project by AS'IRA itself. 
Inproved ooakstove disseminatioo pICXJiatE can differ in many ways. Analg the 
relevant distiootions are the manner in Widl the following oaiponents of the 
pcogtam are organizm am managed: general structure, need assessment, choice of 
stove design, trainirg of stove blilders, sutsidies, operator educatioo, 
follO!rl-Up am extensial services, am nalitorin] am evaluatial. Both the 
National Project al the Demrstratioo of Inproved Coakstoves am the Centre for 
.AR>licatiOO Of Science am Technology to Rural Areas I disseminatial pI'og:taJDS are 
discussed 'lll'X8: each of these headin]s to highlight their respective goals am 
ptilosoptles. JtlJCh of the following informatial is drawn fran field ootes. 

General structure; 'lhe Natiooal. Program al Inproved CoakstovesJ is 
spoosored by the Department of Non-Conventional FneJ:gy scm-ces of the Government 
of :rmia am is inplement.ed by various state governments am ~ 
organizations. 'Ihe Deparbnent of Non-Conventional Energy scm-ces sets the amual 
target which is expressed in tenns of the rnnnber of improved oookstoves to be 
Wilt. 'Ihe ncn--9oveuu11ental organizations negotiate their i.mividual goals with 
the Department of Non-Conventiooal Energy scm-ces. 'lhe ultimate aim of the 
Department of Non-Conventional Energy scm-ces is to have an improved oookstove in 
every rural household; villages are declared to be "snDkeless" when all the 
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households have inproved oookstoves or biogas plants. '!here are 8000 smokeless 
villages in Iniia today am in a further 10,000 at least 75 percent of the 
households have improved cookstoves (Garg, 1987). In the Natialal. Project oo the 
Denalstration of Improved COokstoves, the focus was oo in.stallirg stoves. Very 
little attention was paid to post-installatioo services, perfonnance, am 
evaluatioo. 'Ihe importance of these aspects of the disseminatioo prog:cam soon 
became evident am the current program, the Natialal. Pl:ogram oo Improved 
Coakstoves, is :nm:e oalSCious of it (Upadhyaya, 1987). 

'lhe stoves at Keelara am Pallerayanahalli were blilt in a pilot 
disseminatioo ptogram :nm l:7f the centre for AWlicatioo of SCieoce am Techoology 
to Rural Areas. 'Ihe group's extension center is about 5 km fran Keelara am a 
resident staff is involved in developirg am testing various enetqy am 
agriculture-related technologies applicable in rural areas. D.1e to the proximity 
of the extension center to the villages am because of the interest in 
perfonnance, constructioo was closely supervised am follow-up services were 
easily available to the stove owners. In additioo, owners tNere instructed in 
stove operation am maintenance. Evaluation, of course, was an important part of 
the disseminatioo ptogram. 

Need AssessnJmt: In all the sb.rly villages the determination of need was an 
external decisioo. 'Ihe selectioo of the in:lividual villages where dissemi.natioo 
programs should be attempted was left to the implementing agencies -
nan-governneital organizations in this case - in the National Project on the 
Denalstration of Inproved COokstoves. '!he reasoniRJ was that non-governmenta 
organizations are DD:re closely linked to the rural pop.llatioo am are in a better 
JX)Sition to identify villages or regions where improved cookstoves may be well 
:received. 'Ihe nan-govemmental organizations in their turn worked with their 
local contacts to estimate the number of households that might be interested in 
new stoves am potential trainees in stove b.lilc:linq. In the particular instaooe 
of Garhimzidp.Jr, the non-governmental organizatioo in questioo was the All-Iniia 
WCl'oen's COnferen::e am their oartact was the sooial worker at the Kabliji 
Hospital am Rural Health centre about 6 km fran the village. 'Ihe health center, 
a privately-furxled establishment, was involved in various i.mane--qeneratirg am 
suwc>rt projects in the SUIT01.IIKling villages including \Vea.Vllg, sewing, creche 
am day-care prog:cans. Garhimzidp.Jr is Kabliji's ''m:xiel" village, am the ooe 
with the best-organized group of village representatives, hence the decisioo to 
la\.D1Ch an improved oookstove ptogram there. Iocidentally, there had been a 
previous unsucx::essful improved oookstove program in Garhibazidp.lr also oorrlucted 
via Kabliji, awroximately two years earlier. No visible evidence of this 
earlier effort remained when the new program was begun. 

'!he AS'lRA ole is currently beirg disseminated throughoot Kamataka via a 
state-si;x>nsorErl ptogi:am rut the stoves at Keelara am Pallerayanahalli 'Nere b.lilt 
earlier in an irrleperxient preliminary effort l:7f the Centre for AWlicatioo of 
scieoce am Technology to Rural Areas. 'lbe proximity of Keelara am 
Pallerayanahalli to the extensioo center was an inp:>rtant factor in the centre 
for .AR>lication of SCieoce am Technology to Rural Areas Is decisioo to introdt.re 
the ole there. 'lbc>t¥#1 the shortage of cooJdnJ fuel in the Ullgra area is not 
acute, it has i.rcreased over the last ten years or so. '!he extensioo center 
staff have noted, for exanple, growir¥J use of durq as a cooJdnJ fuel am:xq the 
la.Ner inc:xne group5. '!his was a1Joost unheard of ten years ago at the time of the 
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first energy use survey (ASI'RA, 1982). 

Choice of stove Design: '!he Deparbnent of Non-Conventional Energy Sources 
has a list of approved stove designs arrl inplementing agerx::ies are required to 
dloose from this list. All the approved designs have been tested in one of four 
technical suwcrt tm.its - Imian Institute of Technology, Delhi; Punjab 
University, O'landigarh; Bihar College of Eh;Jineering, Patna; arrl Rajasthan 
Agricultural University, Udaip.ir - arrl have been fouOO. to have efficierx::ies of 
at least 20 percent (for mud stoves; the mininum requirement for metal arrl 
ceramic stoves is higher). 'lb date IOOSt dissemination programs have tried to 
introduce :nui stoves in rural areas since these resent>le nDre closely the 
traditional stove arrl lern themselves nDre readily to traditional cooking 
practices. 'lhe stove design used in Garhibazidp.Jr, the Sahayog chula, was 
selected from the list arrl has been quite canm:>nl.y introduced in north Imia. 
Since the stove was constructed in Garhibazidp.Jr, the design has been adapted 
slightly to acxxtllllXlate problems enootmtered in actual field use - the danp:!rs 
have been renDVed arrl the height of the oooblstion chamber altered. 

'lhe ASl'RA ole was developed originally not as a cookstove rut as a stove for 
making oolasses in northern Kamataka where sugar production was suffering due to 
a shortage of fuel (Hegde, 1984) • Stlb;equently, the designers noted the 
potential for adapting the design for normal cooking. '!his adapted design was 
tested in the extension center arrl the surrourrling villages incllding Keelara arrl 
Pallerayanahalli. 'lhe traditional CCX>kstove in this area has three ports as has 
the ASl'RA ole. 

Trainioo of stove Builders: Fach of the state goverrnnents arrl the 
rx>n-goverrnnental organizations involved in the National Program on Inproved 
stoves have chula mistris (master craftsmen) who have been trained arrl take 
refresher courses at one of the four technical suwcrt tm.its. 'lhese mistris in 
their turn corrluct training programs where village residents are taught to b.J.ild 
:improved cookstoves. 'lhe programs nm for ten days arrl 20 trainees b.J.ild three 
stoves each. 'lhe trainees are usually women from the village where the stoves 
are to be b.J.ilt arrl they are paid Rs. 100 for their participation in the training 
program. 'lhe object is to establish a self-sustaining system so that once the 
chula mistri has left the village there will be residents capable of Wilding 
stoves, training others, arrl answering questions regarding operation arrl 
mintenance. cnce the training program is over, the trainees are paid Rs. 5 for 
each stove they b.J.ild in the village, of which Rs. 3 is given at the time of 
construction arrl Rs. 2 b.u TNeeks later after a representative from the 
non-governmental organization has inspected the stove arrl asked the TNallaJl who 
cooks on it for her estimation of its performance. 

In Kamataka, the extension center staff trained young men from nearby 
villages to b.J.ild the new stoves - many of these people were employees of the 
center. '!here was no formal training program as in the National Program on 
Improved Cookstoves since this was a small pilot dissemination progl'.am. cne of 
the resident staff went along with the trainees to each of the households at the 
time of construction so that they received "on-the-job" training as well. 'lhe 
trainees were paid by the center. Now that the ole is being disseminated 
statewide, the training program has a structure nDre similar to that of the 
National Program on Inproved Cookstoves. 
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sutsidies: 'lhe National Program on Improved Cookstoves provides a full 
sut:Bidy for their nu:i improved cookstoves. 'lhe stoves are milt at oo cost to 
the householder; the householder is responsible for providing the nu:i necessary 
for the stove construction. 'lhe metal and ceramic improved cookstoves are only 
partially sut:Bidized rut these were oot introduced in Garhibazidplr. 'lhe 
estimated cost of the Sahayog chula is Rs. 65. 

'lhe Centre for Application of Science and Technology to Rural Areas 
sut:Bidized all the stoves milt in the pilot dissemination project so the 
householders received the stoves free of cost. 'lhe materials for the AS'IRA ole 
are estimated to cost Rs. 120. CUrrently, the state government is providing a 
100 percent sut:Bidy to low incaoe households and a partial sut:Bidy (65 percent) 
to higher incaoe households. 

Qperator D:lucation: 'lhe National Program on Improved Cookstoves has oo 
fonnal system to infoI111 householders regarding stove operation and maintenance. 
Trainees are told to de11DI1Strate routine procedures to the household cook and to 
ask the cook to duplicate these procedures. 'lhe householders are oot given acy 
educational materials. 

'lhe Centre for Application of Science and Technology to Rural Areas had oo 
formal system for operator education in their pilot program either and followed 
much the same procejure as the national pzogram. 'lhere were AS'IRA oles operating 
in the extension center that people could cane and ab;erve b.Jt the initiative had 
to be taken by the householders. 

Follow-uo and Extension Services: 'lhe National Program on Improved 
Cookstoves and Centre for Application of Science and Techoology to Rural Areas' 
program differ nost dramatically in this aspect of the dissemination pzogram. 
Follow-up and extension was limited to the visit of the ~ 
organization's representative who inspected stoves in the national pz~am and in 
the case of Garhibazidp.Jr that visit did oot take place. Post-introduction 
services were oot an integral part of the national pi:ogram at the time the stoves 
were Wilt in Garhibazidp.Jr. 'lhe enp:lasis was on neet.in;J the target, on Wilding 
a certain rnnnber of stoves within a given time period. 'lhe furrlir¥] fran the 
Department of Non-conventional Energy Sources reflected this priority with few 
resources allocated for follow-up and extension services. In Garhibazidp.Jr, the 
trainees proved to be inadequately prepared to provide the services on their C7N1'l 

and there was little incentive for them to do so in any case. 'Ibis pral:Bbly is 
quite typical of the situation in other villages that were part of the early 
national program. 

'lhe Centre for Application of Science and Technology to Rural Areas had oo 
formal extension pi:ogram in the foI111 of scheduled visits b.Jt sirre there was 
frequent traffic between Keelara and Pallerayanahalli and the extension center it 
was easy for householders to infonn the center staff of their prct>lems and dJtain 
assistance. In aalition, saoo of the trainees had had erx>UJh experience in stove 
Wilding to solve prd:>lems as they arose in their respective villages. 
Householders would also stop by the extension center sanetimes to ask for adVice. 
'lhe infonnal nebJork that had developed anaig the householders and the extension 
center staff over the period of the center's existence also proved to be useful. 
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lblitorim am Evaluatiat; 'Ibis was an even less significant catp>nent of 
the national pr:ogram than ~ follc::M-up am extensiat services. ~ there 
have been changes in the system sirx::e the stoves ~ installed in Garhihlzidµn" 
am evalua.tiat is now a planned part of the national program, m:xrl.tori.rq am 
evalua.tiat are frequently the weakest part of disseminatiat programs regardless 
of the technology or inoovatiat in questiat sirx::e their oootrib.ltiat is difficult 
to show in quantitative terns. When the pr:ogi:am was nm in Garhihizidµn" there 
was IX> provisiat for natl tor~ am evalua.tiat. 

Sirx::e the pr:ogratlLS in Keelara am Pallerayanahalli ~ pilot disseminatiat 
efforts, the Centre for J\Wlicatiat of Science am Tec:hnology to Rural Areas was 
very concerned with perfo:rmarx::e. Q1ce again, their ongo~ natltor~ am 
evalua.tiat system was nm rx>t by schedule b.rt by need. staff wtx> hawened to be 
in the villages for other p.irposes checked the stoves am talked with the 
:txxlseh>lders rut this was done informally am oo records~ kept. 'Ibey carried 
out an annual survey in all the villages which was DDre systematic. Here a 
sanple was chosen to i.mll.De houseOOlds fran all ecananic groups am castes am 
questions ~ asked regarding time savings, fuel savings, CX>llVenience, am 
SllDkiness. 'Ihe informatiat gathered was inp>rtant in finalizi.rq the design of 
the AS'IRA ole for large-scale disseminatiat am for deciding the organizatiat of 
the larger disseminatiat pr:og.cam as well. 

In suninary, then, there ~ basic differences in the aims of the national 
pr:...,,,,..,..og.c.,.,...,,amnn am the Centre pr:og.cam am in the a~ they adopted in their 
respective disseminatiat programs b.rt they also shared sane similarities. At the 
time that the Garhihlzidµn" stoves~ ruilt, the national pr:og.cam's focus was 
at havi.rq a certain rn.mi:ler of improved ooakstoves installed in rural houseOOlds 
by the errl of 1984-1985. 'Ibis target was used as a measure of success, 
installatiat of stoves was assumed to equal adoptiat; whether these stoves ~ 
functional or aoceptej by users temed to be overlooked am m:xrl.tori.rq am 
evalua.tiat ~ viewed as expensive am nan-essential parts of the disseminatiat 
pr:txp:"am (sarin, 1986; Gusain am !Qx)sla, 1987). 'Ihe Centre for AWlicatiat of 
Science am Tec:hnology to Rural Areas I gi veJl their interest in performance I 
ensured that householders knew hew to use the stove, am tried to OOtain 
feedbick. 'Ihe Centre benefitted fran better quality control in oonstructiat as 
well as DDre effective post-installatiat services. 'Iheir follow-up services ~ 
informally provided b.rt a:wear to have been effective. Ql0 might questiat hcw 
well such an awroach cntld be replicated in a larger rn.mi:ler of am DDre distant 
villages. 

In neither case was the pr:ogram instigated by village residents. 'Ihe "need" 
was perceived by outsiders. External decisions am priorities played a major 
role in both pr:og.c ams. 

What I then, can be said about improved coakstove disseminatiat based at the 
experience in the stlliy areas? First, the results IlllSt be viewed realistically. 
SUrveys done in the larger natiaial pr:og.cam am the Kamataka state pr:og.cam to 
disseminate the AS'IRA ole show that 65 percent of the national pr:og.cam improved 
CXX>kstoves are in regular use am that the AS'IRA ole has a 20 percent rejectiat 
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rate (Garg, 1987; ASmA, 1987). Gusain arxi I<hosla (1987) estimate the survival 
rate Of the nationa1 progr:am improved oookstoves to be on the order of 20-30 
percent. 'Ibey define "sw:vival" as beirg "in 'Werking order arxi in use within a 
few 1IDllths of installation." While this peroentaqe seems exb::emely low, it IllJSt 
be remembered that the national progr:am is tl:yirg to p.rt: a Sl'IDkeless chula in 
every house regardless of the inilvidual situation. It is important to ooosider 
that improved oookstoves are not introduce;i in a void rut are displacirg or 
replacirg traditional stoves. It is unreasooabl.e to expect an adoptioo. rate of 
100 percent. In the introduction of any innovation there will always be those 
whose needs are adequately met by the existirq techoology or situatioo. arxi who 
are not noti vated to change their behavior. '1he same reasoning un:bJbtedl.y 
a:wlies to the adoption of improved cookstoves. 

Apart fran this general reluctance to disturb satisfactory or 
'Well-established. routines, there may be other obstacles to adoptioo. as 'Well. For 
instance, the improved oookstove's performance 'Y.Ullld have to be ooosistently arxi 
significantly superior to that of the traditiona1 stove if it is to be adopted. A 
traditional stove carefully terxled by an experienced ooak might yield 
efficiencies cxq>arable to those that an inadequately-trained user might adlieve 
on a inproperly-oonstructed improved oookstove. Alternatively, there may be 
available, as in Keelara, an inilgenously developed "Sl'IDkeless" stove which is as 
or I'IDre effective in remvirg Sl1Dke fran the kitchen. Potential adopters may not 
be ooo.virx::ed of the improved oookstove's overall desirability either if the 
traditiona1 stove has nu1 tiple uses arxi the improved oookstove delivers better 
performance in aie capacity at the expense of others. 

FUrther, as noted in a review of developirg country energy issues, 

the diffusioo. of improved solid fUe1 oookstoves has suffered because 
both solid fuel slx>rtage arxi the inefficiency of traditicnil stoves in 
developirg oountries have been overgeneralized; the need to st.my the 
potential markets for improved ooakstoves has ooosequentl.y been 
neglected. Research is necessary to identify areas with high perceived 
fuel costs arxi the value placed by consumers oo. varioos stove 
inprovements, incl\ding improved fuel efficiency (Ea;, 1986). 

'lhis is certainly true of the st.my areas. COOkirg fuel scarcity was not acute, 
am JOOSt householders gathet'ed rather than ~ fuel. nrpraved oookstove 
programs might meet with greater success if their target poptlations ~ mre 
carefully clXJSen arxi they~ inplemented oo.ly in areas where people experien:::e 
fuel shortages, perceive the need for fuel cxn;ervatioo. arxi express a need for 
I'IDre efficient stoves instead of a~ a blanket coverage which inevitably 
produces mixed results. 

Finally, reasons for non-adoption or low rates of adoption may have less to 
do with technical performance than with aesthetic ooosiderations or matters of 
oonvenierx:e which stove designers Often discount or view differently. A 
dissani.nator noted, for exanple, that aie prd:>lem with the A.91RA ale is that 
ooakirg time is too slx>rt. He said that the cook had to be far l1Dre organized, 
finish cOO:winJ vegetables am gri.rdin;J spices before lightirg the stove, because 
the lentils ~ cooked so nu::h l1Dre quickly. 
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In the three villages sb.xlied, it was notice:l that people tended to use the 
inproved ooakstove in precisely the same manner as they had the traditional one, 
that is, they did not char:ge the rate at which they fed the fire, they did not 
use the danpers, am they continued to blow into the fire. 'Ibis points not only 
to inadequate operator education in the dissemination pi:ogram tut also, at a 
broader level, to a need for the disseminators to pen::ei ve am pratDte the new 
stove as nore than a piece of new equipnent. As Agarwal (1986) points out, 
sulEumed in JOOSt inproved coakstove designs is a "sanewhat different cooking 
pi:ooess than that possible with open fire. 'lb enable the user to successfully 
adapt the design requires familiarizing the user with the basic prirci.ples 
umerlying the inprovement. 11 It is particularly difficult to achieve this 
familiarization lD'll.ess there is a conscious effort to integrate the innovation 
am the diffusion processes (Agarwal, 1986). '!hat such integration is possible 
is denDnstrated by the dissemination of the Nada chula in northern :rmi.a (Sarin, 
1981; Sarin, 1987). When there is a bJo-way flow of infonnation between the 
disseminators am users' the latter emerge with a sourner urrlerstaOOing of the 
technical basis for the improved cookstove design am the fontier are able to help 
develop a design that is canpatible with local needs am herx::e nore likely to be 
adopted. As it is the charges that the users have wrought in the Sahayog chula 
am the AS'IRA ole have been what Agarwal ( 1986) would call "adaptations in use 
rather than ~ous improvements." She would further argue that these 
adaptations point to shortcanings in the original design of the stove, am that 
local needs were not adequately considered. 

'!hat is one way of interpreting the results. Another conclusion that can be 
drawn is that it is very difficult to ac:x:xDIDdate Jll.lltiple uses while maximizing 
efficiency am minimizing air pollution exposures. People may rely on the 
traditional stove for various functions tut it is unreasonable to expect a 
manifold inprovement in efficiency without streamlining the stove's functions. As 
Smith (1987a) has ob;erved, this has not been the way that technologies have 
developed historically. High efficiency has been achieved through task 
specialization am the traditional cookstove in developing countries is likely to 
follow the same path. 

Nevertheless, a chasm exists between the lal:x>rato:ry am the village kitchen 
am nust be consciously bridged. sane useful lessons can be learned fran the 
recent discussions on am experiments with social marketing techniques, 
especially in the field of health education (Manoff, 1985; Brieger am 
Ramakrishna, 1987). MJC:h of the "WOrk done has been related to breast feeding, 
oral rehydration thera~, am oontrac:eptives. Many would argue that the value of 
social marketing has been overstated tut the relevance of its basic prirx::iples is 
clear. 'I"-':> of its furmmental precepts seem to be that need for the product lTllSt 
be expressed in the intended market am market research should be used to hone 
product design. Disseminators nust go out into the field to fW out what people 
need - their inp.rt is critical to the design of a successful product. 'Ibis ties 
in with Agarwal's (1986) carment that adaptations in use are an Wication that 
the dissemination pi:ogram did not adequately assess am resporrl to local needs. 
If the product requires behavioral char:ge rather than adoption of an artifact per 
se (or both) then one nust go into the field to fW out if the message is being 
heard as it was .interrled am whether it can be better expressed. 
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Where fuel is not particularly scarce, householders may be mre interested 
in oon-ef f iciency attri.b.ttes of the improved coakstove such as snDk.e I"E!l1DVal or 
time savings. 'lhis has been deloonstrated in large-scale surveys done in the past 
arrl in the present data. Bajracharya (1983) ooted in the course of his fielch«>rk 
in Nepal that improved-cookstove adopters of ten made their decision to keep the 
new stove because it renDVed snDk.e fran the oooking area rather than because it 
inproved fuel efficiency. 'lhe Centre for AWlication of Science arrl Techoology 
to Rural Areas (1987) surveyed 2200 households across Kamat.aka state arrl foorrl 
variations in fuel savings rut observed that "the success of the stove in 
eliminating snDk.e is ••• DJJCh mre satisfacto:r.y arrl its broad acoeptance might be 
attrib.lted essentially to this reason." Josepi (1987) in a survey of surveys 
reached llllCh the same oorx::lusion. In Garhibazidplr, the improved cookstove had a 
high attrition rate arrl -were difficult to firrl toward the errl of the sb.lly 
period. '!hose that survived did so in altered states, the JOOSt mmrn 
nDdifications being the rem:wal of the secorxi pjrt, the ~ arrl baffle so 
that what remained was essentially a traditiooal u-shaped stove with a chimney 
attached. 'lhe chimney was clearly the one canponent of the improved cookstove 
that users a~iated arrl wished to retain. Similarly, users may be~ 
qualities in improved CX)()]{stoves neither foreseen nor considered critical l:7:t' 
designers. SUch gap; beb.1een the potential owners' priorities arrl the designers' 
priorities irrlicate a need for mre field TNOrk or for market research, as the 
current tenninology YJOUl.d have it. 

'lhe decision of whether the improved coakstove should be sutsidized is 
another critical factor that affects the nature of the dissemination progi:a:m. 
Both the inproved coakstoves in the sb.lly areas -were fully sutsidized so as to 
make them available to those sections of the pop.llation that JOOSt needed them. 
While this is a reasonable rationale, sumidies sanetimes raise other problems 
because people terrl to view a freely-given product or service differently than 
they YJOUl.d one that they have paid for. 'Ibis difference in atti'b.de may express 
itself in several ways: 

Because people will not place a value on a free good ••• it is often 
difficult to persuade people to caoe arrl be trained, to sperrl the 
necessary time to b.lild the stove arrl use it properly. 'lhey will need 
convincing that the stove really will save time in oooking or 
collecting wood arrl ••• people can take a lot mre convincing over a free 
good than one which they have paid for (stewart et al., 1987). 

'lhese are not issues peculiar to improved cookstove progran5 rut are shared J:7:t' 
many prograns that disseminate CXllllOOfH300d innovations. 

A major problem with the dissemination progi:a:m in Garhibazidplr, arrl 
possibly with the natiooal progi:am in general, is quality control. '!here -were 
many defects in initial construction of the stoves arrl these ~ with 
inadequate operator education arrl follCM-up services -were enoogh to cause many to 
al:mxion the new stove rapidly. If quality cart:l'.ol is not an inhlilt arrl 
autanatic part of the p:rogi:a:m, maintaining st:armrds arrl sane degree of 
lll'lifonnity in a progi:am of this size beoanes impossible. 'lhe pi:ocess may be 
simpler if the specifications are given in lll'lits that are easily uI¥ierstood arrl 
c.hecked arrl the design is resilient, that is, small deviations fran the 
prescribed measurements do not result in large reductions in efficiency or 
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increases in exposures. Similarly, once the stove is installed arrl is in use, 
maintainirg quality ~d be less of a ocn::ern if the stove were designed to be 
less sensitive to operator behavior. 'lhe traditional stove with a l'xxxi in the 
sruthem. villages is an instan::e of such a design: when oonstructed well, it 
remains "Sl'IDkeless" regardless of operator behavior. '!his ~d also lessen the 
need for operator education arrl chan3'irg cooking practices. 'lhe dlaller¥J0 is to 
develop a stove that is fuel efficient, reduces exposures, arrl requires oo charge 
in the user's behavior. 

Conc1usion 

'!hough inproved CXXlkstove technology may be simple relative to other noiern 
technologies, it operates in a caiplex cultural context. If this context is oot 
well-UOOerstood arrl the brproved cookstove is oot designed for a particular 
setti.RJ, the od3s against an effective dissemination progi:am are extre:oely high. 
'!his is one of the major problems faced by large-scale, centralized progrcm;. 
'!hough these may have advantages in terns of econanies of scale arrl 
stamardization of pi:ocaiure, they lack the flexibility to respom to the special 
requirements of places arrl people. 'lhe National Program on Inp:uved Cookstoves 
might achieve J1Dre if it operated in smaller geograptlc l.Dlits where the target 
pop.ll.ation is haIDgeneCAJs arrl shares a 1111011 cooking practices, dietary custans, 
arrl fuel SUWlY. It is unrealistic to assume that such l.Dlifomi ty exists at the 
national level arrl yet too cuniJersaoe to devise a system to ensure that local 
variations are considered. 

Finally, it is disturbirg that these problems are oot new: rural developnent 
workers erxnmtered similar situations when att.enptirq to introduce a myriad 
other innovations, perhaps the IOOSt appi:qn iate exanple beirg the latrine. It is 
unfortunate that the lessoos of tmse early experien::es have oot been 
transferred. '!here is tq>e though in sane of the smaller-scale pi:ogzans which 
awear to be better-equii;:ped to meet the situation specific requirements of 
inproved cookstove dissemination. 
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'lhe limitations of methodology am data analysis notwithst:arxlir¥}, it is 
clear that the spatial variations in piysical am cultural dlaract:eristics affect 
not only the pattern of danestic air polluticm blt also the reoepticm of inproved 
ooakstove programs. 'lhe extent am nature of these influera!S are discussed in 
this dlapter. 'lhe general as well as the specific f~ regardirg air 
polluticm stu:lies, percepticm smveys, deforestaticm, dissemi.na.ticm, developnent, 
health are elaborated. Finally, the i.nplications of these results for future 
research in geograpiy are disoJSsed, am the dlapter oorx:lmes with a brief 
postscript cm danestic air polluticm am developnent issues. 

'lhe search for patterns in danestic air polluticm had sane unexpected 
ootoanes. EKposures to 'ISP were high in all villages, regardless of locaticm, 
stove type, or kitchen ~ts. CX> ooncentrations were relatively low am, 
in nDSt cases, were below levels that arouse oc:noem. 'lhe natural variability in 
the data is very high, otscuri.RJ in many cases the relaticmship; of interest 
between the different variables. 'lhe effect of the cultural am envira1mental 
factors bei.RJ investigated was difficult to determine. 'lhis in oo way i.nplies 
that these relationship; do not exist or could not be detected given a different 
study design. 

'lhe influerx::es of sane of the factors were distinguishable. In particular, 
the locaticm of the kitchen in Garhibazidplr am the roof type in the southern 
villages affected air pollution ooncentrations am exposures. Higher CX> 
ooncentrations were fourrl in imoor kitchens than in protected or outdoor 
kitchens. '!here was a statistically significant difference in CX> ooncentrations 
anong the rooftype categories in the southern villages. ecn=errt:rations in poorly 
ventilated kitchens of old, I'IDi houses often remained in the 50-100 ng/m3 ranJe 
throughout the oookirg period. '1hese houses are bei.RJ replaced 1:7:{ 
better-ventilated tile am brick houses• New housi.RJ I which features in 
developnent programs in sane rural areas, offers eworbmities to inprove i.moor 
air quality through architectural design that provides ventilaticm while 
ac:x:nillOdat..WJ cultural preferences. 

'ISP exposures were fourrl to be similar in households with traditional stoves 
am i.nproved ooakstoves; the small differences ob3erved were not statistically 
significant. 'lhe ad:iiticm of a hood to the traditional stove in the southern 
village resulted in low 'ISP exposures, :nuch lower than the lD111Ddi.fied traditional 
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stove (p<0.001). '!his inligeoous solutial to danestic air pollutial ~to 
be :mre effective than the inproved cookstoves b.rt the reductial was oot 
statistically significant. In all cases, hc7tJever, the exposures measured exceeded 
the established stamards t7j an order of magnitude. 

carbon DDmXide COJKBrtrations ~ lower in southern kitchens where the new 
stove was in use ard the differerx::e between these kitchens ard those usin} 
traditional stoves was statistically significant. '1he lov.e;t 00 levels like the 
TSP exposures ~ fourxl in kitchens that had the traditional stove urrjer a :0000. 
In general, 00 levels ~ oot high enough in arrt of the villages to cause 
~. In Garhibazidplr, the 00 levels ~ neither high IX>r was there a 
statistically significant differerx::e between the old ard new stoves. 

Although there was DllCh natural variability in the TSP ard 00 data, the full 
~ is prOOably oot represented in these data s.irx::e they do oot contain the 
higher concentrations ard exposures that might be expected in the I'IDllSOOll when 
ventilatial is severely limited ard fuel noisture is higher. As mentioned 
earlier, a measurement in "sillul.ated" I'IDllSOOll oorrli.tions in Gujarat yielded a 
peak ooncentratial of 56 ngjm3 (Smith et al., 1983). 'lherefore, the calculated 
averages are prOOably C01'1SeJ:'Vati ve. 

'!here was oo statistically significant dif f ererx::e in the TSP ard 00 means 
when the data ~ organized t7j kitchen oonst.rt.ctial material, fuel type, fuelin} 
rate, ambient tenperature, ard relative hlD'llidi ty. cne nust reiterate though that 
this lack should oot be taken as proof that these factors are oot related to air 
pollutial exposures ard concentrations. '1he natural variability in the data 
atscures many of the interactions: irx::reased sanple size ard better C011trol may 
overcane this ooise in the data. 

sane of the f irxlin:Js of the survey are contradictocy at the superficial 
level. People do perceive air pollutial as a nuisarx::e ard a problem b.rt the 
majority have oot taken arrt actial to reneiy the situatial. '1he exceptions are 
those who have installed :ooads over the traditional stoves, an optial oot 
available to those who live in thatch houses. Also, though people may view 
danestic air pollutial as a problem, that perceptial occurs within a wider 
context. 1't>re pressin} considerations intervene :irx::ll.Ding the difficulties of 
meetirg tasic needs. '!heir priori ties for actial are detennined t7j this broader 
picture: danestic air pollutial does oot threaten survival in the shorttenn. 

People can also ~sh between cooking fuels al the tasis of SllDkiness 
b.rt make oo special efforts to obtain less SllDky fuels. In Garhibazidplr this 
may be because many people are already usin} keekar, the fuel identified as least 
Sl'IDky, whidl is readily available at roadsides b.rt its thominess makes fuel 
collectial hazardous. Procurin} a less SllDky fuel in the southern villages, al 
the other harxl, might entail sane llDJletary experrliture s.irx::e "large pieces of 
wood" nust be bought ard are oot to be had gratis. 

Finally, the survey asked people to evaluate the new stove. It received a 
positive evaluatial in the southern villages while there ~ many canplaints 
about the new stove in Garhibazidplr. '1he reactial in Garhibazidplr agrees quite 
well with the air pollutial measurements b.rt oot so in Keelara ard 
Pallerayanahalli. People perceived the new stove to be a great inprovement over 
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the old stove in conserving fuel, decreasing the ammt of smke in the kitdlen, 
an:i the ammt of time needed for cooking. '1he measurements reveal quite a 
different picture. 'Ihese favorable reviews did oot exterxi to llprovement in 
health oarrlitions: in both areas, a large number of people said they had 
cisel:ved, in general, no change in health si.rx:le the introducticn of the new 
stove. A CXll'ltD'l response in both places was that they had mtioed less e'fe 
irritatioo si.rx:le using the new stove. 

What is the significance of these f ~? '!here are inplicatioos of both 
a greater an:i lesser nature for air polluticn research an:i peroepticn smveys as 
well as insights regardin;J improved ooakstoves, deforestaticn, developnent, an:i 
disseminaticn. 'Ihese are discJSSed in the followirq secticn. 

DJg'pyAi OJakstoyes: It is disquieting to note that neither of the new 
stoves reduce TSP exposures below established stamards. other stmies have 
fourxl improved ooakstoves to prochEe a statistically significant reducticn in 
exposures (Reid et al., 1986) bJt there is no unanimity in the evidence so far. 
'lb fUrther catpl.icate matters, Smith an:i Durgaprasad (1987) fourxl measurable TSP 
exposures in kitchens where biogas stoves were in use. 'Ibey ~ that smke 
fran traditional stoves in nearby kitchens raised antrl.ent TSP levels wc:h in 
tum oontri.blted to elevated ocnoentratioos in biogas-stove ki tdlens. SUCh 
cirounstaooes are CX1111D1 in an:i relevant to regioos S1.dl as mrth Imia wc:h are 
prooe to thermal inversioos in the winter that can trap pollutants a few meters 
fran the groum. '!his means that regardless of the smkelessness of a given 
stove in a particular household, da:nestic air polluticn may remain a prci>l.em if 
ally a portioo of the village adopts stoves that are SllDkeless. It wcul.d also 
awear that, deperding on the oojective of the pnxp:am, inproved ooakstoves can 
be seen as intermediate solutions, at best. Eventually, attenticn DllSt turn to 
developing, testing, an:i introducing cleaner-blrning pco::&3Sed biofuels ( dlarooal 
briquets, for exanple) with superior energy quality. 

Besides these technological oonsideratioos, any attenpt to introduce change 
that is oot sensitive to present practices an:i traditioos is lD'll.ikely to be well 
received. It would be prudent to oorxiuct a market survey in potential improved 
cookstove dissemination areas to ensure that there is sane CXl'lSOl1al'x:: between 
what the local people need am what the disseminators have in mi.m. In the study 
area, for exanple, the survey showed that mst houseOOld.ers gather cooking fuel 
rather than tuy it an:i that crop residues an:i dung accamt for a large p:oportion 
of the fuel that is b.Jrned. As long as this remains true, it will be difficult 
to initiate dlanges that require p.lrChase of fuel. Also, as long as the ammt 
of time required to gather fuel is oot perceived to be prdlibiti ve by 
householders, fuel oonservation as an issue will oot assume urgerq. 

Change that arises fran existing corxli.tioos is nDre likely to be sustained. 
oWorttmities for such change should be 50l¥lht an:i exploited. An exanple is the 
hood over the traditional cookstove in the south.em villages. '1he main sb:engths 
of the mdified traditional stove are its silTlplicity an:i its depemability: the 
probability of malfunctions is relatively low. At present the hood has a limited 
range, due to constraints imposed by size an:i cost. If it were constructed of 
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cheaper arrl lighter materials, it might be suitable in wider variety of 
situations especially when oati:>ined with an efficient portable metal stove. SUch 
a oati:>ination would be particularly useful in urban areas or where the location 
of the kitchen shifts frequently. A stove-cum-hood package might fi.rn a nidle in 
Garhibazidplr, for example, where outdoor cooking is the nonn for a significant 
portion of the year. sane arrargement would have to be ma.de to acx:::a:111LXlate 
roti-making :rut the basic idea of canbining a stove designed to maximize fuel 
efficieooy with a hood with a nearly failsafe ability to retDve SllDke fran the 
cooking area needs to be examined seriously. 

Air Pollution Sbpjes; 'Ibis field stooy arrl the v.ork done by Boleij et al. 
(1987) show an enornD\JS variability in air pollution data. Coefficients of 
variation of 65-70 percent \Vere calculated. 'Ibis may be in part a f\Jl'ttion of 
the small sample sizes involved. With that caveat, it might be argued that the 
awarent variability is such that repeated measurements in the same kitchen can 
be treated as inieperdent measurements. 'Ibis has d:Nious inplications for the 
design of future sb.dies, namely, that they can be of shorter duration arrl still 
collect an adequate sample. Where seasonal differences (in fuel type or 
characteristics, kitchen location, or climate) are a significant factor, further 
consideration of stooy design will be necessary. Large sample sizes will also be 
required to overcxne the variability in the data arrl to detect patterns arrl 
relationship;. 

Another awroach to this stooy might be to use a case-control design where 
the c::artrols are houses with traditional stoves. 'Ihe houses could be matched by 
location of kitchen arrl construction material, thus eliminating sane of the 
variability. By doin;J this, it might be possible to draw conclusions that have 
greater statistical significance. Rldl depeOOs on the greatest source of 
variability - if this hai:pms to be operator behavior or sane similar variable, 
c::artrol will be difficult. 

Alternatively, an intervention study that measures air pollution exposures 
arrl health effects before arrl after introduction of new stoves might be in order 
if the aim is to evaluate the effectiveness of improved cookstove programs. SUch 
a design would provide a oontrol for carparin:J the performance of the new stoves. 
Ideally, the DDnitorin;J would precede introduction arrl be repeated a few weeks 
later when the cooks have becane accustaned to the new stove arrl the stove itself 
has been seasoned by regular use. Q1Ce the new stove has been introduced, it is 
deb:itable whether a fair estimate of air pollution exposures fran traditional 
stoves, even in households where traditional stoves are used exclusively, can be 
OOtained. 'Ihe cook's behavior might be affected by the concern arrl plblicity 
regarding fuel efficieooy arrl sndd.ness that frequently acx:::a:npany improved 
cookstove programs. 

Finally, this field study reconfirmed the need for nore personal nonitorin;J 
of exposures in rural areas of developin;J 00\Dltries. Alioost all previous 
research has involved area nonitorin;J whic::h, at best, gives a gross estimate of 
exposure. Concentrations vary so 111.lCh spatially that, given the present state of 
tedmology, personal nonitorin;J is the only means of measurin;J exposure with any 
accuracy. 'Ihese variations occur oot only horizontally, deperrling on the 
distance of the cook fran the stove :rut also vertically since pollutants have a 
strong tendency to stratify, with concentrations increasin;J with height (Menon, 
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1988). Pollutant concentrations also vary temporally with higher levels oocurrinJ 
at the beginnirg arrl em of rum cycles. Hence, the novements of the CXXlk are of 
prime importance in detennining exposure, am personal natl.tors allow her to 
p.irsue her nonnal activities while measurinJ her exposure. 

'Ihe primary limitations of the present study are the small llUllDer of 
villages (three) studied arrl the relatively small scmple size in each village. If 
I \Vere repeatinJ the study, I might select a larger sample size am alter the 
study design. Based on the results of the present study I can determine the 
differences in means in the study areas am the ooef f icients of variation for the 
data set. With this information it is possible to calculate the :mininum sample 
size needed in each cell (Table 36). For instance, in Garhibazidp.Jr the 
difference in 'ISP mean exposures between the old am new stoves was atl.y 12 
percent. 'Ib prove this difference at the five percent confidence level would 
require a sample of 100 in each cell of the sample. In the sart:h.ern villages, 
where there was a 48 percent difference in means between the traditional stove 
am the traditional stove umer a hood, the :mininum sample size in each cell is 
11, which is manageable. Clle might question the usefulness of detecting arrl 
provinJ small differences in means; so many factors affect exposures that a ten 
percent difference in means is negligible. Also, given the magnitude of the 
exposures, a 10 percent reduction is unlikely to change health, enviromnental, or 
aesthetic impacts. 

Perception Smyeys; 'Ihe survey was valuable mainly in providinJ a glinp.;e 
of a different "WOrld view, the perspective of the rural Irdian wanan. RecxlgitlzinJ 
the existence of a rift is atl.y the first step in the process; as Kothari (1987) 
remarks: 

••• \t.le live in a deeply divided 'iJOrld with increasinJ loss of contact 
am growing estrangement between people. It is an estrangement that 
not only prooot.es ignorance am loss of empathy, .tut, through caISuied 
stereotypes arrl in-blilt prejldices, creates a psychic ocnlition of 
growinJ inmmization, apathy, am amnesia (Kothari, 1987). 

'Ihe fight against "inmmization, apathy, arrl amnesia" can be arduous for the 
urban/rural divide is a fumamental one. Of all that separates people this one 
factor has caused IlllCb. miS\ll'Xierstarrl am strife. It is not an easy gap to 
bridge frarn either direction. Since developnent programs are heavily urban in 
oonception am plaming, there is a need for I1Dre perception studies in rural 
areas of developinJ enmtries in order to better urderstarrl the priorities of 
rural householders am their perception of their C1Nll si mation am the 
alternatives for action. 'lhis survey made a preliminary effort to do this .tut 
I1Dre oould have been done. It TNOU.l.d have been useful to incl\De in the 
questionnaire, for example, a list of rural hazards am problems includirg 
domestic air pollution am to ask householders to rank these various risks. 'lhat 
would have helped in interpreting the ans\tJerS to the question regarding what 
action has been taken to ameliorate danestic air pollution. 

What the survey did make Clb.JOOantl.y clear, though, was the difficulty of 
collecting information on perceptions, in decidinJ which questions to ask arrl, 
later, in interpreting the answers. 'Ihe results of the preliminary survey guided 
the first decision. ~questions -were used to encourage spontaneous 
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Table 36 

Minimum Sample Sizes for Various Percent Differences in Means and Coefficients of Variation 
(Level of significance = 5%) 

PERCENT 
COEFFICIENT OF VARIATION 

DIFFERgCE 0.1 0.2 0.3 0.4 0.5 o.6 0.7 0.8 0.9 1 
IN MEANS 

5 23 92 2C8 370 578 832 1133 11180 1873 2312 

10 6 23 52 92 144 2C8 a:s 3 370 468 578 

15 3 10 23 41 64 92 126 164 2C8 257 

20 1 6 13 23 36 52 71 92 117 144 

25 1 4 8 15 23 33 45 59 75 92 

50 1 1 2 4 6 8 11 15 19 23 

100 1 1 1 1 1 2 3 4 5 6 

Note: The sample size refers to the number of data points needed in each sample. 
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responses. While this em was achieved, new problems of interpretation -were 
created. 

'!he survey was con:iucted toward the em of the study period so that maximum 
time was available to develop a rapport with the people in the villages, am to 
becane familiar with their view of the world. '!his is a bA:>-way process, 
however, am the householders had an equal opportunity to learn ITtf perspective. 
How did this affect their responses? Agarwal ( 1986) quotes Mandani who records 
an intervieiwee in a Punjabi village explaining, "Bahlji, saoeday you'll 
l.Dlderstam. It is sometimes better to lie. It stops you fran hurting people, does 
you no hann, am might even help them." SUCh reasarlrq often influerx:es the 
responses elicited; to expect otherwise would be tmrealistic. 

'lhe open-errled questions am infonnal oonversations did, however, oonvey a 
sense of the differences in priorities between the rural poor, the urban 
middleclass am the academic bourgeoisie. Redclift (1987), in his discussion of 
ecodevelo:µnent am sustainable developnent' addresses scm3 of these issues. He 
cites C11ambers to suwcrt his contention that it is the "enlightened rich" who 
are concerned with sustainability am productivity while the poor are preoccupied 
mainly with their i.nm3diate livelihood. He argues: 

'!he perspective of the poor is at variance with that of JOOSt econanists 
am biologists, placing the i.nm3diate satisfaction of needs am the 
avoidance of risk before sustainability or higher productivity. 
Similarly the time horizon of the poor is shorter, the future valued 
much less than the present. • • • \'11at poor people p.irsue through the 
developnent process am their use of the enviromnent, is simply a 
better livelihood (Redclift, 1987). 

'!his is the oockground against which improved coakstoves are beirg introduced. 
'!he priority is survival am risk avoidance is an .inp>rtant part of the survival 
strategy. 

Another part of the oockground that has been widely misrepresented am which 
has to do partly with perceptions is deforestation. Improved coakstoves are 
prooDted the TNOrld over for their inc::reased fuel efficiency am statements of 
p.irpose of ten estimate the hectares of forest or the cubic meters of wood beirg 
saved as the result of dissemination programs. A closer look in the study areas 
sl'lC7.\1ed that the relationship between cooking fuel use am deforestation is not as 
straightforward as it is made out to be. 

Deforestation: 

'!he logical chain between firer.Nood consumption, deforestation, am 
desertification is weak am partly misconceived. 'lhe use of firer.Nood 
does not necessarily or frequently lead to deforestation. 

Deforestation is a strictly regional problem, am is to be encountered 
in t\\10 types of situations: where lam is beirg cleared for 
agriculture, as in Brazil am Irrlonesia (both of which are exporting 
wood to imustrial COlll'ltries) ; am where strong demarrl in nearl:1y urban 
centres uses up wood for tTNO main pirposes (i.e. , construction am 
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ocmhJstion) , for instarx::e, in Nepal, parts of China, an1 parts of 
Africa. • • • It is inp>rtant to discuss deforestation in a regional 
context, lxlwever, because the reasons for deforestation, the reasons 
for ocn:::ern, an1 the remedies will be different in each region (Fro, 
1986). 

Decreasirg fuel consunption an1 consequently reducirg the rate of 
deforestation has lag been used as a justification of improved cookstove 
programs in Imia. As noted earlier, crop residues an1 dur¥J are c:n11ilJl1 cooking 
fuels, nore ubiquitous in sane places than fuel\VOOd. By decreasirg fuel 
consunption, crop residues an1 ch.DJ are beirg saved, not fuel\VOOd. Ac.hievirg 
this savirg can be a useful ct>jective in itself as there are often alternative 
uses for ch.DJ an1 crop residues. It is necessary, however, to recognize 
explicitly what goal is beirg met an1 to be clear about the significance of that 
goal. It is primarily urbm demarrl for fuel\VOOd an1 tint>er rather than rural use 
in ooakstoves that oontrib.rt:es to deforestation. 'Ibis is not to deny that 
deforestation is a serious problem in sane parts of Irxiia an1 the ~ld or that 
ameliorative action is needed in these areas. 'Ihe situation will not be helped, 
tl'xuJh, by improved cookstove programs in IOOSt places, grantirg that programs in 
url:m1 areas might have an inplct. Regardless, it is not necessary to use 
deforestation as a justification: many other legitimate reasons to develop an1 
pcaoote improved cookstove programs exist. 

Develqgpent: 

Unlike the developed OOlllltries where the energy crisis occurs in 
association with qualitative charges in tastes an1 prefererx::es, an1 
vertical shifts in ecaunic ocniitions, in low-iooane ocxmtries such as 
Irxiia the energy crisis occurs as a sp:ttial synptan of uOOerdevelopnetrt: 
an1 sp:ttial disorganization of ecx>nany an1 ecology (Dasgupta an1 Maiti, 
1986) • 

. . . in less developed ocxmtries rural areas are dedicated to 
agricultural. production rather than CXJl1SUll¢ion by urbm group;. 
M.ll.tiple larrl use is rare. In such areas enviromnental problems are 
developne1rt: problems. 'Ihe oc:nlitions umer which enviromnentalism 
became established in North America an1 Em'Ope do not exist (Redclift, 
1984). 

Enviramlental quality cannot be separated fran developnent not because the 
price of the latter is an inevitable deterioration in the fonner rut because IOOSt 
envirmmental. problems in developirg ocxmtries are, as Redclift argues, at their 
root problems of developnent. 'lhat is certainly the case with danestic air 
pollution. 

Besides the ctwia.JS link with environmental quality, the danestic air 
pollution issue has inplications for future rural energy options. As \\lOOd 
beoaDes irx=reasirgly scarce, people shift to other "free" fuels, that is, to crop 
residues an1 ch.DJ; this pcooess is d:servable in the southem villages. '!here 
are, :oowever, alternative uses for these resources, especially ch.DJ which is 
oormal.ly cg>lied to the fields an1 is inp:>rtant in maintainirg soil quality. 
'!hough rural electrification proceeds apace, the first priority is lightirg 

103 

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier



rather than cooking. It is .inprol:m>le that the eitPlasis will dlarge, given the 
expensiveness of electricity ard the temporally uneven deman:i that its use for 
cooking 'Wruld produce. In aalitial, the initial investment necessary to pay for 
electric stoves ard house connections exceeds the resources of the majority of 
the rural pop.U.atial. 'lhe need to develop alternative cooking fuels, whether 
they be upgradej p.tooessed biofuels or sane new fuel, ard make them acx;,essible to 
the rural pop.tl.atial is clear. 

At a mre basic level still, it has been oont:en:ied that a "clean kitchen" 
am an "efficient kitchen" should be basic needs as are adequate food, water, 
shelter, ard health care (FWD, 1987). 'Ibis makes sense fran a practical, as well 
as pulosqhical, point of view. Rural cooks sperrl a significant portial of 
their lives in these environments ard with them often are infants ard children. 
Far the oooks, at least, it is an oooupatimal hazard ard should be treated as 
such. Reducin} dcmestic air pollutial is not sinply a matter of introducinj an 
improved oookstove rut also of alterinj ventilatial ard charqinj the kitchen 
environment, in general. 'lhe stove-fuel-kitchen oooplex is what needs to be 
charged, oot the stove alcme. 

'Ihat there is mre to developnent than meeting basic needs has been stated 
repeatedly in the ongoinj debate al what "developnent" means or shou1d mean. 
Developnent is also "~", provid.i.rg people with cgx>rb.mities to realize 
their potential for inprovinj their own lives, to organize themselves ard act 
cooperatively to further canm:m interests. Besides the direct benefits of 
i.mproved cookstoves, dissemi natial program; oould also help rural wanen becxDe 
involved in developnent activities ard ~ the growth of their 
organizatimal skills. 'Ihat such nmilizatial is possible is slnm by the 
experiences of Madhu sarin in Nada village (5arin, 1986). 'lhe llrp>rt:aoce of 
i.mproved cookstoves shou1d be kept in perspective tln¥jl: they are not the 
panacea for all rural ills. 

Disseminatiat: 

Tall claims by technical institutes notwithstarxling, oo ~ 
has been made in the basic techoology for over 40 years. Technically, 
the Magan Cl'lulha of the late 1940s was as a.dvarx:m as all the mdels of 
today. My fear is that even after 40 years of experierw=:e, we are 
making the same mistakes as were made by the Gamhian pralDters of the 
Magan Cl'lul.ha then - i.e. , not gi vinj due attential to the finer 
details at the household level which make the chulha take root there or 
not (Sarin, 1987a). 

Perhap:; there have been a few technical advances sirx:le the Magan chula b.lt 
Sarin's point is well taken: it is not sufficient to have a ricproosly tested 
improved cookstove that performs well in the laboratory. Without an equally 
wel.1-i.nplemented disseminatial pzogi:am, the stove is tmlikely to be a&>pted. Am 
as has been noted, for the best results, innovatial ard diffusial sl'nlld not be 
separate pzoces.ses. InrxMltial shou1d be IEsed al field research that shcMs what 
the potential users need rather than al what urban tecbnicians think they shou1d 
have. 'lbe integration of these two processes is neither si.nple oor oould a 
staMard procedure be recx:mneaded. 'lhe guid.inJ prin:::iples shou1d be the 
provisial of cgx>rb.mities for feedback. fran the field ard allowaooe of 
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sufficient time in the project schedule for interactial between designers am 
users. 'lhe practical inplicatiCX'lS are daunt:irq for the necessary invesbnent of 
time am resources in the early P1ases of the pi:og:cam will be fonnidable. Before 
jldJirg the proposal hastily as \.D'lfeasible, integratial of inoovatial am 
cliffusial sOOul.d at least be experimented with as an ideal objective. 

Nlile debate cx:l1t:inues about the value am awlicability of social marketirg 
in arenas rarginj fran p.iblic health to rural developnent, sane of its basic 
c:aoapts might be useful in inproved ooakstove dissemi.natial. Specifically, the 
idea of workirg fran em user to product rather than vice versa is perhap; JOOSt 
relevant am inplrtant. 'lhis, like the integratial of inoovatial am cliffusial, 
is time am resource oaisuming I 11Dre S0 possibly than J00St cliSSEIJ!inatial ploglaDS 
are able to experd, given the strooture of f'l.Jl'Kiirq. As in the previous case, 
t:haql, it is a wortlMlile goal to strive toward. 

Besides the varyinj caooems of the clissemj natial programs am potential 
adopters, the oalflictinj time perspective of the two can also create problems. 
It is a curious mixture of shortterm am laqterm views am, \.D'lforb.mately, the 
perspectives oo l'X>t ooirx:ide. Ql the one harxi, the timeframe of the 
clisseminators is sOOrt, they JllJSt DDVe al to the next village. Ql the other 
bani, charqe in the village 1 particularly in oookirg practices 1 canes SlCMly 1 am 
often canrDt be persuaded to ocx:ur within the life of the project. 'lhe stove, 
however, is often pralDted al the basis of its inlirect future benefits. 'lhe 
OOUsetx>lders' weighirg of costs am benefits is sl:tagly influenced by present 
oonsideratiCX'lS. 

'!here are many ways, therl, in whidl a clisseminatial pi:og:cam can be derailed. 
oversights, miscalculatiCX'lS, am hicttm agemas make the J;Bth hazanbJs. Certain 
policy decisiCX'lS oould increase the chames of success. M:lst dissemj natial 
pi:ogzans oould be st.rergthened, for exanple, by a greater stress al educatial. As 
Sarin (1987a) eripiasizes, both the stove b.tllder am the stove user JllJSt 
un:ierstard the prirx:iples al whidl the inproved ooakstove design is foumed. 
'1hese are sufficiently alien relative to traditialal stoves to require 
considerable educatial am training. unforb.mately, neither educatial oor 
training is easily a<XX111plished, both requirin:J sulEtantial inp.rts of time am 
effort. t.Jnless they are formal oanponents of the disseminatial pi:og:cam that are 
m:>nitored am evaluated, there is no incentive for dlUl.a b.tllders or supervisors 
to sperll JIL1Ch time teachirg users }XJW to operate the inproved ooakstove I }XJW to 
maintain it, lXJW its oanponents relate to each other, or lXJW nmificatiCX'lS will 
affect fuel efficieooy am Sl'IDki.ness. 'lhe measure of the disseminatial pi:ogzam's 
performarx::e JllJSt be saoethirg broader than the rn.mi:ler of stoves installed: that 
informatial in itself caweys ~-

Another critical part of dissemjnatial that is uncieralPlasized is narltorinj 
am evaluatial. Feedtack based al previously determined measures of performarx::e 
is necessary for quality control am pi:og:cam inprovement. 'lhis is the downfall 
of JOOSt developnent programs because usually neither fums nor persamel are 
specifically designated to CXJVer these oanponents am evaluatial is often an 
aftertl'loujlt that is l'X>t discussed adequately in the plarmirg J;ilase. 
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Although expressej variously, these oamnents have a c:xmm:>J1 message: there is 
a need to realize that inproved oookstove programs do not seek merely to 
disseminate a new technology. '!hey seek to alter deeply eni>edded behaviors and 
practices related to ooaking. '1hese changes will not cane easily or quickly, and 
certainly not if the objective of the dissemination program is vier.e:i narrowly to 
be simply the installation of i.nproved ooakstoves. 

In acklition, like the extent of deforestation, the demarx:l for improved 
oookstoves has been overgeneralized. '!his explains partially the awarent!Y poor 
results of many dissemination programs. Where fuel scarcity is not acute, fuel 
conservation not a primary ooncern, and d.anestic air pollution not significant, 
the need to introduce improved oookstoves is questionable. '1he ''market" for 
improved ooakstove programs needs to be selected m:>re carefully; smaller 
geograpti.c units that are hcmxJeneous in ooaking practices and fUel mse are 
prol:Bbly oore awzopriate than political or administrative units. 

Many different dissemination strategies are required then because of the 
great spatial variations in culture and resource base. '1he answer to the l:Bsic 
question, ''Which stove for what p.n:pose where?", varies t?:emerd:>usly even over 
short distances. At a still m:>re micro level, there are inequalities within 
irxli vidual villages that Jtl.lSt be taken into aCXXJW'lt in c00osinj a dissend nation 
strategy. '1hese arise as a result of variations in the availability of and 
access to fuel, family labor suwly, intercaste variations in diet and ooaking 
habits, and so on. In short, there is no uni versa! dissemination strategy 
guaranteed to work in all situations just as there is no universally aooeptable 
CX>Okstove design. In both cases, spatial variations in cultural and piysical 
factors Jtl.lSt guide the choice of awzopeiate strategies. 

Health: In part because of the difficulty of measurenB1t, the health 
inpacts of exposure to d.anestic air pollution were not investigated in the coorse 
of this study. '1he few questions regardin;J the perception of health effects were 
the extent of data collected on the topic. '!his is, however, clearly a p.1blic 
health problem deserving attention and an area for further research. As 
mentioned earlier, lorgibdinal. or prospective epidemiological stulies whidl 
canbine health status information with air polluticn exposure data obtained :t1f 
usin;J personal natl.tors "WOUl.d be useful. so far no definitive oonclusions haVe 
been derived fran general popll.aticn samples usirg ant>ient air quality data for 
chronic exposures. Acute exposures that occur durinj air polluticn episodes, for 
example, have been linked to excess oort>idity and nmtal.ity. '1he methodology 
used in this study could be adapted for research en the health effects of 
d.anestic air pollution. 'llnlgh this is not a study in medical geograPly, the 
exposure data collected in its course could be of use in designin} such a study, 
as they give an i.rrlicaticn of the magnitude and pattern of the exposures. 

Qle might ask whether there is need for such \«>rk or for detailed 
epidemiological research. It is neoessa:cy to view d.anestic air polluticn in the 
context of prevailirg comitions in rural Irrli.a. It is mre than a nuisaooe b.tt 
it is not the :roost pressirg problem. It contrib.rtes to poor envinnnental 
quality, exacerbates many chronic respirato:cy diseases and nay, in the lag term, 
lead to oomitions such as oor pilioonale. '1he aetiology of chronic respirato:cy 
diseases is difficult to pin down; IlllCh might be invested oorrlucting such 
research with few definite oonclusions. Perhaps for policy :r;:iurposes one should 
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oorx::ltde al the :t:asis of available inf onnatial that these levels of air pollutial 
are urdesirable arrl sl'nlld be reduce:i regardless of proof al specific health 
effects. 

Iaplications for 'Rffifflrcb in GeogrcU}y 

Q10 of the key conclusions of this stOOy relates to the spatial variatial in 
piysical arrl cultural dlaracteristics 'Vthl.ch influerx::e danestic air pollutial am 
determine the effectiveness of improved cookstove programs. '1hese variations are 
mt raroan; distirx::t regions based al fuel arrl diet can be distinJuished in the 
state of Kamataka, for instance (Ranganathan am SUl:iB Rao, 1987; Ravirmanath 
et al., 1987). 'lhe inp:>rtan=e of a.cknowl~ing these variations am tailoring 
disseniinatial programs to them cannot be ~ized. 'lhe effectiveness of 
dissenii natial strategies enployed ~ the various improved cookstove programs, am 
~ developnent programs in general, is determined largely ~ their cultural am 
ecaianic Oaltext. 'lhe reawakenirq regiaial aRJI"OBCh in geograpty could be 
ideally enployed in definil'¥1 these variations. 'lhe real data abrut the 
particulars of rural life cane f:ran micro level sb.Klies, similar to this one, 
'Vthl.ch are a necessary stage in the process of un:ierstarrling. For the p.irposes of 
policy-maki.rg am plannirg, b:7Never, a broader view is essential, am this is 
where the integratial arrl pei:spective that geograJ;ilers can provide canes into 
play. 

M:>re specifically, 'Vthl.le the present stOOy may have raised I1Dre questions 
than it answered, it has sha.rnl several awortunities for research ~ geograPlers. 
'!here are many facets of danestic air pollutial itself to 'Vtilich geograJ;ilers might 
fin:l it rewarding to awly their skill. Smith am D.Jrgaprasad (1987) refer to 
sane of these: 

'lhe failure of sane f lued stoves to rEmDVe sroke f:ran the irrloor 
envit:oumeut is due partly to problems of design, constructial, am 
training that are sanetimes ob3erved in these programs. In adli tion, 
however, there are sane inp>rtant geograprical factors. 'lhe relative 
success of improved stoves in Nepal am southern rmia, for example, is 
prol:m>ly partly due to the lower ln.Jsing density am groum-level 
temperature inversions in these areas canpared to north am west 
Irxlia. In the latter areas, ocn:litions are often such that a 
significant portion of the sroke escaping f:ran the flues may fim its 
way tack irrloors. 

'lhe present stOOy had limited success in relatirxJ danestic air pollutial to 
geograptlc factors tut that does mt nean that the relationship; do mt exist or 
should mt be investigated. Future studies should be structured to account for 
the large rn.mt>er of factors involved, am for the natural variability in the 
data, both of which make for oanplex relationship; rather than simple linear 
associations that are easily detected arrl predicted. 

A possible way of doing this is to adopt an awz-oach that I11JVes f:ran a 
regiaial survey of factors that affect danestic air pollutial to a micro-level 
stOOy of exposures, eliminatirxJ sane of the sources of variability en route. 'Ihis 
survey would aid in identifying specific regions that are particularly 
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susceptible to danestic air pollutial either due to ~ical or cultural factors 
or sane cati>inatial of the boo. 'lhe firrlings of the sw:vey cx>Ul.d be used to 
choose villages for the natltoring of air pollutial exposures. 'lhe Wividual 
villages selected sub;equently would clearly be representative of these regions 
arrl the conclusions of the study cx>Ul.d be extrapolated to a wider geogra:i;itlc 
area. 

Perhap; several villages fran each regial of Imia cx>Ul.d be selected. In the 
present study, the villages were in places with the llDSt ci:wioos cultural 
cart:rast - l'X>rth am south Imia - am with different fuel resource tases am 
climatic cxnlitiais. 'lbe rnmt>er of villages had to be limited to three because 
of financial arrl time constraints. If DDre villages had been i.n=luded, the 
sanple size in each village would have been even smaller am it would probably 
have been inp:>ssible to concltde anythirg. Within each village, a preliminary 
suzvey was done to detemine the variatiais in the factors that were thought to 
affect danestic air pollutial exposures (kitchen locatial, Cla'lStJ:'ldial material, 
stove type, fuel use patterns, arxi oookirq habits, for exanple) • Based al the 
timings, a stratified saJll>le was selected for the nadtoring of air pollutial 
exposures. I would retain this strategy if I were repeating the study. 

Issues of energy arxi envil:oument in the rural areas of developing countries 
have not received JlllCh attential fran geograPlers so far. Rural energy sb.dies in 
developing countries' in particular' have not atx>urrled in geograP'lY am here lie 
many ogx>rtunities for future work. \'lli.le ate may argue whether energy is the 
"ultimate resource" or not, it is ate that is necessary for eoanni.c developoent 
arrl i.nproved enviroomental. quality. It also provides a useful point of aaoess 
for the study of human-environme relatiaiship;. 

Babiker's (1983) study of rural household energy use in the St.Dan gives an 
Wicatial of the possibilities. He divides the Nuba lbmtains, his sb.dy area, 
into three regiais am describes the differeix::es in fuelwood supply am use in 
those regions. His sketch of the envircnDental am cultural settirg provides the 
context for this discnssial am forms the l:Bsis for deriving tentative 
relationship; between the different variables. 

'lhe altemative awroach ~ above for this sb.dy if it were to be 
repeated is similar to the one Babiker took. As a first step in his sb.dy he 
carq;>ared the spatial distrib.ttial of pop.tl.atial am fuelwood resoorces in the 
Nuba !bmtains, t:akir¥:J into account the rate of urbanizatial in the area. A 
parallel step in reexamining danestic air pollutial would be to describe the 
spatial distrib.Itian of the varioos factors that affect exposures i.n=ll.Ding the 
settlement pattern, that is, the :OOrizontal arxi vertical distara! between houses. 

Returning to the methodology employed in the Sudan, Babiker used sui:vey 
questionnaires, direct interviews, arxi participant oJ:servatial to gather data. 
His data would probably have been DDre acxmate had he uOOertaken direct piysical 
measurement of fuel use. SUch criticism notwithstarxling, his sb.dy is a 
significant contrib.ttial for it Wicates areas in geograJ;ily where research is 
both chal.lerging arxi necessary. 

Another reason to a:wreciate Babiker's w:lrk is the overall paooity of ~ 
done to date al the geogra:r;ily of energy in developing countries. For i.nstaooe, 
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developirxJ ooontry COl'D!ITlS in a recent volume al energy geograpiy ( calzonetti 
am SolalDl, 1985) were represented ~ a sirxJle paper al the illpiCt of 
hydroelectricity developnetrt: in Amazatian Brazil. '!he majority of the other 
papers dealt with c:onventional fuel use in DDre developed countries. Further, 
relatively few energy geograPlers have dealt with renewable energy; aeeorclinjly, 
the book cootained a total of three papers al renewable energy sources. 
Cc:t'lsiderirxJ that a transitial fran fossil fuels awean; inevitable if not 
illlninent, this apathy is inexplicable. 

'lhere are other reasoos to benom this lack. As Hoare (1979) has ~' 
alternative energy stlllies may be a means ~ which the i.ntegratial of human am 
i;:bysic::al geograpiy oool.d be achieved. He l'X1ted that the nature of alternative 
ener:gy productiai am distribrt:iai is such that it lams itself 'Well to 
geograptlcal analysis. By "alternative" energy, Hoare means nan-fossil fuel 
energy sources which tem to be decentralized in organizatial am administratial. 
He ocritrast:s this with fossil fuel energy, which 

is developed am alloc::ated in such a way as to li.mi t its i nnedi.ate 
aweaI to geograpiers. It is centrally administered ~ nationalized 
bodies or J:n.ge nu1 tinational corporations. SUl:Btantial ecoronies of 
scale are involved with the capitalizatial of energy, which results in 
few "energy locations" al the gromd, given the l'IDlies oamrl.tted am 
art:pit generated. capital investments in the energy sector are designed 
for a relatively lCDJ life - JO to 40 years - for c:onventional power 
stations. Finally, the loc::al/regional i.npact attrib.Itable to energy 
developnents is Often very small. sane energy installations, 
especially mx::lear aies, deliberately shun popllated areas. Many use 
nan-loc::al laboor am material in?rt:s in coostructial am DDSt generate 
a highly nd>ile set of products ••• which plUJ readily into existing 
distribrt:ial systems, rather than geueratirq sutstantial loc::al 
spin-offs. 

With alternative energy sources, hc7.Never, the loc::ations of energy productial am 
a:>IlSUllptiai, am of the producer am the consumer are usually closely associated. 
While one may take issue with sane of Hoare's assertions, one cannot argue with 
his cb;ervations about the gross diff~ in the productial am use 
characteristics of conventional am alternative energies am their suitability 
for geograptlc::al analysis. His cD;ervations can be exterxied to rural energy use 
in developirxJ countries which is mainly non-fossil fuel am thus shares the 
characteristics of what Hoare calls "alternative energy." 

Wilbmks ( 1985) further cantems that ''mission-oriented" basic research in 
energy geogzapiy that focuses al "issues rather than on definiJ'xJ boumaries 
(offers) dlanoes to get close to the esserx::e of how human systems ~k." He 
su;J.Jests that research "arisirxJ fran questions about society rather than 
questions about geograpiy itself" might revitalize the field am enpmsizes that 
beirxJ relevant need not ~ the loss of professional starrlards or the 
developnent of theory am methodology. 

SUJp:>rt for that oontential canes fran one aspect of energy geograpiy that 
has been stlllied, that is, the behavioral variables in energy a:::>nsUOptial. Orx::e 
again, however, the enpiasis has been on conventional energy use in nDre 
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developed countries (see, for example, Jackson, 1988). Resea:rdl has also been 
umertaken on the perception of pollution in the irrlustrial centers of oountries 
such as :rmia (Bladen am Karan, 1976; Karan, 1980; Karan et al., 1986). Similar 
behavioral energy research ard perception research in rural areas of developirg 
OOlDltries is needed. 

At a broader level still, the relationship between developuent ard 
environment is one that geograPlers need to examine llDre closely. It is a topic 
that receives llllCh rhetoric fran geograpiers ard non-geograP1ers alike blt 
benefits fran few oonc1:ete research results. It is an issue fumamental. to 
developirg countries blt remains at the center of tmreSOl ved OCX1troversy. Fran a 
practical point of view, this is unfortunate. '!here is no basic didxrt:any 
between envirooment am developnent t.haJgh they are often treated as if there 
"Were. Environmental. quality, developnent, ard rural energy issues canoot be 
addressed separately in developirg countries. sane of the links are cbvioos rut 
the int:erc:x>nnectoos are inadequately defined ard ul'Kierstood. A clearer 
~ion of the dynamics would be useful not only for practical reasoos tut 
also as a means of adri.evirg the l~ integration of human am piysical 
geograpiy (O'Riordan, 1971; Mabogunje, 1984). 

SUch are the repercussioos of human resource use ard the ensuin} prd>lems of 
environmental quality that they require an awroach that oc:d>ines the 
traditional perspectives of htnnan ard piysical qeograr.hy. It is unforbmate that 
the reaction to the envira11D91rtal determinism of the turn of the oentuey was an 
almst cxmplete separation of htnnan ard P'lysical qeograpiy, especially in the 
united states. '1he reason for the tardiness of the discipline's 1:esponse to the 
environmental. movement of the 1960S ard 1970S lies pirtially in this split. 
Geoc]ralily has also terned to trail the other social sciences in the developuent 
debate, echoirg rather than leading the evol virg polemic. Qle is irclined ax::e 
again to attrib.rt:e this reticen=e to the divide in qeograr.hy which himers an 
integrated a:wroach to the issue. 'Ibis is prcDlbly where its contrib.rt:im wou1d 
lie, in sOOwing that in any given region a oc:d>ination of factors produce 
patterns of develqnent am urrlerdevelqnent, rather than any sirgle factor. As 
Redclift (1984) elaborates: 

Poverty is everywhere the out:cane of specific relatioos between the 
natural enviz:ormert ard socioecxnni.c structures. 'lb ignore the 
specificity of these relatioos, to equate poverty in the Sahel with 
poverty in the .ArDes, or Bangladesh, is to reason fran out:cane to 
causes, a posteriori. Human poverty makes piysical envirannents 
poorer, just as poor P'lysical environments make for greater human 
poverty. What needs to be recognized is the specificity of the 
relationship between structural. factors am those of the natural 
environment. 

'Ihe specificity of such relationship; provides geograpiers with a focus of stlXiy 
that might prove fruitful, both in developirg theory am in p:roducirg practical 
results. In a similar vein, Brookfield (1983) called for geograpiers to "retum 
to their roots"' to st.reB;Jthen regional studies ax::e again, am thus provide a 
context for theoretical contrib.rt:ioos in the stlXiy of developuent. 
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'lb mks the l1DSt of these ~rtunities what is needed, pertlaps, ale>rg with 
the often repeated geograPlet"'s claim to synthesis is a broader view whidl is 
cognizant of the problems of society as well as of problems in geogra?ly, as 
Kates (1987) urges in the followinl passage: 

'lhings are fallinl apart; the disciplinary centers are not holding, not 
ally in geograpiy Wt everywhere in scien:::e am art •••• 'lhe fonnally 
entrenched disciplines do not map well against the great questions of 
both scholarship ani society. Inevitably, the frontiers of knowleck;Je 
are on the periPlet"ies of disciplines; the causes of the major problems 
of society are Jlllltiple; the ~ of the great 'INOrks are many 
(Kates, 1987). 

Innestic air pollution may not be one of the "major problems of society" bJt it 
is syn¢anatic of greater umerlyinl ills. It is essentially a problem of 
developnent ani one that may cease to exist as livinl comitions inprove. '!hat 
is not to say that daoestic air pollution is not a problem in mre developed 
oomttries. 'lhe reverse, in fact, is true bJt the nature am magnib.De of the 
problem there are different. 

'lhis dissertation has focused on the imnediate causes of danestic air 
pollution such as type of stove am fuel. other factors less easily quantified 
bJt whidl are ooop>nents, nonetheless, of developnent broadly defined, are the 
root causes. 'lhese incltrle the position of 'WCIDel'l, access to upgraded fuels, am 
the availability of options, all comitions that are not ally difficult to c.baRJe 
bJt also vary fran place to place. '!here are, then, oo easy solutions just as the 
causes are many ani canplex. 
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APPIH>IX A 

r. C)ffi:ionnai re usai in Garhimzi<ll;ur 

1. Name of householder caste 

2. Ckx:;upation 

Fanner_ Shopkeeper - Teacher - Anny /B.SF - NJ. I.ab. 
Craftsman (specify) City jd:> (specify) ___ _ 
other (specify) ---

3. I..amholding 

I.eased 
(),med 

4. Livestock (include cows, bJffaloes, calves, oxen) 

5. Crops grown 

Wheat 
Sarson 
Til 
Bajra 
Grams 
other (specify) 

6. Household members 

Name 

Area urrler cultivation (acres) 

Relship. to Ekiucation O:x::upation 
head of hhld. 
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7. Details of house 

a) awn Rent 
b) Roof type: Kucha Pucca 
c) Walls: Kucha Pucca 
d) No. of roans: 1 2 3 4 
e) Kitchen type: 

__ separate kitchen 
__ kitchen cum liv:in:J area 
- partly protected kitchen 

a.rt:door kitchen 
f) Electricity: Yes/No 

8. Name of cook: 

5 

9. At what age did you begin cooking? --- years 

10. Do you do any wage lamur or piece ~rk? Yes/No 
If yes, specify: 

11. fbrl many times a day do you cook? 

Noon 

Winter 

Plant:in:J 

Harvest 

12. lbw many hours a day do you sperxl cooking? 

1 2 3 4 5 6 7+ 

Winter 

Plant:in:J 

Harvest 
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13. What have you cxx:>ked or will you CXX>k today? 

M.:>ming: Roti/SUbzijDalliajl<heer/other (specify) 
Noon : Roti/SUbzi 
Evening: Roti/SUbzijDallia/l{heer/other (specify) 

14. Do you prepare certain dishes mre frequently duriBj certain seasons 
or times of year? Specify. 

Winter: 
SUmmer: 
M:x'lsoon: 
Planting: 
Harvest: 

15. (a) How many people are you cooking for today? 
(b) Is this the usual mJirber? Yes/NO. Usual mnnber __ _ 

16. How many people do you CXX>k for duriBj planting am harvest? 
5-10 11-15 16-20 21-25 25+ 

17. What type of fuel are you usiBj today? 

18. What type of fuel do you mst ccmoonly use in the 

Winter -------
SUnmer -------
M.:>nsoon -------

19. Do you use relatively mre cooking fuel in the 

Winter -------
SUmmer -------
M.:>nsoon -------

20. In your opinion, what is the sm:>kiest cooking fuel? 

21. In your opinion, what is the least srokey cooking fuel? 

22. In your opinion, cooking is mst rapidly cxxnpleted with which fuel? 

23. In your opinion, cooking takes longest with which fuel? 
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24. Nlat crop am plant wastes do you use in the chula? 

sarsat _ Til _ Grams _ Aakhada _ other (specify) 
25. Is this use seasonal? --

Winter: 
SUnmer: 
lb'lsooo.: 

26. What is your source of crop wastes? 

OWn 
Buy_ 
Given (tenns) _ 

27. What is your source of fuel\lo'OOd? 

OWn 
Buy_ 
Gather 
Given (tenns) 

28. If fuel\lo'OOd is gathered: 

a) How far do you go to obtain it? 
b) How often do you go? 

Evecy day in the winter 
Evecy day_ -
Evecy other day 
'IWice a week -
Qx::e a week 
other (specify) 

c) Do you gather it yoorself or does sane other family member do it? 
Self _ HUsbard _ ll:l~ _ Son _ ll:lt.qiter-in-law _ 
f.t)ther-in-law _ Sister-in-law_ other (specify) ____ _ 

29. If fuel\lo'OOd is OOught, do you ruy 

An entire tree ___ (price, approx.) 
A cartload 
A headload 

30. Do you bJrn CC:M dl.mJ in the chula? 

Always 
Frequently -
Scmetimes 
Never 
Mixed w/other fuels 
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31. Source of oowdung: 

Fran own aninals 
Collected 
Given (term?) 
Bought (price?) 

32. If ex7N dung is ex>llected: 

a) How often is it ex>llected? __ _ 
b) Who ex>llects it? -----

33. Do you use kerosene for cooking _ for lightirg _ ? 

34. Do you always use certain fuels to prepare certain foods? 

Food F\lel 

35. How many cooking stoves do you have? 

1) U-shaped (fixed) __ _ 6) 'lhree port ----
2) u-shaped (portable) __ 7) 'lhree port w/flue __ 
3) Qle port W/flue ---- 8) Kerosene ------
4) 'l\..o port ------ 9) Electric 
5) 'l\..o port w/flue ___ _ 

-_,,..------
10) other (specify) ---

(sahayog) 

36. Which stove is used for what p.irpose? 

stove Purpose 
All p.irpose 
Roti makin} 
Coffee/tea makin} 
Cooking for many 
Cooking for f eN 

I..ocatioo( s) 

37. Does the type of stove you use charge with season/time of year? 

Winter SUllmer-------------
M:>nsoon 
Plantirg-------------

Harvest -------------

116 



38. roes your kitchen/cooking area shift with season? Yes/NO 
with time of day? Yes/NO 

Winter ~ 
Noon 
Evening 

SUnmer r-t>ming 
Noon 
Evening 

:fb1soon ~ 
Noon 
Evening 

Location 
Irxtx>r Protected 

39. Who b.lilt the traditional/old fixed stove? 

Self_ Family meni:>e.r (specify) ____ _ 
other (specify) _______ _ 

40. fbl old is the stove? 

41. D:> you have a 

fixed hara? 
portable hara? 

42. [bes anyone help you with the cooking? 

Q.rt:door 

Potter 

Daughter _ Daughter-in-law _ lotlther-in-law _ M:>ther 
Sister Sister-in-law 

43. roes anyone else generally sit ~ the stove? 

Chlld - Gramnother - other (specify) -

44. Is the c.hula used for p.irposes other than the daily cooking tasks? 

Cooking animal fcnier --
Heating l:ath water __ _ 
other (specify) ----

45. J::Oes/did snoke fran the stove bother you? 

No---------
Blackens p:>ts -----
Blackens walls -----
Irritates eyes ____ _ 
Makes rnse nm ____ _ 

Causes coughing ___ _ 
other (specify) ---
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46. Have you taken any measures to reduce the SllDke? 

No ------------Have new snokeless stove ---Use less SllDkey fuels ___ _ 
Have increased ventilation 
other (specify) -------

47. Do/did you fim the snoke helpful in sane ways? 

No 
-----------------~ Preserves thatch 

----~-------Keeps away ioosquitaes (repellent) ____ _ 
Preserves food ------------
Dries fuel ---------------
other (specify)-------------

48. If you have a new sndceless stove in the house: 

Do you use it regularly? Yes/NO 

If yes: 

Have you noticed any changes in 
a) the amunt of cooking fuel consumed: 
b) the amunt of snoke 
c) time taken in cooking 
d) your heal th: 

none ------------fewer oolds ---------fewer eye problems ______ _ 
less ooughin;J fewer headaches ________ _ 

other (specify) --------

If no: 

for what reason(s)? 
New stove oonsumes too much fuel 
Takes too much time --------
Difficult to get fire started ---------Too SltDkey 
cannotmake-roti-~.-S-lll~.-it------------

Was incorrectly constructed (explain) -----
IDCation inconvenient 
Disintegrated in the rcuns--,-· -----------

other (specify) ---------------
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49. If you have a new stove am are usinJ it regularly am it is 
sm:lkeless: 

a) Do you fim nnre nrJSqUi toes in the house roN? Yes/NO 
b) lkM do you 

- keep nrJSqUi toes away rDN? 
- preserve the thatch? 
- preserve fcxxi? 
- dry fuel? 

50. If you had had to pa.y for the new Sl'IDkeless chul.a, how nuch ~d you 
have been willinJ to pa.y? -------
51. Do any of your family Sl'IDke? 

# SllDked/day 

()Jestia1S far oldest 1DEll in the IDlsehold 

52. What kirrl of stove did you use when you TNere newly married? was it 
of the same type as is seen in your kitd'lerl today? 

53. What kirrl of coakirg fuel did you use in the past? Did you use mre 

Twigs -------
I.ogsjbrarr.hes ---
Crop residues ___ _ 
other (specify) --
No charge -----

54. a) was fuel nnre easily available then? Yes/NO 
b) was it 

gathered ----
bought ----
from own sources ---

55. a) Has people's diet charged in any way? If yes, explain. 

b) Has the method of coakirg charged in any way. If yes, explain. 
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II. Olestionnaire usei in Keelara am Pallerayanahal.li 

1. Name of householder caste 

2. Oxupation 

Farmer_ Shopkeeper _ Teacher _ Craftsman (specify) __ _ 
Agricultural laborer _ other (specify) ___ _ 

3. landholding 

Ieased/C>wn 
Wet larrl __ acres Dry larrl __ acres 

4. Livestock (i.ncltrle cows, b.lffaloes, calves, oxen) 

'Ibtal 

5. Crops grown Area under cultivation (acres) 

Paddy 
Ragi 
Sugarcane 
Togari 
other (specify) 

6. Household memers 

Name />iqe Sex Relship. to niucation Qxupation 
head of hhld. 

7. Details of house 

a) Chin Rent 
b) Roof type: Tiles '!hatch Mud other (specify) 
c) Walls: Mud Cene"tt '!hatch ~ --

other (specify) ----d) No. of rooms: 1 2 3 4 
e) Kitchen type: 

__ separate kitchen 
__ kitchen cum storage area 

kitchen cum bath == kitchen cum livilg area 
f) Electricity: YesjNo 
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8. Name of oook: 

9. At what age did you begin cooking? ___ years 

10. Do you do any wage lab:>ur or piece work? Yes/NO 
If yes, specify: 

11. Generally, how many times a day do you cook? 
M:>n1ing - Noon - Evening -

12. Do you make breakfast 

-- every DDrnirXJ 
a few times a week 

-- only during transplanting am harvest 
never --

13. How many hours a day do you sperrl cooking? 

1 2 3 4 5 

14. What have you cooked or will you oook today? 

M:>nling: RioejRagi/SantJar/IdlijDosajRoti/other (specify) 
Noon : RioejRagi/santJar 
Evening: RioejRagi/SantJar 

15. What do you oook during harvest am transplanting? 

r.t>rnirXJ: 
Noon: 
Evening: 

16. (a) How many people are you cooking for today? 
(b) Is this the usual rnmt>er? Yes/NO. Usual IlUlliJer __ _ 

17. How many people do you oook for during transplanting am harvest? 
5-10 11-15 16-20 21-25 25+ 

18. What type of fuel are you using today? 

19. What type of fuel do you IOOSt CXJ1t11only use in the 

Sl1lllDer -------
lot>nsoon -------Winter -------

20. Do you use relatively IOOre cooking fuel in the 

SUlllDer ______ _ 

1't>nsoon Winter -------

121 

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier



21. In your opinion, what is the srcckiest cooking fuel? 

22. In your opinion, what is the least SUK>key cooking fuel? 

23. In your opinion, cooking is IOOSt rapidly canpleted with which fuel? 

24. In your opinion, cooking takes longest with which fuel? 

25. What crop and plant wastes do you use in the chula? 

Coconut_ Togari _ Pepper plant_ other (specify) __ 

26. Is this use seasonal? 

SUnuner: 
Monsoon: 
Winter: 

27. What is your source of crop wastes? 

Buy_ Given (tenns) _ 

28. What is your source of fuellNOOd? 

OWn 
Gather 
Buy_ 
other (specify) 

29. If fuellNOOd is gathered: 

a) How far do you go to obtain it? 

b) How often do you go? 
Every day -
Every other day 
Mee a 'Week -
Once a 'Week 
other (specify) 

c) D:> you gather it yourself or does saoo other family JllE!lbar do it? 
Self Hustmrl Dal¥]hter San Daughter-in-law 
other (specify) - - - -
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30. If fuel\\OXi is :t:x:u]ht, do you ruy 

An entire tree ___ (price, a~.) 
A cartload 
A headload 

31. Do you use CXM dung as a cooking fuel? Yes/NO 

32. Do you use kerosene for cooking _ for lightil¥} _ ? 

33. How many cooking stoves do you have? 

1) Trad' 1 one port _____ 6) cne port wjhood ____ _ 
2) Trad' 1 two port _____ 7) 'l\No port wjhood ____ _ 
3) Trad' 1 three port 8) 'lhree port wjhood ___ _ 
4) ASIRA 9) Kerosene ____ _ 
5) Electric 10) other (specify) __ _ 

34. Milch stove is USErl for what µrrpose? 

stove Purpose I.ocation(s) 
All p.JrpOSe 

Roti makinJ 
Coffee/tea makinJ 
Cookin} for many 
Cookin} for f eM 
Cookin} meat 

35. If there is a traditional stove, who blilt it? 

Self - other family member - Potter - other (specify) -

36. How often does the stove need to be replaced? 

c.x:e a year _ Qx:e in two years _ Every three _ 
Every four _ J.t>re _ 

37. Does anyone help you with the cooking? 

Daughter _ Dat.ghter-in-law _ Mother-in-law Mother 
Sister Sister-in-law 

38. Do you generally 

a) sit by the stove for the duration of the cooking period? 
b) nDVe about the house att.eminJ to other tasks while the pot is on 
the stove? 
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39. IXJeS anyone else generally sit by the stove? 

Child GrandnDther other (specify) - - -
40. Is the dlula used for purposes other than the daily cooking tasks? 

Parboiling rice 
Heating bath water ---other (specify) ___ _ 

41. IXJeS/did sroke fran the stove bother you? 

No ---------
Blackens pots ----
Blackens walls -----Irritates eyes -----Makes nose nm causes coughing-----

causes headaches ----
other (specify) ----

42. Have you taken any measures to reduce the sroke? 

No ------------Have new srokeless stove ---Use less srokey fuels --:----
Have increased ventilation 
other (specify) -------

43. ~/did you fi.m the sroke helpful in sane ways? 

No -----------------~ Preserves thatch ------------Keep; C»Nay ioosquitoes (repellent) ____ _ 
Preserves food -------------Dries fuel -:----------------
other (specify) -------------

44. If you have a new stove am are using it regularly am it is 
srokeless: 

a) ~ you fim ItDre ioosquitoes in the house rDN? Yes/NO 

b) Ha.N do you keep ioosqui toes away rcM? 

c) Ha.N do you preserve the thatch of your house? 
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45. Sirx::e getting the new Sl!Dkeless stove have you noticed any charges 
in: 

a) the annmt of cooking fuel consumed: Same I.ess f.t>re 
b) the annmt of SllDke : Same I.ess f.t>re 
c) time taken in cooking : Same I.ess f.t>re 
d) your health: 

none ___________ ~ 
fewer colds ----------fewer eye problems 
less c::oughln:J -------
fewer headaches ________ _ 
other (specify) _______ _ 

46. If you had had to pay for the new SllDkeless chul.a, how nuch ~d you 
have been willi.m to pay? -------
47. Do any of your family snoke? 

Family nett>er # SllDked/day 

()leStia'lS far oldest llDIBl1 in the household 

48. What kim of stove did you use when you -were newly married? was it 
of the same type as is seen in your kitchen today? 

49. a) What kim of cooking fuel did you use in the past? Did you use 
mre 

'!Wigs -------
1.Dgsjbranches ---crop residues ___ _ 
other (specify) --
No change -----

b) was fuel mre easily available then? Yes/No 
c) was it 

gathered ---
tx>utit ----
fran C7Nll sources ---

50. a) Has people's diet changed in any way? If yes, explain. 
b) Has the method of cooking changed in any way. If yes, explain. 
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Household no. 

Name of oook: 

Date: Time: 

stove type: 
Location: 

FUel type: 
cµmti ty (wt. ) at start: 

'fype of food beirg cooked: 
Fstimate quantity: 

Wi.rxi speed: 
Anenoneter on: 

~ture: 
Begin: 

Relative humidity: 
Begin: 

Personal m:>nitorirg: 
Gilian start time: 

Gilian filter no. 

Gilian stop time: 

Passive llDnitorirg: 
Miniram start time: 

Miniram stop time: 

Remarks 

APPEH>IX B 

Household code. 

>qe: Relship. to head of hhld. : 

No. of people at meal: 

At finish: 
wt. of charcoal.: 

Anenoneter off: 

Finish: 

Finish: 

Weighti 

Gilian flow rate: cts. 

'IWA: 
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Housel'x>ld 00. : Household code: 

Date: Time: Cook: 

Time Readi.ngjRemarks Time Readi.ngjRemarks 
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1. In parts of JDrthern :rmia, ant>ient TSP levels can be quite high durirg 
winter nart:hs when t:enpmiture inversions often trap pollutants. In these 
circumstaooes, the ani:>ient exposures am the influence of ani:>ient ooooentrations 
al imoor air quality can be significant (Smith am l:m'gaprasad, 1987). 

2. 'lhis decisial turned art to have its disadvantages as it leaves the 
filter paper unprotected am wlnerable. lt>re that once a llDirl.torirg sessial had 
to be repeated because the filter paper was oootaminated durirg the sessial. 'lhis 
usually hawened when the ooak picked up a child to oanfort am the dlild took 
the OR>Orb.mity to investigate the filter cassette llDre closely. 

3. Since the current natiooal pi:ogzam grew art of the Natiaial Project al 
the Dem:>nstratial of Improved COakstoves, am IOOSt of the informatial available 
relates to the National Program al Improved COakstoves, the di sseni natial pi:ogzam 
in Garhimzidplr will be di scnssed as beirg part of the current natiooal program. 
\'tlere the Natiaial Program al Improved stoves differs subrtantially fran the 
Natiaial Project al the Dem:>nstratial of Improved COakstoves, the departure will 
be pointed art. 
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Agena 
Bajra 
Chula 

Chula mist.ri 
Ghee 
Guar 
Hara 
Keekar 
I<hathi 
Iassi 
Neem 
Ole 
Ragi 
Roti 
sanmr 
Sarson 
SUbzi 
Tava 
Til 

~ fires (Nepal) 
Millet 
Enclosed fireplace (Nepal); Hindi term for traditional 

stove (Irrlia) 
stove Wilder 
Clarified b.rtter 
cym:>psis tetragcn:>lol:a 
Type of stove used for slow cooking {Haryana) 
Acacia nilotica 
carpenter 
Diluted yogurt 
Azadirachta irrlica 
Kannada term for stove 
Eleusine ooracana; millet 
Unleavened bread 
curry 
Mustard 
Vegetable dish 
Metal griddle 
Sesame 
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