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G l obal ly, al m ost 3 bil l ion people re ly on bio mass (wood, charcoal, crop res i du es, and du n g )

and coal as their pri mary so urce of domestic ene rgy. Bio mass acco u nts for more than

half of domestic ene rgy use in many developing co u ntries and for as much as 95% in

so me lowe r- i n co me nations. It has been hyp othesized that with increasing inco me, house h ol d s

s witch to cl eaner fuels, moving up an “ene rgy la d d e r.” For details on worl dwide ene rgy usa g e ,

see Aru n g u - Olende (1984), Red dy et al. (1996), and the Wo rld Reso urces In stitu te (WRI, 1999 )

in Further Rea d i n gs. Empirical research by Mase ra et al. (2000; see Further Rea d i n gs), howe v e r,

has il l ustrated a more co m plex picture in wh ich, at any inco me level, house h olds switch am on g

vario us fuels. Vario us econ o m ic, infrastructure, and techn ol o g ical f a cto rs had probab ly created

a declining trend in solid fuel use in many re g ions of the world in the 1970s and 1980s. Evi d e n ce

from the Wo rld Health Organ ization and WRI (1997 and 1999, res pectiv e ly; see Further Rea d-

i n gs) now suggests that in so me co u ntries the decl i ne in depe n d e n ce on bio mass has sl o wed or

even re v e rsed, es pecial ly am ong poorer house h ol d s .

Health Eff e c t s

Bio mass and coal smoke contain a large num ber of pol l u tants and known health ha zards, inc l u d-

ing particu late matte r, carb on mon oxide, nitrogen dioxide, sulfur oxi d es (mai nly from coal ) ,

f o rmal d e hyde, and poly cy cl ic organ ic matte r, such as be n z o [ a ] p yre ne, a carcinogen, as des cri bed

in De Koning et al. (1985), Ezzati et al. (2000a), Smith (1987), Smith et al. (2000a), and Zhan g

and Smith (1996) in Further Rea d i n gs. Expos ure to indoor air pol l u tion from the co m b ustion of

solid fuels has been impl icated, with varying degrees of evi d e n ce, as a ca usal agent of se v e ral dis-

eases in developing co u ntries, including acu te res p i rato ry infections (ARI), otitis med ia (middle

ear infection), ch ron ic ob structive pulmon ary disease (COPD), lung can cer (from coal smok e ) ,

ast h ma, nasopharyn g eal and laryn g eal can ce r, tu be rcu l osis, pe ri n atal con d itions and low birth

wei ght, and diseases of the eye, such as catara cts and blindness; see Bruce et al. (2000), Ezzati an d

Kammen (2001a), Ezzati and Kammen (2001b), and Smith et al. (2000a) in Further Rea d i n gs .

M ost curre nt stu d ies on the health impa cts of expos ure to indoor air pol l u tion in develop i n g

co u ntries have focused on ARI, otitis med ia, and COPD; for exam pl es, see Bruce et al. (2000 )

and Smith et al. (2000a) in Further Rea d i n gs. Con se rvative esti mates of gl obal mortal ity due to

indoor air pol l u tion from solid fuels using only these th ree diseases show that in 2000, betwee n

1.5 mil l ion and 2 mil l ion deaths we re attri b u ted to th is risk fa ctor by Smith and Metha and von

Sch i rnding et al. (2000 and 2001, res pecti v e ly; see Further Rea d i n gs). Th is acco u nts for app rox-

i mate ly 3% to 4% of total mortal ity worl dwide. App roxi mate ly 1 mil l ion of the deaths we re du e

to acu te lower res p i rato ry infections (ALRI) am ong ch il dren; the re mainder we re due to, in ord e r,

CO P D, lung can cer am ong adu lt women, and other ca uses, acco rding to Smith and Metha (2000 ;

see Further Rea d i n gs). In creasing evi d e n ce—for exam ple, Boy et al. (2002; see Further Rea d-

i n gs ) — on the role of mate rn al expos ure to indoor air pol l u tion as a risk fa ctor for low birth wei ght

il l ustrates that pe ri n atal and neon atal con d itions asso ciated with low birth wei ght are al so likely

to have large and lon g - te rm health effects and be an important so urce of burden of disease due to

th is risk fa cto r.

The ma gn itude of the health loss asso ciated with expos ure to indoor smoke and its con ce n-

tration am ong marg i n al ized so cioecon o m ic and demograph ic gro u ps (women and ch il dren in

p o o rer house h olds and the rural pop u lation) have rece nt ly put pre v e ntive meas ures high on the
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a g e n da of inte rn ation al developme nt and public health organ izations. For more inf o rmation, see

Bruce et al. (2000), McMichael and Smith (1999), Rahman et al. (2001), von Sch i rnding et al .

( 2001), Wo rld Bank (1993), and WHO (2000) in Further Rea d i n gs. Important kn o w l edge gaps

must be fil l ed and detail ed research questions an s we red, howe v e r, bef o re success ful pre v e ntiv e

meas ures and pol icies can be desi gned and imp l e me nted.

R e s e a rch to Date

Research on expos ure to indoor smoke and its impa cts on res p i rato ry dis-

eases in developing co u ntries be gan in the 1960s and 1970s in In d ia ,

N i g e ria, and Papua New Gu i nea; exam pl es include An d e rson (1978 ,

1979), Clearly and Bla ck b urn (1968), Rice (1960), Sof ol uwe (1968 ) ,

and Wo ol co ck and Bla ck b urn (1967) in Further Rea d i n gs. Mon ito ri n g

of pol l u tion and p e rson al expos ures in bio mass - b urning house h olds has

shown con ce ntrations many ti mes higher than th ose in industrial ized

co u ntries. The latest Nation al Am b ie nt Air Qual ity Stan dards of the U.S.

Envi ron me ntal Protection Ag e n cy, for instan ce, limit daily average con-

ce ntrations of PM10 ( particu lates below 10 microns in diameter), wh ich

are con si d e red a good meas ure of aggre gate impa cts of air pol l u tion, to

150 mg/m3 (ann u al average, 50 mg/m3). In contrast, typ ical 24 - h o ur av-

e rage con ce ntrations of PM10 in homes using biofuels may range fro m

200 to 5,000 mg/m3 or more th ro u ghout the year, depending on the type

of fuel, stove, and housing; for details, see Ezzati et al. (2000a), Kam-

men (1995a), Smith (1987, 1988, 1993), and Smith et al. (2000a) in Fur-

ther Rea d i n gs. Levels of carb on mon oxide and other pol l u tants al so of-

ten exceed inte rn ation al guidelines, acco rding to Ezzati et al. (2000 a ) ,

S m ith (1987, 1988), and Te rb lan che et al. (1994); see Further Rea d i n gs .

Rece nt work on expos ure to indoor smoke under actu al con d itions of

use by Ezzati et al. (2000a and 2000b; see Further Rea d i n gs) has sh o w n

that stove emissions are high ly episo d ic and that peaks in emissions con-

ce ntrations co mm only occur when fuel is added or moved, the stove is lit,

the co oking pot is pla ced on or re m o v ed from the fi re, or food is sti rred, as seen in Fi g ures 1 an d

2. Quantitative and qual itative data on t i me- a ctivity budgets al so indicate that so me house h ol d

me m be rs are con siste nt ly cl osest to the fi re when the pol l u tion level is the highest. Other indivi d-

u als may be outside at such ti mes, es pecial ly during the hours when the fi re is lit or exti n g u ished.

Fi g ure 3 sh o ws expos ure est i mates that acco u nt for the episo d ic nature of indoor air pol l u tion

as well as the activities of indivi du al hous e h old me m be rs. F i g ure 4 co m pares these val u es with

the expos ure est i mates obtai ned using only average pol l u tion con ce ntration at a si n gle point a n d

ti me spe nt inside (i.e., without taking into acco u nt either the spatial distri b u tion of pol l u tion or

the role of activity patte rn s ) .

Ign o ring the role of activity patte rns in expos ure could not only res u lt in inaccurate esti mates

of expos ure but al so — and possi b ly more important ly — b ias the re lative expos ure levels of de-

m o g raph ic gro u ps. The expos ure of women, who co ok and are most affected by high - i nte n sity

p ol l u tion episo d es, would be underest i mated most se v e re ly by using average pol l u tion al one. Th is
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F i g u re 1. Household members involved in cook-

ing are exposed to episodes of high pollution

when they work directly above the fire .



could in turn res u lt in syst e matic bias in assessing the health impa cts of

e x p os ure and b e nefits from any inte rv e ntion strate gy.

A lth o u gh reducing expos ure to indoor air pol l u tion from solid fuels can

be ach ie v ed th ro u gh inte rv e ntions in emissions so urce, ene rgy techn ol-

o gy, housing, ventilation, be ha vio r, and t i me- a ctivity budgets, as sh o w n

by von Sch i rnding et al. (2001; see Further Rea d i n gs), most curre nt re-

search has focused on impro v ed sto v es and fuels, wh ich pro vide more af-

f o rdable op tions in the near fu ture than a co m pl ete sh ift to non solid fu e l s .

The initial emphasis of research on house h old ene rgy in develop i n g

co u ntries was on the envi ron me ntal impa cts of bio mass use, such as de-

f o restation and dese r tification, with increased efficie n cy as the goal .

For more inf o rmation, see Kammen (1995a, 1995b), Kare k eizi (1994 ) ,

K ru gmann (1987), and Manibog (1984) in Further Rea d i n gs. The public

health be nefits from reducing expos ure to indoor smoke became the sub-

ject of atte ntion so on afte r. The pro m ise of a double divi d e n d — i m p ro v-

ing public health wh ile reducing adv e rse envi ron me ntal impa cts — e n-

co ura g ed ef f o r ts to desi gn and distri b u te impro v ed sto v es, as des cri bed

in Barnes et al. (1994), Kammen (1995b), and Smith et al. (1993); see

Further Rea d i n gs). Research and developme nt, howe v e r, often pro ceed ed

without detail ed data on stove pe rf o rman ce. Efficie n cies and emission s ,

for exam ple, we re meas ured in control l ed env i ron me nts with techn ical

e x pe rts using the sto v es under ideal con d itions; see, for exam ple, Kru g-

mann (1987) and Manibog (1984) in Further Rea d i n gs. Other re-

searche rs, such as Agarwal (1983) and Ravi n dran ath and Ramakrishn a

( 1997) (see Further Rea d i n gs), be gan mon ito ring stove pe rf o rman ce un-

der actu al con d itions of use, taking into acco u nt so cial and physical fa c-

to rs that would lower pe rf o rman ce or limit the use of these sto v es alto-

g ethe r. As a res u lt of these stu d ies, the initial ly large pote ntial be nefits

from impro v ed sto v es have been questioned by Bal lard - Tre meer an d

Ja wurek and by Wallmo and Ja cob son (1996 and 1998, res pectiv e ly; see

Further Rea d i n gs ) .

M o re rece nt stu d ies — see Albalak et al. (2001); Ezzati and Kammen (2002); Ezzati et al .

( 2000a); Ezzati et al. (2000b); Lan et al. (2002); and McCra cken and Smith (1998) in Furthe r

Rea d i n gs — have quantified the be nefits of impro v ed st o v es under actu al con d itions of use with

p roper mai nte n an ce . For exam ple, in a stu dy in rural Kenya, ene rgy- or be ha vio r- based inte rv e n-

tions can reduce expos ure to PM10 by an esti mated 35% to 95% for diffe re nt demograph ic sub-

g ro u ps. Th is would mean that on average, the range of inte rv e ntions con si d e red could reduce the

i n ci d e n ce of acu te res p i rato ry infections am ong infants and ch il dren below 5 by 24% to 64%, an d

the inci d e n ce of the more se v e re acu te lower res p i rato ry infections by 21% to 44%. The range of

reductions was larger for th ose older than 5 and high ly depe n d e nt on the t i me- a ctivity budgets of

the indivi du als. These reductions in infant and ch ildhood ALRI are of si m ilar ma gn itude to th ose

a ch ie v ed by more cost ly med ical inte rv e ntions, acco rding to Bang et al. (1990); Ki rkwood et al .

( 1995); Lye et al. (1996); Mtango and Neuvians (1986); Pandey et al. (1989); and van Gi nne k e n

et al. (1996) (see Further Rea d i n gs). Alth o u gh limited data on expos ure pre v e nt direct extrap ola-
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F i g u re 2. Day-long monitoring of pollution and

cooking activities. PM1 0 concentration (at a dis-

tance and height of 0.5 meter) was measured in a

household that used a three-stone stove inside.

The uses of the stove are indicated above the

horizontal lines. Ugali is a common food in ru r a l

East Africa made from maize flour. The lower

horizontal line indicates the mean pollution for

the day. As seen, mean concentration is a poor

indicator of the patterns of exposure .
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F i g u re 4. Comparison of exposure values based

on temporal and spatial characteristics of pollu -

tion concentration and individual time-activity

budgets with average exposure values (light)

based on emissions at a single point and time

spent inside (without accounting for spatial dis -

persion and activity). For each demographic

g roup the height of the column is the group aver -

age (from Figure 3). The darker shade is the un -

d e restimation of exposure using this method re l -

ative to the exposure profile approach, also

shown as a percentage. See Ezzati et al. (2000b,

in Further Readings) for details.

F i g u re 3. B reakdown of total daily exposure to

P M1 0 into high-intensity (dark) and low-inten-

sity (light) exposure. For each demographic

s u b g roup the total height of the column is the

average exposure concentration divided into av-

erage high- and low-intensity components. The

p e rcentages indicate the share of total exposure

f rom high-intensity exposure. The high-intensity

component of exposure occurs in less than one

h o u r. See Ezzati et al. (2000b, in Further Read-

ings) for details.

tion of these res u lts to a gl obal scale, the con siste n cy of epidemiol o g ical stu d ies in diffe re nt sett i n gs and the important rol e

of ALRI in developing co u n tries' mortal ity and burden of disease would imply large expected health be n efits from the tran-

sition to cl eaner fuels (or alte rn ativ e ly, co m b i n ations of ene rgy, housing, and be ha vio rs that would reduce expos ure equiva-

l e nt ly); these be nefits would arise from reductions in ch ildhood ALRI and other diseases not quantified he re .

S o me other iss u es surrounding the success of inte rv e ntion pro g rams have been dis cussed by vario us researche rs — see

Agarwal (1983); Barnes et al. (1994); Ezzati (1999); Kammen (2001); Ho iser and Dowd (1987); Manibog (1984); Smith

et al. (1993); and von Sch i rnding et al. (2001) in Further Rea d i n gs — all using a limited num ber of case stu d ies in vario us

c o u n tries. The l  a c k of syst e m atic st  u d i es may stem, in part, from en  e rgy tech  n ol o g y's c e n tral role in the house h o ld: adop-

tion of new techn ol o gy is likely to vary from setting to setting and even house h old to house h old, acco rding to Mase ra et al .



( 2000; see Further Rea d i n gs). Alth o u gh the be nefits of adop ted inte rv e ntions may be known, the re

is little syste matic evi d e n ce on what fa cto rs motivate house h olds to adopt any inte rv e ntion or

s u ite of inte rv e ntions and what institu tions are re q u i red; th is point is il l ustrated by the variab l e

s uccess of stove pro g rams, as detail ed by Agarwal (1983); Barnes et al. (1994); Ezzati (1999 ) ;

Ho iser and Dowd (1987); and Manibog (1984) in Further Rea d i n gs. Moreo v e r, the lon g - te rm pe r-

f o rman ce of impro v ed sto v es has not been mon ito red, with two exce p tions: the rece nt work of Al-

balak et al. (2001; see Further Rea d i n gs), wh ich ensured proper mai nte n an ce over an ei ght - m onth

pe riod, and the important retros pective coh o rt stu dy of Lan et al. (2002; see Further Rea d i n gs ) ,

wh ich con si d e red the lon g - te rm health be nefits over a 16 - year fo l l o w-up pe rio d. Fi n al ly, kn o w l-

edge is scarce about the wider envi ron me ntal and so cioecon o m ic impl ications and sustai n ab il ity

of prop osed inte rv e ntions. For exam ple, enco uraging a sh ift to charcoal, wh ich offe rs si gn ificant

health be nefits over wood—for details, see Ezzati and Kammen (2002 ) — could lead to more se-

v e re envi ron me ntal degra dation bec a use of inefficie n cies in charcoal pro duction: more wood may

be need ed per meal when co oking with charcoal, acco rding to Du t t and Ravi n dran ath (1993), with

i n creased gree n h o use gas emissions, as Bail is et al. (2002) and Smith et al. (2000b) explain; see

Further Rea d i n gs. Furthe r, Ri b ot (1995; see Further Rea d i n gs) has found the pol itical econ o my

of charcoal pro duction and mark ets to be co m plex, infl u e n cing access to th is fuel for diffe re nt

secto rs of the so ciety.

F u t u re Dire c t i o n s

S olid fuel co m b ustion and other dete rm i n ants of expos ure to indoor smoke are co m plex phe n o m-

ena and inv olve many so cial and physical variab l es. Unl ess expl icit ly re lated to and cal i b rated

with local paramete rs, s i m ple indicato rs are likely to overl o ok important inf o rmation about ex-

p os ure and the be nefits of inte rv e ntions. An s we rs to six research questions are need ed :

1 . W hat is the quantitative re lation ship between expos ure to indoor air pol l u tion and the inci-

d e n ce of disease (i.e., the expos ure- res p on se re lation sh i p ) ?

2 . W hat fa cto rs dete rm i ne human expos ure and what are the re lative contri b u tions of ea ch fa c-

tor to pe rson al expos ure? Ho use h old ene rgy use is co m plex, and researche rs need to con si d e r

e ne rgy- h o usi n g - be ha vior co m b i n ations, including ene rgy techn ol o gy (sto v e- fuel, mu ltisto v e ,

and mu ltifuel co m b i n ations), housing chara cte ristics (size and mate rial, num ber of wi n d o ws ,

and arran g e me nt of rooms), and be ha vio ral fa cto rs (am o u nt of t i me spe nt indoors or near the

co oking area ) .

3 . W h ich det e rm i n ants of human expos ure will be infl u e n ced, and to what exte nt, t h ro u gh any

g iven inte rv e ntion strate gy? The con d itions of expos ure must be addressed in inte rv e ntion de-

si gn and eval u ation. For exam ple, the desi gn of impro v ed sto v es should address peak emis-

sion s — wh ile lighting, exti n g u ishing, or moving fu e l — as well as average emissions levels.

4 . W hat are the impa cts of any inte rv e ntion on human expos ure and on health outco mes, and how

would these impa cts pe rsist or change over ti me? Lon g itu d i n al mon ito ring of both techn ical

pe rf o rman ce and adop tion, including the role of co mmu n ity netw o rks in fa cil itating or im-

peding techn ol o gy adop tion, is need ed.
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5 . W hat fa cto rs fa cil itate or impede the developme nt of entre p re ne urial netw o rks for desi gn i n g

and mark eting local ly man u fa ctured ene rgy techn ol o gy or housing desi gn s ?

6 . W hat are the broader envi ron me ntal effects of ea ch inte rv e ntion, its costs, and the so cial an d

econ o m ic institu tions and infrastructure re q u i red for its success? The so cial, econ o m ic, an d

e nvi ron me ntal impl ications of ea ch inte rv e ntion strate gy should be antici pated and mon ito red.

S u b stitu ting cl ean ene rgy so urces is the most effective way to reduce expos ure to indoor ai r

p ol l u tion. Without a c o m pl ete fuel tran sition, howe v e r, af f o rdable and effective inte rv e ntions for

reducing expos ure to indoor smoke are limited in developing co u ntries. Problems include the co m-

pl e xities of house h old ene rgy and expos ure and a la ck of infrastructure to supp o rt techn ol o g ical

i nn o vations, mark eting and distri b u tion, and mai nte n an ce. Too little is known about co m b i n ation s

of techn ol o g ies that may be used by a house h old and the fa cto rs that motivate people to adop t

the m .

An important impl ication is that research and re l iable data on even the most quantitative vari-

ab l es, such as expos ure, re q u i re an inte g ration of meth o d ol o gy and con ce p ts from nume ro us dis-

ci pl i nes, from quantitative envi ron me ntal scie n ce and engine e ring, to toxicol o gy and epidemiol-

o gy, to the so cial scie n ces. Given the fu n dame ntal inte ra ctions of the variab l es, inte g ration of

to ols and techn i q u es should take pla ce early in the desi gn of stu d ies as well as in data col l ection ,

an alysis, and inte rp retation .

Research on health risks and inte rv e ntions should be motivated by the need to improve hu-

man health in eth ical, sustai n able, and cost - effective ways. The data needs go be y ond si m ply iden-

ti f ying th ose most affected by expos ure to indoor smoke; we must now des cri be the co m pl e x

mecha n isms of impa ct and meas ures for reducing ne gative health effects. By con ducting research

at vario us scal es and from diffe re nt an gl es, from epidemio l o gy to risk an alysis to inte rv e ntion as-

sess me nt, we can build the kn o w l edge base for expanding the limited num ber of curre nt inte r-

v e ntions and creating effective pro g rams to reduce disease from indoor air pol l u tion in develop-

ing co u ntries .
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