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AIn PoLLUTANT EMISSIoNS, CONCENTnATIoNS, At{D EXPoSURES FnoM

BIOMAf¡S COMBUSTION: lEE CIGABETTE ANALOGY

Klrk R. Sntth

Resource Systeus fnstltute
East-tlest Center

1777 Easl-West Road
Honolulu, Hawaii 96848

In recent years, scfentÍfic fnterest in bfonass as a fuel has been reklndledt
and along with it, concerns over potentlal envlrornental effecüs. Tl¡Ís has cone
about in several ways:

o In those areas of industrlal countnies where space heating is fnportanü, übe use

of wood has experienced rapld repopularlzatfon. Indeedr in tbe Ur¡ited Statest
since the ffrst oÍ1 crisis the use of wood for fuel has grown nuch fasüer than
any otber enerry aource, ? percent per year since 1973 (1).

o In nany developíng countries traditional blonass fuels, which include woodr crop
residues, and anlnal dung, still supply energy needs. Since tbe energr crisis,
lntornational concern has grown about the dual problens of flndfng nore energJ¡
for econçr¡lc developnent and at the sa^Ee tine preventing lhe rapfd deforestatlon
that hae cone to acconpany too nuch rellance on local bionass fuels. Efforts to
solve lheee probløs have fooused on lncreasfng supply t'brough such Lnnovatlons
as fasb-growing tree plantaülons and fnproving the efficÍency of use through
such devlces as lnproved süoveS. Thls pnobleu is recognlzed to be signfflcanü
since nore than hal.f bhe worldrs poputatlon relles on tbese traditloral bÍomass
fuels for nearly alt thelr energJr needs, a sltuatfon tbat has not changed sÍnce
the discovery of fire.

o fn both developed and developlng countrfes, there is at least one other reason
for increased interest ln bionass fuels. Pantly through reapplicaüion of
procçsses developed and left by the wayside in the past and partly tbrough
appllcatlon of sophlsticaled new understandlngs of blonass prooesslngr there are
noï a range of technologles being examined that baslcally act to converü sinple
bionass feedstock tnüo hlgh-quallty sol1d, gaaeous, and llquid fuels. Tl¡ese are
the fuels that w111 be needed !o hasten econonÍc developnent 1n poor oountries
and to fuIfII bhe blonass portÍon of the renewable-enersr pronise 1n aII
countrles.

llith the revltalizatfon of bionass fuels, the citlzens of developed countries
are discovering what theÍr ancestors knew well and theÍr neighbors 1n developlng
countries still e:<peri.ence--Ín snall-scale conbustlon conditLons bionass fuels have
slgnlfÍcant enlssfon faotors for several lnportant aÍr pollutant's. As shown ln lable
'l, the enissÍon factors for three of the five prlority pollutantsr parùiculatest
hydrocarbons, and carbon nonoxide, conpare unfavonably t¡ith those of coal conbustion
when the burn rate 1s ln the nange of a few kilograns per bour (2-25 kI'¡). At
industrlal scale (a few hundred kilograns per hour) bfonass enlsslon factors do not
usually appear so nueh worse than coal, a conclusion teupered by the signiflcant
affect on enissfons of the particular costbusülon conditfons and qualÍty of the fuels.

In the lasü few years, an increased anount of effort bas gone into sbudylng the
enlssj.on characieristics of bionass-fueled (nalnJ.y by wood) heating sboves of the
types connonly in use in developed countrles (2). Il¡Ís ls beconing n¡ore of a concern
as ouldoor snokel levels rÍse in connuniüies reJ.ying on such applÍahces. In sgne
süales of the Ur¡lted States, for exa.np]e, emissÍons fron wood stoves bave exceeded

tHere I wLLl use the tern nsnoken to refer üo the entire nlrtu¡re of enisslons fron
blonass conbusüfon: all gases and aerosols.



those:'from lndustry foricrf,¿ÍcàI potlu?ants (3). lloodsnoke studles.have ',:: .'

characterlzed a large nùnbör of organti'conpounds ln the nhydrocarbont por-tlon of.the
enissfons. Indeed, several húndred have been ldenbffled, nan¡/'of ryhioh 'are
polyaronatic hydrocarbons (PA¡I) thaü haVe been,shown tolbe nutagenlc on.caroinogenlc
(4).

Although the probleui of snokey vlllage kitchens rbas long be ers
tn ruiat areas of develo¡ilng countries, fülhas been only rece'ntl
lndoor Eeasurenents have'6eãn uneertakên (5). Tlie hünan exçó'sur
tupbrtant pollutants tbat cán ¡e estfnáted as á rêgul't of thes€
orãers of nagnltude hlgbepthan typidal urban exposwres. '' ;' -r)Éìir;::: -i '

' ri' . ' ..::-:,' ,rj ' :..:'..:... I .. .... .,".11 .,:: ..

thère'have been few ánd onlJ¡ .nelatlv.ely: 'reoent '.", i: . :;'':r'." Unforüunately, just as
quanültatlve studlés of tbe ncentraülonsrì thene âne Ven¡rr few quantftatLve ì* :I 1.:'1

the health effecüiô öf blonass sndke; ,d.;tåoughr,there,r'
lack

co
epideniologfcal studles abouü

nuch anec do qar info.rnation by nedlcal observers and others. Untll thisexlsts
is reûedled, -

y on eitrapblations fi<ø studieg óf othernecè ssary to rel
sifuati ons.

bobaccq snoke.
I

The nost obvious extbapolatfon is fron ünban epfdentol<igtéal 'studleE of;.afr. 'r

è eevere l1nftatlôns nithl inespedL to, t !

. /llthoughr nany of the seû6j;pollùþat¡ts
-as 'to nake oôhparisona susp€Oü,f :; UFbanr' '

blaüed wíth'iír¡f fuÞl'b¡<ldes bb'cauee; of ühe
fl fuelci';r' ConsÞquéntly, ühe't¡eJol' .':

off1claJ. reviews of ,the:heåltår'effeðtis,of paÞtfclrl:€Ites ane'rlnâb]e"to',gepar,aüþ the:
polluted by blonass snoke, however,
rbon nono:elde and lildrooàFbonj vapor's" and
eþbnces bètr¡een üfpf.cal folí's11-fus1 seol(e
and ch'enLcäI 'naïuret'of tbei aÞrbsolsrï
tracel,uetalb, "f "o, 

o:. 
,,, .-', ', : .

'' '1 thére fs, howevbr¡' a forn of blonass ¡snoke,cthat hãs'been studf:ed' e:(bensÍvely, to
air'äxtent rfvallng urban'af r- poJ.J.'ut1on.' rrlhIà: is entirely'approprtrate becauee. this
forn'bf"biônass snolte ls the'cauae of 'nore hunanriäf¡].þJ.luüton expo'burê and.greater
hunan 1II-health than aII'other causes of alr pollutlon conbLned. - It is, of ',course'

If aiÍ"ana}ogl could be"drawn betveéä exposures üor'tobaoco stnoke, arfd" exposures to
thè':snoke"fron bf'ònasþ'fueld; then thvestigators'þf"bhê lnpaôt' of the latter woi¡ld
have aòòþsi'io a vast healthieffecùs lÍterature'ava1IabIê for'thê forneil' It *s fhe
purpose of thfs paper to begln an e:cploraüfon of the vlabllity'of this.analog¡ti'..

To effect bhis conpanison, f have chosen to e¡<amine four pollutants:.fouäd,1n'r '.'

signlficant amounts in bio¡rass suoke of all kinds: respfrable particulates (nSf¡t
carbon iùoàoxlde' (CO') , roiruàiaenyðê (HCHO) , and ,partleulate benzo(a)'py.Èene, (.BaP) .

d'èrable attentlon' ln''l.t's own rlght'r as,a
repre$ênt àn fnÞóPtant nenber of. one of
unö ih biÖDâss. snoke¡ .rþrtlculatesr,
anàlögr lh'a quantÍtatfve nannér, f wlll

üel tbe,relatfve euj.ssion factors; alr :

these"four PolLutants. ''l '

.E81Ê.siotr'ilae!òrgì'i " í" ': 'r' : ': 'ri'
- I "li,r

Researchers of cigarette enisslons have had to develop a standard snoking
proceOürè 'such tt¡at-dffferent brahds'can be'coupáþed'on as nuch of an equlvalen8
basts as'possible. The procedure used 1n nost studfes:today ls to'snok6 eacb
cigarette.iin 10'b'uffó at"one-nfnute lntervars wlùt¡ â pr¡ff volune of 35 nr 'and a puff
duratlon of 2 sec. ît¡e snokê'con5.iig'thÈôugh"thë nouthpieoe of, tl¡e ofgarette t'hat'r '

IL-



would nornally1be regplred by .tbe snoker is called the nalnstrean snoke. the snoke
relèased fron alL poinüs of the clgaretbe betr¡een pufqs is callep sldestneen stoke.
Specfaltzed. uaçhlnes ha-r¿e been developed üo ngnoker cÍgaretles th'ühis fashfon and to
neasure i.the'partieulate and gaseous enfsslons (7Ì.

At present there 1s no standard procedure for neasuring enisslons fron snall
-.cookingror.hêating.sùoves altþougb.quch procedures are under developnent (3r 8). In
orde,r;':iÈo,.4ake gg4¡ltitatfuve c@parfsons bet¡¡een clgarette snoke and the snoke fron
biouass-f.ueÀed app]:,.fanç,s ft.FiI,+, be,,,necessary to choose enfsslon fact,ors fron thosé
avaiù:aÞle.*n ,th:e..I,frteraür¡re. Sùnce the.guÍsslons fron enclosed netaì, heatlng süöves
vary dranatically wlth stove opeBaQÍng cóndftions, ft.¡¡oüfd, seet apprôpriate tò
conflne this lnltiaJ. set of conpartsons to what sé€.;ns to be the lesd iariable opén '"'

conbustlon::ep¡44¡to n fireplaces anQ sinple cooking stoves. Exc]udlng
cigareütetöunning¡i Lqq ofr:,this .sorü 1çr.after all, thq nost co¡nnon'.
conbustÍ'on sftuatÍo ld''fegardless of f,qel üypç..

'.,::- i ,ll i., .'i r,.,.ii,'i ir
Albhgugh oven,3OQO, dlfferenü oelpo.,unds haye been tdenùtfied'fn Ciearette snoke,

a few dozen are sfngled out as nost lnportant. A few of these are'sholtn ln Table 2

and lnclude the four belng consfdered ln ühis paper. Note ühat the tobacco snoke
lltenature ca$e rtart what the alr pol]ut
partf culates (,TSP) . n,,. The enlssfon (qctors.
a,Fepa-rate, col.unn l:Í.sbs tbe relg.tl-ve, 3n
These" eE j.sslon ,..4aetof g,;;vary þr'brand, by t
aIso. varln,:.b,y.:.t*Fe. frr",that, cigarettes, 1n th
average eqlspi"af¡ feqgortçr,tpday tåa¡ tbey did."in,past,Jeêrqr;;lang lhg nelatlve..to:<J.c1!y
of the wlss:Lgns,on a.rr¡ass basls sqeqç- to,be:goi'lìB.donn a_s,.wpüi (9). , .,,,

.. rrf-'.]; .,' :; liltl.r . i -
. , Sfnce tþe ..apo¡nt ,of ,b4ona.sj* aclual.lX 

"

Br¿un¡i, tbe eulsstron factors 1¡l,,,T41e 2 tåaù
The first ,pol.unnr of fabtre.3, con.panes' tbe
sidestream cigareüle euoke,,wÍth,.those repn
conbusülon. Note that, excepù for TSP, th
or hlgher than thoge,for -iobacqo.. Noüe FIso, tha! ühe di.fference between slQçstrean
and Eainstrea¡n' ùobaooo suoke ls large. fo¡,,nany species, indicaùing I!çHA and a q¡pber
of'the gas+phase:rnitrosanÍne .qo¡DpoundB.';;For lSP (tar}., C0, and PaP, on -the oüher ,

hand; the rabL-o is nuch snaller.

Another factor of interest wiüh partlculates is their sfze range. 'fù thü :

respecl, as ¡rel.L, cigareüte snoke end wood.snale.vare sin$
dianeter ,of less than 0.4, u!¡ lndlcatlng .that, eesentlally

1r.
aI I

penetrgtes 1nüo-,bhe deep lungs üporl,resplratfon (.1,0¡. In afr..
essenüially,,:-al1 . TSP is RSP.-,.

Conoentrgtions
. i- ; ''1. r. 

-t..:.' 
.: 

' 
,, ,, 

't' 't'.,
There, aÌ.e two dlctlnct !ypqÞ. of cigaretü9';snokçrs-iaclivè and pabsfve (or , .. ,

voluntary ,and invol,untary) .11 The acùfve sng\gn e¡çerlenöçs high co'ncentrations .of
pollutants because',, the naln-stre.an s@ke fs
air 1n , a, brea.Sh ¡' the tlda+. v,pl\¡qe. If¡ ûhe
ls,9¡re npufft per"ni.nut9,f.gr lep ni¡yleq, .

Unit,ed Sta,tes fn 1880::rgle.ased. .J4 lng- of
and the tidal volume çf af.r f,or an- adglt'w
(11), the partfculate concentration would
three orders of nagnitude higher than the neasured average TSP concentratlons, ln air
breathed by wæen cooks fn rural fÍeld studfes rn lsfa (5). "i' t:"-

BaP concentrations ln nai¡strean cfgaret,tB suoker. on ,!be.òther hand.r are.quj.te
sj-mllar to, those fn viJ^lage,hones¡ .as are HCHO concentrations. C0 levels ârê." ,i
1nü.ernediate. The second.colunn of ,Tabl.e J lisls tbe r.çIatlúç concentrations
experieficed by a vitrI-age eook and a snoker, for,these,.fö,rr pollutantsl , , '-'

3



A passive suoker wll1 e*perfence concentfatlons thaü are deternlned;and:ban be

accurately estlnated by the'iri¡nber" and Locåtton of clgaretbes being snoked hearbyt
the room lolunei ventilationrratè'¡ and nlxfng condltfons. (12). fn a rell-n$ted
conference rooüt (2OO u3; 2Apfl; 40 people hafi of whon are snokers¡eäch,óf tlhon
snokeg 2 ctgareites per t¡o¡¡¡), fndóor cöncentrirtfone'of bhe four pfinofpal póllutants
can be calculatecl frø the sfdesürean enlssÍon',faclors"frr the finst colunn of Table 3

a¡rd the resl¡]t fs shown in the'second colunrt. By this;esütrnaüe, ,tÌ¡e passlve stoker
would exþe rience concentratlons of übree of the pollutants nuoh.lôrer than ùbe-actfve
'snoker and conslstentl¡i iorer': ühan tbe vlllage cook. Note also.¡:1üliät,'bticêuse rdf.. th.ê

large ratlo éf sldestrean to nafhsüreàn emlssloú facüo¡rs foyHCHQrÍ(Table'?!;r,i!þs.;,'
passive sooker can actually èrçer1énoe ' co¡ieentrations of HGltO" conparatfvelyll$d¡1¡.¿t
to those e:<perienced by the snoker. It is fnpoiùant)üo,reueúber, howevéÞ;.that ùbe

snoker trpuffsn ninute (- 5 p€rce nt of breaths) whfle the passive snokergnfy once a
ok experience tbese conce tlonò 1n''egeryafid vlll.age co

Ve doses, therefoíej
- breaüh durlng'"tllê' effosr.re

noü'thii sane as 'tÍie relatfve ,

nlra
arë -: ¡",, i

' Ttrere ls á fùrüt¡ër refirlènenü :posslble ln 'these concentra'tfon estimqtes. ' Sfnce
the ¡nainstrean suoke 1s not enüirely deposited or absorbed by the reepf$etóry silts.t"€,u

of the snoker, there ls an addltfon to the sumounding lndoor air ooncentratfons
resultingrffor¡ the exha]èid á1n of ithe i¡¡iol{ërs."'('13) Fuf$heinorèr ri6¡ oourse.; the
aôtive snotrèis 1ri the rdim *Jth ¡rassive Sniôket'd ritll''êxpefilenCé'.at Lêeó? as hfgh'
rpassll'èt conöeri¿râtfoiiÈ'rfn'fhe'95 peroenü of breáthS'"!haü''afe'not rttptiffet on the''"-
clgalette. . t.,1" 

i'1..''.; , :. .,; ,.t ,.' .r, , ,, '.-." ,,_,'. 
t 

-r ',,.'i ¿:\ 
i.:

No-{náf ìDo;es''"' ' ì' I .,, '" *:;. :ìl
To undersüand ühe relatfve heaLth effecùs of polluüants 1t ls always best to"''

neasure dose, the acüual anount of uaterial absorbed or deposlted in the body. there
1s varlabiltty, however, 1n the way air contanlnants are deposlted or absorlled' by

neathlng rate, whether nouüh or nose
f {he res.plratohi systen all :affécü
ersr' there are.,.ühe addl',t1onal. varlables of
d snoke and snoltes the'bu.tt ,do¡rn to alnost
be nuch largerthan that of a nolnal

:" 1i : 'i

:.,.:'l

fn äddft1öhr, :a}üboùgh loodsnoke ánd;'tobacco suoke .lrave .oany sfmllarC.tlþs' there
are dlso tdlfferéuoþs. fhp benþerature of cÍgarette'btbker".for'exanple,'' t¡ould
ndÞnallf'bë'highter. ,Ther€'bay be 'scsè soft of baturàtlon ìrffecü-aU thë gener:alIy
h1þ'er" concentfätÈorrs ørperiénced'by the asü1ve snokèr leadlng to" Ior¡er deposltf on'
rates per g4ani of baterS.'al tnhal€d. On the oühêi' hand¡ ,th,ei hot ,dênse snoke fron
snokl'ng may inhfbÍ,ü or dan-,äge natural, I-ung cI othên defense nechanlsms',to
tt¡e'bxùe¡U: tbat deposftion efficLenC! is hlgh exposutl,€s. Ib nay .be,

hdwbver; bhat ths 95 percerit of bneatl¡s that suie for'theiaotlvel'snoker
allow the lung defensã nechar¡lsnS to operate 'ntly tùrah,"they càn rthen,:

every breatb contalns sfeniff¡ant 3oncentratfons. . .: i

,':'Notl"knoïfng'the deposltlon or absortion"rates with 'accr.¡râcy';t". 
" 

that iü is not
poòsfble to calòulate'exaêt dobès. 8or ttte þuiþosee.hère; lt' i'Scsufftrcient to ,

addíebs ¡rhät has' bèen' êàlLed' rnon{na.l'4fosen' (12) ; hèreribef ng-def fned"as the amount of
materlalr acüira|ly brê-athed'rin by the: snoker or cook;' f will asstÐe:Ilnearlty 1n
reaponse .to éxpòsures and corrëct'for' 'breathiriþ rates and partlctre slzes. TÌ¡e'
referèhce r¡ol¡än ¿n: (13)" breabhbb' 18.2'ü3 of air during 16 hours.of l-ight activity and
2.3 n3 during slÈep peri day' and about 95'percenb: of-thê par:tlGles are. respirable
(10). CoiigequentlÍ; the conpafâtlve dal1y eþóstres:'öf the f'óur naJof potrlutants fÖr
a two-pacf-pËi¡-Uay- snokeri¡ and a village cook' are as s'ho¡¡n in the lasù colr.¡nn of Table
3. the v1llage:cobk'recelves noninal doses of BaPiand HCHO tbat are:hlgher than I

ãi,òse iecelveã'biiùbl.e'sinólter by factors of 12 and 2.8 resp€i@t1ùély. ltre enoker' otl,''
the othêr hand, lbceives rìöú¡iial:'doÈes Òf C0 and TSP that are ¡iÈeater by faOtors of'.'4
and 24.

lì



Uslng: the sane assr.mpülons as those used üo calcu.late concentratlons ln Table 3 ¡
and assunlng a 4-hor.¡r neeting 1n the oonference roour ùhe. passlve sooker would
reoeåve;,:;da1]y nomfnal doses lower than efþbe4 the actlve, smoker or the vfllage cook.
Thfs assunes, lot course, tbat thÍs persóçr- Ís.exposed to,áo other.condfülons of poor
atn qual+ty,:,dunfng the day. Nptç .,that. the exposure to HCH0 is nuch closer to that of
the aetÍve süoker than are Èhe, relatlve .exposures of .the other species. Tl¡is is
beoause of,ühe -large €oÍsgtrons, of HCHO 1n sldestrean as. conpared fo nalnstream
clgareßüe sneke¡ -..Ifideedi: ùbe HCHO.exposure rate per hoUr duftqg the conference
Beettng.ßeç¡,the.Baps+vç snoker is-,,nearly three tfnes.thab of the nainslrean exposure
ratesrfecç{r¿ed-þy tbo sno¡{ef in snoking two cigpretigç" per hour. Tt¡fs oeans that ühe
totâ.|,HCHQ:eomflal.rdoee',of; tbç qctlvç. snoker áq."t+pþ.ê neeti.ng is nostly due to trqr
role asripasqive irather':ûþq.n-.aç$1ve snolÍe¡.:,: ::l 1,i.1

''.4'i.::. ir\:: ì... : i ..; ,i..
,,u..En-'Taulè.,3,.,$be,,-lJpfand Sleepqr tç Ëonegne who liïes il|.,a hlghland area such as

those !n Nepalr, Perur,.,K.gny?, gçrd $qpua New"Gulnep.- She is presuned to. sçrend 14 hggrs
a day ln tbe house during-wfrfön she sleeps'for 8. ff one aasunes thàt,'the average
exposure durfng thls perlod 1s about 50 percent of tbat recelved by the cook near the
f.ine; the. upland sleeper would receive a total ,(laillf nonÍnal dose .of, eacb pollutanf
rorrgþl,y 4O peroent groater than -the cook... , ',,

,,0f courqe,; aoü1ve.,,-s.Foker.g also recefge passive ç:cposureP-"lf tþe¡ attfend
cor¡fere¡ce.,Eeatfulgs Hl'thrs.rDoke,trs'presen! ;anQ vfllage gogks..ln upland areas..also nust
sleep;; Tora f.l.rst.approxlnationl the total "da1]J nølnal dose,f,9r t{gBen 1n lhese
situatlons would be the botal of ühe active and passive snokerst nonlnal doses aFd,
the toüal of the cooking and sLeeplng nonJ.nal doses respectlvely. Further
corrections could be ¡nade to account for arry æbfent e:rposures received bV.,,,{r!egl,;,,_,,

ii-, I 'ì - .-- ; . .i

0f ,..übe- four pollutanåg .exa4lned. bere
are roUghly' sinfla'r:.for .ìcf;gar,çtt'e sFoker.s
actÍve smoke.rs recelve norÞ.,-than a ,facfor
hand, vÍllage cooks:.receive;,more tb.qn a 'f
In all eases, vlllage cooks recefve highe
the basfs of these conparLsons, therefore, lt nÍght be e:rpected ühat fhe healùh'
lnpacts" enong vjlùage cooks ¡¡ould lie sonewhere below these..for aetive, s&ol<Frs :and
welL above those for passl.ve snokera. It shoul.d. be,ne.n.tionéd, houg¡-e.r, tùqj nãny ,,,,

oùber.pollutants are not addresped. hçfe. l{-fcoti.,ne, in partlcular, uould eçen, to, b9
sonething nearl¡r absent Ín.w-oodsnoke' and .y-et .an inpor.ta¡¡t, hgaltlt-flgn4gþg pg]IutgpË
in tobaceo smo*e. ..Neverthelessr, even a rouch-Êndex such. as, tt¡e,ope hef.g iF ,.
suggeative. There, hep l,ong been evådeace üìaÈ s4olens h,êrp,thenselves (9r' ll4) and
there ls a rapJ.dly gr.ow{ng consensus that passfve snrokenpl hgalth is also affected,
( 15) , The index, could also k¡ expandgd tg.-characterlze the 

. 
particglrpte ,{ractlon, ,by

che¡n1cal (:16) 9r :bioassay (11) tech4fgues or a conbinatÍon (18):, : :

The data 1n Ta.ble -? can aLso be used for other conparisons. C'onsider' the
relatlve,. enf'sslpneigf',-a: çoalrf'ueled, e.Leçtric'po{gf ,plant an{ a clgçrette. trn 1981 t
bhe average U.S. reeident"nas..fesponefÞle for 'the burning of..abou! 3_.5.kg of -toba,cco
and 2900 kg:of coal,r- 82 pereent,of¡,whtch was used in.power pJ-.pnis (.19).; trr.rr,ê,stud¡¡,
at Brookhatren.:National,Lab,. lt'was deternlned,'lhat a typlcaf eoal pousn,Plant". ,, ,.

delivers about 0;1 ng-person-year/n3 of:p:{posure for êvg¡y. ton of parLf.c,ulat,e - ' :

emisslons (20) ¡ Assunlng that alt the coal, pgËer plants ,entt partÍcULaües at !þe ,.
legal linfü:inpliçs that !c1üy ne..eds of .the--aV9ra€9 U-.S., 

", âçltlzen cauqe about 0¡00 )<Pgsur€. !1s11€ the data.înd 
_,1r,

assunpùions fn Table 3¡. fcal wood needs..for. cooklng,in a .,: ,

deielopfng country (abou uld, produce about 0;.15 " .. r .

rng-person-year/ú or'.110 caused by slx lir¡gç none fuel fn, tþe II.S,
por¡er plants. rEven more strikfngly, it can be esüfnatp¿ Fh+Þ çanpanèd to the coal 

,i

,: i

5



used per caplta the tobacoo needs of tbc averßgg U.S. ofü1z€ni causes aboui four
ordens of nagnltude nore exposure slnpJ.y üo the passfve snokers nearby a¡¡d.not even
counülng the nucb la.rger exposures üo.ühe suokerg tboselves.

I :..

the lesson sbould be ,clear. llhen bhe oþJ'ectlrå þ tä proteo¿ nuiapf ¡ealth, 1t
oan be qulte ulsleadlng to ooncentrate solely on enlssÍon facüons and toüal
eoÍsslons. Dlstribuüed conbusülon sounces, sucb as cook stoves and, ln the extreue,
cÍgaret,tesr oan be, responsible fon nuab langer hunan' e:eosurae, per r¡n1ü,:f¡¡6.1¡ lhÍs
faot has fnponüant lnpllcatÍons for tbe design of alterratÍve energf ðystens. (21)

: .-i , .:; : I i, ,::,., . '.1( . ,',)

r : :t - r:''
.';¿ ì' . 'i
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Table 1. Cøparlson of Alr Pollutant E¡lsslon fron Energy-Equlvalent Fuels(ln ktlograns)

Fuel (Efftclency) Fuel Equlvalent, to
One llllLlon MegaJoules

Dellvered

ParÉlculates , SuI il Itrogen Carbon
HonoxldeOrfdes Orldes carbons

fndustflal 
r

Wood (?0'f)
Coat ( B0 f)
Besldual oll ( 80 f)
Dlsttltate otl ( 90 t)
Naturat gas (90 f)

80 netrlc tons
4l netrlc tons
33,000 llt,ers
3l,{00 ltters
28r2OO cublc neters

.qæ
2r080
,94

&
''l

56
810

1,310
1, tr,zo
n€9.

360
lrl80

240
83
99

0
6
4
4
2

36 |l00
45
20
l9
I

oq
Resldentlal

tJood. ( 40 r;f )
Coar ( 50 l,
Dlst,lttate otl ( 85 f )
ltatural gas ( g5 f )

144 netrlc tons
69 netric tons
32'900 llt,ers
30r000 cublc neters.

2rlTO
520

' 11

7

86
1 r200
1.1,ï,o,

neg.

11,0
2TO

TI
38

| 8,790
2r380

2g
10

I,450
430

4
4

Source:

NOTE:

22.

These are typlcal, but
cgnbustlon condltf ons.

noÈ average fLgures. Actual eftlctenctes, and enissfons
Resldentlal heatlng gtoves,-under US- con4{ti.ons.

depend¡ on I fuel quall-ty and
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Table 2
"ï

Nfajor toxic:'and carcinogenic spec,ies in cigarette smoke; ratio of
sidestrean smoke (SS) to mainstrea¡n snoke (MS)

A. Gas phase Amount/cígarette ... rss/MS

Carbon dioxide ¡j

Carbon nonoxide
Nitrogen oxides (NOx)
Anmonia
Hydrogen cyanide ",

Hydrazine :
Formaldehyde
Acetone i:
Acrolein
Acetronitrile ..; 

,Pyridine ,' .

S:Vinylpyridine:l ., :

N- Ni tro s od ine thyt aüinine
N- Ni tros oe thylné,ttfyl ami ne ¡
N-Nitrosodi ethylarnj,ne

45
13.25

308
ì: 70'' 415

32
55

520
75

110
32
23
92
20.5
14. 05

mg

mg

ug
ug
ug
ug
ug
ug
ug
ug
ug
ug
ng
ng
ng

10
10
28

4201'

8.1
?.s
5.25
8 .50

.27
I

I

5

::

85

:3
51

2

T2

5

t7
I4

e il;

t"
B. Particulate phas_g' Arnount/cigarettó SS/MS

Total particulate þhase
Nicotine
Toluene
Phenol Ë

Catechol
Naphthalene
2 -Methylnaphthal,ene
Phenanthrene
Benz (a) anthracene
Pyrene I 

'

Benzo (a)pyrene ;' :
Quinoline ü: -,
Ivlethylquinol ine '

Harmane ì. iNorharmane t'

Aniline ,' ,f'
o-Toluidine i, j,

mg

mg

ug
ug
ug
ug
ug

i:. 
nB
ng
ng

;ng.ug
ug

:ug
'ug
ng
ng

,ÍÅ

liÌ

þ"

:-

1.,

,¡:,
i4.

(tlar) I4
1. 18

108
85

"t
5.
2.

,; O.

r:1ó,
,,; 2'9'';
," 4.
:: 'f'")

,t..

. 11

ï1t
t,.

6
95
6
6
7

1

7

75

160
28
10

47
40

7

5

7

7

1

65 2

30
19
39
37

3"

4i

¿,,.41

r '' (1"

... 52
.. ;. 24j'' :" 1";:" 6a.

2

5

6s0
,32
ils:,3
\:1 1

i:2

05

.85

2 -Naphthyl ami ne
4-Aninobiphenyl ;
N- Ni tros onorni coúi
N-Nitrosoanatabine

\:
1ï1

.65.

.5

.95

.38

ng
ng
ug
ug

Source z 14

1



1.<+

táUl¿ s: su'irräry or Eíission Faòtois¡ concentration, án¿ r.¡oiniriai oosês oi Tòbacco 
"fi& 

wobdsmoke

4q!ltt"
Sñokef

Pa'ssive
Srnokèr Village Cooti Upland Steeper

25 ng
- .5..5 mg

.200Q hg
1.0 ng

-a ' ! ..'-, .:-ì-:,

Ernissíoä Factörs (per kg of biornass)

Co
TSÞ
iiaP
HCHO

]. !' : - -.Concentration (per cubic dietei cif air)
coL
.rSP i,' .BaP 3, r -(-
HCFIO

Noninal Dose (þ'er day)

ii
i¿
(r.
0.

g
o
b

03 mg

o3g

4og
2-o g'1 .0 ng
o-4 g

4og
2.o g
1.0 mg
0.4 g

ùò
d
Þ
I irg
5g

50 mg
7mg

oQ ng
I.0 mg

40

240
32

23 mg
1s mg

,-, 54 lit"ô.'tie 'mg

sOQ mg
sd'd iñg

1Ô9 rÊ5. r ng

o8o Tirs

530 rig
L00 ng_,.

1.2 ng

5'"2 rtrg
s.1 ffg

15 iíÞ
b.TF re

s
CO

r::- _ !-_-i _

Assunptions

ìZd ng
,. o, 22 mg

13,000 þÊ,
3.3 'mg

RSP
'säp
FICFIO

1 18L000
,r.,_g

mg

ng
ng

.7 mg

.e5
ndui

åao.e¡7o!ryïo
10 priffs/cig.
2 pàckslitay

and BaÞ
P" lesþ'iråbïe
t wonên

SO% cook
,e¡ihcentrations
14'hours indoors
9.7 n3 rtotal air

TSP

r .'r nslh

{ cigarette,smök ."1n9 ì;f,ou'i.méetÌng as tlie s¡mii,ër "wirb}d -rèceîve å ,totet.,ii&tÍrãt ¿ose
..ê'g.ti,r"1ent tb ap r tÞe¡Jy-e àaa"a-ttoge:tlj9rr, 1y,_'"1 viiltage cook ;I{nlfiig -ff itiir'udr4.ng.àrea

-, ; would receive a se'roúgh1y equal'to tlíê 'tw togifCh-er.
¡:: , 'if 'th9 qnoker is âssúned to e*ilate half ôf 'the iedpired:þõËIütânts,- the r',s eoncentiøtions

and doses could be éxpecteA tb be larger'by Cû: 2\e¿i TSP: 30e"-; edP:' tS
| ,r..--

Squrce: !4, 11, 5, 23, 24, 8.


