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This sectian of. &he report briefly describes the chemical and phyAxd 
tthmww~tcs ofmainstream and sidestrwm rsmoke lthe two mjorcornponenta 
of ETS) and discusses studies which have meascrred indoor ETS levels, and 
estimated ETS exposure and uptake among nonsmokera. Researchera have 
ccmluded that ET3 ~~dahs most, if not all, of the carcinogenic and toxic 
txmpunds that are present in mainstreeam smoke. The studies al&~ indicate 
that there is tidespad expwure to El’& and some messurable uptake of ET‘S 
by nonfdm0ke~. 

Envi~nmental ~Q~BCCCI SSIIO~B is 8 ronnbinstion ofmainstr~~ smoke (MS) 
exhaled by smokers and side&ream smoke (SS) released diteetly Porn the 
burning tip of cigarettes. It is typically highly diluted. M&x&ream smoke is 

comptiased of small particles ~verqing CA35-0.4 m in diamet& lparticle 
phase) and a mixture of gases (vapor phase). The particle phwe iacludwi 8evera~ 
metals (e.g., cadmium and zincs and a variw of non-wlatib oqguGc compounds 
of high molecular weight. The vapor phase includes numerous highly volatile 
compounds such as carbon monoxide and hydrogen cyanide. 

Nicotine and zrrany other semi-volatile constituents of tobacco smoke occur 
both in the particle phase and the vapor phase depending on their volatility and 
the prevailing conditions. These compounds tend to be present in the particle 
phase of highlymmcen&&4 inhaled MS, but evaporate into the vapor phaee as 
&&xi MS rapidly dit~t~ during the formation of ETS. 

Sidestream smoke is the primary contributor to E’IS, providing most of the 
vapor phase and aver haIf of the particles. It is produced by the same 
hndmenti processes as MS and mtiists of the fame chemical compounds 
including mmy kmwn clr suspected human carcino5ne. HQwever, ss is 
generated at lower temperatures and at a higher pH than IS@& and z?s 8 result 
it ha8 a diffizre~ relativs chemkal composition. 

Table 1 lists the concentrations of various txmpounds in both phmes of&&3 
delivered by ut&ltered cigar&tea, as measured by a standard snaking machine. 
The table ah wxnpares the amdunt of each compound delivered in MS and in 

SS by computing a SSMS rati~.~~ These ratios indicate that, with the 
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There is~ limited information on the chemical composition of E!TS+ E&haled 
MS, which can oontribute between 15 percent and 43 percent of the p&iculate 
matter in ET!& has yet to be c&racterized. ‘I?UWS is also tit& data on the 
&act of dilution on Ss emissions. During ETS formation, both 3$ and exhaled 
MS am diluted by nmuyc~rders ofmaguitude and subrslsquen~underga physical 
tz-an&m&iun and alterations in chemical composition, 

Numerous studies of the impact of *m&king occupancy an indoor air quality 
have measured several ETS-relabd empunds of human health concern, 
in&iiug known aud suspected carcinogena, in a variety of settiw kg:., 
r&dent-i& ~Biae, kanerprtation, etc.). Researchem have con&d& (1) thak 
many of the potentidly harmlkl compouade in Ss 8~ also preaeut in ETS, and 
(22) that these ETS contazninants are fousd alxzve background 1evsL iu a wide 
range of in&xx envin3nments in which smoking ocCur~~ These stud&3 indicate 
that the compc~sitioa of ET!3 can be highly v&able depending on the smoking 
ratei3, the amount and type of ventilaticxt, contact with indoor surfacss, and a 
boat of othfx environmenta wnditions. 

Given that EZS is a complex mixture of thou8ands of compounds, many of 
w-hi& ch8n* chemicatiy and pllysii Over time, it ia necessary tu identi& a 
Chemical marker to represent the frequency, duration, and magrritude of FX3 
expufe. An ideal marker w&d bz a compound that is-specific to tobacco 
m&e, easy to measure, and that behavea aimkly to ET!3 as a whoie, Several 
markers have been ideutifkd, though none Mets all then critezia. HCIWIWW, 
vapor phaprs nicotine and respirable suspended particles CRSP~‘6 are both 
ti@1ei*h~ of fitxposuretoETS. 

A variety of methods huve been Used to messure indoor n&tins and IMP 
1Wd8 in or&r ta tmses~ ETS expmure. Air sampling devices may be pked a 
qecific indoor location6 for varging period8 of time Mationary sampling) or 
worn by individu& (persunal mcmit~ring}- Re9earci~rs have also measured 
&micrIs (b!oun8rh) in the Mood and urine of ETS-~~ed notlsmokers. 

Tobacco combustion produces significant emissions of respirable suspended 
particle+3 @.SP). There axv? a number of accepted methad that petit acrurate 
measurement of RSP a~acentrationa in indoor emiro5ments for anmpling timee 
ranging fmm seconds t6 aeverd days. Studies lxive shown that RSP Iev& in 
smoking enviratments are usually higher than in non-smoking environments. 
Leaderer and Ebmmond conducted B large c-r study using smokers and 
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reported an average R3P emission rattt per cigarette of 17.1 mg.” MP 
emission rates among different brands cxf! cigareiztea were similar. 

where ETS cmcentrdiom are very IQW. However, under normally encountered 
smokingrateq the uaeertainties associatsd with nicotine’s high adsorption rate 
are likely to be sm8l.i. 

Numeroue stdiea have measured ccmcenkhms of uitmtine and RSP in a 
variety OF indoor environments. ‘I&M studies employed a I%@! of sampling - 
devices, nalnpld over varying timefkamea (from miwtes to days), and included 
highly vatiable infbrm8tion 011 various &&ors af&ctir~g the me.&mwed 
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a& OftiE stu&w used stathnatg 8ir mmplers. Alt.hougkJ the results were 
highlytiable, ticotine and IMP cokentratione in ~kiagenvkt2menta were 
~istedy higher than in nmwmoking envicorune~tm. Table 2 shows the 
range of average v&uea obtained in these studies. The mitimutn and maximum 
vduw are take presented in parentheses. Only studies reporting -@kg time8 
over four hourn were included in the dab on rwsidential and oflice eettings so 
88 to inore chely approximate occupy time, Since occupancy time in 
restaurants is likely to be aborter than four hou~$ da* fmm studies using 
shorter sampling ti.m~ were included in the table. 

The summary nicatine data in the table indicate that average 
co~ceritratione in reeSeme with smoking oixxzpancy range from 2 &rn’ to 11 
&ha, with high values up to 14 &mS and low vatuee daftrtl below 1 J&R~. 
tIMices with dng occupancy have average nic&ne cmcentraticme that are 

.kmilar to th- in reeidences, but with eignificautly higher maximum values. 
The data from reetaurant~ show ewz~ higher maximum va.lues, With regard to 
RSP concentrations, there is also broad overlap in the average dues obtained 
hwn redder&l and &Ice environments. However, the. data from reartaurants 
show a much wider range of valvee. 

in a recently pubiished &ud.y, Hammdnd and coworicets measured average 
weekly nicotine concentrations at 25 diverse wo+iti including fire stations, 
news-r publishers, textile dyeing plants, and B varieg of menufadturing 
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Measurement of indoor air concentrations of EYl% components indicates the 
potential for exposure, but a&A exposure &JO depends an the amount of time 
spent in a particular environment. The amount of exposure wil depmd on the 
idividual’s circumstences. A woman who lives with a nonsmoker but works in 
an c&ice wit31 smokers will receive most of her EYE3 exposure at work, whereete 
W~FS.RS who lives and works with smoke= may receivej;he mqjmity of her 
eapbsure in the home where more time is spent. 

P-d mbtidng silm researchers ta estimati individual expo~re. 
Study participanti wear a monitxx that w~~uous$ sampIes and records the 
wmtitianof aircontaminan& ta which individuais are exposedin the course 
of thhdaily activities. If subjects uee cliti~nt monitors in different indoor 
environmenta (e.g. home vq;, workplace) and retard the aeaaunt of time spent in 
each Betting, then resmchers can calculate the cxmtribution ,of each 
environment to t&d exposure. 

To ,date, few studies have measured ETS expose to nice&he kd RSP 
.using-per%anai motitora. Liited publi&ed data on nicotine show a wid& range 

-. of ES expomm3 in imk~~r en~$ronments with lermokhg occupancy, with average 
wncentrations ranging from less than 5 ~&n? up to 40 JJ&~?. Other penfor 
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monitor &dies found that ETS exposure intressed RSP Ievele betweetll8 
j&ma and 64 dma.w 

It is difficult to assess the ETS contribution to nicotine and RSP levels For 
each indoor environment wiug these data. In many cases, study part.&ip~t~ 
4vm-e the same monitar far 24 hmm, and the reported nicotine and RSP levels 
represent 24hciur average values. These vduee may underedtimate the 
ecbntributioa of some mm-residential indoor enviwxments as they inciude home 
sleepiug botm when presumRhty there was litth! if any Em eqmsm. 

Unpublished data f%om a recent multicitg artudy using personal mtinit&a 
suggest that @pied exposures are low relative to eatimatis obt&ed using 
stationary air samplera- Thi3 large si;udy, conducted jointly by Oak Ridge 
National L&w-a- and I&T. Reynolds Tobacco Company, recruited 
approximately 100 nonsmokers in each of 16 cities nationwida. Study 
par&ipa&s were provided with two rnorritim - one to wear at wurk and the 
other for the rrxn&der of the %&hour period - and required to lreep a detailed 
written record of their activities. In addition to nicotine and RSP, the monitors 
-red five &her ETS constitu8nw. 

The avaage nicotine concen~ati~ in 415 smokewxcu pied home& wfla 2.16 
pgh$, With B lLWdian lewel of 0.66 #JW, indicdhg that Xn0st part&pants 
received relatively little ET% ezpasure. The average and median n.icoW Ievele 
in workplaces without smoking rwtrictions wwe 2.77 &and O.i33 &ma, 
r85pectiveIy. Reeearchers caiculated total dairy exposure to nicotine in each 
indoer enviro+nt by xn&iplying the average nicotine concentration by 
duration tif exposure and breathing rate. Total daily nicotine axpogure in 
exaaker-occupied homes was 6.8 clg per day &,/day), compared to a value of &8 
J4gTdRy Ear wwrkplac8s; without smoking lwtriction8. 

The study’s authors suggested two explanatfans for the fact that &wage 
uicatine concentrations recorded in th.ia study lie at the bottom end of the 
ranges report4 in eartier studies. Fir&, feww smokers are IigMng up in the 
pre.wnce of nonsmokers, a rwporw ta changing societsl attitudes toward 
smakirq. Second, nonsmok9rs are spenditq leaa the in obvfaaaly amcrlry 
entiraum~nts. Nonsmokers who come in contact with amokm may receive 
relatively littie exposure depending on their prc+Cty to the smoker and the 
length of time spent in that indoor envimnment. 

Noting dl8 tobacco indwtq’s involvement in the study, critics cl& that 
it underrepresented the amount of ET’S eqxss~re amoq nonsmor#mr. ‘J%e 
et&y sampled R dhpportiimtely Iow number of amolretoccupied workpI+ea. 
Out of 1,856 workplaces csnqW, only 168 112.4 percent) allowed sinoking 
withaut rtstriction. I!htiorial estimates of wurkpiace smoking prevalence 
suggest that a significantly higher pewen- of workplaces allow smoking fsm 
later 8?2elhl on occuptional ETS 8qJamre). l-lowever, it is not poereihle ta 
determine whet&r the recruitment procedures used in the tidy led to the 
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‘JIM presence of a biomarkfx in the blood or urine provides direct evidence 
pf $38 expuwre and uptake. The rtelationship between tbs biomarker and 
exposure i com@ex due to marg envir-nti and physidogical fkactora. The 
most conrmonly used and widely acceptad EYE bicmarker is cotinine, the majclr 
mstabolite of nicotine inside the body. Nicotim has a half-life of rhut 2 houra 
in the blood and is m&abolized to cotinine and e~~&ed in tie. urine; Cotinine 
has a h&-life of approximately 20 h~tfrs in smokeq aomrzw-kkst kqer in ETS- 
exposed nQI3sLXtker8, WIG& makes it a good id&x&or of ETS eqwure and 

.’ uptake over the previcxls two daya. 

S~dies show ulat blood and urine c&nine fevela in ETS-exposed 
non&nokers are gw~~aliy higher that those in nonsmokers =gtorting no ETS 
eycpomre, but far Iower than the IeveL of cotinixae in smokers. Comparisor~ of 
cotinine levelri in snxdmrs and nonsmokers indicate that ETS-ex~bed 
DI(M;Bplokers receive appraximateIy 0.7 percent of the nicotine dose af an &era& 
stn~k.er.~ Cotinine levels in ncrnsmokers have &KI been found to increese with 
aelf-reported EX3 qxsure. There i8 ccmsiderabie va&ation in c&nine bela 
among smokerrr md E’lX&x~& mxsmokers becau~ of individual differences 
in the uptake, metaboIia.m, and elimiaatioa of t&&ins. 

The EPA classified ET’S as a cawinogen based on the chemical similaritiea 
between inhaled MS and ETS, and evidence of ET5 exposure and uptake by 
noasmoker~. Studies indicate that tc~haax~ smoke is e lclng carcinogen even at 
tie.strwUe& exposures ko active smoking, and the risk increasea with.exposure, 
as measured either by number of cigarettes smoked per day, or yeats of cqpm%te 

. . ..smoking. Atxmrding to the EPA, expasure to ETB, which ia q~elitstiwly aimiIar 

.;:. -. . 

,to MS, therefore, should &JO increase the risk of Iung czuwr, and the eviderwe 
of wideqread exposure to, and uptake of, ETS components in the @IX& ‘.:: 
population is eruf5cient to conclude that ETS is a Iungsarx~ haaarctg ‘/ 

A few researchers have chaiIenged the ck&ic&ian of ETS es a linavn 
hrunan carcinogen basd on its relationship to BB. They point to the fact that 
MS cmtins chemicals at eoncentmtiona of up to one miliion timea tbo~e found 
in E’I’S, and that rno~~ of the chemicz& are in the parMe (tar) phase df MS 
Direness between pas&E amok@ (nod inhalation) and act;iw atioliitig 



I To: HEARTLAND TEST 

- 

From: The Heartland Institute 1-15-96 lk58am p. 11 of 12 

Cigarette equivalenta calculated f;br some of the k.twwn dnogena in ETS 
yield much higher values bee- these compwnds are emitted at higher levels 
iu SS thaqin MS lsee Table 1). About three times as much nicotine is en&ted 
in @ as in MS, whereas app&mately 90 times as mnch 4-aminobiphenyl(4- 
AH’). Thus, a description of exposure in nicotine ciptte equivalents 
tzntjedmates exposure to a kuown carcinoge1~3 in tslbacca smoke by a 
cortsiderable margin.3i 

.-.- 
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In order tb estimate ETS lung cancer risk u&g cigarette equivalents 
mchera aaume that there is a linear relationship bema expoarure (tlumbet 
of cigar&&~ smoked a day} and amcw risk that extend Born the relatively 
intense txcpsures typical of active smoting down to the much lower expwxwes 
associated with pah+e smoking. EPA uses this type of straight-line 
extrapokkion fiwm high expwures down to zera exposure in aI its cancer-&k 
assessmeats but dem do not know the actual &ape of the exposure-riek 
relst;i~~pforpaairiPernmdkingandlung~r- 


