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M y mignmtaf, u 1 understood it, was (o propose applications for some of the findings of *j 
bask research on cigarette smoking. Speculation was encouraged I have decided to ivoid 
talking about the use of those physical indicators of tobacco use that have »om* history of 
application (eg,, alveolar carbon monoxide, oleoma thiocyanate; see Fredcriksen A 
Martin, 1979; Jarvik, 1979; for reviews) and even those indicators that are just U^noing to J 
be applied (e g>, plasma cottmne and nicotine; see Hill f t Marquardt, 1980). Instead,! wRI ""' 
argue that smokers and scientists can find important and inexpensive indkatort of 
cigarette smoking in the appearance of ipent cigarette butts and in the effects of agamies 

on puke rate. 
These indicators are not meant to discriminate true abstainers from bogus ibstatners. 

rather they are proposed as an accompaniment to a smoker's attempt to decrease the risk* 
of smoking by limiting intake of toxic smoke products. The discussion that follows should 
not be construed as support for the recommendation that smokers who are unable or 
unwilling to give up cigarettes should smoke "low-yield" cigarettes (Gori, 1976; Gori f t 
Lynch, 1978). There are many unanswered questions about the safety of redoced-yicld 

' cigarettes (Kozlowski, in press-a). If the physical indicators described herein were actually 
applied by would-be "less-hawdoui" smokers, 1 suspect that many would be confronted 
with evidence that the reduced yields are more apparent than real and that for them this 
tempting therapy is much more dangerous than the rigors of cigarette abstinence. 

With many drugs, it is relatively easy to know one's limits. Two bottles of beer supply a 
fixed dote of alcohol just about as reliabily at two tablets of aspirin deliver a quantity of 
acetybalicytic acid. Cigarette smoking, however, is a drug-delivery system for nicotine, 
"tar* and carbon monoxide that affords no such straightforward way of monitoring dose. 
Although the words on cigarette packs and advertisements appear to indicate the dose of 
tar and nicotine to be found in a cigarette, smokers can easily double or triple yields 
beyond the nominal levels by taking more frequent, larger, or higher velocity puffs 
(Creighton k Lewis, 1978, KozlowskC in pretftn Sutton, Feyerabend, Cote, k Russell, 
1971). Even the lowest-yield cigarettes on the market (i.e., £ 6 mg tar. 0.6 tug nicotine) can 
deliver two times as much nicotine, three times as much tar, and about four timet M ouch 

*K«QMMI far rrertati thouM be iddttwid la l.ma T. kottowtU, Clinical tmtuau. Addknoa Research 
FmindMrM, 1} Rimtfl S U M . Toronto, Onurw MM IS I. 
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^ | f gTfBMlar (imply h o L - . ^ 
farther back ia Iris mouth, thereby Aa^X^Wv^M'^t 
(Korkrwski, Fr t t fer , Kbouw, A Pop*. l « C i # ^ ^ ^ M ' W ^ c ^ l f L , 

Low»ykid dfftrrJta i re defined by standard srpokJftjirfflarhW^ 
yield. Smoking rMcbjna are puffing m M h i n c f j W t ioVjr2 (ee, 35 ml puff on i d t 
every minute until a fixed butt length k readied. The standard smoking'macJiijtf 
provhtoimiwno>d 
h*» been alluded to above, smokers tend to cxsmpeasaWfor lew-yields by ifcerfaif tlMtr 1 1 , 
of nnokinf low«ykdd cigarettes (e.g., Albion, Stejroey, A Thompson, 1979; Koi loa»W,| |p jP* ' 
Jarvik, A Oritz, 1975). Second, though the standard parameters ire meant to reprmtnttbt 
overage smoker, the sundard settings unfacstimait bow the average smoker (mokes a "& -
modem tigarett*<t.g., Creighton A Lewis, l97f;MeodY,AvtriuJAOruThh, 19731 Thb*.$F£8£ 
human smoking behavior b too variable to be adequately represented by an "average*^ \y$& 
tffloking regimen, Thia point should be expended, in part because H is not usttajy * " " " 
mentioned as a probtem with the machine aueyt. -

Even if one 1080010 that the smoking-mschine a m y gives pet i te otimatet of yields to 
the "average smoker," this average smoker is only one important summary statistic for the 
distribution of smoking habits. The other important stimmery statistic is the population 
variance, and the variability of smoking parameters is high (Creighton A Lewis, 197S), In 
an overall sample of 499 smokers, the average number of puffs taken on a cigarette was 9 0 
and the sundard deviations for the various sub-samples were at least 3.5 (Moody et aL, 
1973) If other variables ere assumed to be constant, these figures can be used 10 estimate 
the yields of an average I 0 mg nicotine cigarette (0,11 mg nicotine/puff for 9 puffs); the 
change of plus or minus one S D in number of puffs could cause the 1.0 mg nicotine 
cigarette 10 yield from 0.6 mg to 1.4 mg nicotine. Under these circumstances the coefficient 
of variation for nicotine yield to smokers would be 40%.' I f a sundard assay is used, not to 
discriminate differences in machine-smoked cigarette yields, but rather to discriminate 
differences in human-smoked cigarette yields, the variability in human smoking behavior 
needs to be considered, as one would in applying statistical tests to determine if means arc 
significantly different from each other. Table I demonstrates tome of the implications of 
taking an estimate of human smoking variability into account. It is assumed that 3,3 is the 
population standard deviation for numbers of puffs taken on cigarettes. Table 1, Column I 
treats the estimation of nicotine yields to smokers as a problem of statistical estimation of 
mean nicotine yields given different sample sizes (Dixon A Massey, 1969). The last row 
shows that, if an individual smoker were to smoke S 1.0 mg nicotine cigarette, his yields 
would have a 93% chance of falling within the interval from .2 to 1.8 mg nicotine. As ihe 
sample size increases, the precision of the estimate increases. Note that if one cares to be as 
precise with human smokers as one is with smoking machines, a sample of 246 smokers, 
each smoking the same brand, would be needed. Column 2 shows a one-tailed confidence 
interval (p < .03) for a test for differences between means. I f a smoker wondered if she 
were getting less nicotine from her usual brand (e.g., 0.8 mg nicotine) than a friend was 
getting from his usual brand, it would be likely to be true (93% confidence), only if her 
friend's brand delivered 1.7 or more mg of nicotine per cigarette. Columns 3 and 4 present 
a power analysis for the statistical lest to detect a difference of .1 mg and .4 mg nicotine, 
respectively. A power of at least ,80 has been recommended as 1 standard confidence loci 
(Cohen, 1969). Power is defined as the probability that the statistical test will result in the 
conclusion that a significant difference exists; power is a function of the size of the 
difference being tested, Ihe reliability of the sample in), and the significance criterion (here 
p< .03, one-tailed). 

This exercise is meant only to illustrate the problems involved. 1 know of no suitable, 
public data base that allows one to go beyond the simplifying assumption that only one 
parameter (here, number of puffs) is varying and provide a composite estimate (based on 
puff-volume, -velocity and -number) of variability in exposure to smoke from the same 
cigarette. (For a discussion of other problems with the standard assay, see Kozlowtki, 
Rickert, Robinson, A Grunberg, 1980b.) 
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Some smoker* probably do terwtal from iwttdnntto low*ytekl brand* or ttrrwff 
the number of cigarettes smoked per day, but the riomlruu yield* ot * sltyfcE* 
cigarettes srooked are inadequate Irailatoorl of todivfdual tmr*ture*~*otmil 
their taw by torn* researcher* (»,t;, Fofc «\ Brown, 1979). Dtofnostk u»w*«*rj 
driermtns which smoker* do bensfrt front trying to bmh their tttu&e n&m 
accept* OorP* (1976) metaphor ta&lcw-ylcU cigarette* are a "ikma&m^ 
iirwkliig, h thoutd be added thakj^ruwir^ion. drag rocmrm careful 
doe* eonhotu), before it a spotted thlkw|d*rm therapy, \ •« 4 

EVIDENCE FftOM THE AFFtAHANCE 0 0 SPENT FILTtttS ^t -.13 
t/j/nf f A* /w»*r« e//or train to dVtett holt-blocking ef vMltoedjlfur eigorerhtf'^ 

VentiUted-rdter cigarette* have btccenc iraaewiagiy popular to reran* yafto^awm. L 
filter* are used In moderate-yield at well at extremely tow-yield disrates at tobdli i i fe^ 
device*, and they came each pull ot tooke to be diluted by up to 73% with tfr t7arow|lt»1 
Keith, * Allen, 1980). Perforated fiber* have become a critical factor in the t>tc4ijr^ 
low carbon monoxide cigarette*. \ 7>?i'^ 

We have found that around *09» of low-tar imoken block there venuutloobokt ufaft^ 
their finger* or lip* and, therefore, trtctcaie their exposure to toxic product* from tamtt | 

— ,*A,lnwtki tt ^ ( im%. Kodowtki, Ricktrt, Pope. Robinson, fr Ftrdx^bt/^ 
c found that arouno wnv v •-• 
:r» or lip* and, therefore, increase their exposure to toxic prouwu, .«» ^ 

agamies (Koilowiki et al., 1980a; Kodowtki, Rickert, Pope, Robinson, fr ¥n^jW*m 
prctt). Mot. of the individuate who mteuaed the ventilated agamic* in thte way were ten- *•*£ 
aware thai they were blocking the hole*. So, lecturing to a group of tavAtr* about thte tj& 
problem usually rendu in skepticism or denial rather than repentance and pttwohct tod* *^« 
better. Luckily, insofar u the perforation* have been blocked, the stain pattern Oh tbt i 
smoker end of the niter changes. In an unblocked filter, air, rather than laoke, peeiet •>•*• 

-*•— -f'»»-fiha*iWadl*cme*butr»-eye"or*t«nte 
-«--- .v«».j , UdrawntltfOI 

smoker end of the niter changes, tn an »••»., ir, rather than smoke, pmtf-> {W^man* 
through the periphery of the fiber and a discrete "huHWve" or stain it found totr* totsttT 7 : ; f ' i^>K 

""•- * 'moter block* the vents, smoke, rather than air, is drawn through the *>?'1P i. !-$§ through the periphery of the fiber ano a *»•«..— , _ 
of the fiber. When a smoker blocks the vents, smoke, rather than air, is drawn wu<*c»"" 
periphery of the Hltct, and • more uniform field of tar stain can be teen on the entire end of 
the filter (Sec Kodowiki et i l . 1910a, for more on this and for a chemical tnalyth (bat ton 
be used to confirm hole-blocking) 

Smokers should be taught to inspect their filters regularly, to make sure that they are net 
interfering with the ventilation holes. (Lipstick over the hole* it another useful sign of hole-
blocking.) The technique is most! useful for categorizing cigarettes (smokers) Into tHdy 
three categories- (1) vent* probably not blocked at ill, (2) unable to judge, and (3) vnsta 
probably blacked completely. Any finer quantification u prevented by imperfection* to 
cigarette construction that can cause variation in the ttatn pattern. For example, totoe-
tune* the scam on the fitter wrapping block* a few hole* and gives the tppesrance that one 
finger may have blocked the bole*. In effect, then, thte technique will catch only bgfy 

' M"ki"»'uthettMmigtoiccompttehLSifttt 
-•- >-»-»iMicatinof comp|^ 

the uam on the niter w r w * - » — h thif technique wui ~ ' ^ _ M _ a 
/rna, have blocked ^*°*^£^n ^^^^S^JtSSU 
„iw hole-blocking (a ^ ^ n , ^oduce a .tain ^ ^ ^ ^ S ^ m m extensive hole-blocxuig tea u« wr- r-. „ 

been vented properly st the factory and will produce a stain pattens r w i * . - , — _ v 

hole-blocking colleciuig a sampte ot several cigarettes te necessary, before l | toW| , 
judgemenu about a smoker** hahiis. -, -%W^M 
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^luaw'tMttWe brand rĴ twUated and eaaetly where the vent hoka are! 
;;; Ir^bectpe^edtoavoy 

UthtMtotHibrQftaritMlHioitoectbutfitlHtmokbtg 
The term "Intensive* baa been eatdaytd to dtteribt smoking a dgarette to M10t 

high ykdds, for example, by taking larger or mom frequent puffs (Sutton. « at,\l% 
smokers decided to stay with their uiual brand, but, at a health meuurt, decided to < 
down on the number of dfarettet tmofced per day, more Inttntive ttrmkin|r«iuytatmua| 
the benefits of the reduction. The intensity or "dariutest" of the tar itain OB thi end m l ^ 
filter could be wed at an Indkator of change in the inten»ivenet» of arnoktcg: Tbadarta^-;!.-j 
the stain, the more tar and nicotine have reached the smoker"! mouth. < Jf,J 'ftyp 

Before diacounting such an approximate meaaure of tar and nteotine yield. Bete %Mw^ >j 
modeat my aapirattona are for k and contider that some irdbrmation under the drcdaW^yj~ % 
stances, it probably better thai none. First, thia technique doea not teem *V*mtofj&$$& 
moit imoker-to-tmoker comparisons, but thould be reaerved for raeaatr/ingchax»ti totiaf/^l^ 
imoking habiti oT individual imokera. Second, it can provide only a rou# ,̂ ordimdmbh^V^ ̂ . 
(decrease, no change, increase) of changes in yield from the aame brand of tngaretfiltyw-^' 
efficiency (i.e., the permntage of material presented to the filter that repaint In the fixer)* £ 
decreaaed by high-velocity puffing (Creighton A Lewis, 1978). Aa a result, aome beretjag \ 
in exposures would not be delected by thia technique. The more sensitive tmttmfcotiavr̂  
analyses (e.g., Forbes, Robinson, Henley, A Colbum, 1976; KorJowski, 197e>Sdnili A 
Scehofer, 1978) are equally prone to this failing, since they do depend upon the often-
unwarranted assumption of constant fitter efficiency (Creighton A Lewis, 1971) to predict < 
mouth level exposures from the amount of nicotine found in the filter. 

We know from a pilot study that Individuals can faultlessly discriminate a dgnrette filter 
that has had six puffs taken on it from one that has had 12 pulTs taken on k, limply by 
judging which has the darker stain. We do not know bow fine the discriminations can get* 
but we are confident that smokers can use this system to provide a benchmark of amoklng 
intensiventu that they can try to stay at or below. 

A smoker might try to learn how his or her filters look, after they have been smoked 
under controlled conditions; then, aa the number r»r, i>>«r«tea smoked per day k reduced, 
an effort should be made to keep the intensity of the «*.;» at or below this threshold lares* - J ̂  ^ ^ 
From time to time, a cigarette might be smoked in c -.y specific manner (eg., one puff ^Jj-Jyt^ 
every 40 seconds or every minute) and the stain intensity of this cigarette could be wed f«h V' # jg 
comparison with other cigarette* that had been recently smoked. (Due primarily ty ^'-: 
oxidation, the color of the stain will vary as a function of how long ago the cigarette **» 
smoked) W 

> is 

' •*! 
Some additional pawn ' L,tSSs7*® 

In the cue of vented cigarettes, both the intensity and pattern ofikinihouMMaVafa^^^ 
help the smoker control the yields from these cigarettes. One hopes that, just tt mr* 
drivers develop the habit of glancing at the speedometer to monitor apeed, StMlpm)I 
develop ihe habit of regularly glancing at their spent filters to monitor theb r'-*-
smoke. - —(}*H 
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compared with those of two low afcioiiiw ctgVcttet (0.01 m* per clpalix*)f} 
platma nicotine and heart-rate were taken at», 10,20.45,and J20minaft*ff 
high nicotine cigarettes increased heart-rate by an average of 22 beats/a 
nicotine cigarettes caused an increase of 10 brats/min. Almost exactly i I 
tvete found for plasma levels of rdeotlrw and heart-rate (r * .96). _ ^ r r& 

Hit rase of heart rate as an inareator of smoking tbould be subject to pasta 
restrictions at tha other indicators: that J have dbctuied. Since there art ItfgfJLc-, - _ 
deferences In the tolerance to the bean rate dTectt of nicotine, themaaJHirasrtvtblof i^ttsjf^ 
use in comparing smokers. Smokete should test for themselves tha efTica4y*of • ~™ 
indicator, by checking if a cigarette does increase their heart rata, The most ngnjL, . 
procedure would be to, either first thing la the morning or after at least oneiaotsyn''- 1$m 
abstinence, have the smoker take a predgaretle pulse rate (a IS or 30 tee sample rikhtritf 4$&s£ 
and a puke rate approximately one mm after smoking The test should be repeated Ihtsdsut; * 
four times on separate occasions, before any conclusions arc made. {A cpuatdtY4TSt^^£*<;*^ 
provide tome statistical support at this point.) The heart rste effects of a low-yickldgatitiay^l] 
could be tested in each individual who wanted to try reduced-yield smoking. If there trapl'' J^i 
not smaller heart rate increases from these cigarettes, it would suggest that an avert kysrepy -,'""' 
yield cigarette should be tried, or that intensive smoking was such a problem that It trdgnj* -
prevent the success of this form of therapy. '"* ^ 

If these preliminary testa were encouraging smokers should establish solid baxease* Ofti' 
their usual brand, that is, one to two weeb of heart rate measures (before and after the first 
cigarette, a midday cigarette and an evening cigarette), before switching to the tos*yttbl°-
brand. For the first few weeks and periodically thereafter, heart m e testa trKMtld be ' 
performed. Obviously, the data-analytical chores can become considerable and tbt'% 
"patients* would need to be provided with kits to help them record and evaluate Hue, ' 
information. (Perhaps the ability to balance a checkbook or to fill out income tax forms 
should be a prerequisite for those who could use this technique on their own.) 

Of course, the smokers should be warned that changes in cardiovascular coodstlcmng, 
for example, as the result of an exercise program or weight gain, could cotdound Ibis. 
procedure. The results of the periodical tests of resting heart rate could be used to help • 
prevent misleading conclusions. 

Some general bene/lis 
The bookkeeping involved with this procedure may be cumbersome, but the procedttrw 

has some important nonspecific effects. Personal acquaintance with the heart rate cffecU of 
cigarettes may provide additional incentive to cut down or give up smoking The 
performance of the heart has emotional significance, and if acute "benefits" to the heart 
can be felt immediately under the fingertips, it may add to the smoker's conviction to 
decrease risks. 

PERSONAL RESPONStklLtrV AND LOW-R1SX SMOKING 

The application of these indicators does not require special equipment or blood-letting 
These indicators could easily be applied as a package, and they hive the advantap tsf 
placing the responsibility for lets-hazardous smoking where it should reside, not la 
government regulations or manufacturer's promises, but in the individual smoker*! ,' 
concern for promoting his or her own health. Since the individual smoker b Uw primary , 
benefactor or victim of the low-yield therapy, the individual should be motivated to • 
monitor his or her exposure to cigarette smoke. This recommendation b cotabteM srith -tl 
the growing movement toward medical self-care. . « <' v j 
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compkttabttiiKiufeP*ythwoctui»ampy»-a>*->----*-
causa an Individual's smoke intake (e be well above tbklower boundary or, attrmu*v«n>? 
(e g., a long-standing effort to keep emokf tntaks to * minimum) just above jab Wwjj 
boundary (cf. Koilowski, 19*0). At bm.if)w<^d therapies can help ibesaoktrtnitpjSsiz*: 
exposure to needless excesses of the toxk ingrcditiH* » cigarette smoke. If en bvdrekfttel 
smoker's lower.boundary »relatively Mgny toast may be substantial risks to raaMMfttng, 
consumption even at that levcL Even to, n* the psychosocial context is contnbutifkg greatly^ 
to turplia doting (Le., smoking more than one *oetds* to), then, the application, of tht atlf^ 
monitoring techniques may be helpful in reducing ink*, ~ ' 

V \7" 

«-r i*>, ,*w 
closing noit on applications 
1 have ttreued the use of these techniques by smokers. Some researcher* may have utd «;?*£%3' 

iot these methods. Alter all, standard yields and sample counts of cigarettes smoked ran Ire? '^<Qt-^ 
mUkading indicators of smoking behavior—even to those researchers who already employ: */%?3M 

^ — : „ f J . „ . fnr pwrfuMfjm exposure. For example, vtntiUtad-flltarv ' jS f ' 

Is. Alter an,>»..»—.. , _ _ 
atore of smoking behavior—even to those researchers wno en *—, « - r „ , 
imical procedures for evaluating exposurt. For example, vrmtiliftad-filttf. ) 
been found to deliver relatively high levels of carbon monoxide to srMrart <1 
itth, k Bailey, 1977); on* wishes that the stain-pattern tcchaiqot had tanW | 

••* • - - i - k w u „ . rather I R M tomt o t n e f chugu m tmokwg ,' 

mnKiwui. .-___— 
some of the chemical proccouic* (UI WT„ 
cigarettes have been found to deliver relatively high levels of carbon monoxiQc w » « — . . 
(Wald, Idle, Smith, k Bailey, 1977); on* wishes that the stain-pattern techtuemt had bat* 
available, to determine if hole-blocking, rather than tome other change m tmoldng 
behavior, were responsible for this effect. 
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