
ing behavior as diapausing C. pipiens, 
JH may initiate biting behavior in many 
of these insects. 

The possibility that JH initiates biting 
behavior in Anopheles freeborni has al- 

ready been suggested by Case et al. (3). 
They found that the JH mimic Meth- 

oprene stimulated both biting behavior 
and diapause termination. However, a 
second JH mimic (6,7-epoxygeranyl-4- 
ethylphenyl ether) failed to elicit biting 
despite diapause termination. Case et al. 

postulated that a natural JH might initi- 
ate biting in Anopheles freeborni, and 
that the discrepancy in results was due to 
differences in molecular structure be- 
tween the mimics tested and natural 
JH's. 

Recent studies suggest that JH is not 
the only hormone involved in the regula- 
tion of mosquito biting behavior. In 
Aedes aegypti and Anopheles freeborni, 
ovaries with developing eggs secrete a 
hormone that suppresses host-seeking 
or biting behavior between gonotrophic 
cycles (15). Whether this ovarian hor- 
mone influences JH synthesis to pre- 
vent biting during egg development is 
unknown. 
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Since 1967 in the United States and 
1969 in Canada, the governments have 
sponsored regular assays of the "tar" 
and nicotine yield of cigarettes by means 
of smoking machines (1). These assays 
show that the tar deliveries of most ciga- 
rette brands have declined in the last 10 
years (2). The value of the published fig- 
ures has been criticized repeatedly, how- 
ever, on the grounds that smokers can 
compensate for reduced deliveries by al- 
tering the way they smoke, for instance 
by taking more or larger puffs (3). Clear- 
ly, the advantages of switching to "mild- 
er" cigarettes depend on the degree to 
which smoking behavior remains un- 
changed. Similarly, fair comparisons of 
tar and nicotine deliveries require the be- 
havior of the smoking machines to be 
held constant. We believe that a loop- 
hole exists in the standard smoking-ma- 
chine procedure in that it does not speci- 
fy the number of puffs to be taken. The 
number of puffs taken per cigarette for 
some brands declined significantly from 
1969 to 1974, and we believe that this 
change has contributed to the reported 
reductions in their tar and nicotine con- 
tent. 

Many people may assume that, puff 
for puff, newer versions of popular 
brands (4) have been becoming weaker 
in tar and nicotine. The standard proce- 
dure, however, fixes neither the number 
of puffs taken on different brands during 
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the same test nor the number taken on 
the same brand in subsequent tests. The 
procedure prescribes that a smoking ma- 
chine (essentially a motorized syringe) 
take a 2-second 35-ml puff once each 
tinute until a fixed butt length is reached 
(5). Number of puffs is determined, then, 
by the burn-time of the cigarette. Burn- 
time can be influenced, for example, 
by the porosity of the cigarette paper 
or the amount of tobacco in the ciga- 
rette. 

The Federal Trade Commission (FTC) 
laboratory has not saved records of the 
number of puffs taken per cigarette in its 
tests (6), but in Canada such information 
has been kept, although it has never been 
studied systematically or published. We 
report here an analysis of puff data for 12 
of the best-selling Canadian filter ciga- 
rettes, which accounted for 60 percent 
of the cigarette market in 1970 and 
70 percent in 1974 (7). Our analysis 
was limited to the 11 Canadian sur- 
veys between 1969 and 1974, in which 
assays were done on the same machine 
and with the same analytical procedures 
(2, 8). 

For the 12 brands as a group, de- 
creases in tar (actually "wet tar") (2) 
were strongly associated with decreases 
in the number of puffs taken by the 
smoking machine (r = .97, P < .01, 
d.f. = 4) (Fig. 1). There is a similar asso- 
ciation between puffs and tar for each 
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Table 1. Comparison of the yields and weights (mean + standard deviation) of 12 popular 
brands of Canadian cigarettes in survey 1 (1969) and survey 11 (1974). Paired t-tests (two-tailed) 
are used. 

Survey 1 Survey 11 Range of 
Item 

(1969) (1974) differences 

Tar(mg) 21.8 + 1.98 18.6 + 2.24* 1.3 to 6.9 
Nicotine(mg) 1.31 + 0.14 1.15 + 0.14t -.07 to .49 
Weight(g) 1.12 + 0.08 1.06 + 0.08* .03 to .11 
Puffs 9.8 + 1.1 8.8 ? 0.98* .4 to 1.9 
Tar per puff 2.24 + 0.21 2.12 + 0.22t -.04 to .30 
Nicotine per puff 0.135 + 0.011 0.131 + 0.012t -.013 to .025 

*P < .002. tP < .01. tNot significant. 
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brand across the 11 surveys. For the nine 
brands that showed a tar decrease of at 
least 1.8 mg from survey 1 to survey 11, 
the correlation coefficients (d.f. = 9) for 

puffs and tar ranged from .60 to .94 
(mean = .79), all P's < .05, two-tailed; 
for the three brands that showed less 
than a 1.8 mg decrease in. tar, the 
correlations ranged from .22 to .48 
(mean = .35), none statistically signifi- 
cant. Two U.S. brands that were includ- 
ed in some or all of the surveys showed 
significant correlations between puffs 
and tar (Winston, r = .99, P < .01, d.f. 
= 3; Kool, r = .93, P < .01, d.f. = 9). 

Table 1 shows the changes from the 
first survey in 1969 to the last in 1974. 
Overall, the cigarettes weighed less in 
1974 than in 1969 and may have contain- 
ed less tobacco. Tar dropped by 14.7 

percent. One might expect that the 

simple index of tar per puff would cor- 
rect the problems of comparing assays 
based on differing numbers of puffs. Un- 
fortunately, the chemistry of cigarette 
smoke does not permit this easy solu- 
tion. Tar delivery increases with each 

puff; therefore omission of the last few 
puffs can markedly alter the total tar de- 

livery and the tar per puff (9). In one 

study of the same cigarettes, tar per puff 
after eight puffs was about 2.36 mg and 
after nine puffs was about 2.50 mg; thus a 
decrease of one puff caused a decrease of 
5.6 percent in tar per puff (9). Note that a 
decrease of one puff from survey 1 to 

survey 11 caused a change of 5.4 percent 
in tar per puff. In contrast, nicotine de- 
livery remains fairly constant with each 

puff on a cigarette (9). Consistent with 
this chemical fact, nicotine per puff did 
not change significantly from survey 1 to 

survey 11. 
Given the numerous ways to reduce 

tar delivery, changes in number of puffs 
probably do not account for all the re- 
duction in tar deliveries by specific 
brands over the last 20 years. Although 
we are unable to assess the relative con- 
tributions of other causes of tar reduc- 
tion, the conclusion seems inescapable 
that a reduction in the number of puffs 
taken by smoking machines has been a 
major factor in the apparent decrease in 
cigarette toxicities from 1969 to 1974. 

At least as early as 1958, scientists 
from the tobacco industry discussed the 
misleadingness and unfairness of assays 
based on differing numbers of puffs, ar- 
guing that 14 puffs should be required for 
a king-size cigarette and that the puff in- 
terval should be adjusted so as to 
achieve the proper butt lengths (10). Ob- 
viously, smoking-machine conditions 
based on a fixed number of puffs per 
cigarette provide more realistic esti- 
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Fig. 1. Mean tar (tar = total particulate 
ter - nicotine) and mean number of pufl 
cigarette for survey years 1969 to 1974 f 
brands of filter cigarettes. If two surveys 
conducted in one year, the data are base 
the mean values. Linear regression: TP 
4.44 (puffs) - 21.85, r2 = .94. Smoking 
chines do take fractions of puffs (0.1 pi 
3.5 ml of smoke). 

mates for those smokers who may b 
customed to obtaining a certain nui 
of puffs from their cigarettes. If a sm 
does have a habit of getting a ce 
number of puffs (or, equivalently, a 
tain total volume of smoke) per cigar 
the reduction in burn-time by rough 
percent should offer only slight im] 
ment to getting all the smoke des 
(Imagine the success of a diet which 
mitted 9 minutes rather than 10 mir 
to consume an ice cream cone.) Fur 
more, in one study the number of 
per cigarette taken by people in h 
controlled laboratory settings had a 
dard deviation of 1.26 (mean = 8.5 
per cigarette) (11). It can be argued 
if these smokers had been smoki 
pack of 1974 cigarettes, often they w 
have smoked, in effect, a 1969, oft 
1972 cigarette, and so on, dependin 
the number of puffs they took. 

The results of standard smoking 
chine assays are used extensively an 
ten at face value by epidemiologists 
other researchers interested in i 
itoring smoking habits and the hazar 
smoking (12). In addition, the smc 
public has been encouraged to select 
hazardous brands based on tar: nic 
ratios (13), and the tobacco industr3 
been praised for a steady decline in t 
ratios (14). The reduction in these r 
for some brands, however, may be 
to a decrease in the number of 
taken during the assay; and, as a 
sequence, the value of the tar: nic4 
ratio as an index of less-hazardous 
rettes may be more limited than has 
supposed (15). It is important to be 
to compare meaningfully and fairll 
tar and nicotine deliveries of cigar 

from brand to brand and through the 
1969 
199 years. The present lack of attention to 

number of puffs per cigarette seems to 
violate the spirit of the assay, even 
though it strictly adheres to its letter. 
Since smoking machines automatically 
count puffs, the number of puffs taken 
per cigarette could be published (and list- 
ed on packets) along with the tar and nic- 
otine deliveries. This revision would im- 
prove data for health researchers, pol- 
icy-makers, and smokers (16). 
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