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.

ROGER W. MEOLA
RONALD S. PETRALIA
Department of Entomology,
Texas A & M University,
College Station 77843
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Have Tar and Nicotine Yields of Cigarettes Changed?

Abstract. In official assays of the tar and nicotine yields of 12 popular brands of
cigarettes, smoking machines took fewer puffs, on the average, in 1974 than in 1969.
The decline in puffs appears to have been a major cause of the reported reductions in

tar and nicotine yields during this period.

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 (/). 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 (¢) have been becoming weaker
in tar and nicotine. The standard proce-
dure, however, fixes neither the number
of puffs taken on different brands during

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
minute 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
@, 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

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 ¢-tests (two-tailed)

are used.
It Survey 1 Survey 11 Range of
em (1969) (1974) differences
Tar (mg) 21.8 =*=1.98 18.6 =+ 2.24* 1.3t06.9
Nicotine (mg) 1.31 £0.14 1.15 =+ 0.14% —.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* 4t019
Tar per puff 2.24 +0.21 2.12 =+ 0.22F —.04 to .30
Nicotine per puff 0.135 = 0.011 0.131 = 0.012% —.013 to .025

P < .002. P < .01. #Not 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 (/0). 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 mat-
ter — nicotine) and mean number of puffs per
cigarette for survey years 1969 to 1974 for 12
brands of filter cigarettes. If two surveys were
conducted in one year, the data are based on
the mean values. Linear regression: TPM =
4.44 (puffs) — 21.85, r?2 = .94. Smoking ma-
chines do take fractions of puffs (0.1 puff =
3.5 ml of smoke).

mates for those smokers who may be ac-
customed to obtaining a certain number
of puffs from their cigarettes. If a smoker
does have a habit of getting a certain
number of puffs (or, equivalently, a cer-
tain total volume of smoke) per cigarette,
the reduction in burn-time by roughly 10
percent should offer only slight impedi-
ment to getting all the smoke desired.
(Imagine the success of a diet which per-
mitted 9 minutes rather than 10 minutes
to consume an ice cream cone.) Further-
more, in one study the number of puffs
per cigarette taken by people in highly
controlled laboratory settings had a stan-
dard deviation of 1.26 (mean = 8.5 puffs
per cigarette) (11). It can be argued that
if these smokers had been smoking a
pack of 1974 cigarettes, often they would
have smoked, in effect, a 1969, often a
1972 cigarette, and so on, depending on
the number of puffs they took.

The results of standard smoking-ma-
chine assays are used extensively and of-
ten at face value by epidemiologists and
other researchers interested in mon-
itoring smoking habits and the hazards of
smoking (/2). In addition, the smoking
public has been encouraged to select less
hazardous brands based on tar : nicotine
ratios (/3), and the tobacco industry has
been praised for a steady decline in these
ratios (/4). The reduction in these ratios
for some brands, however, may be due
to a decrease in the number of puffs
taken during the assay; and, as a con-
sequence, the value of the tar : nicotine
ratio as an index of less-hazardous ciga-
rettes may be more limited than has been
supposed (/5). It is important to be able
to compare meaningfully and fairly the
tar and nicotine deliveries of cigarettes

from brand to brand and through the
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 (/6).
LynN T. KozLowsKI
Clinical Institute,
Addiction Research Foundation,
Toronto, Ontario, Canada M5S, 251
W. S. RICKERT. J. C. ROBINSON
Labstat Incorporated,
Kitchener, Ontario N2CI1L3
NEIL E. GRUNBERG
Department of Medical Psychology,
Uniformed Services University of
the Health Sciences,
Bethesda, Maryland 20014

References and Notes

1. “‘Report of ‘tar’ and nicotine content of the
smoke of 176 varieties of cigarettes’ (Federal
Trade Commission, Washington, D.C., 1979);
*‘Tar, nicotine levels show some substantial re-
ductions’” (news release, Health and Welfare
Canada, Ottawa, 29 March 1974).

2. FTC defines tar as total particulate matter
(TPM) minus water minus nicotine; the Cana-
dian Cigarette Testing Laboratory has used the
FTC definition since 1972 but originally defined
tar as TPM minus nicotine. In this report, *‘tar’
or “‘wet tar’’ will refer to the original Canadian
definition.

3. H. Ashton and D. W. Watson, Br. Med. J. 1970-
111, 679 (1970); S. J. Green, in Smoking Behaviors,
R. E. Thornton, Ed. (Churchill Livingstone,
Edinburgh, 1978), p. 380; L. T. Kozlowski,
M. E. Jarvik, E. Gritz, Clin. Pharmacol. Ther.
17, 93 (1975); S. R. Sutton et al., ibid. 24 (No.
4), 395 (1978).

4. The newer, extremely low-tar cigarettes (< S
mg tar) are not considered in this study, though
they have contributed to the decline in overall
tar deliveries.

5. The butt length is 23 mm in the United States
and 30 mm in Canada; if the length of the filter
plus its overwrap is greater than these figures
(and in many brands it is), 3 mm is added to the
butt length.

6. H. Pillsbury, Federal Trade Commission, per-
sonal communication.

7. Belvedere king size filter, Cameo king size filter,
Craven A king size filter, Du Maurier king size
filter and regular filter, Export A regular filter,
Mark Ten king size filter and regular filter, Num-
ber 7 king size filter, Peter Jackson king size fil-
ter, Players regular filter, Rothmans king size fil-

ter.

8. The Canadian Cigarette Testing Laboratory was
moved from the Department of Statistics, Uni-
versity of Waterloo, in October 1977 to Labstat
Incorporated, a private corporation.

9. R. M. Wiley and J. G. Wickham, Tob. Sci. 18,
67 (1974).

10. E. H. Keith and J. R. Newsome, ibid. 2, 14
(1958).

11. J. E. Henningfield and R. R. Griffiths, Behav.
Res. Methods Instrum. 11 (No. 6), 538 (1979).

12 G. B. Goriand C.J. Lynch,J. Am. Med. Assoc.
240, 1255 (1978); E. C. Hammond and L. Garfin-
kel, Environ. Res. 12, 263 (1976).

13. M. A. H. Russell, Br. Med. J.
(1976).

14. R. Stepney, Lancet 1979-11, 422 (1979).

15. Tar yields change more rapidly than nicotine
yields do as a function of puffs (9).

16. Smokers might like to calculate the **unit-price’’
(price per puff) of their cigarettes.

17. We thank M. Pope, R. C. Frecker, D. Zilm, A.
Wilkinson, and K. Wagner for advice and assist-
ance.

4 July 1980

1976-1, 1430

1551



	Article Contents
	p.1550
	p.1551

	Issue Table of Contents
	Science, Vol. 209, No. 4464, Sep. 26, 1980
	Volume Information [pp.i-x]
	Front Matter [pp.1457-1476]
	Letters
	Love Canal and Legal Precedent [p.1470]
	Geological Research [pp.1470-1472]
	Digital Readouts on Television Pictures [p.1472]

	Erratum: The Testicular Feminized Rat: A Naturally Occurring Model of Androgen Independent Brain Masculinization [p.1472]
	Erratum: Coca, not Cocaine [p.1472]
	Science and Engineering [p.1475]
	Origin and Mechanism of Large-Scale Climatic Oscillations [pp.1477-1482]
	Early Two-Dimensional Reconstruction and Recent Topics Stemming from it [pp.1482-1486]
	The Cayo Santiago Primate Colony [pp.1486-1491]
	News and Comment
	University and Drug Firm Battle over Billion-Dollar Gene [pp.1492-1494]
	UCSD Gene Splicing Incident Ends Unresolved [pp.1494-1495]
	Navy Considers Scuttling Old Nuclear Subs [pp.1495-1497]
	Scientists and Congress Battle over NIH [pp.1497-1498]
	NSF under Challenge from Congress, Engineers [p.1499]

	Briefing
	FDA Caffeine Decision Too Early, Some Say [p.1500]
	Sawhill is Named Synfuels Chief [p.1500]
	Death at Sverdlovsk: A Critical Diagnosis [pp.1501-1502]

	Research News
	Testing for Primes Gets Easier [pp.1503-1504]
	Plug Pulled on Chemistry Computer Center [pp.1504-1506]

	Book Reviews
	Chromosome Numbers [pp.1507-1508]
	Plant Physiology [p.1508]
	Visual Adaptations [pp.1508-1509]
	Social Judgment Processes [p.1509]

	Reports
	Carbynes: Carriers of Primordial Noble Gases in Meteorites [pp.1512-1514]
	Carbynes in Meteorites: Detection, Low-Temperature Origin, and Implications for Interstellar Molecules [pp.1515-1518]
	Radioactive Waste Storage Materials: Their α-Recoil Aging [pp.1518-1520]
	A New Irradiation Effect and its Implications for the Disposal of High-Level Radioactive Waste [pp.1520-1522]
	Long-Range Atmospheric Transport of Soil Dust from Asia to the Tropical North Pacific: Temporal Variability [pp.1522-1524]
	Foraminifera and Chlorophyll Maximum: Vertical Distribution, Seasonal Succession, and Paleoceanographic Significance [pp.1524-1526]
	A Comparison of Thermal Observations of Mount St. Helens before and during the First Week of the Initial 1980 Eruption [pp.1526-1527]
	Oxygen Consumption in Pelagic Marine Sediments [pp.1527-1530]
	Surface Charge Heterogeneity in Amphibole Cleavage Fragments and Asbestos Fibers [pp.1530-1532]
	Tetracycline-Labeled Human Bone from Ancient Sudanese Nubia (A.D. 350) [pp.1532-1534]
	Nucleosome Cores Have Two Specific Binding Sites for Nonhistone Chromosomal Proteins HMG 14 and HMG 17 [pp.1534-1536]
	Tracing Food Webs with Stable Hydrogen Isotopes [pp.1537-1538]
	Cell Lineage Analysis by Intracellular Injection of Fluorescent Tracers [pp.1538-1541]
	Naegleria fowleri: Trimethoprim Sensitivity [p.1541]
	Temporal Precision in Circadian Systems: A Reliable Neuronal Clock from Unreliable Components? [pp.1542-1545]
	Mood and Behavioral Effects of Physostigmine on Humans are Accompanied by Elevations in Plasma β-Endorphin and Cortisol [pp.1545-1546]
	Anxiety and Muscle Tension as Consequences of Caffeine Withdrawal [pp.1547-1548]
	Juvenile Hormone Induction of Biting Behavior in Culex Mosquitoes [pp.1548-1550]
	Have Tar and Nicotine Yields of Cigarettes Changed? [pp.1550-1551]
	Signals for Food: Reinforcers or Informants? [pp.1552-1553]
	Protein Secretion by the Pancreas [pp.1553-1554]

	Back Matter [pp.1509-xii]





