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Trends in sales weighted tar, nicotine, and carbon
monoxide yields of UK cigarettes
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Abstract

Background—Reducing tar yields of
manufactured cigarettes has been an
important plank of government policy on
tobacco, but sale weighted yields are not
routinely published.

Methods—Tar, nicotine, and carbon mon-
oxide yields measured by the Laboratory
of the Government Chemist were com-
bined with cigarette brand market shares
from national surveys of smoking behav-
iour to generate sales weighted vyield
estimates for the period 1972-99.
Results—Sales weighted mean tar yields
have declined steadily and in 1999 were
9.6 mg per cigarette, less than half their
level in 1972. Over the same period
nicotine yields have come down from
1.33 mg to 0.79 mg per cigarette. Carbon
monoxide yields have shown smaller de-
clines. At the same time as absolute yields
have declined, there have also been
changes in tar to nicotine ratios. Smokers
in 1999 were exposed to 22% less tar per
unit of nicotine than in 1973, and smokers
of low tar brands have consistently been
exposed to less tar per unit of nicotine
than smokers of other brands.
Conclusions—The value of reducing ciga-
rette tar and nicotine yields has been
questioned, since the tendency of smokers
to compensate for reductions in nicotine
delivery undermines the policy. The fa-
vourable trends in tar to nicotine ratios
suggest that, despite this, there may have
been some modest public health benefit. It
cannot be assumed that future reductions
from present levels would necessarily
result in further improvement in tar to
nicotine ratios. An explicit focus on the
ratio of tar to nicotine may provide a met-
ric of greater relevance for public health
than the present emphasis on absolute tar
yields.

(Thorax 2001;56:960-963)
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For the past 25 years there has been a policy of
gradually reducing the tar yields of manufac-
tured cigarettes on sale in the UK.' This policy
was pursued initially through a series of volun-
tary agreements between government and the
tobacco industry, and more recently through
European Union directives.” The directive cur-
rently in force limits tar yields as measured on
smoking machines by ISO methods to 12 mg
per cigarette; a new directive which has
recently been agreed imposes a tar limit of
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10 mg per cigarette and, for the first time,
introduces limits on nicotine (1 mg per ciga-
rette) and carbon monoxide (10 mg per
cigarette). The policy of lowering cigarette
yields is predicated on the assumption that this
will result in lowered exposure among smokers
to toxic combustion products, and hence may
contribute to a reduction in risk of smoking
related disease. This has come under increas-
ing question as evidence has accumulated that
smokers’ intakes are driven primarily by their
need to regulate nicotine intake, and that
machine smoked cigarette yields predict
measured exposure weakly, if at all.” *

Putting to one side the question of the pub-
lic health value of the low tar programme, it is
of interest to examine how successful it has
been in achieving declines in nominal yields
and what challenges there may be to achieving
the new targets for nicotine and carbon
monoxide deliveries. To do this requires moni-
toring of the yields of cigarette brands to which
smokers are exposed. A simple arithmetic
mean of yields may not be informative as there
is a proliferation of brands (over 240 in 1999),
with many having negligible sales while a few
predominate. In order to estimate the exposure
of the smoking population, the yield figures
need to be weighted according to the market
shares of the brands on sale. The Tobacco
Manufacturers’ Association supplies sales
weighted yield information to the Department
of Health based on internal industry estimates
of brand market share combined with yield fig-
ures from the Laboratory of the Government
Chemist, but these data are not published. In
previous papers’ ® it was shown that reliable
estimates can be constructed using brand mar-
ket share figures from national surveys of
smoking behaviour, and figures were given for
the years from 1972 to 1985. The present
paper extends these estimates up to 1999,
using data from the General Household Survey
to derive brand shares, and comments on the
figures.

Methods

Tar, nicotine, and carbon monoxide yields of
manufactured cigarettes were taken from
surveys conducted on behalf of the government
by the Laboratory of the Government Chemist
(LGC) since 1972. Before 1991 the LGC used
a UK specific definition of butt length which
resulted in slightly higher yields than the ISO
methods. There were also changes to the way
nicotine was measured in 1991 which resulted
in a decline of about 5% in measured values, or
0.05 mg/cigarette for a mean yield of 1 mg.
Since 1991 the UK methods have conformed
to published ISO standards.” LGC conducted
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Table 1  Sales weighted mean tar, nicotine, and carbon monoxide yields (mglcigarette) of
UK manufactured cigarettes 1972—99

Plain cigarettes Filter cigarettes All cigarettes
LGC
survey Date Tar  Nicotine CO Tar  Nicotine CO Tar  Nicotine CO
1 Jul 72-Dec 72 28.6 1.86 19.0 1.23 20.5 1.33
2 Jun 73-Nov 73  24.7 1.63 17.7 1.15 18.7 1.22
3 Jan 74-Jun 74 25.7 1.72 175 1.15 184 1.22
4 Aug 74-Jan75 253 1.74 179 1.19 19.0 1.27
5 Mar 75-Aug 75 25.0 1.87 17.7 1.23 18.6 1.30
6 Oct 75-Mar 76  25.1 1.88 17.2 1.16 18.2 1.25
7 May 76-Oct 76  25.1 2.02 16.5 1.22 174 131
8 Dec 76-May 77 24.9 2.05 163 1.25 17.1 1.33
9 Jul 77-Dec 77 249 1.97 16.4 1.20 173 1.28
10 Feb 78-Jul 78 24.1 2.00 134 16.7 1.30 16.3 17.2 1.36 16.1
11 Sep 78-Feb 79  20.3 1.64 11.0  16.7 1.33 165 17.0 1.36 16.0
12 Apr79-Sep 79  19.0 1.57 11.0 16.1 1.33 16.2 163 1.34 15.9
13 Nov 79-Apr 80  18.7 1.48 11.3  16.6 1.34 16.8 16.8 1.35 16.4
14 Jun 80-Nov80 184 141 11.3 158 1.28 165 16.0 1.28 16.0
15 Jan 81-Jun 81 18.6 1.50 10.7 154 1.31 151 15.6 1.32 14.8
16 Aug 81-Jan 82 185 1.44 11.0 153 1.28 152 155 1.29 14.9
17 Mar 82-Aug 82 184 1.51 11.7 152 1.31 15.6 154 1.32 15.4
18 Oct 82-Mar 83 184 1.50 11.4 152 1.30 15.0 154 1.31 14.8
19 May 83-Oct 83 18.3 1.47 11.8 144 1.26 143 146 1.27 14.3
20 Dec 83-May 84 17.7 1.34 11.2  14.8 1.30 143 149 1.30 14.2
21 Jul 84-Dec 84 174 134 11.2 142 1.26 13.7 144 1.26 13.6
22 Feb 85-Jul 85 17.1 1.39 11.0 139 1.25 142 141 1.26 14.1
23 Sep 85-Feb 86 17.5 1.48 11.2  13.8 1.29 143  14.0 1.30 14.2
24 Apr86—-Sep 86 17.1 1.47 11.3 133 1.27 143 135 1.27 14.2
25 Nov 86-Apr 87 17.3 1.49 11.1 134 1.26 13.9 135 1.27 13.6
26 Jun 87-Nov 87 17.1 1.43 11.1  13.1 1.20 13.8 132 1.21 13.7
27 Jan 88-Jun 88 16.7 1.35 11.1 129 1.16 14.0 13.0 1.16 13.9
28 Aug 88-Jan 89 16.7 1.32 109 12.8 1.13 139 128 1.13 13.8
29 Mar 89-Aug 89 16.1 1.29 108  12.7 1.13 14.0 12.7 1.14 13.9
30 Oct 89-Mar90 16.4 1.40 109 123 1.13 13.7 124 1.13 13.6
31 May 90-Oct 90 16.6 1.38 113 123 1.14 14.1 124 1.15 14.0
32 Dec 90-May 91 16.4 1.29 11.4 125 1.09 145 125 1.09 14.5
33 Jul 91-Dec 91 13.8 1.06 89 113 0.95 124 114 0.96 12.3
34 Feb 92-Jul 92 13.8 1.00 9.5 11.0 0.90 125 11.0 0.90 12.4
35 Sep 92-Feb 93  14.0 0.99 9.6 11.5 0.86 129 115 0091 12.9
36 Apr93-Sep 93  13.7 0.95 9.3 109 0.85 123 10.9 0.86 12.3
37 Nov 93-Apr 94 13.7 0.96 9.2 109 0.85 125 11.0 0.85 12,5
38 Jun 94-Nov94 134 0.92 9.3 10.6 0.83 122 10.6 0.83 12.2
39 Jan 95-Dec 95 13.7 0.95 10.2 104 0.85 12.1 104 0.85 12.1
40 Jan 96-Dec 96 13.0 0.89 9.5 103 0.84 11.8  10.3 0.84 11.8
41 Jan 97-Dec 97 13.1 0.94 9.1 10.1 0.80 11,5 10.1 0.80 11.5
42 Jan 98-Dec 98 12.1 0.89 8.3 9.7 0.78 11.0 9.7 0.78 11.0
43 Jan 99-Dec 99 125 0.96 8.3 9.5 0.79 11.1 9.6 0.79 11.1

Note: Brand market share estimates derived from NOP surveys 1972-85 and from General
Household Survey since 1986.
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Tar and CO yields (mg)

two surveys a year until the end of 1994, but
since then each survey has covered a full calen-
dar year. For the years up to 1985 brand shares
were derived from surveys carried out by
National Opinion Polls (NOP) on behalf of the
Office of Population Censuses and Surveys.’
Since 1986 the General Household Survey
(GHS) has included a question on brand
smoked in its coverage of smoking habits. The
GHS is a continuous cross sectional survey of
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Figure 1  Sales weighted mean tar, nicotine, and carbon monoxide yields (mg/cigarette) of
UK manufactured cigarettes 1972—99.
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individuals in Great Britain living in private
households. It is the principal source of official
figures on adult smoking and includes smoking
questions every 2 years. The GHS provides a
sample of some 5000 adult cigarette smokers
each year. On the assumption that smokers of
different brands smoke on average the same
number of cigarettes, the declared brand pref-
erences should reflect current market shares.
Estimates of sales weighted yields derived from
combining GHS market share estimates with
LGC yield figures have been compared with
the unpublished industry estimates supplied to
the Department of Health. The level of agree-
ment is extremely close.

Results

Sales weighted yields since 1972 are shown in
table 1 and fig 1. There has been a steady
decline in tar yields over the whole period since
1972 from a sales weighted mean of 20.5 mg
per cigarette in 1972 to 9.5 mg per cigarette in
1999. The latter figure is already comfortably
below the limit of 10 mg which is to be
introduced throughout the EU by 2002.

Nicotine yields, for which there have not
been any explicit targets until now, have
displayed a somewhat different pattern. There
was little change between the early 1970s and
about 1986, with nicotine yields averaging
about 1.3 mg per cigarette. Over the next few
years there was a substantial decline to <1 mg
per cigarette, only a small part of which was
attributable to the measurement changes intro-
duced in 1991. Since 1994 the decline has
continued, but at a much reduced rate, so that
by 1999 the sales weighted mean had reached
0.79 mg per cigarette. As with tar, this is
already comfortably below the 1 mg target due
to be introduced within the EU in the next year
or so.

Data for carbon monoxide are available only
since 1978. CO yields initially declined from
similar levels and at much the same rate as tar
yields, but since the mid 1980s there has been
increasing divergence. Sales weighted CO
yields in 1999 averaged 11.1 mg, some 10%
higher than the proposed EU limits.

It has been suggested that smokers’ intakes
from cigarettes are driven by their need to
maintain preferred levels of blood nicotine.’
The strong version of this argument is that
compensation for changes in nicotine yield may
be complete. If this is the case, interest shifts
from absolute tar and nicotine yields to the
ratio of tar and nicotine deliveries since, if
smokers maintain nicotine intakes irrespective
of nominal nicotine deliveries, it is the amount
of tar generated per unit of nicotine that will
determine the relative amount of tar exposure
in smokers of different brands (C Bates,
unpublished, 2001). Figure 2 shows changes in
tar to nicotine ratios from 1973 to 1999. At the
beginning of this period sales weighted tar to
nicotine ratios averaged 15.4. Throughout the
1970s and early 1980s they declined steadily,
reaching a low of 10.6 in 1986. There was then
an increase to over 12.5 but, over the past 5
years, the ratio has held steady at around 12.
Sales weighted mean tar to nicotine ratios were
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Figure 2 Sales weighted mean tar to nicotine ratios in low tar brands, other brands, and

all brands combined.

some 22% lower in 1999 than in 1972. When
low tar brands (those with a tar yield of less
than 10 mg) were first introduced in the early
1970s their tar to nicotine ratios were higher
than in other brands. However, this situation
rapidly changed and for nearly 25 years smok-
ers of low tar brands have enjoyed more
favourable tar to nicotine ratios than smokers
of higher yielding brands (the difference
amounting to 14% in 1999).

Discussion
If the figures can be taken at face value, the
policy of reducing tar yields pursued over the
past 25 years has been remarkably successful.
The sales weighted tar yield in 1999 (9.6 mg)
was less than half that in 1972 (20.5 mg). The
1972 figure was itself much reduced from a
mean of about 32 mg which is though to have
obtained over the whole period from the 1930s
to the early 1960s."” " The reduction in tar
yields has followed a steady linear trend and
there is no sign as yet that this policy is close to
reaching its limits in terms of lessened con-
sumer acceptance of lower yield cigarettes. It
would appear that the new EU limits on tar
(10 mg) and nicotine (1 mg) will present few
problems for UK manufacturers as the sales
weighted mean is already below these limits.
The evolution of individual brands over time is
instructive. For most of the past 25 years
Benson and Hedges Special Filter King Size has
been the dominant UK brand, and it remains
one of the market leaders today. Its tar yield has
gone from 20.0 mgin 1972 to 10.7 mgin 1999,
and nicotine from 1.4 mg to 0.85 mg. These
changes have done little to dent its popularity. A
small increase in the extent of filter ventilation,
which is the main method used to reduce
machine smoked deliveries,"” will be sufficient
to ensure it conforms with the new limits.
Until now there have been no targets for car-
bon monoxide yields and hence no explicit
pressure to reduce carbon monoxide deliveries.
This may be one reason why carbon monoxide
yields have come down at a slower rate than tar
yields. Achieving the target of 10 mg carbon
monoxide per cigarette may be the one signifi-
cant technological challenge facing the tobacco
industry in meeting the new EU limits.
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Whether the tar reduction policy has been of
benefit in reducing smoking related disease has
been the subject of debate. Epidemiological
evidence has been interpreted as showing ben-
efits both for low tar smokers compared with
higher tar smokers and for smokers of filter
compared with plain cigarettes,” ' and for
time trends of smoking related disease in a
population as yields reduce.”” Against this has
been the compelling evidence for nicotine
compensation, with cigarette nicotine yields
explaining little if any of the variance of
nicotine intakes in smokers.” * These human
exposure data indicate that the absolute reduc-
tions in tar yields have few implications for
inhaled smoke dose in smokers. Interestingly,
the yield figures point to a benefit for smokers
both if the yield data are true indicators of
exposure and if nicotine compensation domi-
nates. In the latter case tar to nicotine ratios
have improved by about 20% over the years
(which should impact on time trends for smok-
ing related diseases), and low tar smokers have
consistently experienced a reduction in tar to
nicotine ratio of about 14% compared with
smokers of higher yielding brands. This is
about the extent of risk reduction in low tar
smokers which many epidemiological studies
have observed." '

It is interesting to note that, although smok-
ers of manufactured cigarettes have apparently
fairly easily adapted to the gradual lowering of
yields over the years, at any particular point in
time brands at the higher end of available
yields have dominated the market. Brands
yielding 4 mg or less tar have never com-
manded a significant market share. How low
mean yields could go before provoking major
consumer resistance is uncertain. Given that,
with current cigarette designs, smokers can
achieve high nicotine intakes whatever the
nominal yield of the cigarette, it is likely that
consumer resistance would be fuelled more by
the effort required to generate the desired dose
than any actual limitation on delivery. Only if
the absolute bioavailability of nicotine was
restricted, as has been advocated,"” would the
real limits to acceptable doses become appar-
ent.

The data presented here for sales weighted
tar, nicotine, and carbon monoxide yields pro-
vide up to date information on the UK market.
They correspond closely with unpublished
figures supplied to the government by the
Tobacco Manufacturers’ Association, but have
the merit of being based on publicly available
sources and have the potential to be updated
in the future. Whether the low tar programme
has run its course as a useful means of regulat-
ing emissions of manufactured cigarette is
subject to an ongoing debate, with strong
arguments that the yield figures serve only to
mislead both consumers and regulators.'
Whatever view is taken of the merits of the
strategy of tar reduction, the sales weighted
yield data will continue to be of use in
documenting what that programme has deliv-
ered.
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