
5 May 1979 SA MEDICAL JOUR AL 743

The First Published Chemical Analyses of Smoke from
South African Cigarettes

H. C. SEFfEL

SUMMARY
The smoke of 69 brands of cigarettes sold in South
Africa in March 1978 was analysed for its content
of tar, nicotine, carbon monoxide and carbon dioxide.
The average yield of tar per cigarette varied between
30 and 38,5 mg in 27 brands and between 20 and 30
mg in all but one of the other 42 brands. The nicotine
yields with one exception varied between 1,0 and 2,40
mg per cigarette and generally correlated well with those
of tar (r = 0,75). The yields of carbon monoxide per
cigarette generally ranged from about 14 to 32 mg, and
those of carbon dioxide from about 50 to 85 mg.

The results of this analysis, the first to be published
with regard to South African cigarettes, are very dis­
turbing. In particular, the tar yields are unacceptably
high by international standards. They demand urgent
action including (a) regular cigarette analyses by the
Government, and publication of the results by the mass
media, especially the' SABC; (b) compulsory printing of
the results of analyses on every cigarette pack and ad­
vertisement; (c) education of the public with regard to
the meaning of the analyses; and (d) a programme de­
signed to replace more dangerous cigarettes with less
hazardous ones. Most important, all these measures must
be implemented within the framework of a really meaning­
ful, systematic, continuous and appropriate campaign
aimed at combating the tobacco hazard at every level
in all population groups.

S. A fr. med. l., SS. 743 (1979).

Cigarette smoking is a major cause of illness and death
among both the developing and developed populations
of South Africa. Chemical analysis of potentially harmful
substances generated by South African cigarettes is neces­
sary for two reasons. Firstly, it enables us to quantitate
the tobacco hazard in this country more accurately, and
secondly, it provides the basis for one of the recommended
antitobacco strategies, namely the production and smoking
of less harmful cigarettes. Such analyses have been under­
taken and published in many countries during the last
decade. In South Africa repeated calls for similar action
have been made by health authorities.'" Because there
has been no response from the cigarette manufacturers in
this country, the Council on Smoking and Health for
Southern Africa arranged for South African cigarettes to
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be chemically analysed. The results of the analysis are
reported in this article. In addition, recommendations are
made for future action.

MATERIAL AND METHODS

Cigarettes

During March 1978, 69 brands of cigarettes were
purchased from a wholesaler in Johannesburg, and 200
cigarettes of each brand were despatched by air to Oak
Ridge, USA, The chemical analyses were performed during
July and August 1978 by Quincy et al. of the Tobacco
Smoke Research Program, Bio/Organic Analysis Section,
Analytical Chemistry Division, Oak Ridge National
Laboratory, Tennessee. Dr G. B. Gori of the National
Cancer Institute, Bethesda, Maryland, USA, arranged for
the analyses to be done.

On arrival at Oak Ridge the cartons of cigarettes were
stored and frozen at -19°C in sealed plastic bags until
ready for analysis. After thawing, the bags and cartons
were opened and the cigarettes were conditioned for
at least 48 hours at 60 ± 2% relative humidity and at 24
± 3FC.

Cigarettes of each brand for smoking were selected in
a manner different from the usual procedure. The con­
ditioned cigarettes of a given brand were individually
mixed. Then the cigarettes were visually chosen, eliminating
grossly imperfect ones. The chosen cigarettes from each
brand were weighed and their resistance-to-draw (RTD)
was measured. (RTD is the pressure drop required to
draw a specified flow of air through the cigarette, i.e.
RTD is a measure of how hard the smoker has to suck
the cigarette to generate a puff of smoke.) Any cigarettes
which did not fall within the established average weight
and RTD of a majority of the previously selected cigarettes
for a brand, i.e. ± 20 mg and ± 5 mmH,O, respectively,
were replaced with others that did meet these criteria.
(Normally, mean weight and RTD are determined for
200 and 100 cigarettes respectively. Then, only cigarettes
whose weight and RTD fell within 20 mg and 5 mmH,O
were smoked.) Previous experiments performed at Oak
Ridge have indicated that the weight and RTD of cigar­
ettes selected for smoking by this procedure do approxi­
mate the mean weight and RTD for the batch, and the
composition and concentration of the constituents in the
smoke generated from them are not altered.

Smoke Analysis

Cigarettes were smoked, 4 - 6 per pad, through a standard
Cambridge filter assembly' on a 4-port version of the
Phipps and Bird Analytical Smoking Machine (Philip
Morris design produced by Phipps and Bird, Inc., Rich-
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TABLE 11. WEEKLY CHEMICAL ANALYSES OF THE
REFERENCE CIGARETIE

general the nicotine yield paralleled that of tar (r =
0,75). However, in 15 (2200) of the brands the nicotine:
tar ratio was relativel}4 low (0,05 or less).

The yield of carbon monoxide varied between 12,4
and 57,7 mg per cigarette with a mean (± SO) of 23,1
(± 6,3) mg. The yield of carbon dioxide ranged from 46.4
to 95,3 mg with a mean (± SO) of 70,1 (± 9,6) mg. The
highest yields of both carbon monoxide and carbon
dioxide were obtained from the El Cano Cigarillo, but
this is not a true cigarette. The yield of carbon monoxide
correlated well with that of carbon dioxide (r = 0,81),
but the correlation of the yields of both these gases with
the tar yield was less close (r = 0,55 for carbon monoxide/
tar; r = 0,66 for carbon dioxide/tar).

Week

1

2

3
4
5
6
7

Mean

Mean (±SD) deliveries (in mg) of

Tar Nicotine CO CO2

38,3 -+- 0,5 2,40 -+- 0,07 18,9 ± 0,7 68,6 ± 1,3
35,7 -+- 0,5 2,58 -+- 0,03 19,0 ± 0,4 67,6 -+- 0,6
37,8 ± 0,3 2,42 -+- 0,04 19,1 -+- 0,6 68,4 ± 1,0
35,1 ± 0,5 2,72 -+- 0,04 19,6 ± 0,5 65,1 ± 0,9
34,8 -+- 1,2 2,56 -+- 0,10 20,8 ± 2,2 70,1 ± 2,2
36,2 -+- 0,3 2,36 -+- 0,05 21,6 ± 0,6 74,6 ± 1,1
37,5 -+- 1,2 2,79 -+- 0,04 18,3 ± 0,3 64,8 ± 1,9
36,6 ± 0,3 2,55 -+- 0,16 19,6 ± 1,2 68,0 ± 3,3

Analyses of Reference Brand Cigarette

Table I1 shows the results of 7 analyses of the Kentucky
Reference I R I cigarette undertaken during the same
period in which the South African cigarettes were investi­
gated. For all 4 chemical constituents the variations were
small.

Comparisons of Same Brands of Cigarettes Sold in
South Africa and Other Countries

The Tobacco Smoke Research Program at Oak Ridge
analyses cigarettes from countries throughout the world,
and some comparisons of the same brands sold in South
Africa and in other countries are pertinent.

Table III compares the tar and nicotine yields of
cigarette brands made and sold in the USA with those
of the same brands sold in South Africa, the latter
being classified as licensed, licensed / domestic, or export.
For 3 brands the yields are similar, but for the other
6, the South African brands have considerably greater
deliveries of tar and nicotine than their American counter­
parts.

Table IV compares the tar and nicotine deliveries of
3 brands of cigarette made and sold in South Africa
with the deliveries of the same 3 brands made or sold in
other countries. The tar yields of the licensed South
African and Malaysian Benson and Hedges brands are
considerably greater than those of the same brand manu­
factured in England for export. In addition the South

TABLE Ill. COMPARISON OF TAR AND NICOTINE YIELDS OF SAME BRANDS OF CIGARETTES SOLD IN
SOUTH AFRICA AND USA

South African American domestic

Type purchased Tar Nicotine Tar Nicotine
Brand in South Africa (mg) (mg) (mg) (mg)

Bel Air Menthol Filter l'censed/domestic 32,6 1,62 14,6 0,96
Camel Export (from USA) 26,1 1,60 23,1 1,43
Camel Filter Export (from USA) 20,0 1,30 18,5 1,19
Chesterfield Licensed 26,1 1,37 24,8 1,36
Chesterfield Filter Licensed 28,8 1,76 19,1 1,13
L & M Filter Kings Licensed 25,7 1,62 18,7 1,13
L & M Flavor Lights Licensed 20,0 1,04 7 0,6
Lucky Strike Licensed/domestic 28,5 1,76 23,7 1,40
Lucky Strike Filter Licensed/domestic 32,7 1,93 26,2 1,64

TABLE IV. COMPARISON OF TAR AND NICOTINE YIELDS OF SAME BRANDS OF CIGARETIES MADE IN
SOUTH AFRICA AND OTHER COUNTRIES

Tar Nicotine Nicotine: tar
Brand Place made Type (mg) (mg) ratio

Benson & Hedges South Africa Licensed 31,1 1,72 0,05
Special Filter England Export 18,4 1,40 0,07
King Malaysia Licensed 29,7 2,45 0,08

State Express South Africa Licensed 33,4 1,72 0,05
555 Filter Kenya Licensed 32,3 2,21 0,07
King Malaysia Licensed 38,5 2,24 0,06

Wills Embassy South Africa Licensed 26,0 1,33 0,05
Filter King Kenya Licensed 20,8 1,46 0,07



5 May 1979 SA MEDICAL JOURNAL 747

DISCUSSION

TABLE V. COMPARISON OF TAR AND NICOTINE YIELDS
OF SOUTH AFRICAN CIGARETTES WITH THOSE OF

CIGARETTES SOLD IN OTHER COUNTRIES

African licensed cigarettes have the lowest nicotine: tar
ratio. In the case of State Express, the tar yields of
cigarettes made under license in 3 countries were all high,
but again the nicotine: tar ratio of the South African
cigarettes was low. This ratio was also lower in South
African Embassy cigarettes than in the Kenyan brand.

It should also be noted that the South African mean
tar and nicotine values have been calculated from the
means of all brands listed in Table I and not from the
total numbers of all varieties of cigarettes sold. Since
there is reason to believe that in South Africa some of
the most toxic cigarettes are also among the most popular,
it is probable that the mean values given for South
African cigarettes in Table V are an underestimate.

Action Demanded by these Results

The findings in this study stress the seriousness of the
cigarette danger in South Africa. Taken together with
the high cigarette consumption in South Africa,' they
go a long way towards explaining the high and/ or rising
mortality rates from a number of major cigarette-related
diseases in both our developing and developed popu-

of cigarettes currently sold in South Africa are by inter­
national standards unacceptably high. They are con­
siderably higher than those from countries such as the USA,
UK, Australia and Germany, which have established
programmes for monitoring the composition of cigarette
smoke. In fact the yields of South African cigarettes in
1978 were similar to those of cigarettes sold in these
countries 10 - 20 years ago. What may make the situation
in South Africa even worse is the possibility that the
cigarette brands with higher tar yields also rate high in
popularity. The cigarette industry does not publish or
make available the sales figures of its different products;
nor were we able to obtain this information from other
sources, such as market research organizations.

In keeping with the findings of analyses generally, the
nicotine yields of South African cigarettes paralleled the
tar deliveries. However, in a significant minority of
brands, the nicotine: tar ratio was low. This may be an
additional matter for concern, since it is largely the nico­
tine on which smokers become dependent and to which
they develop tolerance. This means that a smoker may
have to smoke more of such cigarettes with a relatively
low nicotine yield in order to satisfy his craving, and
consequently he would disproportionately increase his
intake of tar. It is true that nearly all South African
cigarettes have nicotine yields greater than 1 mg and that
there is evidence that the majority of smokers may be
satisfied by this amount. However, this evidence is based
on limited studies,'· and it is possible that many smokers
are dependent on higher nicotine levels.

There are other disturbing findings in this study. A
filter cigarette should be less noxious with regard to tar
and nicotine yields than a plain one, but the opposite
was the case for several brands which are sold in both
plain and filter forms (e.g. Chesterfield, Lucky Strike
and Texan). Also disconcerting are the examples of
double standards: when the same brands are sold in
South Africa and the prime manufacturing nation, the
South African brand may be more toxic, sometimes con­
siderably so. It is also clear that the terms used to
describe a brand of cigarette may be misleading and
inaccurate, to put it mildly. For example, a cigarette
called Peter Stuyvesant Extra Mild King Size Filter had
a tar yield of 29,0 mg; the cigarette of this name sold
in the UK yielded only 7 mg of tar according to the
tar table published by the UK Health Department in
July 1978. Another cigarette called Life yielded one of
the highest amounts of tar, namely 34,2 mg.

With regard to carbon monoxide yields, South
African cigarettes appear to be similar to those of other
countries." This could be explained by the fact that in
general, cigarette yields of carbon monoxide do not corre­
late well with those of tar or nicotine."

1,6
2,4
1,2
1,4
1,0

Nicotine
(mg/cigarette)

- mean

2,1
4-34 1,3

1 - 21

5 - 22

Range

12 - 38

Tar
(mg/cigarette)

Country Year Mean

South Africa 1978 29

USA 1958 35
1975·76 18

W. Germany 1961 28
1970 18

Australia 1969 20
1976 14

UK 1965 31
1975 - 76 18

Comparison of South African Cigarettes with those
of Other Countries

In Table V the tar and nicotine yields of cigarettes sold
in South Africa in 1978 are compared with those sold
in some other countries during the past decade or two.'·'"
It is clear that currently the yields of South African
cigarettes are considerably greater than those of the USA,
UK, Australia and West Germany. In all these countries
the tar and nicotine yields of cigarettes have fallen
markedly during the past two decades.

At the outset it must be stressed that this analysis of
South African cigarettes is only a beginning and pro­
vides only a partial picture of their toxicity. A single
sample of the different brands was studied at one point
in time, and this cannot reflect the true nature of a
situation which is highly complex and continually changing.
The chemical composition of tobacco smoke is determined
by many factors at the levels of agricultural selection,
tobacco processing and cigarette manufacture. 'Tar' in
particular is an extremely complicated mixture of in­
numerable substances, and the chemistry and biological
dangers of a given amount of tar from different cigarette
brands may not be the same.

Granted these qualifications, the picture that has emerged
from this first analysis is very disturbing. The tar yields

8
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lations."'U It is possible, for example, that cigarette smoking
may be the single most important factor responsible for
White South African men and women having the highest
death rates in the Western world from coronary heart
disease. Added urgency is now given to the repeated de­
mands for meaningful, systematic, comprehensive and con­
tinuous campaigns to combat the tobacco hazard. This will
only be achieved by the dual strategies of proper health
education combined with measures to curb or eliminate all
pro-smoking activities, especially cigarette advertising in
all its forms. including sponsorship of sports events. Both
strategies require the full and active support of the rele­
vant Government departments, such as Health and Edu­
cation, backed where necessary by legislation. Health
Year 1979 is a most appropriate time to implement these
strategies properly.

More specifically, the results of these chemical analyses
require that a number of actions be taken, or at the very
least be seriously considered:

1. The State Health Department must now arrange
for the regular (e.g. annual) chemical analysis of all
cigarettes and tobacco products for human use sold in
South Africa.

2. The meaning of the analyses and the poisonous
nature of the constituents of cigarette smoke must be
explained and spelled out in appropriate detail to all
sections of the community by means of educational cam­
paigns organized by the Departments of Health and
Education.

3. The results of cigarette analyses must be widely
publicized by press, radio and television, especially the
latter media, which are State monopolies dedicated to the
maintenance and enhancement of the welfare of the
community.

4. The cigarette manufacturers should be requested to
make public the results of all chemical analyses which
they have undertaken previously so that the extent of
the tobacco hazard in the past can be documented as
fully as possible. Together with the prospective analyses
to be undertaken, valuable information will become
available for measuring the impact of tobacco on health
in this country and for evaluating the effects of remedial
measures.

5. The yields of certain constituents such as tar, nicotine
and carbon monoxide must be clearly stated on every
pack of cigarettes and in every cigarette advertisement,
together with clear warnings on the dangers of smoking.

Cigarette analyses, together with the actions called for,
are also the logical basis for one strategy designed tu
reduce the tobacco hazard, namely the production and
smoking of less harmful cigarettes, commonly referred
to as a low-tar programme,'·'" This merits some dis­
cussion, since opinion is divided on whether such a pro­
gramme is compatible with an antismoking campaign.
There are essentially two objections to a low-tar pro­
gramme. Firstly, because a cigarette low in tar is generally
also low in nicotine, concern is expressed that smokers,
in order to satisfy their craving for nicotine, will simply
smoke more or inhale more deeply when switching from
a high-tar to a low-tar cigarette. Secondly, it is feared

that the cigarette industry and its advertisers will exploit
the opportunity to promote low-tar cigarettes on the
grounds that they are 'safe' or 'safer', and the impli­
cation that 'safe' or 'safer' cigarettes are available may
reassure long-term smokers who might otherwise be per­
suaded to give up smoking completely.

These are important arguments but they can be answered,
at least in part, and a strong case can be made for a low­
tar programme, especially if it is part of an integrated and
comprehensive antismoking campaign: I •. "

I. While total abstinence from tobacco must remain
the ideal, realism demands recognition that habituation
to toba::co is extremely strong and that many will continue
to smoke.

2. The damaging effects of tobacco are in general re­
lated to the dose consumed, and there is good evidence
that those who smoke low-tar cigarettes have lower death
rates. Hence, if the toxicity of cigarettes were reduced
by at least one half, as much illness might be prevented
as by the formidable task of persuading every other
smoker to stop. At the same time it must be stressed that
less harmful cigarettes still carry a significant risk to
health, and that the only safe cigarette is one which is
not smoked.

3. Technically, it appears possible to manufacture cigar­
ettes which are less toxic and at the same time acceptable
to smokers without causing them to smoke more. An
example of such a cigarette might be one low in tar
and carbon monoxide with a medium nicotine content.
Furthermore, in practice, a variety of cigarettes with a
range of nicotine yields will continue to be available;
by advising smokers to 'descend the nicotine table'
gradually, it may be possible to avoid the problem of
smoking more cigarettes to obtain satisfaction.

This does not mean that we should allow the high­
nicotine high-tar cigarettes currently manufactured in
South Africa to be marketed indefinitely. We should aim
to phase out the most toxic cigarettes over the short-to­
medium term, and to facilitate this we should imme­
diately ban further advertising of such cigarettes and tax
them more heavily. In the UK such a differential tax was
introduced in 1978 and as' a result the tar yields of almost
all high-tar brands were brought down to below 20 mg per
cigarette (M. Daube - personal communication).
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