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1. HEALTH EFFECTS OF INTERACTIONS ARISING FROM TOBACCO USE AND
EXPOSURE TO CHEMICAL OR PHYSICAL AGENTS OR BIOLOGICAL DUSTS

1.1 Generzl introduction

There has been concern for many years concerning the potential of tobacco use to cause a
range of adverse health effects, including augmenting the adverse effects of other chemical and
physical agents. It is recognized that chemical pollution in the workplace can cause disease,
incapacity and early death in many occupations. From observations in the workplace, it has
become clear that smoking in the presence of certain chemical/physical agents represents more
than an exposure to two types of hazard, one attributable to the agent and the other to tobacco
smoke. Adverse health effects can arise sometimes from a combination of effects of tobacco
smoke and a hazard or sometimes from a synergistic interaction of the two. Chemical pollution of
the environment can present health hazards to the general population. Tobacco use, particularly
cigarette smoking, is the principal cause of several major diseases in the general population.

The main purpose of this monograph is to identify interactions between tobacco smoke and
other agents, chemical, physical and biological that result in adverse health effects. However,
other forms of tobacco use and adverse health conditions associated with tobaceo use are included
for completeness. The majority of interactions of harmful tobacco smoke constituents with toxic
chemicals occur when the latter are airborne although some cases have been reported of
interactions of smoking with ingested and/or absorbed harmful agents.

Tobacco use 1s widespread throughout the world, in countries with low income economies
and in the most affluent industrialized nations. Tobacco is used by men and women, by children
and adults, and millions of others are involuntarily subjected to environmental tobacco smoke.
There are numerous explanations for the tobacco habit but the main reason for its ubiguity is the
addictive drug nicotine present in all forms of tobacco leaf and delivered in varying amounts to
the user by various methods of tobacco use (Section 3).

During the past 40 years, it has been accepted in many countries that smoking is & serious
health hazard and, as a major contributing factor, a cause of death trom many common diseases,
In countries where the effects of smoking on health are appreciated and the economic costs/tosses
realized, health warning legislation has been enacted, a measure of control exercised through
taxation, and action taken to educate the public both on the dangers of smoking and also on the
benefits to be gained from not starting or stopping tobacco smoking. However, there are still

countries where the health hazards associated with tobacco use by the population been given no

thought and no decisive action taken to deal with the problems of tobacco use.
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Many work situations involve an element of risk. The nature of the work may generate
harmful effects on health and working activities may cause environmental contamination. There
are airborne mineral dusts in mining and biological dusts in farming and industries using
biologically produced raw materials. Fume is produced during welding and gases, smokes, mists,
and vapours containing inorganic and/or organic toxic substances present hazards in many
industries. Excessive heat or exposure to ultra-violet light can be detrimental to the well being of
workers. lonizing radiation in mining and modern technology are recognized workplace hazards.
In many occupations workers are subjected to excessive noise or harmful mechanical vibration.
Such working conditions take their toll on well-being and health and it is recognized in some
cases, and suspected in others, that their effects are greater when combined with the effects from
tobacco smoking.

Tobacco growing involves the use of pesticides. Harvesting can cause sickness due to
skin absorption of nicotine, and processing exposes workers to health hazards from airborne dust
and fungal spores. However, the greatest impact of tobacco on the health of the total workforce
in any country, additional to its effects on the health of the population as a whole, lies in the
combined adverse effects of smoking and workplace hazards. Smoking, particularly cigarette
smoking, is detrimental to health in a variety of occupations, not only because of the diseases it
causes per se but because it can adversely affect disease conditions in which other toxic agent(s)
may be aetiologically implicated. Toxic substances in the workplace and the hazards associated
with smoking in the presence of these materials cannot be considered in isolation. In some
situations, smoking increases the severity of a disease beyond what could be 'expected from
smoking alone or the toxic hazard alone.

These considerations may also be relevant to passive smoking in a contaminated
atmosphere. In industrialized countries, the hazards of workplaces are recognizéd, regulations
have been formulated and legistation has been enacted to protect workers and provide for their
education on the dangers that may arise from the work they do. However, in some countries,
implementation of the rules and law is not always strictly imposed and workers sometimes neglect
the training they have been given. In some newly industrializing countries where development is
progressing swiftly, health problems associated with work have not yet been fully addressed and
many workers are ignorant of the dangers 10 health of their occupations.

Tn most countries and in many working situations, a combination of the effects of smoking
and the effacts of other airborne hazards are not fully recognized, or accepted, by governments,

employers, unions, or individuals. The dangers of smoking at work or in any other area where
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the atmosphere may be contaminated is only given serious attention where smoking presents risks
of large scale accidents from fire or explosion.

This review contains the results of a literature survey of human data relating to tobacco
use, principally smoking, and potentiation of effects of other exposures. Although interactions
have been widely discussed there is convincing evidence in few instances. There are also
instances where tobacco use may contribute to adverse effects but there is no evidence for

interaction as such.

1.2 Combined effects of tobacco smoking and other exposures

There is evidence for synergism in the production of adverse etfects (cancer) between
tobacco smoking and exposure to arsenic, ashestos, ethanol, silica, and radiation (radon, atomic
bomb, X-ray) and antagonism in the case of tobacco smoke and chloromethyl ethers (chioromethyl
methyl ether (CMME), its contaminant bis(chloromethyl) ether (BCME), and tobacco smoking
and allergic alveolitis, chronic beryllium disease (Section 2), and platinum salt sensitization
(Section 3). The effect of tobacco smoking on the health risks of exposures in coal mining,
pesticides, and the rubber and petroleurn industries is described in Section 3. Coal miners who
smoke are at greater risk of developing chronic bronchitis and obstructive airway disease. but not
emphysema. Lung cancer in coal miners has been attributed entirely to tobacco smoking.
Exposure to vegetable dusts, principally cotton, produces byssinosis, a chronic respiratory
condition, and wood dusts are carcinogenic. Tobaceo smoking may compound these risks
{Section 2.6.5).

1.3 Composition of tobacco leaf and tobacco smoke

More than 2500 chemical compounds have been isolated from processed tobacco leaf.
Most were leaf constituents, but some arise from growing conditions such as the so0il and
atmosphere in an area and the use of agricultural chemicals, from casings, humectants and
flavourings added to the leaves, and from curing methods. Thus different tobaceo varieties grown
in different countries and processed in different ways will show some differences, however,
individual constituents are likely to differ only in balance rather than in their presence or absence,
Some compounds identified and known to have toxic effects, other than the nicotine, are certain

nitrosamines derived from the amines, proteins and atkaloids present in the leaf, some polycyelic

aromatic hydrocarbons for which the method of curing is nsually responsible, radioactive elements
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absorbed hoth from the soil and the air, and cadmium in tobacco grown on cadmium-rich soils.
Of these, the nitrosamines are the most important carcinogens and not only are their concentration
levels far higher thap in any other consumer product but they are also being formed whilst the
tobacco is being chewed or sniffed. When tobacco is burned in the course of smoking many

pyrolysis and other products are formed.
1.4  Mainstream tobacco smoke

Tobacco smoke is an aerosol consisting of a particulate phase composed of liquid droplets
dispersed in a gas/vapour phase. When a cigarette is smoked, a large number of compounds are
formed by pyrolysis of the tobacco at the burning end from where they are distilled. These either
pass down the cigarette as mainstream smoke, some being condensed a short distance behind the
burning cone, or are emitted into the air from the burning end as sidestream smoke. With each
subsequent puff the procedure is repeated but the smoke becomes progressively stronger because
not only is the previously condensed material redistilied and added to the smoke, but the length of
cigarette available for further condensation is constantly decreasing. - The nature of the smoke
depends on the growing and processing and burning of the tobacco, In the case of a cigarette or
Asian "bidi" (tobacco wrapped in vegetable leaf) the smoke chemistry is also affected by such
factors as dimensions, wrapper porosity and smoking parameters (puff volume, frequency, and
duration). However, variations in smoke chemistry are mainly confined to changes in the balance
of smoke constituents rather than to the presence or absence of particular compounds.

Mainstream smoke is generated in a comparatively low-oxygen atmosphere at a burning
temperature of 850-950°C in the fire cone. Initially, mainstream smoke particles have a mass
median aerodynamic diameter (MMAD) of 0.3 to 0.4 pm; however, as S00R as they enter the
100% humidity in the respiratory tract, they coalesce into larger particles and bebave as if their
MMAD was in the micrometer range. Fifty to 90% of all inbaled particulate matter may be
retained in the respiratory tract. Thus, from size considerations, the aerosol particulate matter,
along with the vapour phase constituents and the permanent gases, is capable of reaching the
alveoli when smoke is itthaled. Deposition in the tracheobronchial tree is complicated by the
behaviour of hydrophillic constituents in the high humidity conditions and by some electrostatic
precipitation, yet it has been demonstrated that smoke reaches every part of the trachea, bronchi
and alveoli.

Mainstream smoke contains more than 4000 identified chemicals and probably an

unknown number of as yet unidentified chemicals (IARC, 1986). Mainstream smoke can be
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divided into two phases, the particulate phase, i.e., material that is retained on a Cambridge filter
when smoke is drawn through it, and the vapour phase. The mainstream smoke particle phase
contains nicotine, 1,3 butadiene, certain nitrosamines such as NNK and N-nitrosonornicotine,
metals such as cadmium, nickel, zinc and polonium®®, polycyclic hydrocarbons and carcinogenic
amines. The vapour phase contains CQ, CO,, benzene , ammonia, formaldehyde, hydrogen
cyanide, n-nitrosodimethylamine and N-nitrosodiethylamine, among other compounds. The
compounds can be classified by chemical structure or grouped according to their biological
activity as chemical asphyxiants, irritants, carcinogens, enzyme inhibitors, neurotoxins, and
pharmacologically active compounds. The main point of entry into the body by cigarette smoke is
the lungs, but many constituents, particularly from pipe and cigar smoke, dissolve in saliva and
are absorbed in the buccal cavity or swallowed. Alcoholic beverages also provide a solvent in

which compounds are swallowed,

1.5  Cigarette sidestream smoke

Sidestream smoke is generated at lower burning temperature (500 - 600°C) in a reducing
atmosphere. Fresh sidestream particles are about the same size as mainstream smoke particles and,
within a short time after generation, the MMAD is approximately 0.2 pm. Qualitatively,
sidestream composition is similar to the composition of mainstream smoke. However, as a
general rule, chemicals in sidestream smoke are emitted at much higher amounts than they are in
mainstream smoke; this appears to be particularly true for several carcinogens such as N-
nitrosodimethylamine and N-nitrosodiethylamine, or metals such as nickel or cadmium. Many
carcinogenic compounds are thus more concentrated in sidestream than they are in mainstream
smoke. This has led to the speculation that the sidestream component of environmental tobacco
smoke is more carcinogenic than the mainstream smoke mix. Mouse skin painting studies have
shown that sidestream condensate is more carcinogenic than mainstream smoke condensate
(Mohtashamipur et al., 1990).

1.6 Environmental tobacco smoke
Airborne material in indoor or outdoor air resulting directly from the smoking of tobacco

is known as environmental tobacco smoke. It consists of three components: mainstream smoke,

i.e., the smoke exhaled by a smoker (approximately 85%). sidestream smoke generated during the

active smoking of a cigarette, i.e., vapour phase tobacco constituents diffusing out of the tobaceo







