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Synopsis—The TOXICITY of cosmetic, household, or personal product AEROSOLS is
primarily the result of either deliberate abuse or allergic reactions to one or more of the
ingredients. Hair sprays, antiperspirants, deodorants, and feminine hygiene sprays, among
others, have been reported to produce toxic reactions in some users. A review of the pub-
lished experimental and clinical data does not substantiate the contention that, when used
as directed, they are hazardous. It is true, for instance, that the fluorocarbon PROPEL-
LANTS, in experimental situations, can sensitize the myocardium to catecholamine-in-
duced arrhythmias and thus produce a situation detrimental to the user, but not in the
amounts to which the consumer is ordinarily exposed. The differences between toxicity, the
inherent ability to produce undesirable alterations in biological tissue, and HAZARD, the
likelihood that toxicity will occur, may explain the case for aerosol products. The potential
for toxicity of properly packaged cosmetic, household, and personal product aerosols is
present; the hazard is small under conditions of normal use.

INTRODUCTION

As with any other type of packaging or delivery system for cosmetics,
drugs, or household products, aerosols have characteristics that are uniquely
their own. In general, they are safe, convenient, easy to manipulate, and, for
the most part, economical to use. In addition to these advantages, however,
this particular method of packaging and delivery is somewhat harder to con-
trol once the contents have been liberated from the container. Foams, paints,
and cosmetic powders are easily seen and handled; but many drug and liquid
cosmetic formulations, such as deodorants and hair sprays, are hard to see
once released and often the respect that other aerosol products are given by
the consumer is not accorded these items.

Individuals often have a difficult time relating to a substance that, because
of its small particle size, is difficult to see; thus, the potential hazards, includ-
ing warning labels, are often ignored. This can be illustrated in the case of a
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hypothetical man who sprays an entire can of an aerosol insecticide into a
small room and then, without opening any windows, goes to sleep in the
room; rising later he finds manifestations of a contact allergy. Yet he
probably would not have treated a can of gasoline that way, despite the
relatively innocuous nature of the chemicals in the can of gasoline.

TyprEs OF AEROSOL TOXICITY

Toxic reactions to acrosols have been reported in the literature for several
categories of products: cosmetics, such as hair sprays (1—3) and deodorants
(1, 4, 5); perfumes (6); personal products such as feminine hygiene deodor-
ant sprays (7, 8); and household products, such as spray paints (9), insecti-
cides (10), aerosolized vegetable oils (11), and room deodorizers (5, 9).
Medicinal aerosols have also been reported to produce some of the same
toxic effects, but they will not be discussed in this paper. The types of toxicity
reported can be broken down into two main categories, those due to the
propellants and those due to the active or inert ingredients in the formula-
tions.

Propellant toxicity can result either from the refrigerant properties of the
propellants (freezing of tissues or local anesthesia) or from the chemical na-
ture of the propellants and the biological responses they elicit (12).

Many of the reported cases of acrosol toxicity are likely due to toxic reac-
tions to the active or inert ingredients in the formulation, rather than to the
propellants. Allergic reactions are among the more common forms of toxic
responses to cosmetic aerosols. It has been estimated that approximately 10%
of the population as a whole has some type of allergic disease (6) or has suf-
fered an allergic response to some foreign substance during their lifetime; and
it is a well-accepted medical fact that people who are allergic to one sub-
stance, or have an allergic disease such as asthma or hay fever, are prone to
be allergic to other products as well—especially upon repeated exposure.

The incidence of persons allergic to cosmetic products, on the other hand,
is probably between 2 and 3%, when verified by a patch test (6). In the data
compiled by one cosmetic company who markets a broad range of products,
only 448 reactions were reported in 114 million units sold (6). In an earlier
reference, the incidence of allergic skin reactions to lanolin was 1.14% in an
unscreened sample of users. (Lanolin is widely used in cosmetic formulations
for its unique emollient and emulsification properties.) On the other hand,
when a controlled sample with no history of allergic skin disease was tested,
no allergic reactions to lanolin were reported (13). Recent refinements and
improvements in the purification of the lanolin used in cosmetic products
have eliminated lanolin allergy as a significant problem. Reactions to perfume
oils, a ubiquitous ingredient in cosmetic aerosol products, are almost entirely
due to an allergic or hypersensitive response, rather than due to primary
irritation (6). There are more than 5000 odiferous substances in general use
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today as perfumes. Most cosmetics contain approximately 0.5% perfume oil;
colognes about 4%; and perfumes up to 20%. Each of these perfume sub-
stances may contain up to 50 different chemical ingredients, so the task of
identifying the cause of an allergic response is, at best, a difficult one (6).

Photosensitization is a type of allergic response and has been reported for
a number of essential oils, such as neroli, pettigrain, cedarwood, lavender,
and bergamot (6, 14). In addition, dermatitis has been reported following the
use of oil of bergamot. Chlorophyll, traces of copper, and psoralens, all found
in oil of bergamot, are suspected of being the cause of the allergies. Aging of
the oil reduces its sensitizing propensity (6). Even once the allergy-causing
ingredient has been found, the problem of cross-sensitivity may arise. Persons
allergic to oil of citronella, for example, are also often allergic to lemon oil
(15).

A partial solution to the problem of allergy to perfume oils may have been
found with the marketing, by a number of companies, of a group of chemical-
ly-reproducible perfume substances which have been patch tested to prove a
low incidence of allergic responses (16). Hypoallergenic cosmetics may be
another solution. These are a group of cosmetic products, marketed by a few
companies, which are specifically for the use of individuals hypersensitive to
many cosmetics. The raw materials for these products are selected on the ba-
sis of a reported low incidence of allergic responses (6).

The pyrethrins, found in many insecticide aerosols, may also cause a variety
of allergic manifestations in susceptible individuals; erythema, rash, loss of
feeling in exposed parts of the skin, and diminished vision have all been re-
ported (10).

Another type of toxicity, though less important, that may result from the
active or inert ingredients in many cosmetic aerosols, is primary irritation of
the skin (17). This is not an allergic response but rather is a result of the
caustic nature of certain ingredients in the formulation. Calcium thioglycolate
is a primary irritant found in many aerosol foam depilitories (6). Antiperspir-
ants often contain salts of zinc, zirconium, or aluminum which can cause
primary irritation (6). Ocular irritation from dandruff shampoos has been
reported (18, 19), probably as a result of certain zinc salts.

E¥FECT OF AEROSOLS ON ANATOMY AND PHYSIOLOGY OF THE SKIN
AND RESPIRATORY SYSTEM

The underlying cause of many of the toxic reactions resulting from the use
of cosmetic and household aerosols seems to be the result of an alteration in
the basic anatomy and/or physiology of the skin and respiratory systems. The
type of alteration produced depends, to a degree, on the product in question
and the area of the body it comes in contact with. Alterations in skin pH are
thought to be the basis for the primary irritation produced by the depilitories
in foam aerosols. Preparations containing calcium thioglycolate, for example,
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usually have a pH of about 12, while the normal pH of the skin is between
4 and 6 (6). The metallic salts of zinc, aluminum, and zirconium used in aero-
sol antiperspirants may cause superficial skin infections because they produce
narrowing of the ducts of sweat glands which may give rise to apocrine sweat
gland occlusion and a true hydradentitis (6, 18).

The refrigerant action of propellants in personal or household aerosols
can produce cooling or freezing of the sensitive corneal (5) or vaginal (7)
tissues if they are used improperly. Many facets of skin metabolism, includ-
ing cellular respiration, can be altered by some cosmetic aerosols (20). The
propellants have been reported to sensitize the myocardium to arrhythmias
caused by anoxia and catecholamines (21), although there is no definitive
evidence that this type of cardiac toxicity can result from normal use of any
aerosol product (22, 23). The interruption of the normal bacterial flora of
several body orifices was formerly a potential problem with vaginal deodorant
sprays containing antibacterial agents (24). It is known that once the normal
flora of the vagina or rectum is altered (as with tetracycline therapy), an
abnormal overgrowth of yeasts and fungi (usual symbionts in these areas)
may cause pruritis (25) and/or other bacterial infections. Since most vaginal
sprays no longer contain antibacterial chemicals, this problem has essentially
ceased to exist. Keratitis, due to a foreign body reaction of the skin, has been
reported in response to the presence of materials from several household
aerosols that have, in effect, been driven into the skin by the force of the
spray (5). An increased formation of pulmonary edema fluid and lipid pneu-
monia has been reported following a foreign body response to the inhalation
of oil droplets from an aerosol containing a vegetable oil (11). Edema fluid is
an ideal medium for the growth of pathogens, resulting in aspiration pneumo-
nia. A slight reduction in specific airway conductance, posing no clinical
danger, has been reported following the inhalation of several bronchodilator
aerosols. The bronchoconstriction reported, which was less than that caused
by smoking a cigarette, was attributed to the aerosol propellant and/or the
surfactant chemicals (sorbitol trioleate and soya lecithin) contained in the
two bronchodilator aerosols evaluated (26).

PRrROPELLANT ToOXICITY AND ABUSE

The controversy regarding the toxicity of aerosol products, in general, and
the propellant chemicals they contain, in particular, began several years ago
with the publication in the lay press of several deaths due to “sniffing,”
especially by teen-agers, of the vapors from a wide variety of aerosol products
(27). The practice involved the deliberate, deep inhalation of the concen-
trated vapors, usually from a balloon or paper bag (28).

These reports of aerosol abuse brought the toxic potential of the various
propellants to the attention of the aerosol industry. The toxicity of the pro-
pellants can be divided into three major categories: toxicity due to the refrig-
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erant action of the propellants (12), which may cause reflex airway obstruc-
tion, especially of the larynx, and tissue damage to the delicate mucous mem-
branes of the vulva (7) and eye (29); decomposition into phosgene when the
vapors come into contact with an open flame (30); and finally, systemic
toxicity, chiefly referrable to the cardiovascular system (21, 22). It is this lat-
ter type of toxicity which has been accorded so much unwarranted publicity
by the press.

The problem of teen-age abuse of aerosols is one over which the aerosol
industry has little control, other than to update the wamings printed on the
aerosol cans. The Inter-Industry Committee on Aerosol Use has established
the Aerosol Education Bureau (31) to administer a safety campaign which is
designed to warn teen-agers of the potential lethal consequences of abusing
aerosolized products.

Soon after the controversy regarding the deaths from aerosol “sniffing”
began, Taylor and Harris (21) reported that the exposure of mice to several
propellants, followed by asphyxia in a plastic bag, produced sensitization of
the myocardium to hypoxia, resulting in arrhythmias such as sinus brady-
cardia, atrioventricular block, and T wave depression. They used these ex-
periments to postulate that the sudden deaths that followed aerosol abuse by
teen-agers could be the result of a toxic action of the propellants used in al-
most all aerosol packages, as well as to provide a basis for warning against the
possible hazards to frequent users of a variety of aerosol products. It is well
known, and has been for some time, that high concentrations of many pro-
pellants frequently used by aerosol manufacturers can produce a wide variety
of toxic effects. Ataxia, tremors, liver, and kidney damage are among some of
the more common findings (32, 33). But these experimental results in animals,
especially at the high concentrations studied, bear little or no relationship to
the lower concentrations to which the consumer of aerosol products is ex-
posed (28). Also, there is lack of general agreement as to the accuracy of the
data on aerosol toxicity when it is extrapolated from animal studies to humans
(22,34).

Following several reports by Taylor and Harris on the cardiac toxicity of
aerosol propellants, other investigators attempted to reproduce their findings,
with little success. McClure, in 1972, failed to produce significant changes in
the heart rate or electrocardiogram of anesthetized mice after the administra-
tion of several propellants in aerosol form, followed by asphyxia (35). In
general, he found that the cardiovascular effects produced by propellant ex-
posure were similar to the cardiovascular effects of asphyxia alone. McClure
was also unable to confirm similar findings reported by Taylor and Harris in
dogs (21). Egle et al. (23) also attempted to repeat the results of Taylor and
Harris. They exposed mice to several propellants, either alone or with nitro-
gen-induced asphyxia, and reported no augmentation of the asphyxia-induced
bradycardia or atrioventricular block by the several fluorocarbon propellants
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studied. In all, four groups of investigators have failed to repeat the findings
reported by Taylor and Harris (22).

On the other hand, many investigators have reported the safety of the
fluorocarbon propellants in concentrations generally produced following nor-
mal use. McClure (35) reported no effect on heart rate, blood pressure, and
electrocardiogram in dogs following the intratracheal administration of an
epinephrine aerosol. Azar et al. (36) were unable to produce arrhythmias in
anoxic and hypercapnic dogs following repeated exposure to several com-
mercial aerosols. Others were unable to produce significant electrocardio-
graphic changes in several patients, ill with a variety of bronchopulmonary
disorders, following the repeated inhalation of Propellant 11 and Propellant
12 (27).

There is little question that the various propellants can, when administered
in high concentrations over a prolonged exposure period, produce cardiac
arrhythmias. Flowers and Horan (37) exposed anesthetized dogs to several
commercial aerosols in high concentrations; their data showed bradycardia
and ventricular arrhythmias in many of the dogs thus treated. Reinhardt et al.,
in 1971, reported that the inhalation of high concentrations did, in fact, sensi-
tize dogs to catecholamine-induced cardiac arrhythmias (28). In addition,
the propellants also produced questionable sensitization to endogenously-re-
leased catecholamines resulting from audiogenic stimuli (28). The conditions
described in these experiments, as well as many others, do postulate a mech-
anism for the sudden deaths resulting from aerosol abuse, but in no way per-
tain to the safety of the thousands of commercially available aerosol products
currently in use today, assuming reasonable use of such products.

Tox1crry oF CosMETIC AND PERSONAL PrODUCT AEROSOLS

Antiperspirants and Deodorants

These have been reported to cause granulomas of the axilla (38), which are
probably linked to a hypersensitivity to the zirconium, aluminum, or other
heavy metal salts used in these preparations (12). While the few reported
cases to date have resulted from using either lotion or stick deodorants, sim-
ilar reactions may possibly occur in allergic individuals using aerosol deodor-
ants or antiperspirants containing these chemicals.

Other toxic reactions reported to be associated with the use of antiperspir-
ant/deodorant aerosols include: pulmonary granulomatosis (1), epithelial
keratinization of the eye (9), and clogging of the sweat glands with subse-
quent infection (18). There have not been enough reported cases in any of
these incidents to establish a definite cause-effect relationship.

Aerosol deodorants have been reported to produce “fashback” reac-
tions in users of hallucinogenic drugs, such as mescaline and LSD. Two such
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cases have been reported in teen-agers (4); and either Propellant 12 or a
mixture of Propellant 11 and Propellant 12 has been implicated, although not
conclusively.

Feminine Hygiene Deodorant Sprays

Such products have been reported to be no better than frequent bathing to
keep the vaginal area free from unpleasant odors (24, 39). Despite this, they
have caught on in popularity and are sold widely, probably because many
women believe they need them, despite the opinion of some gynecologists to
the contrary (40). There are certain formulation differences between vaginal
and underarm deodorants, i.e., vaginal deodorants commonly have less alcohol
and less perfume—in order to reduce the possibility of irritating the tender
vaginal mucous membranes (41). Irritation is more likely to occur with va-
ginal than underarm deodorants because the user is more likely to spray the
can longer, in that the spray is quite dry and there is little apparent residue.
Also, the delivery rates of vaginal deodorants are likely to be higher than
underarm deodorants because they are often packaged under substantially
higher pressure. Propellant 12 is often used to reduce chilling (41).

The Food and Drug Administration has reported that reactions to the vagi-
nal spray deodorants are usually due to one or more of the following: in-
juries resulting from the high pressure of the propellants; primary irritation
from the alcohol, antibacterial chemical, or perfume; the rapid chilling ef-
fects of the propellants on the delicate mucous membranes or skin in this area;
allergies to the antibacterial chemicals or perfumes (40). Women users have
reported irritation of the skin or mucous membranes, vulvitis, weeping derma-
titis, chemical burns, and various hypersensitivity reactions, such as pruritis,
burning, and edema (7, 40). Some of the special anatomical features of the
vaginal area that make it more susceptible to deodorant sprays include the
apocrine sweat glands, the thin horny stratum, and the special bacterial flora
of the vaginal mucous membranes (24).

Hair Sprays

Hair sprays have been implicated, in a cause-effect relationship, with the
development of pulmonary granulomatosis (3) and blood dyscrasias (2) in
chronic users of such products, possibly due to a hypersensitivity reaction. The
resinous ingredients contained in these products have been reported to be the
noxious agents. In several reported cases, radiographic examination of the
chest showed infiltration of the lung field in users of hair sprays which cleared
when the usage of these products was discontinued (3). However, several
attempts to duplicate these human findings in rats (42), guinea pigs (43), and
dogs (44), exposed to commercial hair spray preparations for as long as two
years, failed to demonstrate any pulmonary pathology that could be attributed
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to exposure to these products. The PAS-staining biopsy material, reported by
Bergmann et al. (3) to indicate the presence of hair spray resins, was also
found in the control animals (44). Furthermore, hematologic studies of dogs
exposed to commercial hair sprays for up to 2 years (44) failed to demon-
strate the blood dyscrasias (aplastic anemia, thrombocytopenia, and leuko-
penia) reported as being compiled from the AMA Department of Drugs
Registry on Adverse Drug Reactions by DeNosaquo (2).

Further evidence of the safety of commercial hair sprays has been reported
in two separate studies of hairdressers in Great Britain. In the first, John (45)
studied 146 hairdressers, both men and women, who used hair sprays for be-
tween 3 and 5 years. Radiographic examination of these hairdressers, from
14 different salons, failed to demonstrate any pulmonary abnormalities. In a
similar study by McLaughlin et al. (46), an X-ray survey of 505 hairdressers
in Great Britain was reported. The hair sprays included both shellac-based
sprays and sprays containing polyvinylpyrrolidone (PVP). In all groups a
significant number of hairdressers had used the sprays for more than 6 years.
No abnormal X-ray appearances, suggesting the presence of pulmonary
granulomatosis (thesaurosis), were reported, despite the fact that the ma-
jority of particles in both types of hair sprays had a diameter of less than 1
and were thus capable of being inhaled. In a study of the particle sizes of hair
sprays manufactured in the United States, at least 50% of the hair spray par-
ticles had a diameter of 35 u or greater (47), which is larger than the size that
is capable of penetrating the lungs to a significant extent. Further studies by
Larson (47) also attest to the safety of commercial hair sprays. In this study,
no differences in midexpiratory flow rate, measured spirometrically, were
found between users of hair sprays and nonusers, in a controlled population of
female college students. While the controversy over the safety of hair sprays
continues, the bulk of scientific evidence at present indicates that earlier con-
cerns over their safety is unfounded.

ToxrtciTy oF HouseHOLD AEROSOLS

Because of the diverse nature of the products in this category, and the large
number of users in all age groups, the toxicity of these products is of major
interest to both the consumer and the aerosol industry. Other than the toxicity
of the ingredients in a specific preparation, some of the factors contributing
to the toxicity of the household aerosols include the pattern produced by
aerosol spray (5) and the cooling action of the propellants (12). If the spray
pattern of a product is not well controlled, particles intended for application
in one place may well penetrate into the eye or impact on the skin, The im-
paction of particles from these products, because of the relatively high pres-
sure exerted at release, may cause aerosol particles, that would otherwise be
harmless, to penetrate the surface of the skin or the cornea of the eye, thus

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



CURRENT PERSPECTIVES ON AEROSOL TOXICITY 279

making removal of the material difficult and increasing the likelihood of
foreign body tissue reactions (5, 9). Spray keratitis, such as that just de-
scribed, has been reported for hair sprays, insecticides, paint sprays, and de-
odorants (5, 9). Furthermore, the cooling and drying action of the propellants
and/or solvents in a product may aid in the penetration of aerosol particles
into the eye (5).

Predicting the toxicity of household aerosols in humans, as a result of
screening studies in animals, is not easily accomplished. The anatomy and
physiology of the respiratory structures in lower animals is different from man
(34); also, diseased humans will often respond differently to a product than
will healthy laboratory species. Another problem is the design of a suitable
exposure chamber; assuming that the environment can contribute to the po-
tential hazards of a household aerosol product, there is little equivalency be-
tween the exposure chambers commonly used in the testing laboratories to
evaluate the potential toxicity of aerosol products and the actual rooms that
humans live in when using such products (34). In general, though, despite
the millions of units of household aerosol products consumed each year in
this country, few toxic reactions are reported and, of those that are reported,
approximately half are probably due to consumer error in following the in-
structions for use printed on the package.

Toxicrry AND HYPERSENSITIVITY

Toxicity is a function of a chemical compound and its reaction with bio-
logical tissues and can usually, but not always, be predicted from animal stu-
dies. Tt is the responsibility of the manufacturer of cosmetic and household
aerosols to market products with a low order of toxicity; in general, this re-
sponsibility has been adequately accomplished. Hypersensitivity, or allergic,
responses only occur in a small percentage of users of aerosolized products
and, in general, cannot be adequately predicted from animal investigation. It
is known, however, that persons with certain allergic diseases and/or a heredi-
tary tendency towards respiratory and skin diseases may be more likely to
elicit allergic reactions to many types of products commonly used in the home,
including aerosols. There is little a manufacturer can do to reduce such ad-
verse reactions to commercial aerosols, except to use ingredients which have
been shown, through years of use or extensive laboratory and clinical testing,
to produce a low incidence of hypersensitivity reactions. Other suggestions to
reduce the incidence of aerosol-related allergy would be: pooling of reported
allergic responses to products and ingredients; clinical testing on a wider
scale to determine ingredients causing allergic responses; and limited market-
ing of new cosmetic or household aerosols, containing new ingredients, until
the allergy profile is well established.

(Received May 4, 1973)
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