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Silver

Toxicity: Silver and its salts pose no
notable hazard upon contact with healthy,
intact skin. Binding to keratin-rich, super-
ficial layers of the skin appears to prevent
absorption of the silver ion into the deeper
layers, and penetration rates of water-
soluble salts are considered to be toxico-
logically insignificant. No data are avail-
able which would allow calculation of
flux or permeability coefficients. Reports
of allergic reactions of the immediate and
delayed type due to contact with the metal
or its salts are rare."* The only toxicologi-
cal hazard is presented by concentrated
silver salt solutions, due to their caustic
action on live tissue. Similar to other
heavy metals, the highly electrophilic silver
ion reacts with nucleophilic amino acid
residues in proteins, attaching to sulfhy-
dryl, amino, imidazole, phosphate and
carboxyl groups of membrane or enzyme
proteins, leading to protein denaturation.’

A practical aspect of such reactivity is
their effect on microorganisms. One sig-
nificant therapeutic use of silver as the
nitrate or its sulfonamides®”is the disinfec-

tion of the skin of thermal injury patients,
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where the antiseptic effect is primarily due to the metal’s
denaturing action on viral and bacterial proteins.® This makes
the metal an effective sterilant for water and other beverages, an
effect which has been recognized and put to use over centuries,
e.g., in the use of silver drinking and storage vessels. Currently,
finely divided silver metal is incorporated in commercial filters
for domestic water purification, or in cosmetic formulations
where in the pH range of 3-11.5 at levels of 100-5,000 ppm it is
an effective preservative against microbial contamination.” Sil-
ver is also listed as a color additive by the US FDA Office of
Cosmetics and Colors. The use of silver in coloring fingernail
polish is approved by the FDA’s Office of Cosmetics and Colors.

Skin absorption, elimination and reactivity: Indepen-
dent of the route of entry, silver preferentially accumulates in
the mucosa, nail lunulae, hair and the superficial layers of the
skin.'” Once deposited, silver particles accumulate through-
out the aging process. Excretion of silver through the skin is
insignificant; consequently, impregnation of dermal tissues,
even due to systemic absorption through the trivial and
habitual use of silver-plated tableware, potentially results in
graying of the skin. This is most pronounced on the face and
neck, a condition termed argyria. Two types of this phenom-
enon are described: generalized argyria, stemming mainly
from chronic systemic, medicinal application, or from exter-
nal occupational exposure, and localized argyria, persistent
bluish macules due to the presence of silver in dental crowns
or implanted needles (acupuncture).'®'! Significant
bodyburden of silver thus becomes noticeable as a perma-
nent hyperpigmentation, particularly of sun-exposed areas of
the skin. Both forms are considered to be only esthetic effects.
Also, discoloration of scalp and body hair has been noted,
resulting in a steel gray tint."

Intentional dietary intake of silver, as practiced in certain

parts of the world (in the form of extremely thin foil with some

Cosmetic Ingredient Dictionary CAS Uses

Ag Silver 7440-22-4 Antimicrobial,
Colorant

AgNO, Silver nitrate 7761-88-8 Sterilant

Ag,SO, Silver sulfate 10294-26-5
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foods), results in markedly elevated lev-
els of the metal in hair. Thus, neutron
activation analysis of pre-cleansed hu-
man scalp hair revealed a mean content
of 1.927 pg/g silver in the Punjab popu-
lation, which compares with values of
0.39 ug/g seen in other parts of India or
0.162 ug/g in Japan, where such dietary
habits are not known to exist."

Silver ions are not significantly ab-
sorbed through unbroken human skin,
most likely due to silver reactivity with skin
proteins, resulting in its accumulation in
the uppermost stratum corneum layer."
Chemical and electron probe techniques,
however, have revealed that complex sil-
ver salts do penetrate through the epider-
mal portion of the sweat duct, cross over
into the adjacent epidermal cells and enter
the papillary bodies, precipitating as silver
sulfide.’ Examination of discolored areas
shows the presence of silver granules in
the sweat gland membrane, on sebaceous
glands and the connective tissue mem-
brane, as well as in collagen tissue below
the basal membrane of the epidermis.®

The antimicrobial activity of silver has
been put to use by formulating a composite
of silver chloride and titanium dioxide, which
allows a controlled release of silver ion.
The composite is active at concentrations
less than 25 ppm against a wide range of
micro-organisms, including Gram-negative
bacteria, yeasts and moulds. Its preserva-
tive activity against bacteria and fungi

falls between 50 ppm and 500 ppm."

Titanium

Titanium is a light metal that imparts
outstanding tensile strength and high cor-
rosion resistance in chemical and biologi-
cal environments to its alloys. No biologi-
cal role has been assigned to titanium or its
compounds but titanium dioxide is fre-
quently used as white pigment in cosmet-
ics, paints, enamels and plastics as well as
a coloring agent in food. In spite of its
widespread use, no quantitative penetra-
tion values have been determined through
human skin. Titanium dioxide is a white
pigment with considerable covering and
opacifying power. It exists in three crystal-
line modifications: anatase, brookite, and
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rutile, and one amorphous form. Anatase is used in papermaking,
and is the only variety approved by the US FDA for use in foods,
cosmetics and colors in general, and for eye area use in particular.

In the cosmetics industry, titanium dioxide is used as a
whitener in a wide variety of products including sunscreens, after
shave powders, bath powders, face powders, depilatories,
deodorants, fingernail coatings, beauty masks, cleansing creams, eye
makeup, foundations, lipsticks, tooth paste, skin lighteners, etc.

General toxicology: Titanium compounds are poorly
absorbed from the gastrointestinal tract, which is the main
route of exposure for the general population. Most titanium
absorbed with food is eliminated unchanged with urine.
Absorbed from the air, it seems to accumulate with age in the
lungs (e.g., through industrial exposure), without known
adverse effects. In a bioassay of titanium dioxide for general
toxicity or carcinogenicity there was no evidence of adverse
effects in rodents.

Skin absorption and reactivity: No data are available on
titanium absorption through the human skin. Indirect evi-
dence was obtained in animal experiments that titanium is
absorbed percutaneously from suspensions of the oxide in
various liquids.” The use of inorganic light absorbers (pig-
ments, insoluble minerals) such as titanium dioxide in sun-
screens offers the advantage of their presumed insolubility
and lack of reactivity in contact with live tissue. This sets them
in contrast to organic UV-active compounds with their asso-
ciated relative toxicity, which upon irradiation are converted
to an “excited” state and thus absorb the sun’s harmful
radiation energy; thereby they are also reactive with the skin’s
proteins and more often than not are allergens, leading to
hypersensitivity reactions.

Review of the literature, though, shows that inorganic light
scatterers such as titanium dioxide are also not entirely inert
when exposed to ultraviolet (sun) radiation. They appear to
be subject to photochemical activation and degradation,
manifest in a pronounced catalytic activity. Such activation
seems to lead to the formation of reactive intermediates with
spectral characteristics of hydroxyl radicals. These can react
with natural unsaturated fatty acids on the skin, and can also
penetrate the stratum corneum to then react with functional
cells in live tissue. This finding led to the development and
evaluation of titanium dioxide coated with silicones, yielding
a material especially intended for use as sunscreen. This
modification appears to be sufficient to prevent biologically
significant damage from the reactive species formed under
UV radiation.”

Cosmetic Ingredient Dictionary CAS Uses
TiO, Titanium dioxide 13463-67-7 Opacifier

Pigment
Ti (OH),  Titanium hydroxide 20338-08-3
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Currently, populations with skin highly sensitive to
sunlight, such as Australians and New Zealanders, are
advised to use titanium dioxide-based sunscreens every day
of their lives. This potentially leads to massive cumulative
exposures and has prompted several investigations. Human
skin penetration studies with micronized, ultra-fine titanium
dioxide (size 20-50 nm) show that hair follicles will be
penetrated up to a size of 50 micron (50,000 nm), and the
stratum corneum up to a size of 5 micron (5,000 nm), to a
depth of ca. 10 skin tape strips (approx. 10 micron depth).?#
Those data were generated by moderate massage of the
applied particles into the skin. It is reasonable to assume that
a consumer will apply sunscreens with moderate rubbing
onto the skin also. In another study conducted in Australia,
volunteers were asked to apply titanium dioxide sunscreen
to the skin daily for 2-6 weeks. After removal of the
superficial stratum corneum by stripping, biopsy of epider-
mis and dermis, and analysis by inductively coupled plasma
mass, spectroscopy showed that levels of titanium there
were higher than the levels of titanium found in the tissues
of controls.*

Also the penetration of silicone-coated titanium dioxide
microparticles into the horny layer and the follicular orifices
from sunscreen applications was investigated by tape-stripping
the treated skin.” Coated TiO, was localized mainly in the
corneocytes in the upper part of the stratum corneum and in
the pilosebaceous orifices.

In certain countries a product similar to mascara, named
“kohl,” is popular as eyeliner, also used to prevent sun glare.
Such eyeliner pencils of various origins, used not only to
darken eyelids but also applied in the conjunctival surfaces,
have been analyzed for presence of heavy metals.” Besides the
usual content of antimony trisulfide, some were found to contain

up to 30% titanium, as determined by dispersive X-ray analysis.

Zirconium

Zirconium compounds as they occur as minerals in nature
pose no toxicological threat, in part due to their lack of
solubility, which makes them biologically unavailable. In the
past, use of certain synthetic zirconium salts in personal care
and medicinal products resulted in granulomatous hypersen-
sitivity if they became embedded in tissue underlying damaged
skin or were applied in soluble form for the treatment of Rhus
(e.g., poison oak) dermatitis. Their use in personal care
products is now restricted. Zirconium silicate is still used in

creams and powders in Europe.

Cosmetic Ingredient Dictionary CAS Uses

ZrSio, Zirconium silicate 10101-52-7 Pigment
ClL,0zr Zirconyl chloride 7699-43-6 Antiperspirant
0,zr Zirconium dioxide 1314-23-4 Pigment
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General toxicology: Zirconium
mainly occurs in the environment as a
constituent of mineral deposits. These
deposits are abundant and widespread,
but are not known to pose an environ-
mental or human health threat, because
of their lack of solubility. Furthermore,
zirconium cannot form covalent bonds
with carbon, an important condition for
interaction with biological systems, and
in fact the metal has no known biologi-
cal significance.

Although deodorants are considered
cosmetics, both deodorants and anti-
perspirants are regulated as over-the-
counter (OTC) drugs. Formerly, zirco-
nium compounds were widely used in
antiperspirant formulations. The FDA-
OTC Antiperspirant Review Panel how-
ever recommended their removal as
components of aerosol antiperspirants
because of the potential for formation of
granulomata in the lung when inhaled.
Sodium zirconium lactate, which had
caused granulomatous lesions in the
skin of the axilla, also had to be re-
moved from commercial products.

Skin absorption andreactivity: The
widest commercial use of zirconium
complexes was in deodorants and anti-
perspirants, often together with alumi-
num compounds. Most commonly used
was zirconium oxychloride hydrate. Zir-
conium compounds are among the
agents that cause closure of the sweat
duct (emphraxis) due to protein pre-
cipitation or hydroxide gel formation,
or both.”

Once they penetrate the skin, such as
through abrasions, zirconium salts are
likely to form granulomas, which
prompted their removal from cosmetics.
The granulomatogenic agent in such cases
may be either the soluble salt as it was
used in antiperspirants,* or the insoluble
hydroxide or acetate, used in topical
preparations to treat Rhus plant dermati-
tis.? Such granulomata are benign
growths that envelop the irritating agent
and, thereby, remove it from further
tissue contact. Granuloma, such as in-
duced by zirconium, is transitory if caused

by soluble salts, but permanent if in-
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duced by insoluble particles which re-
main imbedded indefinitely in tissue. In
this latter case, they are refractory to
therapy and require surgical removal.
Immunology: Zirconium does pro-
duce a hypersensitivity reaction, and
patch and intradermal injections are used
in diagnosis of allergy. Use of zirconium-
based stick deodorants or antiperspi-
rants, or topical preparations containing
zirconium oxide or carbonate for urushiol
hypersensitivity, induced either non-al-
lergic foreign body inflammations which
will heal over a period of one month, or
granulomatous hypersensitivity, charac-
terized as epithelioid cells that organize
into tubercles which do not phagocytize
zirconium. Due to such adverse reac-
tions the original zirconium personal
care formulations had to be removed
from the market. A zirconium oxychlo-
ride-aluminum chlorohydrate complex,
however, also proved to be effective as
a deodorant; it is one that does not
release zirconium into the skin and now
can be used without the risk of granu-
loma formation, even in persons with
granulomatous hypersensitivity to zirco-
nium.* Allergic hypersensitivity to zirco-
nium as secondary reaction to granulo-
matous hypersensitivity is still possible,
but is rarely seen any more.”?! Certain
zirconium compounds can also elicit
sarcoidal granulomas when introduced
into the skin, which can persist for a year

or longer.?*%

Reproduction of all or part of this article in English
or any other language is strictly probibited.
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