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Review of Health Hazards
and Toxicological Effects of
Constituents of Cosmetics

John Kanayochukwu Nduka, Henrietta Ijeoma Kelle
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Abstract

Cosmetic products are designed for use on human body for beautifying and
promoting attractiveness and appearance; for these reasons, cosmetics are in high
demand especially among women of all ages in every country. Despite many vulner-
abilities associated with cosmetic usage, the cosmetic and ‘makeup’ continues to
enjoy wide acceptability irrespective of age and sex. This is made possible by massive
advertising employed by producers and marketers of cosmetics. Advertising is the
link between manufactured products and would-be consumers; it plays a crucial role
in determining the product that is mostly patronised and vice versa. Therefore, ethical
advertising that promotes utilitarian benefits of cosmetics should be encouraged over
and above emotional advertisement that lowers self-esteem of consumers and offers
such products as solution to their low self-esteem. Despite the ban in many countries
of poisonous substances in cosmetic products, inexhaustive list of substances, such as
lead, chromium, nickel, mercury, arsenic, cadmium, hydroquinone, steroids, nitrosa-
mine, etc. are still present in many cosmetic products. In most cases, above regulatory
values, cancers, renal disorders, thinning and easy brushing of the skin, derma-
tophyte infection with lesions, macular hyper pigmentation, pityriasis vesicular,
diabetes mellitus, micropapular eruption, hypertension, etc. are possible toxicological
and health hazards that may be associated with continuous cosmetic application.

Keywords: cosmetics, hazardous constituents, toxicological effects,
public health issues, continuous cosmetic usage

1. Introduction

Body and personal care products (cosmetics) are designed to be applied
on body parts for the purpose of enhancing cleaning, protecting, beautifying,
healthy and young looking appearance or altering appearance without changing
the body’s operational nature [1, 2]. Body care products are of different kinds like
skin moisturizers, perfumes, lipsticks and lip glosses, finger nail polishes, eye and
facial makeup preparations, shampoo, hair colours and deodorant [3, 4]. A distinc-
tion that is made between cosmetics and drugs is that the latter is described as
substances used as medicine or used in medicine. That is, drugs are intended to be
used to treat or prevent ailments or diseases upon reaction with the human system.
In addition, unlike cosmetics, drugs must be subjected to and pass premarket
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screening test(s) where they are proven to be safe and effective before they are
marketed [3]. Certain chemicals that are part of cosmetic formulations have been
found to be harmful, and the usage of cosmetic products containing such chemicals
portends danger for human health. Inexhaustive list include heavy metals, hydro-
quinone, steroids, phenols and nitrosamines, etc. [1, 2, 5-9]. Surprisingly, in spite
of the regulations put in place to prevent or minimize the presence of such ingredi-
ents in cosmetic brands, heavy metals, organic and inorganic chemical substances
are still very much in them. A reason given for this is that such substances may be a
major component of the raw materials used in cosmetic manufacture or are deliber-
ately included in cosmetics [1, 6].

Cosmetic products appear not to be subjected to clinical trials or laboratory
testing(s) by regulatory authority in Nigeria before premarket approval. This is
evident from legal document setting up the Nigerian National Agency for Food and
Drug Administration and Control (NAFDAC). Guidelines stating the necessary
requirement for registration of imported cosmetics in Nigeria are the attachment of
certificate of analysis to the application for registration. This implies that safety and
quality of products are monitored through post-market surveillance (PMS) activity.
The implication is that laboratory/clinical testing of cosmetic products by NAFDAC
takes place only when a victim of hazardous effect of cosmetic is reported or an end
user discovers it to be defective or have side effects on the consumers. The guidelines
prohibit mercury and its compounds, including corticosteroids. The reason is that
mercury is a known cause of dermatitis and kidney damage which could manifest
as hypertension. Continuous and possible excessive application of corticosteroids
through cosmetics on the skin is reported to cause recalcitrant acne, red striae,
excessive hairiness, proneness to infections, insulin related ailments and cataract
[10]. Creams with hydroquinone at a concentration higher or in amount in excess of
two percent (2%) are under prohibition because their side effect manifests as exog-
enous ochronosis which is depicted as a dirty brown pigmentation or colouration on
areas of the body exposed to the sun followed by the skin’s loss of elasticity [10].

The cosmetic market in Nigeria is currently flooded with a variety of cosmetic
products in response to the high demands for such products [7]. Nigeria with a
conservative population estimated at 154,774,091 people as in February 2010 [11]
whose citizens are regarded as being highly fashionable and glamorous provides an
ever increasing market for cosmetic product manufacture, marketers and import-
ers. Cosmetic manufacturers and marketers/distributors selling products containing
mercury and corticosteroids usually violate fair packaging and labelling require-
ments by not always listing them as ingredients of the products. Furthermore,
dark-skinned African populace use cosmetic majorly in an attempt to change their
skin colour in response to social pressures [7]. Society tends to associate affluence
(social and professional success) with physical attractiveness [12]. This may suggest
the rationale behind the advertising strategy of most cosmetic manufacturers and
marketers whereby their products are promoted majorly by exposing the populace
to pictures of good-looking and even slightly above-average-looking females [3, 12].
It may also suggest the reason why Nigerian women were ranked high on a list of
African countries known for patronizing skin lightening products [6].

Nigeria, irrespective of their social-economic background, attach a lot of
importance to their looks and actively seek to improve such regardless of the cost or
implications [7].

Although skin lightening products alter the body’s structure and function
by inhibiting and/or reducing melanogenesis [2, 6, 9, 13], they are classified as
cosmetics rather than drugs and can be readily purchased over the counter at
roadside non-pharmaceutical stores. As a result, these products are much more
readily available, and since some of them come very cheap, anybody, regardless of
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socio-economic background would always find a product that is affordable [7]. The
choice of product usage is compounded by ignorance, illiteracy and make-believe
lifestyle. According to the Nigeria’s National Literacy Survey [11] carried out by
Nigeria’s National Bureau of Statistics, the study revealed that the adult literacy level
rate in English language stands at 57.9%. This makes it difficult for a large segment
of the population (42.1%) to even read and comprehend the inscriptions on the
label of cosmetic product, leaving them ignorant of the actual benefits and risks
associated with the cosmetics they have decided to use. That aside, the quest for
survival makes even the literate populace to pay little attention to information on
content and instruction on direction of use that are contained on the product labels.
A huge chunk of the cosmetic brands found in Nigeria are imported from America,
Europe and Asia. It is not surprising, as Nigerians view products tagged ‘foreign’ as
being of superior quality and therefore attach greater value to such products than
locally manufactured ones. In order to maintain a clean and healthy environment
that is free of pollution as well as protects public health, potential public health and
environmental pollutant such as cosmetics must have their contents carefully and
properly scrutinized and continuously monitored. The aim of this review is to X-ray
the toxicological profile and effects of toxicants contained in cosmetic brands in
Nigerian market and elsewhere.

2. Types of cosmetics

Many cosmetic products exist in Nigerian market and elsewhere across the
globe; some are locally made, while others are imported. They may occur in
liquid, semi-liquid, solid, granular and volatile form; examples include skincare
creams, hair creams, toothpaste, soaps, perfumes, lipsticks, fingernail and the
toe polish, eye and facial makeup, towelettes, permanent waves, hair colours,
hair sprays and gels, deodorants, hand sanitizer, etc. [3]. A ‘make-up is a micro
aspect of cosmetics’, which ordinarily can refer to colouring products intended to
improve the user’s appearance.

3. Harmful substances in cosmetics

The presence of some substances in cosmetics constitutes imminent danger to
the users. Such substances that may cause damage to the users of cosmetics include
but not only:

3.1Inorganic-heavy metals

These are metals having a specific gravity greater than four (4). Sulphides of
such metals are insoluble in water. Examples of heavy metals are cadmium, lead,
nickel, mercury, manganese, chromium, thallium, etc. [14].

3.2 Arsenic (As)

Arsenic occurs in many minerals, in conjunction with sulphur and other metals,
and also as a pure elemental crystal. Arsenic is a metalloid. It can exist in various
allotropes, although only the grey form has important use in industry [15]. It is
notoriously poisonous to multicellular life, although a few species of bacteria are
able to use arsenic compounds as respiratory metabolites. Arsenic contamination of
groundwater is a problem that affects millions of people across the globe [16].
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3.3 Cadmium (Cd)

Cadmium belongs to group IIB (group 12) of the periodic table and is used in
nickel-cadmium storage battery where it enhances long service life and a wide
operating range. It occurs in nature mostly in zinc deposits in the mineral greenock-
ite (CdS) and otavite (CdCOs). Its abundance in the earth’s crust is estimated to be
0.15 mg/kg and in sea water 0.11 pg/L [17].

3.4 Lead (Pb)

Lead belongs to group IVA (group 14) of the periodic table. It is one of the oldest
metals known to civilization. It is rarely found in nature in its native form but can
be found in several minerals such as galena (PbS), angelsite (PbSO,) and cerus-
site (PbCO;). Its concentration in the earth’s crust is 12.5 mg/kg and in sea water,
0.03 mg/L [17]. Lead and its alloys such as solder can be used in the construction of
pipelines, plumbing fixtures, wires, ammunition, containers for corrosive acids and
shield against short wavelength radiation.

3.5 Nickel (Ni)

Nickel is a transition metal, the most common oxidation state is +2, abundance
in the earth crust is 84 pg/kg, and its average concentration in seawater is 0.56 pg/
mL. It occurs in nature as in pentlandite (NiFe)S:6, limonite (FeNi) O(OH).nH,0O
and garnierite (NiMg)¢Si4sO10(OH)g [17]. Nickel metal is used in numerous alloys
that are used to construct various equipment such as reaction vessels, plumbing
parts, missiles and aerospace components. It is also used in catalysis [15].

3.6 Chromium (Cr)

Chromium belongs to group VIB (group 6) in the periodic table as a transi-
tion metal [15]. Chromium occurs in the mineral chromite, (FeO.Cr,03), and its
abundance in the earth’s crust is estimated to be near 0.01%, and its concentration
in sea water is 0.3 pg/L [17]. Its most important application is in the production
of nickel-based alloys. Trace amounts of Cr are necessary in the diet of mammals.
Cr’* and insulin are both involved in maintaining the correct level of glucose in
the blood. In cases of Cr deficiency, glucose is only removed from the blood half
as fast as normal. Some cases of diabetes may reflect faulty metabolism of Cr [15].

3.7 Manganese (Mn)

Manganese is distributed widely in nature, mostly as oxide, silicate and carbon-
ate ores. It is the 12th most abundant element in the earth’s crust. Its earth crust
concentration is estimated to be 0.093%; average concentration in sea water is
2 ug/L. Most important industrial use is in ferrous metallurgy yet an essential ele-
ment for plants and animals [17].

3.8 Mercury (Hg)

Mercury is the only liquid metal at standard temperature and pressure (STP),
with a freezing point of —38.83°C and boiling point of 356.73°C; mercury has one
of the narrowest ranges of its liquid state of any metal [18-20]. Mercury poisoning
results from exposure to water-soluble forms of mercury (such as mercuric chloride
or methylmercury), inhalation of mercury vapour, or eating seafood contaminated
with mercury [15].
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It is used in the manufacture of industrial chemicals, in electrical and electronic
applications and in thermometers, especially when high temperatures are required.
Larger proportions of gaseous mercury are used in fluorescent lamps, but its other
applications are gradually replaced considering health and safety implications
and in some applications totally substituted with less toxic but highly expensive
Galinstan alloy [21].

Compounds of mercury have found extensive application in medicine but are much
less utilized nowadays than previously intended, since its toxic effects are more widely
understood. The element mercury is an ingredient in dental amalgams. Thiomersal
(called Thimerosal in the United States) is an organic compound used as a preservative
in vaccines, though it has declined remarkably [22]. Another mercury compound mer-
bromin (mercurochrome) is a topical antiseptic used for minor cuts and scrapes and is
still in use in some countries. In the 1930s, some vaccines were preserved with thi-
omersal, which can convert to ethyl mercury on degradation or metabolism. Although
it was generally speculated that this mercury-based compound (preservative) can
cause autism in children, scientific proof to support the speculation was lacking
(Parker et al., 2004). But as a precautionary measure, the US government has removed
or drastically reduced thiomersal in all US vaccines recommended for children 6 years
of age or below, with the exception of inactivated influenza vaccine [22].

Cinnabar, a mercury compound, was utilized in traditional Chinese medicines.
When its safety considerations were reviewed, it was found that it can cause serious
mercury intoxication on application of heat, taken in more required concentration
or on continuous exposure time, and can have adverse effects at therapeutic doses,
though this is typically reversible at therapeutic doses. Despite the fact that mercury
in this form may be less toxic than others, its utilization in traditional Chinese medi-
cine can be justified as the therapeutic basis for the use has not been proved [23].
Presently, its application in medicine has slowed greatly in all aspect, especially
in developed countries. Some over-the-counter drugs such as topical antiseptics,
stimulants, laxatives, diaper-rash ointment and eye drops contain mercury com-
pounds. The FDA has inadequate data to establish general recognition of the safety
and effectiveness of the mercury ingredients in these products [22].

Thiomersal is widely used in the manufacture of mascara. In 2008, Minnesota in
the United States became the first state to ban intentional use of mercury in cosmet-
ics [24]. A study of mean concentration of mercury in urine samples shows skincare
products as a major exposure route to inorganic mercury among New York City resi-
dents. Population-based bio-monitoring confirms sea food and fish meals as a major
source of mercury [25]. Mercury can be absorbed through the skin and mucous
membranes, while the vapours can be inhaled, so containers of mercury are securely
sealed to avoid spills and evaporation. Literature has shown that the most toxic forms
of mercury are its organic compounds, such as dimethylmercury and methylmer-
cury. Inorganic compounds are highly toxic by ingestion or inhalation [26].

3.9 Nitrosamines

Nitrosamines are compounds of the chemical structure RiN (==R,)==N =0,
most of which are carcinogenic. They are formed when secondary amines react with
nitrous acid (generated by action of dilute acid on nitrites) in an environment with
pH values below 7 [27]. They are used in the manufacture of some cosmetics, in
pesticides and in most rubber products. In 1956, two British scientists, John Barnes
and Peter Magee, reported that dimethylnitrosamine produced liver tumours in
rats. Research was undertaken, and approximately 90% of nitrosamine compounds
were deemed to be carcinogenic [28]. In the 1970s, increased frequency of liver
cancer was found in Norwegian farm animals that were fed on herring meal that
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was preserved using sodium nitrite. The sodium nitrite had interacted with dimeth-
ylamine in the fish and produced dimethylnitrosamine [28].

3.10 Nitrite

Nitrite is the univalent radical NO,~ with a molecular weight of 46 g/mol or a
compound containing it, such as a salt or an ester of nitrous acid [29]. The nitrite ion
NO,™ has a V-shape that is based on a plane triangular structure; with nitrogen [N]
at the centre, two corners are occupied by oxygen [O] atoms, and the third corner
occupied by a lone pair. Asaresult, the N atom is sp2 hybridized [15]. Nitrite is a weak
oxidizing agent that oxidizes Fe* to Fe** and I” to I, while it is reduced to N,O or NO.

4. Organic substances
4.1 Hydroquinone

Hydroquinone, known as benzene-1,4-diol or quinol, is an aromatic organic
compound that is a type of phenol. Its chemical structure features two hydroxyl
groups bonded to a benzene ring in a para position. In a substituted form, the
derivatives of the compound can still be referred to as hydroquinone.

Hydroquinanese (R = H)
Hwydroguinonea is{trimethyilsilyl ether) (R = Si(CHsks)

Since it is weakly acidic, the reactivity of O—H groups of these compounds com-
pares well with other phenols. Its conjugate base can easily undergo O-alkylation as
to produce mono- and diethers. In the same way, hydroquinone is highly susceptible
to ring substitution by Friedel-Crafts reactions such as alkylation. This reaction is
used to produce much known antioxidants such as 2-tert-butyl-4-methoxyphenol
(‘BHA’). A very important dye quinizarin is produced by diacylation reaction of
hydroquinone with phthalic anhydride [30], but the most important reaction is the
conversion of hydroquinone to produce mono- and diamino derivatives—methyl-
aminophenol, used in photography.

Ce¢H,4 (OH), + CH3NH, - C¢H, (OH) (N (H) CH3) + H,O 1)

Also diamines, useful in the rubber industry as antiozone agents, can be pro-
duced from aniline:

Ce¢H4 (OH), + 2C¢HsNH, - CeH,4 (N (H) C¢Hs), + 2H,0 (2)

The compound is variously used, mainly with its action as a reducing agent that
dissolves in water. It is widely used in most photographic development for film and
paper. It can act as an inhibitor by preventing polymerization of acrylic acid, methyl
methacrylate, cyanoacrylate and other monomers that can respond to free radical-
initiated joining. This reaction utilizes the antioxidant properties of hydroquinone
to undergo mild oxidation and convert to the compound parabenzoquinone,
CgH40,, often called p-quinone or quinone. This reaction is reversible as reduction
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of quinone reverses this reaction back to the original form. Some biochemical
compounds in nature have this sort of hydroquinone or quinone section in their
structures, such as coenzyme Q, and can undergo similar redox interconversions.
Hydroquinone can lose an H* from both hydroxyl groups to form a diphenolate ion.

4.2 Steroids

This is an organic compound in which four cycloalkane rings are joined with
each other; dietary fat cholesterol, the sex hormone—estradiol, testosterone and
the anti-inflammatory drug dexamethasone are common examples. The steroid
centre consists of 20 carbon atoms which are bound together where they exhibit
the structure of 4 fused rings composed of 3 cyclohexane rings and 1 cyclopentane
ring. They vary by the functional groups attached to this four-ring core and by the
oxidation state of the rings [31]. All steroids are made in cells either from the sterol
lanosterol (animals and fungi) or from cycloartenol (plants). Both lanosterol and
cycloartenol are derived from the cyclization of the triterpene squalene [32].

Corticosteroids are a class of chemicals that includes steroid hormones naturally
produced in the adrenal cortex of vertebrates and are involved in a wide range of
physiological processes, including stress and immune response, and regulation
of inflammation, carbohydrate metabolism and catabolism of protein. Synthetic
glucocorticoids are used in the treatment of joint pain or inflammation, temporal
arthritis, dermatitis, allergic reactions, asthma, hepatitis, systemic lupus erythe-
matosus, ulcerative colitis, Crohn’s disease and sarcoidosis and for glucocorticoid
replacement or other forms of adrenal insufficiency (Higashi et al., 2009).

5. Bibliographies that prove cosmetic brands are in continuous use and
contain poisonous toxicants

An epidemiological survey was conducted by Adebajo [7] on the use of skin
lightening cosmetics among traders in Lagos, Nigeria, using 450 traders from three
major and popular markets (Tejuosho, Balogun and Mushin) in Lagos metropolis
between May and July 1998 using stratified sampling method. Information on their
socio-demographic characteristics, knowledge and attitudes to and the patterns of
use of skin lightening cosmetics were elicited from the respondents with the applica-
tion of questionnaire-based interview. The result obtained showed that for socio-
demographic characteristics of the respondents that participated, 28.9% were males
and 71.1% females. 51.6% were aged between 20 and 29 years with a mean of 30.8
years and about 49.3% were married. Over 95% of the respondents had some form of
formal education with 31.1% who had at least primary school education and 119 post-
secondary school education. Most of them (82.2%) were traders, while the remaining
operated small-scale business such as hairdressing, barbing, tailoring and chemist.
Many of them (45.6%) earned less than N1, 000.00, while 18 (4.0%) earned above
N5, 000.00 per month. For patterns of use of skin lightening cosmetics, 348 respon-
dents (77.3%) made up of 96 male traders (27.6%) and 252 female traders (72.4%)
admitted using skin lightening cosmetics. Sex did not have any effect on the pattern
of use of these cosmetics (p > 0.05). Hydroquinone-based cosmetics were the most
widely used by the respondents, and the least use was the mercury-based ones; female
traders generally tended to use more corticosteroid-based cosmetics much more than
male traders. The modal duration of the use of the skin lightening cosmetics was 1-3
years, although 29 respondents (8.3%) had used them for less than 6 months and
44 (12.6%) for 5 years. Many of the respondents (45.7%) who admitted using the
cosmetics spent between N250 and N500 per month on the cosmetics, while some
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(12.4%) spent between N500 and N1000. Over half of the respondent claimed that
they discovered the skin lightening cosmetics themselves, while, 123 (35.3%) were
influenced by their friends. Other sources of influence include health workers (2.3%),
chemist (5.5%), parents (1.4%) and the media (1.4%). One hundred and nine respon-
dents (31.3%) commenced the use of skin lightening cosmetics to treat skin blemishes.
Almost one-third of the respondents (30.2%) indulged in the use of these cosmetics
because they felt that being fair complexioned made them more attractive. Others use
them to cleanse or tone their faces and bodies (21.0%), and the rest used them simply
because they felt it was trendy to be fair complexioned. Only 14 respondents indulged
in the use of skin lightening cosmetics to satisfy the desires of the opposite sex.
Although the level of the use of skin lightening cosmetics increased with the level of
education of the respondent, this was weakly significant (p = 0.05). One hundred and
sixty seven (73.2%) Christians compared with 181 (81.5%) Moslems used bleaching
creams. This difference was statistically significant (p < 0.05). On how respondents
telt about their new look, most of the respondents (64.1%) felt they were more attrac-
tive; hence, they were more confident about their new look. Only 46 (13.2%) claimed
they were relieved of their skin blemishes, while 33 (9.5%) were better appreciated by
their spouses. About 50% of 348 respondents (made up of 44 males and 130 females)
who use skin lightening cosmetics developed side effects. Respondents were more
likely to develop side effects as duration of use increased from 6 months to 3 years.
Beyond 3 years, however, fewer respondents developed side effects. The respondents
reported several side effects, the commonest being yellowish brown colouration of
the skin (23.9%). Others were skin rashes, multiple stretch marks, thinning and easy
brushing of the skin. Twenty-five of the participants had worsening of their existing
skin conditions, and on observing some of the side effects, 79 respondents (45.4%)
just simply ignored the side effects, while only 35.6% stopped using the cosmetics. To
mitigate against these problems, clinical trials should be conducted to ascertain the
safety levels acceptable for the Nigerian skin types and climate.

Nnorom et al. [8] analysed the content of trace metal of several cosmetics in
Nigeria for the presence of lead, cadmium, zinc and iron; three groups of facial
cosmetics were used, such as eye pencil, eye liners and mascara, lipstick and lip
gloss and native eyeliner (tiro and uhie) which were purchased from retail outlet
and open market in Umuahia, Southeast Nigeria. The result from this study showed
that the range of Pb levels for lipsticks is higher in concentration than that for local
eyeliners, with the geometric mean value for the local eyeliners being 120.5 pg/g.
Comparative amounts of Pb were found in the local eyeliners and pencil. Cd was
generally low, being much less than 3 pg/g, while chromium was much higher than
the corresponding levels of nickel and cadmium in each sample group. Cr, Fe and
Zn were much higher in the samples than those of the non-essential metals, Pb, Ni
and Cd. Zinc and Fe were in the highest concentration. The research concluded that
the continuous use of these cosmetics could result in an increase in the trace metal
levels in human body beyond acceptable limits.

Nnoruka and Okoye [9] studied topical steroid abuse to document the preva-
lence, motives and observed complications of steroid use as depigmenting agent
among African Blacks of Southeast Nigeria; consecutively new patients are attend-
ing the dermatological clinic of the University of Nigeria Teaching Hospital, Enugu.
Nigeria, from June to December 2004, was recruited. All the participants were
adults (males and females) and were recruited only if they use depigmenting agents.
These was ascertained by obtaining information from the back of the containers
or packets of waste containers; leaflets containing useful information concerning
active ingredients were used to ascertain that the products contained well-known
active lightening substances such as hydroquinone, mercury compounds and
steroids. Questionnaire was used to obtain information on the most frequently
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used cosmetic and mode of application with full consent of the patients. Relevant
information such as age, sex, occupation, demographic information as well as names
and types of products utilized within the last three months; length of and regularity
of application and body parts involved; amount or volume utilized monthly and cost
involved were determined. Also medical history of the patients, if they have had
other medical conditions such as hypertension, diabetes mellitus or renal disorders,
and the duration of such problems. Manner and method of presenting the prob-

lem and clinical examination already are carried out in the affected areas. Where
adequate information were not obtained or unsatisfactory, relevant laboratory tests
like mycological studies, venereal disease research laboratory (VDRL), blood urea
electrolytes, creatinine, urinalysis or skin biopsy were performed on the patients.

The results they obtained showed that there were 547 (58.7%) patients
utilizing depigmenting agents who met the criteria for the study, out of the 931
consecutive new patients recruited for the study. Of these, 414 (75.7%) were
females and 133 (24.3%) were males within age range of 18-71 years. Traders
(22.7%) accounted for the most affected, followed by businessmen and women.
The duration of such practice varied from 3 months to 30 years. Utilization of
topical steroid amounted to 57.2% (313) patients for depigmenting cosmetic
agents. 5.9% (32) of participants agreed they were utilizing them as medication
for various skin or surface body conditions such as eczema, papulosquamous
disorders, sycosis barbae and connective tissue disorders. More than 21 differ-
ent steroid-containing products were utilized, mostly class 1 steroid in 89.6%
cases. These products include Topifram®, Topicort®, Topgel®, Topsyn®,
Movate®, Dermovate®, Diprosone®, Visible Difference®, Betadine®, Bio
Claire®, Betnovate-N, Neomedol®, Synalar®, Locacorten®, Palmer’s Spot
Remover®, Top Clear Skin®, Betnovate-C®, Neutone®, etc. Skin disorders
documented during dermatologic/systemic examination included widespread
dermatophyte infections with lesions, and diagnosis was frequently delayed or
missed (tinea incognito). The distribution among the participants were, on the
body in 191 (34.9%), macular hyper pigmentation of the face accounted for 204
(37.3%) cases, and these caused observable inflamed pustules and micropapular
eruption masking the entire face. Pityriasis versicolor was very noticeable and
situated at unusual sites, like the medial aspect of the upper and lower limbs
among 31 (5.7%) patients. They had deep depigmentation and are linked with
superficial atrophy; three patients among them had been associated with diabe-
tes mellitus which is in early stage. Other disorders and complications observed
were widespread striae in 161 (28.3%) cases, telangiectasia in 117 (21.3%), easy
bruisability in 95 (17.4%) and hypertrichosis in 73 (13.3%) cases. The study
concluded that cosmetic use of topical steroids exposes the users to several
cutaneous complications alongside medical and aesthetic problems.

Amit et al. [33] determined lead and cadmium in cosmetic products, like soap,
face cream, shampoo and shaving creams, using atomic absorption spectropho-
tometer. In samples consisting of a total of three different brands (coded A-C) of
each product and total five samples of one brand of each sample collected from
various retail shops from local market of Gwalior, India, the highest concentration
of lead was detected in soap with brand code B (1.59 mg g_l), while face cream,
brand code C (0.07 mg g_l) and talcum powder and brand codes B and C (0.24
and 0.25 mg g~') showed lowest lead content. For comparison between same
products with different brands, mostly brand A showed the highest concentra-
tion (soap, 4.63 mg g_l; face cream, 0.03 mg g_l; shampoo, 1.49 mg g_l; shaving
cream, 0.69 mg g~ '; and talcum powder, 0.38 mg g') followed by brand B (soap,
4; face cream, 0.05; shampoo, 1.59 mg g'l; shaving cream, 0.66 mg g'l; and talcum
powder, 0.25 mg g™ "). The highest concentration of cadmium was detected in
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shampoo with brand code A (0.042 mg g™") followed by soap with A and B brand
(0.04 and 0.037 mg g™ ). The findings showed that lead is a major toxic heavy metal
in cosmetic products.

Oyelakin et al. [34] assessed the level of mercury in soaps by the use of cold
vapour fluorescence spectrophotometric analysis in Gambia; a total of 16 brands of
soaps were analysed. These brands of soap were grouped under four categories: medi-
cated, toilet, skin lightening and laundry soaps. The soaps, purchased from different
supermarkets in the Gambia, were used for analyses. They showed that all 16 soap
brands contained mercury with concentration ranging from 2.87ng/g to 12.61 ng/g.

The World Health Organization [6] review on mercury in skin lightening
products revealed that mercury is a common ingredient found in skin lightening
soaps and creams as well as other cosmetics such as eye makeup, cleaning products
and mascara. It stated that skin lightening soaps and creams are more commonly
used in certain Africa and Asian nations and also among dark-skinned popula-
tions in Europe and North America. It further stated that mercury salts inhibit the
formation of melanin, resulting in lighter skin tone. The review showed countries
of greatest cosmetic use in Africa, Mali, Senegal, South Africa, Togo and Nigeria
in order of increasing usage by women as 25, 27, 35, 59 and 77% are reported to
use skin lightening products on a regular basis. Close to 40% of women surveyed
in China, Malaysia, the Philippines and Republic of Korea in the year 2004 were
reported to have used skin lighteners, while in India, 61% of the dermatological
market were made of skin lightening products. The result also showed that skin
lightening products are manufactured in many countries such as the Dominican
Republic, Lebanon, Mexico, Pakistan, the Philippines, Thailand and the United
States, and mercury-containing skin lightening products are available for sale over
the internet, while individuals from Brazil, Kyrgzstan, Mexico, and the Russian
Federation believe that mercury-containing skin lightening products are easy to
obtain. Furthermore, the result revealed that skin lightening products come in dif-
ferent forms, including soap and creams, with the soap containing approximately
1-3% mercury iodide, and the cream is composed of 1-10% mercury ammonium
(some soap products tested contained mercury at concentrations of up to 31 mg/kg,
whereas cream products had mercury at concentration as high as 33,000 mg/kg).

Oyedeji et al. [2] ascertained hydroquinone, chromium and aluminium levels
in cosmetics are marketed in Nigeria with the aim of proving that they contained
poisonous substances at levels harmful to the populace; 80 cosmetic emulsions
were purchased from a wholesale supermarket in Ibadan, Southwest Nigeria. The
various cosmetic emulsions country of manufacture were determined by inspec-
tion of labels on the cosmetic packaging. The concentration of hydroquinone (HQ)
was determined using a UV spectrophotometer. Heavy metals in the emulsion
were determined by atomic absorption spectrophotometer. The study concluded
that most of the cosmetic emulsion did not contain hydroquinone at levels that are
detrimental to the skin, while the heavy metals were within acceptable values.

Nduka et al. [35, 36] assessed the cancer and no cancer risk of heavy metals,
steroids, hydroquinone, nitrosamines and nitrites in 42 cosmetic brands purchased
from cosmetic shops in Southeastern Nigeria through dermal exposure pathway;
the total cancer risk value for both the cosmetic products manufactured in Nigeria
and the cosmetic products manufactured outside Nigeria was less than the regula-
tory purpose acceptable or tolerable risk level of 10~° to 10~* set by USEPA [37].
This implies that the low levels of these carcinogenic elements to which users of
these cosmetics are continually exposed to through the dermal exposure pathway
alone over their lifetime are unlikely to pose a non-cancer and cancer risk. This
therefore confers a measure of safety and no toxicological concern, but the values
for total cancer risk and non-cancer risk subsist entirely on the risk contributed
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by the heavy metals and do not contain any risk that may be contributed by other
hazardous substances as well as from other more common exposure pathways such
as inhalation and ingestion.

6. Toxicological effect of harmful substances in cosmetics

Minimal exposure level to arsenic can lead to serious illness or death [38]. Result
from Chile establishes a dose-dependent relation between chronic arsenic exposure
and various forms of cancer, especially when other risk factors, such as cigarette
smoking, are joined. The effect is established to persist below 50 ppb of arsenic
[39]. Studies on inorganic arsenic exposure suggest a small but measurable risk
increase for bladder cancer at 10 ppb [40]. The acute poisoning effects of cadmium
are nausea, vomiting, diarrhoea, headache and shock; inhalation of its dust and
fumes can cause cough, respiratory distress, congestion of lungs and broncho-
pneumonia [41]. The metal accumulates in the liver and kidneys, damaging these
organs when the exposure is chronic. Biological half-life of cadmium in humans is
estimated at 20-30 years. Cadmium is listed by the United States Environmental
Protection Agency [42] as one of the priority pollutant metal [43]. Absorption of
lead into the skin is governed by chemical structure; therefore, skin organic lead
absorption into the body tissues is more rapid than with inorganic lead compounds
because of greater lipid solubility; large amounts of lead gain access to nerve tissue
[44]. Acute effects of lead intake are ataxia, headache, vomiting, stupor, hal-
lucination, tremors and convulsions. Chronic cases include weight loss, anaemia,
kidney damage and memory loss. Lead bioaccumulates in bones and teeth, and it is
classified as an environmental priority pollutant by the US EPA. The safe level for
drinking water is 15 pg/L [41].

Skin contact with nickel can cause dermatitis, and a type of chronic eczema
known as ‘nickel itch’ is caused by hypersensitivity reactions of nickel on the skin
[45]. Oral toxicity of nickel is very low, but ingestion results to hyperglycerine and
depression of the central nervous system. Large dose inhalation of nickel dust can
cause lung and sinus cancer in humans. Nickel and certain of its compounds are
listed by International Agency for Research on Cancer (IARC) under group 2B
carcinogens as possibly carcinogenic to humans [45].

Cr®" is regarded as cancer-causing agent and is toxic [17]. It is corrosive to skin
and causes denaturation and precipitation of tissue proteins. Chronic exposure
may lead to cancer of the respiratory tract [17] and should be controlled in such a
manner that no person is exposed to carcinogenic chromium (VI) at concentrations
greater than 25 mg/m?’ of air, determined as the time-weighted average (TWA) con-
centration limit for up to a 10-hour workday or a 40-hr work week, over a working
lifetime [44]. Chronic inhalation of manganese dust or fumes can cause mangan-
ism, a nonfatal disease which affects the central nervous system. The symptoms are
mental disorder and disturbance in speech [45].

Mercury can cause both chronic and acute poisoning. Case control studies have
shown effects such as tremors, impaired cognitive skills and sleep disturbance in
workers with chronic exposure to mercury vapour even at low concentrations in the
range 0.7-42 pg/m3 [46, 47]. A study has shown that acute exposure (4-8 hours)
to calculated elemental mercury levels of 1.1-44 mg/m’ resulted in chest pain,
dyspnoea, cough, haemoptysis, impairment of pulmonary function and evidence of
interstitial pneumonitis [48]. Occupational exposure has resulted in broad-ranging
functional disturbance, including erythrism, irritability, excitability, excessive
shyness and insomnia. In regular and consistent use, a fine tremor develops and
may escalate to violent muscular spasms. Long-term, low-level exposure has been
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associated with more subtle symptoms of erythrism, including fatigue, irritability,
loss of memory, vivid dreams and depression [49, 50].

In 2006, the United States Food and Drug Administration revoked the approval
of the use of hydroquinone and proposed a ban on all over-the-counter prepara-
tions [51], because it felt that hydroquinone cannot be ruled out as a potential
carcinogen. The reason was based on the absorption in humans and the incidence
of neoplasm in rats shown by several studies in which adult rats showed increased
rates of tumour development [51].

Extensive literature documentation reveals that hydroquinone can cause exog-
enous ochronosis, a disease that deposits blue-black coloration on the skin, if taken
orally; but skin preparations containing the ingredient are administered topically
[51, 52]. Although proper use of hydroquinone as skin lightening agent can be effec-
tive, it causes skin sensitivity. The effect can be minimized by daily use of sunscreen
with a high persistent pigment darkening (PPD) rating. Hydroquinone can be com-
bined with alpha hydroxy acids which exfoliate the skin to quicken the lightening
process. In the United States, skin creams usually contain up to 2% of hydroquinone,
but higher amounts up to 4% or above should be prescribed and used with caution.

The most trending research and publication shows that minor constituents of other
chemicals such as phthalates, parabens and phenols in personal care products (sham-
poos, toothpaste, soap, etc.), though not extensively discussed, can cause early puberty
in young girls and boys. The chemicals can enter the body by cutaneous penetration
through the skin, inhalation or accidental ingestion. A worrisome aspect is that expo-
sure is very much possible through mothers during pregnancy and breastfeeding [53].

6.1 Skin depigmentation

In human medicine, hydroquinone is used as a topical application in skin
whitening to reduce the colour of skin by decreasing the production of melanin
pigment in the skin. Since hydroquinone lightens the skin by reducing melanin, it
simultaneously increases exposure of the skin to UV rays, thereby increasing skin
cancer risks due to UV exposure [54]. It does not have the same predisposition to
cause dermatitis as metals do. This use is banned in some countries, including the
member states of the European Union under Directive 76/768/EEC: 1976 [55].

6.2 Mechanism of whitening agent

Tyrosinase formation-suppresive
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Clinical trials and experimental results prove that corticosteroids can cause per-
manent eye damage by inducing central serous retinopathy (CSR) or central serous
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chorioretinopathy (CSC) [56]. Different steroid medications, from anti-allergy
nasal sprays (Nasonex, Flonase) to topical skin creams, eye drops (Tobradex) and
prednisone, have been implicated in the development of CSR [57].

Corticosteroids have been applied on people with traumatic brain injury. Ina
systematic study in which the authors recommended that people with traumatic head
injury should not be routinely treated with corticosteroids [58], side effects, such as
cutaneous addiction with the development of uncomfortable and unsightly dermato-
ses, can occur with just one 15 g tube of moderate steroid over a period of 1 year [59].

The use of corticosteroids have severe side effects such as steroid psychosis [60],
hyperglycaemia, insulin resistance, diabetes mellitus, osteoporosis, cataract, anxi-
ety, depression, colitis, hypertension, ictus, erectile dysfunction, hypogonadism,
hypothyroidism, amenorrhoea and retinopathy [61]. Evidence for corticosteroids
causing peptic ulceration is relatively poor except for high doses taken for over a
month [62]; majority of doctors as of 2010 still believe this is the case and would
consider protective prophylactic measures [63]. Corticosteroids have a low but
significant teratogenic effect, causing a few birth defects per 1000 pregnant women
treated. Corticosteroids are therefore contraindicated in pregnancy [64].

Nitrosamine has been established to cause cancer in animal species, which sug-
gests that it may also be carcinogenic in humans. Available prove from case-control
studies on nitrite and nitrosamine intake implicates it in gastric cancer (GC) risk
and oesophageal cancer (OC) [28].

According to Lautenschlager [27], there is no hard evidence on carcinogenic
effect of nitrosamine-contaminated products applied on the skin. The study sug-
gests that it is limited to nitrosamines inhaled with cigarette smoke or those formed
by sodium nitrite from nitrite cured food reacting with secondary amines from veg-
etables or other food components. The study stated that although there is no 100%
protection, as secondary amines and nitrite also occur in the natural environment,
however, as far as cosmetic products are concerned, it should be taken care that
nitrosamines and their co-chemicals such as secondary amines and nitrites are not
used in the formulation. It may be a fact that health risk involved with contaminated
surface body care products may be ignored as they are not supposed to remain on
the skin. Also, consumers can now hive a sign of relief by drawing attention to the
fact that the human system is equipped with its own secondary amines; therefore
the skin can fight off any so as to protect itself with its natural moisturizing factor
(NMF) which mainly contains amino acids. Chemical constituents of these amino
acids are regarded as primary amines that can interact with NO,, but when the
molecule is destroyed in the process, nonhazardous nitrogen is normally formed.

Nitrite is approximately 10 times more toxic than nitrate [65], and interaction
of nitrite with haemoglobin occurs in the blood as methaemoglobin is formed; this
compound drastically lowers oxygen carrying capacity of the blood; when this
happens, it results to methaemoglobinemia or ‘blue baby syndrome’ in infants; this is
caused by lack of acidity condition in the intestinal walls of infants that is supposed
to kill or reduce the bacteria; as a result these bacteria convert nitrate into nitrite. The
most outstanding symptom of methaemoglobinemia is the appearance of a bluish
colouration on the skin around the eyes and mouth as evidence of shortage of blood.
The medical condition is treatable on early detection using methylene blue injection,
which changes methaemoglobin back to haemoglobin, but death is sure when over
70% of the body’s haemoglobin has been replaced by methaemoglobin [29].

Exposure to heat can cause damage to any cosmetic or makeup products. It
changes the chemical formula, evaporates water and separates oil composition from
other ingredients (an occurrence referred to as creaming) [66]. It also encourages the
emergence of a culture medium for bacteria. The effect of these changes on the skin
is harmful as such cosmetic product would no longer satisfy its optimal role [67].
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7. Conclusions

We conclude that apart from mercury, steroids and hydroquinone, a variety
of other poisonous chemicals which are prohibited by many country’s regulatory
authorities are still present in many cosmetics. In many cases, cosmetic product
manufacturers, importers and marketers conceal the real constituent of cosmetics
by not listing them in the product label. Cosmetic and skin lightening products
are in high usage in every country of the world, especially among women of all
ages, even with the knowledge of hazardous effect it possess to human health. Skin
rashes, multiple stretch marks, yellowish brown colouration, hypertension, diabe-
tes mellitus, renal failure and cancer are some of the toxicological and health haz-
ards associated with cosmetic product usage and are linked to poisonous substances
used in cosmetic preparation.
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