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Chapter

Heavy Metals in Cosmetics

Tamarva Attard and Everaldo Attard

Abstract

This review provides a comprehensive insight into the content of five heavy metals
found in cosmetics and their effects at the site of application and on several organs
via the dermal route of administration. Regulation of these products is very limited
with little information on limits of these metals at the disposition of manufacturers.
Lead and arsenic are considered to be contaminants in cosmetics whereas cadmium
may be present as a coloring agent besides being a contaminant. Nickel is notorious
for its association with allergic chronic dermatitis. Though mercury is rarely present
in cosmetics, it has been found in significant quantities in skin lightening creams. A
multi-variate meta-analysis was conducted to determine the relationships between
the five metals and any possible differences between the sixteen categories of formu-
lations used for facial and body skin care and cosmetic purposes. In general, lipsticks,
eye shadows, face paints, make-up foundation and skin lightening creams exhibited a
high amount of heavy metals superior to the levels of these metals in other facial and
body products. The outcome of this analysis urges regulators and manufacturers to
consider routine monitoring for the presence of these metals in cosmetics.

Keywords: lead, cadmium, nickel, mercury, arsenic, metallokinetics, metallodynamics

1. Introduction

A cosmetic is any product that is intended to be applied superficially to the human
body to keep the treated part in good health. In this process, the cosmetic should not
alter the physiological functioning of the body [1]. The use of cosmetics has been
practiced since antiquity as apart from cleansing, cosmetics also beautify and alter the
appearance hence making the individual more appealing and attractive. There are a
plethora of ingredients that were and are used in the formulation of cosmetics. The gen-
eral intended purposes of cosmetics have not changed throughout centuries and mil-
lennia, the formulation of these cosmetics has undergone significant transformations,
some of which include the processing and the ingredients used for their formulation.
The processing has changed from a domestic/small scale production to cater for a small
number of individuals to industrial/large scale production to cater for a wider consumer
population with the use of worldwide advertising and social media. On the other hand,
the constitution of cosmetics has also changed with time. With industrialization and the
use of petrochemically-derived substances, the cosmetic formulation changed from one
based on natural products to one which is mainly based on petrochemicals. However,
during these past decades, there was a change in the constitution of cosmetics, to
include more natural ingredients, due to the great interest and concern by consumers.
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As a consequence, the massive production of cosmetic products with a wide range
of ingredients, has raised several health and safety concerns. Nowadays, cosmetics are
generally regulated [2]. One major concern is that cosmetics overlap in use and func-
tionality with topical medicines. Several regulatory bodies attempted to devise a proper
definition for cosmetic products with the intent to segregate cosmetic products from
topical medicinal products. Within the European Union (EU), Council Directive 93/35/
EEC [3] amending Council Directive 76/768/EEC, a definition for cosmetic products
was laid down in article 1 of the directive. In the first part of the definition, the external
body parts which may be treated with cosmetics are mentioned. Other body parts are
excluded and this eludes to the understanding that cosmetic products should not be
applied to these other body parts. The second part is related to the ‘activities’ which are
allowed for a product to be considered as a cosmetic. These distinguish cosmetics from
topical medicinal products which are intended for the control or treatment of condi-
tions or else in making a medical diagnosis [4]. However, whereas topical medicinal
products are meticulously scrutinized before their placement on the market, cosmetics
do not undergo rigorous testing. Nevertheless, for cosmetic products, the manufactur-
ers, distributors and importers are responsible for the safety of cosmetic products being
placed on the market [5]. The latter regulation also states clearly what ingredients are
prohibited for their presence in cosmetic products. Amongst the prohibited ingredients
several heavy metals are also included. Whereas some metals and their salts are com-
pletely prohibited (e.g., tin, arsenic, cadmium, nickel and lead), other metals and their
salts are either allowed with a specific limit or else only specific salts for such metals are
allowed (e.g., cobalt, chromium, gold, mercury and selenium amongst others). Such
additions may not be intentional as the addition of some minerals may originate from
a natural source. Heavy metals, such as cadmium (Cd), lead (Pb), nickel (Ni), arsenic
(As) and mercury (Hg) were also detected in numerous other raw materials which can
be used for the production of cosmetics considered as natural products. These include
honey [6], argan oil [7], and olive oil [8] as well as citrus essential oils [9].

Because of this, some authorities also impose limits on the presence of certain
metals in cosmetics. For example, The Cosmetic Ingredient Review Expert Panel
established by Food and Drug Administration (FDA) in the USA issued limits on
As (5 ppm), Pb (5 ppm) and other heavy metals (20 ppm) [10]. The World Health
Organisation (WHO) set limits for Pb (10 ppm), Cd (0.3 ppm) and Hg (1 ppm). The
EU’s limits for Pb, Cd and chromium are 0.5, 0.5 and 1.0 ppm, respectively, while the
Canadian authorities set limits for Pb (10 ppm), Cd (3 ppm) and Hg (3 ppm) [11].
However, there tends to be inconsistency in the type of metals and the limits for the
metals by different authorities. As a consequence, this lack of harmonization leads to
confusion amongst authorities as regulators, several manufacturers as producers and
the general population as consumers. Despite all this, several researchers investigated
the potential presence of heavy metals in a wide range of products. This review aims
at compiling a large number of studies related to the presence of heavy metals in
cosmetics and their potential harm in human beings.

2. Heavy metals

Heavy metals are elements that are primarily found in the d and p-blocks of the
periodic table showing a metallic character and an ability to form salts. Some sources
specify that heavy metal should have a high density [12]. Such metals include lead,
cadmium, nickel, mercury and arsenic amongst others.
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The main concern is that heavy metals are ubiquitous and are present in several
matrices both living and non-living. Particularly in living matrices, heavy metals may
interfere with beneficial metals some of the latter being replaced by heavy metals that
would result in the erratic physiological functioning of bodily systems. This is not
an issue related only to mammals and humans, but such erratic behavior, in terms of
morbidity and mortality has been observed in other animals, such as insects [13], and
also in plants. Some of these heavy metals accumulate in biological systems and one
source for such accumulation is the daily and/or repeated use of cosmetic products
such as face powders, lipsticks and eye shadows [2]. Some heavy metals are commonly
found in cosmetics [14-20].

3. Metallokinetics and metallodynamics within the body

The absorption, distribution, metabolism, excretion and interaction of heavy
metals with bodily systems are complex processes that are not yet fully understood.
This is even more complex when considering that some cosmetics are applied and
rinsed shortly after (such as toothpastes, shampoos and conditioners and cleansers),
others are applied and allowed for a few minutes to hours (such as body creams,
lotions and facial makeup) and those that are applied and remain in contact with the
skin for several hours (such as nail polish and hair dyes). The kinetics and dynamics
of metals present in these cosmetic products, vary significantly in their fate and their
extent of effects [21].

With the application of cosmetic products, the mode of entry of heavy metals in
the body is via dermal or topical application. These metals may have either topical
and/or systemic effects in humans [22]. At the site of application, heavy metals may
accumulate in the stratum corneum causing local effects, that may be exhibited as
allergic contact dermatitis associated with an excess of a metal (such as Ni, cobalt and
chromium) at the site [23, 24] because of their binding to keratin [22]. In the case of
Ni, this metal has a high affinity to the histidine component of the filaggrin in the
stratum corneum [25]. Although, the mechanism by which heavy metals damage
the skin is not yet fully understood, it is believed that this may be provoked by the
formation of free radicals and/or by an inflammatory effect [26]. It was discovered
that metals may accumulate with repeated application of contaminated cosmetics.
Consequently, such areas would serve as reservoirs and hence lead to long-term
exposure of the individual to the metal, even when such cosmetics are no longer
applied [27]. The exposure of the skin to heavy metals may extend the dermal inflam-
mation to the systemic system [26]. Ni can only penetrate and reach the general
circulation, when damage is provoked by other metals [28]. Other metals such as Hg,
Pb and Cd may enter the general circulation through the skin layers and transported
to various organs within the body [29, 30]. This permeation can occur via sweat
glands and hair follicles. Besides direct contact, oral ingestion of heavy metals may
occur by the application of cosmetic products either to the lips (e.g., lipstick, lip gloss
and lip balms) or within the buccal cavity (toothpastes, mouthwashes and breathe
sprays) or by hand to mouth transfer of any cosmetic applied to any body part [31].
Thinner facial skin is more permeable than skin elsewhere [32]. Several studies show
that certain heavy metals (such as Pb, Hg and Cd) found in topical cosmetics are
found in high concentrations in the blood, urine and internal organs of individuals
who use cosmetics when compared to individuals who do not [33-40]. Cosmetics that
are applied directly to the skin may contain moisturizing agents that increase skin
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permeation that may allow the entry of xenobiotics, to which some heavy metals may
be bound, into the general circulation [41]. Apart from the binding of heavy metals to
exogenous substances [42], these may also bind to endogenous biological molecules,
hence replacing the beneficial metals. These metals may bind to several functional
groups such as the amine, carboxylic and thiol function groups present in several
proteins, some of which have functional roles (such as enzymes), while others have
structural roles (such as collagen, keratin, actin and myosin). These metals can also
bind to nucleic acids which may lead to defective DNA and RNA synthesis that may
result in carcinogenesis. The application of underarm products has been hypotheti-
cally associated with the possibility of breast cancer [43]. Therefore, heavy metals
provoke several toxic effects at the cellular and molecular levels [44, 45].

Several authors reported the presence of heavy metals in cosmetic products.
This review gives an insight into the presence and effects of the most notorious and
underestimated heavy metals in cosmetics products. The metals under discussion are
lead, cadmium, nickel, mercury and arsenic.

4. The presence of typical heavy metals in cosmetics and their effects
4.1Lead

One of the most studied heavy metals is lead. Lead is not normally used for its
potential properties but it is rather considered as a contaminant with serious effects
on human health. When a lead comes in contact with vital organs, it is neurotoxic,
nephrotoxic and hepatotoxic [46, 47] and may provoke effects also on the reproduc-
tive system [48]. Lead can also affect fetal development through its passage via the
placenta [49, 50]. Some studies have shown that it is considered a potential carcinogen
to humans [51]. It has been reported that the level of Pb in the blood of consumers
who use eye cosmetics was threefold higher than that of non-consumers [52]. Lead
is acquired from industrial dust and fumes, car emissions, industrial chemicals such
as old paints and pesticides, and a burning of fossil fuels. Food contamination may
occur from some of these sources. Authorities worldwide are in a continuous struggle
to establish permissible limits for Pb. The World Health Organization established a
limit of 10 ppm [53]. The permissible level according to [54] is 0.1 mg/l. The FDA
established a maximum permissible content of 10 ppm for Pb in color additives for
the manufacture of cosmetics using Good Manufacturing Practices [10]. However, in
color additives, the Pb content should not exceed 20 ppm [55]. Lead and its salts are
prohibited in any cosmetic product within the EU [5]. Health Canada established a
limit of 10 ppm for lead in cosmetic products [11].

As shown in Tables 1-3, several researchers investigated the presence of lead
in several cosmetic products. The lipstick group is one of the most widely investi-
gated groups with over fifteen citations. Only one study reported the absence of Pb
in lipsticks [67, 70] whereas three other studies reported negligible Pb content in
lipsticks [56-58] as their lower limit. Four studies showed a significantly high lead
content (73.1-3760 ppm) [14, 16, 18, 57]. Most studies reported a Pb content that is
within the 20 ppm permissible limit established by the FDA [59]. Some studies also
tried to establish any differences between the high- and low-priced lipsticks (0.06—
0.106 ppm) [60]. Eyeshadows ranks second in terms of investigated groups for Pb
content. Four studies reported negligible Pb content in eyeshadows [31, 71-73] as their
lower end. Whereas some studies have reported low Pb content as their lower end, the
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Pb Cd Ni Hg As
Lipsticks <DL-252.4 ND-60.20 ND-22.8 <DL t0 80.00 0.01-6.931
[14, 18, [14, 18, [18, 45, 56, [58, 61-63] [58, 62, 63]
45, 56-66] 45, 56, 58, 60-62, 64,
0.27-3760 [16] 60-69] 66, 70]
Eye-shadows <DL-81.5 <DL-55.59 < 0.5-3594 <DL-181.00 <DL-1630
[16, 19, 31, [19, 58, 61, [19, 31, 61, 62, [58, 62] [58, 62, 75]
58, 61, 62, 65, 62, 65,71, 71,72,74]
71-74] 72,74]
Eyebrow 0.109-61.22 ND-1.12 2.1-10.52 [62] ND-67.42 ND-2.071
pencils and eye [58, 59, 62, 63] [58, 62, 63] 58, 62, 63] [58, 62, 63]
liners
Mascaras ND-12.51 ND-0.034 ND-0.028 ND-0.002 0.050-1.656
[58, 59, 73] [58] [76,77] [58] [58]
Make-up <DL t0 190 <DLto17 <DLt0131 48.99-60.77 0.12-1.0 [63]
foundation [60, 61, 63, [45, 60, 61, [60, 61, 64] [63]
64, 78] 63, 64]
Face paints 0.02-370 [79] 0.01-19.2 7.6 ppm [79] ND-0.004 0.125.0 [79]
[79] [69]
Face cream ND-1.9 [62] ND-0.37 ND [70] ND-1.27 [62] ND-0.171
[14, 62] [62]
Toothpaste ND-18.092 ND-2.490 0.025-18.535 ND-13.14 0.06-26.94
[21, 80, 81] [80-82] [80-82] [81, 83] [83]
Table 1.
The content of heavy metals in face products; cosmetics and face care products.
Pb Cd Ni Hg As
Body lotions <DL to 475 ND [62] ND-0.003 <DL to 47.5 ND-0.007 [62]
[61, 62] [62] [61, 62]
Hair shampoos 0.66-54.56 ND [14, 62] 0.01-0.06 ND-21.08 0.002-0.2
and conditioners [14, 62] [62] [62, 83] [62, 84]
Cleansers 0.04-22.14 ND [14] ND-0.08 ND-0.72 ND-0.009 [62]
(14, 62] [62] [62]
Lotions 0.068-8.29 0.007-2.13 0.012-6.29 18.98-19.02 1.537-1.543 [83]
[64] [64] [64] [83]
Hair dyes and 0.402-1770 0.001-1.11 0.081-4.167 53.74-90.32 0.16-0.71 [63]
creams [17, 63, 64] [63, 64] [64] [63]
Tonic creams 0.35-0.55 0.35-0.55 3.40-4.70 — —
[85] [85] [85]
Beauty cream 14.38-50.39 2.40-6.27 0.0175-5.09 4717-124.8 5.08-10.74 [83]
[14, 86] [86] [87, 88] [83]
Table 2.

The content of heavy metals in body products.

higher end exceeded the 20 ppm limit established by FDA [16, 19, 61, 71, 74]. Other
eye products include eyebrow pencils (0.109-18.60 ppm) [58, 62, 63] and mascaras
(ND-12.51 ppm) [58, 59, 73], all within the 20 ppm limit established by the FDA.
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Pb Cd Ni Hg As
Skin lightening <DL-143 0.1-1.276 2.59-11.17 <DL-126,000 0.7-12.30
creams [21, 60, 61, [60, 64, 89] [60, 64] [15, 53, 61, 70, [53, 89]
64, 89] 89-94]
Sunblock ND-6.889 ND-0.155 ND-12.37 ND-1.62 [62] ND-0.01 [62]
cream [62, 64] [62, 64] [62, 64]

Table 3.
The content of heavy metals in face and body products.

There is only one study that reported Pb levels of 61.218 ppm in mascaras [59]. Face
products vary significantly in their Pb content. Make-up foundation and face powders
contain negligible Pb content up to 190 ppm as reported by [61]. Other studies did not
exceed a content of 22.57 ppm [60, 63, 64], although one study reported a maximum
of 41 ppm [78]. Face washes exceed the FDA limit (24.06-40.61 ppm) [14] and face
creams contain minimal content of Pb (0.77 + 1.13 ppm) [62]. Cosmetic face paint
is a potential threat to frequent consumers as reported levels go up to 16.6 ppm [79].
Most hair products do not pose a potential problem as reported for hair shampoos,
conditioners and dyes [17, 62-64]. Only one study reported a level of 54.56 ppm in hair
products [14]. Several studies investigated body products that are applied over a larger
surface area than those mentioned previously. Beauty creams contain a considerable
amount of Pb with levels reaching 50.39 ppm [14, 86]. Although, somebody lotions
contain low Pb levels [62], one study shows also high Pb content in such products
[61]. This same study also reports a high Pb level in skin-lightening creams (up to
43.04 ppm) alongside another study showing a maximum level of 143 ppm [89]. On
the other hand, two studies show low Pb contents (<4.015 ppm) [60, 64]. Cleansers
and lotions also contain low Pb levels (< 22.14 ppm) [14, 62, 64]. Products that are
applied to the buccal cavity include toothpaste. These may pose a problem in addition
to mucosal absorption, Pb can be also ingested and absorbed via the gastrointestinal
tract. In some studies, the level of Pb in toothpaste is minimal (0.036 ppm) [80],
however, in other studies, the highest levels were 12.04 ppm [81] and 18.092 ppm [21].
Lead is considered as a contaminant that is present to different extents in various
cosmetic preparations. Several authorities recognize Pb as a toxic metal by setting up
limits for its presence in cosmetics.

4.2 Cadmium

Cadmium is one of the metals that has been used in cosmetics for its colored salts,
ranging from deep yellow to orange [2]. It has been associated with several toxicities
in humans, mainly attributed to its absorption after topical application of several
cosmetics [49, 86, 95] though this is very low (0.5%). Topically, it may cause irritant
dermatitis [96]. The main concern with Cd is that it tends to accumulate in human tis-
sues and then release slowly into the general circulation. However, it normally binds
to the keratin. Systemically, it mainly affects the skeletal, reproductive, metabolic
[88], respiratory and renal systems [97, 98]. It has been associated with osteoporosis,
diabetes, lung cancer and kidney damage [99]. It contributes also to skin ageing as
it may provoke oxidative stress [25]. Despite of its presence in cosmetics, it may be
found in several sources such as industrial wastes, agrochemicals (pesticides and
fertilizers) and batteries. According to the WHO, the permissible limit for cadmium
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is 0.3 ppm [53]. The permissible level according to [54] is 0.06 mg/]. The oral limit
for Cd is 0.09 pg/kg to 3 ppm as given by USP for nutritional supplements. Cadmium
and its salts are prohibited in any cosmetic product within the EU [5]. Health Canada
established a limit of 3 ppm for Cd in cosmetic products [11].

Cadmium is another metal, which is banned by several authorities but still found
in several cosmetics, as reported by several researchers (Tables 1-3). One of the
studies that reports the absence of Cd in lipsticks was conducted by [67]. Several
other studies reported levels that were lower than 0.002 ppm and levels that reached
content of 60.20 ppm. Despite this, only two studies showed levels of Cd higher
than 5 ppm [65, 68]. Due to possible ingestion, lipstick use may be linked to systemic
toxicity. A study established a difference between high-priced (0.34 + 0.20 ppm) and
low-priced (0.89 + 0.58 ppm) lipsticks [60]. Although, eye shadows may contain the
deep yellow to orange pigments more than lipsticks, the Cd content of eye shadows
as reported by several researchers did not exceed 3 ppm [19, 58, 62, 63, 71, 72, 74].
However, levels of 8.89 ppm [71] and 55.59 ppm [65] were reported for eye shadows.
Another eye make-up was reported to contain low Cd content by three studies. For
eyebrow pencils, the maximum content of Cd was 1.12 ppm [63], whereas the content
of Cd in mascaras was reported to be lower, i.e., 0.034 ppm [58]. Other facial cosmet-
ics were also reported to contain a low amount of Cd, with levels less than 0.96 ppm
[45, 60, 63, 64]. The highest level was expressed to be that of 17 ppm [61] in the
make-up foundation. Similarly, Cd levels did not exceed 0.67 ppm and 0.37 ppm in
face washes and face creams, respectively [14]. Tonic creams did not exceed a level of
0.55 ppm [85]. In face paints, the average level reported was 0.6 ppm [79]. Cadmium
was also absent in hair shampoos and conditions, with levels being below the detec-
tion limit [14, 62]. Negligible Cd content was also present in hair dyes with levels not
exceeding 1.11 ppm [63, 64]. Body cosmetics are also generally low in Cd with levels
not exceeding 0.92 ppm in skin lightening creams [60, 64, 89], 0.121 ppm in sunblock
creams [62, 64] and 2.13 ppm in lotions [64]. No cadmium was detected in body
lotions [62] and cleansers [14]. The level of Cd in most toothpastes did not exceed
0.058 ppm [80, 81] but a maximum of 2.49 ppm was reported [82].

Although, Cd is considered one of the most common and noxious heavy metals, it
seems that its use in cosmetics is very limited. It may be concluded that Cd presence
in cosmetics is considered to be a contaminant rather than an ingredient, as a coloring
agent.

4.3 Nickel

Nickel is one of the metal impurities which is inevitably found in several natural
ingredients used in cosmetic products. Most of the salts containing nickel are green
in color, hence also its potential use as a colorant. However, nickel is considered to be
a contact allergen that may provoke dermal sensitization, allergies, and dermatitis
[100] by direct and often prolonged exposure. Persons have been diagnosed with Ni
allergy due to its presence in topical cosmetic products and jewelry [101]. Nickel may
also affect the respiratory system which may result in nasal and lung cancer [98].
Despite of the potential use of cosmetics to maintain the skin in a rejuvenating state,
Ni in such products may lead to oxidative stress and hence promote skin aging [25].
This may be due to the overexpression of collagenases in the skin leading to the weak-
ening of the skin matrix and a subsequent loss in elasticity [102]. The International
Agency for Research on Cancer (IARC) has classified metallic Ni as a potential
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carcinogen to humans (Group 2B) and its compounds as carcinogenic (Group 1)
[103]. Nickel may be found occurring naturally in soil and volcanic dust. This may be
acquired from industrial dust and fumes. Due to the potential skin sensitization, lim-
its for Ni presence in products have been proposed. Limits of 5 ppm [88] and 1 ppm
[104] were suggested for certain household products and detergents, respectively.
Likewise, in cosmetics, a Ni limit was also proposed particularly aimed for sensitized
persons. Most “nickel-free” products on the market, contain less than 1 ppm of Ni
[31, 105, 106]. The permissible level is 0.20 ppm according to [107] for oral consump-
tion. Nickel and a number of its salts are prohibited in any cosmetic product within
the EU [5]. These include nickel monoxide, dinickel trioxide, nickel dioxide, trinickel
disulphide, tetracarbonynickel, nickel sulphide, nickel dihydroxide, nickel carbonate
and nickel sulphate.

Due to its possible implications in allergenic reactions, the content of Ni in a num-
ber of cosmetic products was reported by a number of research groups (Tables 1-3).
The risks associated with Ni intoxication is more possible with cosmetics that are
potentially ingested. Lipsticks and lip products are amongst these candidates. Most
lipstick products investigated by research groups rarely contained less than 0.20 ppm
of Ni for oral consumption. Due to the short-term duration of lipstick on the lips,
these products are applied frequently by consumers. This may pose a further exacer-
bation if ingested. The maximum levels in most studies range from 1.61 to 22.8 ppm
of Ni in lipsticks [18, 45, 56, 61, 64, 66, 70]. However, in one study it was reported
that the mean Ni content was 0.10 + 0.14 ppm [62]. It was demonstrated that the price
has no impact on Ni content of lipsticks (high-priced 8.24 + 3.29 ppm and low-priced
5.15 £ 4.19 ppm) [60]. Oral consumption may be due to the accidental swallowing
of toothpaste. Studies have shown the range of Ni content in most toothpaste is
between 0.02 and 2.54 ppm [80, 81] but another study reported maximum levels of
18.535 ppm [82]. Dermal sensitization has been associated with eye cosmetic prod-
ucts. In this situation the 1 ppm threshold is applicable. Several studies have reported
levels of Ni which exceed 1 ppm. Only two studies show that the minimum level of Ni
in eye-shadows was less than 1 ppm [19, 31]. In several studies, maxima for Ni levels
ranged between 4.133 and 359.4 ppm [61, 62, 71, 72, 74]. Nickel has been found in a
green eye liner which provoked a form of contact dermatitis in a 47-year-old woman
[76] whereas another study reported contact allergy to a Ni-containing mascara
[77]. A study reported a mean Ni content of 6.31 + 4.21 ppm in eyebrow pencils [62].
Most make-up foundation products seem to contain high amounts of Ni, quoting the
minimum values above 3 ppm and the maximum values to 13.01 ppm [60, 64]. Only
one study reported values being less than the detection limit [61]. In a study on face
paints, the average Ni content was 7.6 ppm [79]. However, in other facial formulations
such as face washes and creams, the content was reported to be very low with a mean
of 0.04 + 0.11 ppm [14] or not detectable [70] for these formulations respectively.
Hair products are of no major concern, as the levels in shampoos and conditions do
not exceed 0.06 ppm whereas the highest content of Ni in hair dyes is 4.167 ppm [64].
Body products vary in Ni content. In general, Ni does not exceed 12.37 ppm, but the
1 ppm of Ni is exceeded for most products that include skin lightening creams, sun
blocks, tonic creams and body creams [60, 64, 85, 87, 88]. Body lotions and cleansers
seem to contain very low Ni contents (<0.08 ppm) [62].

Whereas Ni in mascaras and eye shadows has been implicated in its involvement
in allergic chronic dermatitis, several studies have reported that Ni allergy cannot be
considered as the main risk factor in patients reporting eye-lid dermatitis [108].
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4.4 Mercury

Mercury is one of the heavy metals that is widely used in cosmetic formulations.
Although, mercury is known as a shiny, silvery, dense liquid, it may occur in vari-
ous inorganic and organic compounds. In the inorganic form, such as ammoniated
Hg, it is used for its skin lightening properties, whereas in the organic form, such as
phenyl mercuric and ethyl mercuric salts, it is used as a preservative in mascaras and
eye makeup cleansing products [90, 109]. After dermal application, Hg penetrates
through the skin via the hair follicles and sweat glands [29, 96]. During this process,
part of the Hg is reduced to the metallic form that accumulates in the skin tissue. Hg
blocks tyrosinase in situ, inhibiting the melanin-forming enzyme [110], hence its use
in skin-lightening creams [22]. Only one study mentioned that cream had the abbre-
viation ‘precip blanc’ on the label, which should suggest that this product contains Hg
[36]. Systemically, Hg may exhibit a range of signs which include vomiting, nausea
and kidney damage, central nervous sytstem effect which include irritability, tremors,
weakness, nervousness, fatigue and memory loss. It may affect also the sensorial
systems, that is, loss in hearing, taste and vision. Finally, high Hg content may lead to
death [111, 112]. In some instances, following dermal absorption and systemic uptake,
Hg may induce autoimmune glomerulonephritis. Studies reveal significant accumula-
tion of mercury in several organs and body fluids, such as hair (22.5 ppm, twice that
in non-cosmetic users), blood (up to 233 nmol/l, more than four times than that in
non-cosmetic users] and urine (up to 2531 nmol/day, fifty times more than that in
non-cosmetic users) [39, 91, 113, 114].

Mercury is a metallic element that is naturally occurring in the environment and
its compounds are the most common form that exists naturally in the environment.
Due to its ubiquity, several authorities issued limitations for Hg use. For instance,
the FDA restricts its use and is regulated in cosmetic products. The FDA allows a
maximum level of 1 ppm of Hg in mercury-contaminated lead acetate when used as a
colour in cosmetics [10]. Within the European Union, mercury and its compounds are
not allowed in cosmetics, whereas phenyl mercuric salts are only allowed as preserva-
tives in eye care products at a maximum allowable level of 70 ppm [5] whereas in the
US it is allowed up to a level of 65 ppm by weight [10]. Health Canada allows a maxi-
mum Hg content of 1 ppm in cosmetics [11].

The main emphasis of analysis by researchers was conducted on skin-lightening
creams due to their interaction with melanin metabolism. Very few studies report
levels below the 3 ppm threshold [15, 53, 70] (Tables 1-3). Other studies reveal values
up to 126,000 ppm [61, 89-93]. Although, in some lipstick products, the Hg content
was below the detection limit [58, 61, 62], some of these same studies and others
reveal contents up to 80 ppm [63]. The status of Hg contamination in eye cosmetic
products varies significantly with levels of up to 181 pm in eye shadows [58, 62],

6742 ppm in eyebrow pencils [58, 62, 63] but levels of up to 0.002 ppm in mascaras
[58]. Apart from the make-up foundation where levels of Hg reach a maximum

level of 60.77 ppm [63], other face products contain minimal amounts of Hg, such
as face creams (0.09 + 0.37 ppm [62]), sunblock creams (0.41 + 1.21 ppm [62]) and
face paints (<0.004 ppm [69]). In some studies, it was reported that the content

of Hg in hair products is below the detection limit [62] whereas in other studies, it
reached a maximum of 90.32 ppm [63, 83]. Body care products such as body lotions
and cleansers contain varied amounts of Hg [62], with products from the first group
with contents up to 47.5 ppm [61]. In some beauty creams, the Hg level reached a
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maximum of 124.8 ppm [83]. The presence of mercury in toothpaste has not been
widely investigated, but in two studies, the Hg level was reported to reach a maximum
of 13.14 ppm [81, 83].

As can be concluded from these studies, Hg is one of the least detected heavy
metals in most cosmetics [22], but not in skin-lightening products. Mercury is
found intentionally in face and skin care products rather than in products for purely
cosmetic use. Apart from skin-lightening properties, Hg compounds are claimed to
reduce and remove freckles, treat acne, and prevent and remove wrinkles [22].

4.5 Arsenic

Arsenic is a metalloid that is present ubiquitously as a major contaminant in the
environment. Although, it is redox inactive, its target functional groups are sulfydryl
groups on proteins which may lead to the depletion of glutathione [115], an essential
antioxidant of an amino acid origin, which prevents damage of cellular components
caused by radicals and heavy metals. On long-term dermal exposure, As can cause
hyperpigmentation and keratosis iz situ, but systemically it may lead to carcinogen-
esis and vascular diseases [115, 116]. Though considered as a less significant contami-
nant in cosmetics than other heavy metals, authorities sought to establish limits for
its presence in cosmetic products due to long-term exposure. The problem with As
contamination goes beyond the legal cosmetic products placed on the market. It has
been found in high quantities in cosmetic products from the underground market
[58]. As with Hg, the FDA established a limit for As (up to 3 ppm) for lead acetate,
as a colorant, contaminated with this metalloid [10]. This acceptable maximum limit
goes also under the general limits set by Health Canada for all cosmetics [11]. Arsenic
and its salts are prohibited in any cosmetic product within the EU [5].

In general, several studies reveal that As is not a significant contaminant and levels
of this metalloid rarely exceed the 3 ppm limit (Tables 1-3). In lipsticks, although
most studies report a level of up to 0.34 ppm [62, 63], a study reported a maximum
level of 6.931 ppm of As [58]. In eye cosmetics, the maximum permissible limit
is rarely exceeded. In general, eye shadows, eyebrow pencils and mascaras do not
contain As levels more than 3.704, 2.071 and 1.656 ppm, respectively [58, 62, 63].
However, in a study, it was reported that in kohl, there was an alarming presence of
As (810-1630 ppm). Kohl is an ancient eye cosmetic still used nowadays [75]. The
danger with kohl is not solely because of its use as a cosmetic but there are claims that
falsely indicating its use for the treatment of eye conditions. Apart from the presence
of Asin kohl, other face cosmetics, such as foundations and creams contain minimal
quantities of As, reported as up to 1.0 and 0.171 ppm, respectively [62, 63]. Less com-
monly used products include face paints particularly used by opera actors in China.
Levels of As reach a maximum of 25 ppm [79]. Shampoos, conditioners and dyes used
on the hair contain low As concentrations (<0.71 ppm) [62, 63, 94]. Likewise, in a
study, the As content for cleansers and sunblocks does not exceed 0.010 ppm [62] but
higher levels were reported for body lotions (1.543 ppm) [83]. There are some con-
cerns with skin-lightening creams as some exceed the 3 ppm threshold [53, 89] and
other creams with levels up to 10.74 ppm [83]. In some toothpaste, the As content was
26.94 ppm [83]. Most likely, As is present as a contaminant with other heavy metals
used for this purpose. In spite of these findings, As is one of those elements that is
rarely found in cosmetics [22]. However, its presence may raise concerns particularly
in legal products that are used on a long-term basis and in illegal cosmetic products on
the underground market.
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5. General considerations

The studies discussed in the previous sections highlight the importance of specific
metals as contaminants and additives in cosmetic products. To determine any particu-
lar relationships between formulations, a multi-variate meta-analysis was carried out
using Spearman correlation and Principal Component Analysis, taking into account
the maximum levels obtained for the various cosmetic formulations. Pearson correla-
tion statistics (Table 4) reveal a relationship between all five metals (r > 0.466). Two
latent factors had an eigenvalue greater than 1, which together explained 80.54% of
the total variance. The factor loadings demonstrated the different groups of variables
(Figure 1). Factor 1, displayed on the horizontal axis, weighed heavily on Pb, Cd,

Ni and As with lipsticks, eye shadows, face paints, make-up foundation and skin

Variables Cd Ni Hg As

Pb 0.538 0.495 0.527 0.579

Cd 0.779 0.334 0.750

Ni 0.446 0.641

Hg 0.465
Table 4.

Spearman correlation matrix for the five metals.

Observations (axes F1 and F2: 80.54 %)

4 SLc
o

HpB! Ep Vi

Fc P
Sb i °

F2 (15.62 %)

-5 -4 -3 -2 -1 0 1 2 3 4 5
F1 (64.93 %)

Figure 1.

Observations plot for the formulations. Legend: Lp = lipsticks; Es = eye shadows; Ep = eyepencils; Ma = mascaras;
Mf = foundation; Fp = face paint; Fc = face cream; Tp = toothpaste; SLc = skin-lightening creams; Sb = sunblock;
Hp = hair products; Hd = hair dyes; Bl = body lotion; Cl = cleansers; Lo = lotions; and Tt = tonic creams.
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lightening creams exhibiting high levels of these metals. These formulations were dis-
criminately different from the rest. On the other hand, F2, displayed on the vertical
axis, weighed heavily on Hg with skin lightening creams having superior quantities
of this metal for the other formulations. This multi-variate analysis consolidates the
findings from previous studies. The findings of such research works are at the disposi-
tion of authorities and policy makers for the formulation of high-quality cosmetic
products.

Author details
Tamara Attard! and Everaldo Attard®*

1 Department of Pharmacy, Faculty of Medicine and Surgery, University of Malta,
Msida, Malta

2 Division of Rural Sciences and Food Systems, Institute of Earth Systems,
University of Malta, Msida, Malta

*Address all correspondence to: everaldo.attard@um.edu.mt

IntechOpen

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

12



Heavy Metals in Cosmetics
DOI: http://dx.doi.org/10.5772/intechopen.102406

References

[1] Oyedeji FO, Hassan GO, Adeleke BB.
Hydroquinone and heavy metals levels in
cosmetics marketed in Nigeria. Trends in
Applied Sciences Research. 2011;6:622-
639. DOI: 10.3923/tasr.2011.622.639

[2] Safavi SO, Najarian RA, Rasouli-
Azad M, Masoumzadeh SH,

Ghaderi AM, Eghtesadi RA. A narrative
review of heavy metals in cosmetics;
health risks. International Journal of
Pharmaceutical Research. 2019;11:182-
190. DOI: 10.31838/ijpr/2019.11.04.031

[3] Council of the European Union.
Council Directive 93/35/EEC of 14

June 1993 amending for the sixth

time Directive 76/768/EEC on the
approximation of the laws of the Member
States relating to cosmetic products.
Official Journal of the European
Communities. 1993;151:33-36

[4] European Parliament and Council of
the European. Directive 2001/83/EC of 6
November 2001 on the Community code
relating to medicinal products for human
use. Official Journal of the European
Communities. 2001;L.311:67-128

[5] European Parliament and Council

of the European. Regulation (EC) No
1223/2009 of 30 November 2009 on
cosmetic products. Official Journal of the
European Union. 2009;L342:59-209

[6] Roman A, Madras-Majewska B,
Popiela-Pleban E. Comparative study of
selected toxic elements in propolis and

honey. Journal of Apicultural Science.
2011;55(2):97-106

[71 Mohammed FA, Bchitou R,
Boulmane M, Bouhaouss A,
Guillaume D. Modeling of the
distribution of heavy metals and
trace elements in argan forest soil and

13

parts of argan tree. Natural Product
Communications. 2013;8:21-23.
DOI: 10.1177/1934578X1300800105

[8] Brkljaca M, Giljanovi¢ ], Prkic¢ A.
Determination of metals in olive

oil by electrothermal atomic
absorption spectrometry: Validation
and uncertainty measurements.
Analytical Letters. 2013;46:2912-2926.
DOI: 10.1080/00032719.2013.814056

[9] La Pera L, Saitta M, Di Bella G,
Dugo G. Simultaneous determination
of Cd (II), Cu (II), Pb (II), and

Zn (II) in citrus essential oils by
derivative potentiometric stripping
analysis. Journal of Agricultural and
Food Chemistry. 2003;51:1125-1129.
DOI: 10.1021/j£020804t

[10] United States Food and Drug
Authorities, FDA’s Testing of Cosmetics
for Arsenic, Cadmium, Chromium,
Cobalt, Lead, Mercury, and Nickel
Content [Internet] 2020. Available
from: https://www.fda.gov/cosmetics/
potential-contaminants-cosmetics/
fdas-testing-cosmetics-arsenic-
cadmium-chromium-cobalt-lead-
mercury-and-nickel-content [Accessed:
December 13, 2021]

[11] Health Canada. Guidance on Heavy
Metal Impurities in Cosmetics [Internet]
2012. Available from: https://www.
canada.ca/en/health-canada/services/
consumer-product-safety/reports-
publications/industry-professionals/
guidance-heavy-metal-impurities-
cosmetics.html [Accessed: December
13, 2021]

[12] Al-Trabulsy HA, Khater AE,
Habbani FI. Heavy elements
concentrations, physiochemical
characteristics and natural radionuclides



Heavy Metals - New Insights

levels along the Saudi coastline of
the Gulf of Aqaba. Arabian Journal
of Chemistry. 2013;6:183-189.
DOI: 10.1016/j.arabjc.2010.10.001

[13] Borg D, Attard E. Honeybees
and their products as bioindicators
for heavy metal pollution in Malta.
Acta Brasiliensis. 2020;4:60-69.
DOI: 10.22571/2526-4338282

[14] Salve KS, Sonwane NS. Detection
of heavy metals in cosmetics. World

Journal of Pharmaceutical Research.
2015;4:1368-1372

[15] Peregrino CP, Moreno MV,

Miranda SV, Rubio AD, Leal LO. Mercury
levels in locally manufactured Mexican
skin-lightening creams. International
Journal of Environmental Research

and Public Health. 2011;8:2516-2523.
DOI: 10.3390/ijerph8062516

[16] Al-Saleh I, Al-Enazi S, Shinwari N.
Assessment of lead in cosmetic
products. Regulatory Toxicology

and Pharmacology. 2009;54:105-113.
DOI: 10.1016/jyrtph.2009.02.005

[17] Amartey EO, Asumadu-Sakyi AB,
Adjei CA, Quashie FK, Duodu GO,
Bentil NO. Determination of heavy
metals concentration in hair Pomades
on the Ghanaian market using atomic
absorption spectrometry technique.
British Journal of Pharmacology and
Toxicology. 2011;2:192-198

[18] Nnorom IC, Igwe JC, Oji-

Nnorom CG. Trace metal contents of
facial (make-up) cosmetics commonly
used in Nigeria. African Journal of
Biotechnology. 2005;4:1133-1138.
DOI: 10.5897/AJB2005.000-3224

[19] Volpe MG, Nazzaro M, Coppola R,
Rapuano F, Aquino RP. Determination
and assessments of selected heavy
metals in eye shadow cosmetics from

14

China, Italy, and USA. Microchemical
Journal. 2012;101:65-69. DOI: 10.1016/j.
microc.2011.10.008

[20] Bocca B, Pino A, Alimonti A,
Forte G. Toxic metals contained in
cosmetics: A status report. Regulatory
Toxicology and Pharmacology.
2014;68:447-467. DOI: 10.1016/j.
yrtph.2014.02.003

[21] Iwegbue CM, Bassey FI, Tesi GO,
Onyeloni SO, Obi G, Martincigh BS.
Safety evaluation of metal exposure from
commonly used moisturizing and skin-
lightening creams in Nigeria. Regulatory
Toxicology and Pharmacology.
2015;71:484-490. DOI: 10.1016/j.
yrtph.2015.01.015

[22] Borowska S, Brzéska MM. Metals
in cosmetics: Implications for human
health. Journal of Applied Toxicology.
2015;35:551-572. DOI: 10.1002/jat.3129

[23] Larese F, Gianpietro A, Venier M,
Maina G, Renzi N. In vitro percutaneous
absorption of metal compounds.
Toxicology Letters. 2007;170:49-56.
DOI: 10.1016/j.toxlet.2007.02.009

[24] Filon FL, D’Agostin F, Crosera M,
Adami G, Bovenzi M, Maina G. In vitro
absorption of metal powders through
intact and damaged human skin.
Toxicology in Vitro. 2009;23:574-579.
DOI: 10.1016/j.tiv.2009.01.015

[25] Chavatte L, Juan M, Mounicou S,
Leblanc Noblesse E, Pays K, Nizard C,
et al. Elemental and molecular imaging
of human full thickness skin after
exposure to heavy metals. Metallomics.
2020;12:1555-1562. DOI: 10.1039/
domt00121;

[26] Thyssen JP, Menné T. Metal
allergy—A review on exposures,
penetration, genetics, prevalence,
and clinical implications. Chemical



Heavy Metals in Cosmetics
DOI: http://dx.doi.org/10.5772/intechopen.102406

Research in Toxicology. 2010;23:309-318.
DOI: 10.1021/tx9002726

[27] Franken A, Eloff FC, Du Plessis ], Du
Plessis JL. In vitro permeation of metals
through human skin: A review and
recommendations. Chemical Research

in Toxicology. 2015;28:2237-2249.

DOI: 10.1021/acs.chemrestox.5b00421

[28] Irvine AD, McLean WI, Leung DY.
Filaggrin mutations associated with

skin and allergic diseases. New England
Journal of Medicine. 2011;365:1315-1327.
DOI: 10.1056/NEJMra1011040

[29] Palmer RB, Godwin DA,
McKinney PE. Transdermal kinetics of
a mercurous chloride beauty cream: An
in vitro human skin analysis. Journal
of Toxicology: Clinical Toxicology.
2000;38(7):701-707. DOI: 10.1081/
CLT-100102383

[30] Sun CC, Wong T'T, Hwang YH,

Chao KY, Jee SH, Wang JD. Percutaneous
absorption of inorganic lead compounds.
ATHA Journal. 2002;6:641-646.

DOI: 10.1080/15428110208984751

[31] Sainio EL, Jolanki R, Hakala E,
Kanerva L. Metals and arsenic in
eye shadows. Contact Dermatitis.
2000;42:5-10. DOI: 10.1034/j.1600-
0536.2000.042001005.x

[32] Feldman R]J. Regional variation

in percutaneous penetration of 14C
cortisol in man. Journal of Investigative
Dermatology. 1967;48:181-183.

DOI: 10.1038/jid.1967.29

[33] Warley MA, Blackledge P, O’gorman
P. Lead poisoning from eye cosmetic.
British Medical Journal. 1968;1:117

[34] Shaltout A, Yaish SA, Fernando N.
Lead encephalopathy in infants

in Kuwait: A study of 20 infants

with particular reference to clinical

15

presentation and source of lead
poisoning. Annals of Tropical
Paediatrics. 1981;1:209-215.

DOI: 10.1080/02724936.1981.11748090

[35] Al MF. Lead encephalopathy in
a Bahraini infant. Bahrain Medical
Bulletin. 1993;15(3):109-111

[36] Ozkaya E, Mirzoyeva L,

Otkiir B. Mercury-induced systemic
allergic dermatitis caused by ‘white
precipitate’ in a skin lightening cream.
Contact Dermatitis. 2009;60:61-63.
DOI: 10.1111/j.1600-0536.2008.01460.x

[37]1 Li S], Zhang SH, Chen HP, Zeng CH,
Zheng CX, LiLS, et al. Mercury-induced
membranous nephropathy: Clinical and
pathological features. Clinical Journal

of the American Society of Nephrology.
2010;5:439-444. DOI: 10.2215/
CJN.07571009

[38] Benz MR, Lee SH, Kellner L,
Dohlemann C, Berweck S. Hyperintense
lesions in brain MRI after exposure to

a mercuric chloride-containing skin
whitening cream. European Journal

of Pediatrics. 2011;170:747-750.

DOI: 10.1007/s00431-010-1333-1

[39] Chakera A, Lasserson D, Beck

LH Jr, Roberts IS, Winearls CG.
Membranous nephropathy after use of
UK-manufactured skin creams containing
mercury. QJM: An International

Journal of Medicine. 2011;104:893-896.
DOI: 10.1093/qjmed/hcq209

[40] Dickenson CA, Woodruff TJ,
Stotland NE, Dobraca D, Das R. Elevated
mercury levels in pregnant woman linked
to skin cream from Mexico. American
Journal of Obstetrics and Gynecology.
2013;209:e4-e5. DOI: 10.1016/j.
ajog.2013.05.030

[41] Bjorklund S, Engblom ],
Thuresson K, Sparr E. Glycerol



Heavy Metals - New Insights

and urea can be used to increase skin
permeability in reduced hydration
conditions. European Journal of
Pharmaceutical Sciences. 2013;50:638-
645. DOI: 10.1016/j.ejps.2013.04.022

[42] Flora SJ, Pachauri V. Chelation in
metal intoxication. International Journal
of Environmental Research and Public
Health. 2010;7:2745-2788. DOI: 10.3390/
ijerph7072745

[43] Darbre PD. Underarm cosmetics
and breast cancer. Journal of Applied
Toxicology: An International Journal.
2003;23:89-95. DOI: 10.1002/jat.899

[44] Shanker AK. Mode of action
and toxicity of trace elements. In:
Prasad MNYV, editor. Trace Elements:
Nutritional Benefits, Environmental

Contamination, and Health Implications.

Chichester: Wiley; 2008. pp. 528-555.
DOI: 10.1002/9780470370124.ch21

[45] Ullah H, Noreen S, Rehman A,
Waseem A, Zubair S, Adnan M, et al.
Comparative study of heavy metals
content in cosmetic products of
different countries marketed in Khyber
Pakhtunkhwa, Pakistan. Arabian
Journal of Chemistry. 2017;10:10-18.
DOI: 10.1016/j.arabjc.2013.09.021

[46] Patrick L. Lead toxicity, a review
of the literature. Part I: Exposure,
evaluation, and treatment. Alternative
Medicine Review. 2006;11:2-22

[47] Karri V, Schuhmacher M, Kumar V.
Heavy metals (Pb, Cd, As and MeHg)

as risk factors for cognitive dysfunction:
A general review of metal mixture
mechanism in brain. Environmental
Toxicology and Pharmacology.
2016;48:203-213. DOI: 10.1016/j.
etap.2016.09.016

(48] Chauhan AS, Bhadauria R,
Singh AK, Lodhi SS, Chaturvedi DK,

16

Tomar VS. Determination of lead and
cadmium in cosmetic products. Journal
of Chemical and Pharmaceutical
Research. 2010;2:92-97

[49] Ayenimo ]G, Yusuf AM,
Adekunle AS, Makinde OW. Heavy
metal exposure from personal care
products. Bulletin of Environmental
Contamination and Toxicology.
2010;84:8-14. DOI: 10.1007/
s00128-009-9867-5

[50] Horowitz Y, Greenberg D, Ling G,
Lifshitz M. Acrodynia: A case report
of two siblings. Archives of Disease in
Childhood. 2002;86:453. DOI: 10.1136/
adc.86.6.453

[51] Sprinkle RV. Leaded eye cosmetics:
A cultural cause of elevated lead levels
in children. Journal of Family Practice.
1995;40:358-362

[52] Mohiuddin AK. Heavy metals in
cosmetics: The notorious daredevils

and burning health issues. American
Journal of Biomedical Science and
Research. 2019;4:332-337. DOI: 10.34297/
AJBSR.2019.04.000829

[53] Sukender K, Jaspreet S, Sneha D,
Munish G. AAS estimation of heavy
metals and trace elements in Indian
herbal cosmetic preparations.
Research Journal of Chemical Sciences.
2012;2:46-51

[54] Singh R, Gautam N, Mishra A,
Gupta R. Heavy metals and living
systems: An overview. Indian Journal
of Pharmacology. 2011;43:246.

DOI: 10.4103/0253-7613.81505

[55] United States Food and Drug
Authorities. Draft Guidance for
Industry: Lead in Cosmetic Lip
Products and Externally Applied
Cosmetics: Recommended Maximum
Level. FDA-2014-D-2275. [Internet]



Heavy Metals in Cosmetics
DOI: http://dx.doi.org/10.5772/intechopen.102406

2016. Available from: https://www.
fda.gov/regulatory-information/
search-fda-guidance-documents/
draft-guidance-industry-lead-cosmetic-
lip-products-and-externally-applied-
cosmetics-recommended [Accessed:
December 13, 2021]

[56] Liu S, Hammond SK, Rojas-
Cheatham A. Concentrations and
potential health risks of metals in
lip products. Environmental Health
Perspectives. 2013;121:705-710.
DOI: 10.1289/ehp.1205518

[57] Brand3o JDO, Okonkwo O],
Sehkula M, Raselek ARM.
Concentrations of lead in cosmetics
commonly used in South Africa.
Toxicological & Environmental
Chemistry. 2012;94(1):70-77.

DOI: 10.1080/02772248.2011.633911

[58] Saadatzadeh A, Afzalan S,
Zadehdabagh R, Tishezan L, Najafi N,
Seyedtabib M, et al. Determination of
heavy metals (lead, cadmium, arsenic,
and mercury) in authorized and
unauthorized cosmetics. Cutaneous
and Ocular Toxicology. 2019;38:207-211.
DOI: 10.1080/15569527.2019.1590389

[59] Philip J, John S, Othman O. Levels
of heavy metals in selected facial
cosmetics marketed in Dar es Salaam,

Tanzania. Tanzania Journal of Science.
2018;44:81-88

[60] Sani A, Gaya MB, Abubakar FA.
Determination of some heavy metals

in selected cosmetic products sold in
kano metropolis, Nigeria. Toxicology
Reports. 2016;3:866-869. DOI: 10.1016/j.
toxrep.2016.11.001

[61] Ababneh FA, Al-Momani IF.
Assessments of toxic heavy
metals contamination in cosmetic
products. Environmental

17

Forensics. 2018;19:134-142.
DOI: 10.1080/15275922.2018.1448908

[62] Lim DS, Roh TH, Kim MK, Kwon YC,
Choi SM, Kwack S§]J, et al. Non-cancer,
cancer, and dermal sensitization risk
assessment of heavy metals in cosmetics.
Journal of Toxicology and Environmental
Health, Part A. 2018;81:432-452.

DOI: 10.1080/15287394.2018.1451191

[63] Nasirudeen MB, Amaechi AU.
Spectrophotometric determination of
heavy metals in cosmetics sourced from

Kaduna Metropolis, Nigeria. Science
World Journal. 2015;10:1-5

[64] Arshad H, Mehmood MZ, Shah MH,
Abbasi AM. Evaluation of heavy metals
in cosmetic products and their health
risk assessment. Saudi Pharmaceutical
Journal. 2020;28:779-790. DOI: 10.1016/j.
jsps.2020.05.006

[65] Nourmoradi H, Foroghi M,
Farhadkhani M, Vahid DM. Assessment
of lead and cadmium levels in frequently
used cosmetic products in Iran. Journal
of Environmental and Public Health.
2013;2013:1-5. DOI: 10.1155/2013/96272

[66] Gao P, Liu S, Zhang Z, Meng P,

Lin N, Lu B, et al. Health impact of
bioaccessible metal in lip cosmetics

to female college students and

career women, northeast of China.
Environmental Pollution. 2015;197:214-
220. DOI: 10.1016/j.envpol.2014.11.006

[67] Vafaei F, Nouri G, Razi A.
Spontaneous cholecystocutaneous
fistulae: A case report. International

Journal of Pharmaceutical Research.
2018;10:345-344

[68] Gondal MA, Seddigi ZS, Nasr MM,
Gondal B. Spectroscopic detection

of health hazardous contaminants

in lipstick using laser induced
breakdown spectroscopy. Journal of



Heavy Metals - New Insights

Hazardous Materials. 2010;175:726-732.
DOI: 10.1016/jjhazmat.2009.10.069

[69] Hepp NM, Mindak WR, ChengJ.
Determination of total lead in
lipstick: Development and validation
of a microwave-assisted digestion,
inductively coupled plasma-mass

spectrometric method. Journal of
Cosmetic Science. 2009;60:405

[70] Sahu R, Saxena P, Johnson S,
Mathur HB, Agarwal HC. Heavy metals
in cosmetics. Centre for Science and
Environment. 2014:1-28

[71] Omolaoye ], Uzairu A, Gimba C.
Heavy metal assessment of some eye
shadow products imported into Nigeria
from China. Archives of Applied Science
Research. 2010;2:76-84

[72] Faruruwa MD, Bartholomew SP.
Study of heavy metals content in

facial cosmetics obtained from open
markets and superstores within Kaduna
metropolis, Nigeria. American Journal of
Chemistry and Application. 2014;1:27-33

[73] Al-Dayel O, Hefne ], Al-Ajyan T.
Human exposure to heavy metals from

cosmetics. Oriental Journal of Chemistry.
2011;27:1-11

[74] Swierczek L, Cieslik B, Matysiak A,
Konieczka P. Determination of heavy
metals in eyeshadows from China.
Monatshefte fiir Chemie-Chemical
Monthly. 2019;150:1675-1680.

DOI: 10.1007/s00706-019-02467-7

[75] Zakaria A, Ho YB. Heavy metals
contamination in lipsticks and their
associated health risks to lipstick
consumers. Regulatory Toxicology
and Pharmacology. 2015;73:191-195.
DOI: 10.1016/jyrtph.2015.07.005

[76] Travassos AR, Bruze M, Dahlin J,
Goossens A. Allergic contact dermatitis

18

caused by nickel in a green eye pencil.
Contact Dermatitis. 2011;65:307.
DOI: 10.1111/j.1600-0536.2011.01960.x

[77]1 Karlberg AT, Liden C, Ehrin E.
Colophony in mascara as a cause of eyelid
dermatitis. Chemical analyses and patch

testing. Acta Dermato—Venereologica.
1991;71:445-447

[78] Nnorom IC. Trace metals in cosmetic
facial talcum powders marketed in
Nigeria. Toxicological & Environmental
Chemistry. 2011;93:1135-1148.

DOI: 10.1080/02772248.2011.577075

[79] Wang B, Su Y, Tian L, Peng S,

Ji R. Heavy metals in face paints:
Assessment of the health risks to
Chinese opera actors. Science of The
Total Environment. 2020;724:138163.
DOI: 10.1016/j.scitotenv.2020.138163

[80] Odukudu FB, Ayenimo ]G,
Adekunle AS, Yusuff AM, Mamba BB.
Safety evaluation of heavy metals
exposure from consumer products.
International Journal of Consumer
Studies. 2014;38:25-34. DOI: 10.1111/
ijcs.12061

[81] Vella A, Attard E. Analysis of heavy
metal content in conventional and
herbal toothpastes available at maltese
pharmacies. Cosmetics. 2019;6:28.

DOI: 10.3390/cosmetics6020028

[82] Orisakwe OE, Okolo KO, Igweze ZN,
Ajaezi GC, Udowelle NA. Potential
hazards of toxic metals found in
toothpastes commonly used in Nigeria.

Roczniki Panstwowego Zaktadu Higieny.
2016;67:197-204

[83] Salama AK. Assessment of metals

in cosmetics commonly used in Saudi
Arabia. Environmental Monitoring and
Assessment. 2016;188:1-1. DOI: 10.1007/
s10661-016-5550-6



Heavy Metals in Cosmetics
DOI: http://dx.doi.org/10.5772/intechopen.102406

[84] Abdel-Fattah A, Pingitore NE. Low
levels of toxic elements in Dead Sea
black mud and mud-derived cosmetic
products. Environmental Geochemistry
and Health. 2009;31:487-492.

DOI: 10.1007/s10653-008-9201-x

[85] Abata EO, Ogunkalu OD,

Adeoba AA, Oluwasina OO. Evaluation
of the heavy metals in tonic creams
using the wet acid and dry ashing
methods. Earthline Journal of Chemical
Sciences. 2019;1:37-43. DOI: 10.34198/
ejcs.1119.3743

[86] Alam MF, Akhter M, Mazumder B,
Ferdous A, Hossain MD, Dafader NC,
et al. Assessment of some heavy metals
in selected cosmetics commonly used
in Bangladesh and human health risk.
Journal of Analytical Science and
Technology. 2019;10:1-8. DOI: 10.1186/
s40543-018-0162-0

[87] Theresa OC, Onebunne OC,
Dorcas WA, Ajani OI. Potentially toxic
metals exposure from body creams

sold in Lagos, Nigeria. Researcher.
2011;3:30-37

[88] Bocca B, Forte G, Petrucci F,
Cristaudo A. Levels of nickel and other
potentially allergenic metals in Ni-tested
commercial body creams. Journal of
Pharmaceutical and Biomedical Analysis.
2007;44:1197-1202. DOI: 10.1016/j.
jpba.2007.04.031

[89] Alqgadami AA, Naushad M,
Abdalla MA, Khan MR, Alothman ZA,
Wabaidur SM, et al. Determination

of heavy metals in skin-whitening
cosmetics using microwave digestion
and inductively coupled plasma
atomic emission spectrometry. IET
Nanobiotechnology. 2017;11:597-603.
DOI: 10.1049/iet-nbt.2016.0212

[90] Al-Saleh I, Al-Doush I. Mercury
content in skin-lightening creams and

19

potential hazards to the health of Saudi
women. Journal of Toxicology and
Environmental Health. 1997;51:123-130.
DOI: 10.1080/00984109708984016

[91] Chan MH, Cheung RC, Chan IH,
Lam CW. An unusual case of mercury
intoxication. British Journal of
Dermatology. 2001;144:192-193.

DOI: 10.1046/j.1365-2133.2001.03978

[92] Al-Ashban RM, Barratt DA,
Shah AH. Mercury contents of skin-
lightening creams marketed in Saudi

Arabia. Journal of Saudi Chemical
Society. 2006;10:383-388

[93] Sin KW, Tsang HF. Large-scale
mercury exposure due to a cream
cosmetic: Community-wide case
series. Hong Kong Medical Journal.

2003;9:329-334

[94] Bogusz MJ, Al Tufail M, Hassan H.
How natural are ‘natural herbal
remedies’? Adverse Drug Reactions and
Toxicological Reviews. 2002;21:219-229.
DOI: 10.1007/BF03256198

[95] Ahmadi-Jouibari T, Fattahi N,
Mirzaei N, Sharafi K, Ghafari HR.
Determination of cadmium in cosmetics
from Kermanshah, Iran by graphite
furnace atomic absorption spectrometry.
New Journal of Chemistry. 2017;41:11948-
11954. DOI: 10.1039/c7nj00406k

[96] Guy RH. Metals and the Skin:
Topical Effects and Systemic Absorption.
London: CRC Press; 1999

[97] Rebelo FM, Caldas ED. Arsenic, lead,
mercury and cadmium: Toxicity, levels
in breast milk and the risks for breastfed
infants. Environmental Research.
2016;151:671-688. DOI: 10.1016/j.
envres.2016.08.027

[98] Mahurpawar M. Effects of heavy
metals on human health. International



Heavy Metals - New Insights

Journal of Research-Granthaalayah.
2015;3:1-7. DOI: 10.29121/granthaalayah.
v3.19SE.2015.3282

[99] Alissa EM, Ferns GA. Heavy metal
poisoning and cardiovascular disease.
Journal of Toxicology. 2011;2011:1-21.
DOI: 10.1155/2011/870125

[100] Tuchman M, Silverberg JI, Jacob SE,
Silverberg N. Nickel contact dermatitis
in children. Clinics in Dermatology.
2015;33:320-326. DOI: 10.1016/j.
clindermatol.2014.12.008

[101] Halicz L, Portugal-Cohen M,

Russo MZ, Robino F, Vanhaecke T,
Rogiers V. Safety evaluation of traces of
nickel and chrome in cosmetics: The case
of Dead Sea mud. Regulatory Toxicology
and Pharmacology. 2015;73:797-801.
DOI: 10.1016/jyrtph.2015.10.016

[102] Cammarota M, Lamberti M,
Masella L, Galletti P, De Rosa M,
Sannolo N, et al. Matrix metallo-
proteinases and their inhibitors as
biomarkers for metal toxicity in vitro.
Toxicology in Vitro. 2006;20:1125-1132.
DOI: 10.1016/j.tiv.2006.02.004

[103] Ahlstrém MG, Thyssen JP,
Wennervaldt M, Menné T, Johansen JD.
Nickel allergy and allergic contact
dermatitis: A clinical review of
immunology, epidemiology, exposure,

and treatment. Contact Dermatitis.
2019;81:227-241. DOI: 10.1111/cod.13327

[104] Basketter DA, Briatico-Vangosa G,
Kaestner W, Lally C, Bontinck WJ.
Nickel, cobalt and chromium in
consumer products: A role in allergic
contact dermatitis? Contact Dermatitis.
1993;28:15-25. DOI: 10.1111/j.1600-
0536.1993.tb03318.x

[105] Le Coz CJ, Leclere JM, Arnoult E,
Raison-Peyron N, Pons-Guiraud A,
Vigan M, et al. Allergic contact

20

dermatitis from shellac in mascara.
Contact Dermatitis. 2002;46:149-152.
DOI: 10.1034/j.1600-0536.2002.460304.x

[106] Diepgen TL, Weisshaar E. Contact
dermatitis: Epidemiology and frequent
sensitizers to cosmetics. Journal of the
European Academy of Dermatology
and Venereology. 2007;21:9-13.

DOI: 10.1111/}.1468-3083.2007.02381.x

[107] Amer MM, Sabry BA, Marrez DA,
Hathout AS, Fouzy AS. Exposure
assessment of heavy metal residues

in some Egyptian fruits. Toxicology
Reports. 2019;6:538-543. DOI: 10.1016/j.
toxrep.2019.06.007

[108] Borghi A, Corazza M, Maietti E,
Patruno C, Napolitano M, Schena D,

et al. Eyelid dermatitis and contact
sensitization to nickel: Results from

an italian multi-centric observational
study. Endocrine, Metabolic & Immune
Disorders-Drug Targets (Formerly
Current Drug Targets-Immune,
Endocrine & Metabolic Disorders).
2019;19:38-45. DOI: 10.2174/18715303186
66180731114418

[109] Ladizinski B, Mistry N, Kundu RV.
Widespread use of toxic skin

lightening compounds: Medical and
psychosocial aspects. Dermatologic
Clinics. 2011;29:111-123. DOI: 10.1016/j.
det.2010.08.010

[110] Hostynek JJ. Factors determining
percutaneous metal absorption. Food and
Chemical Toxicology. 2003;41:327-345.
DOI: 10.1016/50278-6915(02) 00257-0

[111] Agorku ES, Kwaansa-Ansah EE,
Voegborlo RB, Amegbletor P, Opoku F.
Mercury and hydroquinone content

of skin toning creams and cosmetic
soaps, and the potential risks to

the health of Ghanaian women.
Springerplus. 2016;5:1-5. DOI: 10.1186/
s40064-016-1967-1



Heavy Metals in Cosmetics
DOI: http://dx.doi.org/10.5772/intechopen.102406

[112] Barr RD, Woodger BA, Rees PH.
Levels of mercury in urine correlated
with the use of skin lightening creams.

American Journal of Clinical Pathology.
1973;59:36-40. DOI: 10.1093/ajcp/59.1.36

[113] Soo YO, Chow KM, Lam CW,

Lai FM, Szeto CC, Chan MH, etal. A
whitened face woman with nephrotic
syndrome. American Journal of Kidney
Diseases. 2003;41:250-253. DOI: 10.1053/
ajkd.2003.50017

[114] Tang HL, Mak YF, Chu KH, Lee W,
Fung SK, Chan TY, et al. Minimal change
disease caused by exposure to mercury-
containing skin lightening cream: A
report of 4 cases. Clinical Nephrology.
2013;79:326-369

[115] Gibb H, Haver C, Gaylor D,
Ramasamy S, Lee ]S, Lobdell D,

et al. Utility of recent studies to

assess the National Research Council
2001 estimates of cancer risk from
ingested arsenic. Environmental
Health Perspectives. 2011;119:284-290.
DOI: 10.1289/ehp.1002427

[116] Bhattacharjee P, Chatterjee D,

Singh KK, Giri AK. Systems biology
approaches to evaluate arsenic toxicity
and carcinogenicity: An overview.
International Journal of Hygiene and
Environmental Health. 2013;216:574-586.
DOI: 10.1016/j.ijheh.2012.12.008

21



