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A B S T R A C T

Background: There is an urgent need to address the safety problems caused by the use of skin lightening cos-
metics. Evidence suggests that some of them may contain heavy metals.
Objectives: We conducted a systematic review of global legal regulations regarding the permissible level of
mercury, lead, arsenic, and cadmium in cosmetic products, with particular emphasis on skin lightening pre-
parations.
Methods: The systematic search of documents was a two-stage process. First, official websites of 17 regional
organizations and subsequently regulations for countries with a population over 100 million were searched.
Results: Fifteen legislative acts, encompassing more than 67·2% of the global population were reviewed.
Regulations were identified for 44/59 high income countries, 16/55 upper middle income countries, 9/45 lower
income countries, 0/34 low income countries. The median adult literacy rate was 91·4% and 64·2% in countries
with and without regulations, respectively. The use of mercury, lead, arsenic, and cadmium has been banned in
67, 67, 65, and 65 out of 69 countries, respectively.
Conclusions: While regulations exist in most of the high income countries, in low income countries there is a lack
of similar standards. In most countries for which these legal regulations have been identified, restrictions on the
permissible level of heavy metals are strict. There is a need for enforcement of existing rules, and rigorous
assessment of the effectiveness of these regulations.

1. Introduction

Skin lightening, also known as skin bleaching or skin whitening, is a
serious, though still neglected, global health issue. It concerns a sig-
nificant part of the worldwide population, regardless of age, sex or
country of residence. It is widespread among both females and males
and is seen as an ungendered practice (Peltzer et al., 2016). Moreover,
this problem applies not only to adults but also to minors (Charles,
2003; Ogunbiyi et al., 2018). The global prevalence of this practice
remains underexplored (Sagoe et al., 2018). However, already with the
limited available data, one can anticipate that this problem is severe. In

sub-Saharan Africa, the reported prevalence of skin lightening was
between 25% and 67% (Dlova et al., 2015). In eastern and southern
Asia, it ranged between 9% and 83% (Peltzer et al., 2016).

The reasons for such a high prevalence of skin lightening are mul-
tifactorial and have been evolving over time. The issue of lightening
affects already disadvantaged populations that face discrimination and
are marked by the long-standing history of social divisions (Charles,
2007). Demand for light skin tone is a social problem resulting from
societal pressure and stigma associated with darker skin (Charles,
2003). While the practice of using depigmenting agents has historically
been associated with complexion- and/or race-related oppression and
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classism, current research suggest that is perceived as an emerging
fashion trend (Hope, 2011).

Regardless of the motives behind skin lightening, this practice can
have serious health consequences. The health concerns are mainly re-
lated to exposure to heavy metals (Borowska and Brzoska, 2015), and to
a lesser extent to hydroquinone and corticosteroids contained in the
skin lightening products as intentional and unintentional ingredients
(Agorku et al., 2016). Exposure to heavy metals through skin lightening
such as mercury, lead, arsenic, and cadmium can lead to damages of the
circulatory and urinary systems (Chan, 2011; Genchi et al., 2017; Johri
et al., 2010; Navas-Acien et al., 2007; Rahman et al., 2018; Sun et al.,
2017). Moreover, the aforementioned metals penetrate the blood-brain
barrier, which can negatively impact critical neurological functions
(Karri et al., 2016; Xu et al., 2018). Furthermore, there is a significant
risk of metals passing through the placental barrier or into breast milk,
which may have serious health consequences for the offspring of
women using skin lightening products (Al-Saleh, 2016; Caito and
Aschner, 2017; Hon et al., 2017; Milton et al., 2017; Rebelo and Caldas,
2016; Rzymski et al., 2015; Sanders et al., 2015).

Due to the severe health risks associated with chronic exposure to
heavy metals, there has been an ongoing effort to limit their permissible
amount in skin lightening products. In 1973, the United States Food and
Drug Administration banned using mercury for skin lightening ("Code
of Federal Regulations, Title 21 - Food and Drugs, Chapter I - Food and
Drug Administration, Department of Health and Human Services,
Subchapter G - Cosmetics, Part 700, Subpart B, Sec. 700.13"). In 2011,
the World Health Organization recognized mercury-containing pro-
ducts as hazardous to health (Mercury in skin lightening products,
2011). Moreover, it expressed concern that skin lightening products
without mercury could still contain “other hazardous substances”. The
Pan American Health Organization followed suit six years later by is-
suing a toxicological note regarding mercury added to skin-lightening
products, recommending implementation and enforcement of appro-
priate regulations (Mercury added in skin-lightening products.
Toxicological note, 2017).

To date, little is known about the geographic coverage and strictness
of existing regulations regarding heavy metals in skin lightening pro-
ducts. Hitherto, no comprehensive review of such rules has been carried
out. Therefore, to address this gap, we conducted a rigorous and in-
tensive review of current global legal regulations regarding the per-
missible content of mercury, lead, arsenic, and cadmium in cosmetic
products, with a particular emphasis on skin lightening preparations.

We sought to answer the following specific research questions:

1. Which countries have legal regulations for mercury, lead, arsenic,
and cadmium in cosmetic products?

2. Do the existing regulations specifically address skin lightening
products?

3. How strict are these regulations and how much variability exists
across countries?

2. Materials and methods

2.1. Information retrieval

The methodological approach taken in this study is a mixed meth-
odology based on the review of current publicly available legislative
acts on substances prohibited in cosmetic products. This approach is
driven by the view that, according to the knowledge of the authors,
there is no publicly available search engine or repository, providing
access to references regarding legal regulations on production and
marketing of cosmetics.

The selection and identification of relevant regulations followed
roughly the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines. Inclusion criteria were defined a
priori: an official legislative document issued by an independent

country or group of independent countries concerning production and/
or trade of cosmetics. Accordingly, exclusion criteria were defined as
nonofficial documents, drafts of documents, documents issued by no-
longer existing countries or group of countries, documents not con-
cerning production and/or trade of cosmetics. Methods of the analysis
were specified in advance.

Information retrieval was a two-stage process. In the first step, the
official websites of the seventeen international regional organizations
were searched (Supplemental Fig. 1). Additionally, webpages of re-
levant government bodies of 13 countries with a population of over 100
million people were searched (i.e. China, India, United States, In-
donesia, Brazil, Pakistan, Nigeria, Bangladesh, Russian Federation,
Mexico, Japan, Ethiopia, and Philippines), if no regulations covering
these countries were found during the step 1.

All the websites mentioned above were accessed for the last time on
the 11th of July 2018. The documents published in eight languages:
English, Spanish, Portuguese, French, German, Chinese, Russian, and
Polish were searched.

The adult literacy rate in the population over the age of 15 years, for
both sexes was assessed according to the World Bank's method, i.e., by
proxy of the latest available adjusted net enrolment rate for lower
secondary education. Data on World population, World Bank income
groups (high, upper middle, lower middle, and low), latest available
gross national income per capita, and latest available adjusted net en-
rolment rate for lower secondary education were retrieved from the
World Bank on 10th of July 2018 ("GNI per capita, PPP (current in-
ternational $)"; "Literacy rate, adult total (% of people ages 15 and
above)"; "Population, total"; "World Bank Country and Lending
Groups"). Data on United Nations (UN) Member States was on 10th of
July 2018("UN Member States").

2.2. Data extraction

Relevant documents were reviewed as follows. Publications in
English, Russian, French, German, Spanish and Polish were reviewed by
IMM, in Chinese by CW, and in Portuguese by FLCS. If the document
met the conditions for inclusion, it was selected for full-text analysis
and data extraction. Discrepancies were resolved by discussion.

The data were collected according to the previously prepared form,
developed by IMM, listing region/country, effective year of regulation,
permissible level of mercury and its compounds, permissible level of
lead and its compounds, permissible level of arsenic and its compounds,
and permissible level of cadmium and its compounds. Data were ex-
tracted and the previously prepared form was filled by IMM ("ASEAN
Cosmetic Directive "; "Code of Federal Regulations, Title 21 - Food and
Drugs, Chapter I - Food and Drug Administration, Department of Health
and Human Services, Subchapter G - Cosmetics "; "Code of Federal
Regulations, Title 21 - Food and Drugs, Chapter I - Food and Drug
Administration, Department of Health and Human Services, Subchapter
G - Cosmetics, Part 700, Subpart B, Sec. 700.13"; "Cosmetic Ingredient
Hotlist (an administrative tool provided by Health Canada)"; "Decisión
516 Armonización de Legislaciones en materia de Productos
Cosméticos"; "Decisión 777 Modificación de la Decisión 516:
“Armonización de legislaciones en materia de productos cosméticos” ";
"Decision of the EEA Joint Committee No 49/2013 of 5 April 2013";
"The Drugs and Cosmetics Rules, 1945; with later amendments" 1945;
"The Food and Drugs Act", 1975; "GSO 1943:2016 - Safety Require-
ments of Cosmetics and Personal Care Products"; "Regulation (EC) No
1223/2009 of the European Parliament and of the Council of 30 No-
vember 2009 on cosmetic products"; "Standards for Cosmetics - Ministry
of Health and Welfare Notification No.331 of 2000"; "Technical reg-
ulations customs union TR TC 009/2011 "On the safety of perfume and
cosmetic products" "), FLCS ("Regulamento técnico Mercosul sobre lista
de substância que não podem ser utilizadas em produtos de higiene
pessoal, cosméticos e perfumes (Revogação da Res. GMC N° 29/05)")
and CW ("Safety and Technical Standards for Cosmetics. China Food
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and Drug Administration (CFDA) Announcement 2015, No.268 [EB/
OL]. ").

2.3. Data analysis and reporting

This study was exploratory and interpretative in nature. A de-
scriptive table was produced to summarize the legislation and provide
characteristics of the regulations. A world map was generated to show
the geographic coverage of countries for which legal regulations have
been identified using Tableau Desktop (Professional Edition Version
10.0). A scattered plot was used to show countries with and without

regulations according to their income and adult literacy profiles.
Subsequently, the allowable limit across countries were compared to
assess the existence and the extent of the geographic variations among
the countries.

3. Results

A total of eight official documents were initially identified during
searches of websites of regional organizations (Fig. 1). Four documents
were identified in manual searches of national regulatory agencies,
operating in countries with a population over 100 million. Additionally,

Fig. 1. The PRISMA flow diagram depicting the selection process through the different phases of the systematic review.
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publications from three other countries (i.e. Canada, Jamaica, and
Trinidad and Tobago) were added. A total of fifteen full-text legislative
acts met the eligibility criteria and were included in the review.

3.1. Geographic coverage of the identified legislations

The authors of the review identified and assessed current regulations
on the permissible content of heavy metals in skin lightening products
enforced in 69 out of 193 UN Member States (Fig. 2, Table 1). The vast
majority of these countries (62 out of 69) followed the rules established
by the customs unions to which they belonged. The majority of the
current legal regulations on cosmetics production and trade have been
enacted by international customs unions in the last two decades. The
detailed effective years of current regulations are shown in Table 1.

The regulations identified in the study encompassed more than
67·2% of the world's population in 2017 (5,034,150,930 out of

7,486,478,551 individuals). Among World Bank income groups, the
proportion of the identified regulations was: 44 out of 59 high income
countries, 16 out of 55 upper middle income countries, 9 out of 45
lower middle income countries, and 0 out of 34 low income countries.
In 61 out of 69 countries for which legal regulations were identified, the
adult literacy rate ranged from 46·3% to 99·9% (median 91·4%; Fig. 3).
In 92 out of 124 countries for which no regulations were identified it
varied between 1·0% to 98·0% (median 64·2%).

3.2. Regulations specifically addressing skin lightening

The authors of the study did not identify separate provisions for skin
lightening cosmetics. In all countries for which legal regulations exist,
lightening cosmetics are considered cosmetics in general.

Fig. 2. World map of countries with legal regulations on the permissible level of mercury, lead, arsenic, and cadmium in cosmetics (in white) and countries without
relevant regulations (in black).

Table 1
Countries with legal regulations on permissible levels of mercury, lead, arsenic, and cadmium identified in the current review.

Regional political/economic union Member countries* Effective year of
regulation

ASIA
Association of South-East Asian Nations

(ASEAN)
Brunei, Cambodia, Indonesia, Laos, Malaysia, Myanmar, Philippines, Singapore, Thailand,
Vietnam

2003

Cooperation Council for the Arab States of
the Gulf (GCC)

Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, United Arab Emirates 2016

Eurasian Economic Union (EAEU) Armenia, Belarus**, Kazakhstan, Kyrgyzstan, Russia 2012
Japan 2001
India 2005
China 2012

EUROPE
European Free Trade Association (EFTA) Iceland, Liechtenstein, Norway, Switzerland 2013
European Union (EU) Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France,

Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxemburg, Malta, Netherlands,
Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, United Kingdom

2013

NORTH AMERICA
Canada -
United States of America -
Jamaica 1975
Trinidad and Tobago 1975

SOUTH AMERICA
Andean Community Bolivia, Colombia, Ecuador, Peru 2012
Southern Common Market (MERCOSUR) Argentina, Brazil, Paraguay, Uruguay, Venezuela 2015

- no data on the effective year of regulation
* State by the day 11th of July 2018
** European member of EAEU
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3.3. Comparisons of legislations by country groups

In sixty-seven out of sixty-nine countries, the use of mercury and its
compounds in the production of cosmetics has been banned (Table 2).
The ban of mercury was fully prohibited in any cosmetic products only in
Japan. In sixty-five countries the maximum permissible level of mercury
for eye area products ranged from 0·0065% to 0·007%. Nine countries
provided information on the maximum permissible level of mercury
presence as an impurity, which varied between 1 ppm and 3 ppm. Color
additives containing mercury were regulated by United States of America
only, and the allowed permissible limit of this compound was 1 ppm.

The use of lead and its compounds has been banned in sixty-five
countries (Table 2). The maximum permissible level of lead as an

impurity was specified in eight countries, and amounted to 10 ppm. In
the United States, the maximum recommended trace amount of this
element in make-up cosmetics, shampoos, and lotions for the skin was
10 ppm. The maximum level of lead in color additives was regulated in
India and United States and amounted to 20 ppm.

Sixty-five countries have banned arsenic and its compounds
(Table 2). Most of them did not allow even a trace of these ingredients
in cosmetic products. The restrictions adopted by China permitted ar-
senic content as an impurity up to 10 ppm. In member states of the Gulf
Cooperation Council and Canada, the maximum non-intended permis-
sible level of lead was 3 ppm. The maximum level of arsenic in color
additives was 2 ppm and 3 ppm in India and United States, respectively.

The ban on the use of cadmium and its compounds in the production
of cosmetics has been introduced in sixty-five countries (Table 2). Its
maximum allowable content as an impurity has been defined as 3 ppm
in Gulf Cooperation Council countries and Canada, and 5 ppm in China.
The maximum permissible level of cadmium in color additives was
15 ppm and 100 ppm in United States and India, respectively.

4. Discussion

The study systematically reviewed global legal regulations on the
permissible content of four heavy metals in cosmetics, with particular
emphasis on skin lightening preparations. To the knowledge of the
authors, this is the first review of its kind.

4.1. Implications for the field of knowledge

The most obvious finding to emerge from this review is that relevant
legal acts exist in many countries around the world and apply to 67·2%
of the global 2017 population. This is a rather remarkable result. It
proves that legal regulations for more than two-thirds of the world's
population have already been implemented. Assessment of whether the
regulations identified in this review are adhered to remains an open
question. To date, several studies on the heavy metals content in skin
lightening preparations have been conducted. The results differed de-
pending on the region from which the tested products originated. Some
authors have attempted to assess the presence of mercury in skin
lightening products and found it in 6–100% of the tested cosmetics
(Agorku et al., 2016; Hamann et al., 2014; Maneli et al., 2016;

Fig. 3. Distributions of countries with and without regulations on the permis-
sible level of mercury, lead, arsenic, and cadmium in cosmetics according to
their latest available gross national income per capita ($), purchasing power
parity and lower secondary education enrolment rate (%).

Table 2
Identified regulations on the permissible content of mercury, lead, arsenic, cadmium and their compounds in cosmetic products.

Region Type of ban (maximum amount allowed)

Mercury and its compounds Lead and its
compounds

Arsenic and its
compounds

Cadmium and its
compounds

Eye area products Other than eye
area products

Asia ASEAN PA (Thiomersal:0·007%; Phenylmercuric salts
(including borate): 0·007%; Mixed mercurial
compounds: 0·007%)

FP FP FP FP
GCC IA (3 ppm) IA (10 ppm) IA (3 ppm) IA (3 ppm)
EAEU FP FP FP FP
Japan FP FP - - -
India PA (≤ 0·007% of mercury) FP FP FP -

CA (20 ppm) CA (2 ppm) CA (100 ppm)
China PA (Thiomersal:0·007%; Phenylmercuric salts

(including borate): 0·007%; Mixed mercurial
compounds: 0·007%)

IA (1 ppm) IA (10 ppm) IA (10 ppm) IA (5 ppm)
Europe EFTA FP FP FP FP

EU FP FP FP FP
North America Canada IA (1 ppm) IA (1 ppm) IA (10 ppm) IA (3 ppm) IA (3 ppm)

USA PA (0·0065% of mercury) IA (1 ppm) - - -
CA (1 ppm) CA (1 ppm) CA (20 ppm) CA (3 ppm) CA (15 ppm)

Jamaica - - - - -
Trinidad and
Tobago

- - - - -

South America Andean
Community

PA (Thiomersal:0·007%; Phenylmercuric salts
(including borate): 0·007%; mixed mercurial
compounds: 0·007%)

FP FP FP FP

Mercosur FP FP FP FP

IA - impurities allowed; CA - Color additives allowed; FP - fully prohibited; PA - preservatives allowed; - no data on banning or allowing the substance
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Mohammed et al., 2017). Researchers, who assessed skin lightening
creams in Trinidad and Tobago found arsenic in all of the products
(Mohammed et al., 2017). Other authors detected cadmium in six out of
fifteen tested face lightening cosmetics (Alqadami et al., 2017). Finally,
lead was found in eleven of fifteen of these skin lightening cosmetics
(Alqadami et al., 2017). Similar results were presented by authors who
examined the content of heavy metals in various non-lightening cos-
metics (Bocca et al., 2014; Nourmoradi et al., 2013). Notwithstanding,
the literature on the content of heavy metals in commercially available
cosmetics remains poor. Future studies on the topic are therefore re-
commended.

In most countries for which these legal regulations have been
identified, restrictions on the content of heavy metals are strict.
Mercury is a prohibited ingredient in cosmetics in most states. The
exceptions are the traces of Thiomersal and Phenylmercuric salts al-
lowed in the production of eye cosmetics. Regulations on lead, cad-
mium, and arsenic are even stricter, and most countries do not accept
any derogations. However, it should be noted that the legally permis-
sible trace levels of heavy metals in cosmetics have been determined so
far arbitrarily, and are not equivalent to “safe” levels. There is no sci-
entific literature confirming that chronic and regular exposure to the so-
called "trace" amounts of heavy metals has no impact on human health.
Further work is needed to fully understand the implications of exposure
to these levels of heavy metals.

The most relevant finding was that legal regulations cover mainly
high and upper middle income countries, while in low income countries
the market of skin lightening products remains unregulated.
Furthermore, the median literacy rate among populations protected by
regulations is substantially higher than in populations that are not
protected. Therefore, there is a risk that even if access to complete in-
formation on the composition of the cosmetic is available, consumers
with lower education level may not be able to make a fully informed
choice whether or not to purchase the product. Moreover, in most of the
countries not covered by the legislation, the majority of the population
is non-White. It means that the problem of the easy access to un-
controlled, potentially dangerous to health skin lightening cosmetics,
affects already vulnerable, disadvantaged, and marginalized popula-
tions. The structure and history of these communities may contribute to
problems with identity construction, partially caused by self-hate re-
sulting from trauma in the postslavery environment (Charles, 2003).
Finally, because of marginalization of these groups by whole economic
regions or within otherwise prosperous nations, some of their members
were instilled with a false and profoundly harmful conviction about the
superiority of the European canon of beauty.

4.2. Strengths and limitations of the study

The presented literature review has essential strengths. This is the
first study that comprehensively synthesizes global regulations on the
content of heavy metals in cosmetics. Reviewers focused on identifying
international law and national regulations for countries with a popu-
lation of over 100 million people. A significant advantage of the ap-
proach is that legal regulations covering as much as 67·2% of the
world's population were identified. The collaborative nature of the re-
search group offers another advantage, namely the summary of legal
provisions published in eight languages.

Since the study was limited to customs unions and countries with a
population size of at least 100 million, it was not possible to identify the
provisions for states that did not belong to the customs union, or for
which customs unions did not legally regulate the production and trade
of cosmetics. It is also unknown if there are provisions in other lan-
guages than the eight reviewed here. Notwithstanding these limitations,
the results of the study contribute in several ways to our understanding
of the safety of skin lightening cosmetics and provide a basis for future
discussion on policymaking in this field.

4.3. Suggestions for the consumer organizations, and policymakers

The findings of the study will help inform and guide policymaking
addressing health risk of skin lightening. Based on the results of the
review, there is firstly a need to protect consumers in low income
countries. Secondly, in the face of the popularity of online purchases
and lack of control of the global market, there is a need for uniform
global legal regulations that will cover online sales. Subsequently, there
is a need for a repository of existing legal provisions to which easy
access will be ensured for both scientists, legislators, and consumers.

Since the introduction of cosmetics to the market does not require
registrations and clinical trials, possible incompatibilities of their
composition with legal provisions are detected a posteriori. Hence, it is
crucial that local organizations controlling cosmetic products exchange
information about identified irregularities cross-nationally. This would
increase the efficiency of the effort put into ensuring the safety of
consumers.

An essential role in reducing the potentially harmful effects of using
lightening cosmetics is to increase public awareness. There are many
ways to achieve compliance such as legislation, enforcement, educa-
tion, and behavioral intervention such as nudging. As legal regulations
already exist in many countries, it is necessary to focus on the latter
two. Education and nudging are the roles of both consumer organiza-
tions and medical doctors. There is a need for awareness campaigns
about the potential harmfulness of heavy metals contained in many
lightening cosmetics. Perhaps it would be helpful to follow the example
of anti-smoking and anti-alcohol campaigns. However, the individual
motivations and sociostructural and historical contexts surrounding the
practice of skin lightening deserve further investigation to ensure that
public health campaigns are comprehensive, culturally sensitive, and
do not further stigmatize already marginalized groups (Benn et al.,
2016).

4.4. Suggestions for the further research work

Further research should be undertaken to investigate the prevalence
of using skin lightening cosmetics in the world, especially in popula-
tions not covered by legal regulations. Moreover, there is a need to
understand the motivation of using skin lightening cosmetics in order to
conduct interventions. Additionally, it is necessary to regularly assess
the chemical composition of lightening cosmetics available for sale,
which will provide evidence to evaluate the effectiveness of the reg-
ulations and can help consumers to make informed choices.
Furthermore, there is a need to systematize knowledge about potential
adverse health claims with the use of lightening cosmetics. Eventually,
this information should be disseminated among clinicians, which will
help them to quickly diagnose cases of poisoning with some cosmetics
ingredients, such as heavy metals.

5. Conclusions

This is the first ever systematic review of the global legal regulations
on the permissible level of heavy metals in cosmetics with particular
emphasis on skin lightening preparations. It has identified 15 docu-
ments that correspond to legal regulations in 69 countries around the
world, encompassing 67·2% of the global population.

The results reported here shed new light on the issue of skin light-
ening worldwide. One of the more significant findings to emerge from
this study is that legal regulations on heavy metals in skin lightening
cosmetics exist in many high and middle income countries, while in low
income countries there is a lack of similar standards.

This study has shown that there is a need for enforcement of existing
rules, and rigorous assessment of the effectiveness of these regulations.
Moreover, global harmonization of the above standards is necessary,
given the increasing availability of the skin lightening products, in-
cluding online sales. Furthermore, educating and nudging of
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consumers’ behavior, and cross-national sharing of information on
cosmetics are needed to reduce the scope of skin lightening products’
possible adverse effects.

Although this study focuses on skin lightening preparations, the
findings may well have a bearing on the field of cosmetics in general.
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