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A Systematic Review of Mercury Exposures from Skin-Lightening Products

Ashley Bastiansz,’ Jessica Ewald,’ Veréonica Rodriguez Saldaiia,’ Andrea Santa-Rios,’ and Niladri Basu’

'Faculty of Agricultural and Environmental Sciences, McGill University, Montreal, Quebec, Canada

BACKGROUND: The Minamata Convention on Mercury (Article 4) prohibits the manufacture, import, or export of skin-lightening products containing
mercury concentrations above 1 ppm. However, there is a lack of knowledge surrounding the global prevalence of mercury-added skin-lightening
products.

OBJECTIVE: The objective of this study was to increase our understanding of worldwide human mercury exposure from skin-lightening products.

METHODS: A systematic search of peer-reviewed scientific literature was performed for relevant articles in four databases (PubMed, Web of Science
Core Collection, Scopus, and TOXLINE). The search strategy, eligibility criteria, and data-extraction methods were established a priori. The search
identified 2,303 unique scientific articles, of which 41 were ultimately deemed eligible for inclusion after iterative screens at the title, abstract, and
whole-text levels. To facilitate data extraction and synthesis, all papers were organized according to four data groups a) “Mercury in products,” b)
“Usage of products,” ¢) “Human biomarkers of exposure,” and d) “Health impacts.”

REsuULTS: This review was based on data contained in 41 peer-reviewed scientific papers from 22 countries worldwide published between 2000 and
2022. In total, we captured mercury concentration values from 787 skin-lightening product samples [overall pooled central median mercury level was
0.49 ng/g; interquartile range (IQR): 0.02-5.9] and 1,042 human biomarker measurements from 863 individuals. We also synthesized usage informa-
tion from 3,898 individuals and self-reported health impacts associated with using mercury-added products from 832 individuals.

Discussion: This review suggests that mercury widely exists as an active ingredient in many skin-lightening products worldwide and that users are at
risk of variable and often high exposures. These synthesized findings identify data gaps and help increase our understanding of the health risks associ-

ated with the use of these products. https://doi.org/10.1289/EHP10808

Introduction

Mercury is a global pollutant of concern to human health.' All
populations worldwide are likely exposed to varying degrees of
mercury.* Several inorganic and organic forms of mercury exist
naturally in the environment (i.e., metallic or elemental), and
although there are differences in their toxicity, all forms can
adversely impact human health including the nervous, cardiovas-
cular, and immune systems.l’2’4’

Human exposures to mercury outside of occupational settings
(e.g., artisanal and small-scale gold mining and dentistry) are largely
realized through the consumption of mercury-contaminated seafood
and contact with certain products that contain mercury (e.g., dental
amalgam, pesticides, broken fluorescent light bulbs, and bat-
teries)."* Skin-lightening cosmetics also contain mercury, and
there are increasing concerns about the dangers posed by frequent
usage of such products.” In certain cosmetic products, organic mer-
cury compounds, including ethylmercury, methylmercury, and phe-
nyl mercuric salts, may be used as preservatives.s_ ' Further,
inorganic mercury salts [e.g., mercurous chloride (calomel), mercu-
ric chloride, mercurous oxide, ammoniated mercuric chloride and
mercuric iodide, and ammoniated mercury], may be purposefully
added into skin-lightening cosmetic products as they interfere with
the tyrosinase enzyme inhibiting the skin from producing melanin,
resulting in lighter skin pigmentation.]z*14 Because mercury is
absorbed through the skin, mercury poisoning may arise after use of
a skin-lightening product.'”> Exposure to inorganic mercury has
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been associated with renal toxicity, neurological abnormalities, and
dermal rashes.'® Many women who use these products are of child-
bearing age, and the potential transfer of mercury from mother to
fetus could have implications resulting in neurological and nephro-
logical disorders.'”'®

Skin-lightening products exist in various forms (most com-
monly creams and soaps), and they are used without medical
supervision.'' Use of skin-lightening products is practiced world-
wide, particularly in African, Asian, and Caribbean nations, as
well as in darker-skinned communities in Europe and North
America.>®'” Individuals from these communities feel moti-
vated to use skin-lightening products to increase attractiveness,
remove existing blemishes, improve skin texture, and impress
their peers.”>"** Societal perception of beauty continues to perpet-
uate the notion that lighter skin is more desirable and creates more
social and professional opportunities.23 The market for skin-
lightening products is increasing as the demographics of users con-
tinues to expand, making it one of the fastest-growing beauty
industries globally.24 These products remain easily accessible at
beauty supply stores, ethnic markets, and online.”® The illegal na-
ture of skin-lightening products makes it difficult to differentiate
the established brands because there is a strong financial motive to
produce counterfeit products.26’27 As a result of the decentralized
nature of these products, it is difficult to control mercury-added
skin-lightening products, because countries often lack infrastruc-
ture to monitor their import and export.

The entry into force of the Minamata Convention on Mercury
on 16 August 2017 was a global environmental agreement by
governments set in place to reduce emissions and releases of mer-
cury and mercury compounds to protect human health and the
environment (Article 1).28 Article 4 of the Minamata Convention
mandated that parties must ban the manufacture, import, and
export of products that include creams and soaps with a mercury
content higher than 1 ug/g after 2020.*® This concentration of
mercury in cosmetics has already formed a basis for regulatory
action by organizations such as the U.S. Food and Drug
Administration (U.S. FDA)29 and Health Canada.*® Despite such
limits (and similar ones set by many governments worldwide),
many mercury-added skin-lightening products have mercury lev-
els that exceed 1 pg/g.'” Issues detailed in the previous para-
graphs, coupled with our limited knowledge concerning the
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global prevalence of these products and their mercury content,
pose challenges for researchers and regulators. Accordingly, the
overall objective of this study was to increase our understanding
of worldwide human mercury exposure from skin-lightening
products. This objective was realized through a systematic review
of the peer-reviewed scientific literature centered on the follow-
ing four data groups: a) “Mercury in products” for the characteri-
zation of mercury in products (e.g., concentration, speciation,
types of products); b) “Usage of products,” for users of
skin-lightening products (e.g., socioeconomic variables, demo-
graphics, exposure variables); ¢) “Human biomarkers of expo-
sure” for human biomarkers of skin-lightening users (e.g., hair,
urine, blood); and d) “Health impacts” for associated health out-
comes of usage.

Methods

Protocol and Search Strategy

A protocol for the search strategy was developed in July 2018. The
search was designed based on a review of key resources [Preferred
reporting items for systematic reviews and meta-analyses
(PRISMA); http://www.prisma-statement.org/],>" including a sys-
tematic review concerning methylmercury exposure from seafood
consumption32 and a recent review concerning worldwide mercury
exposures as part of the 2018 United Nations (UN) Global Mercury
Assessment.* The protocol defined study selection criteria and the
type of data that would be extracted for each study and was uploaded
to PROSPERO on 28 April 2020 (CRD42020160299).

A systematic search of peer-reviewed scientific literature was
used to identify relevant studies. An electronic search was per-
formed in four databases (PubMed, Web of Science Core
Collection, Scopus, and TOXLINE) as outlined in the PRISMA
flow diagram (Figure S1). The search strategy included two
Boolean search phrases that were combined with AND: #1 — mer-
cury OR Hg OR MeHg OR *Mercur®; and #2 - cosmetic® OR
lotion® OR cream”™ OR soap™ OR shampoo™ OR makeup OR
whitening OR lightening OR bleaching OR mascara. In addition
to the systematic search, we considered gray literature and refer-
ences cited in read works. We focused on works that were written
in English, French, Spanish, and Portuguese.

Study Eligibility and Selection Criteria

Scientific papers were identified and reviewed in July 2018, with
the search performed again in November 2020 and finalized in
April 2022. We restricted studies to those published in or after
2000 and only on original articles. After the initial literature search,
duplicates were removed, and all unique references were imported
to Mendeley. Next, these publication titles were reviewed to deter-
mine their relevance from which unique citations were identified to
have their abstracts read. Publications excluded at this “abstract
screening” stage were labeled with one of the following primary
reasons: “No abstract,” “Background paper,” “Foreign language,”
“Wrong drug,” “Wrong outcome,” “Wrong population,” “Wrong
population type,” “Wrong study design,” and “Wrong study dura-
tion.” Medical case reports were excluded from the main study but
were tagged so that they could be qualitatively summarized sepa-
rately from the formal systematic review. This abstract screening
activity was carried out by dividing the total number of publica-
tions into two parts, and each part was screened by three reviewers
(J.E.,V.S.,and A.S.).

For full-text screening, the inclusion criteria was whether we
could extract data or information (see “Data Extraction and
Analysis” section for specific variables) in accordance with four
data groups: a) “Mercury in products” for the characterization of
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mercury in products (e.g., concentration, speciation, types of prod-
ucts); b) “Usage of products,” for users of skin-lightening products
(e.g., socioeconomic variables, demographics, exposure varia-
bles); ¢) “Human biomarkers of exposure” for human biomarkers
(e.g., mercury measures in hair, urine, or blood) of skin-lightening
users; and d) “Health impacts” for associated health outcomes of
usage. Based on initial reviews of the available data as well as con-
sideration of the paper’s overall focus (i.e., exposure assessment),
we decided to focus the first (“Mercury in products”) and third
(“Human biomarkers of exposure’’) data groups on papers in which
quantitative data could be extracted, and papers from the second
(“Usage of products”) and fourth (“Health impacts’) groups on
papers in which data could be explored in a semiquantitative man-
ner in support of the overall objective.

Data Extraction and Analysis

To summarize mercury concentrations in skin-lightening product
data and human biomarkers, the approach of Sheehan et al.** was
followed. Briefly, we reported on two summary distributions
[central (median) and upper] for each skin-lightening product by
pooling the respective data together over relevant studies. When
studies had multiple measurements for central exposures, median
measurements were favored over the mean. Throughout this
report, we refer to total mercury as “mercury” measurements in a
given skin-lightening product or human biomarker sample type.

“Mercury in products” data group. Studies were organized
by location [country, World Health Organization (WHO) region]
of product manufacture and purchase and categorized into type of
product (cream, soap, facial cream, other), and method of pur-
chase (in store, online). Cream products were separated into
“creams” and “facial creams” because there are differences in the
skin’s texture between the body and the face. Products catego-
rized as “other” included scrubs, balms, oils, pills, and personal
mixtures as well as products that were not specifically labeled.
Personal mixtures of multiple products and at-home remedies are
commonly used to increase potency and whitening effect. From
each study, data was extracted on sample size (number) and vol-
ume of sample (milliliters or grams), along with key information
on the mercury measurement including the inorganic (ammoni-
ated mercury) and organic mercury compounds (phenyl mercuric
salts, thiomersal), testing instrumentation [cold vapor-atomic
absorption spectrophotometry (CVAAS), X-ray fluorescence
(XRF), inductively coupled plasma-mass spectrometry (ICP-
MS), etc.], analytical quality control (reported detection limit, ac-
curacy, precision), and a measure of the central mercury concen-
tration values (mean or median, as micrograms per gram). Skin-
lightening cosmetic samples assessed using XRF instrumentation
and commercial screening kits were excluded from the data anal-
ysis due to concerns surrounding the reliability of the measures
they report, though the information was retained in our database
for the user community. Products manufactured in the same geo-
graphic location (country, WHO region) and of the same product
type were collectively grouped together. We considered mercury
as an active ingredient in samples with concentrations greater
than 1 pg/g. Nondetectable mercury concentration values were
entered as half the detection limit as recommended in the U.S.
Environmental Protection Agency’s “Regional Guidance on
Handling Chemical Concentration Data Near the Detection Limit
in Risk Assessments.” In addition to mercury, we took this op-
portunity to inventory other potentially toxic elements and chemi-
cal bleaching agents found in skin-lightening products, as
reported in the included studies.

“Usage (if products” data group. A review publication by
Sagoe et al.>* was identified and adopted as a framework for this
data group. Because usage patterns are irrespective of product
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ingredients (i.e., mercury, hydroquinone, topical corticosteroids),
usage patterns of all skin-lightening product users were consid-
ered. We extracted information on study type, type of bleaching
products, and demographics of users (i.e., location, sex, age, mar-
ital status, occupation, education level, average monthly income),
and key factors surrounding exposure characteristics were eval-
uated: a) application (i.e., face, whole body), b) frequency of
application (per day), ¢) quantity used (grams per month); and
d) duration (months).

“Human biomarkers of exposure” data group. For bio-
markers (hair, urine, blood) of mercury exposure, we extracted
data on the populations’ characteristics (age, sex, sample size)
and location (country, WHO region), as well as mercury expo-
sure measurements [mercury speciation, testing instrumentation
(CVAAS, XRF, ICP-MS, etc.)], analytical quality control
(reported detection limit, accuracy, precision, testing instrumen-
tation), and a measure of central tendency (mean or median).

“Health impacts” data group. Reported health impacts asso-
ciated with the use of mercury-added skin-lightening products
were reviewed in a semiquantitative manner. Key metadata (e.g.,
location, type of study, age, sample size, sex) and measurement
information (level of mercury in biomarker, associated health
effect) were recorded as available. Individuals reporting health
impacts in combination with other mercury-containing products
or skin-lightening products not containing mercury were not
included.

Quality Assessment

To help increase understanding of the evidence base, we assessed
study quality for the articles captured in the “Mercury in prod-
ucts” and “Human biomarkers of exposure” data groups. This
assessment was performed in consideration of the framework
published by Hu et al,* the National Toxicology Program’s
Office of Health Assessment and Translation (OHAT) frame-
work,®" as well as the approach taken in the 2018 UN Global
Mercury Assessment.* Study quality was assessed by nine items
that were grouped into three categories (Excel Table S1): a) mer-
cury exposure detection bias [i.e., measurement instrument, use
of reference material, replicate measures, acceptable limit of
detection (LOD)]; b) selection bias (i.e., selection method, sam-
ple size, mercury exposure characteristics); and c) other biases
(i.e., demographics, key descriptive measures). Each of the nine
items was scored as either high, medium, or low quality. One
author (A.B.) independently scored each paper and consulted
with other authors (J. E., A. S., and V. S.) in cases where addi-
tional consensus was required.

Results

Overview of Studies

Through four database searches, 2,303 unique articles were found
of which 532 were retained following a review of their titles, and
207 were retained following a review of their abstracts (Figure
S1). In the end, this review was based on data contained in 41
peer-reviewed scientific papers from 22 countries published
between 2000 and 2022 (Table 1). In total, we captured mercury
concentration values from 787 skin-lightening product samples,
and 1,042 biomarker measurements from 863 individuals. The
average sample size across “Mercury in products” studies was 36
products, with a range of 2 to 191 skin-lightening products
reported on in each study. The average sample size for the
“Human biomarkers of exposure” group excluding nonusers (i.e.,
family members, control groups) was 88 biomarker samples,
with a range between 11 to 282 biomarker samples per study. In
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addition, we compiled usage information from 3,898 individuals
and self-reported health impacts associated with using mercury-
added products from 832 individuals.

Studies from the two quantitative data groups (i.e., mercury
levels in products, and human biomonitoring studies) were
largely situated, according to WHO region locations, in the
Eastern Mediterranean (27.6%), Western Pacific (24.1%), the Pan
American (24.1%), and Africa (17.2%) regions, with fewer stud-
ies in South-East Asia (3.4%) and Europe (3.4%) (Table 1).
Studies concerning use of products and health impacts were
largely situated in Africa (31.3%) and Pan-America (31.3%),
Eastern Mediterranean (18.8%), Western Pacific (12.5%), with
the fewest in South-East Asia (6.3%) and none from Europe.

Quality Assessment

In terms of exposure detection bias (items 1-4 in the Study
Quality Table; Excel Table S1), 1 out of 25 studies in the
“Mercury in products” group and 3 out of 9 studies in the
“Human biomarkers of exposure” were classified as having a
high study quality in these four items (Excel Table S2). When
reported, the most commonly used mercury analyzer for skin-
lightening products was CVAAS (n=466; 59.2%), followed by
atomic absorption spectroscopy (AAS) (n=94; 11.9%), and
inductively coupled plasma—optical emission spectrometry (ICP-
OES) (n=178; 9.9%) (Table S1). For human biomarker measure-
ments, the most commonly used instrument was particle induced
X-ray emission (PIXE) (n=148; 14.2%), followed by advanced
mercury analyzer (AMA) (n=62; 6.0%), and AAS (n=40;
3.8%) (Table S2). Notably, a detection instrument was not listed
for 768 (73.7%) biomarker measurements. Most “Mercury in
products” (n=21; 84%) and “Human biomarkers of exposure”
(n="17; 80%) studies considered analytical quality control meas-
ures by fully reporting on three of the four key items (measure-
ment instrument, accuracy, precision, and detection limit). In
total, eight quantitative studies reported no quality control meas-
ures because product and human biomarker samples in these
studies were sent to external laboratories for analysis. As a result,
these studies were carefully examined and deemed appropriate
for inclusion. In terms of selection bias, all skin-lightening prod-
ucts and biomarker samples were conveniently sampled from
stores/markets and individuals, respectively.

We note that all studies used convenience sampling methods
to obtain human biomarkers and skin-lightening products (item 5
in the Study Quality Table; Excel Table S1). Sixteen out of 25
studies in the “Mercury in products” group and 3 out of 9 studies
in the “Human biomarkers of exposure” were classified as having
a high study quality, having provided extensive details on how
samples were obtained (Excel Table S2). For the “Mercury in
products” data group, 4 studies (16%) tested <10 products, 11
studies (44%) tested between 10 and 30 products, and 10 studies
(40%) tested >30 products. For the “Human biomarkers of expo-
sure” data group, five studies tested <50 biomarker samples, two
studies (22.2%) tested between 50 and 200 biomarkers, and two
studies (22.2%) tested >200 biomarker samples. User demo-
graphics (i.e., age, sex, location) were reported on in all the
“Human biomarkers of exposure” studies; however, most (84%)
“Mercury in products” studies did not report on user demo-
graphics. Mercury exposure characteristics were only reported in
four (16%) “Mercury in products” studies and in five (55.6%)
“Human biomarkers of exposure” studies. In terms of other study
quality considerations, only three (12%) “Mercury in products”
studies did not list any descriptive measures (i.e., mean, upper
values), whereas all “Human biomarkers of exposure” studies
listed descriptive measures.
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per gram) in 738 skin-lightening products (creams, facial creams, soaps,
other) across six WHO regions where products were (A) manufactured and
(B) purchased. The box plot midline represents the median value, the box
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lightening products were purchased in Europe (n=14). In terms
of the year that the product was sampled, data was available for
48.7% of the products (n=383). An examination of the results
over the 22-y sampling period showed no apparent trends in
changing mercury concentrations (Table 2).

A total of 19 out of 25 studies identified at least one skin-
lightening product with mercury as an active ingredient (i.e., mer-
cury concentration >1 pg/g). In addition to mercury, several stud-
ies have assessed other potentially toxic elements and chemical
bleaching agents in skin-lightening products. Specifically, we note
that 12 studies captured here evaluated only mercury, whereas 13
studies evaluated mercury in addition to other common active skin-
lightening ingredients [e.g., hydroquinone, clobetasol propionate,
kojic acid, corticosteroids (e.g., betamethasone, clobetasol propio-
nate)] or trace elements (e.g., aluminum, arsenic, bismuth, cad-
mium, chromium, cobalt, copper, lead, iron, nickel, manganese,
palladium, thallium, titanium, titanium dioxide, zinc) (Table S3).

“Usage of Products” Data Group

After removing duplicate studies identified from our literature
search with those found in the Sagoe et al.** review publication,
a total of 16 studies were included here for analysis. A total of
3,898 individuals surveyed from 16 studies were included in the
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“Usage of products” data group (Excel Table S4). Not all the
individuals were surveyed on all four key exposure characteris-
tics (e.g., application, frequency, duration, quantity), and thus
there are not 3,898 data points for each of the exposure character-
istics. In terms of application, a total of 1,708 individuals from 7
studies reported on application areas (e.g., face, body). Users
were most likely to apply skin-lightening products to their face
(53.1%) in comparison with “other” application areas (e.g.,
hands, neck, nonexposed sun areas) (22.4%) and whole body
(18.6%). In one study, the sum of percentages exceeds 100%,
which may be attributed to individuals reporting on more than
one application area.’® In terms of frequency, we reported on in-
formation from a total of 2,525 individuals from 10 studies. From
these data, most individuals were using products less than one
time to three times per day (87.2%), more than three times per
day (0.8%), and other unspecified times (8.6%). In terms of dura-
tion, we collected information from a total of 2,098 individuals
from 10 studies. The duration of usage of skin-lightening prod-
ucts ranged between 1 month to 30 y. Out of 1,187 individuals
surveyed from five studies, a total of 385 (32.4%) individuals
used skin-lightening products for less than a ear,”’ 0 323
(27.2%) individuals used products for 1 to 5 y,>"~*' 133 (11.2%)
individuals used products for 6 to 10 ¥,38_41 168 (14.2%) individ-
uals used products for 11 to 20 y,>**° 100 (8.4%) individuals
used products for longer than 20 y,>® and 78 (6.6%) individuals
used it for an unknown period of time.*”*® A total of 4 studies
reported on 1,008 individuals that used skin-lightening products
for a duration of 2 months to 30 y,36’42414 and a total of 157 and
105 individuals from two studies reported a mean duration period
of between 20 and 26 months, respectively.*>** In terms of quan-
tity, we collected information from 1,015 individuals from four
studies on the number of skin-lightening products used per
month. From a total of 335 individuals, 94 (28%) individuals
used less than and up to 10 g of product per month, 160 (47.8%)
individuals used between 11 to 50 g of product per month, and
81 (24.2%) individuals used >50 g of product per month.*”* In
two studies, 703 (58.7%) individuals used between 2 and 600 g
of product per month, with 194 (16.2%) using a median of 95 g of
product per month and 509 (42.5%) individuals using a median of
90 g of product per month.***¢

“Human Biomarkers of Exposure’ Data Group

A total of 1,042 biomarker samples [urine (n=1587) 56.3%, hair
(n=272)26.1%, blood (n=183) 17.6%] were collected from 863
skin-lightening product users, family members of users, and con-
trol groups between 14 and 79 y of age (Table 3). Only three

ies*'*>*7 included control groups (e.g., nonusers, family
members of users) to assess and compare biomarker concentrations.

Urine mercury levels. Total mercury levels in urine across
569 skin-lightening product users from Hong Kong*® and U.S.—
Mexican border states: Alrizona,47 California,49 New Mexico,49
and Texas® ranged between 0 and 770 pg/L. About two-thirds
(n=383; 67.3%) of these individuals had urinary mercury levels
greater than 20 pg/L, which was identified as a reference value
by all the studies. Urinary mercury levels were assessed in 18
family members (i.e., husbands and children) of mercury-added
skin-lightening product users and 9 (50%) of their concentrations
were above the reference value.

Blood mercury levels. One study*® assessed total mercury levels
in blood in addition to urinary mercury levels in 183 skin-lightening
product users in Hong Kong. Blood mercury levels in users ranged
from 0 to 82 pg/L with an overall median of 13 pg/L. This study
used a reference value of 10 pg/L from the Department of Health in
Hong Kong to organize biomarker values. A total of 119 (65%) users
had blood mercury levels above the reference value.
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Table 2. Summary of mercury concentrations from the “mercury in products” data group.

Year of Number of Median mercury Range of mercury
Reference Country of purchase purchase products Product types concentration (j1g/g)  concentration (lLg/g)
Harada et al.* Japan 1998 14 Soap 3,900 0.11-7,400
Kinabo*! Tanzania 2001-2003 60 Various (cream, soap) 2.5 0-8,665
Murphy et al.?® USA 2007 19 Cream 0.51 0.1-12,590
Wang and Zhang®’ China 2011 17 Other 0.28 NA-0.561
Maneli et al.”” South Africa 2013 22 Various (cream, soap, other) 40 0.15-2,300
Gbetoh and Amyot68 Canada 2013-2014 191 Various (cream, soap) 0.0083 0.000068-8,370
Ho et al.?’ Malaysia 2014-2015 20 Facial cream 0.00025 0.00025-1.13
Kanwal et al.>! Japan 2016 10 Various (cream, soap) 2.35 0.3-34,000
Mohammed et al.” Trinidad and Tobago 2016 15 Cream 0.575 0.051-14,508
Selvaraju et al.”! Malaysia 2018 15 Cream 0.03 0.0015-6.5
Agorku et al.”? Ghana NA 62 Various (cream, soap) 0.053 0.001-0.337
Zainy73 Saudi Arabia NA 19 Cream 12.5 12.5-5,739
Peregrino et al.%® Mexico NA 16 Facial cream 0.0025 0.0025-35,824
Al-Saleh et al.”* Saudi Arabia NA 34 Cream 0.025 0-314,387
Yang et al.” Taiwan NA 3 Other 273 0-602
Salama’® Saudi Arabia NA 2 Various (cream, other) 0.018 0.007-0.029
McKelvey et al.%® USA NA 12 Various (cream, soap, other) 5,450 3.37-41,600
Ashraf et al.”’ Pakistan NA 15 Cream 1,781 0-18,210
Abbas et al.*® Indonesia NA 27 Cream 1.27 0-7,834
Voegborlo et al’® Ghana NA 69 Cream 0.013 0.0005-0.311
Algadami et al.”’ Saudi Arabia NA 15 Other 2 0.0019-2,700
Algadami et al.* Saudi Arabia NA 34 Cream 2.205 0.00105-2,745
Ababneh and Al-Momani®'  Jordan NA 32 Cream 0.66 NA-26,400
Amponsah et al *? Ghana NA 50 Cream 0.075 0.006-0.8
Cristaudo et al.®? Ttaly NA 14 Various (cream, soap, other) 0.0013 0.0003-39

Note: NA, not available.

Hair mercury levels. Total hair mercury levels across 183
skin-lightening product users in Japan, Indonesia, Tanzania, and
Iran ranged between 0 and 900 pg/ g.39’41’45 5031 We excluded par-
ticipants from Iran (n =36) because mercury concentrations were
not available as discrete values.”® We used hair mercury reference
value ranges of <1 He/e. between 1to5 pg/g, and >5 pg/g
adopted by Abbas et al.™ to organize biomarkers. Out of 147 users,
a total of 103 (70.1%) individuals had hair mercury concentrations
above 5 ng/g, 34 (23.1%) individuals were between 1 to 5 pg/g,
and 10 (6.8%) individuals were below 1 pg/g. The overall pooled
central median of hair mercury concentrations was 51.1 pg/g
(IQR: 30.3-135.3) across 147 users.*>*1*35! Out of 63 nonusers,
55 (87.3%) of individuals had hair mercury concentrations between
1to5 pg/g, 7 (11.1%) individuals were below 1 pg/g, and 1
(0.7%) individual was above 5 pg/g.

“Health Impacts” Data Group

A total of 832 individuals from Kenya, the United States, Jamaica,
and Hong Kong,g39’47‘49’52 self-reported symptoms associated with
potential mercury exposure. Nine individuals (81.8%) from Kenya®
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experienced tremors, lassitude, vertigo, and neurasthenia as reported
through a clinical examination. In Jamaica, about 139 individuals
self-reported experiencing itchiness (n=55; 39.6%), irritability
(n=153; 38.1%), and “other” (headaches, depression, and scars)
(n=31; 22.3%).52 In individuals in the United States*”** and Hong
Kong,*® the most self-reported outcomes included fatigue (n = 245),
nervousness/irritability (n = 252), severe headaches (n = 268), weak-
ness (n=209), insomnia (rn=189), anxiety/depression (n=167),
memory loss (n=155), tremors (n=123), and body/joint pain
(n=97) (Figure 4). Although most participants in the Unites States
and Hong Kong had elevated mercury levels in urine and blood, 78%
of participants in Hong Kong reported no symptoms.48 One study47
offered clinical evaluations for individuals with urinary mercury con-
centrations >20 pg/g, but those who refused were still advised to
seek a medical evaluation. No considerable health abnormalities were
identified through the clinical evaluations.

Through our search, we flagged case reports in which health
outcomes were observed in association with the use of mercury-
added skin-lightening products (Table S4). Although these were
not included in our formal analysis, compiling and reporting the in-
formation has some value, because such case reports are detailed

N m R .
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= Country of Manufacture Country of Purchase

Figure 3. Bar graph showing the number of the 787 skin-lightening products manufactured and purchased according to WHO regions. See Excel Table S3 for
all data. Note: AFRO, African Region; EMRO, Eastern Mediterranean Region; EURO, European Region; PAHO, Pan American Health Region; SEARO,
Southeast Asia Region; WHO, World Health Organization; WPRO, Western Pacific Region.
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Table 3. Summary of mercury concentrations from the “human biomarkers of exposure” data group.

No. of No. of
Total mercury individuals individuals
Country/ Type of Sample Age range concentration range  above reference  below reference

Reference Territory biomarker User type size (n) (median) (median) value value
McRill"’ USA Urine  User 71 14-72 (33.3)° 21-770 pg/L 57 14
McRill*’ USA Urine  Family members 18 — 29-340 pg/L 9 9
Weldon* USA Urine  User 203 14-79 (32) 0-170 (79) pg/L 159 44
McKelvey®® USA Urine  User” 13 21-51 20-95 pg/L 13 0
Sin and Tsang*® Hong Kong Urine  User 282 15-76 (35) 0-720 (23) ng/L 154 128
Sin and Tsang*® Hong Kong Blood User 183 15-76 (35) 0-82(13) pg/L 119 64
Kanwal®! Japan Hair User 11 19-55 11.1-107 (38.4) ng/g 11 0
Abbas*? Indonesia Hair User 105 19-25 (21) 0.5-475.9 (5.9) ng/g 95 10
Abbas® Indonesia Hair Nonuser 43 19-25(21) 0-4.7 (2.4) ng/g 40 3
Kinabo*! Tanzania Hair User 20 13-33 (29) 55.8-880 (350) ng/g 20 0
Kinabo*! Tanzania Hair Nonuser 20 15-33 (21) 0.6-8.3(1.8) ng/g 16 4
Harada® Japan Hair User 11 20-39 (28) 1.1-900 (63.7) ng/ g 11 0
Fakour™® Iran Hair User 36 22-43 (273" 04-3.2(1.25 )pg/g — —
Fakour™ Iran Hair Nonusers 26 22-43(27.3)"  0.2-6.3(1.15)pg/g’ — —

Note: The upper reference values were: urine (20 pg/L), blood (10 pg/L), hair (1 pg/g). —, data not provided.

“Includes nine known product users and four individuals suspected of using products.
’Mean values (in parentheses) used because median values were not available.

medical reports that describe novel or unusual occurrence in
patients. Here, a total of 16 case report studies were compiled from
8 countries (Barbados, China, the United States, Belgium, the
United Kingdom, Philippines, Mexico, and Germany), with 37
individuals (users and nonusers) between 10 months and 50 y old.
The skin-lightening products mentioned had mercury concentra-
tions between 1,762 and 56,000 pg/g mercury (vs. 0.5 png/g,
which was the overall pooled central median mercury concentra-
tion we calculated here) or contained 0.07%-6.5% mercury. Five
adult individuals mentioned using products between 6 wk to 10 y
before reporting symptoms. The case reports showed that some
individuals had very high levels of total mercury in urine
(max =170 pg/L) and blood (max = 2,620 pg/L), and inorganic
mercury in hair (max=>5,617 pg/g). Individuals mentioned in
these case studies presented signs of mercury intoxication, ne-
phrotic syndrome, membranous glomerulonephritis, and hyperten-
sion. Four cases of infants under the age of 5 y who presented signs
of mercury intoxication after being in contact with their mothers
who were using mercury-added skin-lightening products were
reported.”*>° The youngest reported case was a 10-month-old tod-
dler who was admitted to the hospital after presenting symptoms,
including anorexia, hypertension, and regression in neuromotor
skills after his mother used a skin-lightening product locally made
in Mexico containing 56,000 pg/g of mercury for 6 wk prior to
Ssymptom onset.”

Discussion
To our knowledge, this is the first systematic literature review
characterizing the amount of mercury that human populations
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worldwide may be exposed to through the use of mercury-
added skin-lightening products. In doing so, we conclude that
mercury is still prevalent in many skin-lightening products in
many countries worldwide and that some people and popula-
tions worldwide experience relatively high exposures to mer-
cury from the use of such skin-lightening products. Our
conclusions are based on the compilation, synthesis, and analy-
sis of a data set that consists of 787 skin-lightening products
(manufactured in 33 countries and purchased from 20 countries
worldwide) and 1,042 mercury biomarker measurements taken
from 863 individuals, along with supportive information on
usage patterns from 3,898 individuals and self-reported health
impacts from 832 individuals.

Mercury concentrations in skin-lightening products varied
greatly among the products themselves, as well as among the
studies and countries captured in our analysis. We were able to
determine these variations from our review of data from 787
skin-lightening products [(i.e., creams (n=552; 70.1%), soaps
(n=152; 19.3%), facial cream (n=36; 4.6%), and other products
(n=47; 6.0%)]. These products had mercury levels ranging from
0 to 314,387 pg/g, with an overall pooled central median mer-
cury concentration of 0.49 pg/g (IQR: 0.02-5.9 pg/g). Mercury
concentrations in skin-lightening products varied across geo-
graphic regions, with the highest median concentrations found
in products purchased from countries in the WHO Eastern
Mediterranean, South-East Asia, and Western Pacific regions.
Although we had a large data set to draw conclusions from, geo-
graphical data gaps were evident and there were relatively few
studies per region. Most notable was the relative absence of data
from Europe, Southeast Asia, and many Latin American countries
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Figure 4. Graph of self-reported health outcomes from 684 individuals from United States
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4749 and Hong Kong*® measuring biomarker samples to determine

presence of mercury poisoning and other associated health impacts from a targeted skin-lightening product.
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even though these are regions with populations known to use skin-
lightening products.**

In terms of the use of mercury-added skin-lightening prod-
ucts, the Sagoe et al.** review publication reported that mercury
was the second most popular bleaching agent globally after topi-
cal corticosteroids. Sagoe et al. reported that individuals age 30 y
or younger had the highest prevalence of using skin-lightening
products (55.9%), followed by individuals age 31-49 y (25.9%),
and individuals age 50 y and above (6.1%). Based on their results,
they concluded that the use of skin-bleaching transcends an indi-
vidual’s education level, relationship/marriage status, employ-
ment, and pregnancy stage.34 In our study, we found great
variability in skin-lightening product usage patterns across popu-
lations [i.e., application (i.e., face, whole body), frequency of
application (per day), quantity used (g/month); and duration
(months)]. Despite such variability, in general we conclude that
most individuals who use these products apply skin-lightening
items primarily on their face, typically from <1 to 3 times per
day, for less than a year, and in quantities of 11-50 g per month.
From this generalized conclusion, we can estimate mercury expo-
sure for 1 y to be 150 pg mercury through the following calcula-
tion: 0.05 pg/g mercury, which was the overall pooled median
concentration X 25 g product/month X 12 months. This estimate
can vary significantly, based on factors including product type,
application, and skin characteristics and with the recognition of
the great variances in frequency, duration, and quantity of prod-
uct used, as illustrated by our data.

From the 2018 UN Global Mercury Assessment, it was deter-
mined that in populations with background exposures to mercury,
levels of the chemical in blood, hair, and urine are generally
<5 ug/L, 2 ng/g, and 3 pg/L respectively.” In the current study,
we observed that most of the biomarker measures (i.e., median val-
ues) in users of skin-lightening products greatly exceeded the
aforementioned levels found in background populations. We draw
this conclusion from 1,042 biomarker measurements taken from
863 skin-lightening product users, family members, and control
groups. This is a relatively large mercury biomonitoring data set,
though not one without challenges. Most of the data sets identified
presented their biomarker data in relation to reference values set by
their respective health departments.*’*° Although this made it
challenging to make specific comparisons, we do note that the
highest biomarker concentrations in these studies were well above
their respective reference values. The studies with the largest sam-
ple sizes were case series studies of individuals with known expo-
sure to different popular skin-lightening products in the United
States (n=292) individuals from the U.S.—Mexican border
region*”*? and (n=286) users from Hong Kong.*® In these cases,
the studies were conducted after numerous incidents of adverse
reactions associated with using these products were reported to
health officials, and thus we conclude that these may represent
worst-case scenarios. Deriving a control population in these studies
is particularly challenging (e.g., there can be diverse sources of
mercury exposures within a population, such as seafood consump-
tion and personal dental amalgams), though among users in U.S.—
Mexican border states (Arizona, California, New Mexico, and
Texas) urinary mercury concentrations in 50% of immediate fam-
ily members (i.e., husbands, children) were relatively high
(29-340 pg/L).*” This finding illustrates that mercury exposures
among those who are in close proximity with users (i.e., breast-
feeding, shared sleeping spaces) may also be elevated. Similar
cases have been seen among farmers who apply pesticides, where
spouses and children of the farmers had detectable levels of glyph-
osate in their urine without being present during the application
process.56 Therefore, in addition to the users themselves, it is im-
portant to study family members and individuals who are in close
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proximity to skin-lightening product users to better understand
their exposures and associated health risks.

To characterize mercury exposures through the use of skin-
lightening items, it is important to understand the trade of these
products. Almost half (n=385; 48.9%) of the products identified
[i.e., cream (n=233), soap (n=109), facial cream (n=2), other
(n=41)] did not indicate the country that they were manufac-
tured in; thus, we could not identify where a large majority of
skin-lightening products originate. When the manufacturing loca-
tion was noted, Europe, Southeast Asia, and Africa were most
prominent. Our review also noted countries in Europe (France,
Italy, Spain, and the United Kingdom) as well as the United
States as locations where skin-lightening g)roducts with high con-
centrations of mercury are manufactured.”*'”” Regulating skin-
lightening products for banned substances, particularly mercury
in low-income countries, is particularly challenging because these
regions may not have regulations, and those that do largely do
not enforce them.’® In contrast, the European Union Rapid Alert
System for dangerous nonfood products (RAPEX) identified
about 266 skin-lightening cosmetic import violations across
Europe between 2005 and 2018, of which 15.4% contained
mercury.59 From our findings, skin-lightening products con-
taining mercury as an active ingredient (mercury concentra-
tion >1 pg/g) were mainly manufactured in the Dominican
Republic, Mexico, Pakistan, and Thailand, which are areas
where the European Union RAPEX and the U.S. FDA have
also reported import violations. We found that the skin-
lightening products were purchased mainly in Africa, the
Eastern Mediterranean, the Americas, and the Western Pacific
regions (according to WHO classifications), and that this find-
ing is in line with where these products are most commonly
used.?’*% We found that the number of countries that manu-
facture products (n=33) is greater than the number of coun-
tries in which they were purchased (n=20), supporting the
need to strengthen enforcement of existing legislation and
increase restrictions on mercury in skin-lightening products.

Despite performing a systematic review and compiling a rela-
tively large data set to draw conclusions from, there are some
limitations of this work (for which recommendations are offered).
Foremost is that the studies identified in this review tended to
focus on geographic regions with known prevalence and concerns
surrounding mercury-added skin-lightening products. Our search
was also limited to English databases, and it is possible that that
we missed relevant publications in other languages, given the
worldwide use of these products. Even in well-studied geo-
graphic regions, the sample sizes in individual studies were rela-
tively small and data from only a few countries were reported,
and these make it difficult to generalize more broadly. Most of
the countries in which these products may be problematic are
classified as being low- and middle-income, which may experi-
ence funding challenges and the likelihood of geographic bias in
terms of getting studies published. Further, all studies included
sampling bias (nonrandomization), making it difficult to general-
ize findings. As a result, there are not enough representative data
to determine with high certainty the quantity of skin-lightening
products containing mercury and the number of affected individu-
als worldwide. Nonetheless, our approach was able to derive
a data set from which we can suggest that mercury is still widely
prevalent as an active ingredient (mercury concentration
>1 pg/g) in many skin-lightening products worldwide and that
exposures among users is relatively high. These represent a good
start, and moving forward there is a need for more studies that:
a) are designed with careful consideration of pertinent quality
control matters (e.g., Excel Table S1), including exposure infor-
mation from reference populations; b) are situated in regions
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known to use skin-lightening products (e.g., from Minamata
Initial Assessment reports), and also consider their availability
online; ¢) focus on groups vulnerable to mercury, such as women
of childbearing age; and d) consider ongoing efforts within the
Minamata Convention Secretariat’s office that aim to harmonize
the compilation and analysis of data that can help address policy
questions that underpin effectiveness evaluation activities.

Most individual biomarker concentrations in studies were ei-
ther not stated or grouped together based on reference values set
out by various agencies and health departments. Aside from the
case series studies, biomarker studies generally sampled small
groups of individuals likely due to the difficulty in isolating indi-
vidual users and the negative stigma surrounding use of skin-
lightening products. There were very few studies collected that
looked at control groups and nonusers in the same areas or in
areas where there are no suspected concerns. It may be difficult
to isolate mercury exposures from the use of skin-lightening
products vs. other notable sources (e.g., dental amalgams).®' To
help tease apart exposures to different chemical forms and sour-
ces of mercury, detailed survey instruments can be coupled with
human biomarker measurements.*® Mercury in hair generally
reflects exposure to organic methylmercury (usually from the
diet), though external contamination by mercury-added skin-
lightening products may complicate this measure and necessitate
the use of advanced mercury speciation techniques.®> Mercury in
urine reflects exposure to inorganic and elemental forms of mer-
cury, and as a noninvasive and relatively inexpensive biomarker
to sample, this may be particularly attractive in exposure assess-
ment studies.* Finally, mercury in whole blood can provide infor-
mation on recent exposures to both organic and inorganic
mercury.(’z”64 In general, total mercury values are measured in
hair, urine, or blood, though studies that employ chemical specia-
tion or mercury stable isotope measures can glean data from
which deeper understandings may be realized. With relatively
simple training on sampling principles and quality-assurance
practices, human biomonitoring studies can be added to health
studies in this area to help increase understanding of exposures.

We assessed study quality using the guidance from the frame-
work published by Hu et al.””> and OHAT?' and found numerous
issues in terms of exposure detection (e.g., the need for more in-
formation on quality control techniques, including the use of ref-
erence materials and replicate measures, especially for studies
that sent samples to external laboratories for analysis), selection
bias (e.g., need studies to carefully report on sampling techniques
and breakdown of individuals concentrations of mercury in bio-
marker samples and include more information on mercury expo-
sure characteristics), and other study quality considerations (e.g.,
studies need to have more information on user demographics
and concentrations of mercury that individuals are using to
better understand mercury levels in biomarkers). As an example,
a priori we had excluded from our analysis 134 skin-lightening
product samples from three studies'®?%>? that used XRF ana-
lyzers and commercial screening kits (though retained them in
the database). There are many concerns surrounding the validity
and reliability of measurements taken from XRF instruments and
screening kits because they do not have low detection limits or
analytical reliability like CVAAS, ICP-MS, or ICP-OES.%
Moving forward, we advocate that laboratories strengthen their
capacity to test these products using higher quality measures.

The Minamata Convention is driven by protecting human health
(i.e., Articles 1, 16, 17, 19). To increase public awareness and educa-
tion (Article 18), one approach is to educate the public on the human
health risks associated with exposure to mercury and mercury com-
pounds in collaboration with relevant intergovernmental and nongo-
vernmental organizations.”® Advocacy campaigns run by national
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health authorities, governments, and members of the public need to
work together to educate users about the potential dangers of using
mercury-added skin-lightening products. National programs to har-
monize biomonitoring of exposed individuals need to be pursued to
increase our understanding of human exposures. Although the skin-
lightening products industry generates billions of dollars annually,
the products identified in this review represent a very small portion
of the global inventory, and so there is a need to work collabora-
tively to better monitor the presence of mercury in such products.*
We suggest that governments collaborate with other stakeholders to
create inventories of products with mercury, create (or enforce)
legislation, and establish standards (e.g., contact information of
manufacturer, country of manufacture, ingredient list) for imported
products. We believe that there is a need for all retailers (e.g., stores,
vendors, online) to be monitored by law enforcement and required
to remove products that contain harmful levels of mercury.

Conclusions

The objective of this study was to increase our understanding of
worldwide human mercury exposure from the use of skin-
lightening products. To achieve this, we conducted a systematic
review to collect and analyze data from 41 peer-reviewed papers,
within which we further examined mercury concentrations in
human biomarkers and skin-lightening product samples, along
with usage patterns and associated health impacts. From this
work, we can conclude that mercury widely exists as an active in-
gredient in skin-lightening products and that there is large vari-
ability in human exposures. Although knowledge gaps and
limitations exist (e.g., nonrandom selection bias, geographic
regions with no data), these synthesized findings help increase
our understanding of potential exposures worldwide to mercury
through the use of these products. In addition, we believe that the
information in this study will be critical in helping regulatory
agencies and intergovernmental organizations, particularly the
Minamata Convention on Mercury Secretariat and the WHO, bet-
ter understand the global prevalence of mercury-added skin-light-
ening products to better promote actions that can help eliminate
the production and use of such products.
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